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Conducted by Wm. W. PAYNE, Director of Carleton College Observatory,
Northfield, Minn.

“In the present small treatise I set forth some matters of interest to
all observers of natural phenomena to look at and consider.” —GALILEO.
Sidereus Nuncius, 1610.

Vor. 4. No. 1 JANUARY, 1884 WaoLE No. 31

THE NEBUL.AE.

LEWIS SWIFT.

The neglect with which that branch of astronomy—the
nebulee—has been treated, has been for many years, somewhat
painfully apparent to me, though there are many reasons
therefor. Inthe first placebut very few persons possess suf-
ficient interest in this subject to arouse any popular en-
thusiasm, and as telescopes of the largest size are necessa-
ry to see them at all, except a few of the brightest, astron-
omers have, to a very great extent, devoted their time ‘and
instruments to the more fascinating and, perhaps, more
useful subjects of double-stars, the Moon, the Sun, etc.
During the many years devoted to comet-seeking, I have
invariably marked on one of my star-charts the position of
every nebula revealed by my comet-seeker, (a 4}-inch re-
fractor). This habit has saved me many hours of anxious
watching to detect motion in a nebulous object found, which,
at the time of finding, I could not determine whether it
were a nebula or a comet. Recourse to my chart with its
recorded nebul® in the position observed, has settled the
 matter at once.



2 THE SIDEREAL MESSENGER.

As soon as the 16-inch refractor of this observatory was
mounted, [ began thejscrutiny of several of the most con-
spicuous nebuls for the purpose not only of personal grat-
ification, but also to discover, if possible, some new features
overlooked by previous observers as delineated by them in
pictorial illustrations. How next to impossible it is to
make an accurate drawing of a nebula possessing, as some
of them do, many intricate details, is known only to him
who has made the attempt! And when to this is added
the difficulties surrounding the engraver who, probably,
never saw the object he essays to reproduce, it is not sur-
prising that so few of the published illustrations are true
to nature. The most difficult nebula for the draftsman is
the great nebula in Orion. Although every astronomer,
from HUYGHENS, its discoverer, (who made the first drawing
in 1656), down to our own times, has made the attempt,
we as yet have no exact frepresentation of this marvelous
object. Its unimagined number of details of exceeding in-
tricacy and delicacy, set at defiance both the pencil of the
draftsman and the tools of the engraver. An increase in
the size of telescopes affords no relief, for all features seen
with the smaller instruments are not only vastly changed
in the larger, but new ones are brought out as well. Be-
cause the many delineations of this nebula are widely at
variance, it is sometimes argued as evidence that a change

in its brightness and general configuration is slowly going -

on. How fallacious this reasoning is, will appear from a
consideration of the following curious, and to me unac-
countable instances of abnormal seeing, or of discrepant
drawing, or of both. On the assembling of our eclipse
party at Denver, to observe the total eclipse of 1878, the
chief, Prof. CoLBERT, located in front of us about fifteen or
twenty intelligent ladies and gentlemen, each equipped
" with a pencil and paper, on which was drawn one or more
circles to represent the eclipsed sun. Each, without con-
sultation with any other member of the class, was to make
* a drawing of the corona as accurate as possible in regard
to size, position and general contour. A comparison of
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these drawings with the utter absence of resemblance to
each other or to the object itself, would astonish the gods.
No two were alike in any particular, and the picture least
resembling the reality was, strange to say, made by a skilled
delineator. It appears, therefore, that to obtain a correct
illustration of this remarkable nebula, recourse must be
had to photography —nature’s only artisan..

The great nebula in Andromede has the honor of having
been the first discovered, and it is also the brightest and
most conspicuous of the five or six visible without a tele-
scope from our latitudes. Down to 1612 this was the only
nebula known. Forty-four years later, in 1656, (as before
stated ) the second—the one of which we have already spo-
ken—the Orion nebula was added. In 1714 HALLEY pub-
lished a list of four new ones, among them being the cele-
brated cluster, 13 MEssIER, in Hercules, which increased
the number to six as he supposed, being ignorant that
HeviLius had already prepared a list of sixteen. In 1755
LacarnLe’s discoveries at the Cape’of Good Hope had swelled
the list to 64. Tn 1784, just a century ago, MESSIER’S pub-
lished catalogues contained 103 clusters and nebul® whose
given places had all the accuracy attainable by the prim-
itive methods at his command. The world knew fno more
than this about the nebulse until Sir WirLiam HERSCHEL
took up the subject of their discovery and investigation. In
1802 this mighty Nimrod of astronomy, who, while the
world slept, hunted the sky over for these wonderful ob-
jects, issued a third. catalogue containing an aggregate of
2500 nebulwe never before seen, which were discovered by
means of telescopes of his own manufacture, much larger
and more powerful than any previously made or thought
possible. Since that time his further labors and the stud-
iesof Sir Jou~x HerscHEL, DunLop, Lorp Rossg, D’ ARREST,
LassELL, TEMPEL, STEPHAN and others have brought to our
knowledge about 6700,as seen from all latitudes. To this num-
ber must be added 197 discovered at this observatory, seven
of which were found by my son, a lad of thirteen years o§
age. Since July 9, 1883, I have made the detection of new
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nebule my special work, with what success will be seen
above. The most of those discovered are of the last de-
gree of faintness, or, according to Sir JomN HERSCHEL's
nomenclature, e. e, o. F. (exceedingly, exceedingly, exceed-
ingly faint.) It is, therefore, not surprising that they
should hitherto have been overlooked. I am certain that
but for the superior excellence of the eye-piece used, fully
one-half of them would never have been seen. It is a per-
iscopic, originally made for my 43-inch telescope, and, on
the 16-inch instrument, gives a power of 132 and a field of
27'. This power is as high as most of the undiscovered
nebuls will bear, even with a telescope of 16 inches aperture.
If a much higher power be used and the seeing be poor a
few small stars close together will appear nebulous when,
in fact, no nebulosity exists. '

As before stated, on July 9, 1883, I began a systematic
search, selecting for my field of observation the region be-
tween the head and third coil of Draco, and on that short
night found fourteen. The next night’s labor was rewarded
by the discovery of seven. The seeing on both occasions
was exceptionally fine, and superior to any subsequently
had, especially since the appearance of the red sunsets,
since which some of my faintest nebuls have become invis-
ible. It may be of interest to state in this connection that
nearly three-fourths of the nebulse discovered at this ob-
servatory are in Draco, and that the constellation is not yet
half explored.

This observatory is situated in the most cloudy section,
saving Alaska, in the United States, and since its telescope
was mounted the hindrance of work from this cloudiness has
been very great. Much time is, of course, also lost by
moonlight, and about half the observing weather is given to
comet-seeking. But for these drawbacks, added to the fact
that during the entire year there are but few nights ex-
quisite enough for such delicate work, my list of nebule
would, I doubt not, have been much longer.

[ To be continued.]

WARNER OBSERVATORY, November, 1884.

™~
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THE DESIGNATION OF RECENT COMETS.

WILLIAM C. WINLOCK.

In connection with the list of comets which appeared in
the September number of the SIDEREAL MESSENGER (vol. 3,
p- 201) the following list of Synonymes of the more recent
comets may be of assistance to any one attempting to col-
lect observations of these objects, scattered with a confus-
ing array of designations through astronomical periodicals
of the last five years. And I would here call the attention
of astronomers to a real source of annoyance, which alittle
care would obviate. .

The question of the most appropriate method of desig-
nating comets has received some attention from time to
time, but even in the Astronomische Nachrichien no uni-
form practice has existed. In the general register
to the first twenty volumes, the comets are designated
by the year, with a Roman numeral to indicate the
order of discovery; in the register to the twenty-
gixth volume, the Roman numeral shows, on the oth-
er hand, the order of perihelion passage. Dr. C. A.F.
PEeTERS, the editor, urged in opposition to this plan of des-
ignating with Roman numerals according to date of perihel-
ion passage, that a comet could not receive a name until its
orbit was computed, and in case a sufficient number of ob-
servations was not obtained to determine the orbit, the plan
failed entirely; and furthermore that as successive com-
puters modified the elements, the designation of the comet
might be changed accordingly. PETERS’ proposition to re-
turn to the old designation, by order of discovery, brought
forth protests from OppoLZER and L1TTROW, (Astron. Nachr.
vol. 78, p. 319, 363-368) OproLZER proposing to intro-
duce in & new manner the date of discovery as a provision-
al designation.

To avoid the ambiguity which would immediately arise
in using the Roman figures with two entirely different sig-
nifications, PETERS indicated the order of discovery by
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the small letters @, b, ¢, This etc. was inaugurated with
the comets of 1871 in volume 78, and continued to volume
101.

In volume 100 (dstron. Nachr. vol. 100, p. 369. Oct. 25,
1881). Dr. KRUEGER,who had become editor, announced that
in accordance with a resolution of the Astronomische Gesell-
schaft, the letters would be dropped in future volumes of
the Nachrichien and in the publications of the Gesellschaft,
and that comets would be designated I, IT, II1, ete.,, (with
the year) in the order of passing perihelion. Until the time
of perihelion was fixed beyond a doubt, the name of the dis-
coverer with the year, or the date of discovery, would
be sufficient.

In the table referred to on pages 201-205 of the SIDEREAL
MESSENGER, the arrangement is according to the date of
discovery. Inthe following list, the first column contains the
arrangement and designation according to KRUEGER’S rule
just given, and the second column gives the various addition-
al appellations which the comet has received in our journals.
For example: The Pons-Brooks’ comet, being the first
comet to pass perihelion in 1884, is called “Comet 1884, 1,”

_but as it was the third comet discovered in 1883, it has also
been called Comet (¢) 1883. (The recommendation is that
this latter method of designation be dropped, to save the
useless duplication of names.) After the regular list for
each year, below are given the “suspected” comets, or
comets whose orbits could not be definitely settled, desig-
nated by the name of the observer or the date of observa-
tion. Even where these suspected comets have turned out
to be nebulwe I have thought it worth while, in many cases,
merely for the sake of convenience in reference, to insert
them with a note, since mention may be found of them as
comets, before the error was discovered.

Comet 1880 [ = Comet (a) 1880.

= Gould’s Comet.
= The Great Southern Comet of 1880.

fomet 1880 1T = Comet (h) 1880.
= Schieberle’s Comet.
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Comet 1880 ITI = Comet (d) 1880.
= Hartwig’s Comet.
Comet 1880 IV = Comet (e) 1880.

= Swift's Comet.
= Comet 1869 III (Tempel).

Comet 1880 V = Comet (f) 1880.
= Pechule’s Comet.

[Comet 1880 Cooper] = Comet (g) 1880.
(Observations insufficient for a
definite orbit).

Comet 1881 1 = Comet (¢) 1880.
- = Faye’s Comet.
Comet 1881 IT = Comet (a) 1881. -
: = Swift's Comet

Comet 1881 II1 = Comet (b) 1881.
i = Tebbutt’'s Comet.
= The Great Comet of 1881 (er-
roneously referred to as Com-
et (¢), 1881l. See Mon. Not.
R. A S, vol. xu11, p. 78.)

Comet 1881 IV = Comet (c¢) 1881.

= Schaberle’s Comet.
Comet 1881 V = Comet (f) 1881.

= Denning’s Comet.
Comet 1881 VI = Comet (¢) 1881.

= Barnard’s Comet.
Comet 1881 VII = Comet (d) 1881.

= Encke’s Comet.
Comet 1881 VIII = Comet (g) 1881.

= Swift’s Comet.

[Comet 1881 Barnard, May 12.] Seen again on May 13
but not found afterwards

Comet 1882 I = Comet (a) 1882.
= Wells’ Comet.

Comet 1882 II = Comet () 1882.
= Crul’s Comet.

= Gould’s Comet.
= Finlay’s Comet.
= The Great Comet of 1882.
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Comet 1882 ITI = Comet (c) 1882
= Barnard’s Comet.

[Comet 1882, May 17] = The Egyptlan Comet. (Seen
during the total solar eclipse,
May 17 1882, and shown on
the photographs of the corona.
No accurate observations of

position).
Comet 1883 I = Comet (a) 1883.
= Swift-Brooks’ Comet.
Comet 1883 11 = Comet (@) 1884
= Ross’ Comet.
[Comet 1883, Swift, Sept. 11.] (Proved to be a nebula).
Comet 1884 I ° = Comet (b) 1883.

= Pons-Brooks’ Comet.
= Pons’ Comet, 1812.
= 1812 Comet.

Comet 1884 I1 = Comet (b) 1884
= Barnard’s Comet.

Comet 1834, (Wolf) = Comet (c) 1884

[Comet 1884 Spitaler, May 26.] (Possibly a return of
) Comet 1858 Lost after
discovery.—Noaccurate obser-
vations obtained).
WasHINaTON, D. G, Nov. 7, 1884.

REPORTS OF EUROPEAN OBSERVATORIES,
FOR 1883.

The T~ J. S. der Astronomischen Gesellschaft for 1884
contains, as usual, reports from the various European Ob-
servatories. The following notes are condensed from these
reports, and give a connected account of the activity of the
various establishments for 1883:

ATHENS.

The Sun was observed on 355 days; the Moon had 534
points determined in its topography; Jupiter was drawn
63 times.

A memoir on the Comet of 18S2 is nearly ready for
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printing. 39400 comparisons of variable stars were made.
BERLIN.

Dr. BEckER has left the observatory to take charge of
the Gotha observatory.

The Zone + 20° to + 25° isfinished so far as observations
are concerned. To determine the influence of the magni-
tude of the stars on the deduced R. A., the transits of 247
stars were observed on 13 evenings, both with the full ob-
Jjective, and through wire nettings held in front of the ob-
jective, so as to reduce their magnitude to a given standard.
It was found that faint stars were observed later by 0°.007
per magnitude.

It is mentioned in this report that two observers deter-
mined the places of 240 stars (using 57 fundamental stars
for comparison) in four nights. One observer made the
pointings, the other read the microscopes.

Vor. V of the Berlin Observations will shortly be printed

The Computing Bureau has issued the Berliner Jahrbuch
as usual, as well as the two periodicals, Circulars and Cor-
respondence regarding observations of planets.

BONN.

The observatory continues to concentrate its efforts on
two great works: the Zone 40°—50°, and the Southern
Durchmusterung. In the latter work 11461541161 stars
have been observed. The observation and reductions of
this work are now completed and the printing of the cata-
logue is begun.

BRUSSELS.

The catalogue of E. QUETELET is printed from 0" to 12"
The labors of the observatory in Spherical Astronomy, in
Physical Astronomy and Celestial Mechanics, as well as
in regard to the Transit of Venus 1882, are described in the
report.

DRESDEN (private observatory.)

Baron V. ENGELHARDT continues at his private observa-
tory the observations of minor planets, of comets and of
nehuls. 21 planets have been observed 63 times; 3 comets
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have been observed 43 times; 47 nebuls have been ob-
served 95 times.
DUSSELDORF.
In 1883, 18 planets have been observed 49 times; since
1847, 144 planets have been observed 1151 times.
Six asteroid orbits are computed yearly.

FRANKFORT (on the Main), (private observatory).

Herr EppsTEIN has made since 1881, 444 gauges, con-
taining 8332 stars in 113 positions on 23 nights. Im all,
about 47000 stars in 2426 fields in 774 positions.

Sun-spot observations are also regularly made by Herr
EPPSTEIN. '

GENEVA.

The 10-inch equatorial has been used for observations of
nebuls, double stars, asteroids and satellites of Satuirn.

The small equatorial has been used to study the solar
prominences.

GOTHA.

Dr. E. BECkER has lately been appointed to the charge
of the Gotha observatory. The larger part of the report
relates to repairs and to changes which have been made in
the instruments.

Dr. BeCEER continues the reductions of the Berlin Zone
+20° to +25°. The Moon, the inferior planets and those
MAYER stars not in the Fundamenta will be observed on
the meridian.

GRIGNON.

The observatory of the Priory of St.. John of Grignon,
was founded in 1879, and this report relates to its instru-
mental equipment, and to its observations of Sun-spots,
planets and comets.

HERENY, (Hungary.)

Vol. I of its publications has been distributed. The ob-
servations relate to the spectra of fixed stars, of variables
and of comets; as well as to drawings, etc., of Jupifer with
meteorological observations.

KALOCSA.
The latitude of the observatory has been accurately deter-
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mined. The Sun is regularly observed. Dr. BrauN, the
director, has contrived a Trigorometer with which any
spherical triangle can be solved (to about 5’ of arc) with
great facility. (22 triangles in 10 minutes.)

KIEL.

Several additions have been made to the instruments;
notably a comet-seeker and a star-spectroscope.

The Chronometer observatory has been separated from
the Kiel observatory, and constituted a distinct establish-
ment under the charge of Dr. C. F. W. PeErers. The HEtL-
SINGFORS—GOTHA Zone is now printing. Kiel has been
telegraphically connected with one of the longitude stations
of the European Gradmessung.

The Astronomische Nachrichien is regularly published

here.
LEIPZIG.

The changes to the instruments appear to be nearly com-
pleted. The observatory has acquired the astro-physical
apparatus belonging to the late Professor ZoELLNER.

The work of observation and reduction of the Zone +5°
to +10° continues, as well as the reduction of the old Zone
+10° to +15°.

LEIPZIG, (private observatory.)

Dr. ENGELMANN made in 1882, 1200 observations of
400 double stars; in 1883, 1600 observations of 540 double
stars, as well as other observations.

Victoria and Sappho were observed to determine the
solar parallax on Dr. GILL’S plan.

LUND.

The Zone observations are finished. Dg. DUNER has
measured 80 double stars, 563 spectra of red stars and 55
wave lengthsin star spectra of the III type. Victoria and
Sappho have also been observed by Dr. ENasTROM.

MILAN.
The 18-inch equatorial is not yet received.*

*Tt is understood that the cost of the Dome and Telescope is to be
pmd from a grant of 250,000 francs ($50,000.) The objective cost 45,-
000 fr. ($9,000) and is ‘made by MErz. The mounting (by Rnpsonp)
cost 65 000 fr. ($13,000.)
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The 8-inch equatorial has been employed in making (395)
observations of double stars, (64) observations of 3 comets,
ete., ete.

The most iuteresting work of the observatory is the prep-
aration of Baron DEMBOWSKI'S observations for the press.
They will be printed in two volumes. The eontents of Vol.
I is as follows:

L. 2100 measures of 611 stars made at Naples.

TI. 2155 measures of 432 stars of Orro STRUVE'S Cata-
logue.

II1. 663 measures of 199 stars whose distance is between
32" and 120

IV. 1229 measures of 342 doubles discovered by Brrx-
HAM.

V. 476 measures of 134 miscellaneous pairs.

VL 919 observations of 26 circumpolar pairs.

In all 7542 measures.

Vol. IT will contain 13800 measures of W. STRUVE’s Dor-

pat catalogre.
MUNICH.

The repairs are nearly completed. Among the 37000
stars whose places have been fixed at Munich some 9000
have been only once observed and are in no other catalogue.
These are to be each once observed.

The Munich Zones are being completely re-reduced and
brought up to 1880.0 with comparisons with LALANDE, BEs-
8EL, SANTINI, RUEMKER, SCHELLERUP, COPELAND and AR-
GELANDER.

0’'GYALLA.

Stars are spectroscopically observed in the Zone 0° to
—15°., These observations include stars to 7 magnitude
and each star is observed twice. Special star spectra are
more carefully investigated. Comet spectra have also been
regularly observed. The color of all stars to 4 magnitude
inclusive are observed with a ZOELLNER'S colorimeter. The
Sun was regularly observed (on 203 days.) Many other
investigations are also in progress, for an account of which
reference must be made to the original report.
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PADUA.

The work of the observatory is intimately connected w{th
that of the Italian Geodetic Commission.

PLONSK (private observatory.)

Solar spots are regularly observed, as well as the positions
and spectra of comets and the relative situations of double
stars.

POTSDAM.

Dr. VogeL has had the privilege of using the large
Vienna refractor during three months of 1883 for the in-
vestigation of the spectra of faint stars.

Jupiter and Mars have been regularly observed by Dr.
LoEHSE.

Sixty-nine nebuls have been observed for position with
the heliometer. ' :

The major planets (except Uranus) were photometri-
cally observed each 5 times or more. Many variable stars
have been observed. The Sun is observed constantly, and
a great number of other researches are in hand.

PRAGUE (private observatory.)

Professor SAFARIK has made 1830 determinations of
the magnitude of 97 variable stars on 161 nights, besides
many other determinations of brightness as of the planets,
comets, zodiacal light, ete.

STOCKHOLM.

Dr. GYLDEN's report relates chiefly to the progress made
in his new method of determining the absolute elements
of the eight major planets, and can not be summarized
here.

The meridian-circle is devoted to the observations of all
stars north of 445° which are in the Radecliffe catalogue.
ZURICH.

The Sun was observed on 302 days; 2400 single positions
of solar spots have been determined. Jupiler has been

observed on 28 days and observations of comets, etc., have
been made. -
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INTERNATIONAL MERIDIAN CON¥ERENCE.

The full text of the Final Act of the Infernational Me-
ridian Conference is given below, extracted from the officiak
publications. .

- The President of the United States of Anrerica,in pur—

suance of a special provision of Congress, having extended
to the governments of all nations in diplomatic relations:
with his own, an invitatiow to send delegates to meet dele-
gates from the United States, in the city of Washington,,
on the first of October, 1884, for the purpose of discussing,.
and, if possible, fixing uponr a meridian proper to be em-
ployed as a common zero of longitude and standard of time-
reckoning throughout the whole world, this International
Meridian Conference assembled at the time and place
designated; and, after eareful and patient discussion, has
passed the following resolutions:

1. “That it is the opinion of this congress that it is de-
sirable to adopt a single prime meridian for all nations, in
place of the multiplicity of initial meridians which now
exist.”

2. “That the Conference proposes to the Governments
here represented, the adoption of the meridian passing
through the centre of the transit instrument at the Observ-
atory of Greenwich, as the initidl meridian for longitude.”

3. “ That from this meridian longitude shall be counted
in two directions up to 180 degrees, east longitude being
plus, and west longitude minus.”

4. “That the Conference proposes the adoption of a uni-
versal day for all purposes for which it may be found
convenient, and which shall not interfere with the use of
local or other standard time, where desirable.”

5. « That this universal day is to be a mean solar day;
is to begin for all the world at the moment of mean mid-
night of the initial meridian, coinciding with the beginning
of the civil day and date of that meridian; and is to be
counted from zero up to twenty-four hours.”
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6. “ That the conference expresses the hope that as soon
as may be practicable the astrenomical and nautical days
will be arranged everywhere to begin at mean midnight.”

7. “That the conference .expresses the hope that the
%echnical studies designed to regulate and extend the ap-
‘plication of the decimal system to the division of angular
space and of time, shall be resumed, so as to permit the
extensien of this applicatien to all cases im which it pre-
sents real advantages.”

THE LAWS OF FALLING BODIES.

PROFESSOR J. HAGEN, 8. J.

Although the laws of falling bodies seem to have no
direct bearing on astronomy, and, hence, to find no proper
place in an astronomical paper, still the fact that the force
of gravitation bears the name of one of the greatest astro-
nomical geniuses, and has ever since engaged the attention
of the greatest astronomers, surely entitles the SIDEREAL
MESSENGER to open its pages to the following lines.

The writer wishes to communicate to such as are interested
in teaching popular astronomy, his own experience in the
class-room regarding the laws of falling bodies. Whilst
he fully appreciates the experimental proof and even gives
it the preference in point of time to any theoretical dem-
onstration, he has found that only the latter, combined
with the former, gives the student full satisfaction.

The following table is usually given in text-books as the
result of experiment:

Secoilds. Single fpaoes. Velocities. Tota{ Spaces.

2 3 4 4
3 5 6 9
t 2t—-1 2t 12

In trying to explain or construct this table a prior: from
the very definition of a constant force, the teacher has to
make his students suppose but one fact, viz.: that the
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velocity acquired by a falling body at the end of the first
second is twice as large as the space fullen during that
time. For from this fact it follows that the spaces fallen
during each second increase by two (column 2), as do the
successive velocities themselves (column 3), while the total
number of spaces fallen are but the result of the addition
of the single spaces (column 4). But the student will ask
why the veloeity acquired after the first second is twice as
large as the space fallen. This fact can be made evident
to every one who knows that a rectangle is twice as large
as a triangle of the same base and altitude.

The unit of time (a second) is mentally separated into
an - indefinite number of equal parts, which may con-
veniently, though not quite correctly, be called instants.
During each of these instants, the attraction may be sup-
posed momentary, not constant. Now, it is to be remem-
bered,

(1) That the motion produced by these single momen-
tary forces is uniform, i. e., proportional to time, and,

(2) That the velocities acquired by these single forces
are alike.

If, then, the spaces (s) and velocities (v) produced by these
momentary forces are represented by
straight lines and placed beside each
8 other (see Fig.) the former will form

a triangle, the latter a rectangle of
| the same altitude, the more exactly so,
the more instanis there are in the unit
of time, and hence the law is proved
v in all rigor.

Though this geometrical demon-
stration is most simple in itself and
may be found by any one, and is
perhaps, not even new, the author wished to publish it that
other teachers might enjoy that full satisfaction which he
himself experienced in his pupils.

CoLLEGE OF THE SACRED HEART,
Prairie du Chien, Wis.
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ASTRONOMICAL JOURNALS.

Besides the transactions of learned societies which have
astronomy for one of their objects, we have at present
the publications of two societies which are exclusively de-
voted to astronomy. These are the Monfhly Notices of the
Royal Astronomical Society, and the Vierteljahrsschrift of
the German Astronomical Society. Besides these there
are several journals exclusively devoted to astronomy, of
which the Astronomische Nachrichien and the Bulletin
Astronomique are by far the most important.

The Monthly Notices are chiefly short papers read at the
regular meetings of the society, and abstracts of the larger
ones which are finally printed in full in the Memoirs. One
number per year gives an interésting review of the work of
the past twelve months, and a very full account of the pro-
ceedings of British observatories. The Vierteljahrsschrifi
devotes one of its four annual numbers to reports from the
directors of observatories, chiefly in Germany and America.
The other three numbers are largely devoted to reviews
of published work. Some of these reviews are of the high-
est order. To quote only recent ones, we may name ScHo-
ENFELD'S review of DREYER'S paper on the Constant of
Precession, and AUWERS’ review of GRANT's Glasgow Cat- -
elogue. 4

The German Astronomical Society is also concerned in
the publication of the Asfronomische Nachrichien, both
directly and through its member, Dr. KRUEGER, the editor.

The new impulse is plainly evident in the editing of this
journal, which is of the best order, as will be evident to all
its readers and contributors. Nothing passes without scru-
tiny, and, in a way, the editor makes himself responsible
for the accuracy of the articles printed.

On the theory of editing which is adopted, nothing could
be more satisfactory.

Copernicus, which had reached its third year of publica-
tion has lately been discontinued, to the regret of all inter-
ested in the maintainance of high class journals. But even
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before its last number, it found a worthy successor in the
Bulletin Astronomique, published by M. M. TISSERAND,
Rapau, BicourpaN, and CALLANDREAU, in Paris. This
journal has at once taken a very high rank. It con-
tains observations, usually, such as are made at French
observatories, just as the Astronomische Nachrichten con-
tains series of observations from all over the world. The
Bulletin publishes articles on special subjects, but its dis-
tinctive feature is monthly abstracts of other scientific
journals in which the articles cited are accompanied by
very full and complete reviews. In this way the Bulletin
does for France what the Nachrichten and the Viertel
jahrsschrift do for Germany, and what the Monthly No-
* tices does for England. England has moreover, two spec-
ial journals—the Observatory and the Astronomical Regis-
ter, which cover slightly different fields; Germany has
Sirius, and France has the new journal of FLAMMARION,
L’ Astronomie. In this country we have had the Sidereal
Messenger of MITCHELL, the Astronomical Notices of Bru-
ENNOW, and the Astronomical Journal of Gourp, all of
which are now discontinued.
The S1DEREAL MESSENGER published by Carleton Col-
lege Observatory is our only astronomical journal at this
.writing.

The Occultation Observed by GILLISS at Santz:ago de Chil,
on Feb. 29th, 1852. By JonN TATLOCK, JR.

In the December number of the SIDEREAL MESSENGER
for 1884, Mr. S. C. CHANDLER, Jr., makes mention of an
occultation observed by Capt. GILLISS at Santaigo de Chili,
and suggests that the star which neither Capt. GILLISS nor
Mr. FERGUSON were able to identify subsequently, was Eta
Geminorum. In accordance with Mr. CHANDLER'S sugges-
tion, I have computed the relative places of the Moon and
Eta Geminorum for the time of the occultation.

The data pertaining to the Moon's place, which were
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kindly furnished me by Prof. NEwcoxMsB, are taken from the
Nautical Almanac for 1852, and are as follows:

Fob.29,1852 —— & —— ——3—— 7
10 6 1 718 422 5 464 67 0.7
11 3 27.92 8 27.6 2.9
12 5 4893 11 15 52
13 8 10.23 13 279 7.5
14 6 10 3181 +2215 46.9 567 99

'I'he local mean time of the immersion is 7 40™ 483, and
using the longitude of Santiago, adopted by GiLLiss, which
is +4" 42~ 338, the Greenwich mean time of immersion is
12* 23~ 22.1. For this epoch the Moon’s apparent place
from the above data is .

= 6" 6" 36.83
&' = 422° 59" 24".5
The place of Eta Geminorum, as given in NEWCOMB'S
Standard Stars, is for 1850.0
a= 6" 5" 49.39
0= 422° 32" 42".0
from which we have the apparent place for Feb. 29th, 1852,
as follows:
a' = 6" 5™ 56.67
¢’ = +22° 32" 38".8
The relative position of the Moon and star is then
4a= — 38.16
46=—26"45"7
from which we find that the star, at the epoch given, was
distant 12’.2 from the Moon’s limb in the direction of 198°.
A rough computation of the phenomenon on the assump-
tion that Eta Geminorum was the occulted star gave sub-
stantially the same result.

It is highly probable, although he makes no mention of it,
that G1LLIss himself may have surmised that Eta Geminorum
was the star, for only a month before he had witnessed the
rare phenomenon of a double occultation of this star, of
which he makes mention in the introduction to the third

volume of his report in the Expedition to Chili.

Astronomical Observatory,
Beloit College, Beloit, Wisconsin,
Dec. 20th, 1
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Report of the Cmnmitie;e on Slandards af Stellar Magni-
tude.®

In selecting a series of stars as standards of stellar mag-
nitude, it would obviously be impossible to ehoose those:
which should represent any assigned brightness. Stars.
eould not be found which should have magnitudes of ex-
actly, 1.0, 20,3.0, etc. If the scale was made to conform to
the stars, subsequent measures would be sure to show that.
its divisions were irregular. Moreover, an observer might
have difficulty in determining fractions of a magnitude, if
the light of all his comparison stars were expressed as in-
" teger numbers. A much more precise method seems to be,
first, to select suitable stars as standards; secondly, to meas-
ure their relative light; and, thirdly, to express these meas-
ures in terms of any convenient scale of magnitudes that
may be finally adoptzd. Subsequernt measures will then
serve to increase the accuracy with which this scale is de-
fined, by determining more precxsely the brightuness of the
comparison stars.

International co-operation is to be desired in order that
the system recommended may be adopted by astronomers
in all parts of the world Accordingly, the Royal Astro-
nomical Society and the Astronomische Gesellschaft were
invited to aid in this work. A committee consisting of
Messrs. Hinp, KxoBEL, KNOTT, STONE and CHRISTIE was
appointed by the Royal Astronomical Society, and Dr.
SCHOENFELD was named as its representative by the Astro-
nomische Qesellschaft. Unfortunately, the somewhat vol-
uminous correspondence of your committee has been delayed
by the great distances to be traversed, and, although the
following plans are under consideration by the committees
named above, final action has not yet been taken. Stars
may be conveniently divided according to their brightness
into three classes:—

* Philadelphia meeting of the A. A. A. S.
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L Lucid stars, or those brighter than the sixth magni-
tude. These stars will form the standards of comparison
of the brighter variable stars, and in general for all obser.
vations made with the unaided eye or with an opera or field
glass. Most of the photometric measures hitherto made
relate to these stars.

II. Bright telescopic stars, from the sixth to the tenth
magnitude. This class includes most of the catalogue stars,
and will furnish the standards for the fainter variables.
Meridian observations and those with small telescopes are
in general directed towards these objects.

IIL Faint telescopic stars, fainter than the tenth magni-
tude. Large telescopes are required for the convenient
study of these stars. They will form convenient standards
for the asteriods, for very faint variables, and for the com-
ponents of clusters, etc.

It is proposed that the first of these classes be assigned
to the Royal Astronomical Society, the second to the Astro-
nomische Gesellschaft and the third to the American Asso-
ciation. In accordance with this scheme, the following plan
is recommended for the fainter stars:

The standard stars to be so selected that they will form
twenty-four groups near the equator, and at approximately
equal intervals in right ascension.” Each group to consist
of a series of stars decreasing in brightness by differences
of about half a magnitude, from the tenth magnitude to the
faintest object visible in the largest telescopes. The groups
to be located by bringing a star visible to the naked eye
into the field of the telescope, waiting for two minutes, and
then forming a chart of the zone ten minutes wide, passing
through the centre of the field of the telescope during the
next four minutes. This zone will therefore be defined as
the region from five minutes north to five minutes south of
the bright star, and from two to six minutes following it.
The stars to be selected from this zone, which may in some
cases have to be extended. Care to be taken that no star
is near enough to another to be sensibly affected in appar-
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ent brightness by its proximity. The following stars are
proposed as leading stars for these groups:—

7 Pegasi, 6'Cectr, « Piscium, a Cefi, y Evidant, a« Taurt,
¢ Orionis, y Geminorum, « Canis Minoris, ¢ Hydrce, a Leon-
18, 8 Leonis, # Virginis, a Virginis, « Baotis, 3 Libree, &
Ophiucha,  Ophiuchi, 3 Serpentis, 8 Aquilce, 8 Aquile, £
_ Aquari, a Aquarii and « Pegast.

Two other groups formed of stars near the peles to be
added to these, with which all may be eompared, to avoid
large systematic errors is different right aseensions.

The advantages of this system are that an observer in
any part of the earth and at any season will find compari-
son stars conveniently situated for observation. Moreover,
he will often be able to bring sonte of the standard stars
into the field without moving the dome or reading the find-
ing circles of his instrument. This is a great advantage
when working with a large telescope with which alone the
smaller stars can be observed. The leading stars will also
form convenient standards in observing the others photo-
metrically. For this reason none fainter that the third or
fourth magnitude have been selected.

If the above plans are adopted, Dr. C. H. F. PETERS will
undertake the preparation of charts of the small zones.
By the help of these the standards will be selected and
their positions determined. Measures of their light will
then, if desired, be undertaken at the Harvard College
Observatory. It is greatly to be hoped that similar meas-
ures may also be made at some other observatories, and if
possible by different methods. The owners of very large
telescopes are also invited to examine these regions and
locate very faint stars which may be beyond the reach of
the other instruments employed in this work.

When the measurements are completed the light of all
the standards selected will be expressed in such a scale as
may seem best. Any observer may then compare the
scale he is accustomed to use with this, by estimating the
light of & number of comparison stars. Uniformity may
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thus be secured where discrepancies amounting to several
magnitudes now occur.
Respectfully submitted,

Epwarp C. PICKERING, Chairman.

LEewis Boss,

S. W. BUurNHAN,

AsapH HaLL,

‘WiLLiaM HARKNESS,

Epwarp S. HoLDEN,

SiMoN NEWCOMB,

C. H. F. PETERS, .

ORMOND STONE,

C. A. Youna,

RIGHT ASCENSION CIRCLE.

During the last year I have had in use a right ascension
circle, requiring no clock-work motion or setting during the
evening, and making an hour-circle unnecessary and use-
less.

The right ascension circle moves with the telescope. The
index is a complete time circle, graduated to 10 minutes of
time, clamped to a fixed bar attached to the stand. The
time circle is adjusted for the evening so that an index at-
tached to the bar shall indicate the mean time of the side-

real noon. The right ascension may then be read opposite
the mean time upon the time circle. At intermediate times,
it is convenient to use for the index the next succeeding
10 minute division, adding the deficit of the time to the
right ascension. v

To facilitate setting the time circle (this is unnecessary,
but, I think, useful), I have a fixed bar capable of being
moved through an arc of 10°, with a rocking pawl falling
into notches 2° apart. The sidereal noon index is only set
on the 10th, 20th and last day of each month; and the re.
maining adjustment is made by the position of the pawl],
which must correspond with the last figure of the day of
the month; on the odd days being locked upon the left and
on the even days upon the right. With this arrangement
" the almanac only needs to be referred to at intervals of a
month or two, unless there is an interruption in the obser-
vations of several weeks at a time.

Brooklyn, N. Y., Dec. 20, 1884. HENRY M. PARKHURST.
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EDITORIAL NOTES.

The MEessENGER gratefully acknowledges the prompt renewal of

80 many subscriptions during the last month.

Considerable matter designed for amateur readers is deferred on
on account of much other that deserves prompt attention.

FAINT STARS FOR STANDARDS OF STELLAR MAGNITUDE.

The charts accompaning this circular represent four out of twenty-
tour regions, fsom which it is proposed to select certain stars for
standards of the magnitude of faint stars. Additional information
with regard to the plan is given in the printed reports sent herewith.
The regions represented in these four charts are those from 2" to 6™
~ following the bright stars 7 Pegast, € Orionis, 1 Virginis, and 7 Ser-
pentis. Each region extends 5' north and 5’ south of the declina-
tion of the corresponding bright star.

It is desirable that these charts should be made as complete as pos-
sible, and it is hoped that astronomers having the use of powerful
telescopes, will assist in accomplishing this object. They will confer
a favor upon the Observatory of Harvard College by comparing these
charts with the regions which they represent, and marking upon them
the places of any additional stars which may be visible. Some indi-
cations of the comparative brightness of these stars would also be
desirable. .

Astronomers who may be disposed to take part in this work, are

requested to send the chart of any particular region, as soon as pos-

sible after its revision, to the address given below.
Harvard College Observatory,
Cambridge, Massachusetts, (U. S.)
Dec. 17th, 1884.

EDWARD C. PICKERING.

‘We are indebted to Professor Youne for the first notice received
of the return of Encke’s comet. From a private letter under date
of Dec. 20, he says:

“I found Encke’s Comet here on the evening of the 16th at the
Halsted Observatory. It was extremely faint,—no nucleus or nota-
ble central condensation, and its form seemed, by averted vision, to
be considerably irregular; but it was too faint to enable me to make
out much more than that it was really there. My assistant in the

dome also saw it. It was not distinct enough to allow an accurate de- |

termination of place; but by hringing it to the center of the field and
reading the circles and clock, I got R. A. = 22" 45 10%, and Decl.
+ 3°41' 30". The index errors of the instrument were determined
by readings on Theta Piscium (R. A.=23" 22» 08s; Decl.}5° 44 557),
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when it came to the same hour angle at which the comet was ob-
served.

“Evidently BaAokLUND’s ephemeris is very close: at the time of
observation it gives for the comet, R. A. = 22® 45™ 39%, and Decl.+-3°
41' 57, and I am not prepared to say that the possible error of my
observed position may not amount to as much as the whole dis-
crepancy.”

THE RE-APPEARANCE OF RED SUNSETS.

The language generally used to announce that the sunset “glow”
has “re-appeared ” this fall, is apt to mislead, conveying as it does
the idea that the phenomenon, cause and all, had become non est, and
now re-visits our atmosphere de novo. )

A few observations and the deductions therefrom are worthy of
record at this time, and this branch of the subject merits further ex-
amination and proof.

The claim is made in this note that the red glow, morning and
evening, has merely been rendered invisible. The reasons for the
claim appear below.

The red halo around the Sun was seen during the day time, and
observed to merge into the red sunsets, before the latter com-
menced losing their prominence, say in May and June, 1884, thus
establishing identity of causation.

This halo has been steadily seen during the whole summer, except
on the few days when it was obviously shut out by cloud-forming
conditions.

But it only began to be visible some while after sunrise and would
disappear before sunset.

Many observations made before and after, both sunrise and sunset,
when the heat of summer had passed, compel the conclusion that a
little general haziness suffices to veil the whole phenomenon from
sight.

On June 16th, 1884, I recorded, “ The red halo is seen better when
‘the Sun is out of lower strata of atmosphere.” "

Oun June 24th, 1884, *The halo has been very decided to day—blue
‘sky in large patches, between well-defined cumuli,—redness is deeper
‘than has been seen many times. * * * * ‘When sunset passed
‘ the whole tint disappeared.”

Without multiplying details which would fill pages, may it not be .
that the mist and haze, and the greater disturbance at sunrise and
sunset of the lower air in summer, can account for the shutting out
of the color? The “ re-appearance” only dates since the fall rains and
consequent clearer skies.

Information from two sources would be valuable, <. e.

From very elevated regions in the Northern Hemisphere, and from
the Southern Hemisphere where winter has prevailed.
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One writer speaking of the “ intermission,” as noticed at the north,
under date Sept. 27th, says: “There has been no intermission what-
‘everin the afterglow as observed in our parts of New South Wales,
‘for, I thinkone year. I have observed it myself on nearly every night
‘for that spaoe—exoepting cloudy days.”

The persistenee of the halo, though the morning and evening color
has faded, seems to warrant the belief that the summer atmosphere
near the horizon has to do with the “intermission” of the red sun-
sets.

A LUNAR RED LIGHT.

It was my good fortune to observe a very interesting and unusual
phenomenon on the evening of the 5th of December, 1884. Indeed, so
tar as I know, it stands unique, viz: a lunar fore-glow or red light.

On the date mentioned, about fifteen minutes before moonrise, upon
& cloud in the eastern sky at an altitude of about twenty degrees, I
noticed a pinkish tint which, in a few minutes, became intensified to
a brilliant reddish glow, nearly equalling any display I have witnessed
in conneoction with the Sun. The red light extended abvut thirty
degreos in azimuth and was central over the Moon, which, although
it had not risen, was plainly raarked by a peculiar cone-shaped light
extending from the horizon to the cloud upon which the red light
was displayed. I gave the whole phenomenon a most careful study,
and noticed a singular flashing of the red light similar to the aurora.
The maximum of intensity was reached the instant before the upper
imb of the Moonr became vistble.  'When the Woon was half way up the
glow was scarcely visible, and when fully risen all trace of the won-
dertul light had disappeared. Three intelligent gentlemen of this
place independently noticed the display and questioned me as to its
probable character on the following day.

Red House Observatory, ) WILLIAM R. BROOKS.

Dec. 16th, 1884 )

The large bright nebula to which Professor PORTER calls the atten-
tion of astrohomers in the December number of SIDEREAL MESSEN-
GER, | have been acquainted with for many years. I began the search
for comets in 1357, and very soon after. I think the next year, I ran upon
this object, and, inding it was not a comet, I supposed. of course,
that an object so conspicuous was well known. The tirst intimation
I had to the contrary, wus in & communication from Dr. PETERS, in
GouvLp's Astronomdcal Jowraal, Vol. 'V, page 16, He wives a list of T
nebule, which he had observed in Naples, which were not inany cat-
alogue, and this same nebula was one of the niber. Thivking that
s conspicuous 3 nebula could not have been overlooked, [ eommenced
watching it for variabiiity, and during 25 years no sigu of change has
been detected, either in size, shape, or brightness.

Warner Observatory, Dec. 19th, 1584, LEWILS SWLFT.
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EPHEMERIS OF COMET WOLF, 1884,

This ephemeris has been computed from the elements of Mr. 8. C.
CHANDLER, Jr., given in SIDEREAL MESSENGER, No. 29, and in Ast.
Nach., No. 2625, and may be found useful for the comparison of
observations.

Date, Berlin ‘\ |
!Mean Time. App. a | App. ¢ Log. 4 )
§ b m s 0 T :
Sept. 17.5 21 14 20.70 +23 38 8.7 9.91240 !
185 14 39.04 23 13 18.3 9910882 |
19'5 M4 69.52 2 48 4.5 9.900764 |
20.5 15 22.95 2 2 24 9.908750 |
21.5 16 48.82 21 5 15.6 9.907813
25 16 17.80 21 29 43.3 9906979

-5 16 49.23 91 2 50.2 9.906221

4.5 17 23.48 0 35 365 9.9(5548

2.5 18 0.5 20 8 2.2 9.9(4966

2.5 18 40.19 19 40 10.2 9.904472

27.5 19 2.70 19 12 1.5 9.904067

8.5 20 8.13 18 43 39.0 9.903746

29.5 2 056.45 18 14 31 9.903514

Sept. 30.5 21 47.38 17 46 14.3 9.903373

oct. 1.5 2 41.13 17 17 14.8 9.9(3325

2.5 23 37.64 16 48 6.7 9.903365

3.5 24 3672 16 18 61.5 9.903492

4.6 25 38,53 15 49 29.9 9.903705

5.5 2 43.07 15 2 36 9.904008

6.5 27 504 : 14 50 345 9.904401

7.5 29 0.23 14 21 3.2 9.904896

8.5 30 12.78 13 51 34.4 9.906473

9.5 31 27.89 13 2 26 9.906135

10.5 32 45.64 . 12 52 34.8 9.906891

“11.5 M 580 ' 12 28 120 9.907728

12.5 35 2866 | 11 53 5.6 9.908659

13.5 36 53.91 | 11 A4 43.6 9.909673

14.5 38 21.63 | 10 55 41.0 9.910777

15.5 39 51.85 10 2% 48.7 9.911966

16.5 41 4447 9 58 7.2 9.913239

17.5 42 59.93 9 29 39.3 9.914576

18.5 44 37.14 9 1 235 9.916018

19.5 46 16.28 8 33 23.3 9.917636

2.5 47 58.13 8 5 39.3 9.919116

21.5 49 4220 7 38 128 9.920795

2.5 51 23.43 7 11 4.5 9.922541

8.5 53 16.84 6 44 15.7 9.924362

A5 65 720 6 17 466 ' 9.926250

2.5 56 59.64 5 51 39.6 |  9.928209

2.5 21 58 53.96 5 2 55.6 | 9.9302%

7.5 2 0 5028 5 0 335 | 9.932331
28.5 2 4844 4 35 367 | 993491 |

29.5 4 48.42 411 24 9.936716
30.5 6 50.20 3 46 54.3 . 9.93%002 |

Oct. 315 8 53.56 3 923 1211 . 9.941343
Nov. 1.5 10 58.64 2 59 56.4 9943748 |
- 25 13 5.98 2 37 7.6 9.946206 |
3.5 15 13.46 2 14 46.2 9.948723 |

4.5 17 23.14 1 52 525 9.951289

5.5 19 34.22 1 31 27.6 ,  9.953907

6.5 21 46 73 1 10 31.6 9.956576

Nov. 7.5 2 24 0.5 10 50 3.7 9.959294

In this connection it may be worth while to notice that in Mr.
CHANDLER'S elements as printed in the Ast. Nuch., the log. a in the
equation of the co-ordinate z should be 9.992051 instead of 9.99505,

JOHN TATLOOCK, JR.
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ARGELANDER’S DURCHMUSTERUNG.

It appears from Bonn Observations, vol. iii, p. v., that the observa-
tions were made with a cowet-seeker of 34 lines aperture (3.02 Eng-
lish inches), and a magnifying power of 10 diameters. It does not
appear to have been remarked that a magnifying power of 15 would
have been necessary to utilize the whole aperture.

EPHEMERIS OF TUTTLE'S PERIODIC COMET, 1885,

Professors ORMOND STONE and P. P. LeavENwORTH, Leander Mc-
Cormick Observatory, University of Virginia, have computed an
ephemeris of TuTTLE’S periodic comet, based on the observations of
1858 and 1871, in which perturbations have received attention. The
circular contains the daily ephemerides of the comet from Aug. 10 to
Oct. 19, 1885, and will be published in time for early search.

Mr. C. P. Jacoss of Indianapolis, Ind., has taken first steps recently,

in organizing a State Astronomical Society, and, among others, such

_ persons as the following are giving favorable attention to this worthy
undertaking: Professor D. KIRKwWooD, of the State University; Pro-
fessor D. E. HuNTER, Washington, Ind.; Professor A. B. CHAFFEE,
Franklin College, and Mr. Wu. DawsoN, Spiceland, Ind. Of his own
work Mr. JAcOBS says:

“I have procured a new equatorial mounting for my instrument,
which I have just set up and it promises to work admirably. It was
designed and constructed by Mr. H. C. WiLriaMs, of this city. The-
whole of it is solid, and seems to be accurate, and the working parts
are nickle plated. The circles are 10 inches in diameter, and are
graduated, the declination to 15 minutes, reading to 1™ 30* with ver-
nier, the hour-circle to minutes reading to 5 seconds with vernier.
My glass, as perhaps you know, was re-made last year by JouN BYRNE,
of New York, has an aperture of 4 inches, and is excellent, both for
light and diffinition. ]

“Mr. WiLLiAMS has recently completed and mounted, equatorially,
for himself, an 814-inch Newtonian reflector, and is now grinding a
12-inch for another party. Both of these are silver on glass.

“Mr. PETITDIDIER, whose name appears with mine on the circular,
now resides in St. Louis, Mo., being an assistant in the office of the
U. S. Engineers in that city. Before leaving here he made and
mounted for his own use, an 814-inch reflector, and has made a smaller
one for a party in Cincinnati. ;I‘he bringing of my telescope here, as
you will see, has developed considerable local enthusiasm and scien-
tific enterprise.” . .

Mr. Jacoss’ popular addresses, in which are given his theory of the *
Sun’s light and heat, are receiving favorable comment. We have al-
ready given the substance of this new theory, and, although it is in-
genious and possibly true, it is now difficult to prove or disprove it.

I have just received a letter from A. Homwry, maker of Astronom-.
jcal clocks, Amsterdam, in which he askes me to make known in
America that his price for the very best clock is $360, and that he is
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now prepared to make a clock which he warrants satisfactory for
$300. The latter clock differs from the first only in small details of
execution. I take pleasure in complying with his request, as my ex-
perience with his clock, No. 32, has been very satisfactory. This
clock has been running at the Washburn observatory for nearly four
years. When the movement is clean and the clock mounting per-
fectly firm, I find that its daily change of rate is not more than 0%.03.

‘Washburn Observatory,
University of Wisconsin,
Dec. 4th, 1884.

EDWIN 8. HOLDEN.

The printer’s miserable failure to correct marked errors in the
proof of the elements of BARNARD’S Comet by Dr. MoRRIsON, in the
last number of the MESSENGER makes it simply just to print them in

full a second time.
ELLIPTICAL ELEMENTS.

Epoch 1884, Sept. 24.5, Washington mean time.

M= 7 13 19".52
o= 300° 57 44 43
Q= 6 11 23.56
¢= 5 27 18 .94 {Mean Equinox, 18340.
o= 35 87 2.50

Log.a = 0.4862043
Log.q = 0.1069968
Log. » = 2.8207001
Period = 1958.4158 days.

c—0
dicos.3 dgj
Aug. 12, 4 6".52 — 3".21
Sept.15, + 9.8 — 8".09

Oct. 14, +317(?) +14".(?)
DR. H. C. VOGEL'S OPINION OF THE OBJECTIVE OF THE GREAT VIENNA
REFRACTOR.
(Publicationen des Astrophysikalischen Observatorium zu Potsdam,
Volume IV. page 7.)

[Translation.]

“In the spring months (1883) when there were several consecutive
days of exquisitely clear weather, I got the impression that the ob-
jective was rather good, but that the images as regards sharpness were
not to be compared with those of middle sized instruments, and on
leaving Vienna I had formed the opinion that the difficulty of pro-
ducing so large objectives had not been quite surmounted, and that
the advantage of large objectives principally consisted in the amount
of light through which much detail would be revealed (though not
with the sharpness of middle sized instruments), which by a smaller

amount of light would quite escape the eye of the observer.

" “But by my observations in September, this opinion was completely
upset. I have acknowledged that the Vienna objective as regards



'

30 THE SIDEREAL MESSENGER.

the precision of the images leaves nothing to be desired, and that it
was only from want of taking the state of the air into account that I
had formed my former opinion. I have with advantage, on splen-
didly clear evenings in September, used a power of 1000 and even of
15100 and perceived the fine details of planetary disks with admirable
sharpness. The images of bright stars were of perfect regularity
and the central part of the diffraction disk was so remarkably small,
that it may be expected that the instrument would also be very
suited for observing double-stars.”

PROPER MOTION OF LACAILLE 239.
This star has a proper motion of about +0%.050 in R. A. with no
proper motion in Dec. It has been observed since LACAILLE by Ar-
GELANDER, YARNALL, GouLD and STONE. EDWARD 8. HOLDEN.

NOTE ON A SOUTHERN NEBULA.

The large nebula mentioned by Professor PORTER on page 314 of

the last number of the MESSENGER, has been repeatedly seen in my

comet sweeps for the last four years, and it always appears the same.

It is large, round, pretty bright,—irregularly bright,—like a flat disk
with darkish smear across part of it. E. E. BARNARD.

. “ GEGENSCHEIN.”

This object has been almost constantly visible during the last few
months. It is sometimes roundish and at other times elliptical. On
Nov. 10, 1884, it was large and elliptical, the axis being as 1:2, the
major axis lying approximately east and west. Its center was in a
line from Eta Tauri (Alcyone) to Alpha Arietis at 10t 15w,

Vanderbilt University Obs'y. E. E. BARNARD.

The report of Professor G. W. HouaH, of Dearborn Observatory,
Chicago. is received as we go to press. It contains a summary of
important work in observation during 1884, on Pons-Brooks’ Comet,
difficult double-stars, the planet Jupiter, the satellites of Uranus,
and miscellaneous observations. The study of the markings of the
surface of Jupiter are so instructive that it will be presented fully

later.

Of the planet Saturn, Professor HougH reports as follows:

Near the time of opposition the planet Saturn was frequently ex-
amined when the seeing was first-class, by Mr. S. W. BurNEAM and
myself, in order to detect markings on the rings, if any exist.

All our observations hitherto made on this planet in this respect
have been negative. While the two rings have been seen sharply
defined, and the boundary of the dusky ring well seen, nothing indi-
cating a division in the outer ring has ever been noticed. We be-
lieve any such division subtending an angle of one-half second of are,
would not have been passed over.

It is well known, however, that a division in the outer ring has

\\_
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been alleged to exist, by a number of astronomers using telescopes of
much less optical power than our own.

If the phenomenon is real, the most plausible explanation would
be to consider it periodic, depending on the rotation of the ring. If
such be the case, it is easy to understand how it might escape notice.

I'he belts on the disc of the planet were at times E:ite conspicuous
and very sharply defined, but we were unable to find any spot or
marking by which to observe rotation.

MINIMUM OF ALGOL.

November 9th, the minimum of Algol occurred at 7" 23~, 75° meri-
dian time. I made observations every few minutes, commencing
about 6 o’clock. I compared Algol! with Rho, a star of the fourth
magnitude, and Omega and P7, stars of the fifth magnitude. This
group of stars was in the finder, and was separately distinct in the
telescope for comparison, until I noticed a sensible increase in the
brightness of Algol, which was apparent about eight o’clock. I there-
fore determined the minimum to be within fifteen minutes of 7 30™
on the day and time before mentioned. G. G.

Professor Topp in his note on the Sun-spot period in the last num-
ber of the SIDEREAL MESSENGER, differs so widely from my observa-
tions that I can not but refer to it.

It has been my custom for years to take (on all possible occasions)
daily observation of the Sun, and to note in a circle corresponding

"to the day of the month what I find on the face of the great lumin-
ary. The annexed diagram copied from my observing-book, will fully
explain my mode of work.

November, 1884.
1" 12 13 14 15 Y-

It will be observed that there is a regular progression of spots pre-
ceding, covering and following the dates given by Professor Topp.
Again, October 9th, 1882, [ noteé two spots. At other dates we agree.

G. G.

The following orders and subscriptions have not been previously
acknowledged: Miss E. Walter, Mt. Pleasant, Pa.; F. J. Blinn, East
Qakland, Cal.; Dr. L. Swift, Rochester, N. Y.; Prof. D. Kirkwood,
Bloomington, Ind.; Chicago Public Library, Chicago, Ill.; Library
State Normal School, (Vols. I, IT and IV,) Ypsilanti, Michigan;
Charles P. Jacobs, Indianapolis, Ind.; Library Wellesley College,
Wellesley, Mass.; Arthur C. Perry, New York City, N. Y.; Prof. J.
Tatlock, Smith Obs’y, Beloit, Wis.; Prof. R. C. Crampton, Jackson-
ville, Ills.; John W. Osgood, Cincinnatus, N. Y.; George Gildersleeve,
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Baltimore, Md.; John R. Hooper, Baltimore, Md.; George R. Vick-
ers, Baltimore, Md.: Prof. Winslow, Upton, Brown University, Prov- .
idence, R.1.; W. H. Numsen, Baltimore, Md.; Prof. C. A. Young,
Halsted Obs’y, Princeton, N. J.; Rev. Otis B. Rawson, North Lynn,
Ct.; Rev. C. M. Charroppin, St. Louis University, St. Louis, Mo.; J.
Wilson Fisher, Philadelphia, Pa.; Library of Cincinnati Obs’y (Vols.
T, IT, IIT), Mt. Lookout, Ohio; Professor M. R. Conable, 1126, Gir-
ard St., Philadelphia, Pa.; Professor John Haywood, Otterbein Uni-
versity, Westerville, O.

BOOK NOTICE.
Bessey’s Botany Briefer Course. HeNrY Horr & Co., New York.

A copy of this publication has recently come into our hands and
has been read with interest.

The publication of the original and larger work was a public ex-
pression of a change which had been going on for a long time.

In methods of presenting the natural sciences not yet so old as to
be beyond the memory of young men, it was the custom to present
such generalizations as are involved in classification without any
preliminary demonstration of the facts which give foundation to such
arrangements. The fact that botanical classification has been worked
out much more thoroughly than that of Zoology and that so admir-
able a system of determination has been elaborated has contributed
to retard the change from classification to structure.

The publication of these volumes of Professor BEssey makes pos-
sible to many teachers what they have long desired. Teachers of
this branch are not so ignorant of what is desirable as their work
would sometimes seem to indicate. The lack of a work treating com-
prehensively the essential features of Botany has been an impassable
barrier.

The Briefer Course is not simply a condensation of the larger
work. There is none of that dryness which is the usual result of
simple condensation. No essential element of the larger work is
lacking in this. There is the same comprehensiveness and the same
judicious leading of the student to personal observation.

One commendable feature of the book is the fairness with which

all branches of the great vegetable kingdom are treated. Hitherto
the student of Botany has been led to think that flowering plants
were the only real thing and that the rest, except, perhaps a few of
the vascular cryptogams were mythical, or, at least, not to be under-
stood by ordinary mortals.

Of two things Professor Bessey's work is an exponent of the
present state of our knowledge regarding plant life; and of that
method of studying the observational sciences which is, or is rapidly
coming to be, recognized as the true one. Compact, comprehensive,
well written,—with these characteristics the Briefer Course cannot
fail to meet with a welcome from many teachers of Botany.

Carleton College. L. W. C., JR.

™~
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Conducted by Wm. W. PAYNE, Director of Carleton College Observatory,
Northfield, Minn.

“In the present small treatise I set forth some matters of interest to
all observers of natural phenomena to look &t and consider.” —GALILEO,
Sidereus Nuncius, 1610.

Vor. 4 No. 2 MARCH, 1885. ‘WaoLE No. 32

On the Distribution of the Stars in the Northern Hemi-
sphere. By Prof. H. SEELIGEL.

ABSTRACT.

As is well known, the Durchmusterung of ARGELANDER
contains the position and magnitude of all stars visible in
a 3-inch comet-seeker, with a power of 10, from the north
pole to —2° declination. Prof. SCHOENFELD has completed
a similar Diurchmusterung from —2° to —23° which is not
yet published. The stars of these lists are between the 1.0
and 9.5 magnitudes; (the last approximate only). In 1869,
Vo~ LirTrow had the stars of the northern D. M. counted
by magnitudes and by declination. That is, he had the
zones of 1° wide in decl. counted, so as to exhibit the num-
ber of stars of each tenth of a magnitude. Unfortunately
he did not separate the stars so as to exhibit the numbers
in right ascension also, as he might easily have done. Prof.
SEELIGER, of Munich, has just completed a count of this
kind. He was led to do this, he says, because there was
no such count in existence, and one was needed. Itis clear
that a kind of astronomical “clearing-house,” where ac-
counts can be adjusted is also needed! A count of the
kind exists in ms. at the Bonn observatory (see Bonn Obs.
Vol V), but is not accessible. The Washburn observatory
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prints in its Vol. ITI, the beginning of a count of this kind
(from —2’ to +15°), which was stopped on hearing of
Prof. SEELIGER'S. Prof. SEELIGER appeuars also to be una-
ware that LITTROW'S count has been repeated by Mr.
PEIrCE, (Annals H. C. O, Vol IX)! With this digres-
sion, which is not uninstructive, we return to Prof. SEELI-
GER'S important paper. He has then counted the stars of
the D. M. accurately, and by R. A. as well as Dec. and mag.
Instead of keeping magnitudes down to the tenths, he has
wisely selected the following classes:

1, contalmng stars from 1.0 to 6.5 mags. mcluswe

2, 6.6 « 7.0

3’ “ 13 13 7 1 7 5 “ “
4’ 13 13 13 7.6 13 8.0 13 ““
5, 113 113 3 8'1 13 8.5 43 43
6’ . [ 13 86 “«© 9.0 13 113
"“’ 113 “ { 9.1 13 9.5 43 [13

The number of stars for each 20° of R. A. and each 1° of
Dec. was counted. These numbers have been united into
sums giving new numbers of stars in areas of 20 in R. A.
by 5° in Dec. The latter tables are to be printed by the
Munich observatory.

Prof. SEELIGER’S paper contains the number of stars for
each area of 40° in R. A. by 5° in Dec., the stars of each
class 1 — 7 being enumerated separately.” There are, in the
northern sky, 4120 objects of class 1; 3887 class 2; 6054
class 3; 11168 class 4; 22898 class 5; 52852 class 6; 213973
class 7; 314952 in all, besides 126 nebulm, variables, etc.
That is 315078 in all, by Prof. SEELIGER’S count. ARGE-
LANDER gives 315089. To deal with this mass of tigures,
Prof. SEELIGER divides the sky into 8 zones. Zone 1 has
its centre at the north pole of the Milky Way, and extends
to Galactic Polar Distance 20°; zone 2 extends from G. P.
D. 20° to40°; zone 3, from 40° to 60°; zone 4, from 60° to
80°; zomne 5 (containing the Milky Way itself) from 80° to
100°, and so on to G. P. D. 140°.

The number of stars (of each class) per zone is next de-
termined; and next the number of stars (of each class) in

™
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each 1° square. We may quote the figures for class 1 and
classes 2-7 taken together:

Class 1. Classes 2-1.
Zonel, 0.15 8.51
2, 015 8.95
3, 017 11.02
4, 021 16.77
-5, 027 24.60
6, 0.25 18.92
7, 0.15 11.59
8, 0.12 10.19

This table shows the influence of the Milky Way most
markedly; but if changed so that the number of stars in
Zone 5 is always 1.00, it becomes even more interesting.

Class 1. Classes 2-7.
Zone1l, 0.55 0.35
2, 057 0.36
3, 0.64 0.45
4, 0.79 0.68
5, 1.00 1.00
6, 091 0.77
7, 0.57 0.47
8, 0.43 0.41

If we call these last numbers D, and if we forma 117» these
numbers may be called the gradients (G), expressing
the rapidity of increase of number of stars as we approach
the milky way. The values of G are

Class 1, 0.36 Class 5, 0.44
2, 0.48 6, 0.45
3, 0.42 7, 0.45
4, 047 8, 0.52

Classes 2-7, 0.50.

It thus appears probable that G is greater for the fainter
stars. but not so much greater as has been commonly sup-
posed. For stars of the mags. 1, 2, 3, and of the mags. 4
5, 6, G results 0.34 and 0.19. These numbers show an im-
portant difference between the bright and the faint stars.
If we were allowed to assume that stars even fainter than
9.5 would continue to show the constant gradient that these
show, it would follow that our stellar system was not to be
considered as a flat disc, but rather more or less spherical,
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with the stars concentrated near its medial plane (the
Milky Way).

The author next proceeds to compute the center of
gravity of each class of stars, and its position is,

)
Class 2, R.A.=923'30° Dec.479°5 0.58

3, 22 32 +81 .5 0.58
4, 23 10 +79 .7 0.56
5, 23 7 +79 .3 0.53
6, 23 9 +78 .3 0.51
7, 24 14 +77 .3 051

The last column gives the ratio '},.i for each class; where
R is the distance of the center of gravity of all stars of the
elass, 1 that of every star of that class.

The full interpretation of these numbers can only be
made when ScHOENFELD'S D. M. is published. .Certain:
further conclusions may also be drawn from the author’s
figures. This paper is the most important which has ap-
peared on this very interesting question since the publica-
tion of Dr. GouLp’s Uranometria Argentina. E. 8. H.

THE NEBULAZAZE,
[Concluded.]

The question of the absolute distances of the nebuls
and clusters has always excited a high degree of interest
among astronomers, but it is impossible, within the limits
to which I intend to confine myself, to discuss a subject
which, from its very nature, is and must be purely specu-
lative. That they are vastly more distant than the stars
is undoubtedly true. In regard to the origin and design
of these immense masses of matter, strewn with such lav-
ish abundance in some regions and so sparsely scattered
in others, we are also entirely ignorant. In volume they
as greatly exceed that of the Sun as does the Sun that of
the minutest microscopic atom. Before the invention of
the spectroscope it was a favorite and somewhat plausible
theory that all nebuls were clusters of stars which might
be resolved into such were we possessed of telescopes large
and powerful enough. A partial success in this direction
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made the theory very popular. But spectroscopic exam-
ination settled at once the vague conjectures of a century.
It tells us in language too plain to be misunderstood or
doubted, that some are clusters of stars, while others are
masses of gas, or nebulous matter, whatever that may be.
It would be natural to suppose that inasmuch as these gas-
eous bodies can be but little acted upon by others, they
would, in obedience to the law of gravitation, have ages ago
assumed a spherical form, which is quite true of the most
of them, though many are as shapeless as the nim-
bus clouds, and as indeterminate as wreaths of smoke.
Of this latter class the great nebula in Orion and the Swan
nebula are notable examiples. The most symmetrical of
them have no poiuts of reference from which to measure as’
have the stars and comets with nuclei; nor sharp outline
of limb .as have the Sun, Moon and planets, and conse-
quently the question of distance cannot probably be set-
tled until after the lapse of centuries as it is impossible to
obtain with mathematical exactness the position of a neb-
ula that has no starlike nucleus from which to measure.
Under the varying conditions of the atmosphere—its
purity, steadiness and other causes—nebuls with many in-
tricate details will on different nights present very differ-
ent aspects. A description, therefore, of one of these ob-
jects from a single observation will be often misleading and
give rise to a suspicion of change when, in reality, no
change has taken place. Some of Sir WiLLiaM HERSCHEL'S
descriptions of his nebulsm as recorded nearly a century ago
are widely at variance with their present appearance.
Take for example H. 493 I11=General Catalogue 493, de-
seribed by him as “very faint; small; round; bright in the
middle; among stars.” Almost exactly in its place I have
found a nebula described as follows: pretty faint; very.
elongated; spindle; not a star nearer than 4. D’ARREST
has one near which was easily seen, though not in any re-
spect answering the description of HERSCHEL. Again 741
III=G. C. 4328 is described by HERSCHEL as “very faint;
very small; round; stellar;” while my account is, pretty

~
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bright; exceedingly elongated. MEssier’s 76=G. C. 385
R. A. for 1885.0, 1" 34" 52‘ Dec.+50° 58 48" is recorded in
the catalogues as double. Through the 4}-inch telescope
it has always appeared square, but seen through the 16-inch
instrument it becomes a right-angled parallelogram with
size about as 1 to 2 and filled with nebulosity, but having-
two points of brightness it was called double by Sir
WiLLiaM HERSCHEL. On one exceptionally good night I
observed it as a spiral, and, searching his record of observ
ations, I found that Lord Rosse had previously seen it as
such. For one so small it is a remarkable object.

Another wonder and one which appears entirely unlike
the illustrations made by Lord RossE, LassELL, TROUVELOT
and others, is the well known Swan, or Omega, or Horse-
shoe nebula of the Milky Way, a region where very few
nebulse are found. It is No. 4403 of G. C. and 17 of
MESSIER, and is in R. A. 18" 14; Dec. —16° 13’ or, in the
constellation of Sobieski’e Shield Tha fallawine okatch

e ey e W

isa . ..
is drawn from memory and, of course, not to scale. The
singular appendage at the following end has, as far as I
know, never before been seen. It was first noticed on
July 4, 1883, and entered in my note-book as follows: “Saw
a curious appendage from the f end of the Swan nebula not
represented in any known drawing, being an eF. nebulous
band irregularly bright, curving gracefully upward (in-
verted field) then to the right and downward and to the
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left, curving under the nebula proper and ending near a
L. e. e. F.nebula. Cannot trace it clear to the new nebula.”
“July 5—The above observations are confirmed in every
particular with the addition of other nova to the left
of the neck, one which has, I believe, been previously
seen.” “July 6—The foregoing phenomena were well seen
by Mr. WARNER and Mr. ReBasz. There is much of de-
tail in it, and to accurately represent it requires drawing
to scale.” Subsequently upon the occasion of their visits
to this observatory, it was seen as represented by Dr.
CoPELAND and Mr. TROUVELOT.

In R. A. 11* 22= 11*; Dec.+59° 13" is G. C. 24 5=H 247
I, mentioned by all observers as very little elongated.
Chancing to run across it with a power of 132, I immedi-
ately suspected it to be a close double, which suspicion a
power of 200 confirmed. It is probably the closest double
nebula known. I shall re-examine it at the first oppor-
tunity.

In 1859 while searching in Eridanus for comets I ran
upon the most conspicuous nebulous star visible from
this latitade—a Tth magnitude star nearly in the center of
a bright nebulosity. As both were so bright I, of -course,
supposed they were well known. Not until five years
since was I aware that this wonderful object was not in
the G. C. In DREYER'S supplement to that catalogue there
is, however, a nebula, Q. C. 5315, discovered by WINNECKE,
and agreeing very well in position, which he describes as
“faint; 10" long”—about as erroneous a description of it as
could well be written. Prof. BARNARD, of the Vanderbilt
University Observatory, Nashville, Tenn., from his greater
southern position has, at my request, made a study of this
interesting object, and in a recent letter gave me its posi-
tion for 1885.0 as follows: R. A. 3" 28™ 25°; Dec. —26° 15’
47'. TIts position for the same epoch as given by WIN-
NECKE is 3" 28™ 40*; Dec. 26° 13.4. Being ignorant of the
the date of WINNECKE’S observation, I am unable to decide
to.whom the honor of its discovery belongs.

On the night of April 26, 1884, while engaged in nebula-

-~
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seekimg, there occurred to me. the thought that perhaps
there are undiscovered nebul® in close proximity to some
of the brighter stars. The telescope was turned upon
Delta Leonis, and immediately there was seen a nebulous
object which proved to be new, and which recorded in the
vernacular of my note-book, reads: “C.S.; p.F.; R. £ ¢
Leonis; 4; 7' —; easily overlooked.” This in unabrevi-
ated language means, considerably small; pretty faint;
round; follows Delta Leonis; 4 seconds of time, and is 7
minutes of an are south of it.

Encouraged by this success, search close to many other
bright stars was made but without avail, until Oct. 18, when
one was found=to diameter of field (26') from the variable
star Algol. At the same time another, also a.nova, was
seen 2° 15 farther south.

The greater part of HErscHEL'S class IIT are bright ob-
jects compared with most of those discovered at this
observatory. Nearly one-half of the 200 novee can be seen
only by averted vision and by the most persistent and long-
continued effort. But few nights in a year are suitable for
the finding of objects so extremely faint. I have never yet,
from a wearied eye, been obliged to desist from comet
seeking, though I have many times continued it during the
entire night; but am often compelled to abandon nebula-
seeking. When, in nebula work, the tired eye fails to
equal its best effort, resort is had to the less fatiguing work
of comet searching.

Nebulw are often associated in pairs and sets, and so
frequently has this been observed that on the discovery of
one, search in its immediate vicinity is invariably made for
a mate, and often as the result of chance, one is found
apparently connected by physical relations like the binary
system of double-stars.

The task of getting their positions quickly and to the
desired degree of exactness is a difficult one. The plan
adopted may not be the best; in fact I feel quite certain
that with more experience and the exercise of greater vig-
ilance, I shall be able to improve my methods. Nearly all
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of the undiscovered nebuls are exceedingly faint. Though
the reapers who have preceded us were few they labored
hard and resolutely, and heeded not the advice of Boaz to
let fall some handfuls for the gleaners who were to follow
after. The dome-room is absolutely dark while I am
sweeping, and the pupil of the eye is greatly expanded (an
essential preparation for the observation of such faint
bodies.) The gas is lighted only while reading circles and
* making records, but, as after its extinguishment, I am for
a few minutes, nebula-blind, a considerable loss of pre-
cious time is involved. '
The eye-piece used for this work is a periscopic positive.
I have never yet seen a negative eye-piece suitable for com-
et or nebulasseeking, especially the latter. The field of
the negative eye-piece is made luminous by the rays from
the object-glass impinging upon the field lens, which is
not the case with a positive, where the rays come to a
focus before reaching it. In front of, and at a proper dis-
tance from, the field-lens of the eye-piece used are inserted
in a ring, two coarse hairs in the form of a cross, the in-
tersection being exactly in the line of collimation. With lit-
tle effort and without artificial illumination they can at all
times be seen, while never save in presence of moonlight
are they obtrusive. When a nebula is found, it is brought
roughly to the center of the field, the driving-clock started,
the telescope clamped in R. A., the opticil center of the
. nebula bisected with the wires in both coordinates, the tel-
egraph sounder conunet »1 with the break circuit sidereal
clock started; all with)at removing my eye from - the tele-
scope and without an assistant. After noting its size,
shape, brightness and configuration with some of the near-
er stars in the field, and if excessively faint, and there-
fore probably to be re-found with difficulty, the number of
seconds as counted from the sounder by which it follows
or precedes the nearest bright star. I then descend from
the observing-chair.read the circles, make the records, both
as to position and appearance. As I always, except in
special cases, work on or very near the meridian, their posi-
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tions in R. A. are therefore corrected only for precession,
and in Dec., for both precession and refraction. Every
nebula thus picked up except those that are bright and
therefore presumably not new are noted down in the work-
ing-book. The next day every known catalogue of nebulae
is examined, and if any in my list are identical with any in
the catalogues, record is made in a special ledger. The
new ones are carefully reduced and recorded in another
ledger ready for publication. .

The discovary of nebulm and the gatting of their ap-
proximate places is one thing, while the obtaining of their
micrometrical positions with mathematical exactness, is
another and a very different matter. For the former work
(their discovery) one set of appliances only cgn be used,
viz; an eye-piece of low power and a large field for sweep-
ing. For the latter quite another plan must be adopted,
and the two cannot be combined. A micrometer eye-piece
is as poorly adapted to nebula as to comet seeking. Ip
view of the small number of hours in a year suitable for
successful search for such faint objects, but slow progress
would be made were the observer compelled to exchange
,hls comet eye-plece for a micrometer and to lose much val-
mble time in refinding the object—whxch probably could
n>! be seen at all—selecting his comparison-stars, getting
its place and angle of position, determmmg the direction

of its major axis if elliptical, and various other data. To
accomphsh all this and make his records would require his
lamp to be several times lighted, and this, on each ocecasion,
would blot out the nebula, often of unimagined faintness.
Then how great his disappointment after all his loss of
time to find, as he very probably would, that his presumed
new discovery was perhaps a century old.

I see, therefore, no way but to pursue the plan already
detailed, viz; to get positions with all the accuracy possible
with the means adopted for their discovery, leaving to
specialists to pick them up without sweeping and to fix
their places with such exactness that those who come after
us may be able to determine whether they also like the
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stars, are drifting. It may bs that they are no farther dis-
tant than the stars, and, consequently, their proper motion
may be equally great, and ought, therefore, at least in
some cases, to be detected in the course of a century or
two,

The faintness of a majority of those in my list of nowce is
inconceivable except to those who are engaged in similar
work. With a luminous field, the largest telescope in the
world would not reyeal one of them, and it is very doubt-
ful if, even with a dark field and luminous wires, microme-
trical measures of position can ever be successfully made.

_ LEwis SwiFT.
WARNER OBSERVATORY, Feb. 12, 1885,

Second Report of the Committee on Standdrds of Stellar
Magnitudes.

The first report of this committee (Proc. Amer. Assoc.
XXX p- 1) included a plan for the determination of stand-
ards for stars fainter than the tenth magnitude. Twenty-
four bright equatorial stars were_ch'osén and the standards
were to be selected from the regions following them from
two to six miputes of time and not differing in declination
from the leading stars by more than five minutes of arc,
The observations described below have been made at the
Harvard College Observatory unless otherwise stated. The
light of each of the leading stars has been determined on
from seven to eighteen nights with the meridian photome-
ter. Charts have been constructed of all the stars visible
with the fifteen-inch telescope, in all but three of the re-

gions from which the standardsare to be selected. Most of
these charts have been submitted to a careful scrutiny with
the fifteen-inch telescope of the Washburn Observatory.
An important test of the completeness of the charts is thus
afforded.

In the following table three successive columns give the
names of the twenty-four leading stars and their approxi,
‘mate right ascensions and declinations for 1880. The next
two columns give the number of nights on which they were
observed with the meridian photometer, an; the resulting
tiiagnitude. The details of these measures and a compari-

f
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son with various other determinations of their light will be
found in the Harv. Observ. Annals, Yol. XIV. The last
columns give the number of stars in each of the charts, and
the corresponding number of stars contained in the same
portions of the Durchmusterung.

tars suitable for standards must next be selected by
the help of the charts. The light of these stars should
then be measured in as many different ways as possible.
The committee will be much indebted for aid that may be
rendered them in this portion of their work. The early
publication of ths charts n)w bacomas a matter of import-
ance, as it would permit their immediate use for various
purposes.

: g
! . E f= ) i@
NAMES. R. A, Dec. éﬁ Phot. Eg E 5
. 1880,  .880. Z | Mag. %O an
. h. m. _
v Pegasi.... 0 7.1 +414°31'| 13 3.04 49 3
¢’ Ceti.... 1 18.0 —8 48| 12 | 8.77 | 27 | -
a Piscium. 1 6569 42 111 12 3.99 — 1
a Ceti.... 2 56,0 +3 37; 11 2.68 — 2
7 Eridani. 3 524 —13 51| 10 | 3.05 | 30 | —
a Tauri... 4.29.0 416 16| 16 | 1.00 | 19 3
¢ Orionis........| 6 380.1 [ —1 17| 16 1.76 42 6
v Geminorum...| 6 30.8 | +16 30| 17 2.00 | 150 5
a Canis Minoris.| 7 33.0 | + 5 32| 15 0.46 96 3
¢ Hydrae........; 8 40.4| 4 6 651 7 3.568 64 4
a Leonis ........|10 2.0 -4+12 33| 15 | 1.42 | 39 1
¢ Leonis........| 11 7.9 416 b&6| 10 3.47 24 3
n Virginis....... 12 13.81 40 O/ 10 4.05 23 2
o Virginis....... 13 189 | —10 32| 13 1.23 30 —
a Bootis........ 14 10.2 | 4+19 48| 13 0.03 25 1
g Libree.........[ 15 10.6| — 8 56 | 14 2.714 39 —
4 Ophiuchi...... 16 81| —3 23| 11 2.77 48 —
% Ophiuchi...... 17 38.5°| —15 34| ‘10 2.62 | 100 —
y Serpentis..... 18 16.1| —2 56| 10 3.85 7 —
& Aquilse........ 19 19.4 |42 63| 14 3.46 — 3
9 Aquile........ 20 61 —1 11| 10 3.39 | 110 2
3 Aquarii....... 21 252| -6 6] 10 3.14 52 —
a Aquarii....... 21 59.6| —0 54| 10 3.16 48 0
a Pegasi........ 22 58.8| +14 34| 18 2.61 29 3
Respectfully submitted,
Epwarp C. PickERING, Chairman.
Lewis Boss, S. W. BURNHAN,
AsapH HALL, WiLLiAN HARKNESS,
Epwarp S. HoLpEN, SiMoN NEwcoMB,
C. H. F. PETErs, - OBRMOND STONE,
C. A. Youxe. -
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Index to the (54) Published Ecliplic Charts of the Paris
Observatory.

No. R. A. Decl.

1 0 O0»to O 20m + 1° 0’ to — 4° 15’
s 0 0 0 20 +1 0 +6 15
2 0 20 0 40 ! —14 {338
2bis 0 20 0 40 I 4+ 3 30 + 8 46
3 0 40 0 60 ' +6 15 +5 30
3 0 40 1 0 I 46 30 +10 45
4 1 0 1 2 + 4 45 +10 0
5 1 20 1 4 LT 0 +12 15
6 1 40 2 0 +9 0 +14 15
7 2 0 2 +10 30 +15 45
8 2 20 2 40 +12 15 +17 30
9 2 10 3 0 414 0 419 15
10 3 0 3 2 +15 15 +20 30
10a 3 0 3 2 +10 0 +15 15
13 4 0 4 20 +18 45 +24 0
15 4 40 5 0 420 0 +25 156
22 70 7T 2 +20 o +25 15
26 8 20 8 40 +16 15 +21 30
27 8 40 9 0 +15 0 +20 15
28 9 0 9 2 +13 45 +19 o0
29 9 2 9 40 +12 15 +17 30
29 9 20 9 40 +7 0 +12 15
30 9 40 10 O -+10 30 +15 45
31 10 0 10 20 4+ 8 45 +14 0
32 10 20 1w 40 + 6 45 +12 o
33 10 40 11 0 + 4 45 +10 0
34 1 0 11 20 + 2 45 +8 0
35 11 20 11 40 +0 30 + 5 45
36 11 40 12 0 -1 30 + 3 456
38 12 20 12 40 —5 45 — 0 30
39 12 40 13 0 +8 0 — 2 45
40 13 0 13 20 —10 30 —5 16
41 13 20 13 40 -12 0 — 6 45
43 14 0 14 2 —-15 4 —10 30
43 14 0 14 2 —10 30 —5 15
46 15 0 15 20 —20 30 -15 15
48 15 40 16 0 —22 45 —17 30
49 16 0 16 20 —23 45 —18 30
50 16 20 16 40 —24 30 —19 15
51 16 40 17 0 —25 0 —19 45
52 17 0 17 20 —25 30 —20 15
59 19 20 19 40 —24 30 —19 .16
60 19 40 20 0 —23 45 —18 30
61 20 0 20 20 —22 45 —17 30
62 20 20 20 40 —-21 30 —16 15
63 20 40 21 0 —20 15 -15 0
64 21 0 21 20 -22 0 —16 45
64 21 0 21 20 —16 45 —11 30
67 22 0 22 20 —-14 0 —10 45
68 22 20 22 40 —12 15 -7 0
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a

No. - RA.- | Deecl.

69 22 40 23 0 -10 0 —4 45

70 23 0 23 20 -8 0 -2 4

71 23 20 23 40 - b 45 -0 30

72 23 40 24 0 -3 4 4+ 1 30
E. 8. H.

THE LICK OBSERVATORY.

THE EDITOR. -

The February number of Harpers’ Monthly contains an
article from the pen of Professor S. NEwWcoMB concerning
the beginning and growth of the Lick Astronomical Ob-
servatory at Mount Hamilton, California. Of the person-
al character of Mr. Licg, and the charming view of the
surrounding country from the mountain summit considera-
ble is said in interesting detail. = The pen-picture of the
eccentric and wealthy Californian, to which the reader is

_introduced appears in rough outline, and lively contrast
with the other sketch from nature which is grand in its
simplicity and beauty.

The outline of the site for an astronomical observatory,
in a measure, is assured by the continuous and successful
observations of double-stars taken by S. W. BUrNHAM,
of Chicago, who was at Mount Hamilton for several
months in 1879 for the purpose of determining the advan-
tages of that place for astronomical observation. In 1882
Prof. D. P. Topp, of Amherst, made observations and pho-
tographs of the transit of Venus at the same place, and the
photographs are said to be the finest that ever have been
taken of a transit of Venus.

In 1839 the trustees of the Lick Observatory contracted
with Messrs. ALVAN CLARK & Sons to make an object-glass
of thirty-six inches clear aperture for the great telescope.
The difficulty and hazard of such an undertaking on the
part of the makers are poorly realized by our readers if
only the fact be stated that such a refracting objective (if

\
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it could be made at all) would have a diameter six inches
greater than any other ever attempted by any maker. The
casting of the two rough disks for so large an objective,
that should be perfectly clear and of uniform density, was
a task so difficult in itself that scarcely more than one re-
sponsible glass foundery in the world would undertake it.
FE11, of Paris, has contracted to furnish these disks and
found little trouble in making the flint-glass disk, which has
.already been in the hands of the optician for about two years,
anl which is apparently a beautiful specimen of the French
art -ag the writer would say from a casual look atit. The
~ crown-glass disk, which has proved so far too much for
the skill of FEILS, is by no means given up. The elder
moamber of the firm has been absent from the works for
gomne time, and it has been thought by some who have had
opportunity to know that the nineteen or more failures
that have occured in attempting to cast this disk may have
baen due, in part at least, to the want of his superior skill.
Roacoantly the elder FEIL has resumed charge of the foun-
dery and a pair of crown disks have been cast that it is
hopad may be successfully annealed. If this step proves
succ3ssful the grinding of the glass can then go forward;
but this part of the work will consume at least two years
and more likely twice that time. Then will follow the
mounting, which is a problem secarcely less serinras or in-
tricate than others already named.

From the pen of Prof. E. 8. HoLpEN we have already
given in the Mrssuvatz a very full and interesting
account of the fine Meridian Circle recently made by the
RepsoLps, of Hamburg, Germany, undsr the direction of
Professor HoLDEN, who also personally superintended its
-mounting in the observatory only a few months ago.

Raspecting other points of general interest about this
great observatory, the Morning Call (San Francisco, Cal.,
Feb. 8) has the following: “The work of constructing the
great dome, 75 feet high, to cover the telescope, which will
be nearly 60 feet long, goes on. During the winter, the
foundation of solid rock, 72 feet in diameter and 6 feet deep,

"’
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will be excavated. The material of the dome will be of brick’
and iron, and the construction will probably be commenced
in June. Already 400,000 bricks have been hauled to a
point within two miles of the observatory. .Next to the
discovery of a glass founder capable of supplying the
necessary lenses for the great telescope, the Lick trustees
have met with the greatest difficulty in devising an efficient
system of water-works. That trouble has, however, been
overcome, and a complete system of water-works is now in
operation. Water is obtained at a distance of 400 feet
below the observatory and pumped up by steam to ae.res-
ervoir 50 feet above the observatory, and having a capacity
of 100,000 gallons. A supply of rain water at a gap lower
down suffices for the stables and other habitations there
sitnated. Seventy thousand gallons were thus obtained
during the last heavy rainstorm. According to the rain-
gauge at the observatory the rainfall up to February lst
had reached the high figure of 41} inches. The trustees
have expended on the work done so far $280,000, of which
$12,000 has been paid on the glass for the great telescope.
The entire cost of the glass will be $50,000. The mount-
ing of the telescope will entail an expenditure of $50,000
more, as an instrument so prodigious requires machinery
of an unusually complicated quality to operate it. In ob-
servations an astronomer sees but a tenth of the apparent
size of the planets, and can observe nothing of the other
heavenly bodies. The machinery which moves the tele-
scope must, therefore, be of the nicest exactness, as by its
movements the astrynrmare locates the alm>st endless sub-
divisions of the sidereal world. Whsn the south doms is
finished and the observatory ready t> be transferred to the
State it will have cost about $425,000. The establishment.
has already won an enviable reputation by the astronomi-
cal work done there during the recent transit of Venus.
The government sent its astronomers to places only where .
the entire transit* was visible, and the Lick Observatory
had to engage some scientific gentlemen for the occasion
at its own expense. Professor Topb, one of these gentle-

\'
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men, succeeded in taking some photographs of the transit
which have been universally declared by the scientific
world the finest ever seen. 'I'he conditions under which
the photographs were taken were perfect, the day being
such as is rarely seen except in California, and the appli-
ances at the observatory ample. The remarkable success of
the first important piece of work attempted by the observa-
tory strengthens the opinion of the scientific that the Mount
Hamilton establishment will contribute largely to the
astronomical knowledge of the age. One year on the sum-
mit of the California mountains affords the opportunities
which twelve years of observations in the changeable
climates of other states do not furnish. Professor NEw-
COMB in his able article admits this fact.” ’

HINTS TO OBSERVERS OF SATURN.

B. J. HOPKINS.

Fifteen years hence is a long time to look forward to,
however short a period it may seem to look back upon;
and as it will be all those years before the system of rings
round the planet Saturn are again placed in such a favor-
able position for observing the markings upon their sur-
face as they are at the present opposition, those astrono- .
mers possessing telescopes of adequate power cannot do-
better than take full advantage of their present oppor-
tunity. '

- As Mr. DENNING points out in the very interesting article
on this planet, on pagé 265, in Vol. XXII, of this journal,
we have very “little information as to the changes which
probably effect the detailed appearance of the planet in
different years;” therefore, good useful work may be done
by those astronomers possessing efficient instrumental
power making careful and accurate drawings, and microm-
eter measures of the different markings they may observe
upon the planet’s surface; keeping a good lookout for any-
thing in the shape of spots as they are likely to give the
clue to the nature of the planet’s surface. The breadth
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and color of all belts shauld be carefully noted, together
with the shape of any spot that may be observed, as they
are' probably subject to changes of a more sudden nature
than the similar markings on Jupiter, though a longer in-
terval intervenes between successive changes on this planet
than on the gurface of the latter.

With reference.to the ma.rkmgs on Saturn, the narrow
belt described, by Mr. RaNyARD, in Vol. XLIV., page 441 of
the Monthly Notices, is worth  attention, as it appears to
have become more conspicuous than it was at the last
opposition.

Another point, too, whxch deserves much more attentlon
than has, hitherto been given to it, is the shadow of the
ball on the rings. This shadow is worthy of careful tele.
‘scopic study, because it does not present at all times
those uniform outlines which the laws of perspective teach
us should be presented by the shadow of a- spheroid pro-
jected upon a plane surface; but very frequently this out;
line is curiously distorted. Observing the planet on the
evening of December 5th, 1884, with an 18-inch silver-on-
glass reflector and. a power of 1,000,.the outline of the
" ghadow on the rings was in the form of a :truncated cone,
as shown in an engraving forming the frontispiece to the
Register. This distortion of the shadow on the rings is
_probably due to the unevenness of the surface of the rings,
which is sometimes so- considerable as; to cause the shad-
aws of, the rings on the ball to have a notched appearance,
as has been observed by LasseLLs, DE r.A RuE, Jacos, a.nd
others. . .

Cureful watch should be kept for t.he occultatlon of any
star by the rings, which it is needless to add is a very rare
phenomenon, DAwes being the only astronomer who, so
far as is known, has had the good fortune to observe a star
pass behind the.rings. In such a case it should be noted
if the star was visible through CassiNT's division or not; it
probably would be, but it is uncertain, as it is possible that
CasgINT'S division is filled with a similar material to that
of whi¢ch the dark ring is composed, and a faint star might

[ BY
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be so dnnmed as to be 1nv131ble As that careful observer,
JacoB, once followed the shadow of the ball across this
division, the present ‘time would be very favorable for set-
tling the question, as to whether it is absolutely black or
not. While some observers have seen it not quite black,
the writer has never been able to observe it: of any other
color; but large apertures are requisite to solve the ques-

tion. . , —Astronomical Register.
Leyton, Essex.

THE SUN’S CHROMOSPHERE.

8. J. PERRY.

f An automatic spectroscope by BrowNING is employed
for these daily measures of the chromosphere, and during
the year 1884 the same dispersion, viz., 6 prisms of 60°;
has been invariably used. The greater part of the year
has -been very favorable for these observations, and the
increase in the results is well marked in the first col:
umn of figures. The mepn height of the chromosphere,
which differed little in 1882 and 1883, and 'attained its
maximam in Msdy, 1883, has fallen away rapidly this year:
This is partly due to the continuance of very low readings
throughout August and September, but it remained to the
end of the year considerably below the average of the three
preceding years. There is also a great diminution in the
numbers of the prominences and some falling off in their
average height.. The low reading 6”.41 for the chromo-
sphere on June 30 was the more remarkable, as the prom-
inences were numerous, and the highest recorded for the
month was observed that day. :

The number of observed displacements of the C line
differed but little in the last two years, but the amount of
dlsplacement was slight in 1884 compared with that seen
in 1883.  The distortions recorded during the months of
April and May, 1882, were far -greater than any observed
during the last two years. The line K 654'3 was seen on
five different days as a bright line in the chromosphere,

~
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C being on each occasion very bright, but short. Both
lines were about the same height, but their intensities were
as three to ten.

) No. of days
No. ;| Mean height of [Mean height/Mean extent of
ofogbld.‘y ohromosphlegr: ‘e Il%“l'::'i.g_ prominence Bighest |yines' 33'.
per month, | oluding promi- | inemces. arc, prominences. | observed
nences. distorted.
" n” .o ' L ' "
Jan.... 1 811 2135 | 11 13 0 | 0 4099 0
Feb.... 5 837 2716 | 445324 | 1- 192 3
March. 2 7-69 2391 | 2921 0| 12113 1
April.. 7 836 2867 | 43 31 51 | 1 3479 2
May...| 13 844 2762 | 48 10 46 | 1 3522 4
June..| 14 836 2361 | 36 48 21 | 1 1900 2
July... 4 811 2274 | 31 14 15 | 0 6252 0
Aug...| 13 710 2542 | 34 642 | 1 2540 4
Sept. .. 9 7-26 23-87 | 20 53 40 | 0 59.78 2
Oct.... 6 7-83 2089 | 172610 | 1 320 1
Nov ... 7 793 2878 114 31 26 | 2 212 2
Dec... 7 775 2592 | 17 126 | 0 5551 3
1880... 53 793 2346 (232123 | 1 740
1881... 43 8:04 2461 | 33 18 26 | 1 1193 ..
1882... 58 824 24-55 | 40 56 47 | 1 1410 2:8
1883... 61 827 2723 | 41 24 15 | 1 3543 19
1884... 73 7-94 2574 {29 6 0| 11430 2:0
Stonyhurst Observatory, —Observatory.

Jan.. 16, 1885.

EDITORIAL NOTES.

Number two of this volume of the MEsSENGER is published for
March instead of February on account of unexpected and prolonged
absence recently from the state.

We should have mentioned before that Dr. B. A. GouLp’s astro-
nomical work at Cordova, South America, would be completed some
time last month In December last, the Geeneral Catalogue of stars
was far advanced in copying for the press. It contains apprexi-
mately 43,000 positions of about 35,000 southern stars. This cata-
logue completes the work for which Dr. Goorp went to Cordova in
1879. His address at present is Wollaston, Massachusetts.

. The Great Nebula of Orion was discovered by CYRAT, of Luzene,
in 1618, as stated in the “Monograph of the central parts of the
nebula of Orion” by Professor E. S. HOLDEN, (see page 16 of the appen-
dix to Washington observations, 1878.) H. O W.
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ALGOL.

Minima of Algol (3 Persei) fér February and March, 1885, in 75°
mean time, computed from a minimum given in the Observatory for
January.

February.... 3¢ 7+ 35m

February....17 15 39
February....20 12 28

February ..26 6 6
March....... 12 14 11
March ...... 15 11 0
March...... A8 7T 49

ARTHUR C. PERRY.

NEW NEBULZE IN ERIDANTUS.

I have found in my comet sweeps with 5-inch Byrne refractor the
following new nebulse:

a= 3h 14m 34s

O 19082 o § 1885.0
Faint, not large. From one corrected equatorial pointing. *

. a= 3 14m 58
Y o sedy o 21885.0
cF;S;R;psvmb M; 1}’ s f. 9= star.

From one corrected equatorial pointing.

I have also found a large, distinct nebula 20" s. f., the first of the
two nebulse above. From a careful estimation with the finder, made
in August, 1882, I deduce the following place of this last object:

a= 3h 139
: 3= — 160 5.} 18850

I have taken this object to be No. 689 of HErscHEL'S General Cata-
logue. But bringing the place of 689 up from 1860.0, we have:

a= h m s |
D L

If the object seen by me is 639 the place in General Catalogue is
erroneous. It will be noticed that my approximate place with finder
makes this object really precede the first nebula in this list, while it
actually follows it as stated. A slight error may exist in the point-
ing on the first nebula, as it was observed with difficulty on account
of the sky rapidly clouding. No sky has since offered an opportunity
for verification.

Vanderbilt University Obéervatory
Nashville, Tenn., Jan. 16, 1885. % E. E. BARNARD.

ENCKE’'S COMET.
I picked up ENCKE’s comet on the evening of January 4, about 7

o’clock, very near the place indicated by the ephemeris. It was lo-
cated in the head of Pisce Occidentalis just north of the star Beta.
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It was quite faint, irregular in outline *slightly elongated in a north
and south direction and with very small central condensation.

Red Igtzi:lsez(gl'l’gg?atory ’ % WILLIAM R. BROOKS.

CHANGE IN THE ASTRONOMICAL DATE.

After consultation with the principal astronomers throughout the
country, it has been decided that this observatory will make no
change in the beginning of the astronomical date, the weight of opin-
ion being that it will be better to defer such a change until the ephem-
erides are constructed in accordance with the recommendation of
the recent International Meridian Conference.

U. S. Naval Observatory, % Very respecttully,
Washington, Dec. 31, 1884, 8. R. FRANKLIN,
Commodore, Superintendent. -

Faomg slightly west of south, early in the evenings of this month,
a person unaccustomed to observing the stars cannot fail to see the
beautiful constellation, Orion, about half-way from the horizon to
the zenith. The two brightest stars in Orion are Betelguese, highest
up to the left of a reddish.color, and Rigel, a white star low down at
the right. Midway between these two, are three in ‘a line forming
Orion’s belt which point in a® northwesterly direction about 22° to
Aldebaran, the brightest star in Taurus, and in the opposite direction
about the same distance to Sirius, (the Dog-st&r) the brightest in the
heavens.

A line through the stars in the belt measures 3°, forming a good
standard of measurment for ascertaining [the distance between
stars or other heavenly bodies. We can thus see that the Moon appears
to cover more space in the sky than she really does; as, were she to
pass between two of these stars, her diameter would subtend but
about one-third the angle separating them.

The three faint stars below the belt, from Orion’s sword; a per-
son with good eyesight will notice that the middle one of these three
has a hazy appearance, caused by the light of the “great nebula of
Orion.” With telescopic aid we see a dark opening in this bright
nebula in which this ill-defined star is located. If we point a small
telescope at this star, we see instead of one, four stars very close to-
gether, and, large telescopes reveal six.

There are hundreds of instances in the heavens where powertul
telescopes show two stars, when but one appears as seen with the
naked eye or a small telescope. Quite a number of these “doubles”
are knowm to revolve around their common ceunter of gravity, and
are called binary systems, to distinguish them from those not known
to be other than optically double. Sirius is one of the most remarka-
ble of the binary class, making a revolution in about fitty years; its
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companion is visible enly in the largest telescopes, as it is very faint,
and now less than 8" from Sirius; this distance will diminish for sev-
eral years to come, until but about 2* will separate them. . c. p.

PROPER MOTION OF A O e (2) 15647.

This star has proper motions of —0.2021, —0."45 approximately, or
more than 0."5 in a great circle. E. 8. HOLDEN.

SOUTH AMERICAN LONGITUDES.

. Measurements of differences of telegraphic longitude in South
America have been completed by the parties of the U.S. Hydrograph-
ic office, under Captains GREEN and Davis. The sum of the errors
of longitude in the polygon,Greenwich, Washington, Havana, Pan-
ama, Valparaiso, Cordova, Buenos Ayres, Rio, Lisbon, Greenwich is
only 0718, E. 8. H.

ORBITS OF METEORS.

The following orbits I have computed from radiant points deduced
by Messrs. W. F. Denning and E. F. Sawyer from their observations
of shooting stars. The observations of the former, from which the
radiants were taken, will be found in Mbon. Nat. R. A. 8., Vol. XLII
No. 2, page 85, and those of the latter in American Journal of Science,
Vol. XVII, June number.

Current|- Catalogue and Longi‘ude | Longitude | Inolina- |, Perihelicn

Wo. No. of Perihilion. | of Mode. | tlon. Distance.

1 |Denning No.1| 265°.9 129.0 77.4| 0.865 | Direct.

2 “ “ 4/ 291 .0 129.0  85.7 | 0.976 “

3 “ “ 90 299 .2 123.3 | 64.2 | 0.999 Retrograde.

4 “ “« 11| 300 . 126.  34. 0.997 “

5 “ “14] 215 .5 128.5 | 17.6 | 0.474 “

6 “ “ 15/ 308 .5 127.0 | 49.0 [ 1.000 “

7 “ “ 16| 326 .0 121.4 | 79.3 , 0.955 “

8 “ “« 17 805 .9 126.2 | 26.4 | 1.000 “

9 . “18 22.0 128.5 | 81.7 | 0.642 “
10 “ “19] 46 .0 126.2 | 80.0 | 0.415 Direct.
11 [Sawyer No. 16| 140 .5 188.2 ( 16.6 | 0.163 “
12 « o« 171 100 .3 185.7 | 20.6 | 0.460 “
13 “« o« 20 129 .8 206.5 | 28.1 | 0.385 “
14 « o« 922 115 .9 211.6 | 7.7| 0.549 ¢
15 « o« 97 170 .7 243.1 | 87.2 | 0.349 “

The orbit computed from Sawyer radiant Ne. 22 bears a close re-
semblance to that of the comet of 1757, and indicates their probable
identity. ,

Harvard College Observatory, 0. C. WENDELL.

Jan. 16, 1 %
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DISTRIBUTION OF THE STARS.

From the pen of Mr. PROOTOR, in late numbers of Knrowledge,
profitable things are given concerning needed star-surveys. The
problems of stellar distribution have always been attractive to
astronomers from the times of the early masters to the present.
Very different methods of study have been pursued by different
scholars. Our readers will be interested in what Mr. PRoOTOR says
of his own. After projecting 324,198 stars—each one in its proper
place on an equal surface projeotion, so that equal spaces in the ’
heavens would occupy equal spaces on the map, he says:

“In the first place, I note a peculiarity in the large chart of 324,198
stars, which attracts attention at once, yet it is manifestly accidental,
or due, rather, to the method in which the original series of 40 charts,
and the single chart itself, were formed. The peculiarity is a defect,
though of little importance,—yet interesting as illustrating the points
which have to be attended to in such work. The circular chart seems
to show in places multitudes of concentric streaks produced by the
aggregation of stars along certain very narrow zones, concentric with
the boundary of the map,—that is to say,having the north pole of the
heavens as their center. As my friend Professor Youna pointed out,
there cannot conceivably be uny real tendency in the stars to form
circular zones around the pole as center, along declination
parallels; yet such a tendency seems manifestly suggested by
the appearance of the great chart when closely studied. So far as
the broad results sought and obtained are concerned, this pe-
culiarity is of no more weight than the direction of the linear streaks
by which in an engraving effects of light and shade are produced.
Still until, or unless, the peculiarity is explained, it detracts
something from the confidence with which those broader results are
accepted.

Not really existing in the heavens, how does this peculiarity of
star-distribution come to appear in the chart? The answer, though
not at a first view obvious, is simple enough. The wonder would be
if the peculiarity had not shown itself. ARGELANDER and his assis-
tants, in their survey of the northern heavens, swept the skies in cir-
cles round the north pole, after the manner of survey with the equa-
torial telescope, which works in that sort (its main axis being direct-
ed polewards). Now herein is at once a possible cause, circular stria-
tion in the resulting charts, from the circumstance that one sweep
might be made when the air was exceptionally clear, when moon-
light was wanting, and other conditions for showing faint stars fa-
vorable (among other causes, difference of observing power among
the six who took part in the work must be taken into account), while

_ the next sweep might be made under conditions unfavorable for the
work. This, however, is only a possible cause of circular striation,
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though in so long a series of observations it must inevitably have oc- -

ourred at times, and so had certainly a share in producing the pecu-

liarity in question. But there was also a sure and certain cause of
striation. The field of view of a telescope is a circle, and in sweep-
ing the center of one field runs along a center arc, while the next

field is taken a certain distance south of that arc (or north of it, ac-
cording to the way the observer works). Say the field is half a de-
gree in diameter, and the change north or south for successive
sweeps nearly as great of a degree, so that one field only overlaps
by a little the field next nerth or south of it. Then it is clear that
the chance of discerning a faint star near the course along
which the center of the field sweeps is much greater than the

chance of discerning a star where the fields overlap; for in one cace
a whole diameter of the field is available for search, in the other only

part of the arc. In sweeping, the star will not escape in one case if
it be seen at any part of the comparatively long time during which
that diameter is passing; but in the other case, if it be not caught

while the short arc is passing it will not be caught at all. Thus, it
is absolutely certain that fewer stars will escape along or near the
tracks of the centers of the sweeping fields than midway or nearly
midway, between the tracks of the centers. A concentric circular
striation must necessarily result. To this must be added the proba-
bility that, however carefully I marked in my ninety-two circles there
may have been slight departures from their true positions, whereby

some of the zones were made slightly wider or slightly narrower
than they should have been. This would make the striation more
marked in some places and less marked in others than it would
otherwise have been, but, on the whole, would help to make it coars-
er, and therefore more obvious.”

The conclusion of Dr. SwIFT's interesting article giving the results
of recent study of the nebul® appears elsewhere in this number. It
is due to the writer to say that the cut fails to give the true tele-
scopic appearance of the Swan nebula; for example, the nebulous
patch just below the extremity of the right hand arch is compara-
tively too bright. It should have been exceedingly faint, for it is a
difficult object in the 16-inch refractor of the Warner Observatory.
This was not Dr. Swirr’s fault wholly, for the drawing, though a hur-
ried sketch, was fairly faithful.

“ GEGENSCHIEN.”
On the night of February 6, between 10* and 11*, there was seen a
large, hazy “Gegenschien” extended along the Zodiac, on a line be-

tween Jupiter and Praesepe, slightly over one-third of the distance
from Pracsepe.

- ”
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RING MICROMETER OBSERVATIONS OF COMET WOLF MADE AT THE SAYRE OBSERVATORY OF LEHIGH UNIVERSITY,
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OBSERVATIONS OF COMET WOLF.

Made at the U. 8. Naval Observatory, with the 9.6-inch Equatorial by Commander Wu. T. Same-
soN and Prof. E. Frisey. Communicated by the Superintendent, Commodore 8. R. FRANKLIN:

“Wash. . log . log s
Dat - ! of Obs’r | Com.
° M T "27a | 4 ¢ |Com| «app. |[®XD|75app. |#X4) Star.
1884.0 . i '
h m 5 m s ' ' L . h m 1] o ¢ 12
Sept. 21| 9 31 9—114.61|— 019:9/20.4 21 15 53.70| 8.6561 |+421 52 83.3| 0.410 | S 1
“« 22110 44 401+121.84|— 818.3/20.4 (21 16 21.85| 9.8311 |4-21 24 22.0| 0.455 | F 2
Oct. 4! 8 17 34/4029.62— 4 6.5/20.4 (21 25 44.36| 8.385n |4-15 46 44.8/ 0.537 | F 3
“  6/10 44 26|—1388.54|—11 6.8/20.4 21 28 3.58| 9.439 (414 44 49.7| 0.592 | F 4
“ 7950 854142.66/+ 8 4.3/20.4[21 29 9.19/ 9.259 |{+14 7 88.5| 0.578 | F 5
Nov. 5 716 38/—048.27| + 554.6{20.4(22 19 44.96( 8.690 |+ 1 29 9.9/ 0.728 | F 6
ADOPTED MEAN POSITIONS OF COMPARISON STARS.
Star. a ol Authority
. 1884.0 1884.0 ¥
i b m .- o [
1 21 17 4.9 421 51 43.6 * Bonn, VI 4 21°; 4,531.
2 21 14 57.63 +21 32 10.4 Woeisse, (2) 21, 319.
3 21 25 11.45 +15 50 21.8 Weisse, 21, 550,
4 21 29 38.85 14 55 266 Weisse, 21, 699.
5 21 27 23.28 14 9 4.4 Weisse, 21, 610.
6 22 20380.07 | +1 22 4.9 Weisse, 22,3899,

The circumstances of the annular solar ecli
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The partial eclipse of the Moon, March 29-30 will be visible at
‘Washington.

MAGNITUDE OF LACAILLE 8802.
The magnitudes of this star from the catalogue at my disposal are
are as follows:

Lacaille.......... 8802, Mag. 7 El)
‘ Taylor............ 9913, .7 (8
(072 YO 21363, « 7 (l;
Lamont.......... 718, « 6.7 (2;
Wash. Mu. Z... 46, « 6 1
Wash. Mu. Z.... 184, « 8.9(1
Wash. Mu. Z.... 193, « 8.7 (1
Wash. M\.C. Z... 148, « 5 21;
Tacchini.. ... 1867.8316, « 8 (1
Wash.Obs’,1868,3ept.19, « 5.7 (1) Transit.
‘Wash.Obs, 11868 Sept 21, ¢« 5.7 (1) Transit.
Stone, C. G.H.. “« 7 3

Holden, 1883, Sept 30..

Although the estimates of magnitude in the Washington Zones are
not very trustworthy, the other estimates exhibit an unusual range.
The star is not in GouLDp’s Zones. It is also not in the Uranometria
Argentina and is presumably not above 7 Mag. for this reason. My

own estimute was carefully made with the large Equatorial.
E. 8. HOLDEN.

The following is the programme of work to be pursued at the TU.
S. Naval Observatory at Washington, D. O., during the year begin-
ning January 1, 1835, as transmitted by Commodore S. R. FRANKLIN,
U. S. Navy,supoarintandsnb:

The Great Equatorial: First. Observatiohs of a selected list of
double-stars will be continued. These stars are such as have rapid
orbital motions, or which present some other interesting peculiarity.
Second. Conjunctions of the inner satellites of Saturn during the
opposition of the planet will be observed. There will also be made
a complete micrometrical measurment of the dimensions of the ring.
Third. There will be made three drawings of Saturn—one before
one at or near opposition; and one after opposition. Fourth. The
observations which have been begun for stellar parallax, and for the
temperature co-efficient of the screw o f the micrometer, will be fin-
ished.

The Transit Circle: First. Observations of the Sun willbe made
whenever the necessary ephemeris stars can be observad, and the re-
quired instrumental corrections determined. Second. The Moon
will be observed through the whole lunation. Third. The major
planets will be observed from fitteen to twenty times, near opposi-
tion. Fourth. Each minor planet will be observed at least five
times, near opposition. Fifth. Observations of the list of msoella—
neous stars will be finished as soon as practicable.
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The Transit Instrument: First. Observations will be made as
often as practicable for time, for the eorrection of the standard mean
time clock; and computations will be made daily for such correction
Second. Observations for the right ascensions of the Sun, Moon
and inner planets to be made as frequently as possible; observations
of the major planets, and of the brighter of the minor planets, to be
made near opposition. Third. The observations made during 1883
will be prepared for publication; and the computations of those of
1884 continued.

The 9.6-Inch Equutorial: Observations will be made—First. Of
all the minor planets whose brightness at opposition is greater than
their mean brightness. Second. Of comets, to determine position
and physical peculiarities. Third. Of occultations of stars by the
Moon. When arrangements shall have been made to photograph the
8un, any Sun-spots which show any decided peculiarites in the
photographs will be examined ‘with the spectroscope.

The Prime Vertical Transit Instrument: Observations of a selected
list of stars in conjunction with the Royal Observatory at Lisbon, in
pursuance of the plan recommended by the International Geodetic
Association, for the determination of variability of latitude.

Time-Bervice and Chronometers: The time-balls at Washington and
New York will be dropped daily at noon of the 75th meridian; and the
noon signals will be extended to such other placesthroughout the
country as may be desirable, as rapidly as arrangements may be made.
The rating of chronometers will be continued as heretofore. Meteor-
ological observations will be made as usual.

The Mural Circle: Observations will be made of stars down to the
Tth magnitude south of ten degrees north declination, the positions
of which have not yet been recently determined at some northern
observatory; the observing list to be formed of all stars from Gourp’s
Uranometrin Argentina visible here, and not found in YARNALL’S
Catalogue, the Transit Circle list of B. A. C. stars, or the recent
Catalogue of the Glasgow Observatory.

THE WARNER ASTRONQMICAL PRIZES, $400.

It 1s a gratifying fact that very many astronomical discoveries, and
those of great importance have been made during the past few
years. I think this is due in part to the impetus given by competi-
tion for the honors and priges awarded to discoverers, and in order
that this interest may to that extent be continued and sustained,
I offer

First. Two hundred dollars for each and every discovery of a new
comet made from February 1st, 1885, to February 1st, 1886, subject
to the following conditions:

1. It must be discovered in the United States, Canada, Mexico,

~
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West ‘Indies, South America, Great Britain and the Australian Con-
tinent and Islands, either by the naked eye or telescope, and it must
be unexpected, except as to the comet of 1815 which is expected to
reappear this year or next.

2. The discoverer must send a prepaid telegram immediately to
Dr. Lewis Swirr. director Warner Observatory, Rochester, N. Y.,
giving the time of the discovery, the position and direction of motion
with sufficient exactness, if possible, to enable at least one other ob-
server to find it.

3. This intelligence must not be communicated to any other party
or parties, either by letter telegraph or otherwise, until such time as’
a telegraphic acknowledgement has been received by the discoverer
from Dr. SwIFr. Great care should be observed regarding this con-
dition, as it is essential to the proper transmission of the discovery,
with the name of the discoverer, to the various parts of the world,
which will be immediately made by Dr. Swirr. Discoverers in Gréat
Britian, the Australian Continent and Islands, West Indies and
South America are absolved from the restriction in conditions 2nd
and 3d.

Second. I will also give a prize of $200 in gold to any person in
the world who will write the best paper containing three thous-
and words on the cause of the atmospheric effects (“red light,”
etc.,) accompanying sunset and sunrise during the past sixteen
months. It is desired that these papers be as original as possible,
both in facts, observations and treatment.

Essays must be exclusively sent prepaid to Dr. Lewis Swirr,
Director Warner Observatory, Rochester, New York, must be written
in English, on one side of paper only, with ink, and must be in the
simplest, untechnical phrase. Each competitor must sign a nom de
plume to his essay, and enclose his real name and address in an en-
velope, superscribed with his nom de plume. The essays must be in
Dr. Swirr's hands by December 1, 1885.

Three disinterested scientists will be selected to determine the re-
sult, and also to settle any dispute that may arise regarding comet
discoveries. . ° H. H. WARNER,

Rochester, N. Y., Jan. 17, 1885.

Our thanks are due to the large number of subscribers who have
promptly renewed their subscriptions to the new volume. If the
MesseNGER should fail to visit any, in the future, it will be probably
because the publisher thinks it is not longer wanted.

The following list of subscriptions and orders, not previously ac
knowledged has been received:

Henry W.Parkhurst, Brooklyn, N. Y.; Prof. E. 8. Holden, Madison,
Wis.; J. Hagan, 8. J,, Prairie du Chien, Wis.; George C. Hill,
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Rosemond, Ill.; C. W, Tallman, Batavia, N. Y.; Geo. B. Merriman,
New Brunswick, N. J.; Wm. Strong, Kalamazoo, Mich.; Geo. W.
Pritchard, Providence, R. L.; J. P. D. John, De Pauw University,
Greenoastle, Ind.; Charles H. Rockwell, Tarrytown, N. Y.; John H.
Eadie, Bayonue, N. J.; J. H. Devor, Elkhart, Ind.,; “Mechanics In-
stitute,” San Francisco, Cal.; Dr. C. H. F. Peters, Litchfield Obser-
vatory, Clinton, N. Y.; John D. Elliott, St. Louis, Mo.; Prof. Geo. M.
Phillips, West Chester, Pa.; Frank W. Bailey, Erie, Pa.; Jas. S.
Lawson, U. S. Coast and Geod. 8., San Francisco, Cal.; C. E. Crane,
Waseca, Minn.; A. K. Funk, Elkhart, Ind.; G. W. Cheesman, Anso-
nia, Conn.; 8. W. Burnham, Chicago, Ill.; Mrs. J. H. Levengood,
Honeybrook P. O., Pa.; M. A. G. Meads, Buffalo, N. Y.; Prof. H
A. Howe, Denver Colorado, College Library, Albion, Mlch S. H..
Freeman, Cleveland, Ohio; Prof. R. W. McFarland, Columbus, Ohio;
J. Stahn, 34 Ensor street. Baltimore, Md.; J. W. Thompson, Salem,
Ohio; C. G. Miller, Fayette. Fulton oounty, Ohio; University Read-
ing Room, Eugene, Oregon; Sarah F. Whiting, Wellesley College,
Wellesley Mass., (Vols. 3 and 4;) Anna Winlock, Harvard College
Observatory, Cambridge, Mass.; Mrs. L. S. Burnham, 187 Schermer-
horn street, Brooklyn, N. Y.; Chester Guild, 88 Summer street, Bos-
ton, Mass.; Miss Mary W. Bronson, Pennsylvania College, Pittsburg,
East End, Penna.; Wm. P. Wheeler, Homestead, Louisville, Ky.; Dr.
M. 8. Dowling, Leslie, Mich.; Cyrus F. Raine, Rochester, N. Y.; F.
H. Dickey, 80 La Salle street, Chicago; Wm. B. Phelps, Fargo, Da-
kota Territory,

QUERIES.

1. 'Will some readers of the S1DEREAL MESSENGER kindly describe
an inexpensive, but effective, method for illuminating micrometer

wires? (RiGEL.)
2. What are the comparative merits of drawing and photography
in astronomical work? P. W.
3. What is the cause of the black transit of Jupiter's satellites?
P. W.
4. Will some one give information by which to secure a good but-
inexpensive star-map for amateur study? : 8. M.
5. A book giving the correct pronuncxatwn of the names of the
stars is desired. S. M.

ASTRONOMICAL PAPERS
The following are the titles of a few important astronomical papers
recently published:

Formulas for Computing the position of a Satellite, by Professor
Asapr HaLr, Washington, D. C.
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Theories Regarding the Sun’s Corona, by Professor C. A. Youna,
Princeton, N. J.

Photography— Glass Negatives by the Dry Plate Process, by Pro-
fessor W. H. PrckkRING, Boston, Mass.

The Lick Observatory of California, by Professor S. NEwcCOMB,
Washington, D. C.

Accurate Measurement of Time, by THEODORE B. WiLson: Popu-
lar Science Monthly, March, 1885, '

The New Astronomy, IV.—The Planets and the Moon, by Professor
8. P. LangrLEY: The Century for March, 1885, fully illustrated.

Needed Star Surveys, by RicaarDp A. PROCTOR, in Knowledge for
February, 1885.

v

BOOK-NOTICE.

Elements of the Differential and Integral Calculus, by James M.

TaYLOR, Boston, Gin, HeaTH & Co., 1884; pp. 236.

This concise treatise on the Calculus seems suited to a course of
about twenty weeks’ study, for an average class. It covers nearly
the same range of topics as Bowser’s or OLNEY'S work on the same
subject, though in a different manner. The first twelve chapters (ex-
cepting chapters IIT and V) are devoted to the Differential Calcu-
lus. Chapters III, V and XIII-XVI give the elements of the Inte-
gral Calculus, together with numerous applications to Geometry and
Mechanics, which serve to stimulate the interest to the pupil. The
author has employed the method of rates, but coordinated with it,
the method of limits, proving many principles by both methods; he
avoids the use of the fraction . The exercises for solution are abund-
ant and well chosen. H. A. H.

American Journal of Mathematies.—Volume VII, Number 2, of
the American Journal of Mathematics has just appeared, and con-
tains the following articles:

“A Memoir on the Abelian and Theta Functions,” by Professor
CayLEY. This is the continuation of Professor CAYLEY’S great me-
,moir, the first three chapters of which appeared in Volume V of the
Journal. The present article chapters IV-VII, and treats princi-
pally of the case where the “fixed curve” is a quartic both in plane .
and in space.

“Solution of Solvable Irreducible Quintic Equations without the
aid of a Resolvent Sextic, by Groree PaxToN, of University College,
Toronto. Professor Youna assumes JERRARD'S trinomial form for
the quintic, finds the criterion of its solvability, and finally solves the
equation in all possible cases.

A note on “Maclaurin’s Theorem, by M. HERMITE.

The first part of memoir on the “Algebra of Logic, by Mr. C. S.
PEIRCE, in which the author studies the philosophy of notation.



@he %itltmtl gﬁﬂ;ssmgm‘.

Conducted by Wm. W. PAYNE, Director of Carleton College Observatory,
Northfield, Minn.

“In the present small treatise I set forth some matters of interest to
all observers of natural phenomena to look at and consider.”—GALILEO,
Sidereus Nuncius, 1610.

Vor. 4 No. 3. APRIL, 1885. ‘WaoLE No. 33.

The Limits of Stability of Nebulous Planets, and the Con-
sequences resulting from their Mutual Relations.* By
Pror. DaNiEL KIREWOOD.

(Read before the American Philosophical Society, Nov. 21, 1884.)

To determine the height of the atmosphere is a problem
of no common difficulty. This is evident from the fact
that estimates derived from the phenomena of twilight,
luminous meteors, and the aurora borealis have been
widely various. It cannot extend, however, beyond the
limit at which its elasticity is counterbalanced by the force
of gravity—a limit probably not less than two hundred
miles from the FEarth’s surface. Even the volume and
weight of this atmospheric envelope are not absolutely con-
stant, as small quantities of gaseous matter are doubt- .
less brought into it from time to time by meteors
and meteoric streams. Nor has this accession of mafter
from without been the only source of variation; it has been
shown by several writers that the extent and density dur-
ing the cycles of geologic time were in all probability much
greater than at present.

But whatever the mass or density of the Earth’s gaseous

*A preliminary discussion of equation (1)in the following paper
was given in the Analyst for January, 1881. Those solutions are here
revised, and the results for each planet carefully determined. :



66 ’ . THE SIDEREAL MESSENGER.

envelope, an absolute limit—corresponding to the Earth’s
present time of rotation—may be assigned it. “The at-
mosphere,” says LAPLACE, “can only extend itself at the
equator to the point where the centrifugal force exactly
balances the force of gravity; for it is evident that beyond
this limit the fluid would dissipate itself.” This limit.for
the Earth is 26,240 miles from the center; for Saturn it is
within the system of rings; and for the Sun it is at the
distance of sixteen millions of miles. These distances,
however, were obviously greater before the members of the
system had contracted to their present dimensions. It is
now proposed to find their original or maximum values.

In astronomy, as in other branches of physical science,
many well-known facts remain still unexplained. This is
true not only in regard to the fixed stars and the nebulss,
but within the narrower limits of the solar system. Recog-
nizing the impossibility of accounting for present relations
without considering the causes which operated in the dis-
tant past, astronomers have attempted to trace the process
of formation from the primal chaos down to the origin of
the youngest planet. In the theory of LAPLACE, the plan-
ets were formed from nebulous rings successively aban- -
doned in the plane of the solar equator. The present

" writer, while not rejecting the nebular hypothesis itself,
has indicated certain objections to the special form in which
it was proposed by its celebrated author.* These difficulties,
encountered in the theory of formation from rings, are
avoided by supposing each planet at its origin to have been
separated from a very limited arc of the equatorial pro-
tuberance. In either case, however, the dimensions of the
primitive planet would be necessarily restricted by the law
of gravitation.

It is sufficiently obvious that an original planetary mass
in a nebular state could not have retained its continuity of
form beyond a certain determinable limit; in other words,

_ that it would have been changed into a ring by the attrac-

*Proceedings of the American Philosophical Society, Vol. XVIII,
p. 324, and Vol. XIX, p. 15.
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tion of the central body. The main design of the following
paper, after finding in several cases the limits of equilib-
rium, is to trace, if possible, certain unexplained facts to
their origin in these primitive relations between the vari-
ous members of the solar system.

LIMITS OF PLANETARY EQUILIBRIUM.

If two nebulous bodies, M and m, revolve about a com-
mon center of gravity, the disturbing force of M on the
superficial stratam of m is the difference between the
attraction of, the former on the nearest point of the surface
of the latter and that on its center of gravity. The same
is true, mutatis mutandis, in regard to the disturbing influ-
ence of m on M. If, then,

a = the distance between the centers of M and m
and

x = the distance from the center of the former to
the limit of the equilibrium of the latter, we
shall have

%{ = the attraction of M on the center of gravityof m,
.]—xg = that on the nearest point of the surface, and
g — -g: the accelerating force of M on the portion of

the surface of m between the two centers; but
as these forces from M and m are in equilib-
rium, the neutral point, or the limit of m, may
be found from the equation

M M m m (1).

7 & (a—wxy o
Applying this equation to the solar system,  will be the
equatorial radius of the solar nebula, and a—x that of a
planet at the epoch of its separation. Putting for simplic-
ity a=1, aud reducing,

. M M
a:—2a,“+M_ma;_M_m (2).
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For Jupiter, m=1 and M =1048, hence
o' —2x°+2.0019102x=1.0009551.  (3).
therefore x= 0.92501,
1—a= 0.07499,
(1—=x) x 480,000,000=35,995,200.

Solving equation (2) in like manner for each of the
principal planets we obtain the distance from the center of
each to its limit as given in the following table:

Planet. Dist. to Limit.
Mercury.....ococveeviiniiiniinnnenns 152,000 miles.
Venus. ... oo vt iietiiieninnnennnns 700,208 <
Earth....oooooiioiniiiiiieiiinaes 1,082,147 «
MATS. oo i e e 764,650 «
JUPLter .. .o 35,995,200 «
Saturn............... il 44,887,000 «
Uranus. ... ..o oeeeiineieiiiinennnns 48,915,000 «
Neptune ........ccoiveiiuiiinnnnns 81,000,000 <«

Inthese estimates we neglect the eccentricity of the orbits
as well as the centrifugal force due to each planet’s rota-
tion. The masses and distances adopted are those given
in NEwcoMB’s Popular Astronomy, with the exception that
for Mercury we have employed a mean between VoON
ASTEN’S evaluation of the mass (743'ygy) and the final
value given by LEVERRIER (zzyiygp). The mean is
sressorr For the Earth we have taken the sum of the
masses of the Earth and the Moon.

Applying equation (2) to some of the secondary systems
we find the following limits of stability:

For the Moon............ e eeaaeeas 39,850 ‘miles.
PRODOS ..o vvie ittt 6.5 «

First satellite of Jupiter.................. 5,260 «
Mimas.....covveniuenennuennnnnns 1,500(2) «

PRACTICAL APPLICATIONS.

The results obtained may now be employed in the ap-
proximate solution of several interesting problems. The
limits of stability will be regarded as the primitive radii of
the planets and satellites as any exterior matter would have
been detached by the influence of the central body. To
the primitive relations above developed may we not hope
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to trace some of the unexplained facts of the solar system?
As has been remarked by an eminent writer,* “the plan of
the coming universe must have resided in the initial chaos,
as certainly as the eagle is in the egg, or the lev1athan in
its prlmltlve germ.”

. To find the relative mean densities of the Earth and
M oon at the epoch of their separation.

With the notation used in equation (1) the ratio sought

will evidently be
p ” m
. ( a—x)
where p = the ratio of the equatorial to the polar radius of
the terrestrial spheroid. The value of this ratio is not
known. An approximate value may be found however, by
a tentative process.

We have a=240,300 miles, x = 200,450, a — = = 39,850,
M=81, and m=1. Hence the ratio is 0.636p : 1.

But during the cooling period the ratio of the densities
would probably be nearly constant; or, if the Moon con-
tracted more rapidly, ite solidification would occur earlier
and the increase of its density practically cease. The pres-
ent ratio of the mean densities is 5.67 : 3.57, and assuming
this to have been constant we obtain

0.636p : 1::5.67 : 3.57,
or, p=2. 498,

that is, the ratio of thé Karth’sequatorial to its polar radius
at the epoch of the Moon’s separation was nearly 5 : 2, and
this may be regarded with some probability as nearly the
ellipticity in other cases at the respective epochs of separ-
ation. .

I1. To find the relative mean densities of Jupiter and his
Jirst satellite at the epoch of the latter’s origin.

Here a = 260,000 miles, x = 254,750, a —x = 5250; and
therefore the ratio is

592400 1
(254750 © (5250)F —0-5%: 1,

and assuming the constancy of the ratio,

* Prof. PIERCE.
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0620 : 1::121 :100; or, p=233.
This value of p is nearly equal to that found for the Earth;
the difference being no greater than might result from the
probable error in the elements used.

The present density of Phobos is unknown: but with
p=2.5, the value found for the Earth, the ratio of the orig-
inal densities of Mars and Phobos was 1.27: 1. These
results seem to indicate that the ratio of the equatorial to
the polar radius of the central mass, at the epoch of a
planet’s or satellite’s origin, was about 2.5.%* With this
value of p, and the value of x already obtained for each
planet, the ratio of the mean density of the solar mass to
that of the planets at the respective epochs of their sepa-
ration would have been as follows:

For Neptune ......covveeeiiirererneeennennces 131:1
Uranus.......coeveeneeinneeneeeanennnannns 131:1
1 1 139:1
R £ 1 139:1
L 7 1 T 125:1
R 1 7 J 129:1
K TenUS vttt i i it 1.27:1
C MErCUTYe. oot cveiiisiinttenenrsnanaannns 1.22:1

From these numbers we infer that central condensation
had commenced in the solar nebula before the origin of
Neptune, and that the ratio of the mean density to the den-
sity of the equatorial parts near the surface was approxi-
mately the same at the successive epochs of planetary for-
mation.

WERE THE PLANETS FORMED FROM NEBULOUS RINGS?

If the original solar mass, like most nebul®, was irregular
in form, the first matter detached would not probably be a
ring, but a nebulous planet. As condensation advanced,
the centrifugal force would increase until approximately
equal to the central attraction. The disturbing influence
of the planet already formed would produce, when in peri-

* It was shown by Laprace that a rotating homogenous fluid can-
not retain its spheroidal form when p is greater than 2.7197. Meec.
Cel. ITT, i44, § 20 [1605'}, Bowprrcr’s Trans. The ratio would be
less in the case of oent oondensation.
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helion, an increasing tidal-wave, resulting in the separation
of a second planet. The origin of other planets is ac-
counted for in like manner. If, in the ancient history of
the system, nebulous matter, left at first exterior to the
orbit of a new planet, should subsequently fall upon the
central body, the effect would be not only a shortening of
the period, but probably also a lessening of the orbit’s
eccentricity. '

III. The Peculiar Relations of the Martian System.—
Professor PICKERING estimates the diameter of Phobos at
seven miles.* Adopting this value, and supposing the ratio
between the densities of Phobos and Mars equal to that
between the Moon and the Earth, we shall find the limit of
the satellite’s equilibrium to be 6.5 miles from its center,
or three miles from its'surface. Were the density reduced
to that of Saturn, the limit would be almost exactly at the
surface; or, with a density equal to that of Maurs when the
radius of the latter was that of the satellite’s orbit, the limit
would be at a considerable distance within the surface.
Since, therefore, the satellite could never have existed at
its present distance in a nebular state, it must follow, if
any form of the nebular hypothesis is to be accepted, that
its original distance was greater than the present. Can we
assign a probable cause for this ancient disturbance?

Of the eight major planets, Mars has the most eccentric
orbit, except that of Mercury; its perihelion distance being
13,000,000 miles less than its mean distance. This differ-
ence, in fact, amounts to 20,000,000 miles when the orbit of
Mars has its greatest eccentricity. If, therefore, the radius
of the Sun, or of the solar atmosphere, was somewhat
greater than the least distance of Mars at the commence-
ment of the latter’s separate existence, the planet in peri-
helion would pass through the outermost equatorial zone
of the solar nebula. This resisting medium would not only
accelerate the motion of Mars, but also, in a much greater

* Annals of the observatory of Harvard college, vol. xi. Professor
SeTH C. CHANDLER makes the diameter still less. See Sci. Obs. for
September, 1877.



72 THE SIDEREAL MESSENGER.

degree, that of his extremely small satellites. The solar
volumé, meanwhile contracting more rapidly than the orbit
of Mars, would finally leave the latter moving in an eccen-
tric path, without sensible resistance.*

IV. The Saturnian System.—For Mimas, the first satel-
lite of Saturn, the most probable values of the mass and
density give the distance of the limit from the satellite’s
surface less than the radius of Mimas. The rings of Sat-
wrn, in all probability, could not exist as three satellites,
the limits of equilibrium being interior to the surface.
This is true at least in the case of the innermost ring.
Analysis seems to indicate that PLANETS AND COMETS HAVE
NOT BEEN FORMED FROM RINGS, BUT RINGS FROM PLANETS
AND coMETS. If, without any loss of mass, the density of
a planet were diminished until the radius should exceed
the limit of equilibrium, what charnge would take place in
the planetary form? Evidently a portion of the matter
nearest the central body would be separated from the rest,
and, as the orbital velocity would be less than that corre-
sponding to its distance, it would move in a new ellipse,
the aphelion of which would be the point of separation.

V. Comets.—The effect of the Sun’s attraction in the dis-
memberment of comets is well known to astronomers. The
nuclei of the large comets of 1680, 1843, 1880 and 1882
must have had great force of cohesion between their parts,
in order to withstand the tendency to disintegration at the
times of perihelion passage. Had the nuclei been either
liquid or gaseous, or even clusters of solid meteorites, the

* This view was first presented in the Observatory for January,
1878. Different explanations of the short period of Phobos have been
proposed by astronomers, but none, perhaps, entirely free from diffi-
culties. One distinguished writer has suggested that 7» 39, the
period of Phobos, was the rotation period of Mars at the epoch of the
satellite’s origin, and that the lengthening of the period to 24» 37m,
has been due to retardation by solar tides. But it is well known
that the time of rotation of a planet in the process of condensation
varies as the square of its radius. The resulting period of Mars,
therefore, on reaching its present dimensions, would have been but
& smal] fraction over one hour. This period, it is true, would have
been somewhat modified by the counteracting influence of the solar
tides; but the hypothesis referred to seems wholly inadequate to
meet the objection derived from equation (2).
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difference between the Sun’s attraction on the central and
the superficial parts would have pulled the comets asunder,
spreading out the fragments into somewhat different orbits,
like the meteoric streams of August and November.

This view of the gradual dispersion of comets in perihel-
ion is in striking harmony with the facts of observation.
The comets of short period have not only been divested of
tails, which in all probability they originally possessed, but
they seem to be losing more and more of the cloud-like mat-
ter which surrounds their nuclei. HALLEY'S comet has lost
much of its ancient splendor, and had its period been no
greater than that of ENCKE’s or BIELA’S, it might long since
have been reduced to a telescopic magnitude. The sep-
aration of BIELA'S comet in 1845, was not the beginning of
that body’s dismemberment. We have evidence that this
process had commenced before 1798, as in that year a
meteoric shower, produced by its debris, was observed in
Europe. A shower derived from the same group was again
seen in 1838.* Before 1845, however, the separated frag-
ments were toa small to be individually recognized. How
far the Sun’s action alone can explain the facts, it may be
impossible to determine.

V1. The Zodiacal Light.—Original small planets near
the Sun, in a nebular or gaseous condition, would probably
be transformed either into rings or meteoric clusters, the
scattered particles of which, reflecting the Sun’s rays,
would present an appearance like that of the zodiacal light.

VIL Origin of the Asteroids.—In the primitive condition
of a planet, immediately after its separation from the cen-
tral mass, not only would the latter cause a considerable
elongation of the former in the direction of the line join-
ing their centres, but -the planet’s also—especially the
larger—would produce great tidal elevations on the Sun’s
surface. Now, a comparison of the elements of Htlda and
Ismene, the 153d and 190th asteroids, shows them to be an
isolated pair whose periods are very nearly equal, each
exceeding the longest in the interior cluster by more than

* HumBoLpT's Cosmos, BoaN’s ed., vol. iv,. p. 582.

~
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fifteen months. Jupiter’s limit of equilibrium, when in the
nebular form, was immediately beyond the orbits of these
minor planets. If the Sun once extended to the aphelion
distance of Hilda (4.632), the central attraction of his
mass on a particle of the equatorial surface was but five
times that of Jupiter at the point to which he was vertical. *
The centrifugal force due to the Sun’s rotation would be
greatest at the crest of this tidal wave, produced by Ju-
piter, so that parts might become separated from the solar
mass and transformed into asteroids. It is to be further
remarked that two periods of Jupiter are approximately
equal to three of Hilda and Ismene, that is, to three rota-
tion periods of the Sun at the epoch of their separation.
The disturbing effect of the “giant planet” on the tides
of the central body would therefore be increased at each
perihelion passage.T The process would be similar when
one period of Jupifer was equal to two rotation periods
of the central nebula.

VIIL. The Rotations of the Planets.—It is well known
that the analogy between the periods of rotation of the prim-
ary planets, as published by the present writer several years
since, assigned a much longer period of rotation to Uranus
than to Jupiter or Saturn. But as that of Uranus had
not been measured, and the observations of the polar ¢com-
pression were by no means accordant, the fact was not
then thought incompatible with the proposed law of rota-
tion. Recent measurements, however, leave no room to
doubt that the ellipticity is even greater than that of Jupi-
ter, and consequently that the planet moves rapidly on its
axis. The law connecting the rotation periods must
accordingly require an important modification.

In a planet having a constant mass, with a variable vol-
ume, the time of rotation varies as the square of the radius.
It is easy to show, however, that this law could not have
obtained from the origin of the solar system. For instance,
in tracing backward the history of the Earth, we find that

* Jupiter's perihelion distance is 4.95.

b i '18?{1)19 longitude of Ismene’s perihelion differs from that of Hilda's
y 180°.
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when the radius was 8,000 miles, its rotation period, accord-
ing to this law, was 96 hours; when the former was 12,000
miles, the latter was 216 hours; and, finally, if the Earth
- ever extended to the Moon’s orbit, the time of rotation, by
the same law, instead of having been equal to the Moon's
orbital period, was nearly ten years. So likewise when
Mars filled the orbit of Phobos, his rotation period was
seven days and sixteen hours, or 24 times the orbital
period of the satellite. We conclude, therefore, that dur-
ing the earlier stages of its condensation all parts of the
mass did not rotate in the same time. It is easy to see, in
fact, that tidal retardation must have been much more
effective at the surface than in the interior of a large planet
in the gaseous state.

In so far as we know, the rotation periods of the smaller
plénets, Mercury, Venus, the Earth and Mars, are nearly
two and a half times those of the larger and more remote.
What cause can be assigned for this remarkable difference ?
In other words, why did the process of condensation eon-
tinue longer in the large and less dense planets exterior to
the asteroids than in the small bodies nearer the Sun? It
may be answered in a general way that in small and dense
planets solidification would occur at a comparatively early
epoch in their history, and hence the acceleration of their
rotary velocity would be, in a large measure, arrested. It
seems probable, therefore, that, while the same law of ro-
tatio may obtain between the members of each separate
group, it cannot apply where one of the planets is in the
inner and the other in the outer cluster.

As regards their axial movements, the solar system ap-
pears to contain at least three distinet classes of planetary
bodies; the obvious characteristics of each being traceable
to their relative primitive densities. These are as follows,
the primitive density of Neptune being taken as unity:

L. The large planets:

Primitive Density.
Neptune..........coovvviiin viviiiiiiiinennn, 1.0000
Uranus.... ...ooviiiiiiiiniiininneinnennns 3.8950
SAtUPT oot e e 32.7073
JUPIET e oo oo v it i e e 210.7440
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II. The planets interior to the zone of asteroids:

Mars........ .. Ceeieireeeeeiaueen te teseaes 7,446.4
Earth......cc oottt it 24,880.5
Venus. ... oo e enuieeenieereieannneennnnens 70,129.2
Mercury .. oovv it e e 468,616.0

IIL. The secondary planets, of which our Moon and Jupi-
ter’s first satellite may be taken as types:

Jupiter's first satellite........................ 2,600,000
The MOOM ..o vvvnee i iiiiianneannnnnnn. 4,820,000

There is, we may remark, an antecedent probability that
the law truly formulated will assign to Safurn a period of
rotation somewhat less than the period observed; as it is
sufficiently obvious that if the ring had remained an inte-
gral part of the planet, the resulting time of rotation would
have been, in fact, sensibly shorter than the present. Ifis
also to be remembered that the late observations of DEN-
NING and SCHIAPARELLI make Mercury’s time of rotation
nearly 25 hours. In the case of the satellites, the equality
between the periods of rotation and revolution was estab-
lished at an early epoch in their history. No further de-
crease in the time of rotation was therefore possible.

A comparison of quantities used in equation (1) sug-
gests that a planet’s time of rotation is a function of its
mass, distance, and primitive density. The form of this
function—found by a tentative process—may be expressed
as follows:

The square of the number of a planel's days in ils year
ts to that of any other of the same group, as the primitive
density of the latter is to that of the former; that is,

< 1
nin? D A'TAG or, n’=n(%,)é (4),
where
A =%3—_-the primitive density, and

_ T _ orbital period _ ,
n=3 = Totation period thfz n.umber of a planet’s days
in its year.

Equation (4) may be reduced to
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d.? d’ 3
£ t"::m(ﬁ) : m(w) (5),
where d, d’ and R, R’ are the respective distances and
primitive radii.
THE OUTER OR LESS DENSE GROUP.

In the following table the rotation periods of Saturn,
Uranus and Neptune are derived from that of Jupiter by
formula (4).

rmm.lm‘ RIA Tlt‘n
|

Neptune . ...| 16.86:81,000,000 m| 1.0000/60,126.71 49" 35=|150,751.80
Uranus.. .. .| 14.46148,915,000 3.8950!30,686.82 (9 33 | 77,186.00
Saturn ..... 93.84/44,887,000 82.707310,759.219 |9 43 |26,630.00
Jupiter. . ... 311.80|35,995,200  1210.7440| 4,332.584 |9 556 | 10,492.64

It will be noticed that the theoretical period of Saturn
is 31 minutes less than HALL’S evaluation.

THE INNER GROUP.

|o
PLANET. i m | R A T t n

|

|
Mars .......|0.1056 764,650m| 7,446.40/586.984/|24 87 23+ 669.57
Earth...... 1.0000 1,082,147 | 24,8<0.5 (365.26 (23 53 48| 866.84
Venus ...... 0.7690 700,208 | 70,129.2 [224.70 (24 42 54| 218.18
Mercury....[0.0522 152,000 |468,616.0 | 87.97 (25 0 46 84.405

Here the rotation periods of the Earth, Venus and
Mercury are derived from that of Mars by formula (4).
The first is two minutes less than the true period; the
time of Venus’s rotation is doubtful; and the theoretical
determination of Mercury's period agrees with the esti-
mate of Mr. DENNING.

The Observatory (March) records the transit of Wolf’s
comet over two small stars on the evening of Nov. 17,
1884. 'l'he first star was occulted at 13" 4458 . M. T.;
the second about 50° + later. Stars not identified.
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Changes Observed on the Rings of Saturn by M. E. L.
TROUVELOT, Observatory Mendon, France. Translated
from the French by Miss MARY RIHELDAFFER, Carlefon
College Northfield, Minn.

In the year 1875 I showed* that the variable form of the
shadow made by the globe of Safurn on the surface of the
rings could not be the consequence of changes of level on
the surface. I have shown that the nebulous ring had
undergone great changes since the observations of Bonb,
LasseLL and others, and again, that the exterior botrder of
CassINI'S division was subjected to the changes of form
which I have indicated.

My observations of this planet, continued with assiduity
since this epoch, have only confirmed that which I pub-
lished in 1875, and establishing definitely that the rings
are not fixed, but very variable. As I am preparing now
a plate of Safurn which ought to accompany a note more
extended and detailed, I will confine myself to giving here
a brief account of the important changes recently taking
place in Saturn.

I will commence first with those occurring on the exter-
ior ring A, and of which M. PERROTIN has lately interested
the Academy. It is very plain that great changes are
produced on this ring and on the ring B near it. ENCkE's
division does not exist, or if it does, it nearly coincides
with CassINT'S division. It is certain that I see nothing in
its place with am eight-inch glass; but on the contrary I
see a division larger and clearer than it was and much
nearer the division Cassini.

On the 15th of February of this year (1884) 1 found for
the first time that the division Encke had changed place.
At the same time I found also that the Zone A, situated
between this division and that of Cassini, was whiter and
more luminous than I had apparently ever seen it. These
changes must have been recent, for the 1lth and 12th of

* On some physical observations of the planet Saturn. Proceedings
of American Academy of Arts and Sciences: Vol. ITI, p. 171.
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February having observed Safurn, I took notice that this
division of Encke was perfectly visible, and on the draw-
ing that should accompany this note, is in its usual place.

On the evening of the 15th I also discovered these
changes on the ring B. We know the ring is divided into
three parallel zones. Since I have observed Saturn these
zones have always appeared pretty nearly the same size.
The internal zone, which is near the nebulous ring, is the
deepest; and the external one, which forms the internal
border of Cassini, is more brilliant. During this evening
I found this last zone was narrower than the eastern
limb and it size was diminished by less than one-half. It
was also brighter, and could be distinguished from the
grayish intermediate zone. I observed the same phenom-
enon the 20th of February, but this time on the western
limb; whereas on the opposite limb it was difficult to
recognize it. ' ‘

In 1882 I observed the same changes very apparent on
the internal zone of the ring B which touched the nebu-
lous ring and which was so deep it could hardly be distin-
guished. The nebulous ring showed the same remarkable
changes. It was easily seen at the east and with difficulty
distinguised at the west. The brilliant and narrow zone
which is now on the ring A, between the division of
Cassini and the new division of Encke was shown with
variations of brightness on the limbs, so much that it was
brilliant on the one and hardly seen on the other.

I have shown in the memoir cited above that the shadow
of Saturn on the ring sometimes changes its form. The
shadow did not have the same form to-day which I have
seen in preceding years. The 15th of last February, the
same day I observed the changes on the exterior ring A,
and on the intermediate B, I found also that the shadow
of the globe on the ring B, instead of, as formerly, one
curve toward the planet, apparently formed two concave
curves, united by their interior extremities, and forming a
very marked angle, and at- the intersection of these two
curves this angle was a little nearer the division Cassini
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than the nebulous ring. Since that day I have always seen
the same form of double curves which were again visible
to-day.

. The beautiful ellipses described by the rings of Safurn
around the planet appear to us of a symmetrical character,
which is so evident that it imposes on us illusions diffi-
cult to break. ,

It is natural for observers to misrepresent these two
limbs and to attribute the peculiarities in one to their mis-
takes. I, myself, often saw the changes of detail on one
limb, but it was impossible to see the same of the opposite
side, and supposed the symmetry was fixed, so attributed
the irresistibility of these forms as a consequence of defect
in the object-glass, or in my own eye, which made me see
one side better than the other. To-day I found my error,
and I am certain the surface is far from symmetrical I
also find the details of form are very rarely produced ex-
actly the same on the other side. The rings are essentially
variable.

These observations show us the rings are not solid
masses, since changes are produced which could not be ex-
plained by the rotation of one piece.

The hypothesis that they are composed of a number of
little satellites, describing independent orbits around the
center of gravity of the planet, seems to us more probable,

and in this case better explains the observed phenomena.
It explains why it was impossible to determine the rotation
of the rings.

By the experiences of photometry, well conducted but
very delicate, made at opposition and quadrature of the
planet, the conclusion is reached that the rings are really
formed of little satellites. Indeed, if we know anything
about these satellites, they ought to be more laminous
toward the opposition, when they present their faces to us,
which receive the direct rays of the Sunm, than toward
quadrature, when, the face receives less light and is some-
what reduced by a commencement of the phase. It is cer-
tain toward the quadratures that the border ‘next the Sun
appears much darker than that-turned toward us.

It ought to be the same with the satellites and this re-
duction of light would be sensible to our instruments.
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THE NEW STAR OF 1572.

THE. EDITOR.

There is nothing yet in the history of new or temporar&
stars that equals the reecord of the star of 1572 It was
.observed. by TycHO BRAHE, for the first time, on'the evening
of November.11th of the year above named, and its strange
appearance to his practiced eye interested 'him so: much,
that he wrote -a large book glvmg a detalled account of ity
changes, mcludmg also the views of his cotemporarles as to
its probable orlgm :

Its place is in the constellatxon of C’asswpeza and i qmte
sear 0" 19°; N. 63° 24’ according \to ABGELANDER . If the
assumed -one is really the TycHo BRAHE star at wﬂl be
readily identified by means of- a- bright, mnth magmbude
star —8.9 according to ARGELANDER,— which is Ne. 22 of
- his:Zone 60.: It follows this pinth mggn,ltude 29' 60 and is
south of it 10’ 4/.1.by. mlcrometnca.l comparlsons made a.t
Twickenham observatory. . :

These having small telescopes Wlthout clmles, mqy ﬁnd
Jit north of the star. Kappa of thls constellatlon about one |
degree and-a little west. ...~ .. N

The: chief things of interest, about thls star at the txme
of its discoveny wera its bnlhancy, hanges of color, time in
view, and its disappearance.:, " - . . Tt

. It.surpassed in luster the brlghteet of the ﬁxed stars;vwas
-more brilliant than Jupifer, although then,at his. brlgl;tps’g,
and even- rivalled Venus. . It \was seen. to,shine, th;:pug,l;
light clouds at night, and was noticed, by’ some -persgns dn
daylight. It changed very little; if any, during,the . .month
.of November, but not long after.it began to:fade: graduq,l&y
and continued so to do untll March 1574, When it ceased to
be visible. - = . - oy then yel-

When first seen, its hght was- whlte hke Venu%thende],-
lowish ‘in . color, next ruddy like Mars, and finally,gf,a
leaden hue, appearing quite-like the waning’ ef‘thgagpgﬂ)q:
gration of a world, the hottest light first and the coolest last.
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TycEO BRAHE supposed the appearance to be caused by
some ethereal substance like that of which the Milky Way
was then thought to be composed, and that the waning
might be accounted for by the action of the Sun and stars,
or by spontaneous dissolving by some internal cause. As
is doubtless well known to our readers, the more modern
view is, that the origin of the phenomenon was some vast
combustion on the surface of the star, which began in a
sudden and tremendous outburst, and gradually sunk away
through the succession of cooler colors that were plainly
observed. As this took place forty years before the inven-
tion of the telescope, it will at once appear that the means
of studying such a phenomenon scientifically were limited
in the extreme at that time. It was not nntil the spectro-
scopic observations of a star of similar character in 1866
that anything definite was known as to the cause of these
wonderful phenomena. Mr. Hucains, of London, was the
first to offer the explanation. He saw the spectrum of the
star of 1866 continuous and crossed by dark absorption
lines, indicating that the star’s light had passed through an
atmosphere of comparatively cool gas. The meaning of
this was, that a sudden and extraordinary outburst of hy-
drogen gas had taken place on the star, and by its intense
heat and light had caused the changes well known in that
and other stars. This explanation is fully in keeping with
what can be seen, very frequently now, in common solar
studies by the aid of the spectroscope, only on a smaller
scale. The solar prominences are like these phenomena in
character, apparently, and in 1883 there was much in the
behavior of our Sun to make us think of conflagrations that
might take place any time in stars younger in development
than our central luminary.

The main thought in calling attention to the star of 1572
now, is not to offer an explanation of its phenomena, but,
rather, to remind our readers who are observers, to give it
some attention. If it be the same star that appeared nearly
in the same place, in 945 and 1264, it may have a period of
maximum of about 313 years, and that would bring the next



EDWARD ISRAEL. 83

return atabout the present time. Foreign observers have had
these possibilities in mind, and have been giving attention
to this star. The observatories of Pulkowa and Copenha-
gen have observed stars in this vicinity for the last ten or
twelve years. In 1873, Mr. HiND and Mr. PLUMMER made
frequent comparisons of the light of star 129 in D’ ARREST’S
catalogue and noticed fluctuations amounting to about one
magnitude. If there should be another maximum of the
brightness of this star like that of old, there is no danger
that it would pass unnoticed, but it would be useful to
science to observe the early states of change as well as the
more marked ones.

EDWARD ISRAEL.

PROFESSOR M. W. HARRINGTON.

(Ewxtract.) -

After having completed his school-course at home with
great distinction, he came to the University at Ann Arbor,
in the autumn of 1877. He was one of the youngest of his
class, but easily stood near or at its head. His predilec-
tions were decidedly for mathematical studies, and the
writer of this sketch well remembers the difficulty which
he seemed to have in understanding which was the hard
and which the easy part of his tasks. He read with me
‘Watson’s Theoretical Astronomy, a work so advanced as to
be beyond the range of most college students, and even to
offer in places serious difficulties to the professional math-
ematician or astronomer. Mr. ISRAEL not only read the
entire book in a half year, but he seemed entirely uncon-
scious that he was doing anything extraordinary. I was
particularly struck by the fact that he never knew that in
his usual forty pages he had passed over something
especially hard, unless I informed him of the fact. Our
daily meetings, (for he made so much more progress than
his one or two fellow members of the class that I met him
alone, ) soon changed from recitation to discussion of topics
suggested by what he had read, and these discussions
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would have been more animated had it not been for his
modesty and reserve. :

- A few weeks before his graduatlon, there came the op-
portunity for me to nominate an astronomer for -the expe-
dition to Lady Franklin Bay. The nomination was offered
to ISRAEL, with some hesitation. This-was caused not by
- any doubt as to his ability to do the work, but by a partial
knowledge of his domestic circumstances. He was idolized
by a widowed mother to whom even the proposal to have
him join a polar expedition would be painful. His circum-
stances in life were so easy that he could pursue, without
anxiety as to income, any line of study which he might
select. On consulting with him, the only motive which
restrained him from accepting the nomination at once was
a knowledge of the pain it would give his mother. With
rare self-denial she encouraged him to do what he thought
best, and he accepted the nomination, which was soon fol-
lowed by his appointment. He left Ann Arbor in April of
his senior year, and in consideration of his unusual' merit,
was given his degree in- his absence.

As to his relatious to the party and the work done by
him, we make the following quotations from a letter from
Lieut. GREELY to Mrs. ISRAEL, dated August 16, 1884: “It
was owing to his careful astronomical observations, made
under the most trying circumstances, that the time obser-
vations connected with the pendulum work, were success-
ful. The pendulum observations, which, in the case of the
English expedition of 1875-76, entirely failed, were in our
case successfully made.: These observations are said to be
of the most valuable character, and your son will be cred-
ited therewith. ' In like manner I put him in charge of the
magnetic work for which he will also receive credit.”

- “Your son, during the past terrible year, occupied the
same sleeping-bag with me. He was a great comfort and
consolation to me during the long weary winter and spring;
until his death. To you, who know his gentle character
and amiable disposition, it is hardly needful to state what
impression he made on my affections. He was warmly
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loved by all the men, and I readily believe he spoke the
truth when he told me he was certain that he had not an
éneny in the world.” -

- Lieut. GREELY goes on to relate that at the time of his
death, he did not forget those ‘around him nor his friends
at home. Having-some money on his person, he requested
that a small sum should be given to the family of each of
the two Esquimaux of the party who had already perished.
He also requested that a sufficient sum be reserved with
which some survivor might visit his mother. The balance
of the money, he desired, should be spent in purchasing
delicacies for his surviving comrades while en route for home,
and that the expenditures should be exceptionally lavish in
the case of Corporal ErisoN, who had lost both hands and
both feet. Lieut. GREELY adds that he preferred to do this
at his own expense, thus fulfilling an unique will, perhaps
as remarkable and as admirable a one as the world ever
saw for delicacy and thoughtfulness. To understand the
character which dictated last wishes of such a nature,
we must remember the circumstances under which he was
placed, the desolation surrounding him, the natural fer-
ment and souring of men’s relations to each other when
shut up together away from the rest of the world for year
after year, the hardships of death from lack of nourish-
ment and far away from kindred, when it was fairly cer-
tain that the survival of a few days would bring relief and
life; under all these circumstances nothing but a character,
a nobility of mind, and a philosophy which the world
rarely sees, could have formed and expressed such last
wishes."

IsraEL died on May 27, only 26 days before the rescue.
He met his death with great firmness and resignation, re-
gretting it only on: his mother’s acount. - His death was
painless and easy, resulting from water around the heart,
caused, of course, by insufficient nutrition. “His remarka-
ble mental powers caused him to live 'till among the last,”
says Lieut. GREELY, “despite the fact that he was physically
the weakest man of the party.” His remains were received

~
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at Kalamazoo with a great popular demonstration, and his
funeral was attended by the common council and mayor of
his native city in their official capacity.

We will make a single quotation from his letter ﬁ'om St.
Johns to his mother, written June 29, 1881, immediately
before he sailed for Greenland. He says: “I was
greatly surprised to-day on examining our supplies; there
is nothing which could possibly be carried of which
we have not a great abundance. As far as safety and
comfort are concerned, no expedition was ever as well
equipped as ours.”—American Meteorological Journal.

TYCHO BRAHE.

TycHo, or TYGE, DE BRAHE, sometimes called the “Rec-
tour of Astronomy,” was born in 1546, at Knudstorp in
Scania, which then belonged to Denmark. He was de-
scended from an ancient princely family, the ruins of
whose castle, Wisengsborg, are still to be seen on the
shores of the Lake of Wetter. He was the second of ten
children, and he, as well as his sister SoPHIA, gave promise
of very great intellectual ability. After the death of his
father, his maternal uncle, STEN0 BELLE, sent him to Co-
penhagen to study philosophy. He had eurly manifested
a taste for astronomy, but his relatives designed him for
the legal profession, and accordingly his uncle sent him in
1562 to pursue his studies at Leipsic. But the love of
astronomy had become with BRAHE such a ruling passion
that he would clandestinely leave the college buildings to
make investigations. With only the aid of a small celestial
globe and a wooden circle for the measurement of the stars,
in 1563 he observed the conjunction of Saturn with Jupiter.
The inheritance of not a small property in 1565, enabled
him to follow his darling scheme of prosecuting astronom-
ical experiments, in which he was encouraged by the Dan-
ish government. The king, FREDERICK II, recognizing his
talents, requested him to give lectures in Copenhagen on
mathematics and on comets. His reputation was, if possi-
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ble, more firmly established by his discovery of a new star
in the constellation Cassiopeia. The king at once took
him under his especial patronage, giving to him a pension
of 2,000 crowns and a canonry which yielded 1,000 crowns.
He also gave to BRAHE the island of Huen, where in 1580
he had built for him a laboratory and magnificent observa-
tory, which was called Uranienborg. A powerful impetus
was there given to astronomical researches. He was visit-
ed by many celebrated personages.

BraHE discovered two new inequalities of the Moon, be-
sides other -valuable observations, and was, perhaps, the
first who had correct ideas about comets. His system, a mod-
ification of that of PToLEMY, was not extensively adopted.
But to BraHE belongs the merit of having laid the founda-
tion of practical astronomy. KEPLER afterwards used his
numerous and wonderful observations in his own discover-
ies. Nearly twenty years his life was spent in assid-
uously following his astronomical pursuits. But, un-
fortunately, the king's death put a stop to all his hopes
and aspirations. He became an object of persecution,
owing to the hostility of WALCHENDORFF and other mem-
bers of the regency and was driven from Uranienborg. In
1597 he was obliged to leave Denmark forever. The emp-
eror, RuporpH II of Germany, invited the expatriated
astronomer to a residence in his own chateau near Prague,
assigning to him a pension of 3,000 florins. But BRAHE;
who could not long survive being exiled from his beloved
Uranienborg, died in 1601 and was interred in the Thein-
kirche. A beautiful marble effigy in Prague perpetuates
his memory.

Little is known of his private life beyond the fact that
when very young he incurred the displeasure of his rela-
tives by a marriage with a peasant girl. The king tried in
vain to effect a reconciliation. He was of a violent and
hasty temper, excessively superstitious, always keeping
near him a lunatic, whose ravings he regarded as pro-
phetic.

“A Treatise on the New Phenomena of the Heavens” is
one of the best of his astronomical works.—WACOOCHEE.



88 THE SIDEREAL MESSENGER. -

EDIT()liIAL NOTES .

" There are but six copies of Vol. F of the MESSENGER yet remaining.
‘These in plain binding are offered at $5.00 per volume. Volumes
tvo and three, in same bmdmg, can be furnished at 33.00 each.

The partial eclipse of the Moon March 29-30 was visible in the
western Pacific Ocean, Asia and easterns portions of Europe and
Africa. 'The magnitude of the eclipse, as computed, was0ﬂ86 the
Moon’s dlameter being 1.

The report for 1884 of government obeervatory at Hong Kong, by
Dr. W. DoBERCE, the director, has just been received. The greater
part of his time and energies since his arrival in Hong Kong, in July,
1883, has been spent in completing the observatory and in the arrange-
ment of the instruments. - The attention of the institution is
given up mainly to meteorology and to this end it is supplied with a
very complete set of self-registering: apparatus of the most recent de-
sign, made under -the supervision of the dn'ector, aided by the ad-
vice of Kew Committee.

A time-service is also oontemnInted and the 'estabhshment of a
time-ball for the use of the shipping in the harbor of Hong Kong,
but at the date of the report the horologlcal apparatns had not been
received.

In the department of astronomy, besides the -instraments for the
time-service, the observatory has the Lee equatorial, of 6-inch aper-
ture, loaned to it by the Council of the Royal Astronomical Society.
This has been mounted since the report was issued. J. T., JR.

THE UNIVERSAL DAY.

Executlve Docnment No. T8 of the 2d Session 48th Congreas deals
with the official correspondence relating to the introduction of
the Universal Day. .

The first document of unportanee (\* 0. 2) is a circular order of the
Superintendent of the Naval Observatory dated Dec. 4, 1884, directing
the use of the Universal Day on and after Jan. 1, 1885, in that insti-
tation, and )

No. 3 informs Prof. Nn:woolm, Siuperintendent ot the American
Ephemeris, of this decision.

No. 418 a long letter from Prof. NEwcous, dated Dec. 6, gm.ng
reasons why the Universal Day should not be adopted.

No. 5 (Dec. 11) is a letter fror the superintendent of the obeerva-
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tory in which he gives the reasuns that seemed to him “sufficient to
justify” the issaance of the order in question.

No. 7 is a circular letter to American astronomers from the super
intendent of the observatory asking their views on the general sub-
jeot and especially on the date at which the new system should be
introduced. The replies were as follows:

No. 8. Prof. O. StonE; tavors the change on Jan. 1, 1885.

No. 9. Prof. H. A. NEwTON; favors the change; suggests its imme-
diate adoption, retaining the old system also to obviate confusion.

No. 10. Prof. E. C. PicKERING; regards an agreement among
astronomers as of more 1mportanoe than any special mode of reck-
oning.

No. 11. Prot. M. W. HaRrINGTON; favors the change on Jan. 1 1885.

No. 12. Prof. E. S. HoLDEN; does not favor the change and sug-
gests Jan. 1, 1890 as the earliest date for its introduction.

No. 13. Prof. C. A. Youna; favors the change on Jan. 1, 1885,

No. 14. Prof. Lewis Swirr; favors the change on Jan 1, 1885.

No. 15. Prof. 8. P. LaNGLEY; favors the change on Jan. 1, 1885.

No. 16. Prof. C. H. F. Perers; disapproves the change and sug-
gests 1890 as the earliest date.

No. 17. Prof. J. G. POrRTER; favors the change on Jan. 1, 1885,

No. 18. Prof. H. S. PriTcHETT; does not favor the change and sug-
gests a delay of at least one year.

No. 19. Order of the superintendent suspending his former order
introducing the Universal Day.

No. 19. Letter of the superintendent to Prof. NEwcomB stating
that of eleven letters received in answer to his circular only two de-
cidedly oppose the change of day on Jan. 1, 1885, but that neverthe-
less his order is suspended.

No. 20. Circular of the superintendent to astronomers announcing
that the “weight of opinion” is against the introduction of the'Uni-
versal Day at present.

It is well understood that in any astronomical work involving fig-
ures, the greatest possible accuracy is needed to give the record
value; but in records of experimental tests, or of phenomena merely,
there is often an absence of specific detail which is needed to make
such records most useful.

To illustrate: In England there is at present a discussion going
on concerning certain reported comparisons between reflecting and
refracting telescopes. Successive writers ask for important factors
which were omitted from the recorded results.

There are also records published claiming the fifth star of the trap-
ezium of Orion to be visible to observers with apertures as small as
three inches, while one observer cannot see it with a 6-inch aperture.
None, however, mention the power of the eye-piece employed, and

~
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the “seeing” is supposedly perfect. Under this head comes the
statement of the indefatigable observer Mr. BARNARD, on pages 313
and 314 of December number of the SiDEREAL MESSENGER that he
could better see his comet with a 5-inch aperature than with a
6-inch. He gives the description of eye-piece used with the 5-inch,
but leaves us to infer a much higher power used with the 6-inch, as
he speaks of the “ contracted field” (p. 313). If this inference is cor-
rect, then his conclusion that small apertures will show what larger
ones fail in (sometimes) is not a fair one, as a higher power will blot
from sight a faint object, readily seen with a low power.  J. H. H.

The solar eclipse of March 16th was successfully observed here by
Professor WiLsoN and myself. During the morning the sky was full
of flying clouds and the Sun only shone at intervals through gaps.
A few minutes before the computed time of first contact, the clouds
broke away and allowed the Sun’s limb to be watched uninterrupt-
edly. Owing to the disturbed condition of the atmosphere the defi-
nition was very poor.

T observed with the 11-inch equatorial, aperature reduced to three
inches and power 90. The probable uncertainty of the times noted
would not exceed three seconds.

Professor WiLsoN observed with the 4-inch equatorial, projecting
the Sun’s image on a screen of white paper; diameter of the projec-
tion about five inches.

Local mean times of first contact.
PORTER, 23" 09 019
‘WILSON, 23 09 04.
Computed from American ephemeris, 23 09 03.0

At the last contact the sky was mearly free from clouds, but the
Sun’s limb was still very unsteady. A few seconds after the Moon
had passed off, a small cloud obscured the Sun.

Local mean times of last contact.
PORTER, 2b 00 018
WILSON, 2 00. 00.7
Computed from American ephemeris, 2 00 12.0

J. G. PORTER,
Cincinnati observatory, March 17, 1885. Astronomer.

OBSERVATIONS OF SOLAR ECLIPSE AT ANN ARBOR, MARCH
15 AND 16, 1885. )

The observations were made on the observatory grounds. In col-
umn I are given the local mean times of observations made by myself
in the largedome. In column II. those made by Mr. SCHAERBERLE in
the small observatory 82 feet east and 80 feet south of the large dome;
position, longitude 5" 34 555,12, latitude 42° 16’ 17".2. The column
marked IIL contains the observation of Mr. Levi WinEs, teacher of
astronomy in the High School, made in the High School observatory,
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230 feet west and 66 feet north of the main dome; position, longi-
tude 5" 34™ 55,39, latitude 42° 16° 48".7. The instruments were: for
L, the 12-inch refractor stopped down to 6 inches, negative eye-piece
magnifying 150 diameters; for IL, the 6-inch refractor, with.negative
eye-piece magnifying 81 diameters; for III., 4-inch refractor.

The spots are numbered from the side of first contact. No L is a
spot near the edge; II. and ITL are parts of an elongated group; IV
a small pore following the preceding; and V. a spot with double
umbra about as far from IV. as it is from IIL.

HOUR
AND SECONDS.
OBJECT OBSERVED. MIN-
UTE. I II. | III
h m s -‘
First contact,................coiuenn. 23 1o| 39 45 .4
Ingress of centre of spot I ............. 23 34| 0.5|17.5
“ “ preceding end, umbra spot II.[23 55| 28.5 | 34.0
«  « following « « TI|23 56| 20.5| 9.0
“  “ preceding “ « o« JI1,;23 57) 1 15.7
« ¢ following “  « TIL|23 58| 54.5 | 48.7
“« “ gpot IV. 0 3|47.6
o “ preceding “ “ “ V0 7124 24.8
“ “ following “ “ Vo 7 54.3
Egress of preceding II. as above........ 1 16 4.5
“ ¢ following II. « “ ... 1 16 39.4
¢ “ preceding ITI.% L 1 17 45.0
«  « following ITL* <« .. ..... 1 19 54.0
“ 66 GDOb IV.es cevree ceinaes 1 26 21.8
« « « VY midway between spots.| 1 30 23.2
Last contact.............coooveinan... 2 7 2 0.3 1.0

The sky was nearly clear; but not entirely so.
M. W..HARRINGTON.

From Red House observatory, Phelps, N. Y., Professor WiLL1AM
R. BrooKs writes that good observations were secured of the eclipse
of the,Sun March 16. Although the solar disc was at times partially
hidden by light drifting clouds, the sky was fairly clear at the begin-
ning of the eclipse. The definition was fair, although the limb of the
Sun was unsteady. The first contact was accurately noted at 12h.
6m. 13s. standard time. Last contact lost by clouds.

At Carlaton College observatory some attention was given to photo-
graphing the eclipse with improvised apparatus arranged by Prof.
PeArsoN of the department of Physics. The eye-piece of the 84-
inch Clark equatorial was removed and an ordinary camera was
attached. The full aperature of the objective was used and a spring
glide, with narrow opening made the exposure on a slow plate, the
time being about one-bundredth of a second. The cuts shew the size-
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of the focal image of telescope, and will represent the pictures placed
in the hand of the engraver. Of the six photographs secured, the
four following were taken at the times respectively- indicated, Cen-
tral standard time being used:

Time: 11 42 15 A, M. Time: 11" 46= 30° A. M.

The reader will easily see the relation of the Sun and Moon in the
cuts, and follow the progress of the latter, if he be told that the
views are in order, and that lines running through the middle ot the
cuts parallel to the length of the page would be nearly perpendicular
to the Celestial Equator.

Time: 12 6= 30* p. M. Time: 12t 23 45* p. M.
The third cut shows a phase about four minutes after greatest
obscuration. The time of first contact was due at this place 10* 35=
88. The Sun’s limb was very unsteady, and observation was uncer-
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tain by about four seconds. The contact was probably later by t.hét
amount.

As elsewhere more fully described, the appearance of the sky and
the light at noon were in marked contrast with those of an hour be-
fore. The readings of the thermometer showed a fall of four degrees
in the space of one and one-half hours.

Dr. T. D. SimonTON of St. Paul observed the eclipse with a 3-inch
telescope, with the following results as repurted by the Press:

Beginning. ~—End.—
h. m. s h. m. s
Predicted, 10 36 18 1 30 50
Observed, 13 35 20 1 30 57

The predictions were made by the careful and experienced com-
puter, Mr. S. J. Corriaan of Nautical Office, Washington, D. C. For
80 good an observer as Dr. SiMoNTON the errors are large, and throw
some doubt on the accuracy of the predictions. Professor J. F.
DowNEY of the University used a telescope of 234 inches aperature
and observations were said to agree with his previous calculations
within a fraction of a second. This is' interesting, considering the
unavoidable errors of the ephemerides and the tentative methods of
computation in common use for solar eclipses.

Winnipeg.—The sky was clear throughout the day. During the
eclipse, the thermometer went down from —11° to —18°, and during
greatest obscuration, which occurred about noon, it was necessary to
provide lights for convenience in observation. The first contact
took place 11h. 8m. 3s; last comtact, 12h. 59m. 4s. standard time.
Fifteen-sixteenths of the solar disk was covered. Name of observer
unknown. The correspondent of the 7'ribune graphically says:

The landscape presented a weird appearance and was quite dark at
the greatest obscurity. The brute creation was bewildered—dogs
barked during the whole time and cattle lowed; fowls sought their
roosts and cocks crowed frequently. Some observers report seeing
stars with the naked eye in the northern skies. Fifteen-sixteenths
of the surface of the Sun was obscured at 12 o’clock. The Indians
were in terror at-its appearance.

Baltimore.—The eclipse was observed with small telescopes, but
clouds prevented getting the times of first and la t contact.

‘Washington.—It is reported that heavy clouds obscured the Sun
the greater part of the afternoon. Some observations and a few pho-
tographs, however, were taken. Results of work have not been com-
municated.

Observations were unsuccessful, as reported, at Pittsburgh, much
to the disappointment of Professor LANGLEY.

Observers at San Francisco were also unsuccesstul on account of
unfavorable sky.

At the Beloit College observatory the first contact was lost on
agoount of clouds. The second contact was successfully observed by
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Professor TarLock and Mr. R. C. CHAPIN; the former with the 9.5-
inch equatorial and the latter with the 3-inch finder of the same.
Some occultations of solar spots were also observed.

Letters from Cordoba, South America, written February Tth, state
that Dr. GouLp is pushing his work so as to leave as soon as possi-
ble. He has sent in his formal resignation and Dr. THoME has been
appointed director in his place. Mr. R. H. TuckER, formerly assist-
ant at the Dudley observatory, who went to Cordoba, in the Spring
of 1884, has been promoted to be second assistant. J. T., JR.

Special Circular No. 56, Science Observer reports the following
discoveries: . '
A cable message from Dr. KRUEGER, received March 7, announces
the discovery of an asteroid by BorerLI.
March 6, 8.45= 365 . Greenwich M. T.
R. A. 112 6= 135, Decl. + 7° 9’ 17"
Daily motion in R. A. — 48°; in Decl. 4 9'.
Eleventh magnitude.
A cable message from Dr. KRUEGER, received March 10, announces
the probable discovery of Poason’s lost planet, by Dr. Pavisa.
March 9, 8h. 28m. 45s. “Greenwich M. T.
R. A. 6h. 44m. 41.7s. Decl. + 28° 10’ 1",

Possible discovery of Comet 1867 (II).—A cable message from Dr.
CoPELAND, at Dun Echt, received March 14, announces the observa-
tion of a suspicious object by Dr. Gaurier of Geneva, which may
be a return of Comet 1867 II. (Tempel.) -

- A telegram from Professor PickKERING, of Harvard College observ-
atory, received March 18, states that the suspected comet is a nebula.

Professor C. W. PriTrcHETT, Morrison Observatory, Glasgow, Mo.
at opposition of Marsin 1879-80 made micrometer measures of his
diameter. This work was repeated at the planet’s opposition in
1881-82.

The general mean of his resulte as given in A. N. No. (2652) is for

1879-80 == 9”.486 + 0.033 '
1881-82 = 9 .484 + 0.036

A recent number of the Chico Chronicle (California) contains an
account of the fall of an srolite. It was attended by a brilliant
train of light and fell but a short distance from Chico, Butte Co.,
Cal. [ts length was over thirty feet; diameter, two and its shape
pyramidal. The burning rock struck on alava formation and glanced "
off plowing a gutter nearly two feet deep for a distance of two hun-
dred feet. Its weight is estimated at several tons.

‘
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We gladly give place to the following important communication,
not only because of the courtesies frequently extended to the MEss-
ENGER by the Royal Astronomical Society, but also because of the
interest that such information may be to American astronomers.
We have in our possession a full description of the instrument
referred to, which will be cheerfully communicated to any desiring
more particular information. ’

For Sale.—A Heliometer of four inches aperture, by the REpPsoLDs
of Hamburg, the property of Davip Giry, H. M. Astronomer at the
Cape. The instrument is in perfect working order. Owner parts
with it because his work is to be continued with a larger instrument.
Particulars may be had on application to the Assistant Secretary,
Royal Astronomical Society, London.

QUERIES.
1. Do observers this year notice any . difficulty in the study of the
details of the planets not seen in previous years?
2. Observing the Moon with a 34-inch telescope, a small crater
inside of Hercules is seen to give a dull red light instead of being
filled with a black shadow. Why is this?

Knowledge (English), in late numbers, is giving fresh and enjoy-
able articles on astronomical subjects. In the last before us (No.
176) is found a continued article on “Life in other Worlds,” by Mr.
PRrooTor. Another by J. R. GREGORY on “Meteoric Stones.”

At the February meeting of the Royal Astronomical Society Dr.
WiLLiaM Huaeins was awarded the gold medal of the Society for
his researches on the motions of stars in line of sight, and on photo-
graphic spectra of stars and comets.

8cience No. 111 contains a brief article on Researches in Stellar
Parallax, by Professor Davip Topp in which reference is made to
the principal stars that have been studied recently, in this particu-
lar. Dr. Bary, royal astronomer of Ireland, is deservedly compliment-
ed for his successful labors in this branch of astronomy.

Mr. C. E. CrANE, of Waseca, Minn,, is highly pleased with the work
of his 615-inch Brashear reflector.

Subscribers will please notice that the MESSENGER is numbered
consecutively on the first cover page. On the title page the number
and volume are also given. The index accompanies the last number
of each volume, and will be easily found by this arrangement.
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During the year 1884 nine minor planets were discovered. Of these
six were found by M. Parisa of Vienna.

The following subscriptions and orders have been received since
last acknowledgement:

L’Observatoire de Paris, Paris, France; F. J. Stettler, Slatington,
Penna.; J. J. Gilbert, Olympia, W. T.; Prof. Dascom Green, Troy, N.
Y.; Cincinnati observatory, Mt. Lookout, Ohio; Prof. W. O. Gur-
ley, Marrietta, Ohio; Fletcher Denell, Carlisle, Pa.; Rector 8. 8.
Chevers, Shamokin, Pa.; J. B. Cammings, New Wilmington, Pa.; E. .
Crocker, Berea, Ohio; W. Glover, Boston, Mass.; J. Howard Wat-
ters, Cooptown, Md.; Prof. Coleman Bancroft, Hiram, Ohio; Prof. R.
C. Crompton, Jacksonville, Ill.; William Evans, Philadelphia, Pa.;
American News Co., New York City (Vols. I, IT and III, bound).
‘Wm. H. Dolbeer, Taylorsville, Ind.

) BOOK NOTICE.

Curve Tracing in Cartesian Oo-ordinates. By W.W.JoHNsON, Pro-
fessor of Mathematics in the United States Naval Academy.
New York: JoaN WILEY & Sons, 15 Astor Place, 1884; pp. 86.

The object of this little book is the study of the definite problem
ascertaining the form of a curve, given by its equation in Cartesian
co-ordinates, in such cases as are likely to arise in the applications of
analytical geometry. As the book does not discuss the general theory
of curves, the calculus is not employed, but algebraic processes only
are used. The new and interesting feature is the introduction of the
analytical triangle at an early stage as an instrument frequently em-
ployed in methods of approximation, as derived from NEwToN’s par-
allelogram and CraMERs method of representing possible terms by
points.

For so small a book the range is considerable, exercises abundant,
and its progressive character satisfactory. The publisher’s part is
neatly done.

L’ Astronomie, Revaue mensuelle d’Astronomie populaire, de Me-
teorologie et de Physique du globe, par M. CaMILLE FLAMMARION.
No. de Mars 1885. “Les tremblements de terre,” par M. C. Fram-
MARION. “Nouvelles observations sur Jupiter,” par N. W.-F. Den-
NING, astronomie a Bristol. “Mouvement propre d’une etoile de 11 e
grandeur.” Etude oceanographique,” par le colonel H. MATHIESEN.
“Nouvelles de 1a Science.” “Varietes:” Six trombes marines ob-
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THE INSTRUMENTS AND WORK OF ASTRONOMY .*

PROFESSOR ASAPH HALL.

The progress of Astronomy has given us such a knowledge
of the earth and of its relative position in space that we can
now form a good idea of the conditions in which the astron-
omer is placed, and of the problems that are presented for his
study. We know that our earth, which was formerly thought
to be the centre of the universe, is only a secondary body, and
is so small that it would require many thousand such bodies to
form our central sun. It is from this small body, of anirregu-
lar figure, which revolves around the sun, and at the same time
rotates rapidly on one of its axes, that the astronomer must
study the motions of the other planets, determine his distance
from the central sun, and discover the laws that preserve the
order and harmony of our solar system. Beyond the planets
lies the sidereal system of innumerable stars, which at first
must perplex the observer by their number and variety, but
~which finally become his landmarks and guides. Our earth,

“ That spinning sleeps
On her soft axle, while she paces even,
. And bears thee soft with the smooth air along. ”

*An address delivered at the opening of the Leander McCormick Observatory of the
University of Virginia, April 13, 1885
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by her motions furnishes us the means of measuring time and
space, and enables us to lay our work on sure foundations.

At the beginning of his labor the astronomer had none but
the simplest tools, and had to trust wholly to observations with
the naked eye, These would be so crude that a long time must
elapse before much progress could be made in explaining the
complicated motions of the sun, the moon, and the planets.
But men so situated are called on to exercise thought and
keen judgment, to invent and test theories, and to search care-
. fully for the truth; and these are perhaps the best circumstan-
ces under which life can be spent. Hence, although the obser-
vations of the ancient astronomers are now of little value, one
is tempted to envy them their opportunities, since it is not so
much the truth itself, as the struggle for it, that strengthens
and ennobles the character. It must have cost many years of
patient labor and much ingenuity to obtain the results given
by HipparcHUS two thousand years ago. The periods of the
five planets visible to the naked eye determined by this great
astronomer are wonderfully near the truth, and his explanation
of the motions of the sun and moon, and his discovery of the
precession of the eqinoxes show that he had employed his in-
struments well, and had arrived at many correct ideas concern-
ing the motions of the heavenly bodies. Iu fact we may well
helieve that some of those old astronomers, aided by their prim-
itive instruments, had formed true views of the theory of our
solar systsm: but if so, such views were overwhelmed by more
popular notions, and were set aside until the time of Co-
PERNICUS.

To accomplish the work of the ancient astronomers many in-
genious instruments were invented, most of which have been
laid aside and are now nearly forgotten. But means of meas-
uring angles and time were devised which, though rude, enabled
the astronomer to begin the foundation of this science. The
Greeks were skilled in geometry, and the use of the circle for
the measurement of angles must be very old. This method is so
simple that its defects would be mechanical rather than theo-
retical. On the other hand, the ancient instruments for meas-
uring the important element of time were the dial and those
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that depend on the flow of water or of sand; and, notwith-
standing the ingenuity displayed in their construction, even the
best of them must have been very unsatisfactory. In striking
contrast with these the modern instrument for the measurement
of time is remarkable for its simplicity and effectiveness. We
owe the invention of the pendulum to GaLiLEo, and there can
hardly be found in the history of science a better illustration of
the value of a good theory than in the application of this sim-
ple and excellent instrument to measure intervals of time.
The pendulum was soon applied by HuyaeNs to the control of
clocks, and through his labors and those of EuLER its theory
was made nearly perfect. It needs only a comparison of the
theory of the pendulum with those of the ancient instruments
to show the value of GALILEO'S invention, by means of which
we have obtained not only an astronomical instrument of the
first importance, but also a valuable instrument of geology.
From the evidence that has come down to us by means of
coins and other relics of former times it seems probable that the
ancients had a knowledge of lenses,and used themin some of the
arts; but they do not appear to have applied them to astronom-
ical instruments. A long interyal, nearly fifteen centuries
passed away after the epoch of ProLEMY before this important
step was taken, and before any radical improvement was made
in the art of making astronomical observations. The results of
the old methods of observing are shown at their best in the
work of TycEo BraHE, whose wealth and skill procured the
best instruments of his time, and whose industry accumulated
a great mass of observations of nearly all the celestial objects
visible to the naked eye. It is well known that these observa-
tions were of great value, since, in the hands of KEpLER,
they led to the discovery of his famous laws of the motions of
the planets around the sun. But for another reason these ob-
servations mark one of the most important epochs in the pro-
gress of the science. This was the application of the tele-
scope to astronomical observations. The results obtained by
TycHo BRAHE were of the highest excellence of their kind, and
some skillful observers refused to use the instrument that GarL-
1LE0 had applied to astronomy. But the power gained was so
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great, and the wonders disclosed were so interesting that rapid
progress was made. The telescope was first used naturally and
simply in the line of discovery. The satellites of Jupiter, the
spots on the sun, the phases of the planets predicted by Co-
PERNICUS and the ring of Saturn were soon discovered. This
marvelous instrument extended our knowledge also to the won-
derful stellar systems and nebule that are scattered .through
the celestial spaces and explored regions forever closed to the
naked eye. The changes produced in the thoughts and feelings
of men by this sudden progress in astronomy were great. Cher-
ished theories were brought into disrepute, and excitement and
discussion followed during one or two generations. This
enlargement of knowledge and the quickening of thought and
investigation that followed form a remarkable epoch in the his-
tory of our civilization.

This great advance in descriptive astronomy was soon fol-
lowed by attempts to improve the methods of measuring angles.
The micrometer and microscope were invented, but more than a
century elapsed before the real value of this application of the
lens was recognized. The old method of measurment by
means of sights with the naked eye had been employed by TycrO
BraAHE, and his observations were made so famous by the work
of KEPLER that the need of more accurate measurements was not
felt. To one who looks back on such a state of things, and
who sees the slow and uncertain actions of men, and how im-
provements are delayed and set aside for trifling reasons, a
feeling of impatience is apt to come. Generally an actual need
is required to spur us forward. During a great part of the
seventeenth and eighteenth centuries practical astronomy had
outstripped theory, and waited patient and satisfied. But the
discovery of NEwToN and the labors of his great followers in
France and Germany changed this condition. The need of
more accurate observations was felt as soon as theoretical as-
tronomy had become extended and refined, and then the full
application of the telescope was soon brought about. So com-
pletely was this done that in the division of the circle and the
measurement of angles hardly any improvement has been made
during the last fifty years. During this time observations are
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nearly comparable in accuracy, and their value dépends as much
on the astronomer as on his instruments. By this applica-
tion of the telescope the gain is so great that the ancient obser-
vations are now of little value. They served to lay the founda-
tions of the science and were useful in their day; but the refined
observations now extend over such an interval of time,and they
furnish such accurate data that the astronomer has but little
need to refer to the rude work of former times. It is worth
while to notice that at the present time the relative positions
of practical and theoretical astronomy are nearly the same as
they were two centuries ago— that is, theoretical astronomy
has fallen behind observation.

Since the invention of the telescope it has received one re-
markable improvement which has very much increased its use-
fulness. The astronomers who first used the telescope em-
ployed single lenses of several hundred feet focal length, which
made the use of the instrument extremely inconvenient, since
it was difficult to give it a steady mounting and to protect it
from the wind and weather. The difficulty was overcome by
the discovery of the achromatic lens. This invention produced
our modern telescope, whose form has not been essentially
changed in the last hundred years. During the present cen-
tury the improvements have been chiefly in the refinement and
enlargement of instruments. While the art of dividing cir-

“cles and of making screws has not perhaps been much advanced
in recent years yet many ingenious devices have been made
which assist the astronomer, and which tend to increase the accu-
racy of his measurements. Stillit is difficult to believe that any
great improvement in the art of observing is to be made by
such means. Some more radical change is necessary, and for
this we may look hopefully to the present rapid growth in
the knowledge of the physical sciences. But should this never
come, the astronomer can rely on the other fundamental ele-
ment, that of time, by the lapse of which his work obtains a
sure increase of value.

When the achromatic lens was discovered the knowledge of
the manufacture of optical glass was so limited that this lens
was at first only a few inches in diameter, and thus the light-
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power of the telescope was not great. This condition turned
attention again to the construction of reflecting telescopes, some
of which were made of very great size. These, in the hands of
men who understand their construction and who are able
to keep them in good order, have done good service in discovery
and in the descriptive parts of astronomy. But the standard
work of the science has been done by the refracting telescope.
About the beginning of this century the inventions and labors
of GuiNaND and FRAUNHOFER produced lenses of ten to fifteen
inches in diameter, and in recent years their followers have
been so successful that now it is not easy to set a limit
to the size of the future refracting telescope. The chief diffi-
culty is still, however, in the manufacture of the glass; and
here is a field for investigation which invites the ingenuity of
our countrymen. Already it is something for our country to be
permanently proud of that it is chiefly to American genius and
skill that we are indebted for the great progress made in the
improvement of the refracting telescope within the last thirty
years. There can be no doubt that this increase in definition
and light-power will give us a substantial gain in scien-
tific knowledge. Of course new difficulties will arise in the use
of very large instruments, and more careful investigations will
need to be made of the effects of flexure, temperature and
other sources of small errors; but these difficulties will be over-
come. With the complete knowledge of its errors the in-
crease of light and magnifying power of the large telescope
will give us decided advantages in certain kinds of observation.
And here it is interesting to notice the difference in the pro-
gress of the theories of the two principal instruments of as-
tronomy — the pendulum and the telescope, both of which have
now been brought to a high state of efficiency. The complete
theory of the pendulum was given by EuLER more than a cen-
tury ago, although this theory depends on the motion of a rigid
body, and the investigation requires a complicated mathematical
treatment. On the other hand, the theory of lenses depends
on comparatively simple mathematical conceptions, but after
passing through the hands of the greatest masters of analysis
this theory remained imperfect until about fifty years ago, when
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it was finally placed on a rigorous basis.

In the case of the large telescope we must not, however,
commit the common error of expecting too much from the use
of such an instrument. Measured by the relative amount
of light gathered the gain seems great, but when we pass from
a fifteen-inch objective to one of thirty inches in diam-
eter our gain in the visibility of stars is only one and a half
magnitudes. It is true that the number of stars brought to
view by the larger glass in the shell of our great celestial
sphere is very great, but they are of the faintest kind, and the
study of these stars is very laborious. It can be only in
a distant future that such stars will he brought into catalogues,
their positions determined, and their peculiarities learned. But
even an approximate enumeration of these stars will be of value
by giving us some idea_of the number of stars in the different
magnitudes, and the law of increase of these numbers, as our
vision is extended into the depths of space. There are many
stars that present variations and peculiarities of light and color
that are well worthy of a careful study with the best tele-
scopes. We have also a great number of double-stars, in the
measurement of which a good telescope can be employed advan-
tageously. The study of the motions of the double-stars is
hardly begun, and considerable time must necessarily elapse be-
fore mach knowledge can be gained. This is a field of obser-
vation where practice and care add greatly to the value of the

- results. ,
Again, there is an extensive class of celestial objects well

worthy of a careful study with the great telescopes of the pres-
ent time. These are the nebulee — the strange, fantastic ob-
jects of the siderial world. As distant as the stars, the nebule
frequently subtend large angles, and must be of enormous ex-
tent. Whesher they change in light or position is an interest-
ing question, for the solution of which we need, first of all,
good observations. Careful drawings of these objects with res-
pect to the stars near them would furnish the means of judg-
ing in the future of their changes of position, and photometric
observations would determine their changes of light, if such
exist. If photography could be applied to give us exact pic-
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tures of the nebule, it would be a great gain, but probably this
cannot be done yet to any extent, and we must trust to hand-
drawings, with all their imperfections.

By means of its light-power the great telescope will doubt-
less be an important agent in the study of the surfaces of the
sun, moon, and planets. Although these interesting objects
have been observed since the invention of the telescope, they
are still worthy of the most careful attention. The changes
that take place on these surfaces are very curious and their
causes are a mystery. In this kind of work photography is al-
ready rendering great assistance, and improvements in this art
may be expected. Also in the stellar spectroscopic investiga-~
tions of the future the great telescope must play an important
part. Should this method of determining the motions of the
stars be made certain and accurate we may look in this direction
for interesting discoveries in stellar astronomy. There is one
general consideration, however, that it is not well to overlook.
This is the fact that all the obvious and striking discoveries of
astronomy have been made long since. This condition follows
from the nature of the case and from the progress of the science.
The five bright planets of our system were soon discovered with
the naked eye, and it needed but the smallest telescopes to reveal
some of their satellites. The same telescopes showed also the
sun-spots, the composition of the milky way, the clusters of
stars, double-stars, and many of the nebulee. With the im-
provement of this admirable instrument the field of discovery
has been widened greatly, but the objects that remain to be dis-
covered are, of course, faint and difficult to be seen. The fu-
ture discoveries in astronomy, therefore, are to be looked for
rather as the result of careful and perservering research, and
are not to be expected simply from an increase of instrumental
means. The astronomer should be provided with the best in-
struments, but, at the same time, he has a just demand for a
kind and considerate judgment of his labors. There are many
causes of delay and failure, and, even under the most favorable
conditions, it may require years of hard work to bring his un-
dertaking to a successful end. Generally we must remember
that, as any science approaches a complete state, its further pro-




INSTRUMENTS AND WORK OF ASTRONOMY, 105

gress will become slow and difficult. At the present time as-
tronomy needs no poor observations and badly arranged plans,
but having become so closely connected with theory, it now
needs thoughtful and caréful observations and their complete
reduction and discussion. The astronomer of to-day may well
take his motto from one of our ablest men of science, Pauca
sed matura. Your new observatory has before it a choice in a
wide field of labor; and, from its good position in a fine climate,
we feel confident that it will soon take a high rank among its
sister institutions.

In considering the changes which the science of astronomy
has undergone through the improvement of its instruments
we must not forget the changes in the astronomer himself.
This would be to overlook the most important factor in the
question. During the early days of astronomy a large amount
of self-denial and of patience and perseverance must have
been required in the astronomer, and doubtless many of the
ancient astronomers were men of high character. But this
was lost during the middle ages; and for some centuries pre-
ceding the revival of science the term ‘“‘astronomer” was
equivalent to ‘“astrologer.” KrpLER* himself was for a time
_ a devotee of the black art, and computed horoscopes. Such
seems to have been the prevailing idea of an astronomer in

the time of SHAKSPEARE. Thus we read:

“ O learned indeed were that astronomer
That knew the stars, as I his characters,
He'd lay the future open.”

ScHILLER has described in a striking manner the influence of
astrology in his picture of the gloomy Wallenstein. By com-
bining in some degree the characters of astronomer and priest
the astrologer acquired influence and wealth in the ages of ig-
norance and superstition. But the great changes wrought in
astronomy by KEPLER, and by NEwroN and his followers, put
in the background the mythical part of the subject, and gradu-
ally compelled the astrologer to become a scientific man. In-
stead of mysterious predictions of the destiny of man, inferred

*It u au item of history wo ng that 1twu by the advice of T'yomo
astronomer. tlmt Rnua abandoned egi.wt.wal rs, and un-
w d uca the laws of planetary motion from obeerved phenomena,
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from the stars and planets that culminated at his birth, his
work became a study of the motions of the heavenly bodies;
and the explanation and prediction of these motions in accord-
ance with the law of gravitation created the science of as-
tronomy.

First, the motions of our solar system and of the comets
were shown to be subject to this law of nature, and the tele-
scope has brought to light numberless stellar systems where the
same law undoubtedly prevails. A true mechanical theory hav-
ing been established, this in its turn exerted a wholesome influ-
ence on the astronomer. But the change from careless and in-
accurate work to correct and exact methods was slowly brought
about. If any one wishes to test this statement let him under-
take the discussion of some of the observations made in the
seventeenth century. Good observations of the objects discov-
ered at that time, such as the satellites of SATURN, would be val-
uable now for the determination of periodic times and changes
in the orbits, but an examination of those observations will show
rude and careless methods in fixing positions, and at times some-
thing worse. An experience of my own, costly in the time and
labor thrown away, has convinced me that the astronomers of
those times had the practice of changing, or in technical phrase,
of “cooking™ observations, to an extent of which the astrono-
‘mer of to-day gives no example. We find occasionally an as-
tronomer of the present time who will change a little his re-
sults, being careful not to alter the mean value, the intention
probably being to give an appearance of greater accuracy to his
measurements. But even this species of venial dishonesty is
not common. This great improvement seems to have been pro-
duced by the general advance in the science itself, rather than
by any superiority in the morals of the astronomers, who in this
respect are of course very much like other men. When, how-
ever, observations are so closely connected with theory, and can
be subjected to such rigid tests, the observer soon learns the
truth of the old saying, that honesty is the best policy, and that
tampering with observations is dangerous. Under these condi-
.. tions, therefore, it is not surprising that astronomical observa-
“tions have become remarkable for their truthfulness.
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It is worth while to notice, in this connection, the importance
of a full and orderly record, and also the advantages of a com-
mon system of notation. It is a fault with some able observers
that their record is carelessly kept, dates being omitted, and the
whole matter so disorderly that, after a few days, the observer
himself cannot decipher his own writing. In doing a large
amount of observing thisis a serious fault,and it is one that can
be remedied by a little care and patience. The other fault, that
of choosing new and uncouth symbols to express common and
well-known things, results so much from the personal vanity of
able men that it may be beyond control; but, at the same time,
this practice introduces into theoretical astronomy much need-
less confusion. This department of astronomy is now a great
field of applied mathematics and rational mechanics, and a com-
mon notation would be very useful. At present the symbols
are so varied that in complicated investigations, such as the de-
velopment of the perturbative function, it is almost necessary
that each astronomer should repeat the investigation in full, in
order to understand the meaning of the symbols.

I have endeavored to give an outline of the past and present
condition of astronomy—the oldest and most advanced of the
natural sciences. Its theories are now so well established that
it lacks the novelty of other sciences, and many of its processes
partake of the rigor and dryness of mathematics; yet this
science must ever remain an interesting study. As time passes
away the observations already accumulated will become more
and more valuable. The astronomer of the future will be able
to correct the values of his constants, and to increase the accu-
racy of his predictions. The orbits of the moon, the planets
and their satellites, will be more accurately known; and the
lapse of time must bring to light also many results of the
highest interest, especially in stellar astronomy, which will give
a clearer insight into the theory of our science, and which will
extend and perfect its domain. The astronomer, therefore, has
the satisfaction of feeling that his labors are a contribution to a
grand and progressive science, and one that must continue as
long as the heavens endure.

The establishment of an astronomical observatory by the old-
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est university in our country is an event worthy of considera-
tion in respect to the general question of education. The
founder of this university was a man who had a better under-
standing of the tendencies of his time than any other man on
this continent. He knew better than any one else the meaning
of our Revolutionary War and the French Revolution. He
saw that, no matter how the tide of affairs might ebband flow
from year to year, the great current of events tended always to-
ward one end, and that was the abolition of class privileges and
a broadening of the rights of man. He had, moreover, the
courage of his convictions, and spoke what he thought. That
such a man should stir up bitter opposition is unavoidable. One
needs but to turn back the pages of our history to the begin-
ning of this century to find him the object of the fiercest de-
nunciation. In fact, those of us whose memories go back fifty
years may have personal recollection of such denunciations from
some of the pulpits of our land. -Happily, such feelings have
mostly passed away, and nearly all of us can now see that even
the abolition of a church tax may prove a good thing. We
may, therefore, be able to judge more justly the actions of the
man who was the bold advocate of truths that were sometimes
unpleasant. But if JEFFERSON believed in the fullest liberty of
man, and in his exercise of all political rights, he believed also
that the most ample and complete means of education should be
provided. Naturally, therefore, the crowning work of his life
was the founding of a great educational institution—a univers-
ity in which all branches of learning should be taught. The
McCormick astronomical observatory is another step toward
the completion of his plans.

It is not for me to enter on the vexed question of the rela-
tive merits of scientific and classical studies, but it is sufficient
to know that in a university both are to be pursued, since it is
the purpose of such an institution to apply the various kinds of
discipline to promote the development of mind and body. Let
me, however, call attention to a characteristic of the study of
such a science as astronomy, which is, I think, not often men-
tioned. The mathematician has for his field of labor the infinity
of numbers and of space. He needs no instruments; a pencil
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and paper are sufficient, and he would scorn to be limited or con-
trolled by such a vulgar thing as an experiment or an observa-
tion. He deals wholly with symbols and lives in an ideal world.
In that world parallel lines meet and space has dimensions of
every order. The pure mathematician is therefore an idealist of
the extremest type. The classical studies give power of expres-
sion and grace of utterance; but how rarely do we find a man
of the liberal professions who can acknowledge himself to be
.in the wrong. Generally it is the business of his life to plead a
cause and to make out a case. Now the purpose of a science
such as astronomy is to discover the truth, and when found to
acknowledge it. If an astronomer makes a mistake he feels
bound to correct it, and nat to hide it. It is in this totally dif-
ferent method of looking at matters, and in the practice of
bringing all theories to the test of experiment, and in unspar-
ingly rejecting the false, that the scientific method consists. -
And it is here, I think, that science is destined to improve our
methods of instruction, not so much by the new matter it in-
troduces, as by the different method it teaches. Let us take a
single example in the subject of political economy,and one that
has agitated our country during the past two generations, that
is, the question of a protective tariff. Is this a beneficient reg-
ulation, which tends to increase the wealth of the country, or is
it a cunning scheme of legalized robbery, by means of which a
part of the community is enriched at the expense of the other
parts? Here is a question of great importance and one that de-
mands solution at the hands of our public men. It has become
so inwoven with our system of industry that it is now a com-
plicated matter und requires judicious treatment. But it can
never be settled by orations and the pleas of men who present
only a part of the evidence. It is a question that should be
studied according to the scientific method. Other examples may
be found in what is called history, a study the most interesting,
and which should be one of the most instructive. But the
books on this subject are so distorted by prejudice, that one is
continually reminded of the old fable of the picture of the man
and the lion, and he feels that it is necessary to hear the lion's
side of the story. Shall we ever outgrow such falseness? I
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think so, but it will be done only by a radical chamge in the
methods of investigation.

We rightly look to our colleges and universities for the men
who are to form and direct public opinion; and it is from these
institutions we expect thase who are to survey the paths and
guide the way in our social progress. The university therefore
has a right to our earnest support. At the present time the
boundaries of the natural sciences are rapidly widening, and I
hope the founder of your astronomical observatory may find.
emulators of his generosity who will furnish you with ample
means for the culture of all branches of science. Thus may
your University continue to act a noble part in the intellectual
development of our country.

THE STAR OF BETHLEHEM.

WM. W. PAYNE.

From recent notices in the newspapers public attention has
been called to the supposed re-appearance of a certain star, well
known to the Bible student, the “Star of the East,” or the
“Star of Bethlehem” as some writers have termed it. In some
of these accounts, the claim that this notable star has re-ap-
peared this year, is apparently so certain, that its place in the
heavens has been pointed out, and the time of day given when
it could be seen. In one instance it was urged that persons
should seek early opportunity to observe this morning star be-
cause it was fast receding from sight. Is it any wonder that
many people would take advantage of such advice whether cer-
tain of its truth or not, if they might possibly look on the face
of a star once divinely chosen to mark the time and place of
the birth of Jesus CHRIST in sacred history? Though it be
probably true, yet to such it will be disappointing to say that
the star referred to was undoubtedly the planet Venus as she
was recently nearing the Sun from the west.

Whether the real Star of Bethlehem has been seen at all or
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not, since its first memorable appearance it may be profitable to
consider briefly the studies of Christian scholars and astrono-
mers in modern time to know something of the evidence on
which their views are based.

What was it that the Magi in the East saw according to the
account given in the second chapter of Matthew? So far as
we know various prominent Biblical scholars in discussing this
question have supported one of-the following points:

1. It was a miraculous light appearing like a star.

2. A conjunction of the planets Jupiter and Satum first,
and finally of Jupiter and Mars.

3. A comet; and

4. A new or temporary star.

In regard to the first point the student of science can have
nothing to say as to its truth or falsity, because he knows noth-
ing about it by his methods of study. His opinions are his own
and he has a right to them, and if a seeker after truth he will

-express them with deference and becoming modesty, in view of
the opinions of Christian men, which are drawn from premises
that may be true, but wholly different in kind.

The other theories would naturally interest astronomers, and
they have given attention to them, certainly from the early
part of the present century.

In 1826 Professor IDELER, astronomer and linguist at the Ber-
lin University, advanced the idea that the star which the Magi .
saw was, in fact, a conjunction of the planets Jupiter and Sa-
turn, which, according to late views, was in the third year be-
fore the birth of CHrisT. His imperfect calculations at that
time put the two planets about one half degree apart,in nearest
approach, a distance equal approximately to the apparent diam-
eter of the Moon. To make the two planets appear as one star,
when so great a distance apart, IDELER ingeniously supposed that
the wise men were near-sighted. In 1831 the distinguished
ExckE repeated the calculations and found that there were three
conjunctions of the planets, Jupiter, Saturn and Mars in the

,'m
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year above named, May 29th, September 3rd and December 5th;
but that the distance between the two planets was about one
whole degree at each of the three conjunctions, so that the two
planets could not have been seen as one unless the Magi were
miraculously short-sighted, as wittily suggested by Professor
Procror in 1882.

It is easy to see how the conjunctions of these great planets
within a few years of the birth of CHrist, in the astronomical
sign of Pisces of the Zodiac should gain wide attention. The
teachings of astrology interpreted the conjunctions of these
planets as foreshadowing great national events, and the sign
Pisces was known to belong to the Jewish nation, hence a con-
junction — not only one but three —in Pisces was significant
of the birth of CHrist, the expected king. A trace of this
view is found in KEPLER's writings in which he expresses the
opinion that the conjunctions of the great planets coincides
with the approach of climaxes in human affairs, and names as
examples the birth of EnocH and the Deluge, the births of
Moses and Cyrus, and the births of Jesus Crrist, CHARLE-
MAGNE and LuTHER.

The correctness of the views held by ENcKE and others in re-
gard to the time and circumstances of these conjunctions, is, so
far as we know, one unquestioned by modern astronomers, in-
cluding so high an authority as the late Astronomer Royal of
England. Although these facts be true, does it follow that
these conjunctions could have been called properly a star, which
is plainly the meaning of Matthew’s account? Astronomers
think not, and have generally given up this hypothesis first ad-
vanced by one of their own number.

Respecting the theory that the star seen was a comet it need
only be said, that no evidence has been found to support such a
claim.

In the matter of new or temporary stars the records contain

‘something of interest. By a new or temporary star is meant
“one that suddenly flashes out where none has been noticed be-
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fore, and as suddenly dwindles away to a telescopic star, or dis-
appears altogether. Among others that have been spoken of
in connection with this theme we will notice only two: Tycro
BrABE's star and the star of Coma Berenices.

There is probably not another new or known variable star
that has so wonderful a record as that which bears the name of
TycHo BraHE. His own words best describe impressions at
first sight, as follows: ‘Raising my eyes as usual, during one
of my walks, to the well known vault of heaven, I observed
with indesecribable astonishment, near the zenith in Cassiopeia,
a radiant fixed star of a magnitude never before seen. In my
amazement I doubted the evidence of my senses. However, to
convince myself that it was no illusion, and to have the testi-
mony of others, I summoned my assistants from the laboratory
and inquired of them, and of all the country people that passed
by, if they also observed the star that had thus suddenly burst
forth.” Going on with the description Tycro BrAHE speaks of
its brightness as greater than that of Sirius, Vega or Jupiter.
For splendor it was only comparable to Venus when nearest to
the Karth, and was seen by some at noonday. After a few
weeks it began to decline and in sixteen months became invisi-
ble to the naked eye (the telescope being invented thirty-seven
years later).

In waning the star passed through changes of color, from
white to yellow and red and then to white again. These phe-
nomena interested TycHo BRAHE so much that he wrote alarge
book describing the appearance of the star as seen by himself
and others, and gave theories to account for those wonderful
changes. It has since been thought that this star appeared al-
80 in 945 and 1284. If it be a variable star with period of
about 814 years, it would makeé its time of appearance about
the beginning of Christian era and also its re-appearance proba-
ble, in some slight degree, in 1886. In consequence of this lat-
ter supposition astronomers in Europe have been watching its
place in Cassiopeia, which 1s now closely marked by a faint
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star, with special attention, for the last ten years.

In TycHo BrAHE's time it was claimed by one CArDANUS
that this was the star which the Magi saw.

The star of Coma Berenices is spoken of as appearing immedi-
ately preceeding the birth of CHRIsT and was so bright as to be
visible by day. HipparcHUS and ProLEMY speak of this star,
and IeNATIUS says that it * sparkled in brilliancy above all
stars.” Chinese records also mention a new, bright star at this
time; but none of these statements have we been able to verify
from the best authority. In Dr. Skiss’s view of the divine ori-
gin of the constellations, the theory of this last named tempo-
rary star is certainly very suggestive and possibly not too fan-
ciful to be true. So uncertain is all our knowledge of the Star
of Bethlehem from records within our reach at the present
time.—Chicago Advance.

RECENTLY DISCOVERED ASTEROIDS,

. PROFESSOR DANIEL KIRKWOOD.

The discoveries in the zone of asteroids since January 1, 1884,
are as follows:

Numbers 236 and 237, Honoria and Celestina, were discov-
ered by Dr. Parisa of Vienna; the former on the 26th of Ap-
ril and the latter on the 27th of June. They are of the 12th
or 13th magnitude. No 238, Hypatia was discovered on July 1
by Dr. KNorrg, of Berlin—the same astronomer who had
some years since detected the minor planets, Coronis and Oenone.
Adrastea, the next in order of discovery was discovered on the
18th of August by Herr Pavisa. It is of the thirteenth mag-
nitude. This discovery placed Dr. Parisa foremost in the list
of planet finders; being the forty-third which he had first de-
tected. No. 240, Vanadis, of the twelfth magnitude, was found
on August 27th, by M. BoreLLY, at Marseilles The next, Ger-
mania, was discovered on September 12th, by Dr. LuTrEg, at
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Dusseldorf. It is of the eleventh magnitude. Nos. 242,
Kriemhild, 243, Ida, and 244, were discovered by PaLisa, at Vi-
enna, on September 22nd, September 29th and October 14th, res-
pectively. The elements of No. 241, Germania, very closely
resemble those of No. 133, Cyrene. No. 244 has not yet been
named. Dr. PavLisa, desirous of raising funds to defray the ex-
pense of his expedition to observe the total eclipse of the sun
in August, 1886, will sell the right of naming this asteroid for
two hundred and fifty dollars.

The first minor planet of 1885, and the 245th of the cluster
was detected by M. BoreLLY on the 6th of March. It is of the
eleventh magnitude.

Hersilia, the 206th asteroid was discovered by Dr. C. H. F.
PeTERs, Oct. 13th, 1879. The observations then obtained were
not sufficient for the determination of its orbit, and the planet

" was not re-observed till December 14th, 1884. Its elements are
given below with those of the planets recently discovered.

ELEMENTS OF RECENT ASTEROIDS.

. Mean | Long. of Long. of |Incli-

Asteroid Dist. ‘Penod Eccen| Perihelion | Asc. Node ti

|

d. o . . o + «f o
206 Hersilia......... 2.752(1667.7 (0.045| 95 23 14 (146 1 55 | 3 46
© 236 Honoria......... 2.933/1835 0.219) 328 56 185 34 79
287 (Calestina........ 2.807(1719 0.102| 295 46 84 38 939
238 Hypatia......... 2.9111814.2 (0.090| 29 12 184 29 12 25
239 Adrastea......... 2.978/1873 0.228 26 1 181 34 6 14
2640 Vanadis......... 2.654/1579.2 [0.194| 52 52 115 20 27
241 Germania........ 3.047(1943.3 |0.089| 344 50 272 7 533
242 Kriemhild ....... 2.972/1871.3 8.257 134 31 208 16 12 53
243 lda............. 3.001(1878.4 10.303| 142 25 329 456 116
22% ................... 2.174/117077 (0.136] 13 57 208 33 249

U6 ... looo..... ..

BE;XABKS.

1. No. 244 is on the inper pdge of the zone; its mean dis-
tance being the least with the exception of Medusa.

2. The orbits of Hersilia, Hypatia and Germania are nearly
circular, and those of Ida and Vanadis are nearly coincident
with the plane of the equator.
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8. The number of asteroids discovered in consecutive peri-
ods of five years each is seen at one view in the following table:

Discovered previous to 1845 .. ................ 4 asteroids
From 1845 to 1849, inclusive................... 6 «
1850 to 1854, e, 23
1855 to 1859, i e e 24
1860 to 1864, e e, 25 ¢
1865 to 1869, e 27 ¢
1870 to 1874, B e e 32
1875 to 1879, e, 00 -
1880 to 1884, e 33
In 1885 ..t e i e 1
Whole number. ..« ooveieeeinn i ienaann 245

The maximum was reached in the five years from 1875 to
1879; a maximum which, when we consider the increasing dif-
ficulty of discovery, seems hardly likely to be surpassed.

THE SCHOOL OF PRACTICAL ASTRONOMY AT WILLETS
POINT --- NEW YORK HARBOR.

A very interesting report is published by General H. W. Ag-
BoT,of the Corps of Engineers, U. S. Army,on the astronomical
work which has been done during 1884 at the engineer post of
Willet's Point, New York Harbor. It is to this school of ap-
plication that young officers of engineers are sent to learn the
practical application of their studies at West Point. They are
taught the practice of military surveying, mining, torpedo ser-
vice, etc., and also the application of astronomy to military and
boundary surveys. Each year a general order is issued, giving
the results of the past year’s work in practical astronomy. -
The order for 1884 may be summarized as follows: .

Each officer makes a long series of determinations of the lo-
cal time, with various instruments, and in various ways. With
the portable transit, the time of transit is at first recorded by
an assistant, at the word given by the observer; next, the ob-
server records his own time by the relay beat of a chronometer
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every one second; next by the chronographic method, and lastly
by the beat of the chronometer itself (every 0.5 second). Be-
ginners use these methods in succession in the order named.

Personal equation is studied by means of Eastman’s machine
(see Wash. Ast. Obs., 1875).

The time determinations with the transit are given for each
day of observation, with the probable errors.

Time determinations by sextant observations are also given,
and by means of the (known) correction of the standard chron-
ometer the error of each observation and observer is determined.

We quote below the errors of the sextant clock corrections so
determined. (Usually ten altitudes of an east star and ten of
a west were employed:) 3s.0; 3.8; 2.0; 1.2; 6.5; 1.8; 1.9; 0.9;
0.7; 0.1; 0.9; 1.0,

Observations for latitude were made by the sextant and by
zenith telescopes. With the sextant the errors in seconds of
arc were as follows: 1=101 feet. 1".0; 4".3; 2".2; 7".4;1".7
1.75; 10" 4. ’

A table of the separate latitudes obtained by each observer,
with each instrument from each pair of stars(Safford’s Cata-
logue) is given in detail, and compared with the results of past
years.

The mean of all the observations for latitude made in 1884
is as follows, all pairs and observations having equal weight.
Zenith Telescope by Wurdemann (190 observations on 43
pairs) gives 40° 47’ 20".57. Zenith Telescope by Lingke (333
observations on 54 pairs) gives 40° 47’ 20”.92. Grand mean for
Observations of 1884, giving observations and instronments
equal weight is 40° 47’ 20".75. The results of previous years
are added for comparison. 1=101 feet.

Transferred from old observatory....... 40° 47" 21".70 £0.575
In 1880 (326 observations from 84 pairs)....... 21.59 + 0.082
1881 (591 “ “ 104 ¢ ). 21.47
1882 (235 “ “80 ¢ ).l 21.37
1883 (497 ¢ “O118 ).l 21.15

1884 (523 ‘“ 89 ¢ ).......20.75
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“The grand mean of 2,172 observations made at the new ob-
servatory during the past five years is 40° 47’ 21".23; but it
will be noticed that there has been a steady reduction in the
yearly means during this entire period, and that the less exact
determination at the old observatory indicates a change in the
same direction. "

Although the nature of the observations’and the small abso-
lute value of the quantity in question renders it quite possible to
attribute this solely to errors of observation, the fact is never-
theless an extremely interesting one in its relation to the varia-
bility of: terrestrial latitudes.

The observations of each observer for each pair of stars are
given by General ABBoT, and an analysis cf the results of the
separate years, arranging the results by pairs, by instruments
and by observers would probably show whether the very re-
markable diminution indicated in the table corresponds to areal
phonomenon or whether it is due to the chapter of accidents.
The separate observations are not remarkably precise, as they
are made by students for practice, but it would seem that their
great number would compensate for this in its effect on the
general mean.

Longitude was determined by lunar culminations and the er-
rors of each separate result compared with the known (tele-
graphic) longitude were: 7s.5; 86.6; 2.2; 15.1; 3.8; 10.4; 14.6;
5.5.

Longitudes by lunar distances were also determined with er-
rors as below: 18s.5; 12.9; 7.3; 6.7; 46.4; 39.7; 23.9; 11.7.

Auroral displays are regularly noted by the sentinels, and an
interesting table of the results since 1870 is given.

What has been given as an abstract of one year’s work in
only one department of this school of application for young
engineer officers is sufficient to show that we have at present no
better school of practical astronomy in America.

Epwarp S. HoLpEN.
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THE RED SPOT ON JUPITER.

PROFESSOR C. A. YOUNG.

The great red spot still remains visible; in position, size and
form it has hardly changed at all from what it was four years
ago, hut it has become so faint as to he seen only with difficulty
even in a large telescope; and recently a white cloud has ap-
peared upon it which threatens in a short time tojhide it com-
pletely. As seen at the Halsted observatory last week (March
23rd, 25th and 26th) with the 23-inch equatorial, the white
cloud was almost exactly concentric with the red spot, and of
the same form, leaving visible only a faint, narrow, reddish,
oval ring about 13" or 2" wide, to mark the outline of what a few
years ago was by far the most conspicuous feature of the plan-
et’s surface. The outline of the white cloudjis for the most
part very regular, and the red ring is of almost uniform width;
but at the western end of the spot there is a little projection of
the cloud, which almost cuts across the ring; and perhaps there
may be a very narrow canal connecting the cloud with the
white belt outside, which forms the background for the red spot
The cloud, in tint and brightness, so closely resembles the belt,
that if it were not for the reddish rim around it, it would be
quite invisible. On the 26th I was able to make out the red
spot and its overlying cloud with the 93-inch equatorial of the
student’s observatory, but do not think I shonld have detected
them if T had not seen them before with the larger instrument-

There are at present a number of peculiar and interesting
markings upon the planet, especially on the equatorial belt; one
dark spot in particular on the S. equatorial belt just under the
red spot, appeared almost as sharp and definite as a satellite
shadow in the smaller telescope.

On the 25th, about an’hour and a half hefore the red spot
reached the central meridian, there were visible on the south
poiar belt of the planet (Lat. 50° to 85°) nine brilliant white
spots, each about as large, and several of them as round and as



120 THE SIDEREAL MESSENGER.

well defined, as the discs of satellites. These bright spots were
seen again on April 1st, having preserved their configuration
sensibly unchanged during the intervening week. The seeing on
this occasion was not good enough to permit an entirely sat-
isfactory observation of the central meridian passage, and the
rotation time, deduced by a comparison of the observations of
March 23rd and April 1st, may therefore easily be erroneous by
3 or 4 tenths of a minute. It comes out 9b 55m 16¢ , which is
22 seconds less than that indicated by the red spot. The differ-
ence may or may not be significant. The equatorial white
spots, it will be remembered, rotate in 9t 50m 12¢ .

EDITORIAL NOTES.

The meeting for 1885 of the American Association for the Advance-
ment of Science will be held at Ann Arbor, Michigan, commencing
Wednesday, August 26th, and continuing probably one week. Though
Ann Arbor is not a large place, the fact that it accommodates nearly two
thousand persons belonging to the University of Michigan during the
greater part of the year, is proof that the place can afford ample facili-
ties for the large summer meeting of the American Association.

OBSERVATIONS OF THE SoLAR EcoLipse oF MaAkrcH 16TH AT PRINCETON.

The eclipse was observed here at two stations; at the Halsted Observ-
atory, and at the Observatory of Instruction, the former being about 2"
west and 2" south of the meridian circle in the latter. The observations
at the Halsted Observatory were made by myself with a grating spectro-
scope upon the 23-inch equatorial. I recorded the first contact at 234
50mn 33.7s, sidereal time, nsing the clock beats of the standard clock,
transmitted telegraphically from the other observatory. This corres-
ponds to 12k 11m 22.8s¢ by Eastern standard time. The observation was
made by noting ths occultation of the chromosphere by the limb of the
moon, the slightly open slit being set tangential at the predicted point
of contact. The seeing was bad, and the chromosphere was rather un-
usually thin at the point observed so that the moon’s limb did not be-
come visible more than two seconds before the contact, but notwith-
standing this, the observation was easy and satisfactory. I do not think
the error can exceed half a second; late. if anything.

At the working observatory Mr. McNEILL observed the contact in the
usual manner, using the 914-inch equatorial (with full aperture), a polar-
zing helioscope and negative eyepiece magnifying 220 times. He re-
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oorded contact on the chronograph at 23% 50m 34.2s sidereal, or 122 11m
13.3s Eastern standard time: he notes the observation as satisfactory.
The half-second of difference between his time and mine is more than
accounted for by the difference in the position of the two stations, which
would make the eclipse begin about one second earlier at the Halsted
Observatory than at the other. Several of our students also observed
the image of the sun made by a 9 inch reflector upon a suitable screen,
but in all cases their observations were obviously late, from a few seconds
to more than a minute. The last contact was lost at both stations by
clouds.

During the eclipse, as long as the sky was reasonably clear, I studied
carefully the B line and other atmospheric lines, putting the slit into all
possible positions with reference to the AMoon’s limb, and using a great
variety of dispersive and magnifying powers. My results did not cor-
roborate at all those reported by some of the French observers in 1882:
I could not find the slightest trace of any lunar atmosphere. '

At the other observatory Mr. McNEILL made similar observations, and
with similar results, except that he records an impression that at one
or two places on the Moon’s limb there might have been a little broaden-
ing and fraying out of some of the components. of the B group — noth-
ing certain. But the state of the sky was such that our spectroscopic
results caunot claim any great weight. C. A. Youne.

PrINCETON, N. J., March 1885, ’

Under date of April 1, Prof. Youna further says: “I find that Mr.
McNErLL would put his impression of the thickening of the B lines at
the Moon’s limb a little more strongly than I gave it. He is not confident
about it, but his suspicion was a very strong one, he says.” '

Notes on the Occultation of the Sun,as seen at Hillsdale College, March 16,
1885. By ProFessor A. E. HayNEs.

.

The sky at this place was cloudless and the atmosphere was very clear
and steady. The view as a consequence was surpassingly fine.

Three interesting points were noted during the time I was using the
telescope. First, that the Moon's limb or edge where the sunlight passed
it, seemed to be slightly serrated, or notched, thus showing that the
Moon’s surface is not regular or smooth. Second, that the light of the
sun which passed the Moon’s limb, did not appear to lose any of its in-
tensity; in other words, the part of the sun visible appeared uniformly.
and equally bright, except where sun spots were seen, up to the very
edge of the Moon’s outline, as it appeared projected upon the Sun’s face;
thus suggesting that the moon has no atmosphere, or perhaps more cor-

~
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rectly that it has no atmosphere which obstructs the light. Third, that
the central part or umbraas it is called, of a large sun spot appeared nearly
as dark as the face of the Moon. This was the most interesting observa-
tion of the three. .

In the early morning I had been watching a large group of sun spots,
and two other spots widely separated from this group, forming an irreg-
ular line of these spots, apparently. extendmg across nearly a quarter of
the Sun’s disc.

One spot in this group, the largest, and lower one as it appeared in the
inverting telescope, was of no little size and appeared very dark.

Sun’s Appearance 9h. Om. A. M. Sun’s Appearance 12h. 49m. P. M.

Later in the day, after the time of the eclipse had partially passed, this
group of spots was hidden from view by the Moon's passing before it
and my line of vision. After a short time, however, by patiently watch-
ing, I had the rare pleasure, a8 the Moon changed her position, of seeing
this large spot lying apparently close to the Moon’s limb, thus furnishing
an admirable opportunity of comparing the relative brightness of her
sable features and that of the spot on the radiant face of the Sun.

The last contact took place at Hillsdale (Liong. 84° 3814 ', Lat. 41° 55} ')
at1:39 p. m., Central Standard or 90th meridian time.

Above are given copies of diagrams made at time of occultation, March
16, 1885.

The address of Professor HaLy, the leader of this number, was given at
the opening of the Leander McCormick Observatory of the University
of Virginia, one of the largest and most important gatherings in the
interest of astronomy held in the United States in recent times. This
great observatory, with a refracting telescope equal in size to the Wash-
ington instrument, has been erected under the supervision of Professor
ORMOND STONE, Director during the last two years. Some of the noted
gentlemen present at the opening exercises were ag follows: -
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Prof. Asaph Hall, of the United States Naval Observatory; Prof.
Simon Newcomb, of the Johns Hopkins University; Prof. G. W. Hill;
Prof. H. A. Newton, of Yale College; Dr. Elkin, of the Yale Observatory;
‘W. Roane Ruffin, rector of the University of Virginia; Hon. B. John-
son Barbour, R. G* H. Keane, formerly rectors of the University of Vir-
ginia; Charles M. Fry, president of the Bank of New York, George
W. Byrd, New York, and Charles M. Blackford, president of the
Society of Alumni.

Letters were received from Gov. Stevenson, of Kentucky; Hon. A. H-
H. Stuart, Hon. Willis P. Bocock, of Alabama; W. W. Corcorau, of
‘Washington; Prof. Young, of Princeton Observatory; Prof. Hilgard, of
United States coast survey, and Prof. Holden, of Wisconsin University
Observatory, and other friends.

Observations of the First Contact of the Partial Solar Eclipse of March
15-16, 1885, Made at the U. S. Naval Observatory, Washington.

(Communicated by Rear Admiral 8. R. Franklin, U. 8. Navy. Superintendent.)
=5 g
g
Sk
March 15.

h.m., 3. Observation fair, perhaps one or two seconds late. The instrument was
23 57 6.9| H. the 28-inch equato with aperture reduced to 4 inches and power

Remarks.

Washing-

Time.
Observer.

28 57 4.7 F. |Observed with 9.6-inch equatorial, with aperture reduced te 4 inches
and power 80. Observation satisfacto!

28 57 7. | P. |Aperture5 inches,magnifying power about 90. Donot think I could have
plgserved it one second earherp:lth thestate of the atmosphere as it was.

No observations of the last contact could be made on account of
clouds.

- The observers are Prof. A. HALy, Prof. E. FRrisBy, and Asgistant As-
tronomer H. M. Pavr.

The difference of right ascension of the second limbs of the Moon and
Sun was observed by Lieut C. G. Bowman, on 11 wires of the East Tran-
sit Instrument, and by Assistant Astronomer W. C. WINLOCK, on 9 wires
of the Transit Circle. The Moon’s limb was faint at times, owing to fly-
ing clouds. The Sun's limb was but moderately steady.

RESULTS.
B., Diff. 1m. 56.49s. + .028s.
w., 1m. 56.25s. + .081s.
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Ninety-nine photographs of the various stages of the eclipse were taken
with the photo-heliographic apparatus of the Transit of Venus Commis-
sion, by a party consisting of Commander Browx, Ensigns TayrLor and
WINTERHALTER, and Mr. W. F. GARDNER, the instrament maker of the

Observatory. The exposures were made by Ensign WINTERHALTER.

The MEssENGER is favored by the following astronomical notes from E.
E. BArNARD, Vanderbilt University, Nashville, Tenn.:

Jupiter’s Satellite 1V. On the night of February 27th I witnessed a
black transit of Jupiter’s fourth satellite; at the same time the shadow was
in transit following it. The satellite was as black as its shadow, and only
about one-half as large. The satellite retained its dark cast up to the
moment of the beginning of its egress. After emergence it was inferior
to the other moons in luster, when a high magnifying power (200) was
used; but when a power of 60 diameters was applied, it appeared with
the same as I.and IL, and was fully as bright as the brightest part of
the planet. The only thing remarkable about IV. after it left the planet
was, that it seemed to fade more when high powers were applied than
the other moons, its light appearing more feeble with the increase of
power than that of either I. or 1I. The IIL. satellite was large and
bright.

“@egenschine.” March 19th at midnight; pretty large, hazy, “Gegen-
schine” visible 3° northwest of Gamma Virginis.

Aurora Borealis. An Aurora was visible on the night of March 15th,
from 6%. 50m. to about 7h. 30m. At 6k. 50m. (90th meridian time) stream-
ers were ascending fifteen degrees to east of north; these died out in a
few minutes, leaving a large pinkish cloud at an altitude of some ten
degrees which remained visible some time. After the cessation of the
streamers to the east of north, similar streamers appeared at almost the
game distance west of north, and remained visible for a few minutes;
presently these died out, leaving a pinkish mass of smoke similar to that
observed in the north-east, and after a time vanishing in about the same
way. During the entire night there was more or less auroral light in
the north horizon.

Nebule, New and Old—In the SIDEREAL MESSENGER, No. 32, I gave
approximate pluces of two new nebulze. The following are more accu-
rate places of the objects: First nebula,

R. A. 3h 14m 0Os.
} 1885.0
Decl. —19° 30’ 43"
Second nebula.
R. A. 3h 14m 5436
;1885.0
Decl. —26° 28' 43"

General Catalogue, No. 689.—This nebula, as noticed by me in MESSEN-
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GER, No. 32, is erroneously located in Herschel’'s General Catalogue.
Taking the mean of several approximate positions of this object, I
get for its place,

R.A. 3 14m  30s
v 1885.0
Decl. —19° 50'.8
The place given in G. C. for same epoch is
R. A, 3k 14m  30s
Decl. —20° 49’ 37"

Hence the position in G. C. is too far south by about one degree.

New Nebula.—On February 11th, I found with five inch refractor, a

- faint nebula in
R. A. 9% 12m

Decl.  —21° 52’ 0"

This nebula lies close between an 8.8 magnitude and a 9 magnitude
star with a 10 magnitude star involved following.

Note on G. C. 1409. Herschel gives the place and description of this
object for epoch 1860.0 thus: “AR=6% 19m 57s.6 ;N. P, D.=99°34' 30".9.
CL;P;ICM : st,12..15.” Almost in this spot on March 9th,I found a very
small and very difficult nebula close north of a 10 magnitude star, be-
tween it and a 11 magnitudestar. I tried it with six inch equatorial,
and could only make out a small indefinite nebulosity, quite hard to see
on account of the two stars.” I find nothing near this spot that will an-
swer the description in G. C. There is something wrong here.

E. E. BARNARD.

} 1885.0

A LrGAL STANDARD oF TIME FOR WISCONSIN.

On the recommendation of the R. R. Commissioner of the State, the
following bill has been passed by the Legislature of Wisconsin:

“The legal standard of time within the State of Wisconsin shall be the
mean solar time of the 90th meridian west from Greenwich, now com-
monly known as ‘Central Time.””

Although there are sound reasons which could have been brought for-
ward ageinst the new railway time (which so far as I know were not
brought forward) before its universal adoption, there seems to be no ques-
tion but that the practical standard of time in Wisconsin is Central
Time, and that it will remain so. As there are many advantages in hav-
ing the practical standard of time also a legal standard, this bill has re- -
ceived the support of the Washburn Observatory.

E. S. HoLDEN.
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Observations of the Solar Eclipse of March 16, 1885, at the John F. Willis-
ton Observatory, South Hadley, Mass., by Misses E. M. BARDWELL and 1.
G. MAcK, Teachers of Mathematics and Astronomy tn Mt. Holyoke Sem-

tnary.

(Communicated by Prof. C. A. Young.)

The geographical position of the Observatory is, Lat. 42° 15’ 18.2"
Lon. 18m. 05.0s. E. from Washington. The observations were made with
the 8-inch equatorial (full aperture), and an ordinary diagonal solar eye-
piece; power not rated, but probably about 100. The clock error was
determined by Transit-instrument observations on the 13th, 14th and
17th. Flying clouds and haze were more or less troublesome during the
whole time of the eclipse, but satisfactory observations of both the con-
tacts were obtained by Miss BARDWELL.

The first contact was noted at Ok. 26m. 31.0s. local mean time; or Ok,
16m. 88.2s. standard time. The second at 3k. 03m. 59.7s. local mean
time; or 2A. 54m. 06.95. standard time,

During the eclipse the spectrum of the Moon’s limb was carefully ex-
amined with a spectroscope having a grating of 8640 lines to the inch.
Nothing decisive was noted, though both observers at times thought that
certain lines between 74 and 76 of K1rcHOFF’s scale were perhaps a little
thickened and strengthened just at the edge of the Moon. Another set of
lines between b and F seemed also to behave in the same way; but in
neither case did the impression amount to anything like a certainty.

Subscriptions and orders ‘received for the MESSENGER not previously
acknowledged are as follows:

Charles P. Howard, Hartford, Conn. St. Mary’s Hall, Faribault, Minn.
Dr. T. D. Simonton, St. Paul, Minn. George H. Peters, Chicago, Ill.
Professor T. C. George, University of the Pacific, San Jose, Cal. Professor
H.B. Perkins, Appleton, Wis. The E. Howard Clock and Watch Co.,
Boston, Mass. O. P. Haines (Vols. III and IV), Baltimore, Maryland.
Professor George Davidson, San Francisco, California. Library of the
University of Minnesota, Minneapolis, Minn. J. B. Cummings, New
Wilmington, Indiana. Professor J. R. French, University, Syracuse,
N.Y. J. W. Rall, 118 and 120 Olive Street, St. Louis, Mo. Sec’y H. E.
Mautthews, James Lick Trust, 120 Sutter St., San Francisco, Cal. Messrs
Henry Stevens & Son, 115, St. Martin’s Lane, London, W. C., England.
(Vols. I, II, ITIT, IV.) Professor C. 8. Hustings, Yale College, New Haven
Conn. Professor A. E. Engstrom, Cannon Falls, Minn. Capt. C. A. Cur-
tis, Shattuck School, Faribault, Minn. Rev. H. Robinson, Leadville,
Colorado. Cleveland Keith, Nautical Almanac Office, Washington, D.
C. Rev. James McGolrick, Minneapolis, Minn. Garrett P. Serviss, Of-
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fice of the Sun, New York City. F. E. Seagrave, Seagrave Observatory,
Providence, R. I. Professor J. M. Van Vleck, Wesleyan University, Mid-
dletown, Conn. Jacob Ennis, 216 Congress St., Houston, Texas. Robert D.
Schimpff, Scranton, Pa. Eugene A. Scott, Iowa Hill, California. Jacob
Rice (Vols. IIT and IV) Sulphur Springs, Ohio. Geo. W. Hewitt, Phila-
delphia, Pa. Rev.J. H. Nason, Fairmont, Minn. Public Library, Boyl-
ston St. Boston, Mass, Library Amherst College, Amherst, Mass.
Professor George W. Coakley, Hampstead, Long Island, N. Y. Rev.
Archibald Brown, Presbyterian Church, Dublin Shore P. O., Lunanburg
Co., Nova Scotia. Edgar L. Larkin, Observatory, New Windsor, Ills
A. Krueger, Editor Astronomische. Nachrichten, Kiel, Germany. (Vols.
1, 2, 3, Bound.) George M. Pbillips, Northfield, Minn. (Vols. 3 and 4),
Professor D. F. Higgins, Wolfville, Kings Co., N. 8. Thomas Bassnett,
Jacksonville, Florida.

BOOK NOTICES. N

Elements of Analytical Geometry, by SiMoN NEwcoMB, Professor of Math-
ematios in Johns Hopkins} University. Messrs. Henry HoLt &
CoMPANY, Publishers, New York, 1885,fpp. 356, price, $1.50

This book begins with the fundamental concepts of algebra and geom-
etry which are stated and applied, in the first twelve pages, in a way to
test the student’s ability to undertake analytical geometry profitably.

The body of the text corresponds closely to the usual college course in
plane analytical geometry, with some noticeable additions, Under the

Straight Line is found a section devoted to the use of abreviated nota-

tion, which is both easy and elegant. The subject of Synthetic Geome-

try of the Circle is added in its proper place, besides other topics of sim-
ilar interest. Part ILis devoted to Geometry of three dimensions, and

Part I1I gives a full introduction to Modern Geometry. This book is

clear and concise in statement of principles, and in kind and variety of

exercises, is unusually and happily strong. However, in its applications
we notice with regret that its distinguished author has omitted altogeth-
er the use of the infinitesimal analysis. When a student knows the re-
lations between equations and loci, and can pass from one to the other
with facility, the elements of the Calculus render invaluable service in
carrying form and analytical investigation, and in deducing in another
way many of the most common laws pertaining to planeloci. The writer
is convinced, from experience as a teacher, that the larger use of the
infinitesimal analysis gives more direot and satisfactory results in devel-
oping and applying the principles of the higher mathematics than are ob-
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tained by methods more commonly used. Aund with reason, because the
infinitesimal analysis is not at all inherently difficult, and if this be so,
why should not its use be early introduced in college study and students
be taught to think in, and work with one of the most common, refined
and powerful instraments known to modern m athematical research.

Le Contes’ Compend of Geology. D. AppLETON & CoO., PUBLISHERS.

A copy of this work having come into my possession through the cour-
tesy of the Chicago Agent of the publishers has been reviewed with
pleasure.

Not long since at a meeting of the American Association for the Ad-
vancement of Science some very sharp criticisms were passed upon
American Scientific works, the implication being that we had no books
that were up with the times.

" Such books as this of Professor Le CONTES’, are the best answers to
such oriticisms. In the matter of text buoks for general students we be-

lieve that America is not only more bountifully, but better provided
than the rest of the world.

There have been admirable books npon geology before this one, but to
the instructor, looking for a work which should contain the material for
instruction in a college class, which could give but a single term to geol-
ogy, and yet desired a full view of the subject, there were moments of
despair.

The great difficulty has been that either the books were overloaded
with detail, or else presented the subject in such general outline as to be
unsatisfactory. It would be extravagant to say that Professor Le CoNTE
has prolaced a perfect book. It is however fair to say that for such
class work as indicated it is the only thing we have which meets the re-
quirements.

The completeness with which geological agencies are treated is espe-
cially noteworthy. Nothing so furnishes the student to grapple with
the detail of Historical Geclogy as a thorough preseuntation of the agen-
cies which are and have beeu concerned.

The manner of presentation has in it that elusive quality which we all
call style. The book is good reading aside from its acouracy and scien-
tific value. The illustrations are abundant and typical and for the most
part free from that crowding of many figures upon one plate, which is so
confusing to the student.

On the whole instructors in geolcgy are to be congratulated upon hav-
ing such a compend to place in the hands of their classes.

L. W.C.Jr.
Carleton College, May, 1885.




TheSidereal Messenger

- CONDUCTED BY WM. W. PAYNE,
Director of Carleton College Observatory, Northfield, Minnesota.

“In the present small treatise I set forth some matters of interest tp
all observers of natural phenomena to look at and counsider.”—GaLILEO,
Sidereus Nuncius, 1610. :

Vor. 4. No. 5. JULY, 1885. Waore No. 35.

Tne Change of Latitude in the Observations Made at Willet's
Point, New York, by ALicE MaxwEgLL LauMB, student in the
Washburn Observatory.

In the SinEREAL MESSENGER for May, 1885, page 117, the re-
sults of observations for the latitude of Willet's Point, N. Y.
are given, extracted from the printed orders of the Post.

The results for the various years are —

Transferred from old observatory......... Lat. 40° 47" 21".70
In 1880 (326 observations on 84 pairs)..... Lat. 40° 47’ 21."59
In 1881 (591 observations on 104 pairs)...Lat. 40° 47" 21."47
In 1882 (235 observations on 60 pairs)....Lat. 40° 47" 21."37
In 1883 (497 observations on 118 pairs). . ..Lat. 40° 47" 21."15
In 1884 (523 observations on 89 puirs)..... Lat. 40° 47’ 20."75

On these striking results General ABBoT remarks:

“The grand mean of 2,172 observations made at the new ob-
servatory during the past five yearsis: Latitude 40° 47’ 21."283;
but it will be noticed that there has been a steady reduction in
the yearly means during this entire period, and that the less
exact determination at the old observatory indicates a change in
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the same direction. Although the nature of the observations
and the small absolute value of the quantity in question, render
it quite possible to attribute this solely to errors of observation,
the fact is nevertheless suggestive, in view of the favorable re-
port of Messrs. VILLARCEAN, VON BAkHUYZEN, CUTTS, ScHIAPA-
RELLI and CHRISTIE, upon the proposition of Professor FEraoLa
(October 16, 1883) to investigate a possible movement of the
axis of the earth in its interior, which would cause such a
change in latitudes. This report was presented to the Interna-
tional Geodesic Association at its seventh general conference,
“held at Rome, in October, 1883; and one of the stations pro-
posed for testing the matter was New York City.”

At the suggestion of Professor HoLDEN, I have extracted the
separate results from the various annual printed results, which
were kindly furnished by General ABBor and arranged them as
follows: In the first place all observations with the * Russian
Transit " were rejected as this instrument gives poorer results
than the Wurdemann and Lingke zenith telescopes. General
ABBoT says of it in the printed orders. ‘*The instrument is
not so well adapted to reversals and has other defects 'as a
zenith telescope;” and *its precision falls decidedly below that
of the Wurdemann pattern.”

Secondly, I have retained only those pairs of stars combined
thus AA and AA, AA and A, AA and B,A and A or A and B. (The
nomenclature is Safford’s, and the places are without exception
from his last catalogue and therefore good.)

Thirdly, I have rejected the observations of T. A. B. in 1880
and of G. D. F. in 1884, on the evidence of the observations
themselves. Their probable errors are in each case about twice
as large as those retained.

Fourthly, I have arranged the observations of all well deter-
. mined pairs taken with the Wurdermann instrument, by pairs,
and by years. Table I gives the results and 1884 is the only
year which stands out from the general mean.

Rejecting 1884, the observations of the years 1880, 1881
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1882, 1883 are in fair agreement. In 1884 the results 17."75
is probably the result of some large error, very possibly an error
of 10" in the reduction, and the last result 20" depends only
upon one observation.

Fifthly, I have arranged all the observations of well deter-
mined pairs made with the Lingke Instrument, which was only
used in 1881, 1883 and 1884 in Table II. Here I have not
given the separate pairs to avoid complicating the table, but
the meaning of the horizontal lines is clear.

The various mean results are in good agreement.

Sixthly, I have given in Table I1I the separate results of all -
observations of well determined stars with both the good iustru-
ments arranged by years and observers, including however only
those observers who have worked in two consecutive years.
This restriction excludes all of the discordant results of the
‘Wurdemann instrument, 1884, and it is a fact worthy of re-
mark that all the observers with this instrument in 1884 were
observing for their first year. The results of this table are in
fair agreement except perhaps that of 1883.

It would seem that the method of grouping employed in
each table is a fair one. If the observations used in each table
had been the only ones made, it is tolerably certain that the
discordances would have been attributed simply to large acci-
dental errors, which certainly exist. Taking all three tables
together there is perhaps strong reason to attribute the system-
atic change of latitude to such errors alone, as General ABpoT
himself suggests.

It wouldseem to be desirable to observe the same pairs with
both instruments and to have each observer work in two (or
more) consecutive years with the same instrument. Andif the
Russian Transit could be used in the prime-vertical a valuable
check would be afforded.

‘W ASHBURN OBSERVATORY,
UNIVERSITY OF WISCONSIN, MADISON.
TABLE I

Summary of all the observations of well determined stars, with
the Wurdemamn instrument, by all observers (excluding T.
A. B., 1880) in the years 1880, "81, 82, '83, '84.



WURDEMANN INSTRUMENT.

Star pair 1880 1881 | 1882 1883 1881
12134 91.27 (4 | 21.766) | 22.60(5) | 22.38 6) 19.81 (6]
.27 (4) . .60 (5) . .
1335 B % ‘ © ¢ 38 ( _
1342 A ' .
f 20.76 (5] | 22.26[7] | 20.70{7] | 20.478] | 20.31 [6]
1351 B
WAL 22.09 [1] 2] | 21.94[6) | 20.62([7] | 20.59 (5]
. 20.51 . . .
14064 § 2] 1.94 [
1416 B
} 22.85[2] | 21.64[2] | 21.56[2] | 22.29 (8] | 17.75 4]
1431 A
1498 4 21.25 [ 1.57(3) | 21.66([8] | 21.16(5] | 20.00(1]
.25[2] | 21.57[3; . . .
1499 A (] (3] (8]
l‘f,:"i‘;h‘t’g’ 21°.37 [14]) 217.77[20]] 21.°64 28] 21.37 [34]19".76(22]

Grand mean by wts, of all the above results= 21".29

Residuals | +0.08 | +0".48 | 40".35 | +0".08 | —1".53

Grand mean by wts. rejecting1884=................. 21".53

Residuals | —0.16 |4+0.2¢ | +0.11 [ —0.16 |........
TABLE II.

Summary of all the observations of well. det ermined stars with
the Lqingke instrument, by all observers (excluding G. D. F.
in 1884) in the years 1881, 1883, 1884.

LINGKE INSTRUMENT.

1881 1883 1884
Employing
. } 21".381[25] 21".21[23] l....i.eeilll S
same pairs
Employing ).
. } .................. 21.33[48] 20.99 [65]
same pairs
Employin
& } 21.31[25] 21.29[71] 20.99 [65]
all pairs .
Grand mean (by wts)=........... 21".17
Residuals | 4014 |  +o0m.12 | —o0.18

No pairs common to all three years, 1881, 1883, 1884,
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TABLE III.
Summary of all the observations of well determined stars by both
the Wurdemann and Lingke Instruments and by all obsere-
ers who observed in two consecutive years (excluding T. A.
B. and G. D. F.) for the years 1880, 1881, 1882, 1883, 1884.
OBSERVERS WITH WURDEMANN AND LINGKE INSTRUMENTS,

Observers 1880 1881 1882 1883 1884
F.V.A 21'.24»%9 21700 [47) .o e
G.J.F. | 21.06 PARS YE T 5] I P BN P,
C.McD.T.| 21.49 (11 21.59[26] |.cevveeenne)oeneiiiiiiennnnnats
T.L. C. 99(24]) | 21.36[34] [.....oiii]iiiiiiei i,
J.B ] (21", 36&24] ...........
H.F. H. 21 44031]) {oeenenannnn
J.G. W. 20.45(38] |......c....
E. B. 20.87 |31] (197.72 [6
0.T.C. 20.90 [28] (20.13 [14
E.T 8. 18.24 [33] [21.80 [16
L.H.B. |.... et eeieaq.- 19.16 [28] (20.86 [23]
Mean

‘l')& 2 21.43 (87) 21.23 (142)| 21.04 (84) [20.21 (208)[20.79 (61)

Grand mean (by wts)=....... 20,791 ;
Residuals | 4052 | 40 .32 |40.13 [-0.70 |-0 .12

Photometric Measurements at the Harvard College Observalory
of the Faintest Stars in the Charts Constructed by P4LIsA.

These measurements were made at the request of Professor
E. S. HoupeN, Director of the Washburn Observatory, Madi-
son, Wisconsin, for the purpose of furnishing additional in-
formation with regard to the distribution of the stars in space.
In such inquiries, the results obtained by different telescopes
must be compared together, and hence the magnitude of the
«faintest stars visible in a given telescope must be determined by
some other means than estimates made upon an arbitrary scale.
The chart employed as the basis of the investigation here
described was kindly furnished by Dr. J. Pavisa. It represents
all stars within its limits visible at Pola with a telescope, the
aperture of which was 6 French inches (16.24 cm.), the mag-
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nifying power being 56. This chart was compared with the
sky by means of the large equatorial telescope at the Harvard
College Observatory, and three groups of stars were selected as
- examples of the faintest objects visible at Pola. This selection
was referred to Professor HoLpEN for his approval, after receiving
which, the selected stars were compared with Epsilon Hydre
by means of the instrument described in Volume XI of the
Annals of the Harvard College Observatory under the name of
Photometer I. The resulting magnitudes depend upon that of
Epsilon Hydre as determined by the meridian photometer. The
‘difference of magnitude determined by Photometer I may here-
after require corrections derived from other investigations now
in progress with the same instrument, but these corrections will
probably be small.

Table I contains the results of the separate observations.
The stars are designated in the first two columns by the num-
~ ber of the group containing them and by letters of the alpha-
bet. The next two columns give approximate right ascensions
and declinations, depending only on the chart, and serving to
identify the stars. The next cblumn gives the magnitude of
each star as estimated, after adjustment of the scale of the es-
timates to that of the photometer. Two of these estimates
placed in brackets are not adjusted. They relate to compara-
tively bright stars, inserted in the list only as guides in finding
the others. The next column gives the number of observa-
tions, each observation consisting of three comparisons. The
date of the observations were April 16 and 17, 1885. The ob-
server was Professor SEARLE, who had previously selected the
groups to be measured. When one observation only occurs it
was made on April 17. The stars which were not measured
are retained in the list merely to facilitate the identification of
the others. The number of observations is followed by the
‘mean result for magnitude. The next column gives the resid-
uals from this mean of the separate observations, when the star
was twice observed. Accordingly, in the case of the first star,
the two results appear from this column to have been 13.7 and
18.5. The last column indicates the stars not represented on
the chart, or not measured.
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TABLE 1.

Group Desig. R.A.1855 Decl..1855 Est. No.Obs. Result Resid. Remarks.

. a 8h 40m 50s +7° 80'.7 140 2 186 0.1,+—0.1
] 40 56 81.8 140 2 14.1 +0.1,—0.1
c 40 58 30.8 13.8 2 13.8 +0.1,—0.2
] 40 51 82.8 14.1 2 14.4 0.0,+0.1
e 40 59 80.5 141 2 144 +0.1,—0.2 Not on chart.
f 40 58 31.8 152 1 15.7 viteee..t.. Not on chart.
II. a 43 38 25.4 [9.5] ceee e Not measured.
b 43 28 26.5 14.0 2 13.7 —0.1,+0.1
¢ 43 32 1.7 13.8 2 13.8 —0.8,+0.2
d 43 40 21.5 14.7 2 15,0 —0.2,+0.1 Not on chart,
e 43 41 21.5 14.7 .. PN Not on chart.
S 43 52 24.5 14.2 2 14.3 —0.3,40.3
g 4 5 24.5 13.8 2 14.0 0.0,+0.1
hk 4 10 23.0 14.0 2 13.8 —0.2,+0.8
i 43 2 21.0 15.0 1 15.0 vereseenn..  Not on chart,
111 a 45 18 15.0 [9.5] s Not measured
b %5 2 14.0 14.5 2 141 0.0, 0.0
c 45 12 15.8 14.2 2 14.1 0.0, 0.0
a 45 18 18.0 14.0 2 M40 0.1, 0.0
e 45 12 15.1 14.8 1 147 ...l ... Not on chart
S 45 1 15.0 150 .. .. el Not on chart

Table II gives a summary of the results contained in Table L.
The first column contains the number of the group, and the
second the number of stars in the gronp which were represented
on the chart and measured with the photometer. The next two
columns give the mean results for each group on the two days
of observation, and the last column gives the general mean.
At the foot of these columns are given the corresponding re-
sults for the stars from all three groups taken together.

TABLE II.
Results for Magnitude.
Group. No. of Stars. April 16, April 17, .
I 4 14.0 13.9 14.0
I 5 13.7 14.1 13.9
III X 3 14.0 4.1 14.0
All 12 T 18.9 14.0 14.0

The magnitude of the faintest stars visible with the telescope
used at Pola appears, accordingly, to be approximately 14 upon
the photometric scale. The accordance of the photometric re-
sults indicates a probable error of .14 for a single observation.
The average difierence between the adjusted estimates and the
measurements is .20.

~



136° THE SIDEREAL MESSENGER.

ON THE SOLAR CORONA.*

BY DR. WILLIAM HUGGINS.

If it were usual to prefix a motto to these evening discourses,
I might have selected such words as * Seeing the Invisible,” for
I have to describe a method of investigation by which what is
usually unseeable may become revealed. We live at the bottom
of a deep ocean of air, and therefore every object outside the
earth can be seen by us only as it looks when viewed through
this great depth of air. Professor LANGLEY hasshown recently
that the air mars, colors, distorts, and therefore misleads and
cheats us to an extent much greater than was supposed. Lana-
LEY considers that the light and heat absorbed and scattered by

the air and the particles of matter floating in it amount to no

less than 40 per cent. of the light falling upon it. In conse-
quence of this want of transparency and of the presence of
finely divided matter always more or less suspended in it, the
air, when the sun shines upon it, becomes itself a source of
light. This illuminated erial ocean necessarily conceals from
from us by overpowering them any sources of light less bril-
liant than itself which are in the heavens beyond. From this
cause the stars are invisible at midday. This illuminated air
ulso coneeals from us certain surroundings and appendages of
the sun, which become visible on the very rare occasions when

the moon coming hetween us and the sun cuts off the sun’s light

from the air where the eclipse is total, and so allows the ob-
server to see the surroundings of the sun through the cone of
unilluminated air which is in shadow. It is only when the
eerial curtain of light is thus withdrawn that we can become
spectators of what is taking place on the stage beyond. The
magnificent scene never lasts more than a few minutes, for the
moon passes and the curtain of light is again before us. On
an average, once in two years this curtain of light is lifted for

+A lecturedelivered recently before the Royal Institution of Great Britain.




ON THE SOLAR CORONA. 137

from three to six minutes. I need not say how difficult it is
from these glimpses at long intervals even to guess at the plot
of the drama which is being played out about the sun.

The purpose of this discourse is to describe a  method by
which it is possible to overcome the barrier presented to our
view by the bright screen of air, and so watch from day. to day
the changing scenes taking place behind it in the sun's sur-
roundings.

The object of our quest is to be found in the glory of radiant
beams and bright streamers intersected by darker rifts which
appears about the sun at a total solar eclipse. The corona pos-
sesses a structure of great complexity, which is the more puz-
zling in its intricate arrangement, because though we seem to
have a flat surface before us, it exists really in three dimen-
sions. If we were dwellers in Flatland and the corona were a
sort of glorified catherine-wheel, the task of interpretation
would seem less difficult. But as we are looking at an object
having thickness as well as extension, the forms seen in the
corona must appear to us more or less modified by the effect of
perspective. This consideration tells us also that the intrinsic
brightness of the corona towards the sun’s limb is much less
than its apparent brightness as seen by us, of which no incon-
siderable-part must be due to the greater extent of corona in
the line of sight as the sun is approached. The corona under-
goes great and probably continual change, as the same coronal
forms are not present at different eclipses.

The attempts which have been made from time to time to see
the corona without an eclipse have been based mainly upon the
hope that if the eye were protected from the intense direct
light of the sun, and from all light other than that from the
sky immediately about the sun, then the eye might become suf-
ficently sensitive to perceive the corona. These attempts have
failed because it was not possible to place the artificial screen
where the moon comes, outside our atmosphere, and so keep in
shadow the part of the air through which the observer looks.

r
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The latest attempts have been made by Professor LaNGLEY at
Mount Whitney, and Dr. CoPELAND, assistant to Lord Craw-
FORD, on the Andes. Professor LANGLEY says, “I have tried
visual methods under the most favorable circumstances, but
with entire non-success.” Dr. CopELAND observed at Puno, at
a height of 12,040 feet. He says: ‘It ought to be mentioned
that the appearances produced by the illuminated atmosphere
were often of the most tantalizing description, giving again
and again the impression that my efforts were about to be
crowned with success. ”

There are occasions on which the existence of the brighter
part of the corona near the sun’s limb can be detected without
an eclipse. The brightness of the sky near the sun’s limb is
due to two distinet factors, the air glare and the corona behind
it, which M. JANSSEN considers to be brighter than the full
moon. When Venus comes between us and the sun it is obvi-
ous that the planet as it approaches the sun, comes in before
the corona, and shuts off the light which is due to it. To the
observer the sky at the place where the planet is appears darker
than the adjoining parts, that is to say, the withdrawal of the
coronal light from behind has made a sensible diminution in
the brightness of the sky. It follows that the part of the sky
behind which the corona is situated must be brighter in a small
degree than the adjoining parts, and it would perhaps’not be too
much to say that the corona would always be visible when the
sky is clear, if our eyes were more sensitive to small differences
of illumination of adjacentareas. My friend, Mr. JorN BRreETT,
A. R. A, tells me that he is able to see the corona in a teleseope
of low power.

The spectroscopic method by which the prominences can he
seen fails because a part only of the coronal light is resolved by
the prism into bright lines, and of these lines no one is suffici-
ently bright, and co-extensive with the corona, to enable us’to
see the corona by its light, as the prominences may be seen by
the red, the blue, or the green line’of hydrogen.




ON THE SOLAR CORONA. ' 139

The corona sends to us.light of three kinds. (1) Light
which the prism resolves into bright lines, which has been
emitted by luminous gas. (2) Light which gives a continuous
spectrum, which has come from incandescent liquid or solid
matter. (3) Reflected sunlight, which M. JANSSEN considers to
form the fundamental part of the coronal light.

The problem to be solved was how to disentangle the coronal -
light from the air-glare mixed up with it, or in other words how
to give such an advantage to the coronal light that it might
hold its owh sufficiently for our eyes to distinguish the corona
from the bright sky. '

When the report reached the country in the summer of 1882
that photographs of the spectrum of the corona taken during
the eclipse in Egypt showed that the coronal light seen from
the earth, as a whole is strong in the violet region, it seemed to
me probable that if by some method of selective absorption
this kind of light were isolated, then when viewed by this kind
of Jight alone the corona might be at a sufficient advantage
relatively to the air-glare to become visible. Though this light
falls within the range of vision, the eye is less sensitive to
small differences of illumination near this limit of its power.
This consideration and some others led me to look to photo-
graphy for aid, for it is possible by certain technical methods to
accentuate the extreme sensitiveness of a photographic plate
for minute differences of illumination. [A cardboard on which
a corona had been painted by so thin a wash of Chinese white
that it was invisible to the audience had heen photographed.
The photograi)h thrown upon the screen showed the corona
plainly.]- This cardboard represents the state of things in the
sky about the sun. The painted corona is brighter than the
cardboard, but our eyes are too dull to see it. In like manner
the part of the sky near the sun where there is a background
of corona, is brighter than the apjoining parts where there is
no corona behind, but not in a degree sufficiently great for our
eyes to detect the difference. :
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A photographic plate possesses another and enormous advan-
tage over the eye, in that it is able to furnish a permanent re-
cord of the most complex forms from an instantaneous
exposure. :

In my earlier experiments the necessary isolation of violet
light was obtained by interposing a screen of coloured glass or
a cell containing potassic permanganate. The possible coming
of false light upon the sensitive plate from the glass sides of
the cell, as well as from precipitation due to the decomposition
of the potassic permanganate under the sun’s light, led me to
. seek to obtain the necessary light-selection in the film itself.
Captain ABNEY had shown that argentic bromide, iodide and
chloride, differ greatly in the kind of light to which they are
most sensitive.. The chloride is most strongly affected by vio-
let light from & to a little beyond K. It was found possible by
making use of thisselective action of argentic chloride todoaway
with an absorptive medium. To prevent reflected light, the
back of the plate was covered with asphaltum varnish, and fre-
quently a small metal disc a little larger than the sun’s immage
was interposed in front of the plate to cut off the sun’s direct
light.

The next consideration was as to the optical mneans by which
an image of the sun, as free as possible from imperfections of
any kind, could be formed upon the plate. For several obvious
reagons the use of lenses was given up, and I turned to reflec~
tion from a mirror of speculum metal. My first experiments
were made with a Newtonian telescope by Smorr. With this
instrument, during the summer of 1882, about twenty plates
were taken on different days, in all of which coronal forms are
to be seen about the sun’s image. After a very critical exami-
tion of these plates, in which I was greatly helped by the kind
assistance of Professor Stoxes and Captain ABNEY, there seemed
to be good ground to hope that the corona had really been ob-
tained on the plates. [One of these negatives, obtained in
August, 1882, was shown upon the screen.]
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In the spring of the following year, 1883, the attack upon
the corona was carried on with a more suitable apparatus. The’
Misses LasseLL were kind enough to lend me a seven-foot New-
tonian telescope made by Mr. LasseLL, which possesses great
perfection of figure and retains still its fine polish. For the
purpose of avoiding the disadyantage of a second reflection
from the small mirror, and also of reducing the aperture to 8}
inches, which gives a more manageable amount of light, I
adopted the arrangement of the instrument which is shown
in the following woodcut:

The speculum b remains in its place at the end of the tube
a, @, by which the mechanical inconvenience of tilting the
speculum within the tube as in the ordinary form of the Hers-
chelian telescope is avoided.

The small plane speculum and the arm carrying it were
removed. The open end of the tube is fitted with a mahogany
cover. In this cover at one side is a circular hole f, 3}
inches in diameter, for the light to enter; below is a similar
hole over which is fitted a framework to receive the “ backs”
containing the photographic plates, and also to receive a frame
with fine-ground glass for putting the apparatus into position.
Immediately below, towards the speculum, is fixed a shutter
with an opening of adjustable width, which can be made to
pass across more or less rapidly by the use of indiarubber bands
of different degrees of strength. In the front of the opening
fis fixed a tube ¢, six feet long, fitted with diaphragms, to re-
strict as far as possible the light which enters the telescope to
that which comes from the sun and the sky immediately around
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it. The telescope-tube @, @, is also fitted with diaphragms,
‘which are not shown in the diagram, to keep from the plate all
light, except that coming directly from the speculum. It is
obvious that, when the sun’s light entering the tube at f falls
upon the central part of the speculum, the image of the sun
will be formed in the middle of the second opening at d, about
two inches from the position it would take if the tube were di-
rected axially to the sun. The exquisite definition of the pho-
tographic images of the sun shows, as was to be expected, that
this small deviation from the axial direction, two inches in seven
feet, does not affect sensibly the performance of the mirror. The
whole apparatus is firmly strapped on to the refractor of the
equatorial in my observatory, and carried with it by the clock
motion. .

The performance of the apparatus is very satisfactory. The
photographs show the sun’s image sharply defined; even small
spots are seen. When the sky is free from clouds, but presents
a whity appearance from the large amount of scattered light,
the sun’s image is well defined upon a uniform background of
illuminated sky, without any sudden increase of illumination
immediately about it. It is only when the sky becomes clear
and blue in color that coronal appearances present themselves
with more or less distinctness. [Several negatives taken during.
the summer of 1883 were shown on the screen.] In our cli-
mate the increased illumination of the sky where there is a
background of coronal light is too small to permit the photo-
graphs which show this difference to be otherwise than very
faint. A small increase of exposure,or of development, causes
it to be lost in the strong photographie action of the air-glare.
For this reason, the negatives should be examined under care-
fully arranged illumination. They are not, therefore, well
adapted for projection on a screen. [A negative taken with a
whity sky, showed a well defined image of the sun, with a sens-
ibly uniform surrounding of air-glare, but without any indica-
tion of the corona. In the case of the other negatives exhib-
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ited, which were taken on clearer days, an appearance, very
coronal in' character, was to be seen about the sun.]

On May 6, the corona was photographed during a total
eclipse at Caroline Island by Messrs. LAWRENCE and Woobs.
This circumstance furnished a good opportunity of subjecting
the new method to a crucial test, namely, by making it possible
to compare the photographs taken in England where there was
no eclipse, with those taken on Caroline Island of the undoubt-
edly true corona during the eclipse. On the day of the eclipse
the weather was bad in this country, but plates were taken
before the eclipse, and others later on. These plates were
placed in the hands of Mr. WEsLEY, who had had great exper-
ience in making drawings from the photographs taken during
former eclipses. Mr. WesLEY drew from the plates before he
had any information of the results obtained at Caroline Island,
and he was therefore wholly without bias in the drawings
which he had made from them. [Photographs of Mr. WEsLEY's
“drawings were projected on_ the screen, and then a copy of the
Caroline Island eclipse photograph. The general resemblance
was unmistakable, but the identity of the object photographed
in England and at Caroline Island was placed beyond doubt by
a remarkably formed rift on the east of the north pole of the
sun. This rift, slightly modified in form, was to be seen in a
plate taken about a solar rotation period before the eclipse, and
also on a plate taken about the same time after the eclipse.

- The general permanence of this great rift certainly extended
over some months, but no information is given as to whether
the corona rotates with the sun. For from the times at which
the plates were taken, one about a rotation period before and
the other a rotation period after the eclipse, it is obvious the
rift might have gone round with the sun, but there is no posi-
tive evidence on this point.*]

As the comparison of the English plates with those taken at
Caroline Island possesses great interest, I think it well to put
on record here a letter written by Mr. LAWRENCE to Professor
Stokes, dated September 14, 1883: —

*See Plates XI and XIA, British Association Report, 1883, p. 348.
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“Dr. HueeiNs called upon Mr. Woobs this morning and
showed us the drawings Mr. WesLEY had made of his coronas.
Ae told us that he particularly did not wish to see our nega-
tives, but that he would like to compare his results with ours.
We did so, and found that some of the strongly marked details
could be made out on his drawings, a rift near the north pole
being especially noticeable; this was in a photograph taken on
April 3, in which the detail of the northern hemisphere is best
shown, while the detail of our southern hemisphere most re-
sembles the photograph taken on June 6; in fact, our nega-
tives seem to hold an intermediate position. Afterwards I
went with Dr. Huaeins and Mr. Woobps to Burlington House
to see the negatives. The outline and distribution of light in
the inner corona of April 8rd is very similar to that on our
plate which had the shortest exposure; the outer corona is,
however, I think, hidden by atmospheric glare. As aresult of
the comparison, I should say that Dr. HueGIN’s coronas are
certainly genuine as far as 8’ from the limb.”

Though the plates which were obtained during the summer
of 1883 appeared to be satifsactory to the extent of showing
that there could be little doubt remaining but that the corona
had been photographed without an eclipse, and therefore of
justifying the hope that a successful method for the continuous
investigation of the corona had been placed in the hands of as-
tronomers, yet as the photographs were taken under the spec-
ially unfavorable conditions of our climate, they failed to show
the details of the structure of the corona.

The next step was obviously to have the method carried
out of some place of high elevation, where the larger part of
the glare which is due to the lower and denser parts of our at-
mosphere would no longer be present. I ventured to suggest
to the Council of the Royal Society that a grant from the fund
placed annually by the Government at the disposal of the
Royal Society, should be put in the hands of asmall committee
for this purpose. This suggestion was well received, and a
committee was appointed by the Council of the Royal Society.
The committee selected the Riffel near Zermatt in Switzerland,

a station which has an elevation of 8500 feet, and the further
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advantages of easy access, and of hotel accomodation. The
committee was fortunate in securing the services, as photogra- .
pher, of Mr. Ray Woops, who as assistant to Professor
ScrusTER had photographed the corona during the eclipse of
1882 in Egypt, and who in 1883, in conjunction with Mr. Law-
RENCE, had photographed the eclipse of that year at Caroline
Island.

Mr. Woops arrived at the Riffel in the beginning of July
1884, with an apparatus, similar to the one shown in the wood-
cut on a former page, constructed by Mr. GrUBB.

Captain ABNEY who had made observations on the Riffel in
former years, had remarked on the splendid blue-black skies
which were seen there whenever the lower air was free from
clouds or fog. But unfortunately during the last year or so a
veil of finely divided matter of some sort has been put about
the earth, of which we have heard so much in the accounts
from fall parts of the earth of gorgeous sunsets and after-
glows. This fine matter was so persistently present in the
higher regions of the atmosphere during last summer, that Mr.
Woobs did not get once a really clear sky. On the contrary,
whenever visible cloud was absent, then instead of a blue-black
sky there came into view a luminous haze, forming a great
aureole about the sun, of a faint red color, which passed into
bluish white near the sun. Mr Woopns found the diameter of
the aureole to measure about 44°. This appearance about the
sun has been seen all over the world during last summer, but
with greatest distinctness at places of high elevation.

The relative position of the colors, blue inside and red out-

“side, shows that the aureole is a diffraction phenomenon due to
minute particles of matter of some kind. Mr. ELLErY, Cap-
tain ABNEY, and some others consider the matter to be water in
the form probably of minute ice spicules; others consider it to
consist of particles of volcanic dust projected into the air dur-
ing the eruption at Krakatoa; but whatever it is, and whence-
soever it came, it is most certainly matter in the wrong place
so far as astronomical observations are concerned, and in a pe-
culiar degree for success in photographing the corona. We
are only beginning to learn that whether in our persons or in
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our works, it 15 by minimized matter chiefly that we are un-
done. So injurious was the effect of this aureole that it was
not possible to obtain any photographs of the corona at my
observatory near London. This great diffraction aureole went
far to defeat the object for which Mr. Woops had goune to the
Riffel, but fortunately, the great advantage of being free from
the effects of the lower 8000 feet of denser air told so strongly,
that notwithstanding ever-present aureole Mr. Woops was able
to obtain a number of plates on which the corona shows itself
with more or less distiuctness. [Three untouched photographic
copies of the plates taken at the Riffel were shown upon the
screer.] From the presence of the aureole the negatives
show less detail than we have every reason to believe would
have been the case if the sky had been as blue and clear as in
some former years. This circumstance makes great care nec-
essary in the discussion of these plates, and it would be prema-
ture to say what information is to be obtained from them.

[As an illustration of the differences of form which the cor-
ona has assumed at different eclipses, phatographs taken in 1871,
1878, 1882, and 1883 were projected on the screen. Attention
wus called to the equatorial extension seen in a photograph
taken in 1878, and to the suggestion which had been put for-
ward that this peculiar character was connected with the then
comparative state of inactivity of thesun’s surface, at a period
of minimum sun-spot action, especially as an equatorial ex-
tension was observed in 1867.] 4

It is now time that something should be said of the prob-
able nature of the corona,

Six hypotheses have been suggested: —

1. That the corona consists of a gaseous atmosphere resting
upon the sun’s surface and carried around with it.

2. That the corona is made up, wholly or in part, of gas-
eous and finely divided matter which has been ejected from the
sun, and is in motion about the sun from the forces of ejection,
of the sun’s rotation, and of gravity, — and possably of repul-
sion of some kind.

8. That the corona resembles the rings of Saturn; and con-
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sists of swarms of meteoric particles revolving with sufficient
velocity to prevent their falling into the sun.

4 That the corona is the appearance presented to us by the
unceasing falling into the sun of meteoric matter and the
debris of comets’ tails.

5. That the coronal rays and streamers are, at least in part,
meteoric streams strongly illuminated by their near approach
to the sun, neither revolving about nor falling into the sun, but
permanent in position and varying only in richness of meteoric
matter, which are parts of eccentric comet orbits. This view
has been supporeed by Mr. ProcToR, on the ground that there
must be such streams crowding richly together in the sun’s
neighborhood. ,

6. The view of the corona suggested by Sir WiLL1AM SiEM-
ENS in his solar theory.

( To be Continued. )

THE ANNULAR ECLIPSE.

BY CHARLES H. ROCKWELL.

I have seen several notices of observations made at the time
of the recent annular eclipse—March 16; but no one seems to
have been on the path of the annulus, or even near it. In this
respect I was more fortunate than they.

The central line when plotted on a map, struck the coast of
California a little south of the mouth of Eel river: running
thence north-easterly to the north-east corner of the state: and
so on through the centre of Idaho and Montana to the Canadian
boundary at 106° long. west from Greenwich. I left home
with the intention to see this eclipse from the most favorable
location. The difficulty, however, of locating with even tolera-
ble accuracy the geographical position of the towns and rivers,
deterred me from taking along any instruments whatever,
although I had prepared for transportation a telescope of 2}
inches aperture with equatorial mounting, solar prism, &e. I
took therefore an ordinary wedge of colored glass, only. From
the best information which I could obtain before leaving New
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York, the most promising place seemed to be at or near Delta,
the present terminus of{the railroad leading towards Oregon.
Assuming Lat. 41°02’, Long. 122° 20', I obtained as the cir-
cumstances of the eclipse local astronomical time March 15th,
197 43m 57s, 20k 59m 23s, 21h01m 22s, 22k 25m 21s.

On arriving in San Francisco I soon found that Delta pre-
sented more points in its favor than any other locality. By the
courtesy of the Central Pacific Railroad I was given the aid and
companionship of Mr. W. A. PALMER, Assistant Engineer of the
railroad company. Also by the courtesy of the railroad officials,
the train was run from Redding to Delta to suit our conveni-
ence, so thatjwe arrived at'our destination soon after 8 o'clock
on the morning of March 15th. This enabled us to receive
the noon signals from the Observatory at Washington, which
came tous at 9 A. M. 120th meridian time. As it was Sunday,
the telegraph line was almost free from local business, and the
signals came through perfectly. I think I can say we received
every beat of the clock at Washington withoutZany break or
uncertainty. On Monday the signals were quite unsatisfactory,
and it was no easy matter to identify the beats which came
through. On the 16th, the atmospheric conditions were all as
favorable as anyone could desire.’s The'instrument which Mr.
ParmEr had brought was an engineer’s field transit of the or-
dinary construction. This required a constant manipulation of
the altitude and azimuth "screws, in order to keep the Sun in
the field. Owing in part to this disadvantage, we lost the first
contact, as the Moon had been on the Sun’s disc 8 or 10 seconds
before it was noted.

I consider the other phases as wholly reliable, viz:

1st contact—Lost.

2d “ 9 07m 09s.
3d “ 9% 09m. 063.
4h 10% 32m 43s.

Time, 120th meridian.{"Clock error, 01m,f11s, slow.

The difference in the apparent diameter of the Sun and Moon
was 1’ of arc, as nearly as may be. This would leave 30" of
the Sun’s disc exposed when the annulus was perfect. In the
opinion of Mr. PALMER, as seen.through his instrument, the
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width of the rim of light was the same on the upper and lower
side of the Moon. It certainly seemed so to me, as seen through
the glass wedge, and a half dozen by-standers using smoked
-glass agreed as to the uniformity of the two strips of suulight.
I conclude therefore we were almost exactly on the central line.
The light was so intense that at no time could one look at it
with the eye unprotected. I had prepared a lantern to be used
if necessary, but I had no difficulty in picking up the time on
my watch, a sweep second on a white dial. In some newspaper
articles before the eclipse I had seen a discussion as to the pos-
sibility of seeing the corona on this occasion. Having dis-
tinctly in mind the first appearace of the coronal light as seen
in Colorado, July 28, 1878, and again on Caroline Island, May
6, 1883, I did not consider it possible that this phenomenon
should present itself, unless the Sun’s light was wholly obscured,
I saw nothing of any indications of the corona as seen at the
time of the two eclipses before mentioned. If any of this del-
icate silvery effect was present, it was wholly absorbed in the
shade glasses which it was necessary to use, to look even in the
direction of the point of interest in the heavens. We did see,
however, a magnificent diffraction halo of some 4° diameter,
surrounding the Sun, caused doubtless by the Sun’s rays going
obliquely over the disc of the Moon. As a matter of scientific
importance, I do not attach any value to these notes, but as a
magnificent astronomic spectacle, it was eminently well worth
seeing. T give below the position of Delta as derived from the
U. S. Land Surveys: ‘
Latitude 40° 56’ 16"7,
Longitude 122° 24’ 58"3.
It is doubtless more nearly correct than the position which I

assumed, but I should not be willing to accept it as correct to
the tenth of a second.—Argus.

Tarrytown, N. Y., May, 1885.

No. 2661 Astronomische Nachrichten contains a list of 100
new nebule discovered at the Marseilles Observatory, France,
by M. StepHAN. The description, right asscension and decli-
nation of each are given for 1885.0.
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THE CONSTELLATIONS.

THE EDITOR.

A few years ago a book was published in England by FrAN-
cesJRoLLESTON, of Keswick, entitled “ Mazzaroth, or The Con-
stellations.” Soon after a second edition appeared and the work
received some attention, and favorable comment in both Eng-
land and America, although its circulation has been surprisingly
small in this country. On this account we venture to call at-
tention again to some of its leading points on topics of general
interest to Astronomy.

Most persons know something about the names, and figures
that astronomers call the constellations of the Zodiac. When
these figures are drawn prominently and in full in the celestial
maps or globe, the meaning which they convey, concerning the
early history of astronomy is indifferent to many, unattractive
to some, and repulsive to others.

So distasteful have they become to the modern astranomer
that he has quite abandoned their use as a means of reference
in ordinary work, partly, perhaps, on account of the unscientific
spirit they seem to foster, and partly, because of late im-
proved methods of reference. This is natural, and, as might
be expected, in view of the changed forms and meanings of the
figures, representing the constellations since very early times,
the introduction of others,incongrnous and absurd, and the evi-
dent corruption of names that have suffered in the hands of
the heathen mythologist.

The object of the book above referred to is a most laudable
“one. It is to show by traditions, ancient writers, and the
meaning of the ancient names of stars, still extant, that such
symbols were chosen to convey the earliest and most important
knowledge possessed by the first fathers of mankind. It en-
deavors to prove that for higher and more important records,
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those of the only true wisdom of man are contained in the em-
~ blems of the constellations. The agreement of the figures
with the types used by the prophets of the Bible since the
world began, is a strange coincidence, and the fact that in the
names the very- words in which the prophecies were delivered
are frequently to be recognized, is still more strangely suggest-
ive, when it is understood that the primitive roots by which the
Assyrian and Babylonish records are now interpreted * exist
alike in the names of the stars and the dialects used bj the
prophets. ” ' . :

We are aware that these names and the ideas conveyed by
the figures are found in the mythology of nations, and we
know that strange and degrading uses were made of them in
heathen imagery, but it now more clearly appears, chiefly by
late eminent linguistic research, that their fables were drawn
from the constellations, and not the constellations from the
fables. If this be true, and it can be shown that the wisdom of
the Creator was peculiarly manifested thus, in the beginnings
of the history of our noble science, it will certainly give new
interest to the student of science in early records and general
antiquarian research. There are many questions in astronomy
to which no certain answer has been given. Pertaining to its
early history such as the following are examples: With whom
did astronomy begin? When and where? By whom were the
earliest extant emblems and names of the stars chosen? What
is their meaning and why were they chosen? ~Why were
these constellations allotted three to each sign? Why were
they so figured and thirty-six of them so related?

The discussion of these and other kindred topics is presented
in Frances RoLLESTON's hook more clearly and definitely than
elsewhere known to the writer. So far as known no answer to
this book has been attempted.

There are many occultations of stars by the Moon during
July, but nearly all are of small magnitude.



.Observations of the ** Pons-Brooks” Comet, 1883 and 1884, made
with the filar micrometer on the 6.£ inch Equatorial of the
Davidson Observatory, San Francisco, Cul., Long. 8h. 09m.
42.6s W.of Gr.

Btar—Comet . ' :
Observed difference | 3 Comparison Star.
. uncorrected. g
Date. |&i  Local v E
1883. |p(Mean Time, R = . .
Star. | Comet. | & S|ES Name, if Identified.
_§ sa AN.P.D.| 3 [(B|R8 .
S SI15S
h. m. & | m. 8 : -
Dec. 12|D| 8 29 4214| —0 45.47) —0 21.5 | 8 || a| 8'%4|Radcliffe 4380.
14|D| 8 15 48 | — 04.86] +0 04.£| 7 || b[10}4[A. pl. 40°: 3888, 9.1.
8 87 30 |— 10.32 —0 28.2 | 11 |[ b(10} do
8 51 28 | — 13.88| —0 46.1 | .5 |[ b[10} do
16(D[7 59 46 | — 386.60] —8 09.5 | 12 |[ ¢/— |Anon.
8 21 30 | + 08.61 —0 44.8 | 11 ||d/— [Anon.
18|D| 8 25 186 [ — 89.16! +2 18.4 | 5 || e[11 [A. plus 38°: 3954, 9.0.
8 35 16%| —0 42.04/ +1 59.5| 5 || e[l1 do
20[H| 7 38 49 | —1 24.18| —3 44.3 | 6 || £|— [A. plus 36°: 4065, 8.6.
2(D|7 57 38 | +0 04.20 0 00.0| 1 glo A. plus 34°: 4117, 8.9,
8 06 17 + 11.58| +0 185 | 9 10%2|A. plus 84°; 4119, 9.5.
8 24 12 | — 03.9) —1 05.3| 9 | 8|10 |A. plus 34°: 4117, 8.9.
28|D| 8 08 19%| — 42.77] —4 00.0 | 6 [ 1]10 |A. plnsso°:4335‘ 9.4,
8 18 00%| —0 48.37 —4 34.1 | 6 | i|10
21|H| 7 10 —2 21.60| —7 44.4 |18-8|| 3[6-7 Yarnnll?‘bil
H(7 38 15 | —0 08.48) —0 09.6 | 6 || k|— |A. plus 29°: 4362, 9.3.
D8 03 08%| —0 18.60] —1 21.1 | 14 || kj— do
28(H| 6 286 10 | —2 01.78| —2 58.7 [18-6|| 1/8-9 |A. plus 27°: 4049, 8.2.
29/D| 7 57 03 | —0 14.46| —0 58.7 | 5 |{m| 9 [A. plus 26°: 4186, 9.4,
8 01 2%| — 16.15 —1 14.2 | 4 (lm| 9 do
8 30 50 | — .00 —1 20.7( 6 [|n| 9 |A. plus 26°:4184, 9.4.
1880, 8 43 29 | —0 41.72 —1 07.0| 4 (|n|9 do
Jan. 3|D(8 08 30 | +0 16.02( —1 05.9| 5|/ 0/10 (Arg. plus 18°: 4394.
8 13 00 14.44] —1 245 | 5 || 0|10 do
8 17 23% 13.46 —1 42.8 | 5 [| 010 do
8H|7 07 2% 09.08) —1 14.2 5 || p| 8'2|A. plus 7°: 4932.
Hi7 12 0% 08.68] —1 37.0| 4 || p do
D|7 23 05.70 —2 82.2 | 4 i|p| . do
DI 7 28 18 04.27) —2 551 7 |(|p do
D7 83 +0 02.93) —8 19.4 | 7||p do
10/D| 8 15 38%| —1 14.30| —1 17.9 | 4 |[a]— |A. plus 5°:5104.
8 28 =1 16.78] +0 27.8| 51|q de
11|D[ 8 01 58%| —0 22.20] —2 43.4 | 4 [[ r|— [A. plus3° 4812.
24{D| 6 20 47 | —1 46.71) —0 16.4 |21-7|| s Wash. M. C. Zones 206, No. 38
D| 6 36 02%| —1 49.43| —1 11.4 | 6-2|| 8! No. 86.
D|6 36 02%| —1 25.45| —2 20.9 | 6-2|| t No. 39.
H| 6 47 45%| —1 51.37) —1 54.9 | 6-2| 8 No. 36.
H| 6 47 45%; +1 23.36| —3 05.0 | 6-2|| t No. 39.
25/D! 6 49 59%| +2 56.071 +1 08.6 !15-5/l ul 7 (Wash. M. T. Zones 198. No. 84.

NOTES TO COMPARISON STARS.

() Pos. 1883.0: a=21h. 09m. 10.22s.; N. P. D.=60° 34'56.8" from A.
N. No. 2591.

(1) Pos. 1883.0: a=21h. 16m. 29.78s.; N. P. D.=61° 556'44.5" from A.
N. No. 2572.

(p.) Pos.1884.0: a=22h. 43m. 07.57s.; N. P.D.=82°04'10.0" from Grant
1870. .

(8.) Pos. 1884.0: ¢=0h. 02m. 37.97s.; N. P. D.=108° 13'16.5" from A.
N. No. 2591.

The * is Lalande No. 47332.
(u.) The * is Lalande No. 257.
Observer : D=George Davidson. H=Chas. B. Hill
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EDITORIAL NOTES.

Continued and unexpected absence from home was the reason for not
publishing the MESSENGER for June as usual, It will hereafter appear
regularly for each month, during the remainder of the year. A recent
change in printers gives the MEssENGER a new dress which speaks
plainly for itself. When the Greek fonts and desirable astronomical
symbols are secured, our pages will appear beautifully complete through’
the earnest efforts of a skillful man in charge of the printer’s cases.

Volume one of the MEsseNGER is out of print. Volumes two and
three can be furnished in numbers at the usual price, in plain library
binding at $3.00 each. The small sum of $250 would enable the pub-
lisher to reprint the exhausted numbers of volume one. Here is an op-
portunity for some generous friend to assist in a worthy cause. We are
unable to fill a number of foreign orders for full sets of this publica-
tion which have heen recently received.

Professor A. HaLr, Naval Observatory, Washington, D. C., in a recent
letter, speaks of the spring and summer of this year, as the most unfav-
orable for observation during the past eleven-years. Latterly he has
been busy in getting his observations of the satellites of Uranus and
Neptune ready for printing. The reductions for the satellites of Uranus
are already finished. From all the observations on the two outer satel-

lites, Oberon and T%tania, he finds the mass of

1
22082 £27

This is a slight dimunition of the received value. The oppositions of
Uranus which Professor Harn observed, from 1881 to 1884, were very
well suited to fix accurately the position of the orbit plage of the satel-
lites, because the Earth passed through this plane in 1882, and probably
the node and inclination are well determined by these observations.

Uranus =

COMET-METEOR RADIANTS,

Below will be found a list of Comet-Meteor Radiants and Distances
which I have calculated from the orbit elements of recent comets.

The present list includes the radiants of all the principal comets that
have appeared since the first of 1880. The only ones omitted are some
three or four faint ones of short period which havealready been included
in previous lists.
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The first column contains the current number; the second gives the
designation of the comet by the recent method in the order of perihelion
passage of the year; the third, the discoverer; the fourth, the day of the
Earth's passage through plane of comets’ orbit; the fifth designates the
nearest node; the sixth, the distance of this node from the Eartk’s orbit
in the order R—r, the Karth's distance from the Sun being taken as uni-
ty; the seventh and last colnmn gives the radiant point for the given date.

If, as is generally accepted, comets are formed of meteors, or, at least,
have meteors traveling in the same orbits with them, we may be able to
identify some past or future showers with some of the comets of the last
few years, which has been a period of 8o much cometary activity.

Allowing for the lateral spreading of meteors in their orbits, we see
there are several comets whose meteors we should be liable to encounter,
the most noteworthy case being that of Comet 1882.I, where the distance

Shad from the Farth at node is less than three million miles.
i
=
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A 1. | 1880. 1. Gould. Mar. 16. Descending. | +0.98 | 208.1 | — 6.2
B 2. | 1880. II. | Schaeberle. Dec. 9. Descending. | —1.02 [ 194.6 | +28.9
K g 3. | 18%0. IT1. | Hartwig. Nov. 17 Ascending. | +0.60 | 142.0 | — 8.0
" gt 4. | 1880. IV. | Swift. an, 17 Descending. | —0.68 | 805.6 | —12.2
a1 5. 880. V. echule, ny 31. scending. +0.39 . —174.
i 5 1880. V. Pechul Mny 31 A din 0.33 | 4.7 74.6
Mo 6. [ 1881. II. | Swift. July 30. Descending. | +0.43 | 347.8 | +69.7
) 7. | 1881. IIL | Tebbutt. . June 22. Ascending. +0.28 | 56.4 | —H8.%
[ 8. | 1881. 1V. | Schaberle. June 28. | Descending. | +0.20 | 14.7 | +20.7
it 9. [1881. V. Denning. Nov. 28. Ascending. +0.12 | 274.1 | —386.1
ot 10. | 1881. VL. | Barnard. June 26. Asc nding. +).57 19.9 | —84.8
T 11. | 1881 VI | Swift. Sept. 24. Descending. | —1.66 | 116.9 | +39.9
12. | 18%2. I. Wells. April 15. | Ascending. +0.03 | 856.9 | —14.4
13. 1 18:2. 1I. | Gould Marh 18, De ng +097( 200.9 | —8.1
14. | 1882, IlL. | Barnard. Dec. 1. Descending. —0.51 | 137.8 | +56.9
15. | 1883. I. Brooks. Dec. 30. D ng. —0.14 | 244.0 | +25.6
16. | 1883. II. | Ross. Dec. 16. Dy ing. | +0.63 | 175.8 [ +42.0
17. | «884. 1. . | Pous-Brooks | Dec. 6. Descending. | +0.18 | 198.9 | +67.9
18. | 1884. I1. | Barnard. Sept. 8. Ascending. —0.69 | 198.5 | —17.2
19, | 1884. Wolf. Oct. 20. Descending. | —0.58 | 275.2 | +39.7
Harvard College Observatory, 1885, June 26. 0. C. WENDELL.

‘We greatly regret to record the death, on May 19, of the Rev. T. W.
Webb, M. A, in the 79th year of his age. Mr. Webb was a Prebendary
of Hereford Cathedral, and Vicar of Hardwick, Herefordshire. He fre-
quently contributed, chiefly on astronomical subjects, to “Nature,” “The
Astronomical Register,” “The Intellectual Observer,” “The Student,” ete., but
his principal contribution to astronomical literature was the widely
known and highly valued, “ Celestial Objects for Common Telescopes, '’
a work by which he will long be rememdered. — Observatory.
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DARK TRANSIT OF JUPITER’S IV SATELLITE,

The greater portion of this transit was observed here, both with the
10-inch reflector and three-inch Tulley refractor. Definition fair; tem-
perature 54 F.; barometer 30.14.

The satellite for the greater part of the transit appeared black, as it
commonly does; but what I should like to call attention to is, that this
blackness remained until egress, instead of disappearing about ten minutes
before—an observation I believe unique, and seen slso by Mr. GLEDHILL
of Bermerside, as well as others.

Further than his nothing unusual occurred, excepting that for about
half an hour, between 11 and 11.30, the satellite became exceedingly
faint, appearing to me, at times of good definition, irregularly elongated
parallel to the belts, assuming then more of a chocolate color. (Mr.
GLEDHILL also noticed the faintness and ill-defined appearance at the
same hour.) I was also struck by the faint appearance both before and
after transit of this satellite as compared with the others; and, to use
an expression once employed by Dawes, “it was far from obvious.”

I may add that Satellite I11, during a dark transit on May 2 (temper-
ature 46° F., barometer 29.58, definition good until the time of egress,
when it became unsteady) was quite different. While dark, it appeared
uniformly round, and of a deep steel color, and about ten minutes before
egress became invisible, but eventually reappeared on the limb of the
planet, perfectly whiteand defined, during good moments of definition.—
Monthly Notices.

In a late issue of the *“Erening Bulletin”, Philadelphia, an editorial
article appears of some interest, pertaining to the nebulse. Its conclud-
ing paragraph is us follows:—

“It is remarkable that the nebul= have only lately become known.
HALLEY, a great English astronomer, is 1714 gublished a list of 6. He-
VRLIUS soon enlarged it to 16. LaAcAILLE, in 1755, by observations at the
Cape of Good Hope, increased the catalogue to 64. MEssIER, in 1784,
further enlarged the number to 103. Sir WirrLiamM HERscHEL then took
up the subject in real earnest, and in 1802 he published a catalogue of

\ A similar number was added by his son, chiefly at the Cape of
Good Hope. Other laborers have entered the field, and now about 7,000
nebulse are known. For many years past the work in nebular astronomy
has been nearly stopped. But less than two years ago it was taken up
anew by Professor LEwis SwirFt, of the Warner Observatory, at Roches-
ter, N. Y., and already he has discovered two hundred new ones. He is
one of the very best observers in our own day, and it is to be hoped he
will persevere in this great undertaking. He has given to the world a
4 very important paper on the Nebule in the January and March num-
bers of the Sidereal Messenger, a monthly magazine on astronomy, pub-
lished at Northfield, Minn., to which we would refer our readers.”

Under date of January, 23rd, 1885, Dr. DoBERCK, the Government As-
tronomer at Hong Kong, China, published a circular containing twenty-
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two right ascensisns of the moon observed at Hong Kong, from Novem-
ber 25th, 1884, to January 4th, 1885. The instrument employed was the
Troughton and Simm’s transit of three inches aperture. The observa-
tions were compared with the tabular places of the Nautical Almanac
(which contain Newcomb’s corrections.) The resulting correction being,
in the mean 402.073. From these observations Dr. DoBerck deduces a
correction to HaMEN'S semi-diameter of —0s.127. Applying this correc-
tion to his observations, the resulting mean correction to the Nautical
Almanac is +0s.091. J. T, Jr.

The Observatory at Warschan has just been supplied with a meridian
circle of 162 millimeters aperture and 2.27 meters focal length, by ERTEL
of Munich. The circles are 790 millimeters in diameter. One is capa-
ble of being turned upon the axis, and is divided to 83'. The other is in-
tended only for setting purposes and is divided to 10'. On both circles
every degee is numbered. There are four microscopes on each side,
The microscope bearers are of the same design as those upon the old
Repsold circles and are supplied in the some way with spirit levels.
The illumination of the field is effected by means of prisms within the
cube, the light coming from lamps attached to the outside of the piers.
For illuminating the circle a prism is attached to the end of the micro-
scope nearest the circle. J.T., Jr.

In late numbers of the Observatory W. F. DENNING has been discus-
sing the comparative merits of reflecting and refracting telescopes. In
the course of the discussion he says: :

«“If Professor Youna finds it feasible to examine critically the faint
details ef Jupiter with powers of 950 and 1200, his telescope must be a
very remarkable one. Certalnly no small instrument can boast a record
anything like this. Jupiter is rather a test of definition, and I had no
1dea there was any telescope in existence that would give us a sharp
disc and a steady view of the more delicate features with a power of
600, or only half that mentioned by Professor Youna. When, however,
your able correspondent states that he has successfully employed 1200 to
settle critical matters of detail on the planet, I have only to confess
that the Princeton refractor has effected a very fine performance, and
one that speaks volumes for its defining capacity. and for the fuvorable
site of the observatory, as regards meteorological conditions. Professor
Youna’s experience with a large telescope is of so exceptional a charac-
ter that any further information he may afford us will be of deep inter-
est, It now remains for the Princeton refractor to further exhibit its
powers by grasping new features of planetary phenomena, for after all
we must look to original results as the most safe and enduring proofs of
real capacitp.”

The MEesseNGER would like to know the American meaning of the
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above English paragraph. We would suggest to Professor Younc that
he try the defining power of the Princeton equatorial on it in Princeton
air. If he be not sure of the details of the compliment by observing in
the ordinary way, try a look at it backwards through tho object-glass,
and see if the small image will not be more steady, when reduced in
such an original way. *

By kindness cf E. W. Mau~per, Editor of the Observatory (English)
we have a copy of his recent paper, “The motions of stars in the line of
8ight,” published in parts in late numbers of the Observatory. It con-
tains a careful and somewhat full statement of the way in which the mo-
tions of the heavenly bodies, in the direction of the visual ray, are stud-
ied, the power needed, the practical difficulties in the way of successfully
manipulating the spectroscope, and some of the results reached in work
at the Royal Observatory recently.

The observations of the star Sirius have brought out some singular
and unexpected results. In 1868, Dr. HuaGIns found the star to be re-
ceding from us at the rate of 29 miles per second. From observations
by Mr. MaUNDER during last winter the star appears to be approaching
us at a rate of 22 miles per second. Since observations between these
dates show a gradual change of motion it has been suggested that the
star may be moving in an eliptical orbit, which would fairly accord with
the snpposition of Dr. PETERS and others who have claimed that Sirius
has motion in right ascension and declination at right angles to the line
of sight. This paper does not claim to make any comparison between
these two kinds of observation, but simply mentions these coincidences
as worthy of notice. The difficulty and nicety of this work is better un-
derstood by the unexperienced when it is said that the F line im the
spectrum of S¢rius changed in position a little more than one twentieth
of its total breadth in a period of nine years preceding 1884. That
would make the annual chauge of the line in position less than one hun-
dreth of its breadth. The paper is an instructive one.

Those who read the article in our last issue, entitled “Recently. Discoo-
“ered Asteroids,” by Professor Danier Kirkwoobp, will remember that No.
244 was then the last new minor planet with known elements. Since,
the elements of Nos. 245, 246 and 247 have been determined with mean
distances respectively 8.0778, 2.7208, and 2.7423. It is interesting to no-
tice that none of these new planets fall in the gapes, which, some time
ago, were pointed out in the great asteroid belt by Professor KiRkwoop
and others. We have not yet seen the elements of the new asteroid No.
248,

ErraTUM.—On page 115 (May number) the last word “equator” should
be “ecliptic.”
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A black transit of Jupiter’'s II1 Satellite was witnessed here on the
night of May 9th, at Th. 15m. Nashville mean time. The Satellite was
seen as a small, round, black spot on the edge of the northern equatorial
band. It remained extremely black and well defined—when the un-
steady air allowed a fair view—until near the preceding limb. The Sat-
ellite passed the center of its apparent path of 84. Om. At 9 9m. IIT
had lost some of its blackness. At 9%. 26m. still dark, not easy to see;
9%. 13m. very dim and close to limb; 9%. 38m. III totally invisible; 9.
40m. it was faintly visible and white just on inside of the limb—first con-
tact at emergence. At 9h. 43m. it was about one-half off disc and as
white as any part of Jupiter's disc; 9. 66m. III was some distance from
the limb, not as large or as bright as I (near it preceding). The contact
of center of III with Jupiter’s limb was at 9. 44m. Observations were
made with the six inch telescope, power 120.

E. E. BARNARD.
Vanderbilt University Observatory, Nashville, May 1885.

FAcCE oF THE SKY.

The evening sky for July will be attractive to the ordinary observer.
At ten o’clock, during the first part of the month, Scorpio is seen pass-
ing the meridian low in the south for latitude 45°. It will be readily
recognized by the bright, red star, Antares, and the fan-like appearance
of the large, loose group of stars to the west and north of it, which con-
stitures the principal part of the constellation. The handle of the fan,
so to speak, points obliquely downward toward the horizon, makes a
sudden turn upwards and terminates in two stars, which are easily seen
a little way above the horizon. Auntares, the leading star in the constel-
lation, is & beautiful sight in the telescope. It is fiery red with flashes
of crimson and feebler tints of green. This varying color may be due to
a seventh magnitude star quite near it, which is green, and inde-
pendently so, for it has been seen separately when Antares was occulted
by the Moon. About 3%4° to the north, and 3° to the west of Antares is
a brilliant field in the small telescope, in the midst of which is a rich and
condensed star-cluster, one of the finest in the northern sky. There are
two other clusters near at hand.

To the north of .Anrtares forty-five degrees, and fo the west thirty,
is the bright star Acturus in the constellation Bootes. Astronomers are
not agreed which star ranks in brightness, this or Vega, which is also
seen about as far on the east side of the meridian as that is on the west.
Acturus is a star of great interest because of a large annual motion of
its own among the neighboring stars; yet it is so far away that it has no
sensible parallax, and it is only a rough guess that says its light is any
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certain number of years in reaching the Earth. But this we do know,
that since the time of HippArRCHUS, Arcturus has changed its place in the
sky 215 times the diameter of the Moon. Such a change of place is
called proper motion, and is surprisingly great in the case of this star.
Bootes is rich in double stars, but poor in clusters and nebulz.

The remaining bright star in the west, which is very near the western
horizon is Jupiter. He is now so far away, and so unfavorably seen, that
telescopic study is given up for a while.

The other star referred to above is the leader of Lyra. When Vega
passes the meridian on clear nights, in this latitude, the telescope does
not reveal a richer sight its color being a pale sapphire. By photome-
tric measure, some time ago, at Harvard College observatory, its light
was found to be seven times that of Arcturus, which seems large, and
may possibly be due to its peculiar hue. Its parallax is almost a half
second of arc,determined by late studies of Professer A. HaLy, of Wash-
ington, and therefore its light is almost seven Julian years in coming to
our eyes from its distant star-path.

Near Vega, about two degrees east and nearly one north, the naked
eye observes an interesting star, wnich is seen to double by the aid of
the smallest telescope. This is the noted pair often spoken of in ele-
mentary text-books, as Epsilon one and two. Increase of optical power
shows that each component is double, forming a binary system of its
own, the first pair revolving in possibly two thousand years, the second
in one thousand years, and both systems rotating about a common cen-
ter of gravity in probably something less than one million of years.
The colors of the components of one pair are yellow and ruddy, of the
other, both are white. A strange feature of this quadruple group is the
excessively faint stars between the double-double, which are sometimes
called the debillissima The number of mere points of light is uncer-
certain. '

We can only mention the annular nebula of this constellation, which
lies one third of the way between Beta and Gamma, and is easily foun d
by common telescopes. Though not brilliant it is a most interesting
phenomenon under high power.

To the north and a little to the west of the zenith is the constellation
of Ursa Major,while in the north-east, near the horizon is seen Cussio-
peia, both of which were spoken of recently. Nearly all the planets are
now 8o unfavorably situated for evening study that we omit special no-
tice of them until later. '
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The following orders and subscriptions have not been previously ac-
knowledged:

-Professor J. S. McGhee. Cape Girardeau, Mo. Professor C. Piazzi
Smyth, Royal Observatory of Scotland, Edinburg, Scotland (2 vols.)
Willis L. Barnes, Charleston, Clark Co. Indiana. Prof. C. W. McLeod,
McGill College, Montreal, Ca.

BOOK NOTICES.

Elements: of The Caleulus, bg J. M. TayLor, Professor of Mathematics,
Madison University. 2 2%?‘; Mailing price, $1.95. Boston, Messrs.
GinN, HeatH & ComPANY, Publishers.

This book starts with the theory of limits as a means of explaining the
elements of the calculus. ' The method of rates, so called, is used to il-
lustrate finite differentials, or increments from which, by the aid of
geometrical figures, common to best works, the author passes to the ord-

" inary notation, dy '
dz

These steps are taken with care and clearness, especially to the minds
of those who explain the fundamental principles of the science in this
way. While this means of developing the elements has the disad-
vantage of length. and some difficulty to the untrained mind, it bas the
advantage of avoiding the indeterminate form of 0

0
and, easily glides into the uses of the infinitesimal notation.

It is also an advantage to have, as often as practicable, chapters on
Integration follow immediately after those on Differentation on the
same subjects. There is gain to teacher and pupil by this plan. The
teacher of the Calculus will find this work one of the best in matter and
arrangement. Its typographical dress is neat and tasteful as we always
expect from Messrs. GwIN, HeaTH & CoMPANY.

The Sun and His Phenomena, by Rev. T. W. WEBB, with numerous illus-
trations, pp.80. Neatly bound in cloth, 40 cts. Industrial Publica-
tion Company, 294, Broadway, New York. .

Every person acquainted with late writers in England on popular
astronomy knows something of the work of Rev. Mr. WEBB, entitled
“Celestial Obj-cts ” by which he has earned wide and deserved fame.
The little book whose title is given above is his latest and consists of a
familiar description of the Sun's phenomena presented in Mr. WeBs's
ewn pleasing and attractive style, It briefly notes the progress of solar
studies to date and gives the most prominent facts with the care and ac-

curacy of a practical astronomer.
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CONDUCTED BY WM. W. PAYNE,
Director of Ca;'leton College Observatory, Northfield, Minnesota.

“In the present small treatise I set forth some matters of interest to
all (ﬁrbservers of natural phenomena to look at and consider.”—GALILEO,
Sidereus Nuncius, 1610.

Yor. 4. No. 6. AUGUST, 1885. Wiiorz No. 36,

ASTRONOMICAL €IPHER MESSAGES.

THE EDITOR.

The work of the practical astronomer requires so much care
and time, and so many favoring circumstances to assure accu-
rate results, that progress is slow in almost every direction.
For example, it is true that the ready computer can know, in a
few hours, the rough path of a comet in cases of rapid apparent
motion; but the rigorous and exhaustive study of the motions
of these erratic visitors, in general, is the task of years, some-
times of centuries. On this account it is necessary to econo-
omize time, to make reasonably certain all efforts to transmit
useful astronomical data, and to secure concert of action among
astronomers in all parts of the world. A good illustration of
the vigorous and pains-taking way in which astronomers work,
is found in the cipher code for the distribution of important
astronomical news, published at Harvard College Observatory
in 1881, and now in general use in this and foreign countries.

The key to the code-book is the revised edition of Worcester’s
Comprehensive Dictionary, and the manner of its use may be
shown by explaining a telegram received at Carleton College
Observatory, July 13, at 7 o’clock and 35 minutes in the even-
ing, announcing the orbit and ephemerides of BARNARD'S new
comet, which was discovered July 7, at Nashville, Tennessee.
Omitting date and address, the telegram was as follows:
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“ Customably, digitated, butternut, border, inspection, evenly,
cover, jolter, casuist, jaw, cenatory, irresistibly, changeably, in-
voke, cherub, interrex, fetter. E. C. Pickering. "

For the meaning of these words reference is made to the
dictionary before named, and the number of the page and the
number of the word on the page to represent facts to be com-
municated, as will be easily understood in what follows:

ELEMENTS AND EPHEMERIDES OF BARNARD'S COMET, 1885.

. . Page. Word.
(1) Customably 188 78 = May 16, 78, 1885 = Time of Perihelion Passage.
(2) Digitated 150 8 = 150° 8 = Distance of Perihelion from node.
(3) Butternut 91 28 = 91°28' = Longitude of node.
(4) Border 84 27 = 84° 2T e = Inclination to ecliptic.
(5) Inspection 247 40 = 24740 = Perihelion distance.
(6) Evenly 177 40 = (Control word) = % of sum of one to 5 inclusive.
@ Cowr . w={Tl Histdeotoplomerie L}
(8) Jolter 257 42 = 1Th1lm = First right ascension
(9) Casuist 88 10 = 98°10’ = First north polar distance.
(10) Jaw 256 01 = 1Thdm = Second right ascension.
(11) Cenatory 100 23 = 100°23 = Becond north polar distance.
(12) Irresistibly 254 27 = 16h 58m = Third right ascension.
(18) Changeably 102 81 = 102° 81 = Third north polar distance.
(14) Invoke 253 08 = 18k 52m = Fourth right ascension.
(15) Cherub 104 82 = 104° 82 = Foarth north polar distance.
(1) Interrex 20 82 = §TU 2 = o5} date of ¥phemerides. }
(1) Fetter 188 26={J000 0 s TDays ot inesoval botmes obser. |

(1). The 138 means the number of the day of the current
year found in the Nautical Almanac. The 73 is the fractional
part of the day expressed decimally. The next three numbers
explain themselves,

(5). The perihelion distance of a body is usually expressed
in terms of the Earth’s’ mean distance from the Sun, and the
code requires that the last four figures be regarded as decimal
places. Hence the perihelion of this comet’s orbit is about
two hundred and twenty-two millions of miles from the Sun.

(6). The sixth word is added as a check, and represents one
fourth of the sum of the preceding five numbers. It is cer-
tain unless two of the six words are wrong.

(7). This word gives 4wo facts. The last three ﬁgures
(0.87) represents the light of the comet on the first day of the
ephemerides, in units of the second decimal place, its light on
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the day of discovery being taken as unity. The remaining dig-
its give the day of the month on which the ephemerides began.

The next eight words are the right ascensions and north
polar distances for Washington mean midnight at intervals of
four days each, July 13, 17, 21 and 25, and (16, interrex,) is a
check on these dates which is the 72nd word on the 250th page.
Hence, the last date should be July 25, and the theoretical light
of the comet ought to be represented by 0.72, showing that the
light of the comet is diminishing.

Two curious things were noticed in translating this message.
The sixteenth word, ‘interrex,’ came in the first telegram ¢ in-
tervex.” The word meant was. supposed to be ‘intervene’
which made the day of the month all right, and the light of the
" comet 1.07, which seemed possible though not probable. Look-
ing back to word seven, ‘cover,’ it was found that that word
occurred on successive pages, 130, 87 or 131, 1. If ‘intervene’
was the word, then 131, 1 would give the light on the 13th,
1.01 which might be true although the comet was receding
from the Sun. To solve this doubt, occasioned by the uncer- -
tainty of the sixteenth word and the ambiguity of the seventh,
the local operator at this point kindly offered to have the mes-
sage repeated from Cambridge. In the course of a few hoursa
second message made the sixteenth word, ‘interrex’ and the
seventh word would then probably be 130, 87, showing a dimi-
nution of thelight of the comet since the time of discovery.
This was a small thing to reverse the fact intended to be given.
Usually the cipher code is accurate and very satisfactory so far
as we know. This incident given above is unique, and men-
tioned only on that account.

Ancient Catalogues in Meridian Photometry. An abstract from
Part 2, Vol. XVI of the Annals of Harvard College
Observatory.

The earliest attempi; to obtain accurate information respect-
ing the fixed stars appears to be found in the second book of
ProLemy's Almagest. The observations on which this cata-
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logue depends are thought to be due chiefly, if not entirely, to
HirparoHUS, in which case they were made one hundred and
fifty years before the Christian era. It is known that Hrppar-
oHUS made a catalogue referred to the ecliptic which contained
1080 stars. The epoch of ProLEMY'S catalogue, which he said
depended on his own observations, was A. D. 138. It has an
assumed constant of 36" a year, and contains 1028.

It is a curious fact that the longitudes of this catalogue, with
the above constant, agree fairly well with the true places of the
* stars, when referred to the time of HipparcHUS, but not so well
when reduced to the epoch of ProreMy.

DEeLAMBRE thinks that the places of this catalogue are simply
those of HipparcHUS brought forward.

Dr. PeTERs suggests that the large systematic errors of the
catalogue may be due to the use of the astrolabe in taking ob-
servations on reference objects near the horizon, and, later, neg-
lecting the difference for refraction for greater altitudes.
~ ProLEMY’s places are now chiefly used to identify stars and as-

sist in the study of magnitudes which were then six in number,
as the stars are classified at the present time. Stars that were
between the standards in brightness were said to be somewhat
fainter than one, or somewhat brighter than another. The
most important of these manuscripts is one belonging to the
ninth century ; it is number 5389 of the collection in the Bib-
liotheque Nationale of Paris.

A valuable revision of the magnitudes by ProLEmy, or his
predecessors, was undertaken in the tenth century by the Per-
sian astronomer, ABDAL-RABMAN AL-SUFI, whose work is now
known through ScHJELLERUP’S translation. Surr re-observed
the stars of PToLEMY’S catalogue, and also gave the magni-
tudes of some other stars, the position of which he indicated
by description and by estimates of distance. He adopted the
expedient of numbering the stars of each constellation to des-
ignate those given in ProLEMY’s catalogue, and he gave much
information, useful in identifying them, as well as that which |
pertained to the astronomical nomenclature of the Arabs. To
reduce ProLEmMY's stars to his own epoch (A. D. 964) his cor-
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rection was 12° 42’ in longitude, assuming a precession of one
degree in sixty-six years. Vol. IX of the Annals of the Ob-
servatory of Harvard College contains a full discussion of the
catalogues of ProLeEMY and Surr by Mr. C. S. P1ercE, which
may be consulted for further details. In Vol. XIII of the
Memoirs of the Royal Astronomical Society, Bairy has iden-
tified most of ProLEMY's stars with certainity. Surr's deserip-
tions of the stars re-observed by him helps to interpret Pror-
EMY, and ScHIELLERUP'S introduction to the work of the former
observer should not be overlooked. When BaiLy and ScrIEL-
LERUP differ, the ordinary assumption is, that Surr’s identifica-
tion of ProLEMY's stars is correct. There are many cases of
this kind which cannot readily be explained.

Other difficulties arise from the different ways in which the
same star has been since designated. For northern stars BaiLy
employs the FLAMSTEED numbers and BaYEr’s letters. For the
southern stars he frequently uses numbers from LacaiLLe's
Calum Australe Stelliferum, now a rare work. The Paramatta
catalogue, however, has a column for these numbers, and has
proved servicable in identifying many stars. The column of
magnitudes from the Uranomatrea Nova, which ScHIELLERUP
gives for comparison with the magnitudes of ProrLEMY and of
SuFr is occasionally useful in determining uncertain stars.

Part 2, Vol. XIV of the Annals of Harvard College Observ-
atory has a table beginning on page 333 which contains all the
stars whose identification is doubtful. The table is fully ex-

-plained by accompanying remarks. '

The catalogue of the Mongol astronomer, OLva BEa, for the
epoch of A.D. 1437 was compiled from original observations of
the places of the stars it contains, but the magnitudes are pro-
fessedly from Surr's catalogue. Dr. C. H. F. PerErs shows in
the Astronomische Nachrichten, number 99, that these two cata-
logues clearly agree. Their differences are given in the Annals

- above referred to. . ,

After the rejection of stars of doubtful places, there are 757
of ProLEMY's stars and 830 of Surr’s which seemed to be well
enough identified, and suitably placed, to be used in determining
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the scales of magnitude of the ancient catalogues by the me-
ridian photometer at Harvard College Observatory. The first
step in this process was to find the mean photometric magni-
tude of each group of stars to all of which ProLemy or Surt
had applied the same designation in the northern, southern and
zodiacal constellations. As the work progressed it was soon
found that no such systematic differences appeared, in the com-
parison of the northern, southern and zodiacal stars, as to re-
quire a separate determination of the scale of magnitude for
each of these classes, nor was it thought best to determine
scales for intermediate magnitudes, the six entire consecvtive
numbers being deemed sufficient.

The next step in the study of the magnitudes of the stars
of these ancient catalogues was to take these entire magnitudes
as abscissas, and the corresponding photometric means as ordi-
inates, and plot a series of points for each catalogue and then
draw a smooth curve through them, and the abscissas of points
on this curve having photometric means as ordinates were then
found, which result was the magnitude sought. It is interest-
ing to notice that the photometric magnitudes of the entire
number rarely differ one tenth from those found in the old
satalogues.

In a manner altogether similar to that just considered, the
study of intermediate magnitudes to tenths has been under-
taken, and with the following results in regard to ProLemy: It
has been found that 1.85 is the equivalent of 1.2; similarly
that 2.50 is equivalent to 2.3; 3.28 to 3.4, and 4.49 to 4.5. The -
mean of the four fractional values, .65, .50, .23 and .49 is .47
but if we give these values weights proportional to the number
of stars in each group, the mean becomes .39 which was the
value adopted. In plotting the points in this work, the entire
magnitudes were used as abscissas of points on the curve
already drawn, and the corresponding ordinates were taken as
the resulting values of the several sub-divisions of magnitude
on the photometric scale.

What has been said indicates the points of interest, shown,
in the best of the old star eatalogues, and how they are being
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used to make the photometric standards of magnitude at Har-
vard College Observatory. This is a most important work in
stellar astronomy, and it is to be hoped that nothing will inter-
fere to retard it until it is speedily completed. Next we will
notice the catalogues of Sir"WiLLiAM and Sir Jor~ HERscHEL,
and others later. [EprToR.]

ON THE SOLAR CORONA.

BY DR. WILLIAM HUGGINS.

(Concluded from last month.)

It has been suggested, even, that the corona is so complex a
phenomenon that there may be an element of truth in every
one of these hypotheses. Any way this enumeration of
hypotheses, more or less mutually destructive, shows how great
is the difficulty of explaining the appearances which present
themselves at a total solar eclipse, and how little we really know
about the corona.

An American philosopher, Professor Hasrings, has revived a
prior and altogether revolutionary question: Has the corona
an objective existence? Is it anything more than an optical
appearance depending upon diffraction? Professor Hasrines
has based his revival of this long discarded negative theory
upon the behaviour of a coronal line which he saw, in his spec-
troscope, change in length east and west of the sun during the
progress of the eclipse at Caroline Island. His view appears to
rest on the negative foundation that FresNEL's theory of dif-
fraction may not apply in the case of a total eclipse, and that
at such great distances there is a possibility that the interior of
the shadow might not be entirely dark, and so to an observer
might cause the appearance of a bright fringe around the
moon.* '

* Report of the Eclipse Expedition to Caroline Island, May 1883. Memoir of the
National Academy of Sciences, Washington.
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Not to speak of the recent evidence of the reality of the
- corona from the photographs which have been taken when
there is no intervening moon to produce diffraction, there is the
adverse evidence afforded by the peculiar spectra of different
partsof the corona and by the complicated and distinctly pecu-
liar structure seen in the photographs taken at eclipses. The
crucial test of this theory appears to be, that if it be true, then
the corona would be much wider on the side where the sun’s
limb is least deeply covered, that is to say, the corona would
alter in width on the two sides during the progress of the
eclipse. Not torefer to former eclipses where photographs taken
at different times, and even at different places have been found
to agree, the photographs taken during the eclipse at Caroline
Island show no such changes. M. JANsSEN says: Les formes
de la couronne ont ete absolument fixes pendant toute la duree
de la totalite.” The photographs taken by Messrs. LAWRENCE
and Woobs also go to show that the corona suffered no such al-
terations in width or form as would be required by Professor
Hasring's theory during the passage of the moon.

We have, therefore, I venture to think, a right to beheve in
an objective reality of some sort about the sun correspondmg
to the appearance which the corona presents to us. At the
same time some very small part of what we see must be due to
a scattering of the coronal light itself by our air, but the
amount of this scattered light over the corona must be less
than what is seen over the dark moon.

That the sun is surrounded by a true gaseous atmosphere of
relatively limited extent there can be little doubt, but many
considerations forbid us to think of an atmosphere which rises
to a height which can afford any explanation of the corona,
which streams several hundred thousand miles above the photo-
sphere. For example, a gas at that height, if hundreds or even
thousands of times lighter than hydrogen, would have more
than metallic density near the sun's surface, a state of things
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which spectroscopic and other observations show is not the
case. The corona does not exhibit the rapid condensation
towards the.sun's limb which such an atmosphere would pre-
sent, especially when we take into account the effect of per-
spective in increasing the apparent brightness of the lower
regions of the. corona. There is, too, the circumstance that
comets have passed through the upper part of the corona with-
out being burnt up, or even sensibly losing velocity.

There can scarcely be doubt that matter is present about the
sun wherever the corona extends, and further that this matter
is in the form of a fog. But there are fogs and fogs. The
air we breathe, when apparently pure, stands revealed as a dense
swarming of million of motes if a sunbeam passes through it.
Even such a fog is out of the question. If we conceive of a
fog so attenuated that there is only one minute liquid or solid
particle in every cubic mile, we should still have matter enough,
in all probability, to form a corona. That the coronal matter
is of the nature of a fog is shown by the three kinds of light
which the corona sends to us. Reflected solar light scattered
by particles of matter, solid or liquid, and secondly, light giving
a continuous spectrum, which tells us that these solid or liquid
particles are incandescent, while the third form of spectrum of
bright lines, fainter and varying greatly at different parts of
‘the corona and at different eclipses, show the presence also of .
light-emitting gas. This gas existing between the particles
need not necessarily form a true solar atmosphere which the
considerations already -mentioned make an almost impossible
supposition, for we may well regard this thin gas as carried up
with the particles, or even to some extent to be furnished by
them uader the sun’s heat.

It will be better to consider first the probable origin of this
coronal matter, and by what .means it can find itself at such
enormous heights above the sun.

There is another celestial phenomenon, very unlike the
corona at first sight, which may furnish us possibly with some

”~
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clue to its true nature. The head of a large comet presents us
with luminous streamers and rifts and curved rays, which are
not so very unlike, on a small scale, some of the appearances
which are peculiarly characteristic of the corona.* We do not
know for certain the conditions under which these cometary
appearances take place, but the hypothesis which seems on the
way to become generally accepted, attributes them to electrical
disturbances, and especially to a repulsive force acting from the
sun, possibly electrical, which varies as the surface and not like
gravity as the mass. A force of this nature in the case of
highly attenuated matter can easily master the force of grav-
ity, and as we see in the tails of comets, blow away this thin
kind of matter to enormous distances in the very teeth of
gravity. :

If such a force of repulsion is experienced in comets, it may
well be that it is also present in the sun’s surroundings. If
this force be electrical it can only come into play when the sun
and the matter subjected to it have electric potentials of the
same kind, otherwise the attraction on one side of a particle
would equal the repulsion on the other. On this theory, the
coronal matter and the sun’s surface must both be in the same
electrical state, the repelled matter negatiye if the sun is nega-
tive, positive if the sun is positive.

The grandest terrestrial displays of electrical disturbance, as
seen in lightning and the aurora, must be of a small order of
magnitude as compared with the electrical changes taking place
in connection with the ceaseless and fearful activity of the
sun’s surface, but we do not know how far these actions, or the
majority of them, may be in the same electrical direction, or
what other conditions there may be, so as to cause the sun’s
surface to maintain a high electrical state, whether positive or
negative. A permanence of electric potential of the same kind
would seem to be required by the phenomena of comets’ tails.

If such a state of high electric potential at the photosphere

* See ‘“ Comets, ” Royal Institution Proceedings, vol. x, p. 1.
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be granted as is required to give rise to the repulsive force
which the phenomena of comets appear to indicate, then con-
sidering the gaseous irruptions and fiery storms of more than
Titanic proportions which are going on without ceasing at the
solar surface, it does not go beyond what might well be, to sup-
pose that portions of matter ejected to great heights above the
photosphere and often with velocities not far removed from
that which would be necessary to set it free from the sun’s at-
traction, and very probably in the same electric state as the
photosphere, might so céme under this assumed electric repul-
sion as to be blown upwards and to take on forms such as those
seen in the corona; the greatest distances to which the coronal
streamers have been traced are small as compared with the ex-
tent of the tails of comets, but then the force of gravity
which the electrical repulsion would have to overcome near the
sun would be enormously greater.

It is in harmony with this view of things that the positions
of greatest coronal extension usually correspond with the spot
zones where the solar activity is most fervent; and also thata care-
ful examination of thestructure of the corona suggests strongly
that the forces to which this complex and varying structure is
due have their seat in the sun. Matter repelled upwards would
rise with the smaller rotational velocity of the photosphere,
and lagging behind would give rise to curved forms; besides,
the forces of irruption and subsequent electrical repulsion
might well vary in direction and not be always strictly radial,
and under such circumstances a structure of the character
which the corona presents might well result. The sub-perma-’
nency of any great characteristic coronal forms, as, for exam-
ple, the great rift seen in the phorographs of the Caroline
" Island eclipse and also in those taken in England a month
before the eclipse and about a month afterwards, must probably
be explained by the maintenance for some time of the condi-
tions upon which the forms depend, and not to an unaltered
identity of the coronal matter; the permanency helonging to
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the form only, and not to the matter, as in the case of a cloud
over. a mountain top, or of aflame over the mouth of a voleano.
If the forces to which the corona is due have their seat in the
sun, the corona would probably rotate with it; but if the
corona is produced by conditions external to the sun, then the
corona might not be carried round with the sun.

We have seen that the corona consists probably of a sort of
‘incandescent fog, which at the same time scatters to us the
photospheric light. Now we must bear in mind the very differ-
ent behaviour of a gas, and of liquid'or solid particles in the
near neighborhood of the sun. A gas need not be greatly
heated, even when near the sun, by the radiated energy; heated
gas from the photosphere would rapidly lose heat; but on the
other hand liquid or solid particles, whether originally carried
up as such, or subsequently formed by condensation, weuld
absorb the sun’s heat, and at coronal distances would soon rise
to a temperature not very greatly inferior to that of the photo-
sphere. The gas which the spectroscope shows to exist along
with the incandescent particles of the coronal stuff, may there-
fore have been carried up as gas, or have been in part distilled
from the coronal particles under the enormous radiation to
which they are exposed. Such a view would not be out of
harmony with the very different heights to which different
bright lines may be traced at different parts of the corona and
at different eclipses. For obvious reasons, gases of different
vapour density would be differently acted upon by a repulsive
force which varies as the surface and would to some extent be
winnowed from each other; the lighter the gas the more com-
pletely would it come under the sway of repulsion, and so
would be carried to a greater height than the gas more strongly
held down by gravity. The relative proportions, at different
heights of the corona, of the gases which the spectroscope
shows to exist there (and recently Captain ABNEY and Profes-
sor SCHUSTER have shown that in addition to the bright lines
already known, the spectrum of the corona of 1882 gave the
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rythmical group of the ultra-violet lines of hydrogen which
are characteristic of the photographic spectra of the white
stars, and some other lines also) would vary from time to time,
and depend in part upon the varying state of activity of the
photosphere, and so probably establish a connection with the
spectra of the prominences.” This view of the corona would
bring it within the eharmed circle of inter-action, which seems
to obtain among the phenomena of sun-spots and terrestial
magnetic disturbances and aurore.

Many questions remain unconsidered; among others, whether
the light emitted by the gaseous part of the corona is due
direetly to the sun's heat, or to electrical discharges taking
place in it of the nature of the aurora. Further, what hecomes
of the coronal matter on the theory which has been suggested?
Is it permanently carried away from the sun, as the matter of
the tails of comets is lost to them? Among other considera-
tions it may he mentioned that electric repulsion can maintain
its sway only so long as the repelled particle remains in the
same electrical state; if through electric discharges it ceases to
maintain the electric potential it possessed, the repulsion has
no more power over it, and gravity will be no longer mastered.
If, when this takes place, the particle is not moving away with
a velocity sufficiently great to carry it from the sun, the particle
will return to the sun. Of course, if the effect of ‘any electric
discharges or other conditions has been to change the potential
of the particle from positive to unegative, or the reverse, as the
case may be, then the repulsion would be changed into an at-
traction acting in the same direction as gravity. In Mr. Wgs-
LEY’S drawings of the corona, especially in those of the eclipse
of 1871, the longer rays or streamers appear not to end, but to
be lost in increasing faintness and diffusion, but certain of the
shorter rays are seen to turn round and to descend to the sun.*

* For a history of opinion of the nature of the corona, see Papers by Prof. NORTON,
Prof. YOUNG, and Prof. LANGLEY in the ‘American Journal of Science’; also *The
Sun,’ by Prof. YouNg; and ‘The Sun, the Ruler of the Planetary System, ’ and various
eesays by Mr. R. A. PROCTOR,

~
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It is difficult for us living in dense air to conceive of the
state of attenuation probably present in the outer parts of the
corona. Mr. JOHNSTONE STONEY has calculated that more than
twenty figures are needed to express the number of molecules
in a cubic centimetre of ordinary air, and Mr. CRoOKES shows
us in his tubes that matter, even when reduced to one-millionth
part of the density of ordinary air, can become luminous under
electrical excitement. [A glass bulb about 4 inches in diame-
ter, kindly lent to me by Mr. CrookEs, was exhibited, in which
a metal ball about half an inch in diameter formed the nega-
tive pole. Under a suitable condition of the induction current,
this ball was seen to be surrounded by a corona of bluish-grey
light which was sufficiently bright to be seen from all parts of
the theatre.] Yet it is probable that these tubes must be
looked upon as crowded cities of molecules as compared with
the sparse molecular population of the great coronal wastes.

I forbear to speculate further, as we may expect more
information as to the state of things in the corona from the
daily photographs which will be shortly commenced at the Cape
Good Hope by Mr. Ray Woobs under the direction of Dr.
GILL.

Curious, Difficult and Remarkable Nebulw Discovered at the
Warner Observatory, by Dr. LEwIs SWIFT.

I have just sent to the A. N, for publication, the first install-
ment of new nebule discovered at this observatory, which, as
others already found will soon follow, will be known as Cata-
logue No. 1. It contains approximate positions with descrip-
tive remarks of 120 new nebul®. I make a specialty of nebula-
work, and, it is not surprising that among the two hundred and
fitty nove found, some of them possess characteristics worthy
of mention in the SIDEREAL MESSENGER.

When we reflect how thoroughly, during the last hundred
years, the sky has been searched over by seekers after comets,
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nebula, double-stars, etc., it would seem that in the heavens,

and, more especially, north of 40° south declination, there
could be hardly a single undiscovered nebula as bright as Hers-
cHEL'S Class II, and yet one is often found, visible even with
small telescopes, and which is generally picked up by comet-
seekers. On the evening of June 23rd, while testing the per-
formance of a new periscopic cye-piece by GuNpLACH for neb-
ula-work, in presence of a nearly full moon, I observed with
my 16-inch refractor a nebulous object which I soon found was
either a nova or a comet. No motion was detected in twenty-
four hours and it was thereby shown to be a nebula. To see a
nebula in presence of the moon, largely gibbous, and without
previous knowledge of its existence, no matter how large a tele--
scope may be used, bespeaks a pretty bright one. Subse-
quently, consulting Burrirt's Star Atlas, whereon I had marked
the positions of all nebule ever seen with my 43-inch tele-
scope, I found the same object recorded as follows: * Can find
no record of it.” This was seven years ago. Its approximate

position is R. A. 144 33m 35s; Dec. +52° 8’ 54". Described as
B. ps. R. p DM. +52° 1816 by 31s. I have had several such
experiences as the above. All of BARNARD'S nebule come

under this category of unknown nebule being found with

small telescopes while comet-seeking.

In Cepheus is a remarkable object —G. C. 4634—H IV 4.
R. A. 214 3m Bs; Dec. +67° 27’ 16", a seventh magnitude star
exactly in the center of a large, round, evenly bright nebulous
atmosphere. These bodies are called nebulous stars. The en-
tire heavens afford but a few specimens of this variety of the
neb ule as classified by Sir WriLLiam HerscHEL, and they
should form a distinct class from those in which the star is not
centrally placed, and presumably are stars that happen to he
situated in our line of sight with the nebula, but proba-
bly far this side of the nebula itself, and with which it has no
physical connection whatever. 1 have added three to the num-
ber of this variety of nebulous stars. One is in R. A. 6k 26m

~
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36s; Dec. +10° 23" 15". It follows G. C. 1425 by 28s and is
10’ north. Another is in 214 30m 45s; +12° 15" 54". Our
Sun is supposed by many astronomers to be one of this class of
objects, which, seen from a planet belonging to another sun,
would exhibit the appearance of a nebulous star surrounded
with a luminous atmosphere which we call the Zodiacal Light.
The third and last object of this kind, found in my Catalogue, is
- the most wonderful of all — in fact is the only instance known
to me —for instedd of the central star being single, it isdouble.
This was discovered last Friday evening (July 10). Soon
afterward, in making a second examination of it, I saw,5’ north,
another large nebula having also a double-star in the center,
but this belongs to the other class (optically nebulous) and,
though extensive, is far less interesting than the one just pre-
viously described. The stars in the former are of the eighth
" magnitude and distant about 20”. Those of the latter are also
20" apart, but are very unequal as to magnitude.

I have on several occasions studied the great nebule which
in their conspicuous brightness have frequently been the sub-
jects of the draftman’s pencil, viz: the great nebula in Orion,
in Andromeda, the Hunting Dogs, ete., as well as the Swan and
the trifid nebule, and yet only one of them—the great nebula
in 4ndromeda,—appears to me to be correctly illustrated. The
drawing of this by BoND, is, in every essential detail, exactly as
I see it with the great telescope of the Warner observatory.
When the difficulties attaching to such illustrations are consid-
ered, the indifferent results are not surprising.

A few evenings since on an exceptionally fine night I made an
attack on the trifid nebula, R. A. 174 55m Dec.—23° 2’ hoping
that the telescope would reveal some new features not before
observed. I was pleased to find that a new eye-piece, with a
power of 132, and the astonishingly large field of 33, opened
up a series of interesting and beautiful appearances which I was
not prepared to see. It is quite impossible to give a faithful
description of what a 16-inch refractor equipped with a proper



METEOR OBSERV ATIONS 17

eye-piece reveals in an object so bright, so extensive and so full
of details as this. It, as its name indicates, is broken into three
portions by dark rifts or cracks extending from its center, in
which is a triple star, to its circumference. This triple star is,
as Sir J. HERSCHEL expresses it, * Where three ways meet.” The
crack or black yawning canyon between thes. f.and n. p. triads
has, by all observers, always been seen without nebulosity, and
thus it has hitherto appeared to me, but on this last occasion
I saw a feature which I think is new. It is a bridge across the
chasm, a thread of light of the wost delicate structure extend-
ing from wall to wall, but so faint that a large telescope, a
trained and sensitive eye and exquisite seeing are necessary for
its revelation. The large uebula close north, discovered by
MasoN & SmITH, was very censpicuous.

To my extreme surprise I detected still another very large
nebula close following the trifid, which, strange to say, is also
trifid in character, having a branch or prong extending to, and
mingling with, Mason & SMITH'S nebula.

Taking all things into account, its internal structure and ex-
ternal surroundings, it seems to me, that the trifid nebnlais the
‘most interesting one visible from this latitude.

‘Warner Observatory, July 16, 1885.

METEOR OBSERVATIONS.

WILLIAM R. BROOKS.

A very fine meteor was observed here on the evening of July
6th, about eleven o'clock. My eye was at the telescope at the
time of its first apparition. Removing my eye and looking
quickly-upwards, I beheld the meteor just southeast of the zen-
ith and moving rapidly towards the northwest. At an altitude
of forty degrees it exploded into several balls of different col-
ors, the most notable heing green and crimson. The foremost
ball was an intense crimson, and just preceding that was a
brilliant, sharply defined halo. The light of the meteor

r.\
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brightly illuminated the landscape, and altogether it was a fine
spectacle. I listened some time for the report of the explosion,

*but none was heard. The meteor was witnessed by several per-
sons at this place, also as I heard, the next day, in surround-
ing towns, including Rochester, 40 miles west of here. It was
described there as coming from east to west and brilliantly
illuminating the streets of the city.

On the morning of July 8th, about 2 o'clock, anather mag-
nificent meteor was seen while resting my eyes from the tele-
scope. This one moved from east to west across the northern
heavens helow Polaris. 1t left a bright train, visible several
minutes, and in the telescope which I turned upon it, was seen
to twist and roll in the most curious and interesting manner.

REep House OBSERVATORY,

July 15th, 1885.

THE SUNSET GLOW.

Very little can be said of the sunset glow, and the concomi-

tant solar halo that would interest any but the few who still
watch steadily the faded glories of the first and the persistent
uniformity of the second.
- The solar halo, as seen during the past six months, is
unchanged, except that it appears broader and shades off at the
borders more gradually. Though the sky seem clear of haze,
may be enough of it to diminish or destroy the visibility of
this halo. When the Sun is hidden by a cumulus cloud, clear
spaces for 20° around, often show a decided salmon color, in-
stead of the dingy red as usual. -

From the records of sunsets, it would he difficult to make any
general statement. The idea of variability in the phenomenon
itself, independent of atmospheric modifications, sometimes
seems plausible. On some clear days, when the solar halo was
very prominent, the sunset color was entirely absent. Some-
times when we have had a clear, cool air following a finished
precipitation, the sunset or sunrise has been deeply red.
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Morning or evening the glow disappears quickly, showing
ing that if dust be the cause its altitude is not great.

Last year I noticed on several occasions a wider colored space
along the horizon southward from the sunset point than was
apparent towards the north. In March of this year the same
peculiarity was seen, once toward the south, and twice to.the
north. Last year Mr. EAp1E, of Bayonne, N. J., also ohserved .
the same thing. These facts should receive attention.

For eighteen months there had been an unusual glare in the
field of the telescope while observing bright planets, or first
magnitude stars. The cause of this was thought to be the
“material " in the atmosphere which has this year quite dis-
appeared. But the difficulty of seeing second and third magni-
tude stars in day-time still continues. Is this trouble to the
observer due to some highly illuminated * material ” in the at-
mosphere, or to some other cause? J. R. H.

COMET BARNARD, 1885

E. E. BARNARD.

While seeking for comets during my regular zone sweeping,
on the night of July 7, at about one hour after midnight, I
found an object that struck me at once as unfamiliar. It was
in the field with, and #. f., the naked-eye star ¢ Ophiuchi which
is Yarnall 7244. I knew of a nebula in about the place occu-
pied by the object that I had seen a number of times during
my former sweeps. It is G. C. 4301, discovered by WINNECKE
in 1860, but from my remembrance of that nebula it was larger
and more diffuse than the object now present. I endeavored to
get a glimpse of the nebula, but could not be certain of seeing
it, the air being full of dew and the field milky, and wet clouds
continually forming in the western sky. However, I thought
I detected it but could not be certain that it was not diffused
light from three or four small stars that preceded the place of
the nebula. Even when I turned the 6-inch equatorial on it I

~
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was no better off, as the sky was considerably thickened. I
followed the suspicious object for fully an hour, it becoming
fainter and more indefinite all the time. A comparison with &
Ophiuchi gave its place:

R. A.17h 21m 24s; Decl. 4° 57" 18" south, at 14h 85m 37s,
Nashville mean time.

While watching for motion, I was positive of a perceptible
change in a south-westerly direction. .However, not being cer-
tain of seeing the nebula at the same time, I concluded it would
not be well to announce positively the cometary character of
the object, until the following night had confirmed my suspi-
cion of a change.

On the morning of the -8th, I at once notified Professor
Swirr of what I strongly suspected was a comet. .The object
was rather small and ill-defined, with a tiny brightening or nu-
cleus in the middle. The first glimpse of the eye on the even-
ing of the 8th confirmed the cometary character of the object,
it having moved 35" to the southwest. On the 8th the comet’s
motion was quite perceptible in a short watch. I secured a
number of comparisons with the ring micrometer, but have not
yet found the stars used in any catalogue. On this date the neb-
ula G. C. 4301 was easibly visible. It closely follows several
small bright stars.

The comet was again observed on the 10th and 13th. On
the last date the sky being poor, the comet was difficult to ob-
serve on the ring, being very ill-defined and dim.

Professor SwirT's observation of this comet on the nighf of
July 8th with the WARNER 16-inch glass showed it to be quite
a wonderful object. He describes it as being evenly sprinkled
over with from fifty to one hundred bright points, resem-
bling in appearance a resolvable nebula. My own obhservations
have enabled me only to make out a small, indefinite nucleus.
No tail has, so far, been observed. At best the comet has a
very far-away look about it. The discovery was made with the
5-inch Byrne refractor.

VANDERBILT UNIVERSITY OBSERVATORY,
Nashville, Tenn., July, 1885.
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SOLAR ECLIPSE, MARCH 16, 1885.

Under date of July 6, Engineer C. W. InisH, Iowa City, sent
the following observations of the eclipse, absence from home
preventing earlier preparation:

“The night preceding and the day of the eclipse were very
cold and windy. Clouds began to form in the morning hours
and increased during the day, and towards evening, in dense
masses, they completely covered the sky, the wind blowing a
violent gale from the northwest during the time. Mrs. C. W.
Ir1sH read the time for me from a mean time clock. The point
of first contact I had well determined heforehand. At 10A
33m 55s A. M. Isaw a verysmall, sharp notch in the Sun’s
disc at estimated point of contact. It was in shape like a very
broad-based, flat saw-tooth. One and one-half seconds later
(10~ 33m 56.5s), I saw that the circular black and serrated
edge of the Moon was just to be seen, on the solar disc at the
same point. In all my experience in such observations, I never
‘saw the air so enterely clear of haze, nor did 1 ever see such
splendid definition of the minutie of the sun-spots and faculae
and all other features of the Sun and Moon visible on that day.
Thé only draw-backs were the tremulous motion of the air
caused by the wind, and the intense cold at the time.

I watched the progress of the eclipse until the clouds began
to gather thick and fast, which after the middle phase prevent-
ed observation except at intervals, A good view was obtained
at 1k 27m 48s as the following limb of the Moon left a small
notch. The clouds finally made uncertain the last contact,
which was estimated at 12 27m 08.5s. Observations are given
in 90th meridian time.

PHOTOGRAPHING THE ECLIPSE.

On Monday, March 16th, the sun was partially eclipsed, the
maximum obscuration at this point being about seven-tenths.
Profs. Houvar, BuRNHAM and the writer made a number of neg-
atives of the phenomenon by means of the great refractor at the
Dearborn observatory, Chicago. Mr. Burnham dried a negative

~
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by means of alcohol and made a print from it in a very short
time, so that the Tmes was able to illustrate the matter by an
excellent cut in the issue of the 17th.

Telescopic lenses are not corrected for photographic purposes,
but for vision. The yellow rays form a fine image, but the
more active blue and violet rays form an image, or a series of
images, further from the object-glass, which, indeed, has been
over-corrected. In this case a piece of red glass was inserted
in front of the sensitive plate, so as to intercept all but the red
rays, which it was hoped would prove sufficiently active, and at
the same time form a definite, sharply outlined image. The
result fully justified the expectations. The image was as sharp
in outline, and the horns of the crescent as finely pointed as if
cut with a fine-engraver's tool. Two sun-spots were distinctly
visible in the negative. It is confidently believed that by this
means magnified images can be photographed by means of ordi-
nary refracting telescopes. Experiments in this line will be in-
stituted soon.—The Practical Photographer. '

It seems at first sight incredible that an occurence of 215 years
ago could bereported with but one link between the person who
tells you and the actual witness. Such, however, is the fact.
The narrator in question was the venerable rector of Bushey
(the Rev. W. Falconer) just deceased at the age of eighty-four.
He had heard has grandfather (the celebrated Dr. Falconer of
Bath) say that he had been told by his grandmother that she
could remember being held up to the window to see Halley's
comet, which appeared in 1669. She was then six years old.
Dr. Falconer, the intervener, was born in 1744, and died in 1824.
Assuming him to have been at least six years of age when this
story was told him, his grandmother must have been ninety.
But the wonder must be increased: for if Dr. Falconer told the
story in the last year of his life (1824) to a child of six years it
might be passed on to the next century with only one link he-
tween the witness and the narrator. After all, we are not so
dependent on writing as we sometimes assume ourselves to be.—
Pall Mall Gazette.
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EXPLANATION. The numbers in the table are the proper motions of those of Argelander’s 250 proper motion stars whose magnitudes are



<=3

;
:s‘,

{

184 THE SIDEREAL MESSENGER.

EDITORIAL NOTES.

The feature of general interest in astronomical circles during the past
month is BARNARD'’S new comet. A telegram announcing its discovery
by E. E. BArNARD, at Vanderbilt University Observatory, was first re-
ceived from Dr. L. Swirr of Warner Observatory, July 9. The discovery
was algo telegraphed, in cipher, on the following day to Carleton College
Observatory by Professor E. C. Pickering of Harvard College Observa-
tory. The second message was delayed twenty-four hours, because the
comet’s position in the first message was identical with 4301 of Herchel’s
General Catalogue. Other positions were obtained at Cambridge, on the
nights of July 10, 11, 12. The following positions are given in Science
Observer Circular, No. 56:

OBSERVATIONS.
App.R. A. App. Decl. Observer
d. h.m. 8. ' h. m. s. °o
July 7 212250 Gr. M. T 17212353 —457 4.0 Barnard.
9 123247 Camb.M. T. 174829 —6 0 55.6 Piokering.
10 94120 Camb. M. T. 16 925 —631 8.0 Searle.
: . M. T. 141931 —7 5 0.1 Searle.
1 94344 Wash. M. T. 1415 —7 618.
12 92750 Camb.M.T. 122893 —739 29.6 Pickering -
12 94437 Wash. M. T. 12 26. —T740 25,

Elsewhere in this issue will be found a detailed account of a seven-
_een word message from Cambridge which gave the orbit and ephemer-
1des of the comet as computed by S. C. Chandler, Jr. from observations
of July 7,9 and 10. The elements of its orbit are as follows:

ELEMENTS.
Time of perihelion passage = 1885, May 16. 725, G. M. T.

Longitude of perihelion = 241° 37’
Longitude of pefihelion from node — 150 8
Longitude of node =91 28
Inclination -84 26
Periheli%ryn déstanoe = 2.4740.
Adecos f=+40"3
Af=—0.1

The above elements show a very singular orbit, in its great perihelion
distance, combined with great inclination. Professor S8wirr’s observa-
tions make its coma physically interesting.

A full discussion of the theme, “Small vs. Large Telescopes,” will
appear in September issue.
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PropPER MoTiON OF LALANDE 16616.

(Communicated by Commodore Geo. E. BELKNAP, U. 8. N. Superintendent.)

The proper motion of this star has been deduced by comparing ob-
servations of LAI:ANDE, ARGELANDER, RoBINSON’s places of 1000 stars ob-
served at Armagh, and Washington Transit Circle observations in'the .
years 1881 and 1882.

The Catalogue places are:

Epoch R. A, | Decl.

1800.0 8% 17m 16.11s +-51° 17" 36."2
1842.0 8 20 2227 +51 9 21.8
1870.0 8 22 2558 +51 2 46. 4
1881.0 8 23 1438 +51 1 32. 8
1882.0 - 8 23 18.76 +51 1 21.85

These observations reduced by precession alone to 1882.0 give

Date cf obs. | Epoch. R. A. Decl.
1800.075 1882.0 8h 23m 19.44s +51°1' 51."14
1842.465 19.12 36. 37
1870.426 18.56 25. 88
1881.216 13.79 21. 06
1882.168 18.76 21. 35
Mean | 1855.270 I 8% 231 18.9345 +51°1" 31."16

Giving these observations equal weight, forming equations by the
method of least squares, and denoting by z and y the annual proper mo-
tions in right ascension and declination, we obtain 4836.86z=44.49s and
4836.86y=—1750.64", whence r= 0.00920s + 0.0013s, y = 0.3619" +0.0048."

Applying the values for proper motion and reducing the observations
to 1882.0, we have —

Date of obs. Epoch R A Decl.
1800.075 1882.0 8:.23m 18.69s |+51°1' 21."5

. 1842465 | 18820 18.76 22 1
18704% | 18820 18.46 - 2L 8
1881.216 1882.0 18.79 2. 8
1882168 | 18820 18.76 21. 4
: l

Mean 82371860 + .0406s|#51 121.5 +.146

Annual motion in R. A.——0.00920s + 0.0013s

Ammal motion in Dec.——0".3619 + 0".0048,

T. 8. Naval Observatory Epcaxr Frispy,
Washington, July 8th, 1885. Professor of Mathematics, U. 8. N.
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DARK TrANSIT OF JUPITER'S IV SATRLLITE.

At two of the late meetings of the California Academy of Sciences,
Professor Davipson, the President, read three papers upon two dark
transits of Jupiter's IV satellite. The first paper was made up from
notes of the observation of May 21st-by Mr. CRARLES BURCKHALTER, of
Oaklsnd, giving the details of the black image of the IV satellite in

. transit. '

The second paper gives Professor DaAvIiDsoN’s observations of the 7th
of June of a similar phenomenon; and the third paper is & mamoran-
dum from Mr. BURCKHALTER’S observation of the same transit, Davip-
soN used his 6.4 equatorial (by CraRK); and BurckHALTER his 1014-inch
reflector (by BrasaEAR). The satellite appeared black to both observ-
ers, until it was very close to the limb of Jupiter going off, when it rap-
idly faded, and was lost to sight. It re-appeared as a bright image, pro-
truding from the edge of the planet, but having only one-sixth the
brightness of satellite II. From the point where this bright image ap-
peared it would seem that, in all probability, there was a broad dark
equatorial belt on the satellite, with white poles, and this is in part sus-
tained by a note in DavIDsoN’s observations wherein he thought the
dark image was elongated, but the atmosphere at both stations was very
unfavorable to sharp definition.

The phenomenon of the image of the satellite appearing black and
white at the same time was observed by DavipsoN at the transit of
January 15, 1884, and illustrated in the “ Mining and Scientific Press,".
of San Francisco, of March 15, 1884, after its presentation to the
Academy. (And reprinted in the SipEREAL MESSENGER, May 1884.

In these observations DavipsoN found a power of 120 diameters, the
best under the unfavorable atmospheric conditions, and BURCKHALTER
used 215. '

Barnard’s new comet was readily picked up on the evening of July 10
with the 9-inch reflector, and was afterwards scen with the aperture re-
duced to four inches. Its approximate place at the time of my observa-
tion was R. A. 17 hours 15 miuntes; Decl. south 6°30'. It was faint
and rather irregular in outline. The nucleus bright and flashing, and
upon the side of the coma towards the Sun. It was also observed upon
the 11th. On the 12th a faint short tail was detected and curious pulsa-
tions of light in the nucleus and coma were noted.

REep House OBSERVATORY, WiLriaM R. BRooKs.
July 16th, 1885.
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The annual report of the Paris Observatory for 1884 is a document of
unusual interest generally, but the feature of making star-charts and
catalogues by photography is deserving of special notice. The aperture
of the glass used in this stellar photography is 13.4 inches, and 11 feet
and 8 inches focal length, giving a field of view of over three degrees.
The sensitive plates on which the photographs are taken are about 10
inches square which would show a space of over five square degrees. An
exposure of one of these plates for an hour showed 2,790 stars varying
from the fifth to the fourteenth magnitude. The diameter of the 14th
magnitude stars is said to be one thousandth of an inch. This is rapid
work in getting magnitudes and star-places. It would require many
months to do a8 much work in the ordinary way as photography prom-
ises to do in a singlé hour. It is gratifying to know that some of the

leading observatories in America are giving attention to the study of .

this means of recording astronomical data, and early favorable results
may be expected.

OCOoULTATION OF ALPHA TAURL
-The occultation was observed at the Cincinnati observatory with the
4-inch equatorial, power 50. ’
Mt. Lookout M. T.
Immersion July 8 © 15k 53m 175.9
Emersion ¢« « 16 46 46.6
The disappearance was sudden; at re-appearance the Sun was already
up and the Moon’s dark limb could not be seen. On this account the
emergence was difficult to observe, and the time noted may perhaps be
as much as two or three seconds late. J. G. PORTER.

It is human to repeat some of the kind words that good people utter
in themidst of the rontine of common duties, especially if sparkling with
sallies of wit or fun. We must be pardoned for clipping the following
from a late letter from our distinguished friend C. Prazzi SmyTH, Astron-
omer Royal of Scotland :—

“T have the pleasure of forwarding a post office order two years more
subscription. I regret to say that the post office here is still in perfect
ignorance of any other Northfield than one down in Virginia; so I have
had to muke out the order on St. Paul, Minn., in place of closer at hand
to you. 8ic itur ad astra; your ethereal journal soars upward to heaven,
in the admiring gaze of all astronomers—while the bucolic popluations
with their downward gaze on earthly things know nothing about it, nor
about Carleton College, nor even Northfield City, Minnesota!

But your day of fame—and let us hope popular gratitude—wil}
come.”
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STARsS wrtH LARGE PROPER MoOTIONS.

In the zone observations which are being carried on at the Cincinnati
observatory, working northward from 22° south declination, a number of
stars have been found with appreciable proper motions. These will all
be determined and discussed when the observations are sufficiently
advanced.

The two following stars show such decided motion that it seems worth
while to call particular attention to them:

Laranpe 20959. MagNrTUDE 7.5.

IEpoch R. A, Com- l Declination. Com-
I I puted. | l puted.
Lal. 1800 | 104 47m 30.528 30.65s —20° 00’ 10.”7 | 10".2
O. Arg. | 1850 0.25 29.91 - 2.0 211
Brux. 1872 29 49 29.58 29. ) e
Cin. 1885 29.27 29.39 29.4 1 28.7

The R. A. for 1872 is the mean of the Bruxelles’ observations in 1869,
1872 and 1874. The declination was observed in 1869 only, aud as it is
evidently too large it has been rejected in the computation. The Cin-
cinnati position is the mean cof four observations. By least square we get

A a = —0s.0148 A 6= —0"21

The column headed “computed” gives the resulting R. A. and declina-
tion for the epoch of observation. ARGRLANDER’S R. A. it will be seen,
is quite discordant, but as a part of the trouble may lie in Lalande's.
position, it was thought best to give equal weight to both. The total
motion of the star in an arc of a great circle would be 30".2 in a

century.
il LALANDE 24423.

|Efoéh.| R.A.1885. | Com- | Declination | Com-
puted. 1885. puted.

Lal. 1800 137 .03m 29.52s| 29.48s [—21°33'33".2; 33°.2
Bonn VI 1853 29.80 | 29.88 3354 3 54.1
Bonn VI, Nachtrag| 1867 29.96 | 29.99 33 57 .8 59 6
Brux 1870 29.98 | 30.02 34 02.6 00.8
Cincin. 1885 30.24 ' 30.13 34 06 .6' 06 .7

The declination was observed at Bruxelles in 1869 and 1870, the R. A.
in 1870 only. The Cincinnati position depends on two rather discordant
observations. Giving equal weights we get

A « =0.0077s A 0=0".395 Total motion per century=—40".9.

J. G. PORTER.

By kindness of Secretary MATHEWS of Lick Observatory, six beautiful
photographs of the late eclipse weresent us. The imagesare 13{ inches
with as perfect outline as we have seen. The thin crescent marking
probably time of greatest obscuration has singularly perfect cusps. The
numbers in a series of 74 taken during the eclipse, which we have re-
ceived, are 2, 3, 24, 30, 45 and 69. We regret that the time of each photo-
graph was not sent us that they might be published.
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SpeoTRA AND COLOR OF STARS,
In a report of Harvard College Observatory, recently published, Pro-
fessor PIcKERING speaks of work concerning the spectra and color of
stars, as follows:

“Two separate series of investigations with regard to stellar spectra
have been undertaken. It has been proposed to examine all stars known
to have banded spectra with the object of approximately determining
the positions of the bands in each upon a uniform system. This woul
afford means for a more definite and satisfactory claesification than at
present exists, The method of measurement consists in comparing the
spectrum with a notched bar beside which it is placed in the field of the
telescope. The proper position of the spectrum is secured by a previous
reference to an image of the star formed by light allowed to pass beside
the prism which forms the spectrum.

For the acquisition of more definite knowledge than at present exists
with regard to the color of stars, it bas also been proposed to observe all
stars to the fourth magnitude inclusive, and north of the thirtieth paral-
lel of south declination, with an instrument designed for the purpose.
The spectrum of the star to be observed is properly placed in the field
by the same means as in the other instrument just described. It is then
carried by its diurnal motion behind a series of narrow bars placed at
right angles to the spectrum, small portions of which are accordingly
visible in the narrow spaces between the bars. The successive extinction
of these portions of the spectrum is observed in a wedge of tinted glass.
In this manner the relative brightness of definite parts of different
spectra may be compared.”

At the observatory of Pola, March 15, 16, 17 and 20 four observations
of the new minor planet, No. 247 were secured.

Prof. CEARLES A. BorsT, of Litchfield Observatory, assistant to Dr.
PerERs, writing of Monday night’s comet, says:

“At a little after 11 o’clock while standing with Dr. PETERs on the bal-
cony of the dome where he was patiently waiting for the passing of some
clouds which were an anuoyance to his work, it seemed as if there was a
flashYof lifhtning, which made the horizon visible to us both in every di-
rection. It lit up the earth as by a full moon; in an instant there was
pessing before us a beautiful meteor, having a bright green light. In
size it resembled Jupiter when undera power of three hundred diameters.
It moued a little above Epsilon Virginis (Vindematriz), and apparently
toward the north, being visible about five seconds, when it seemed to ex-
glode with a most brilliant display, resembling a sky-rocket. Looking

y chance at the point in the heavens where 1t first struck our atmos-
phere, so intense was the Jight that it partially blinded the eye and
caused the lids to close. The mind hesitated to believe that the green
globe of fire was a meteor. The sensation was most peculiar, and can
never be forgotten. It was as if the Moon were seen dropping into the
lap of Earth.

ut quickly are these fiery monsters checked in their course as the
atmosphere catches them and reduces them to ashes, with as much ease
as the spider traps and subdues the unsuspecting fly. The astronomer
enjoys the beauty of the scene, and his monotony is relieved while hu-
manity sleeYl on, having in the nature of things little to fear from dan-
gers from which all are so well protected.”—Utica Daily Observer, July 8.

”
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Mercury and Jupiter were seen, at once, in the field of the telescope
Juiy 20. 1883, Venus and Jupiter in the same way July 26, 1883,

The two planets, Venus and Mercury were seen together in the field of
the telescope July 17, 1885, at 6 p. M. 75th medidian time. They were
about 22 minutes of are apart. At 9 o'clock the planets were 'only
11’ distant, but bad air prevented an observation.

BARNARD’S comet was observed here July 11. It appears faint. I
could see, at times, a distinct star-like central point.

July 14, seen again, and is more diffused, central point not seen.

Baltimore, July 14. J. R. H.

Mr. Mans1LL, of Illinois, has, at last, relieved astronomers of all doubt
about the existence of intra-mercurial planets. A single paragraph from
a long article in a popular Canadian paper will show how he does it:

“I think it is unreasonable to expect another planet to exist between
the Sun and the planet Mercury, for the following reasons: As all plan-
ets between Jupiter and the Sun must be large enough to turn by axial
rotation a certain amount (much) of their equatorial surface before the
Sun during a given time at (their) a certain distance from the Sun, or
they (or any planet) must move through a greater amount of ellipticity
in their orbits during the same given time, and on this acconnt a very
small planet could not exist between the Sun and Mercury for the fur-
ther reasons that its increased density in moving 8o near the Sun would
increase its orbital motion—and this would be apt to contract its volume
in the same proportion.. It therefore could not have so much equatorial
surface to turn before the undulating electric action of the Sun during
thesame given time. Hence its path or orbit about the Sun would likely
be somewhat longer, or lengthened into an elliptical form, or just in the
same proportion to the amount of what its axial rotation may have been
retarded.— Advocate.

O shades of astronomic lore!
From some dark Egyptian shore,
Save us, sure, from any more.

The following orders have not been previously acknowledged:

Professor 8. P. Langley, Alleghany Observatory, (Vols. 3 and 4). Li-
brary of the University of Rochester, Rochester, N. Y. Samuel A. Boyle’
Fhiladelphia, Pa. Ellen A. Hayes, Wellesley College, Wellesley, Mass.
Royal Observatory, Greenwich Kent, England, (Vols. 1, 2, 3, 4). Royal
Observatory, Cape of Good Hope, care of Trubuer & Co., 57 and 59 Lud-
gate Hill. London, England, (Vols. 1, 2, 3, 4). Mr. Cruls, Director of
Observatory Rio de Janeiro, Brazil, South America. Wm. N. Sage,
Rochester, N. Y. D. Appel, Cleveland, Ohio, (Vols. 1, 2, 3, 4).
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Professor T. C. Georar, University of the Pacific, San Jose, Califor-

 nia, in a letter of recent date says: — '

“We have just completed an observatory building in connection with
our University, consisting of an octagonal room, 16 ft. across, in which
is a brick pier 8 ft. square at the base and 22 ft. above the ground, and
capped with a stone 314 ft. square. Dome is 12 ft. in diameter inside,
covered with galvinized iron and revolved with windlass, requiring only .
15 Ibs. to turn it, the track being of steel. On one side is a transit
room 10 ft. by 12 ft. and 10 feet high; on the other the reception room,
and over this the study. ”

The instruments are, a CLARK 6-inch equatorial with circles, a driving
clock and micrometer, a transit by Favre & Co, costing $1000 and a
chronometer.

The building and instruments are the gift of Capt. CHAS. GooDALL, of
San Francisco, and DaN1eL JAcks, of Monterey.

Professor GEORGE is to be coungratulated that he has near him men of
such spirit and generosity as this very liberal gift indicates.

Mr. Joux R. HooPER's observations of the occultation of Aldebaran
by the Moon, at Baltimore, on the morning of the ninth of July, were as
follows:

Immersion was mstanta.neous at 4h 34m 173 750
Re-appearance, at . bk 26m 358 \ Meridian
Duration was 52m 183 § Time.

THE AvuGUusT PLANETS.
In 90th meridian time,
Mercury sets Aug. 5, 8h 29.5m, evening.
“ “ « 15, Th 56.6m, “
[ . @ 25’ 7h 09'6m’ o
This planet is in conjunction with Jupiter Aug. 4th and 26th; in great-
est elongation Aug. 5; in aphelion Aug. 6; in conjunction with Venus
Aug. 8; with the Moon Aug. 11; stationary Aug. 19; is 14 44m east of
the Sun Aug. 1, and 9° 28’ south. It is visible to the naked eye.
Venus sets Aug. 5, 8& 40m, evening.
“ “ « 15, 8h 25,m' “
“ “ « 95 8h 9m, “
In conjunction with Jupiter Aug. 5; in conjunction with Mercury Aug.
8; the Moom Aug. 11; and Beta Virginis Aug. 19.
Ma/ra rises Aug. 5, 1» 40m, morning.
“ « 15, 1n 31m, “
[ [ [ % lh 22”3 3
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The planet is 1° 20’ north of Saturn Aug. 6, and in conjunction with
the Moon on the following morning.
J upzter sets Aug. 5, 8. 40m, evening.
“ ¢“ 15, 84 bm, “
“ “ [ 25 7h 30”1,, 3
Except the dark transits of its satellite, Jupiter’s physical features are
uninteresting because far away and low in altitude.
Saturn rises Aug. 5, 1% 49m, morning.
“ “ “ 15, 12 14m, o
“ “ “ 25, 0k 38m, ¢
And is iu conjunction with the Moon Aug. 6.
Uranus sets Aug. 8, 9% 1lm, evening.
“ “ “ 16, 8h 40m, “
“® (3 13 28 7’14 557’2, “
Conjunction with the Moon the planet being 17’ north, Aug. 12, 18%,
with Venus Aug. 23, 214, the latter planet being 13’ north.
Neptune rises Aug. 8, 112 19m, evening.
« “ “ 16, 10 48m, “
“ [ c %’ 10]& lm, [
Conjunction with the Moon Aug. 1 and 31; is stationary Aug. 27.
Minor Planet (248) is the last discovered.
Aldebaran in Taurus will be occulted by the Moon Aug. 5, 2h 47.8m.
The new comet (BARNARD’S) is moving south-west aund waning.

It is said by apparently good authority, that the best computation of
the last contact of the late eclipse in New York differed from several
good observations of the same by nearly half a minute of time.

AsTRONOMICAL PAPERS RECEIVED.
On the Right Ascensions of the Cape Catalogues for 1850 and 1880.
and
On the Star Places of the Nautical Almanac, by A. M. W. Downing
Formulas for Computing the Position of a Satellite, by Asaph Hall,
The Great Comet of 1811, by Th. Bredichin. (French).
Bulletin of the Philosophical Society of Washington. Vol. VII.

Errata in July number page 152:

Line 16 of the table for —0'.09".6 read +0'.09" 6
Line 22 of the table for —1'.—07.”0 read —2'.07.0.
Line 26 of the table for 09.08s read 09.98s.

Line 31 of the table for —1'.17".9 read +1'.—17".9.
Line 36 of the table for —1m.25.45s read +1m.25.45.
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SMALL VS. LARGE TELESCOPES.

8. W. BURNHAM.

Much has been written recently in some of the astronomical
journals, and more particularly in the Observatory by Mr. DEN-
NING and others, on the comparative value of large and small
apertures for showing planetary details and other faint celestial
objects; and Mr. DENNING has expressed the opinion that “ ap-.
ertures of from six to eight inches seem able to compete with
the most powerful instruments ever constructed.” This novel
view is based, to some extent at least, upon the failure of the
Chicago 183-inch refractor, in the hands of Prof. HoueH, to
show certain details on the surface of Jupiter alleged to have
been heretofore seen by various observers with much smaller
apertures, and also certain remarkable convulsions or changes
on the surface of that planet which have been so frequently
described by the possessors of portable telescopes. Prof.
Houas, it should be noted, has specially studied this planet,
and made micrometrical observations with this instrument
on every available occasion during the last five years. The evi-
dence of such changes usually consists in the inability to see a
a spot or marking on one night which was quite ohvious on
some immediately preceding or following evening. The argu-

F



194 ~ THE SIDEREAL MESSENGER.

ment might have been extended in this direction by also citing
numerous instances of double-stars alleged to have been discov-
ered with small telescopes, and these discoveries verified by
other observers, but which have persistently remained invisible
in the refractor of the Dearborn Observatory and other large
telescopes. At the time of the supposed discoveries such in-
stances would have furnished an admirable text for a discourse
on the advantage of the smaller instrument, though perhaps it
is too late now to turn them to any account in that direction,
since it would be difficult to find an astronomer who is not con-
vinced that these observers, like many others since, were too
hasty in rushing into print as discoverers, when, by a little pa-
tience, they could have satisfied themselves that they had really
seen nothing at all. I have spent a good deal of time, first and
last, which might have been better employed, in running down
these tales of new stars. I had indeed, at the start, but little
faith in their existence, partly because as a rule the observers
had never discovered any real objects of that class which were
difficult, and partly because the character of the instruments
employed was such that it was in the highest degree improbable
that even an experienced observer could see any companion
stars of the magnitude and distance described which would be
overlooked by the skilled observers who had traversed that field.
In every instance —and there were many of them — I not only
failed utterly to see these alleged stars, but satisfied myself by
repeated trials under the most favorable conditions that they
were purely imaginary. It never occurred to me that 1 was
laboring under any disadvantage in using a larger aperture
than those before employed, or that I could be mistaken in as-
serting positively, after a fair and thorough investigation with
the ‘aid of such an instrument, that the supposed stars were
simply due to an excess of imagination on the part of the sev-
eral writers. Perhaps, if I had not used the telescope in ques-
tion for the discovery of some hundred of difficult pairs, and in
the repeated examinations of the severest stellar and other tests
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known, I might have had less confidence in my own eyes as
well as the telescope. The experience I have had with other
telescopes by the same makers, nearly as large and larger, leads
me to have the same faith in them and their power to show
anything which has been really seen elsewhere, that I have had
for a long time in that at the Dearborn Observatory. That I
have as much reason, perhaps, as any one to appreciate the value
of small instruments, will be apparent from the work done
with the 8-inch refractor, and for the further reasen that the
discoveries thus made will all be found to stand the test of fu-
ture examination.

I have no doubt Mr. DENNING intends to deal with the sub-
ject fairly and impartially; but two things are apparent from his
communications: First,that his statements are based wholly upon
a comparison of small instruments with larger reflectors; and,
second, that he has never worked with any first-class refracting
telescope. Speaking of large apertures he says: “While posses-
sing an immense superiority of light over smaller telescopes, they
are rendered ineffective by inferior definition.” This remark
would certainly be absurd if intended to be applied to instru-
ments of the quality of those made by ALvaN CLARk & Sons.
If it relates to reflectors, as it probably does, most readers will
agree with him throughout, and in the conclusion that the best
definition is rarely, if ever, found in large reflectors. Person-
ally, I have had no experience in using telescopes of this form,
but judging from what has been done by the larger reflectors,
and more particularly by.what has not been done, in depart-
ments of work where the most perfect definition attainable is
absolutely essential, the conclusion is irrestible that however
well they may answer for work on nebula, for instance, where
there is nothing to define, and where, from the absence of this
quality, the picture and text are rendered all the more pleasing
and original, or in any class of work where the result is princi-
pally descriptive they are immeasurably inferior to the refrac-
tors in work requiring sharp definition. In double-star work,
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for example, no very close pair has ever been discovered by a
large reflector, nor any pair which would be considered a test
for the definition of such an aperture. As a matter of fact,
practically all the difficult pairs which have any interest as dou-
ble-stars have been discovered, and the measures of this class of
stars made, with refracting telescopes; and this will continue to
be the case until some radical improvement is made in the reflect-
ing telescope. It is not enough to say that these observers did
not wish to do that kind of work; for no observer, with a per-
fect instrument of twelve or fifteen inches aperture, and upwards,
could fail to find something new among the double-stars, what-
ever field of work he might be engaged in. It would be almost
impossible to avoid it, and most observers would not fail to
mention it, even if their principal interest was in another direc-
tion. Let the possessor of such a reflector take a little
pains to satisfy himself on this point, and spend an hour or
two on some good night in the discovery of a new double-star
with a distance of not more than 0”.3 or 0.4, if the stars are
‘about equal, or two or three times that distance if there is a
difference of at least five magnitudes in the components. If
his instrument is approximately equal to a CLARK refractor, it
will not take him long to verify and prove it in the manner I
have suggested; and such proof would almost necessarily be
satisfactory to others as well. For this purpose, observations of
known pairs are not satisfactory, for we all know how easy it is
for many to fancy a thing is seen when it is known beforehand
just how it looks, and where it is; and descriptions of how test
doubles appear in the telescope are as uusuitable to en-
able others to judge of the performance of the instrument
as descriptions of planets, and other observations which
cannot be positively verified. This is not intended as a reflec-
tion on the good faith of any one, but it is not too much
to say that the “scientific use of the imagination” is brought
into exercise as often in astronomical writings as in any other
papers. If some one will point out any hitherto unknown close
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component of ‘a star, using any reflector, however large, or a
telescope of any form under 184-inches aperture, which we can-
not measure, as well as see, at this Observatory, it will be a leg-
itimate and important if not an unanswerable argument in
favor of the value and superiority of reflectors and small ap- -
ertures generally. Until something of this kind is done, the
fact that some one with a 43-inch instrument claims to see a
belt on one of the satellites of Mars, or a pale lilac streak on
Neptune, will not be likely to discourage those of us who have
only large CLARK refractors to work with, any more than the
alleged discovery and repeated verification of a select assort-
ment of companions to Polaris, Vega, Sirius, etc., have done
heretofore.

It seems, from the recent articles alluded to, that it is a com-
mon practice with those who use reflectors to cut down the ap-
erture under certain atmospheric conditions, for the purpose of
improving the performance of the instruments in definition or
otherwise. What more convincing proof could be offered of
the inferior character of the instruments? Assuming that an
object-glass is of the best quality, it would be preposterous to
expect to do with part of it what the whole failed to accom-
plish. I have never had an opportunity of using a telescope
where anything could be gained, under any circumstances, by
working with less than the full aperture, although the experi-
ment has been tried repeatedly. I can readily see how the defi-
nition of an imperfect object-glass would be improved by stop-
ping out the exterior portion, and this may be true of all reflect-
ors on poor or average nights; but it certainly is not true of
any object-glass of the best workmanship. Perhaps I should
mention in this connection that in all I have said here on the
subject of refractors, I refer to the telescopes made by ALvaN
Crark & Sons. I do not intend to disparage the work of other
makers, or to make unfavorable comparisons, but my experience
has been acquired by the use of a half a dozen or more of
Clark telescopes; and I think I know, from the class of observ-

,
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ations attempted, what can be done with them. That there are
refracting telescopes much inferior to them, no one will deny.
That there are at this time any instruments superior to them
will, I think, be maintained by few. Every one knows there
- are nights so unsteady that practically nothing can be done;
and, unfortunately, there are many of them. Then, of course,
the larger aperture is of but little advantage; but under no
conditions will the reduced aperture reveal what the full aper-
ture fails to show. The larger aperture, other things being
equal, is a8 much superior to the smaller.for observing planet-
ary markings as for difficult double-star work, and for precisely
the same reason. Prof. Youna has fully explained (Observa-
tory for June) why the character of details, as shown by a
small instrument, is frequently modified or changed under the
superior separating power of the larger. If Mr. DENNING had
ever used the Princeton 23-inch, or a similar telescope, he prob-
ably would not have been *surprised at the advantage which he,
[Youna] claims for the Jarger instrument on all occasions;’
and he would not regard this experience of an “exceptional
character,” even if the Princeton observers should fail to see,
as I have no doubt they will, some of the planetary details that
have been the subject of so much remark in the last few years.
We have several large refractors in this country, and the opin-
ions of the observers at the Naval, Princeton, McCormick,
Dearborn, Warner and Washburn Observatories on the subject
of the value of contracting the apertures of these several
CkARK refractors can be easily obtained, and also the practice of
STrUVE with the 30-inch at Pulkowa.

In view of the criticisms alluded to in regard to the perform-
ance of telescopes, it is perhaps not surprising that the author
should so obviously misunderstand Prof. Harv's letter (Observ-
atory for May) concerning the Washington telescope. Prof.
HALL says he has seen no remarkable change on the surface of
Saturn in the past eleven years, (and, so far as his published ob-
servations go, he has never recorded any remarkable changes on
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any of the planets;) he has never seen the notch in the shadow
of the ball on the ring, although he says that is “now always
given in every good book on popular astronomy, and has been
seen by several observers”; and even the “square-shouldered ”
appearance of that planet which visitors frequently ask for
there, as they do here, is always missing, as well as the new
stars in the Trapezium of Orion, which have been discovered
several times in England and elsewhere. In this connection he
candidly admits that his “ work will confirm Mr. DENNING'S
criticism that the large telescope does not show enough detail.”

From all this, Mr. DENNING comes to the conclusion that
Prof. HaLL gives a * thoroughly discouraging report™ of the
28-inch refractor! And because the Washington observer
found that * usually a power of 175 gave the best result” on
Mars, the inference is drawn that the definition of the great
telescope is imperfect! If there is a practical observer who
would not give that as his own experience in any class of work,
however high powers he may use at times and places, I have no
idea where to find him. Visitors usually wish to see objects
with the highest powers, but the working astronomer finds
under ordinary atmospheric conditions that the lowest power
which will show a given object is the best for real work. I
have repeatedly used, with advantage, a power of 1400 on a
CrARk refractor of only 12 inches, but a power of 200 or 300
“usually” gave the best result, and I have no doubt this would be
true of any good instrument. It is hardly necessary to say
that when a high power can be profitably used on a 0".2 pair,
there is nothing in the way of observing any planet with it.
Such nights, however, are too rare in most latitudes to repre-
sent the ordinary working powers.

I have no wish to attempt to furnish a commentary on Prof.
HALL'S communication, for no one writes more plainly and di-
rectly on all astronomical subjects. His published work has
been singularly free from all padding and fine writing, and he
has no wild speculations, or marvellous celestial observations to

-~
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ventilate. I have had no communication with Prof. HALL on
this subject, and do not speak with any authority; but I would
suggest the propriety of ascertaining, directly from him, if
there is any further doubt as to this question, whether he really
took a discouraging, melancholy view of his failure to see so
many of the wonders revealed by small telescopes, or whether
it was not a delicate form of intimating a wholesale want of
faith in the existence of the aforesaid marvels.
Cricaeo, July 15, 1885.

COMMENSURABILITY OF MOTIONS,

BY ASAPH HALL.

It is well known to astronomers that if two planets or satel-
lites, in motion round the same center of attractive force, have
their periodic times, or mean motions, nearly commensurable,
there will exist in the motions of these bodies certain curious
and interesting peculiarities. About two centuries ago it was
observed that the motion of Jupiter was slowly accelerated, and
that of Saturn retarded. These irregularities perplexed astron-
omers for a long time, but at last they were explained by Lap-
LACE. He pointed out the fact that since twice the period of Sa-
turn is nearly equal to five times the period of Jupiter, the mutual
attraction of these planets produces a large irregularity in their
motions; and this irregularity itself has a period of about nine
hundred years. Many other similar cases have been found in our
solar system, though none where theirregularity is so large. The
masses of Jupiter and Saturn are so great that the mutual per-
turbations are very large, and the problem of computing them
is a difficult one. LAPLACE gave the first investigation, and was
followed by PoNTECOULANT and others, and especiafly by HaN-
SEN in his elaborate prize memoir on this subject. Recently,
LevERRIER has investigated this question, but unfortunately his
tables of Saturn are not much better than the old ones of Bou-
VARD published in 1821.
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But suppose the motions of two bodies should be exactly
commensurable, what may we expect under such conditions,
and would such a system be stable? This question is not di-
rectly answered in the Mecanique Celeste, although it is safe, I
think to infer the opinion of LAPLACE that there is nothing un-
stable in such a system.

Still the belief that such a system would be unstable, and
would be destroyed by the slightest disturbance, seems to
prevail extensively, and even among some astronomers of
repute. Thus gapsin the ring of asteroids, and divisions in the
ring of Saturn have been explained on the theory that it is im-
possible for bodies to move in such places, since their motions
would be commensurable with those of certain planets or satel-
lites. But such conclusions do not rest on any solid founda-
tion, and seem to be drawn from the formule and expansions
of the Mecanique Celeste and their application to an extreme
case. All such formulee, however, are derived under certain as-
sumptions, and we must be cautious how we undertake to limit
the phenomena of the universe by our interpretation of them.
HANsEN has remarked that in the case of commensurable mo-
tions, the common formulse must be modified to meet the new
conditions. An interesting discussion of the case will be found
in Hendrick’s Analyst for April, 1874. This is by Mr. G. W.
Hiir, and he shows that commensurability of motions has no
marked connection with the stability of asystem. Butsince the
invention of the telescope we have had an example before our eyes
which should have prevented too hasty conclusions in this mat-
ter. It is that of the three inner satellites of Jupiter. So far
as observations show, the motions of these satellites are exactly
commensurable, and yet’ this system shows no sign of instabil-
ity or decay. The consideration of such a system should have
warned us against too general deductions from our formulze.

It is worth while to notice, in this connection, a curious case
brought forward by Laprace and which for a time caused much
discussion. It had been the custom to teach that the Moon

”~
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was made to give light to the Earth. But Laprace found a
special case of the motion of these bodies which he announced
as an improvement in the present arrangement. He says: *1f
at the origin, the Earth and the Moon had been placed on the
same right line, at distances from the Sun proportional to one
and opbe plus one one-hundredth; if moreover, they had been
given velocities parzallel and proportional to these distances, the
Moon would have been continually in opposition to the Sun;
these two stars would have succeeded each other above the hor-
izon, and as, at that distance, the Moon could not be eclipsed,
its light during the night would have replaced the light of the
Sun.” This bold improvement of creation, by means of which
we should always have a full moon, was startling, and brought
out criticism. In a Latin essay, published at Rome in 1825, a
writer took the ground that on account of refraction and paral-
lax the conditions proposed by LapLACE would never exactly
occur. But such criticisms are trivial and they produced no ef-
fect. It was reserved for the mathematican, LiouviLLE, to
show in 1842 that the system proposed by LAPLACE is essen-
- tially unstable, and could never exist in Nature. This point
seems to have been overlooked by LAPLACE, since he repeats his
assertion in the Systeme du Monde.

THE ENDOWMENT OF LITCHFIELD OBSERVATORY.

By the kindness of some uuknown friend a copy of the
Utica Morning Herald is in hand containing a sketch of the
late Epwin C. LitcuriELD, who endowed the Litchfield Ob-
servatory, of Hamilton College, Clinton, N. Y.
 Mr. Lrrcrrienp graduated from Hamilton College in the
class of 1832, studied law at Hudson, was admitted to the bar
and took up a residence in Brooklyn. By means of fortunate
investments in real estate and railroad stocks, he soon became
wealthy, at the same time fostering a lively interest in the
progress of the arts and sciences.
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It is said of him that he was generous with his wealth,
public spirited and an ardent lover of pictures and statuary,
having of the latter one of the finest collections in this country.
His interest in astronomy was shown by his endowment of
the professorship of astronomy in Hamilton College. On this
account the trustees of the College appropriately gave his name
to the Observatory, by which it has been known since the
year 1868. The amount of the endowment is $30,000, the
income of which is devoted to the payment of the Director’s
salary and the contingent expenses connected with the
Observatory.

Dr. C. H. F. PerErs, who was director of the Observatory
at the time of its endowment, was elected the first “Litchfield
professor of astronomy” and continues in that position at the
present time. When liberal men make large gifts, as in this
instance, it is not a common thing that they be on the watch
for opportunities to make smaller gifts of money for useful
things, and besides, to tender such aid unsolicited. A single
instance will illustrate. In 1869 Dr. PrrERs desired to fit out
an expedition to observe the total eclipse of the Sun in August
of that year, and he applied to the College for aid, but with-
out success. Mr. LiTcHFIELD accidentally hearing of his fail-
ure, at once authorized him to organize such an expedition as
he knew to be necessary for observing the eclipse. Knowing
that a small portable telescope was needed, Mr. LiTcHFIELD
gave an urgent order for such an instrument, the best of its
kind, that StEINHEIL SoNs, of Munich, could make, requiring
delivery in time for the expedition. It is almost useless to
add that the telescope was a complete one, if it be stated that
its accessories contained a five-prism direct-vision spectrosco pe,
when the use of such an instrument had scarcely been known,
by anybody, a half decade of years. Subsequently, Mr. Lirca-
FIELD had this small telescope mounted at the Observatory, at
his own expense; authorized the printing of five large volumes
of the astronomical work which the Observatory had done, and
was doing, and furnished a competent assistant, so that work
could be reduced and prefaced for the printer while observation
was going on.

-~
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The work now ready to publish runs through twelve years
of observations of solar spots, of planets and comets, and var-
iable stars, etc. The zone star observations, of which over 100,-
000 have been made, are not included in the plan.

It is generally known to astronomers that the twenty charts
already published at Dr. PETERS’ own expense cover parts of
this work so far completed. In the free distribution of these
charts the observatories and leading scientific societies of the
world hove become gratified recipients of his personal gener-
osity. In'January, 1869, at the alumni meeting of Hamilton
College, Dr. PerErs spoke of Litchfield Observatory at length,
closing with the following paragraph:

“Not without struggle, howeyer, has been the life of our
Observatory. Three years ago it seemed as if it were doomed
to lose its character as a scientific institution, to become assim-
ilated to the fashions of observatories in other colleges, and it
would have died, had not an alumnus of Hamilton College
come forward and saved it. Need I tell you his name?
Where is an alumnus who is ignorant of what Epwix C. Lirca-
FIELD has done? Nor does it become me to praise him here;
to me only the duty belongs, and a pleasant duty it is, to
double my efforts, and show to the world by deeds and facts,
that his liberal endowment has not been in vain, but bears
useful fruit. Let the Oriskany raise its waters above its bed;
let the Hill, that beautiful Hill, where we all have tasted the
fountain of literature and of knowledge, let the Hill itself, by
some geological catastrophe, be swept away, with eveything
terrestial upon it—in the heavens written will remain testimon-
ials that will tell the tale of the Litchfield Observatory of
Hamilton College.”

When the news of the death of Mr. LitcHFIELD, which took
Blace in France, Monday, July 20, reached Hamilton College,

r. PETERS fittingly signified the sad fact at Litchfield Ob-
servatory, in knell and drapery and flag at half-mast.

Of his departed friend “he spoke in terms of deep feeling
and kindly eulogy.” He said:

“Mr. LitcHFIELD'S liberality was as free as it was generous.
He was happy in helping to advance the interests of science.
His solicitude for this Observatory at no time ﬁagged, and he
was proud of the association of his name with it.’

A worthy tribute to a worthy man, from one of America's
oldest and ablest astronomers.—Editor.
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ECLIPSES FOR YOUNG STUDENTS.
H. A. HOWE.*

It is customary in many colleges to have the advanced stu-
dents in astronomy eompute an eclipse of the Sun. Since few
students have any genuine liking for computation, this exer-
cise is regarded by the large majority of them as the climax
of their astronomical tribulations.

The object of this article is to show how a class in a high
school, or the preparatory department of a college, can be and
has been interested in predicting an eclipse. This was accom-
plished by reducing the mathematical work to be done by the
pupil to a small amount of mere arithmetic, trigonometry be-
ing excluded. If an eclipse comes during the portion of the
school-year allotted to astronomy, the teacher will have little
difficulty in interesting his schelars in the prediction of its
phases, and they will watch eagerly for the verification of their
expectations, on the day of the eclipse.

In March of this year a class ignorant in the main of both
geometry and trigonometry computed the solar eclipse of March
16, 1885, in the following manner:

On page 414 of the American Ephemeris, they found the el-
ements of the eclipse given for 3, 4, 5, 6, 7 and 8 hours of
Greenwich mean time. From page 45 they took the tabu-
lated values of the Moon’s right ascension and declination for
each of these hours. From page 39 by means of the hourly
variations they easily computed the right ascension and declina-
tion of the Sun for each of the same hours. The teacher had
previously computed the parallaxes (in right ascension and de-
clination) for both bodies as seen from Denver, for these hours,
and gave the corrections to the class, explaining that the Al-
manac gave the apparent places as seen from the Earth’s cen-
ter, and that by applying the reductions for parallax they ob-
tained the positions of the two bodies as they appeared from
Denver. The co-ordinates being thus corrected, the corrected
right ascension and declination of the Moon at each hour were
subtracted from the corresponding values for the Sun, and the

* University of Denver, Colorado.
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results tabulated. The scholars were provided with paper ruled
in squares, which in the present instance were one-fifth of an
inch on aside; letting one-fifth of an inch represent 100 seconds
of arc, a circle was drawn in the center of the sheet to repre-
sent the Swun, its semi-diameter (964") being given in the Al-
manac on page 414. The differences of right ascension and de-
clination above mentioned were reduced to seconds of arc, the
former being multiplied by 15 and also by the cosine of the
mean of the declinations of the two bodies, the teacher furnish-
ing the cosines. By means of these differences the position of
the Moon’s centre with reference to that of the Sun (which
was considered stationary) was located on the paper for each
hour, one-fifth of an inch still representing 100". The Moon's
center was placed at the right of the Sun’s, when the Moon was
east of the Sun, and above when it was north. Each position
of the Moon’s center was then connected with the nearest one
by a single line, these lines forming a broken one, which was
almost straight. The semi-diameter of the Moon being found
in ‘the Ephemeris, circles were drawn to represent the Moon at
the different hours. Two other circles were drawn represent-
ing it at first and at last contact, their centres being on the
broken line. Thus a representation was made of the path of
the Moon across the Sun’s dise. It then remained to find the
times of contact. The diagram made it evident that the time
of first external contact was a few minutes after 42. A meas-
urement of the plot showed that the Moon’s center at the time
of first contact was at a point whose distance from the position
of its centre at 44 was about 0.18 of the distance between the
positions of the center at 4k and 5h. Hence the time of first
contact was 4 18m or 4k 11m, assuming that the Moon appar-
ently gained on the Sun at a uniform rate. In a similar man-
ner it was found that the time of last contact was 7h 4m. Den-
ver being just 7h west of Greenwich, these times reduced be-
came 9k 11m, A. M. and 12h 4m, p. M., respectively. Each of these
is a minute and a half in error, according to an accurate com-
putation from the special eclipse-data of the Ephemeris.

The method above sketched may be applied to an eclipse of
the Moon, the Earth's shadow being placed in the middle of the
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plotting sheet. The radius of the shadow equals the sum of
the horizontal parallaxes.of the Sun and Moon, minus the Sun's
semi-diameter. Instead of the co-ordinates of the Sun, those
of the-center of Earth's shadow, which are 12k greater, are to
be used. No parallax corrections are needed, and the computa-~
tion is therefore very simple.

The occultations of stars by the Moorn may be similarly treat-
ed, the Moon’s place being corrected for parallax, as above.

Since the Sun and Moon are both spherical, eclipses of the
former and occultations of stars by the latter readily lend them-
selves to simple though rigorous trigonometric treatment along
the lines already pointed out. Remembering that in the case
of a solar eclipse, at the times of external and internal contact,
~ the distances between the centers of the Sun and Moon are equal
to the sum or to the difference of their semi-diameters, the times
of the phases can be found by the inverse of interpolation. In
this process a quadratic equation presents itself for solution.
But an elaboration of the method just hinted at would take us
beyond the scope of this article. -

Some Account of a Set of Tables, Prepared by Professor
GEORGE W. Co4KLEY, for Computing Eclipses and Occul-
tations. '

_ These tables are based upon the following formule, most of

which are readily demonstrated by the principles of spherical
trigonometry: :

If the Moon’s center be not far from a fixed star, or from the
Sun’s center and A = the apparent distance of those centers
as seen from any place on the Earth, whose longitude west of
Greenwich is 4, and its geocentric latitude ¢’, then the follow-
ing exact formula may be demonstrated:

sin’ A * (1—2 sin P, cos 2,+sin® P,)=(x—&)*+(y—=)* (1).
in which z=sin (¢,—a,) cos 3, )

y=sin (6, — 8,)+2 sin 4, cos J, sin® %(al—az)
&=sin P, cos ¢, (r—a,)

2
n=sin P, sin (¢l+62)sin2%(/£—a2) r (2)

+ 8in P, sin (¢'—4;) cos’—fla—(n—az)
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ric right ascension and declination of
3> Sun or star, 2, and z, their geocentric
(m,—=,), or the Moon’s local relative
# is the sidereal time at the place
he Greenwich mean time, 7', at which
‘he Nautical Almanac.
itions (1) and (2) be divided, the first by
7 sin P, they will then correspond ex-
equations of eclipses and occultations
VENET in his Spherical and Practical
also the equations employed in the
aac for computing eclipses and occult-
ose of constructing my tables, I have
i to divide the members of (1) by sin?
* equations by sin 1’, and thus express
sed in the computation as minutes of
become, in minutes of arc,

in* P))=(z—=&)'+(y—n)* (3).
3

.sinl’

4

25,

(s r(4)

")2 )0032% (p—-a2 )

n of y, 3, has been substituted for 3,,
nd as this term is multiplied by the
'HAUVENET represents this term by E,
aking .
in 20, Si“41' (5)

' positive or negative according to the

hourly variation or increment of =,
7’ that of 5, and make one hour the
lily obtain the following expressions:
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' =cos 8" G (lit ),re]ectmg terms that are too small; )
r— d (6 —9 )
dt
&' =P, cos ¢ cos (n—a,) ‘Z(—thﬁ) - (6)

1 ., . —
v’ =-Pysin(p’ +4,) sin (s—a,) ~X2)

— 1— P, sin (¢'—3,) sin (p—a,)* d(r—a,)

dt
(ﬂ%‘”——a’) Lf;t — %, is the difference of the hourly incre-
ments of right ascensions of the moon and sun, derived directly
d(s,—3,) ds, _ ds,
from the Nautical Almanac; and _Ldt =7 dt ,

the difference of the hourly increments of declination. For a

J

‘fit__.o and :’:0 For a star we may write logrithmi-

Ur—®)_ [0.410156]. The method of reducing to the

case of an eclipse will be given subsequently.
It will be convenient to write n-—u]-|-u,, and 7'=uv'—v,’

where v —P, sin ( ¢+, ) * sin’ —2—(#—112)

star,

cally,

t(7)

J
=P, - sin (¢’ +34,) sin (p—a,) - [9.118126
iy Ul LA B o '[[9.118126% f®

If all these values have been computed, or taken from the
the Tables, for the Greenwich mean time, 7', it is not probable
that the values of z,y, &, , will satisfy equation (3). Butif a
small correction, ¢, be added to T, the values 2+t * &, y+¢ " y’,
&4t &', m+¢t ', ought to satisfy the equation (3) at the
time, 74-¢.

At the moments of external contact, moreover, we ought to
to have A-=s,’+s,, when s," =the Moon's augmented semi-di-
ameter, and s,:the Bun's semi—diameter. Hence (8) will be-
come (s,"+s,) " ¥ (1—2sin P, cos z,+sin’ P))=

V([z—&+t- (&' =8") P+y—n+t (y'—1') I*).

~v,=P, sin (¢’ —3,) * cos’ —]2;-(,u-—a,)

e
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But s’ - ¥(1—2 sin P, cos z,+sin’ P,)=s,, and we may write
V(l 2 sin P, cos z,+sin’ P,)=1—sin P, cos z, replacing 2z, by
2, in the small term of the first order, a.nd re]ectlng the other
small terms.

Hence (s,”+s,) - ¥(1—2 sin P, cos 2,+sin P,)=

8,4-s,—8, sin P, cos z,.
Let s, =s,—s, sin P, cos z,, where cos z,=
sin ¢’ sin é,+cos ¢ cos 8, cos (r—a,).

Then s,” may be called the Sun's reduced semi-diameter. In
the case of occultations, s,=0, hence s, =0, and we have strictly
at=s, =[a—i+t - (f—5)FHy—rtt - (y—7)T

As usual, we put  r—&=msin M

y—y=m cos M
r—&=nsin N
y—y'=mncos N

Coth=—m %— cos (M—N) *sin ¢=— " msin (M—N)

| >~

t,_—f—lz— * ACOS ¢

T+t =Gr. M. Time of nearest approach.
T+t —t=Gr. M. T. of 1st contact.
Tyt 4t=* * “ ¢ last contact.

-Of the eight constants, z, y, &, ¥, &, &, 7, 7, the first four are
the simplest, most readily computed, and are the chief ones
given in the American Nautical Almanac. The computations
of the last four are by far the most laborious. But all of them
are given with very little trouble in the set of seven tables now
considered.

The constants depending upon the parallax, Pl, cannot be
tabulated readily for all values of P, Hence they are tabu-
lated for a mean parallax of 57'. If we denote the value of
for this parallax by writing it in parenthesis, we shall have (&)
- =57 " cos ¢ sin (p—a,) and =P, * cos ¢ sin (n—a,). Hence

I £ §&—(§) P57
& 5T E T '
ily tabulated. Hence §&=(&)+f * (¢). Thus the value of & is
readily derived by simple contracted multiplication from the
tabulated value (£), for 57. In like manner 7=(%)+f" (),

=f,f being a small factor, eas-
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and £ and 7 are derived in the same manner, by the same fac-
tor, £, which is tabulated in Table I, for every unit of the third
decimal place.

Table II contains the values of E, for every two degrees of 3,
to 80°, and for every minute of time of «,—a, up to 6m. But
the value of E may usually be neglected.

Table III gives the values of z, and of «, for every degree
of 3, to 30°, and for every second of time of a,—a, from 1s to
10s, and then for 20s, 30s, 40s, 50s, 1m, 2m, 3, ete., up to 9m.
It will thus serve for solar and lunar eclipses as well as for oc-
cultations. '

Table IV gives the values of (£), for every degree of ¢, up
to 90°, and for every 10m of p—a, up to 6k, and thence in re-
verse order to 12h. These are all given in minutes of arc, and
two decimal places below the unit.

Table V gives (1), by giving (v, )and (v,), for every degree
of ¢'+9¢, and ¢—3, up to 90° and for every 20m of p—a, up to
12h. Hence (5)=(v, )+(v;), and thence 7=(7)+f" ().
These values are also given to hundredths of minutes of are.

Table VI gives the values of (£') for occultations, for every
degree of ¢, to 90°, and for every 10m of p—a, to 6k, after
which they simply change their algcbraic sign, and answer for

12h—( p—a, ).

If 1300 of these values be subtracted . from them, the

remainders will serve for solar eclipses.

Table VII gives the values of (%)=(v, )— (u2 ), by giving
those of (v,’) and (v, ") for all values of ¢'+3,, and ¢—9, , for
each degree up to 90°, and for all values of p—=«, up to 6h, by
intervals of 10m. The same reduction is made from, occulta-

of the

tions to eclipses, by diminishing the values by 15’00
same.

The tables are so arranged that the data, for determining z,
z, 9,9, & &, 7, 7, may be taken fromm the Nautical Almana¢
with the least possible change. For example, the right ascen-

sions of the Moon and Sun, or star, and the sidereal time need
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not be changed from hours, minutes and seconds of time, to
degrees, minutes and seconds of arc. The differences, a, —a,,
n—a, in hours, minutes and seconds of time, are used directly
as the arguments for finding the constants z, ¥, etc., in min-
utes of arc. The difference of declination, ete., may be ex-
pressed as minutes of are, and the seconds of arc may readily
be written at sight from the Ephemeris as tenths and hun-
dredths of minutes of arc. Thus the data from the Ephemeris
are obtained with the least possible loss of time. A little
familiarity with the tables and with the mode of computing
will lead to a very rapid use of them, saving a great deal, both
of time and labor, especially in their application to the compu-
tation of occultations. They serve also for computing lunar
eclipses, occultations of planets, and transits of Mercury and
Venus over the Sun, with sufficient accuracy for observing
these phenomena.
Un1versity of THE City of NEW YORK.

REPORTS OF EUROPEAN OBSERVATORIES.

From the V. J. S. der Astron. Gesell. the following account
of the work at various European Observatories for the year
1884 is condensed.

Berlin :—The large meridian circle has been dismounted and
has received important mechanical improvements.

The observations on the southern half of the Berlin Zone
were temporarily stopped during the year. Dr. KUESTNER has
begun a series of observations with the object of determining
the Constant of Aberration by measures of the difference of
zenith distances of pairs of stars in the same R. A. and equal
and opposite Z. D. The work is to be finished in 1885.

Dr. KNorrE has made a large number of observations with
the 9.6 equatorial for the positions of asteroids, comets and
-faint stars. The planet Hypatia was found by him July 1,
1884.

Dr. BATTERMANN is regularly observing occultations, both
immersions and emersions.
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Dr. MaRcuse has charge of the heliometer and has made
thirty-three determinations of the solar diameter, etc.

Vol. V of the Berlin observations has been published during
the year.

Berlin :—German Transit of Venus Commission. Report of
Dr. Auwers on the work of the computing bureau. This
report of Dr. AUWERS relates first, to the observations. These
are of three kinds: 1st. Observations before the expeditions
for practice and for the investigation of special points; 2nd.
Observations at the stations, and 3rd. Observations made after
the return of the parties.

A list of the heliometer measures of each observer com-
prised in these classes is given separately and a summary, from
which it appears that the total number of complete measures
with the four heliometers was,

Before and after the expeditions....................... 1769
At the stations themselves..c.ooovv v, 1074
In all for thirteen observers..................... 2843

Four of the observers made more than 320 apiece. The re-
ductions are fully described in the report of eighteen octavo
pages, to which reference must be made. It is already a sum-
mary and can not be abridged with advantage. A reference to
it will show, in a very instructive way, how thorough is the co-
operation of observatories and astronomers in Germany and
outside of it.

Bonn :—2881 zone stars (400 fundamental stars) were deter-
mined in the A. G. Zone. The southern Durchmusterung has re-
quired the examination of some 750 places in the sky to solve
doubts. In December 1883 the charting of the stars on the
maps was again begun and finally completed in March 1885,
The catalogue will contain 133,658 stars between —2° and
—=23°, 692 more are given north of these limits and 479 south.

Brussels:—The transit and mural are used to observe moon
culminating stars. A general catalogue of the stars observed
at Brussels in the years 1857—1878, reduced to 1885, will be
printed during 1885.
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Dresden :—-(Private observatory of Baron ENGELHARDT.) 242
nbservations of the positions of comets, planets and nebule
(198) have been made with the 12-inch equatorial, besides minor
observations.

Dusseldorff:—Professor LutHER discovered planet 241, Ger-
mania, during the year on his Berlin chart for 0 hours. Since
1847 150 planets have been observed 1233 times at Dusseldorf
with the 8-inch telescope.

Frankfort-on-the-Main :—(Private obsorvatory of Herr Eprp-
STEIN.) The star guages were continued on sixty-two nights,
in 682 places, 2714 fields containing 25,875 stars.

Sun-spots are also regularly observed here.

Geneva:—The large equatorial has been provided with a spec-
troscope. Besides the regular observations relating to meteor-
ology and to chronometers, observations of comets and of the
satellites of Saturn have been made.

Gotha:—The computations of the Zone 20°—25° of the A.
G. have been prosecuted, The meridian circle is used to ob-
serve moou culminating stars and others of Mayzr's Catalogue;
the equatorial for planet and comet observations.

Grignon :—has made various observations on solar-spots, com-
ets, meteors, lunar eclipses, spots on Venus and Mars, ete., for
which observations and the conclusions drawn from them, ref-
erence must be made to the original report.

Helsingfors:—Dr. ANDERS DONNER was appointed director to
succeed Professor KRUEGER, in 1883. The meridian instrument
has been used to re-observe some 500 stars of the Helsingfors
Zone +55° to +65°, Victoria and Sappho, the Moon and moon-
- culminating stars, ete.

Hereny:—Vol. IT will be published in 1885. Spectrum ob-
servations of 3 Lyre have confirmed the variability of the
spectrum of this star. Many other spectroscopic observations
of stars, planets and comets have been made.

Karlsruhe:—The principal work of the observatory is the

determination of the positions of southern stars to 8 magni-
tude, inclusive. In the Zone 0° to —4°, 5000 observatious have
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made and the Zone —4° to —7° has been commenced. The
single positions have probable errors of +0s.028 and +0".39.
The 6-inch refractor has been remounted.

Kiel:—The equatorial has been used among other things to
observe X 2164 for parallax by Dr. LaMp. New comets were
regularly observed.

The meridian circle is used to determine the positions of
stars between 79° and 82° north.

The Zone catalogue (55° to 85°) is in preparatlon

Leipzig:—A six-inch heliometer by RepsoLp is in process of
construction and will be delivered at the end of 1886. A uni-
versal instrument has been ordered with which « long series for
latitude will be commenced. 10,541 observations (123 zones)
of Zone stars have been made in the new Zone (+5° to +10° )
and the reductions for the old Zone (410° to +15°) are in
progress.

Leipzig :—(Private observatory of Dr. ENerLmMann.) 2600
observations of 430 double-stars have been made, mostly of
STRUVE’S doubles. An investigation of the constant errors is
in progress. It appears that the difference in magnitude of the
components influenced the constant errors in a marked degree.
Otto STRUVE'S list of double-stars for comparison have been
observed; about 500 measures have been obtained.

Lund :—Dr. DuNER continues his observations of the spectra
of stars, measures of doubhle-stars and positions of comets. No
account is given of the Lund Zone, nor of Dr. DUuNER's spec-
troscopic Durchmusterung.

Milan:—The 8-inch refractor has been used to measure 255 .
double-stars, and for observations of comets. The measures of
the ellipticity of Uranus‘can not yet be considered to be free
from all-objections. ™

The observations on Mars seem to confirm previous results
as to the duplication of canals, etc.

The large dome for the 18-inch refractor is nearly completed
and the insfrument may be mounted towards the end of 1885.

Munich:—The 10-inch equatorial is now remounted and the
REpsoLp micrometer has been studied. It will be principally

e
-~
.
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used to determine the parallaxes of Ll. 28298, 26 Draconis,
Gr. 2875, Br. 3077.

The Munich zones contain 34,000 stars, of which 9,800 re-
quire re-observation. This will be accomplished in zones 6°
broad. '

The old Munich zones are re-computed and a catalogue (for
1880) is in preparation.

O'Gyalla:—-1610 observations for the spectroscopic Durch-
musterung of the southern sky have been made. Color observ-
ations with the Zcellner photometer are also continued as well
as various other photometric and spectroscopic series.

Potsdam :—Researches are in progress on a new determina-
tion of the wave lengths of a Tlarge number (300) of the
Fraunhofer lines; on the influence of temperature on the re-
fraction and dispersion indices of fixed substances; on the re-
flective power of various substances; on the absorption-spectra
of such substances as are used in photography, ete.

Jupiter and ‘Mars were regularly observed and the nebula
observations are concluded.

The photometric measures embraced long series of determi-
tions of the brightness of the major planets and of seven of
the asteroids. Many variable and red stars were also measured.
Determinations of the brightness of stars by photography have
also been made, and a number of photographs of clusters have
been taken. .

Prague:—(Private observatory of Professor SAFARrIK.) 1482
ol')s%rtvatians of ninety-two stars were made in 121 observing
nights.

Taschkent:—The main object of the observatory is to co-op-
erate in the surveys and explorations of Turkestan. Four lati-

tudes and longitudes were determined in 1884. Comets, aster-
oids and solar-spots have been observed also.

Upsala:—The unpublished observations of nebul and clus-
ters up to 1880 are now prepared for the press. With the Zcel-
Iner photometer it is proposed to determine the magnitudes of
the comparison stars used by ARGELANDER, SCHOENFELD and
OUDEMANNS for variables.

Zurich:-—The sun-spots are assiduously observed here. The
maximum occurred in December 1883 to January 1884.
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EDITORTAL NOTES.

Though BARNARD’S comet was faint when the announcement of its
discovery was made, it has been seen, and positions recorded at the
larger observatories in all parts of the world,

Dr. HoreTscHEK, of Wien, Austria, publishes for the new comet the

following, .
ELEMENTS.

Perihelion passage, 1885.16 Berlin M. T.
Perihelion from node 198° 43’
Longitude of node 93 30
Inclination 75 53
Perihelion distance 2.2903
These elements depend on observations of July 9, Cambridge; July
11, Arcetri, Wein, Straasburg, and July 13, Wien. ]

VANDERBILT UNIVERSITY OBSERVATORY.
On July 15,10~ 35m 30s, Nashville mean time, the position of Bar-
NARD’S (omet was as follows:
R.A. 17hTm 0.17s
Decl. 9°24' 10”9
The above was the mean of twelve observations both rings of the
micrometer being used, and corrections for refraction being applied.
' E. E. BARNARD.

BARNARD'S COMET.

According to Prof. CHANDLER'S elements this comet had already
passed its perihelion at the time of discovery and is, consequently
growing fainter. This supposition accords with my observations as I
am certain that it is now less bright than on July 8th when I could eas-
ily see it with my 414-inch comet seeker. No tail was noticed even with
the great telescope, but on the evening of the 11th (my next observa-
tion) a tail 2' long was seen with the 15-inch refractor which still con-
tinues visible though now very faint. There appears to have been, be-
sides the real nucleus, several points' of light, seen, only during mo-
ments of fine definition. Some were, no doubt, imaginary like the exces-
sively minute stars one sees, or thinks he sees, with high powers and in-
tensely strained vision in the Ring Nebula in Lyra, but which instantly
vanish a8 soon as the attention is turned to them.

The most interesting feature of this comet is its great perihelion dis-
tance, surpassing in this respect every known comet save that of 1729,

No prior claim to discovery has been filed with me, and Mr. BARNARD
i8 therefore clearly entitled to the Warner Prize of $200. This is his
fourth reception of this prize, making an aggregate of $800, received

-from Mr. H. H. WARNER. LEWIS SWIFT.
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A' REMARKABLE METEOR.

A meteor of almost unexampled size and brilliancy was seen from this
locality and was witnessed, in fact, from the entire state, at about 10
minutes past 9 o’clock, on the evening of July 17th. From personal ob-
servation I can give no data regarding it as I was inside the observatory
and saw only its blinding flash through a north-east window, but from
two intelligent persons who saw it through nearly all of its visible path,
and who were able to mark it by the stars adjacent, I am able to locate
its path with some approximate accuracy. Mr. REBAsz, one of my relia-
ble informants first saw it in the center of the right angled triangle
formed by the stars Alpha, Gamma and Delta Cygui. He thinks, it
burst upon his vision so suddenly, that it must have made its first appear-
ance near Delta, It passed between Alpha and Gamma—one
quarter the distance between from Alpha—and near Xi Cygni, and
continued on in a north-easterly direction to within about 30° of the
horizon, when it burst into many fragments of three different colors and
disappeared. We estimated the time of visibility at three seconds. My
other informant agrees with Mr. REBAsz, and, by aid of the stars, pointed
out to me its path. He shows that after leaving the cross of Cygnus, it
passed midway between Alpha Cassiopeie and Beta Pegasi and exploded.
These are reliable facts which set at naught the random stories of the
public prints that it moved from 8, E. to N. W., and, indeed, in every
direction but the true one. Its motion, therefore, was direct and not
retrograde.

With the last witness were three others, and all aver that they heard
after the explosion a report. Each, to himself, marked the elapsing
time, as follows: 2m, 21{m, 23m, and 3m.

Popular statements concerning the size, brightness, height, direction
of path, length of train, etc., of bright meteors are sometimes very
amusing. They say, a certain number of rods above the Earth; “had a
tail six feet long, and four inches in diameter,” and many other things
equally ludicrous.

After the very fine meteor of July 3rd, 1884, which was seen over
nearly all of the northern states, and regarding which I was quite anx-
ious to cellect data for determining its size and height, in response to a
published request I received about two hundred descriptive letters, but
the statements given were so discordant as to render the attempt futile.
However, I traced its visible path from Buzzard’s Bay, Mass., to Marion,
Ohio, and yet one man testified that he saw it fall into Seneca Lake,
while another declared that it struck the ground about ten rods from
where he stood. One correspondent kindly informed me that its size
was just equal to that of a samp-bowl. A woman in Canada assured me
(no doubt she thought the information all that was necessary for the
computation of its orbit) that it passed exactly over her garden,

‘WARNER OBSERVATORY, July 20, 1885. LEWIS SWIFT.
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CINCINNATI Opsxmvuon!.
The observation of Comet Barnard (1885) at the Cincinnati Observa-

tory, made July 17, 94 53m _32s, Mount Liookout mean time was as follows:
Apparent R. A. 17k 03m 40.26s.

Log. pX & 8.789
Apparent Decl.  —10°29' 56".8
Log. pX & 0 826.

POSITIONS OF COMPARISON STARS.
R. A. 1885.0 Red. to app. Decl, 1885.0 Red. to app.

17 .03m 27.40s +2.956s —10°22' 15".8 +7°.8
* Authority, WeIssE, RADCLIFFE, Astr. Nach. 608, LEMONT.
J. C. PORTER,
Astronomer.

Secretary H. E. MaTHEWS, of Lick Observatory, gave under date of
July 22, interesting data respecting the partial eclipse of March last,
He says; “The seventy-four negatives taken during the eclipse were all
carefully timed, and a record kept in the same manner as photographic
work was recorded during the transit of Venus in 1882. ‘Dry plates’ were

Negative No.2, at 20h 14 m 10s. Negative No. 13, at 20h 83 m 57 3.

used with excellent success, the faint lines of the reticule plate being
plainly visible in all the seventy-four negatives, and indistinctly visible
on only four. To Mr. MaTHEW'S surprise the few that are less distinct
are those showing the least of the surface of the Sun’s disc, and the cause
of indistinctness proved to be too much light, as the plates developed too
readily. At the time of greatest obscuration the Sun’s light acted more
powerfully, as though concentrated in the narrow rim of light in view
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and exactly the same features appeared at the cusps, which uniformly
showed & more rapid development of the plates at these points. The
opening in the slide used most of the time was one-twentieth of an inch
in width, but the time of the passage of the slit before the sensitive plate
is not given.

Negative No. 24, at 21h 0m 51s. Negative No. 30, at 21h 10m 2s.

One dozen of these negatives have been sent to Washington, but
probably the remainder will be measured at the Lick Observatory by the
aid of the new measuring apparatus just received, which belongs to the
Observatory.

Negative No. 45, at 21 h51m 498 Negative No. 69, at 22h 17m 45s.

The time given in connection with each photograph from which the
above cuts sure made, is for the astronomical date of March 15, 1885, and
was the mean time at Lick Observatory, probably within one second, the
transit observations for time not having been carefully reduced at the
time of writing.
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The last report of the Observatory in Yale College shows active work
in various ways, chiefly in the horological burean, the thermometric
bureau and with the heliometer. Dr. LroNaRD WALDO is in charge of -
the horological bureay. He has received fifty-eight time-pieces for rat-
ing, during the year; is still at work on new clocks of precession for a
watch-rating standard; has a new mercury-cup relay for securing the
transmission of time-signals, in which it is claimed, that the break of the
electric circuit can be adjusted to any degree of nicety desired. Time
observations have been made on one hundred and forty-two nights dur-
ing the year, ranging from six to twenty observations in each month.

Mr. OrraY T. SHERMAN, astronomer in charge of the bureau of ther-
mometers has examined 5,696 instruments and reported on the same.
The thermometers were chiefly for chemical and meteorological uses and
physical standards. He reprints a brief, though useful, study of ther-
mometers intended to measure temperatures from 100° to 300° C. from
the July dmerican Journal of Science and Arts. The case of thermome-
ters in rapid change is also considered and some light given on the ques-
tion, whether it is possible to derive from the disturbed reading the tem-
perature of the glass, the temperature of the mercury and the effect of
friction, things important to know in delicate standards.

Since October last Mr. ELy has taken magnetic observations on 17 dif-
ferent days for declination, horizontal force and dip. Itis known that
neighboring rocks distarbed the observations, but how much is not
known.

In measuring the diameter of Venus with a Gruss filar micrometer
attached to equatorials of 8,36 and 4 inches aperture respectively, results
‘were found to differ considerably. The 8-inch made the diameter great-
er than the 6-inch by 0".22, and greater than the 4-inch by 0".27. The
average error of observation does not exceed 0.05.

The principal object of research by Dr. W. L. ELkiN, astronomer, in
charge of the heliometer, has been the triangulation of the Pleiades
The present plan includes 69 stars ranging downward to 9.2 magnitude
whose distances and position-angles from Alcyone are to be determined.
The relation of the stars of Besser’s list to the four stars that form a
large quadrilateral, enclosing the major portion of the group, has been
determined, in a fairly complete manner. Work in this direction may be
continued also. '

The heliometer has been used in getting 88 independent positions of
the Moon on 86 nights; in determining the places of three craters and
the diameter of the Moon in 86 directions; 102 measures on the diame-

~ -
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ter of Saturn’s outer ring, besides other short series of observations on
Venus and Titan.
The publication of this work will be awaited with interest.

Observations of Comet Barnard ( 1885). Made at the U. 8. Naval Observa-
tory with the 9.6-inch equatorial. '

(Communicated by Commodore GEo. E, BELKNAP, Superintendent.)

App. a

tar
Obs.

Date ﬁagll‘x sa ) log. 4 p|App. & |[log.ap E

| Comp.

h ms m s i y h m s 8 ° . .

July 11| 9 43 44{—1 10.58|— 7 56.5/20.4:17 14 15.87| 8.288n|—7 6 18.0| 0.802
12| 9 44 57[+1 18.51f+ 4 2.5/15.8/17 12 25.60| 17.761n|—T740 24.6| 0.808
14/10 7 24/+3 28.58|— 8 54.2(20.4/17 849.57| 8.799 |—848 59.9( 0.728
15) 9 40 39|]—0 16.05|—13 20.7|15.817 7 6.45 8.349 |—922 7.0/ 0.723
16,9 15 28/ +0 8.96|— 8 36.8/20.4/17 5 24.08| 8.292n|—955 35.1| 0.728
17(10 32 14[+0 8.88|— 8 1.5/20.4/17 888.42| 9.166 (-1030 9.5/ 0.744

»~o Qo TP
-]

COMPARISON STARS.

Gla
T N e T e R L T T e R

| Star @ 1885.0 0 1885.0 Reduction Authority.
h m 8 ° ’ " 8 .

a | 17 15 22,06 | —8 58 80.5 | +2.94 +9.0 Schiel 8193
! bl 17 11 914 | —7 44 8.8 | +2.95 48.7 Weisse XVII, 151
‘! c 17 5 18.04 —8 40 13.9 | +2.85 +8.1 Weisse XVII, 89
d | 17 71954 | —8 8 455 | +2.96 +8.2 Schjel 6148
e | 17 5 1217 | —9 47 6.0 | +2.95 +7.7 Weisse XVII,, 87
% t 17 8 8842 | -10 22 15.8 | +2.05 t7.8 Weisse XVII. 8
% E. FRISBY.

NavAL (.)BSEBVAT‘O'BY, ‘WasHINGTON, July 21, 1885,

ASTRONOMICAL NOTES.

Comet Burnard. The comet has been regularly observed here since
the night of discovery upon every favorable occasion. The last observ-
ation of the object being on the night of August 13th, when it appeared
very faint. Since the withdrawal of the Moon in the last of July, the
comet has generally been quite faint, though it could doubtless have
been followed for a couple of weeks longer had it not been for increas-
ing moonlight. A fine mean time clock and a chronograph have been or-
dered from the E. Howarp Watch & Clock Co., of Boston, and from
WaRNER & Swazgy, of Cleveland, Ohio, respectively. The clock has ar-
rived and is being put into working order, and the chronograph will
doubtless soon arrive. These are two things the observatory badly
needed. .The clock has an electric signalling device for the distribution
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of time-signals, so that should it become necessary we can supply the
city and surrounding towns with acourate time.

The August Meteors were much more frequent this year than last, and
quite a number of fine ones were seen; other work prevented any accu-
rate observations being made. Unfortunately, the nights of August 10
and 11th (also the 12th) were cloudy, But the 7th, 8th and 9th showed
a gradual increase. On the night of the 9th before eleven o’clock many
fine ones were seen traversing the southern sky from the direction of
Cassiopei and Perseus, each of these left trains, permanent to the eye’
for a second, but never remained long enough to be caught with the tel-
escope. ' .

The nebule run upon lately with the 5-inch, were G. C. 5957 (supple-
ment) and G. C. 4599. The first is small and somewhat faint; it is close
preceding a small 9-magnitude star, and is gradually pretty much
brighter in the middle. There is an irregular figure of four or five
small bright stars a short distance s.f. this nebula. G. C. 4573 at this
observation was not seen. The second nebula (G. C. 4599) was very dif-
ficult with 5-inch. It is close f. three or four small bright stars. The
light from these stars makes it difficult to see the nebula, which is small
pretty suddenly much brighter in the middle to a flickering, ill-defined
nucleus. I can not see why it should be called bright in G. C., probably
in the southern hemisphere it is much brighter.

Large Nebula not ¢n G. C. On the night of July 7th, I swept up a
large nebula close to the southern horizon, Two equatorial pointings

" gave its place: A R<17h 16m 43
.R.= 3
Decl.— —48°21'.3 }1885'0

Neither G. C., nor supplement, contains this large nebula. Professor -
Swrrr informs me it is one of DuNtop’s. It must be quite a bright ob-
jeot to be seen from this latitude. It is in field with and about 14° n.
p. a 6 mag. or 7 mag. star.

VANDERBILT UNIVERSITY OBSERVATORY. E. E. BARNARD.

TaE SEPTEMBER PLANETS.

The time used is that of the 90th meridian in astronomical reckoning.

Mercury rises September 5 174 16m.
“ o 15 16 22.
“ “ 25 16 41.

The planet is in inferior conjunction Sept. 1, 23%; in conjunction with
the Moon, Sept. Tth, and 37' south; in greatest elongation W. 17° 52’
September 15th 3%; in perihelion September 19 13%, and in conjunction
with Jupiter September 26, 15k, Mercury being 52’ north.

-
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Venus sets September 5 Th 52m.
“ “ 15 7 87
({3 “® % 7 %'

It is in conjunction with the Moon September 10, 15k 36m; and Sep-

tember 12 enters the descending node.
Mars rises September 5 13% 13m.
“ « 1513 b.
“ “ 2512 57.

Is in- Presepe September 24, .
Jupiter sets. September 56 6k 52m.

« 16 6 14.
“ “ 2 5 39.
* I in opposition with the Moon September 8, 4% 4m. Oonjunction with
the Sun September 8th, 4% Tm. :
Saturn rises September 5 12% Om.
“ “ 156 11 24.
“ “ 25 10 47,

and is in quadrature with the Sun September 30, 18% 18m.
Uranus sets September 5 Th 24m.
“ “ 17 6 39.
“ “ 2 6 5.
and is in conjunction with the Moon September 9, 6% 34m, being only 4’
north of it.
Neptune rie‘es September 5 9% 30m.

“ 17 8 42.
“ “ 25 8 11.

and is in conjunction with the Sun, September 27 144 16m. The Sun is
totally eclipsed September 8th, its path of totality being almost wholly
in the South Pacific Ocean, between Australia and South America and
ending 75° south latitude. Its path touches land only at New Zealand-

There will be a partial eclipse of the Moon, September 23rd, visi-
ble at Washington, also on the Atlantic Ocean, North and South Amer-
ica and the Pacific Ocean. . :

The phases for Washington mean time are:

Moon enters penumbra September 23 114 52.3m
“ “  ghadow “ 23 13 64

Middle of eclipse “ 23 14 40.

Moon leaves shadow « 23 16 13.7
“ %  penumbra “ 23 17 2.7

First contact of shadow with Moon’s limb 37° from the north point
toward the east when the Moon is in the zenith in longitude 95° 46’ west
of Greenwich aud in latitude 0° 13’ south.

Last contact of shadow with Moon's limb 73° from the north point to-
wards the east when the Moon is in the zenith, in longitude 141° 37’
west of Greenwich, and in latitade 0° 18' north.

Magnitude of the Eclipse=0.790 (Moon's diameter=1).

September 1 Aldebaran is oocculted by the Hoon at 84 29.5s.

Mercury is also ocoylted by the Moon, September 7, 9% 19.8s.



edlidereal Messenger
. CONDUCTED BY WM. W. P'AY'NE,
Director of Carleton Collgge Observatory, Northfield, Mimt?aota.

“In the present small treatise I set forth some matters of interest to
all observers of natural phenomena to look at and consider.”—GALILEO,
8idereus Nuncius, 1610.

Vor 4. No. 8. OCTOBER, 1885. WaoLE No. 38.

THE COMET OF 1866 AND THE METEORS OF NOVEMBER 14.¢

DANIEL KIRKWOOD.

The probable recognition of several ancient returns of the
first comet of 1866, together with the identification of an addi-
tional number of star-showers related historically to this comet
as their source; the further confirmation of the existence of
three distincet meteoric clusters all moving in the orbit of TEm-
PEL’S comet; and the data thus afforded for studying the struc-
ture and history of this interesting part of the solar system,
afford sufficient reason for the following re-d iscussion of the
facts now known in regard to the origin and history of the
November meteors. T -

TEMPEL'S COMET OF 1866.

On the 19th of December, 1885, a: small comet was- discov-
ered by M. TemPEL, of Marseilles. - It ‘was generally observed -
till the following February;and, although an inconspicuous ob-
ject, its relations to the Earth and Uranus have given it an im-
portance equaled by few comets recorded in history. Its orbit
was computed by Dr. OppoLzER, of Vienna, who found the
time of revolution to be 33.176 years. Later researches, how-
ever give 33.28 years as the more probable period. The comet

* Read before the American Philosophical Bociety, July 17, 1885.
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seemed much smaller in 1865-6 than at any previously observed
return — a fact indicative of its gradual dissolution. Its appay-
ent magnitude, however, at any apparition, would evidently de-
pend on the time of year at which it passed its perihelion.
Comets are recorded in the years 1733, 1699, and 1399, corres-
ponding to dates at which TeMPEL'S comet was due; but these
returns are to be regarded as doubtful. In 1866 Professor H.
A. Newton suggested that the comet of that year was a return
of one discovered in China, August 26, 1366, and which passed
its perihelion October 13th. This identity is now very gener-
ally admitted. The interval between the perihelion passages of
1366 and 1866 is 499.3 years; or fifteen periods of 33.28 years.
'I‘le comet of 1266 may have been a return of the same body;
the comet seen in China, September 29, 1133, was in all proba-
bility TempEL's; the interval between the apparitions of 1133
and 1366 corresponding to seven periods of 33.28 years.

The cowmet seen in January, 888, both in China and Eurape,
has been regarded by HiNp and others as an early appearance
of TempEL's comet, ‘In 868,"” Mr. Hixp remarks, * at the end
of January, a comet was observed under the tail of Ursa
Minar, which moved in seventeen days almost to the constella-
tion Triangulum. In China it was seen in the first moon (Feb-
ruary) with the same right ascension as stars in Aries and
Musca, 1 find hy calcylation that when TEMPEL's comet
arrives at perihelion at the end of March or early in April, i
must follow this path in the heavens, heing first situated at the
end of January in the constellation Camelopardus, where, for
want of conspicuous stars of reference, it might be said ta be
below the tail of Ursa Minar; afterwards moving {o Triangn-
lum and Aries,” * Neglecting the apparitions of 1133 and
1266 as perhaps more doubtful, the interval between 868 and
1366 is equal to fifteen periods of 33.24 years.

“ Sometime between April and December, A. D. 69, a comet
appeared.” + The interval between this date and 868 is equal

" ¥ Monthly Notices, Vol. xxxiii, p. 40,
t Bee Chagbers’ Catalogue, No. ii.
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to twehty-four periods of 33.28 years. Seven periods of the
saine length take us back to B. C. 165; nine more to B. C. 465;
and two additional, to B. C. 581; at each of which epochs a
comet is recorded. 465 B. C. is also the date at which the cele-
brated meteotic stone, called the * Mother of the Gods,” was
said to have fallen from the skies. The entife history includes
2396 years, or seventy-two petiods of 33.28 years.

The orbit of TemPEL'S comet approximately intersects that
of the Earth near perihelion and that of Uranus near aphelion.
The discovery that it is intimately telated to the tmeteors of
November 14, and the fact that one of the minor clusters of
these Leonids is soon to return, give interest to a new study of
the recorded phenomena.

THE METEORS OF NOVEMBER 14TH.

Professor H. A. NEwToxN traced back the great showers of
1866 and 1833 to A. D. 902.* He showed that the period must
be 180 days,185 days, 355 days, 377 days, or 33.25 years, and even
suggested the method of determining which of the five is the
true period. This important problem was first solved, however,
by Professor J. C. Apawms, of England, who found the peti-
odic time to be abotit 83.25 years.

The comet’s perihelion passage occurred January 11, 1866.
The ineteoric shower derived from the principal group, A, was
observed in Europe, November 14, 1868, and the display was
repeated with diminishing brilliancy in 1867, 1868 and 1869.
The most dense part of the cluster passed the descending node
of its orbit about November 13, 1838, and hence also early in
1867, or about a year after the comet passed the same point.

The conclusion that TEMPEL'S comet and the great meteoric
cluster of 1833 move in the same orbit, and that the latter was
M fact derived froin the former, was reached almost simultane-
ously by Perers, LEVERRIER and ScHisparerLi. In 1875 the
present writer called attention to the fact that the dates of sev-

* American Joustial of Science, May and July. 1864,

~
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eral meteoric showers given by HuMBoLDT and QUETELET as be-
longing to the November stream, indicated the existence of a

" second cluster B, moving in very nearly the same orbit. These, " .

with the writer's observations in 1852, are as follows:
A.D. 288, 28 September, apparition in China.

855,121 October each year. For particulars,see QUET-
858, } ELET'S Physique du Gloﬁe
1787, “On the night between the 9th and 10th of No-
vember, many falling stars were observed at
Manheim by HEMMER. ”
1818, | 12 and 13 of November.
1820, | 12 November.
1822, [ 12 November.
1823, | 12 and 18 November.
1852, 13 November. Nature, 3 June, 1875.

The best observed seem to have been those of 288 and 1787.
The interval, 1499 years, is equal to forty-five periods of 33.31
years. Seventeen of these periods bring us to A. D. 855. One
period from 1787.86 brings us to 1821, the middle of the series
1818-1823. " Another period would give 1854 as the time for
the next display, the beginning of which was seen by the wril-
er in 1852, when seventy-five meteors were counted between
- two and three o’clock. The next shower from this cluster will
be due about November 13-15,1887; the display, perhaps, com-
mencing in 1886, or even in 1885.

The third cluster, C, has been less observed and is probably
less extensive as well as less dense. The dates at which the
shower has been observed are as follows:

A.D. 1582, November 7. QUETELET s Catalogue.
1818, November 8. Cosmos, iv, p. 582.
1846 November 13. Ib., p. 578.
184'7‘ :November 13. QUETELET.
1849, November 13. “
1879, ) November 14. Observatory, Dec 1879, p. 248,
2 and January, 1880, p. 274.
1880, ) Nov. 14. Pop. Sci. Monthly, Feb. 1881, p. 542.

These phenomena may be thus represented:

From 1582 to 1813....231 y =" periods of 33.00 years.
1813 to 184%7....33.19 =1 period of 33.19 *
1847 to 1880....3319 =1 “ “ 3319 ¢



COMETS OF 1866 AND METEORS OF NOVEMBER 14. 229

The respective periods of the comet and the three meteoric
groups are as follows:

Tempel's comet.............. i eeaadeienaaan. 83.28 vears.
Group A (NEWTON) «.cnvenennnnnnn. eereeeeaen 38.25 years.
GroupB .....coiiiiiiiniaat e P 83.31 years.
Group C «oovviviiiiiiiiii e PR 83.11 years. °

During the last five hundred years the period of Group A
seems to have been rather more than 88.25 years. The me-
teoric display of 1368 was contemporaneous,.-or nearly so, with
the apparition of the comet, and the complete separation of
this cluster from the original mass may have then occurred.
“The comet of 1866 was invisible to the naked eye; that of
1366, seen under similar circumstances, was a conspicuous ob-
ject. The statement of the Chinese historian that ‘it appeared
nearly as large as a tow measure,’ though somewhat indefinite,
certainly justifies the conclusion that its magnitude has greatly
diminished during the last 500 years.” * Is the less apparent
magnitude a consequence of separation at that epoch?

The following table affords the means of comparing the ele-
ments of the comet and those of the principal meteoric group:

Nov. Meteors. TeMpeL's Comet. -

Perihelion passage........... Nov. 10, 1866. Jan 11, 1866.
Longitude of perihelion...... 56° 26’ 60° 28"
Longitude of ascending node . 231° 28’ 231° 26’
Inclination «ooovvvvnnnnn.nn. 17° 44/ 17° 18’
Perihelion distance ......... _ 0.9878 0.9765
Eccentricity ................ 0.9046 - 0.9054
Semi-major axis............. 10.3400 10.3240
Period ......cooovvininnnnn. 33.2500 y. 33.1760 y.
Motion...oovueneenenennnnn. Retrograde. Retrograde.
Computer ........ SRR " Scm1jPARELLL. OPPOLZER.

The orbit of TEMPEL'S comet and of the meteors associated
with it is represented in the following figure, where the rela-
tive positions of the meteoric clusters correspond to the epoch
of the comet’s perihelion passage in 1886:

*Comets and Meteors, p. 52.
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1886 to 1889
:.1912 to 1915

This cometary aind meteoric orbit is a connecting link be-
tween the orbits of the Edith and Uranus; the perihelion being
immediately within the former, and the aphelion just exterior
to the latter. All matter moving in it is liable to considerable
petrturbation by Uranus and the Earth, but each of the mete-
oric clusters is now too extensive to be much disturbed as a
whole. The present writer has elsewhere noticed that about
547 B. C., just before the first recorded (probable) appearance
of TEMPEL'S comet, this body and Uranus were comparatively
near each other.* N »

* Comets and Meteors, p. 80.
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LONGITUDE BY MQON CULMINATIONS.*

The right ascension of the Moon may be determined by
means of a transit instrument, mounted at the place whose
longitude is required, gnd the local time of observation com-
pared with the Greenwich time corresponding to this right
ascension, either by taking this time from the ephemeris of the
Moon, or by means of similar observations made at Greenwich,
or some place whose longitude from Greenwich is known.

COMPABISON BY MEANS OF THE EPHEMERIS.

The transit instrument having been adjusted as accurately
as may be, the transit of the Moon’s bright limb is observed,
together with & number of stars suitable for determining the
errors of the instrument and the clock correction. . The cor-
rections necessary to give the Moow’s right ascension, from the
observed time of transit of the limb, are then applied according
to formule, as follows:
&=0—= p sin (¢ —4);
A,=1—psin = cos (¢’ —0);
B=v—
F=A, B, sec d;

a=T4 A T+iF+ { g Sn(p—2) 4 jco0s(p—0)

cos & cos ¢

c S
+?0?6' } F cos 31,.6 (1-—=4) cos &

The last term of the formula may be taken from the table
of moon culminations where it is given under the heading
"“ Sidereal time of semi-diameter passing meridian.”

To insure greater accuraacsr, the Moon’s right ascension may
be derived by comparing the observed time of transit with that
of about four stars differing but. liftle from the Moon in decli-
nation, two culminating before the Moap and two after. A

list of stars sujtable for this purpose was formerly given in the

* From Doolittle’s Practical Astronomy as applied to Geodesy and Navigation,
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ephemeris, under the heading * Moon-culminating stars,” but it
has been discontinued since 1882. It is an easy matter for the
observer to select suitable stars from the general list of the
ephemeris.

. Let A,=the right ascension of the Moon's bright limb at the
instant of culmination;
A=the right ascension of the Moon's center;
6=clock time of observed transit of limb, corrected for
all known instrumental errors and for rate;
a, 6=right ascension and time of transit respectively of
a star, the time being corrected for instrumental
errors and rate of clock;
. 8,=sidereal time of semi-diameter passing the mendmn,
taken from ephemeris.
" Then A —a=6—0; _
A,=a+(6—0); - - - - - (D
A=A,+8,.
This quantity 4 is then the local sidereal time of transit of the
Moow’s centre.

We have now to take from the ephemeris of the Moon the
Greenwich mean time 7' corresponding to this value 4 of the
Moon’s right ascension; the mean time T must then be con-
verted into the corresponding Greenwich sidereal time 6,
Then 2 being the difference of longitude, we have

N )

The time T may be interpolated to second differences from the
ephemeris, as follows:

Let A,=the ephemeris value nearest to A4;
T,=the corresponding time.

Then T,+t=the required time corresponding to 4.
A,=f (T);
a4, ¢

A=AT+)=4,+ dT‘+ T
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Let dA4A=the difference of right ascension for 1 minute, taken
from the ephemeris; _
sA=difference between two consecutive values of 44.
34 then equals the change in 44 in one hour. Then if ¢is
supposed expressed in seconds, we shall have to second differ-
ences inclusive,
dd_d44 &4 4
dT" 60" dT* 3600 ’
Lt L1t }
Amar bt aayoa- L .

2 3600
From which t= M;
JA+‘)AWOO—
and with sufficient accuracy, -
80 [4—4,] { t o4 }
S Rt U v 7 S
W 60[A—4] . @ a4’
Writing o=—7F-—F, « = — a0 TA”
then (3) becomes t=zx4r - - - - - - - (4)

Example. Among the observations of the Moon made at
Washington I find the following:

1877, May 23d. Observed right ascension

of the Moon’s centre, A =13h 28m 5.02s
From ephemeris of the Moon, T\—14h, 4, =13 27 391
44=2.0996 A—A = 1 111

04=+.0029 60 (4—A4,)==3666.6 log.==3.56426
: log. 4= .32213

! x=29m 6.4s log. ¥=3.24213
r'= —.6 - log. ©*=6.48426

=29 5.8 log. (—04)="1.46240, -
ac log. 44—9.67787
ac log. 7200—=6.14287

T,+t=14h 29m 5.8s _
log. #'—=9.78720,
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This is now the Greenwich mean time corresponding to the
Washington sidereal time 4. In order to compare the two
T,+t must be converted into sidereal time.

T, +t=14h 29m 5.8s
Table ITI, Appendix N. A., 2 22.11
Sidereal time Greenwich M.N.— 4 4 4856
Greenwich Sidereal time =18 36 17.1

A=6,—A==5h 8m 12.1s,

the required difference of longitude.

If the ephemeris were perfect, very little could be done fur-
ther in the way of perfecting this method. The errors of ‘the
ephemeris, however, are not inconsiderable, and in consequence
it cannot be used directly as above, except when an approxi-
mate value of the longitude is sufficient. For the year 1877
the average correction to the right ascensions of the ephemeris,
as derived from 66 observations at Washington, was —.31s,
which would have produced an error of 8s in the longitade if
the observations had been used for that purpose.

Either of two different methods may be used for eliminating
from the result these errors of the ephemeris.

First Correction of the Ephemeris. This method is due to
Prof. Peirce.* The ephemeris is compared with all available
observations of the Moon made at Greenwich, Washington, and
other fixed observatories during the lunation, and in this-way a
series of corrections to the ephemeris obtained which, as they
depend on all available data, are much more reliable than sim-
ply the place of the Moon observed at any one observatory.

Peirce found that for each semi-lunation the corrections to
the right aseension of the ephemeris could be represented by
the formula..

. X=A4+Bt+C#; - - - - - - - (5)
X being the correction required, ¢ the time reckoned from any
assumed epoch (which should be chosen near the middle of the

*Report of U. 8.'Coast Survey 1854, p. 115 of Appendix.
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period . under. consideration for greater cenvenience), and 4, B
.and: C being constants determined from the observations made
at . Washingtan, Geeenwich, etc  The. ephemeris when so. cor-
reetad.is used.as.already explained.

Second. Corresponding observatiens. The difference in:the
longitude. of .any two points. may be:found by comparing.the
.values, of the.right ascension of the Moon observed .on:the
same night.at both places.

The. times. of transit of the Moon's bright limb and of -the
comparisen sfars.are observed at both places and the corrections
applied as already explained to find the right ascension of the
centre at the instant of transit. It will be a little betterif the
same comparison stars are used at both stations.

.Let L, and L,—the assumed longitudes of the two stations;*

i=the true difference of longitude;
4, and 4, —right ascensions of Moon's centre from ob-
servations at L, and L,;
H=variation of right ascension for one hour of
longitude, while passing from meridian of
L, to that of L,

Then A,—A—=iH;
A—A

A=—1

N ()
H is taken from the table of moon culminations, where it is
given for the instant of transit of the Moon’s centre over the
meridian of Washington. When used 'as in (6) its value
must be interpolated for a Jongitude midway between L, and L,.

PHOTOGRAPHING THE SOLAR CORONA BY A NEW METHGD.

‘In photographing an object of such intense brilliancy as the
"‘Sun, a-formidable drawback to some researches is found in the
diffuse reflection from scratches or dust on the speculum or
object-glass employed. When photographing Sun-spots or

ARa ed from.Washington or Greenwich according as we use the ephemeris cam-
pal 'or Washington or Greenwich. One of the longitudes, L, or L, must be known
with some accuracy.
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other well-defined markings a little false detail is not of very
much consequence; but when our object is to separate the corona
from the atmospheric glare, false detail cannot be permitted at
all. I believe an efficient remedy for this evil is to use “nature’s
own camera—a minute hole in a screen.

I have this method under trial, and will shortly commence
daily photographs of the corona. These will be of interest in
connection with those about to be made at the Cape of Good
Hope by Mr. C. Ray Woobs. T. S. H. SHEARMEN.

: August Observatory.

Observation on the Aurora Borealis. Made at Beloit, Wisconsin
by JouN T4LLOCK, Jr.

The times given are expressed in the mean time of the 90th
meridian. (Central Standard Time.)
SepTEMBER 13, 1884.
9k Om. Brilliant aurora. Bright arch extendmg at its high-
est point to an altitude of about 12°. Dark cloud
beneath arch. :

10 30  No aurora visible

11 0  Faint light in north.

12 0  More as it was at 9h.

: SEPTEMBER 17, 1884.

7 30  Brilliant aurora. * Arch about 12° in altitude. Dark
cloud beneath.

10 5. The arch is lower, more brilliant, and in the western
extremity. there are streamers flashing up to an
altitude of 35° or 40°.

11 10 The arch is fainter. -

11 20  There are more streamers, dlrectly in the north and
there is a belt of auroral light extending across
the sky. It touches the western horizon and
reaches to within 40° of the eastern. Passes
about 5° south of the zenith and is about a degree

wide.
11 30  The belt of light reaches clear across the sky and

now touches the horizon in the east.
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9

12

13

12

10

10

10
13

15 .

15

35

35

18

12
18

48
15

NoveMBER 17, 1884.
Auroral light on north horizon. Low, seen through
clouds.
FrBrUARY 5, 1885.
Bright auroral light on north horizon. Seen
- through clouds.
: FeBrUuARryY 11, 1885.

. Very bright aurora. Band of light along north

" horizon about 10° high. Western end partially
obscured by clouds. At eastern end there is a
streamer stretching up about 25°.

“Aurora is still visible and apparently of about the

same degree of intensity, but the clouds are
thicker and cover more of the sky.

The light bas entirely disappeared. Sky perfectly
free from clouds.

4 MarcH 14, 1885.
Line of auroral light above north horizon. Noarch
or streamers. Dark cloud beneath.
Marcr 15, 1885.

Very bright aurora. Cannot make out full extent
on account of clouds, but light reaches to an alti-
tude of certainly 30° and extends farther than
usual towards the east and west points.

There is a rift in the clouds at an altitude of 15°—
20°, and I think that the light is decreasing.

Sky entirely overcast.

) Marcr 20, 1885.
Faint diffused auroral lights on north horizon.

May 11, 1885.

Same appearance as on March 20th.
Lighter, still visible, same as seen at first.

Hoosac Farts, N. Y., August 10th, 1885.
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SUN SPOTS FOR JULY 1885.

R. HENRY FERGUSON.

The Sun has been observed throughout July each day except
on the 1st 14th, and 80th, when clouds obscured the disc.

Number of days on which the Sun was observed ........ 28
Total number of groups of spots...................... 82

“ “ oePOtS . 339
Probable number of groups .... . .......oiiia... 90

i. e. iucluding those probably on the Sun the three cloudy
days.

Probable number of spots ............ ...l 3n
Largest number of spots any onc day (20th, 21st, 22nd).. 24
Smallest ¢« « o« & (24th, 25th, 26th).. 4

Largest spot on Sun from the 18th to 30th having a diame-
ter of about 34", or about sixteen thousand miles.

The spots this month showed ,.about the same interesting
facts as those of any previous month when an equal number of
spots was visible. Among these worthy of note are the very
rapid and extensive changes in both position and contour of
the spots in three of the groups observed July 2nd and follow-
ing days. When first seen they formed three distinct, irregular
groups. On the third they had drawn nearer together. On the
bth they were arranged in three parallel lines extending north
and south, having respectively two, three and four spots, with
several very minute spots between the pairs forming the line of
four, the most southerly. On the 6th these spots were so near
together as to form only one group with only four medium
sized spots, one at each angle of a square enclosing many
smaller spots into which the other spots had been resolved,
most of them lying between the two largest spots, the two
southerly ones. On the 9th they formed one very irregular
group, one large spot preceding and one medium following, at-
tended by several small and very small spots. The 11th
brought another change, for the group was then on- the western
limb, and exhibited two very interesting phenomena, confirming
the “saucer shape ™ of the spots and otherwise aiding the cy-
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clonic theory. On the 11th at 1k 30m the large spot of this

group was exactly on the western limb and a very marked in-

denture of the limb was visible where the spot had disappeared,

while the spot next in size was very near the limb and gave a“
mere marked concave appearance than I ever hefore observed.

The penumbra on the western side was very marked, that on-
the northern and southern sides was compressed into a mere

line and that on the eastern side was wholly invisible, the edge
of the bright portion of the Sun being in strong contrast with -
the umbra. ‘

The large spot which appeared on the eastern limb of the
Sun about sunrise of the 18th showed also this phenomenon of
perspective. The penumbra of this spot was very clearly de-
fined oun the sides nearest the limb when entering and disap-
pearing was waning on the opposite side and at the intervening
positions was very regular in width and with the spot under-
went no appreciable change during its twelve days’ stay, except-
on the 24th, when a crescent of flake white about 10" in length,
and three in breadth, appeared on the southerly side between .
the penumbra and umbra, and having a triangular horn or
tongue of about 4" length, projecting into the umbra.

On the 25th at 4k 32m this phenomenon of the white cres-
cent had disappeared.

The 31st brought two new groups of spots quite irregular
and poorly defined, completely defying any good observation.
With all powers they appeared as spots out of focus and to-day
are still visible, presenting the same indistinct outline. All the
spots visible this month appeared in groups, except the large
one mentioned above (18th-30th); no attendant spot being de-
tected, although carefully sought. Very brilliant facule were
seen on the limbs between the 15th and 19th.

It is here impossible to enter into any more minute descrip-
tion of the above spots, or even to consider the sun-spot theo-
ries in general which the observations of these spots for July
would suggest, and in answer to many questions as to what are
sun-spots reference may be made for brief descriptions to the
work of Dr. Youna, entitled “The Sun,” also to the shorter
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works of Rev. T. W. Wess, “The Sun and His Phenomena,”
and the article “ The Spots on the Sun,” Art. 1, of the New
Astronomy by Prof. LANGLEY in The Century for September,
1884.

. Those who wish to know in a word what the astronomical
world consider sun-spots will find it in the following words by
Prof. LaNGLEY: “We must conclude that the question as to
the cyclonic hypothosis cannot yet be decided, though the prob-
abilities fron telescopic evidence at present seem to me on the
whole to fayor M. FAYE's remarkable theory.” (i. e., that on
account of the varying depth of the stratum from which the
gases forming the bright surface or photosphere ascends equa-
torial currents are formed, eddies, cyclones, or “ whirls ” result,
resembling whirlpools in the ocean or “whirl”-winds in our at-
mosphere and the funnel-shaped vortices thus formed are the
8pots, the centre being the umbra and the descending sides the
penumbra as noted above) which has the great additional at-
traction to the student that it unites and explains numerous
other quite disconnected tacts.—Roxbury Advocate.

THE NEW STAR IN THE NEBULA OF ANDROMEDA.

E. E. BARNARD.

A telegram from Prof. PIckERING was rcceived here on the
evening of September 1st, announcing the discovery of a star-
like-nucleus in the great Nebula of Andromeda by HarTwie.
That evening, though cloudy, allowed frequent’observation of
the nebula through breaks in the clouds. The first] glimpse
through the telescope showed at once the bright stranger beam-
ing forth in the midst of the nebula. It was a bright eighth
magnitude star — perfectly stellar —of a’slight yellowish cast.
The light from this object was quite intense and very steady.
Upon the application of high powers it retained its star-like
form as distinctly as did the neighboring stars. The object il-
luminated the nebulosity surrounding it like a’star shining
through fog. With the higher powers I noticed that the neb-
ulosity close following and slightly south was brighter; there
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appeared at that point a stronger condensation of the nebula
light. The star was perfectly central. [I imagined it slightly
south of the middle.] On September 2nd it was suspected to
be slightly brighter, though from the interference of clouds on
the 1st, preventing a fair observation, any slight change could
not have been certainly distinguished. On this last date a
sketch of the stars in the neighborhood of the new object was -
begun for reference in detecting changes of its brightness.
On September 3rd it was certainly not brighter; but its light
was whiter. On the 4th no decided change was noticeable. So
far the light of this object has presented a steady radiance with

NEBULA OF ANDROMEDA.
a is the position of the new star.

g: {:ﬁé}?gg%:ga:e:e:t:rr } New star midway between brightness of them Sept.3.
as

d, right as new star Sept. 3.5. Many bright and small stars omitted.
no rapid fluctuations. On the 8rd for a space of ‘a few seconds

the star appeared considerably brighter, then resumed its origi-
nal appearance. I think that this was deceptive and place no
confidence in it though it may not be improper to state the ob-
servation so that it may be confirmed. This supposed change
occurred at about midnight.
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I enclose the foregoing quite incomplete sketch which will be
finished at the first favorable opportunity. It will aid in trac-
ing any changes of light in the new star that will likely occur.

It may not be out of place to state that I have always seen
this nebula dlﬂ'erently from that which other observers have
delineated.

If your engraver will faithfully produce the sketch I will call
attention to the main objects wherein my view differs from
what I have seen sketched elsewhere. This nebula does not
have the pointed ends so commonly shown in drawings of it.
At both the p. and f. ends there is a brushing out or diffusion
of the nebulosity toward the south, extending nearly a half de-
gree from the main axis.

I have also detected a small, faint, but perfectly distinct neb-
ula involved in the preceding end of the large nebula as
shown in the sketch. I have seen this latter object many times,
both with 5 and 6-inch aperture, and can find no record of it
elsewhere.

There is a long faintish ray passing parallel to the
north side of the nebula, but distinctly separate; this is one of
the objects detected by Boxp, I presume. There are several
other features that will be shown in a drawing I am preparing
to make of this very wonderful object. The northern side of
the nebula is the best defined, the south side differing very
much, especially at the ends.

In reference to the new star in this great nebula, I wish to
put forward the claim for a gentleman in Texas who saw this
star-like object on the night of August 30th at 9A.

On the evening of September 3rd I received a letter [post-
mark Aug. 31] from Mr. H. S. Moorg, of McKinney, Texas,
dated Aug. 31st, 1885, in which he says, * * * * * Jast
night was the first good night and after failing to find the
comet [a¢ 1885] I turned my tube [8 5-16-inch refractor] to
the N. E. on the great oval nebula of Andromeda and was
much surprised toisee at 9% a 6} or 7 magnitude star nearly
central in this nebula.” My impression is that HArTWIG'S 0b-
servation was on. Aug. 31st, if so, Mr. MooRre saw it first. . Mr.
MooRE's observation is of great interest for if he has correctly



THE VISIBLE SHADOW OF THE EARTH. 243

estimated the magnitude of the new star on Aug. 30th, it was
then brighter by a magnitude or a magnitude and a half than
at present.

Speculations on the new star at present would be quite pre-
mature, but from my observations it seems quite clear that the
star is in the mebula or on the other side of it, certainly. not on
this side, inasmuch as it illuminates the nebulosity by the
transmission of its rays through it. I am aware that the star
is shining in the hrightest part of the nebula, but from my rec-
ollection of the original appearance, the nebula was not so
bright at this point previously.

VANDERBILT UNIVERSITY OBSERVATORY, Sept. 5, 1885, Nash-
ville, Tennessee.

THE VISIBLE SHADOW OF THE EARTH.

JOHN HAYWOOD.

We say we see the shadow of an object when the object in-
tercepts the light of a luminary from a part of a surface, so
that the surface is in part illuminated, and the eye notes the
contrast between the light and dark parts. In this way we see
the shadow of the Earth on the Moon when the latter is partly
immersed in the shadow of the former.

We can also under favorable circumstances see the shadow
of the Earth projected into the illuminated atmosphere, that is
upon the sky. But to get sufficient depth to the shadow, and a
sufficiently well-defined boundary between the shadow and the
bright sky to be seen distinctly, the eye must be in or near the
surface of the shadow; so as. to see the shadow in its greatest
intensity, and also see the unobscured bright sky.

To analyze the subject somewhat mathematically: The por-
tion of the surface of the Earth’s shadow within the atmos-
phere, and at the same time within the range of sight of the
observer is to be considered sensibly a plane. This plane is
tangent to the Earth, and as it contains the eye of the observer
is a great circle of the visible sphere, and coincides with the
horizon. In this case, the shadow is below the horizon, and of

/‘
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course invisible; and the Sun is in the horizon, that is, is just
rising or setting. But if it is below the horizon not more than
about two or three degrees and the eye directed to the opposite
side of the horizon, the line of sight makes a small angle with
the shadow surface; but if the air is very clear, and the horizon
is not too much cbstructed by hills or forests, the shadow may
be very distinctly seen. We will still consider the plane of the
surface of the shadow a great circle though it passes a little
above the center of the sphere, that is, the eye of the observer.
Therefore as it now does not coincide with the horizon, the two
great circles include between them a lune of the sphere, the
breadth or angle of the lune being equal to the distance of the
lune below the horizon. This lune is a visible part of the sha-
dow of the Earth. When seen under favorable circumstances,
it presents the appearance of a low dense cloud lying along the
horizon opposite to the Sun. Let us suppose the time to be
morning, a few minutes before sunrise, and the air to be very
clear, and the western horizon to be unobstructed. We look in
~ that direction und see a low black cloud lying along the horizon,
extending well toward the north and south; and perhaps being
nearly a complete lune. The shadow is identified by the even-
ness of its upper edge, and by its extent. Its character is
proved still further, as we watch it, by its becoming narrower
and more intense; the definition becoming more distinct as the
shadow plane comes down nearer to the eye; thus approaching
coincidence with the horizon. And then it disappears as the
Sun begins to illuminate the western horizon, and we see there .
is' no cloud then.

The same appearances in reverse order present themselves in
the evening under like conditions. First after the Sun has sef,
there is an appearance like a dark cloud seen along the eastern
horizon, having a moderately well-defined upper edge, being a
narrow lune. The cloud rises as the Sun sinks lower; but we
notice that the sharpness of the definition diminishes rapidly
as the lune increases in the width; in other words, the shadaw
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seems to be shaded into twilight, and pretty soon we find we
have lost the boundary between the shadow and the illuminated
sky. Next twilight ends, and we are in the shadow of the
Earth; but we do not now see the shadow. I have followed
the shadow in the evening to a height of eight or ten degrees,
but in such cases the border is very ill-defined.

I think this phenomenon should be more striking at sea, pro-
vided the atmosphere is clear enough; as the visible shadow
would be, with a perfect horizon, a perfect lune. Also if seen
from the summit of a high elevation, as a mountain top, from
which the dip of the horizon is great enough to be sensible; the
phenomenon should be still more striking; as the dip would,
by so much augment the breadth of the shadow lune, as it is
seen from sea level. It is iuteresting in this connection to no-
tice more particularly the disturbing effect of clouds and mist
and smoke in the air. At first one might think that the more
opaque air would show the shadow better. But in fact it to-
tally destroys the definition. It arises from this; that in this
case there is a lack of suitable illumination of the air; there is
not the bright sky to contrast with the shadowed sky. Clouds
destroy the visibility of the shadow by covering and confound-
ing the shadow, and by obscuring the bright sk{i3

I have wondered if this phenomenon has not been noticed by .
scientific observers, and been mentioned by them. Likely it has;
but it has been my fortune to find a description of it nowhere
except in WiLLiaM BrLAck’s * Green Pastures and Piccadilly. ”
His party are journeying across our western Ylains by railroad,
when he notices the: phenomenon and explains it correctly.
But why has he not observed the same in England, and more
especially on the Atlantic during his voyage? I am not sure I
can give a correct answer to this question, as I have never been
in England, nor on the sea. But I conjecture that the l§)he-
nomenon, even if visible, can easily be overlooked in a hilly
country on account of the obstructed horizon. And on the
ocean clouds and mists may have obstructed the view, Prof.
MENDENHALL once told me that he had seen an account of ob-
servations by some one on the ocean, who had noticed the
shadow and had explained it.

I always call the attention of my classes in astronomy to
this subject; and some of them have afterwards yeported to me
some specially favorable views they have had of it.

/‘
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EDITORIAL NOTES.

The new star, or star-like nucleus, which has recently appeared in the
great nebula of Andromeda is a wonderful celestial phenomenon. It
was flrst seen, in this country, so far as we know, by J. C. MoCLURE. an
amateur observer of Red Wing, Minnesota.

In a private letter bearing date August 31st, Mr. McCLURE says:
“Please 1ook at the nebula of Andromeda. - The star in the center I nev-
er saw until last Saturday night.” The date of his first observation was
then August 29th.

Dr. HarTwWig’s observation of the same object at Straasburg was re-
ported, by telegraph, in America Sept. 1st. On the same day its spec-
trum was observed at Princeton and reported to be continuous. W. H.
NumMsEN, of Baltimore, also saw it Sept. 1st. One day later Professor
P1oRERING, of Cambridge, secured a series of spectroscopic and photo-
graphic results, which have not yet been published.

The place of this new object was reported by an observer to be 13"
west of the old nucleus. We are not aware that this measure has been
verified by any other astronomer. It was early reported, as about the
7th magnitudein brightness. September 15th it was nearly as bright as
the 6th magnitude, for it was seen by two observers without optical aid.
Later observations seem to indicate a decline in luster.

Observation does not yet decide whether the phenomenon is a newly
developed nucleus belonging to the nebula, or a new or temporary star
less distant than the nebula and in the same line of sight. Whatever
the object is. it will be studied with deep interest.

CoMET BROOKS.

The new comet discovered by me in Cunes Venatici on the evening of
August 31st has been observed almost nightly with the 9-inch reflector.
No very marked change has taken place in the appearance of the comet,
except that it has grown somewhat fainter. It is nearly circular in form,
with very slight central condensation. 'The entire coma is very flashing
at times. On September 10th the comet was observed to pass almost
centrally over an 8th magnitude star one and one half degrees north of
Gamma in Bootes. The light of the star was not dimmed.
' WILLIAM R. BROOKS.

Rep House OBSERVATORY, Phelps, N. Y., September 14, 1885.

NEW STAR IN ANDROMEDA.

I obtained an observation of this wonderful object on the evening of
September 2nd. It appeared to me then almost of the 6th magnitude
and was distinctly seen by the naked eye. All powers of the telescope
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gave a hard, well-defined nucleus. In later observations it has seemed

to me somewhat fainter than at first. I notice that most observers with

refractors call the star reddish. To me with the silvered-glass reflector

it has always seemed of a pale greenish tint, WILLIAM R BROOKS.
Rep House OBSERVATORY, September 14, 1885.

THE NEW STAR IN ANDROMEDA NEBULA.

In reference to this wonderful object I have written to Mr. H. S,
Mooxe, of McKinuney, Texas, and he has forwarded to me his original
observations of August 30th, 1885. In answer to inquiry as to his famil-
arity with star magnitudes, he says:

“T answer that I am not well posted on magnitudes of stars, and that
on the second observation I felt sure I had overstated the magnitude in
my letter toyou * * * Tremember that my finder, about % in., had
never shown the star. * * * * On last night (7th Sept.) 50 required

- more careful focusing to show the star than on previous nights. One
hundred has shown it plainly all the time. * * * The star seems
much larger than the companion to Sigma Scorpionis and is an easier
.object and has been at every observation since the 30th [August]. ”

The original observations of Mr. MooRrE, which he has kindly sent me
without alteration or correction, state: “August 30th 9 p. m. Saw 614
or 7 magnitude star in Andromeda nebula, Believe it to be new in this
place. Nearly central in nebula. Aug. 3lst. Saw it again, no change.
Sept. 1st, 2nd and 3rd. No change. Cloudy interval. * * * Sept.
Tth * * observed star again, not a good night, but I feel sure it is
diminishing, * * *” -

From these observations we may justly infer that the star was not
sensibly brighter ‘on August 30th, 1885, than on the few succeeding
evenings. E. E. BARKNARD.

SMmaALL NEBULA INVOLVED IN PRECEDING END OF GRFAT
ANDROMEDA NEBULA.

I have found a small pretty faint nebula in
R.A.= 0 34m 163
ool =-140° 5" 5. | 1886.0

It isinvolved in the extreme p end of the great nebula of Amdromeda.
It lies a little south of three small stars that form a triangle.

This nebula has been seen frequently with the 5-inch telescope during
the last two years, but I could never be certain of its being a distinct
separate nebula until lately examining the object with the 6-inch, when
it wasseen to be a well-defined but faint nebula. I find no record of
this having been seen by any one else. E. E. BARNARD.

August 5th at 5 p. m Jupiter and Venus were both seen at once in the
field of the telescope, the two planets being about 36’ apart. 7. ». m.
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The Secrelary of the Treasury is said to have sketched out a plan to
further eliminate, as far as possible, opportunities for irregularities such
as have been discovered in the coast survey and are believed to exist in
some of the scientific bureaus, which is to ask congrsss to authorize the
creation of an executive committee or advisory board in each scientific
bureau, which board or committee shall have charge of all details, such
as appointments outside the scientific staff, designation of duties of
employes other than those of said staff, apportionment of salaries, and
supervision of the accounts of disbursing officers. Such legislation will
leave the heads of these bureaus, free to spend their whole time in ad-
vancing science. It is also a part of his plan to ask that power be given
the president to appoint annually a board of independent expertsin sci-
ence, who shall examine the scientific workings of the department or
bureau and approve the same before the estimates for the work for the
ensuing fiscal year shall be incorporated into the book of estimates.—
Chicago Tribune.

BarNARD’S COMET.

My last observation of BARNARD’s Comet was ou the evening of Sept.
2nd. I conmsider it the faintest object ever seen at this observatory
though some of my new nebulse are about equal to it in faintness. I
set my telescope according to Prof. EGBERT’S ephemeris, being quite
sure I had it somewhere in the field. It required 20 minutes of intense
looking before I could positively assert that I saw anything at all. It
was almost in the center of the field. I had no time to get its position
very exactly as I wished to verify Brook’s discovery of a comet, not
knowing how long it might take. I made the positlon of BARNARD'S
comet a8 follows: R.A. 16& 27m 0s. Dec. —30°-30' 45". Not cor-
rected for refraction in declination. LEWIS SWIFT.

WARNER OBSERVATORY, Sept. 8, 1885,

Nortes oN THE NEBULA OF ANDROMEDA.

Sept. 1: Central nucleus exceedingly distinct and equals about 514
magnitude.

Sept. 2: Star the same, and a portion of the nebulous matter around
the star seems brighter than formerly, as if illuminated additionally to
the star’s light.

Sept. 3: No change.

Sept. 9: Star less brilliant, having a dull cast.

Sept. 11: Star is fainter than when first seen; equals a 714 magnitude.

Sept. 14c  Star decidedly fainter, below 8 magnitude, is a small point,
showing more of the apparent disk as heretofore, - _

Sept, 15: Apparently about 9 magnitude, J.R. H.
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THE TITLES oF CONTRIBUTIONS TO ASTRONOMICAL PERIODICALS.

A whole volume might be written on the mechanics of literature in
general or of astronomical literature in particular. One of the most
important chapters might be devoted to the rules which should be fol-
lowed in giving the title to a particular book or paper. As examples
of bad titles we might quote two famous books, one by HausEN.

“ Ausseinander setzungeiner zweck massigen Methode zur Berechnung
der absoluten Storungen der Kleinen Planet en,” and the other by
AvrBERS —“ Abhaudlung neber die leichteste und bexuemshe Methode
die Bahnlines Cometeun zu benechen.”

Each of these titles sins against brevity and attacks human life, and
other worse ones might easily be found and the chapter written at fever
heat. But the object of this note is to enter a protest against a worse
style of title than this, even.

These titles are definite enough when you get through with them, and
exactly express the intention of the essays, although not in the best and
briefest manner. At the worst you can invent a kiud of technical name
and speak of “HANSEN’s Anseinander setzung,” just as one says “CRELLE”
for CRELLE'S tables. But for many years there has been a kind of neb-
ulous title floating about, especially in -the Astromonische Nachrichten
which may be described in the language of the elder HERSOHEL as

e e e diffused and difficult nucl ? ? ?

This is Auszug aus ein Schreiben von Herrn Professor Dr. ** *** an
deu Herausgeber."”

‘What we wish of a title is that it shoud be

S.C.B.s.M. B. M,
and we respectfully ask that the above nebulosity should be attached to
some solid mass as “betreffeud sigma 1494, sigma 1801, partielle Sonneu-
finsterniss von Marz 16, 1885 etc.” to quote the most recent example,

Any one who has tried to index any portion of the Nachrichten will
appreciate the force of this request, and the Editor is humbly asked to
consider this one improvement to his journal. There are not many
others left to make. ’ X. Y. Z.

ROLLER PLANIMSTER.

This instrument has been very much perfected of late, and especial
attention is asked to it as the most accurate one now in use. It is more
exact than all other similar instruments. The roller does not run di-
rectly on the paper, but on a perfectly flat disc, and, consequently, the
results of the instrument are in no wise affected by the nature of the
paper. The rotation of the roller is ten to twenty times smaller than
that of the Amsler Planimeter with equal length of tracing-arm.

This new Planimeter has been described in all the leading engineering
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papers in Europe, and we have no doubt but that it will be welcomed
by every engineer in this country who desires a really first-class instru-

ment. :

By consulting Messrs. Faura & Co.’s Catalogue of Astronomical and
Engineering Instruments a full description of this new and useful in-
strument may be found.

RECENT DISCOVERIES.

New minor planet No. (249) was discovered, August 17, by Dr.C. H. F.
PerERs, Clinton, N. Y., Aug. 16.608, Wash. M. T.
R. A. 212 58 40s;
Decl. —15° 51'. 12 magnitude.

Star like nucleus in the nebula of Andromeda. Seen August 29 by J.
C. McCLuRE of Red Wing, Minu. Aug. 31 by Dr. Harrwia, of Dorfset,
Russia.

Comet (Brooks) discovered Sept. 1 by W. R. Brooks, Phelps, N. Y.

R. A. 132 20m;
Decl. +37°.

Ninth magmtude. Circular nebulosity of 2’ in diameter. Some cen-
tral condensation and no tail.

New minor planet No. (250) was discovered by Parisa of Vienna, Sep-
tember 3. At 9% and 53m of the same day, Gr. M. T, its position was,

R. A. 23/ 34m 40s;
Decl. —16°9’ 35". Eleventh magnitude.

} Rough position.

N
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MEeroPE NEBULA.

On the morning of August 17 last, while waiting for TuTTLE’S comet
to get above the horizon, the sky being very dark, I examined the Pleia-
des, and could see the faint light in the region about the star Merope.
The general outlines can be made out by slowly moving the telescope
about; when the contrast with the surrounding darker sky becomes very
evident.

The failure to see this very interesting object might be attributable to
a sky not transparent enough, theugh seemingly so.

I used a 5-inch Clark refractor, power 45, with which T once before saw
the nebula, and have failed to see it on other occasions. J.R. H

R Coronz.

This star which is very irregular in its fluctuations, and sometimes for
years remaining nearly constant in light, is at present quite faint, and is
evidently undergoing one of its rare downward fluctuations. It is at
present about 7.0 magnitude and should be closely followed by variable
star observers. Position for 1870 is

R. A. 15 43m 13s.
Decl. 4-28° 335'.
It changes from 6 magnitude to 13 magnitude. E. F. SAWYER.

I entirely agree with Mr. BurNHAM'S remarks on the question of
¢ Small »s. Large Telescopes ” in the S1DERFAL MESS8ENGER for Septem-
ber, 1885. ) . Epwarn S. HOLDEN.

.

The Science Observer announces the observation at Nice, of TUTTLE’S

comet, giving the following position, August 9.6124Gr. M, T.
R.A. 7Th23m431s °
Decl. 428°1' 24",

Professor Lewis SwirFT first saw TurTLE’S comet August 13th, unfav-
orable weather preventing an earlier search. It is fairly bright on a
dark sky, and shows a strong condensation at the center.

Answers to interesting queries from a frlend in Exeter, N. H,, are de-
ferred for want of space. '

Much of interest concerning the new star must be dropped this month
for want of space.
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Broox’s CoMET.

The circumstances attending the discovery of this comet resembled
in one respect that of BARNARD’s. The position of the latter at discov-
ery was so close to a nebula as to raise a suspicion that it might be the
nebula itself which caused a delay of a day in cabling to Europe in
order that its cometary character might be certainly established.
Brook’s comet, however, instead of being near one nebula was near to
five and in my telegraphic dispatch to PickrriNG announcing his dis-
covery, I thought best to say ‘verify.”

It may not be known to all of your readers that the discoverer of a
comet must, in order to claim the WaRNER $200 comet prize, telegraph
its discovery to me and to me only. Being then untramelled by a sin-
gle doubt as to what announcements the discoverer had made, immedi-
ate notification by telegraph is made to Prof. PICKERING, and, according
to an arrangement between us, I am to say “Cable ” if after a thorough
examination of all the circumstances, it is considered almost certain
that the object seen is a comet. If some doubt arises I am to say “ ver-
ify ”. If neither word 18 used it indicates that the cometary character
of the object is considered doubtful, but desire Prof, PIcKERING to share
with me the responsibility of withholding it for confirmation. The
scheme thus far has worked well, and renders a false alarm less probable
At most the delay would amount to but a day, as the discovery could be
verified at some one of the many observatories in the United States.

It is important that discoverers in their telegrams to me should use
one of the three following terms expressive of motion, viz: motion sus-
pected; motion strongly suspected; motion certain. LEWIS SWIFT.

‘WARNER OBSERVATORY, September 8, 1885.

CoMET A 1885 [BARNARD.]

The following observations have been made with the 6-inch Cook
equatorial of this observatory. The first observation was obtained by
three differences of right ascension and two estimations for difference
of declination, the comet being too faint to be seen on the ring.

The rest have been obtained with ring micrometer. The comet has
also been observed on July 30th, 31st, and August 3rd, 4th, 5th, 8th, 12th,
and probably on 13th, but the comparison stars have not yet been found
in the catalogue. I wish to acknowledge the kindness of Messrs. S. C.
CHANDLER Jr. and H. V. EGBeRT, of Harvard and Dudley observatories,

in supplying the places of work of the comparison stars used in these
observations. The star %, was observed specially by Mr. EGBERT.

E. E. BARNARD,
VANDERBILT UNIVERSITY OBSERVATORY, Nashville Tennessee.
Longitude +89n. 0.68s from Washington.
Latitude +36° 85' 825" '
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.

Professor JoHN, of De Pauw University has in place in the new
MCcKINN obseryatory a 9%5-inch equatorial. The mounting of the teles-
cope and the dome of the observatory which is 17 feet in diameter were
made by Messrs. WARNER & Swasey, Cleveland, Ohio, whose excellent
work is! attracting wide and favorable attention. Professor JoBN will
soon give us a full description of this new observatory.

The following orders and subscriptions have not been previously ac-
knowledged:

Levi K. Fuller, Brattleboro, Vermont. F. M. Bookwalter, Springfield.
Ohio, (Vols. 3 and 4). Maryland Institute, Baltimore, Maryland. Isaac
P. Guildenschuk, 14 Achilles St., Rochester, New York. R. Rother, 238
Randolph Street, Detroit, Michigan. Charles A. Hiller, Salina, Kansas.
Wm. A. Haren, 1400 Hickory Street, St. Louis, Missouri. Lawrence
Oberliss, Rochester, New York. Rev. S. G. McFarland, Bangkok, Siam,
Asia (via San Francisco). Lewis H. Roberts, Clinton, Iowa. Simeon G.
Cole, Romeo, Michigan. Professor M. B. Snyder, Central High School
observatory, Philudelphia, Pennsylvania. M. A. Newell, Principal State
Normal School, Baltimore, Maryland. Jobn Goldie, Galt, Ontario, Can-
ada. State Normal School, Winona, Minnesota. A Bassett, Bannock
City, Montana. Reading Room, State Normal Schqol, Winona, Minne-
sota. Samuel B. Eason, Wooster, Ohio. Professor M. A. Newell,
State Normal School, Baltimore, Md. State Normal University, Normal,
Tllinois. N. H. Campbell, Pine State Normal School, Johnson, Vt. R.
C. Wilkins, Northfield, Minn. &. W. McGinnis, State Normal School,
Kirkville, Mo. (Vols. 3 and 4). Frank Drummond, Lamori, Iowa. W
C. Pond, Hartford, Conn. Library, Harvard College, Cambridge, Mass.
W. H. Klingfelter, Woodbridge,California. Rev. Dr. Williamson,Queen’s
University, Kingston, Canada. Isrsel Brundage, Pastor of First Presby-
terian Church, Rochelle, Il1l, J. C. MeClure, Red Wing, Minn. Abra-
ham Cooper, Zanesville Ohio. Bert Luty, Alleghany City, Pa. Rev.
Thomas Thomas, Trenton, Oneida Co., N. Y. Professor Frank H. Bige-
low, Racine College, Racine, Wis. Reading Room of West Virginia
University, Morgantown, West Va. Professor C. S. Howe, Buchtel Col-
lege, Akron, Ohio. Library of Mechanics Institute, San Francisco, Cal.
Dr.J. H. Wythe, Oakland, Cal. C. H. Stegman, Oakland, Cal. L. D.
Hampton, Hampton College, Louisville, Ky. Normal Reading Rocm,
State Normal School, Warrensburg, Mo. John M. Black, No. 1334,
Chestnut Street, Philadelphia, Pa. A.S. Moore, McKinney, Texas,



EDITORIAL NOTES. 255

Tae OcroBER PiANETS.
[Central Standard Time.]
Mercury rises October 5th, 174 33m;

. “ “ “«  15th, 184 26m;
“ “ “  24th, 194 14m.

Venus sets October 5th, 74 14m;

“ “ “  15th, Th  Tm;

“ “ “  25th, Th 6m.
Mars rises October 5th, 154 29m;

“ “ “«  15th, 121 49m;

“ “ “  25th, 122 29m.
Jupiter rises October 5th, 164 25m;

“ “ “  15th, 154 5Twm;
- @ «  25th, 154 27m.
Saturn rises October 5th, 10k 9m;
“ “ « 15th, 164 51m;
“ “ « 2Tth. 162 8m.
Uranus rises October 7th, 174 19m;
“ “ ¢ 15th, 16k 51m;
¢ “ .«  27th, 16L 8m.
Neptune nses October T7th 7h 23m;
“ “ 15th 64 51m;
“ o « 27th 64 3m.

Book NoTicE.

A Treatise on Practical Astronomy as applied to Geodesy and Navigation.
By C. L. DoorirTLE, Professor of Mathematics and Astronomy, Le-
hlgh Umviré.slty, New York. Messrs, J oHN WILEY & Soxs, Publishers,

885, pp. 6

'I‘he author has aimed to prepare a text book for colleges and techni-

cal schools, which may also be used as a manual for the field astronomer,
. in Geodesy and Navigation.

The subjects of Least Squares and Interpolation are first considered,
and deserved prominence given to them as themes introductory to the
part designated as Practical Astronomy. Those students who have not
read very much mathematics will find the discussion of Least Squares
not at all tedious, as usual, but rather gratifying in the author’s ready
application of the theoretical side of the theme to common practical
ends and to the best use of astronomical observations in particular lines
of work. _

Under the head of Practical Astronomy the first chapter treats of the
celestial sphere and the transformation of co-ordinates,and the ordinary
problems related thereto; the second discusses prallax, refraction, and
the dip of the horizon; the third i_s devoted to time; the fourth, angu-
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lar measuremeunts, the sextant, the chronometer and t"e clock; the next
to the determination of time and latitude, and methods adapted to the
use of the sextant; the sixth gives a full study of the transit instru-
ment; seven, determinations of longitude; eight, the zenith telescope;
nine, determination of azimuth; and ten, precession, nutation, aberra-
tion and proper motion.

This book lays no claim to new or original methods, bat presents, in
systematic form, the most approved ones in actual use at the present
time. For the range of work the author has chosen, the treatment of
topics is always clear and concise, formuls and mathematical work
neatly in order, and the applications, instructive and general. The
book makes no show of learning for its own sake in the treatment of its
topics. Itis not a treatise on Astronomy or Geodesy or Navigation as
such, but it is a useful work in the study of the applicanions of Mathe-
matics and Astronomy to the two important branches of scientific labor
named in its title.

The publishers, as usual, have done their part neatly and well,

Bookxs REOCEIVED.

Memoirs of the Royal Astronomical Society, Vol. 48, Parts I and
1T, 1884. '

Maderia Spectroscope, C. P1azz1 SmyrH, Edinburg, Scotland. 1881—2.

The fixed Idea of Astronomical Theory, by AvausT TISOHNER, Leipsic

Observations upon the Topography and Climate of Crownborough
-Hill, Sussex, England.

Publications of the Washburn Observatory, Vol. I11, Madison, Wis.

Report of Observations of the Total Eclipse of ‘the Sun, August 7,
1869. Prof. J. H. C. Corrin, U. 8. A.

PAPERs.

The orbits of Oberon and Titania, the outer satellites of Mars by Prof.
A, HaLrn.

The orbit of the satellite of Neptune by Professor A. Harr.

Tornado Studies for 1884 by Jorx P. FiNLEY.

Heights of the stations of the Davidson Quadrilaterals from Trigo-
nometricsl Determinations by Georee Davipsox, U. 8. C. and G. Survey.

The Run of the Micrometer, also by Professor DAvIDSON.

Papers read before the American Astronomical Society. (No. 1.)

Possibility of Errors in Scientific Researches due to Thought Trans.
ference, by Professor E. C, PICKERING,



ThedSidereal Messenger

CONDUCTED BY WM. W. PAYNE,
Director of Carleton College Observatory, Northfield, Minnesota.

“In the present small treatise I set forth some matters of interest to
all observers of natural phenomena to look at and consider.”—GaLILEO,
Sidereus Nuncius, 1610.

Vor. 4. No. 9. NOVEMBER, 1885. WaoLe No. 39.

COMMENSURABILITY OF MOTIONS.

BY DANIEL KIRKWOOD.

(For the Messenger.) .

With respect to the proposed explanation of the observed
intervals in the ring of Saturn and the zone of minor planets,
Professor HALL remarks:*

‘ Gtaps in the ring of asteroids, and divisions in the ring of
Saturn have been explained on the theory that it is impossible
for bodies to move in such places, since their motions would be
commensurable with those of certain planets or satellites. ”

In assigning a physical cause for the gaps in Saturn’s ring 1
have never considered the question of stability independently
of collisions. I have simply shown [1] that the matter which
originally moved where the intervals are now observed was lia-
ble to extraordinary perturbation; and [2] that as the rings
have considerable density the disturbed portions would be
brought in collision with either the exterior or interior parts of
the ring, thus eliminating the primitive matter from the belts of
greatest disturbances. A body revolving as a satellite in any
part of the greater interval would be brought in contact with

* Sidereal Messenger, Sept., 1885, p. 201.

~

,’
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the outer ring before its eccentricity could become equal to
0.012. This is less than the observed eccentricity of some of
the satellites.

" The same reasoning is applicable to the zomne of asteroids;
but the small comparative density of the latter would render
collisions relatively less frequent.* In this case, however, a
cause somewhat different is equally apparent. The disturbed
orbits of the minor planets would attain considerable eccentric-
ity so that the matter moving in them would, in perihelion, be
brought in contact with the equatorial parts of the solar mass,
and thus become reunited with it. The origin of gaps, there-
fore, is not referred to the commensurability of periods as the
simple or only cause. The fact, however, that such chasms oc-
cur precisely where the periods have such relations is too obvi-
ous to pass for an accident. The gap, for example, where an
asteroid’s period would be half that of Jupiter is 0.1393 in
breadth. The number of asteroids, as has lbeen elsewhere
shown, in the belt of equal extent immediately interior is 37.
The probability that this fact should be due to a chance distri-
bution is as 1 to 137,438,953,472.

The writer's explanation of these remarkable gaps, proposed
nearly twenty years since and frequently re-stated, does not
necessarily require that the chasms in question should be abso-
lutely void. Some portions of the primitive matter might, un-
der peculiar circumstances, escape precipitation. It is to be ob-
served, moreover, that orders of commensurability higher than
the third could hardly be expected to produce well-defined in-
tervals.f Adopting this limit, we have only the distances, 2.560
2.82,.8.27, 3.58, 3.70 and 3.80; at all of which chasms are very
distinctly marked. The distance 2.70, where three periods of

* Monthly Notices, Vol. XXIX, p. 101 .

t The order of commensurability depends upon the difference between the numera-
tor and denominator of the Eraction expreesing the ratio: Thus % or % is the first or-
der, 3% or 8-5 is the second, % is the fifth, etc. The frequency of conjunctions during
the number of Jupiter’s revolutions contained in the numerator is indicated by the
order of commensurability.
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Jupiter are equal to eight of an asteroid, is of the fifth order, ~
and consequently the conjunctions would occur at five different
points around the ecliptic. The fact that the mean distances
of several minor planets differ but little from 2.70 has been
thought unfavorable to the view that the chasms are produced
by Jupiter's action. The facts are as follows: The average of
seventy-nine adjacent intervals [between 2.6 and 28] is
0.002,1138. The interval 0.011020, between Hera and Olympia
where an asteroid’s period is three-eights of Jupiter's, is not
only greater than any of this number, but is more than five
times the average.

The mode in which gaps were produced by disturbing causes
has been here indicated, I trust, with sufficient clearness. The
statement that Jupiter's action, alone, independently of collis-
ions, may have changed the mean distances of certain asteroids*
is unnecessary as well as doubtful. It was made without inves-
tigation on the authority of HuMBoLpT. Among the chief ele-
ments of stability this eminent writer includes the fact “that
‘the periods of the planetary revolutions have among each other
no common measure.”} From this view Mr. ProcTor at once
dissented, while admitting the correctness of my principal ex-
planation.} '

* Monthly Notices, vol. XXIX, p. 100.
t Cosmos, Vol. IV, Bohn’s Ed., p. 600.
1 Intellectual Observer, Vol. IV, p. 23,

SMALL VS. LARGE TELESCOPES.

W. F. DENNING.

(For the Messenger.)

With reference to the letters on this subject, recently pub-
lished in the Observatory and Mr. BURNHAM's comments there-
on in the SIDEREAL MEssENGER for September, I wish to say
that your correspondent has quite misunderstood the point at
issue. The basis of the discussion [see Observatory for March,
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p- 79] was the relative value of small and large telescopes in
showing detail on a bright planet. Mr. BURNHAM says the dis-
cussion has been * on the comparative value of large and small
apertures for showing planetary details and other faint celestial
objects "[! !] and proceeds to argue the point in relation to
double-star observations. This is quife irrelevant to the special
question in hand, and I may add that his denunciation of reflec-
tors is equally unnecessary. No one has questioned the superi-
ority of large apertures for double-star work, but with bright
planets the conditiqns are very different.

I have pointed this out in a communication to the Observa-
tory and there seems little need for one to discuss the matter fur-
ther on the new basis introduced by Mr. BurNEAM. But I am
sorry to find the intention of my remarks has been miscon-
strued. From the tone of certain criticisms it would appear
that I had specially attacked the large refractors of ALvan
CrARK & SoNs. Iam sure that anything I might say in disparage-
ment of these justly celebrated instruments would carry very lit-
tle weight. My statements have applied to large telescopes gen-
erally, and I incidentally referred to the large refractors at Wash-
ington, Princeton and Chicago because they have been actively
employed on planetary work, and the published results afforded
the means of gauging their capacity in this respect. I did not
speak of the large English refractors as they are only heard of
indirectlv about once in ten years! CookE's 25-inch mounted at
Galeshead has been found practically useless, the climate being
so bad, and Mr. BuckiNeHANM'S 213-inch at London has not been
mentioned since January, 1870! In initiating the recent con-
troversy in the Observatory I had no thought of deprecating
American instruments or work. Every man who has any re-
gard for astronomy and has watched its progress of late years
must feel a sincere and undisguised admiration for what has
been accomplished in the United States.

In concluding I may add that Mr. BurNHAM is not justified
in twisting Prof. HaLL's perfectly candid expression of opinion
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to suit his own views. Let any one read Prof. HaLL's letter in
the Observatory for May, p. 174, and see if it will bear the con-
struction put upon it by Mr. BurNHAM. Nothing could be more
intelligible and concise than the words of the eminent astrono-
mer of the Naval Observatory. As to Mr. BURNHAM'S sneer at
the planetary detail observed in small telescopes, it is evident
he is far from entertaining a fair opinion on the subject.
Should he ever be led to study the bright planets by means of
one of WiTH's or CALVER'S silvered mirrors he will be rather
astonished to see with such distinctness many of the features
which are described as very difficult objects in much larger in-
struments, and possibly his keen and practiced eye may reach a
marking, which, though of absolute existence is obliterated in
the glare from very large object glasses and specula. If he is
so successful he must clearly understand it is a mere deception
arising from small aperture.
Bristor, ENaLAND, September 16, 1885.

SUN-SPOTS FOR SEPTEMBER.

R. HENRY FERGUSON.

(For the Messenger.)
The Sun has been observed throughout September each day
except seven when clouds, or necessary absence from the city
prevented observation.

Total number of days on which Sun was observed........ 23
wooou “ groups of spots.........ooiiiiiiiiiL. 61
s s B 703 7 P 113
Probable total number of spots; i. e. calculated to include
days when the Sun was not observed................ 70
Probable total number of spots............cceevuiiiennn. 125
Largest number of groups, on the 3d, 4th, 5th, 26th....... 5
s “ % gpotson the 3d............c..oiltn 13



262 THE SIDEREAL MESSENGER.

On the 20th no spot was visible on the Sun; bright faculse
on the eastern limb was observed.

Nothing of especial interest was noted this month in con-
nection with the sun spots except the proper motion and divis.
ion of the spots appearing on the 8th and 21st, respectively.
The former of these which was the largest spot visible during
the month showed, when first seen on the 9th, a very marked,
but minute triangular tongue projecting from the penumbra
into the black spot. The tongue was very white, while the pe-
numbra at point of contact with it was quite dark, perhaps due
partly to contrast. On the 10th the tongue had extended itself
and could be traced across the spot as a bridge exceedingly nar-
row at the end just formed. On the 11th the bridge had wid-
ened, and the division was complete.

During these three days the penumbra also underwent most
rapid changes. When first seen it was nearly circular (ellipti-
cal on account of foreshortening) but it soon became irregular
and sent out a branch from its southern side, resembling in
shape the continent of South America. On the 10th this was
broken into two horns, or perhaps better, chains of penumbral
patches, one horn from the southern side and one from the
western, and curving near their extremities toward each other.
Soon after these portions of penumbra became detached and on
the 14th were invisible, the bridge at the time being very wide
and paler so that the black spots were clearly two, although en-
closed by one penumbra.

On the 15th the two spots had separated much wider apart,
the penumbra of each still being connected though only very
slightly. Observation on the 16th revealed the penumbra and
spots wholly distinct, each with a nearly circular penumbra and
they continued to separate rapidly until they disappeared
around the limb. It will also be noticed that these spots had
also a decidedly rapid proper motion westward, traversing the
disk from limb to limb in less than eleven days. This spot,
which was at a latitude of nearly 20° should have taken nearly
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12d 21k in crossing if it had the average motion of spots at
that latitude.

The spots which appeared on the 21st exhibited on the 25th
and succeeding days much the same phenomenon. On this lat-
ter date a white tongue appeared, and on the 28th the bridge was
complete although the penumbra shows as yet no signs of di-
vision.

A peculiar phenomenon was noticed in connection with the spot
first seen on the 3rd. On the 4th there appeared a very black,
wedge-shaped tongue connected at its base with the umbra, ex-
tending eastward, dividing the penumbra, and for several se-
conds projecting into the bright surface of the Sun. On this
latter portion no penumbra could be detected, the dividing line
between the dark and bright being very sharp and abrupt.

THE ECLIPSE OF SEPTEMBER 24TH.

The eclipse which began here in contact with the penumbra
at 23d 12k 05m “‘standard time” was observed and several fea-
tures noticed. The brownish red border to the shadow was not
seen, although carefully sought, the penumbra being very dark
and clearly seen ten minutes after the time for first contact.
The umbra was of an ashy blackness and wholly obscured all
lunar configuration which it covered, and at the point nearest
central shadow the limb of the Moon was so obscured that its
outline could only be traced in imagination by continuation of
the eastern and western limbs slightly visible. In the eclipse
of the autumn of 1883 the writer could observe with ease all
the more prominent markings of the Moon, although immersed
in the brownish red shadows. On the 23rd, however, even Pe-
tavius and Tycho were much obscured by the penumbra. The
night was remarkably clear. Observation was discontinued at
8 A. M. just after middle eclipse. '

A BRIGHT METEOR. ‘
Sept. 28th at 64 45m, while returning from the post-office a’
very bright meteor, surpassing Sirius in brilliancy, darted slowly
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from Aquila and became extinguished near 3 Herculis. It ap-
peared suddenly, though not with its full brightness, which it
soon gained and retained until it went out instantly. No train
of light could be seen. It looked like a white hot ball, not like
ordinary meteors as a hard substance being consumed.

Yesterday I received the following communication from St.
Johns, Newfoundland:

“On September 24th appeared an unusual phenomenon in
the north-west. A huge red meteoric body rose over Concep-
tion Bay, and within seven minutes traversed an arc of be-
tween thirty and forty degrees.”

NewToN CENTER, Mass.

GALLE'S CATALOGUE OF COMETS FROM 1860 TO 1884.

[The following catalogue of more recent comets is from Dr.
J G. GaLLe's * Uebersicht ueber die Bahn-Elemente der seit
dem Jahre 1860 erschienenen Cometen, sowie ueber neu berech-
nete oder verbesserte Bahnen von Cometen der frueheren Zeit,
contained in Nos. 2665 and 2666 of the Astronomische Nach-
richten (vol. 112,1—26), omitting his list of newly-computed
orbits of comets earlier than 1860. The signification of the
symbols, T, =, Q, etc., has been inserted for convenience, and
in the references to journals the volume (in Arabic numerals)
and page, separated by a colon are generally given. W.C. W.]

The list of comets given in the third edition of * Olbers’
Methode zur Berechnung der Cometenbahnen " ends with the
year 1863, and for several years I have desired to bring together
the additions which have accumulated since that time, together
with the list of 1847 and the supplement of 1864,—-into one
newly-arranged catalogue: I have not thus far, however, been
able to carry out my scheme as planned. In the meantime, on
account of the great number of new comets, there has appeared
to be a real need of such a list, and a wish expressed by the
editor of this journal [ Astron. Nachr.] has induced me to com-
pile, as a temporary substitute, a brief synopsis of the newly
added comet orbits, following in its tabular forin the list of 1864.
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Our limited space allows for each comet merely the approxi-
mate data from a single (if possible, the latest) orbit, and the
remarks are restricted to the reference for this orbit, the date of
discovery, the duration of visibility, and a few other notes,
principally brief remarks on the orbit given.

The headings, T, =, Q, i, log ¢, ¢, in the table are those com-
monly used, and correspond exactly with the list of 1884, ex-
cept that the column “ mean motion,” as it is called, has been
omitted. :

T=Paris mean time of perihelion passage. A
==Longitude of the perihelion.

@ =Longitude of the ascending node.

i=Inclination of the plane of the orbit to
that of the ecliptic.
log g=Log. perihelion distance.
e=eccentricity.

The distinction between direct and retrograde motion (D and
R) is, also, for the present retained. In retrograde orbits we
readily change from one system of reckoning, =, i, to the other,
7'y 7, by means of the relations

mE=2Q
i+¢=180°
and it is only necessary to remember that the distance, v, of
the perihelion from the node in the retrograde reckoning is not
7= Q 4o, but r=Q —w.

The comets are arranged strictly in the order of their peri-
helion .passage. This is a long established and very natural
system and one possessing numerous advantages: furthermore, it
has lately been made the rule of the Astronomische Gesellschaft,
so that it will require no further discussion here. The uncer-
tainty sometimes existing in the designation of particular com-
ets during the year of discovery can always be easily removed,
for the time being, by the addition of the name of the discov-
erer. Moreover a strict adherence to this system of numbering -
comets in each year has become necessary of late, partly on
account of the greater number of comets discovered, and
partly on account of the considerable increase of the known
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periodic comets, during the last forty years; for the actually
observed returns of these comets must be arranged with the
other comets. Since in many cases the periodicity has first
been established at the second apparition, and in a few cases at
the third, the exclusion of periodic comets from the list of ap-
paritions of each year would frequently cause annoying changes
in the designations of earlier years, and it would give rise to all
sorts of ambiguity. In the publications of the past ten
years, the periodic comets, particularly, have led to a great many
differences in the designation of comets, an evil which is not
merely of a theoretical nature, but, for those who often have
occasion to refer to the literature of comets, is one which car-
ries with it very real and practical inconveniences, frequently
necessitating much troublesome comparison of observations,or
of ephemerides, to decide what comet really is referred to.
Especially in years in which a great many comets are seen,
if the names of the discoverers are not given, there is not only
loss of time, but besides this mistakes easily occur.

In the list published in 1864 this arrangement of the observed

apparitions of comets in the order of perihelion passage is
closely followed out to the end of the year 1863. The present
supplement, however, on account of further discussion of data
belonging to the years immediately preceding, I have begun
with the year 1860, so that it contains the orbits of all com-
puted comets (ninety-four in number) for the twenty-five years
from 1860 to 1884.
. The numbering in the first column of the table follows
that of the table published in 1864. Although. these
numbers have no special signification here; and, as numerous
_ insertions have been made, they ought really to be increased,
still, on account of their connection with the earlier list, they
have been retained. Interpolations between the earlier num-
bers are marked with the letters a, b, ¢, ete. The current num-
bers of the present list are therefore to be increased by 66
+4=186, so that at the end of the year 1884 the number of
different comets of which orbits have been computed, is 302.
The number of apparitions of comets, including the present
recorded returns of periodic comets, is considerably greater:
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D’ARREST'S Comet has been observed 4 times.

Biera's b woou “ 6 «
BrorseN’s ¢ woow L
ENCkE's e woow “ 23 -
Favye's o heooow . 6 -
HALLEY'S b weoow “ T
PONS, 13 113 1) " 2 o
'I‘EMPEL’Sl o 13 “ 13 3 “
TEMPEL’S, 3 13 13 "W 2 13
TEMPEL'S, s woou - 2 ¢
TuTTLE'S b oo b 3 «
WINNECKE'S ** wooou “ 4

Accordingly 67—12=55 repeated apparitions are to be added,
bringing up to 357 the total of the observed appearances of com-
ets. In this summary, of course, no allowance is made for the
great uncertainty of many of the older orbits, or for the fact
that in some cases it is doubtful whether the same periodic
comet has been seen.

In the table for the period since 1860 it appeared desirable to
show at a glance the returns of the periodic comets in their
chronological order, and to be able to find them among the
comets arranged for each year strictly according to perihelion
passage, without further reference. There are accordingly
added to the numbers in the first column (which always refer
to the first appearance of the comet) the initial letter of the
name commonly in use for the comet:

D'A=p'ARREsT'S comet B=B1erLA,Br—=BRroRSEN, E=ENCKE,F
. =Fayg,H=HaLLEY,P=PoNs1812,T,, T, T,=TEMPEL'S three com-
ets, 1867 11,1873 I1, 1869 I, Tu=TurrLE, W = WINNECKE. As
no fixed rule for designating periodic comets has been established
—and indeed none can be established without great difficulty—
I have retained the designation which seemed to me to be most
generally used. If other names should be preferred, the desig-
nation can easily be changed, without disturbing the numbering
of the comets according to perihelion passage—the only point
considered essential. TEMPEL'S three comets I have distinguished
according to their periods as finally fixed by the observed
returns; T, being the last discovered of these three comets.
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It is readily seen that some rule of this sort must be used in
such cases, in order that subsequent changes may be avoided.

There are since 1864 quite a number of comets which have
been incompletely observed, or, at all events, for which only
uncertain data are at hand, so that no orbit could be deduced.
In some instances, the observations are so imperfect that no
great value can be attached to the computed orbit. All such
comets are found (as in the catalogue of 1884) with necessary
references, among the notes for the different years.

Finally, it is to be mentioned that for the equinox to which
the elements are referred, the mean equinox of the beginning
of the year in question is, generally, to be understood. This
plan for facilitating the comparison of comet orbits was pro-
posed by OLBERS, and it will be recognized by astronowmers as
the commonly accepted rule. In the elements of some of the
periodic comets where perturbations have been taken into
account, the equinox of the beginning of the decade has
lately been used to some extent, and in these cases, in the pres-
ent table (which gives only minutes; and for all more accurate
computations, reference must be made to the sources which are
quoted) I have reduced the longitudes to the beginning of the
year of the observed return.

The following abbreviations are used for journals frequently
referred to:

A. N. Astronomische Nachrichten.

M. N.= Monthly Notices of the Royal Astronomicul So-
ciety, :

C. R. = Comptes rendus hebdomadaires de U'academie des
sciences de Paris.

A. V. S.=Vierteljahrs-Schrift der Astronomische Ges-
ellschaft.

Wien. Ak. S. B. = Sitzungsberichte der k. Akad.d. Wiss.
in Wien, math. phys. Classe.

[The reference is usually to the volume and page (or column
in A. N.) which are separated by a colon. Further abbrevia-
tions will explain themselves.]

216 A. N. 72: 236. Discovered by L1ais at Olinda, Brasil, Feb.
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26, and observed by him till March 13, on seven days. Not ob-
served except by the discoverer. The second certainly known
example of a double comet. PECHULE has computed the orbits
of the two nuclei separately.

217. Bull. de St. Petersb. 6: 363. From all the observations
formed into six normal places, which are well represented.
Discovered by G. RuMker at Hamburg, April 17. The observ-
ations of this faint comet extend over a little more than a
month, a single observation of BoND’s on June 11, excepted. -

218. Schriften der Berl. Akad. 1887. Bright comet visible
to the naked eye at various places in Europe from June 18,
to about the middle of July; observed at Santiago to Sep-
tember 12, and at the Cape to October 18. The most probable
orbit, deduced by Auwers from a very careful discussion of
the observations, showed no deviation from a parabola; similar
result by FiscHER, A. N.: 67: 291.

219. A.N. 75:165. Discovered October 23 by TeMPEL at
Marseilles and observed there on the day following, and, also,
October 25, at Paris. The above orbit rests on a new reduction
of TEMPEL's observations, and agrees very closely with a pro-
visional computation by v.Opporzer (A. N. 73: 189). The
orbits by Vavrz, widely differing from these, are to be rejected,

and an identity with an object observed on November 14 seems
inadmissible.

220. A. N. 62:187. First discovered April 4 by THATCHER
at New York. Seen in Europe on April 30 with the naked eye
by BaekEr at Nauen. Before perihelion, observed in the north-
ern hemisphere (at Washington and Athens) to May 25; after
perihelion by MogsTA at Santiago, July 30 to August 15; by
MANN at the Cape, August 18 to September 8. The definitive
orbit by v. Opporzer is deduced from seven normal places
(April to September) and gives a period of 415.43 years. The
orbit comes very close to the Earth’s orbit—evidently connected
with the periodic meteors of April 20.

221. Diss. inaug. Bonn. 1880, p. 146. This great comet at
its ascending node was almost directly between the Earth and
the Sun, and as the plane of its orbit is almost perpendicular to
the ecliptic, it appeared very suddenly in the northern hemi-
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sphere, June 29—30, in its full splendor. In the southern
hemisphere it had already been discovered, May 13, by TesBUTT
at Windsor. It remained visible for a long time in the north-
ern hemisphere —far north in declination —and could be fol-
lowed (at Pulkowa) even to May 1, 1862. The definitive orbit
which was computed by Kreurz, taking into account the per-
turbations of Venus, the Earth, Jupiter and Saturn, required
no less than 1156 observations. These were brought together
in thirty-one normal places. The period is 409.4+0.367 years.

222. A. N. 69: 108. Discovered 1861, December 28, by
TurrLE at Cambridge, U. S., and 1862, January 8, by WiNNECKE
in Pulkowa. On account of its rapid decrease in brightness it
could be observed for but a short time; last observed February
2 by TiersEN at Berlin. NoErTHER has divided the few observa-
tions into sixteen normal places, and the elements agree remark-
ably well with those by V. Fuss (Bulletin de St. Petersb. 8)
from four normals.

(96) E. Mem. de l'acad. de St. Petersb, 26 No. 2 (1878).
ENckr's comet. Found October 4 by FoersTer at Berlin; more
generally observed in November, December and January. The
observations at the Cape by MacLEAR extend from December
23,1861, to March 12, 1862.

223. A. N.58:141. Discovered on July 2 by ScEMIDT at
Athens, and an hour later by TeMPEL at Marseilles, and also on
July 3 by Bonp at Cambridge, and by Simons at Albany. The
comet, owing to its nearness to the Earth, looked, at first like a
great nebula, even visible to the naked eye, but it soon decreased
in brightness, and was observed only to July 30 (at Athens,
Cambridge, U. S. and Clinton). The orbit above is from July
2, 10 and 23.

224. A.N.59: 87. Probably first seen July 15, at Mara-
thon, U. 8., by Swirr, who mistook it for the preceding
comet [223]; more definitely located July 18 by TurrLk at
Cambridge; July 25 by P. Rosa at Rome; July 26 by ScuJEL-
LERUP at Copenhagen. In August the comet was visible to the
naked eye, moderately bright. It was observed at Athens by
SoEMIDT up to September 26, and in the southern hemisphere
by MANN at the Cape to October 27. From the observations
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formed into six normal places, v. OPPOLZER, taking account of
the perturbations of the Earti and Jupiter, found the above
orbit with a period equal to 121.502 years. Closely associated
with this comet is ScHIAPARELLI'S discovery, in 1866, of the
connection with the meteors of August 10.

225. A.N.65:61. Discovered November 27 by REespieHI
of Bologna, and December 1 by BrunNs at Leipzig. The ob-
servations before perihelion go only to December 17 (the last at
Floreuce). After perihelion the comet was observed only
twice, and with considerable difficulty, by BRurns. The above
orbit is the most probable from all the observations divided in-
to five normals.

228. A.N.60: 149. Discovered by BRunNs at Leipzig, Nov-

ember 30, one day before he found the preceding comet. At
first, very faint; at the time of perihelion, brighter; observed
by BrunNs till March 12. Above orbit by ENGELMANN is a
parabola computed from five normal places. The devia-
tion from this curve is inappreciable.

227. Wien. Akad. S. B. 1864, A. N. 62: 343. Discovered
April 11 by KLINKERFUES at Gottingen, and April 14 by DoNa-
I at Florence. In May, visible to the naked eye; last observed
November 14, at Pulkowa. FriscHAUF has collected all the
observations into eight normals, which are accurately repre-
sented by this orbit.

228. A. N. 60: 112. Discovered April 12 by Respierr at
Bologna, April 13 by BAExER at Nauen, April 16 by WINNECKE
at Pulkowa and TemPEL at Marseilles, April 18 by KARLIN-
skI at Cracow. Last observed June 1, at Leyton, by RomBERG.
The orbit, by FriscEHAUF, is deduced from three normal places,
April 18, May 7 and 18.

229. A. N. 61:248. Discovered by TeMpeL at Marseilles,
November 4, and eight days later by ScEMIDT at Athens; ob-
served at Leipzig by Brunns till February 9, 1864. The ele-
ments are derived from three normal and two single places (to
December 20) which are very well satisfied by the parabola.

230. Diss. inaug. Berol. 1889. Discovered December 28 by
RespieHI at Bologna,and 1864, January 1, by BAEkER at Nauen;
also January 9 by KarLiNsk1 at Cracow and by WaTsoN at Ann

™
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Arbor. Observed at Leyton by RomBEre to March 1. In de-
riving the above elements the available observations were col-
Jected into nine normal places, and they agree very closely
with the parabola computed by Weiss (A. N. 61: 349) from six
normal places, January 3—23.

231. A.N.68:158. Discovered before either of the preced-
ing comets, October 9 by BArkEr at Nauen, and October 13 by
TempeL at Marseilles, (Annuaire 1884). Last observed at
Leipzig by ENGELMANN, April 13. The above orbit is the most
probable parabola, from all the observations. A similar com-
putation has been made by Jurius, (A. N. 69: 6) and it gives a
. complete agreement with the above.

232. A. N.73:84. Discovered by DoNartr at Florence, Sep-
tember 9; but few observations obtained. Last observed Octo-
ber 10 by ExeeLMANN at Leipzig. The elements are from
fourteen observations divided into three normal places.

233. A. N.75:164. Discovered July 4 by TeupEL at Mar-
seilles, July 5 by RespieEIat Bologna, July 11 by KARLINSKI at
Cracow; last observed in the northern hemisphere at Athens Sept.
22 by Scamipt. In the southern hemisphere the comet was first
seen August 10 at Windsor, and August 11 at Santiago by
Mogsta. It was observed at Windsor by TEBBUTT till Septem-
ber 25, and was seen as late as September 27; also seen Septem-
ber 26 at the Cape, but extremely faint. The elements are de-
rived from seven normal places.

234. A.N. 66: 123. Discovered July 23 by Do~NaTr and
ToussaINT at Florence; observed in the northern hemisphere
till the middle of August (at Leipzig by ENGELMANN to August
13) and then in the southern hemisphere, from November 2 to
December 23 by MorsTa at Santiago. On its return to the
northern hemisphere it was found again by ScEMIDT at Athens,
January 19, 1865, and observed to January 30; last observed
February 24 by Perers at Clinton. The elements are deduced
from six normal places, and take account of the perturbationsof
Jupiter. '

285. A.N.73:90. Discovered by Barker at Nauen Decem-
ber 15; also by CHARCORNAC at Marseilles December 19, and by
RespigHI at Bologna December 29 (Ann. 1884); last observed



STELLAR PHOTOMETRY. 273

by STrAssER at Kremsmunster. Most probable orbit from
seven normal places.

236. A. N. 68:119. Discovered December 30 at Leipzig by
BruENs; last observed January 29, 1885, by BrunNs and EN-
GELMANN. The elements give the best possible agreement with
the whole collection of observations.

(To be Continued.)

STELLAR PHOTOMETRY.

BY HENRY M. PARKHURST.

Early in my endeavors to devise means for the accurate deter-
mination of the relative brightness of stars, certainly as early
as1859 I was confronted with the disturbing effect of the illu-
mination even of a darksky, which increased in the moonlight
and in the twilight. With the same aperture, and therefore
with the same amount of light from a given star, its apparent
brightness is much increased by increasing the magnifying
power; and fainter stars become visible. © From an examination
of my star-maps I ascertained, in 1860, that reducing the mag-
nifying power from 96 to 27 made a difference of about a mag-
nitude in the visibility of stars. Froma series of observations
in 1875, I ascertained that magnifying power of itself does not
affect the apparent brightness of stars, and does not tend to
bring to view fainter stars; but that the observed effect is solely
due to the darkening of the field by spreading its light over a
larger surface. I ascertained this by the following means:

I mounted my six-inch object-glass outside of the telescope
tube, and also a holder for eye-pieces. It was then easy, in
looking at stars through that, or any smaller aperture, to admit
light from around the object-glass sufficient to make the illu-
mination of the field the same, whatever magnifying power was
employed. When that was done with a series of eight eye-
pieces, there was no difference in the visibility of faint stars
which could be attributed to magnifying power.
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A little reflection showed that the bringing to view of fainter
stars being due solely to the darkening of the field, the diminu-
tion of the aperture tends to bring to view relatively fainter
stars; forinstance,if the aperture is diminished one half in area,
a star must be twice as bright intrinsically to give as much light
at the focus of the telescope; but the field being darkened by the
diminution of the aperture, stars less than twice as bright will be
visible. The amount of this effect can be approximately ascer-
tained from the determination in 1860 already referred to. Rais-
ing the magnifying power from 27 to 96 corresponds in the illu-
mination of the field, with the reduction of the aperture in that
ratio. 'To the effect of this reduction, which would be 2.7 mag-
nitudes, is to be added the difference of about one magnitude
from the difference of illumination, which will be required to
extinguish the star, making the measured difference 3.7 magni-
tudes; in other words, the scale is extended, between these lim-
its, about one-third.
 This was not varied by extinguishing the pencil of rays near
the eye-piece; for although a large part of the field would re-
main bright, there would be a darkening of the field on the side
where the stars were extinguished, and the background upon
which the star is last seen is precisely as much darkened as if
the pencil of rays had been reduced in the same proportion by
diminishing the aperture of the object-glass.

The same principle is evidently applicable to the use of the
wedge for extinguishing the star. As the star passes the
transit wire, it is seen projected upon a field of a certain
brightness. It passes behind the wedge, and is constantly pass-
ing into a darker and darker field. The star's light must be
reduced by four magnitudes (using for convenience this rough
approximation) to reduce its visibility by three magnitudes.
But we have no means of determining directly how much the
star's light is diminished by the wedge; we can only determine
how much its visibility, as affected by illumination, is reduced.
So that if we have a correct standard of comparison, and
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neglect for the present second differences, the varying illumin-
ation will not introduce any error into our results, provided
the illamination is the same when we make our observations as
it was when the scale was determined.

But suppose that we determine the scale by comparisons with
a dark sky, and that we subsequently make observations with
full moonlight, or a brief twilight; how will that affect the re-
sults? That depends upon the law of extinction from illu-
mination, upon the investigation of which I have spent a great
deal of time, and made many thousands of ohservations, with-
out reaching satisfactory results. But I will assume certain
numbers for convenience in illustrating the principle: and it
will be seen that they can be varied exceedingly without affect-
ing the argument.

Suppose we start with an illumination barely sufficient to
affect the retina perceptibly, extinguishing .01 magnitude; so
that a star appears .01 magnitude fainter in consequence of
that illumination than it would if there were absolutely no
illamination.

First, let us diminish the illumination. We reduce it 5 mag-
nitudes, or one hundred fold. This can only reduce the extinc-
tion by .01 magnitude; and if we were to reduce the illumina-
tion 5000 magnitudes we could not reduce the extinction any
more.

Next let us increase the illumination one hundred fold, or 5
magnitudes. Starting with .01 magnitude extinction, one hun-
dred times the illumination, while it will not produce one hun-
dred times the extinction, may produce ten times, or .1 magni-
tude. Increasing the illumination again one hundred fold, it
will be pretty safe to say that the extinction will have increased
to a whole magnitude.

Now suppose a 12th magnitude star is just visible through
the thin edge of the wedge while Polaris, a 2nd magnitude star,
is visible at the thick edge. The apparent light must be re-
duced 10,000 times by the wedge between these two points.

-
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The light of the sky must be reduced in the same proportion.
If at the thin edge the light of the sky is only sufficient to re-
duce the star by .01 magnitude, there will be no appreciable
difference between the extinction of the two ends of the wedge:
it cannot exceed .01 magnitude.

But, on. the other hand, suppose that in consequence of a
bright moon or twilight, the light of the sky is sufficient, even
at the back end of the wedge, to produce an extinguishing ef-
fect of .01 magnitude. In that case it is evident that at the
thin edge, where the illumination is 10,000 times greater, the
effect must be very considerable; perhaps exceeding the amount
suggested above 1.0 magnitude. The scale of the wedge hav-
ing been determined with the dark sky first assumed, there will
evidently be introduced a very appreciable difference of scale
with the bright sky last assumed.

I understand Prof. PickerING to believe that in the observa-
tions of Prof. PritcHARD with the wedge, there are to be found
evidences of such a change of scale from varying iHumination.
The amount of the variation is not yet important; but its exist-
ence, for I understand Prof. PRiTcHARD to claim that the con-
stancy of his observations of Polaris proves that if there is
any error at all, it is inappreciable.

Iregret that he did not group his observations of Polams ina
more satisfactory way. With the light of the full moon taken
as unity, the average light of the second and third quadrants is
about .373, while the average light of the first and fourth quad-
rants is about .026; but if he had divided the circle into four
parts, so as to bring the full moon into the center of one of the
parts, the average light of the full moon period would have
been .599, of the first and third quarters .096, and of the new

_moon period only .007. Such a grouping would have shown
much more plainly any effect of the moon’s illumination.

But taking the figures as he gives them, and admitting that
the difference is not greater than the ordinary errors of observa-
tion; what does that prove? Simply that the effect of the-
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moonlight in the thick part of the wedge, where the light of a
2nd magnitude star is reduced to invisibility, is inappreciable.
That is just where we should expect the effect to be the least;
it is where the effect of the moonlight is reduced 100 times less
than its effect in observing a 7th magnitude star through a
thinner part of the wedge.

I have recently made some observations directly bearing upon
this point. In a certain group of stars, I found two of such
relative brightness, that in observing with a dark sky, the
brighter through a shade and the fainter without it, the mag-
nitudes were almost precisely equal, measured photometrically.
Several days before full. moon, when its light was .25, the
brighter star seemed about as before, but the other had become
too faint to measure. I then compared the brighter, seen
through the shade, with a third star seen without it; and the
result was, allowing for the known difference in the magnitudes
of these two comparison stars, that the fainter star was extin-
guished 1.2 magnitudes more than the star seen through the
shade. The observations of the brighter star through the
shade, corresponded with an observation through the thicker
part of a wedge, while the observations of the fainter stars
corresponded with observations at the commencement of the
wedge; the difference of 1.2 magnitudes caused by the moon-
light corresponding with the error which would be produced by
the same amount of moonlight in comparing the same stars
with the wedge, the scale having been determined in a dark
sky.

These considerations and observations suggest two precau-
tions in the use of the wedge: 1st, that there shall be no
moonlight or twilight sufficient to cause an error appreciably
increasing the error of observation; and 2nd, that the scale
shall be determined with the same magnifying power used in
the observations.

It has been suggested that the three observations upon
which so many of the determinations in the Harvard Photome-
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try are based, are insufficient to give a result as accurate as is
desirable. Admitted: yet it may be better to have observed
4000 stars with three observations each, than 2000 with six ob-
servations each. In the latter case each individual star would
be better determined; but in most cases the object will be to
compare some new star with Polaris. If it is compared by
three observations with each of four of the H. P. stars, it is
nearly equivalent to twelve observations with Polaris; and six
observations each, of two stars previously determined by six
observations each, would give no better result. We have then
in the Harvard Photometry, the means of multiplying ad libi-
tum our comparisons with Polaris, by the aid of stars in the
same part of the heavens as the star we wish to measure.

'All methods of stellar photometry founded upon extinction
by diminished aperture, involve the question of diffraction;
which opens a field broad enough to be reserved for another
article. o

VARIATION IN THE NEBULA OF ANDROMEDA.

W. H. NUMSEN,

The remarkable variation in the great nebula in Andromeda
was duly observed immediately upon receipt of the news. On
Sept. 1st it was watched at intervals for about three hours,
from 8% 30m to 11k 15m (75th meridian time) in company with
several others at the observatory of another. Its brightness,
during the interval, I estimated at about the 5th magnitude by
a rough comparison with v Andromede (4%), but on the next
night, at my own observatory, I came to the conclusion that
this was an overestimate, for a careful comparison with D. M.
+39°,158, convinced me that it was no brighter than 7th mag-
nitude. The nucleus, however, was very sharp and distinct,
standing out clear from the surrounding bright nebulesity, and
while, in this sense, it was stellar, yet there was something
about it that did not impress itself upon me as a real star point.
This, however, may have been due to its being seen through the
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nebula. The intrinsic brightness did not seem to equal that of
a star, and it rather resembled the appearance of the stellar
nucleus that formed so suddenly in the Pons-Brooks comet,
and which was seen by me on the night of January 18th, 1884,
The observations below were made with my 4-inch Cooke equa-
torial.

The comparison stars were identified after each observation
by means of the Durchmusterung maps, a diagram being made
at the telescope at the time. The magnitudes appended are
those found in the “Bonner Sternverzeichness—Zweite Section.”
At the end of each observation, is given the approximate mag-
nitude, as estimated by me from the comparisons with the D.
M. stars.

Sept. 2nd.—8h to 9k 15m. Clear, 60. Stellar nucleus about
the same as last night. Certainly not as bright as Heis 85=-832
Flamsteed, 5} magnitude according to the *“ H. P.” (This star
was identified afterwards by means of Heis' Atlas. It was also
seen to be brighter than nucleus last night, but not having my
maps at hand, its name and magnitude were not known. Nu-
cleus about equal to a, brighter than b. Perfectly stellar and

sharp again. 7th.

Xyvs aad Cmgssmim Murs,

Cloudy weather and iilnsss proventsd any furticr ijerva
tions until the h. cxirpt on i wivn it wex viasrved wv
an opera-glass from my wirdow. It was tiem wrn V) be
fainter tham Hryz: %5. and 1ovught W be suwsns cax. y sowsy ian
D. M <397 13~



280 ' THE SIDEREAL MESSENGER.

Sept. 9th:—11h 45m to 13k 15m. Cleared up and bright—p.
60. Undoubtedly fainter since last seen with telescope. Seems
brighter than b, and fully equal to ¢, and perhaps slightly
brighter. Appears dull though still very distinct from balance
of nebula. 9th.

Sept. 12th:—7Th 20m to 9h 40m. Clear, crescent Moon for
awhile. Not certain about seeing it with finder, but with p. 25
and 60 it is still plain and distinct. Appears fully as bright as
b or ¢, iutrinsic brightness seems also about equal to those
stars. At times think nucleus slightly brighter, perhaps, but it
is certainly as bright. 9th.

Sept. 14th:—Th 30m to 8h 20m. Clear, Moon near first quar-
ter. Not always evident with p. 25, sometimes blurred, better
with p. 60. When steadily seen generally appears perfectly
stellar. Sometimes think almost equal to b and ¢, but generally
not as bright. Much brighter than « and y, and more nearly
equal to d. 9%

Sept. 15:—Th 40m. Seen for only five minutes or so between
clouds. ~Quick comparisons with d seemed to make it about
same as last night, possibly very slightly fainter, though not
enough time to satisfy myself upon this.

(To be Continued.) -

EDITORIAL NOTES.

The new variable star in the great nebula of Andromeda still continues
to be a celestial object of great interest to every astronomer at home or
abroad. For more than two hundred and seventy years this nebula has

_been observed by the telescope, and yet very little progress has been
made in learning its physical constitution. ¢ Its spectrum is continuous
without transversal dark lines, and consequently the substances which
compose it remain unknown. The highest powers have shown 1500
stars in it, but it is not certain that these stars belong to it; they may be
simply before it. Its shape alters strangely according to the power em-
ployed. ” } .

As stated last month, the first intelligence of the existence of this new
star came to us from Mr. J. C. MoCLURE, of Red Wing, Minn., who ob-
served it on the evening of August 27. Mr. H. 8. MooRg, of Texas, saw
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it September 30th. Dr. HarTwia, of Dorpat, observed it August 31st and
immediately reported the observation by telegraph to astronomers every-
where, so that on the first days of September it was very generally
observed. .

The exact date at which the outburst took place, (if sudden, or com-
paratively so) is not known. The record of observation, however, is
nearly continuous for the month of August. On the 18th day of that
month, as reported by the Observatory, a Mr. SL100ck observed the neb-
ula and was sure that the star was not then seen. At 11 o’clock P. M.,
August 19th, Isaac W. WaRD reports a new star distinctly visible. On
August 22nd this observation was confirmed by others made in Russia
It is very probable then, that this wonderful change took place either on
the 18th or 19th day of August, and that thestar was brightesta b ou u-
gust 31st, or Sept. 1st, at which time English observers claim that its mag-
nitude was 6.5. Sept. 2nd and 3rd it was 7.3, with little change in mag-
nitude. From this time the star dechined rather unsteadily, alternately
rising and falling, until Sept. 18th its magnitude was 9.2 and at the end
of the month it was certainly below an eleventh magnitu de,

The star is of an orange yellow tint.

It is difficult to determine its spectrum because of its unfavorable sur-
roundings and its faintness. Reports that have been received are so con-
flicting that little confidence is felt in conclusions based on the observa-
tions of the spectroscope.

The most that can be said is that the spectrum is continuous, which of
course gives no knowledge of present physical conditions of the nova.
The following points, gathered from American observers of experience
may be of interest to our readers:

1. The star does not in any way affect the structure or brightness of
the surrounding nebula. :

2. It stands apparently only in accidental relation to the nucleus of
the nebula. It is not in the nucleus, but about 15" one side.

8. It has not changed its position since its appearance.

4. Tts spectrum was on Sept. 1st and 2nd as nearly continuous as that
of any star known to our most experienced American observers.

OBSERVATIONS OF THE NEW STAR IN THE NEBULA OF ANDROMEDA.

News of the outburst was received at Princeton in the afternoon of
Sept. 1, by telegram from Cambridge, and observations were made the
same night.

The star, as seen in the 23-inch equatorial with the ‘comet eye-piece’
(power 110) wasof a brilliant orange color, and much brighter than any-



282 THE SIDEREAL MESSENGER.

thing else in the field of view, which is about 28’ in diameter. It was
adjudged about half a magnitude fainter than the star ARGELANDER 39°
158, which is given as 7th magnitude; but no photometer readings were
taken. It was easily visible in the 2-inch finder. In the 5-inch finder it
was of course conspicuous, and by close attention, the old nucleus of
the nebula could be seen, just to the east of the new star, but nearly
overpowered by it.

‘With a power of 360 on the great telescope, the nebula wus seen to re-
tain its familar form and appearance, unchanged, except so far, of
course, a8 the introduction of a fiery spark into such a luminous haze
would necessarily modify it subjectively. The contrast between the
ruddy, sharply-defined star, and the indefinite, hazy, yellowish-green
glow of the nucleus was very beautiful.

A set of micrometer measures was made, to determine the distance of
the new star from the little 11th magnitude star which follows the nu-
cleus about 113, nearly on the parallel. They gave, position angle 262°
34, distance 109.3". Another set on Sept. 2nd gave, 262° 36’ and 109.6”
(No correction for differential refraction yet applied.)

The distance from the star to the brightest part of the nucleus is
about 14.5"—but no accurate measure was attempted, because it is im-
possible to set the wire with much precision on the nucleus, which loses
its definiteness under any adequate magnifying power.

Most of the time on September 1st was spent in trying to make out
the spectrum of thestar. Variousforms of instrument were used, and all
agreed in showing simply a continuous spectrum in which we conuld make
out no lines or bands of any kind; but it was abnormally weak in the
blue portion. I do not mean to say that there were no lines or bands
present; only that if they existed at all, they must have been very faint
and hard to see, for we expected to find them, and looked for them care-
fully. The dark lines in the spectrum of the 7th magnitude star, before
mentioned, came out well with the same apparatus,

With a power of 1100 the star was still a star, as sharp as any of tlie
neighboring stars, while the nebula nucleus had become a mere diffuse
glow of light.

Subsequent observations have added very little. The star has main-
tained its position unchanged, but has grown gradually fainter, though
not without fluctuations, and sometimes slight increase of brightness.
Since Sept. 12th we have made photometric comparisons on seven
nights with the 9th magnitude stars, ARGELANDER 39,145 and 149, using
a wedge photometer. At the last observation the new star was at least
half a magnitude fainter than either of them.

On September 18th the new star was nearly a quarter of a magnitude
brighter than on the 17th or 25th, the next preceding and following ob-
servations.

On September 7th, when the new star was about 8.2 magnitude, we,
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for a while, thought that the small round nebula, M. 32, just south of
the great nebula, was sympathizing in the excitement. Both in the 5-
inch finder, and with powers up to 300 in the great telescope, its nucleus
looked exaoctly like a star of the ninth magnitude; with powers exceed-
ing 500, however, the stellar appearance was lost, and we concluded that
probably the imagined change was imaginary only.

Princeton, N. J., Oct. 5, 1885. PROF. 0. A, YOUNG.

Astronomers have watched with interest the work of Dr. WiLLiam
Huaeins, of London, and other English physiciste who have been study-
ing the solar corona by photography, during the last two years, with-
out the favoring circumstances of a total eclipse. From results obtained
it seems evident that real progress has been made in the solution of this,
one of the most difficult and delicate problems known to solar physics.

During the early part of this year, however, Professor W. H. PIOKER-
iNa of Boston made some attempts to photograph the corona of the
Sun under similar circumstances which were unsuccessful.

He said in Science (August 14, 1885): “The result of my researches,
seems to indicate 1st, that without a total eclipse it ought to be impossi-
ble to photograph the solar corona; 2nd, having tried, I have failed to
photograph the corona, but have obtained the result which theory indi-
cated. ”

To the paper containing the result of Prof. PrckeriNg’s work, Dr.
Huaains replies, the following being a letter addressed to Science and
TrE MESSENGER, October 2, 1885. .

“Mr. W. H. ProkerING having courteously sent me a copy of Science
(August 14) containing a letter entitled “An Attempt to Photograph the
Solar Corona without an Eclipse ” may I ask you to insert the few lines
which follow, in the next number of your journal?

Passing by all those points which are covered directly or indirectly by
my reply to Mr. PickeriNGg’s first letter (Science April 3) I find only
two matters which I 'consider it necessary to notice.

1. Mr. PiokeRrING says: “ The inferiority of the best gelatine plates
to the human eye in this respect (small differences of light) is very read-
ily shown by an attempt to photograph distant mountains.” He then
goes on to say: “ Another illustration of the same thing is the im-
possibility of photographing the Moon in the daytime when the Sun is
high above the horizon. Although the Moon may be perfectly distinct
to the eye, the negative shows no trace of it.”

To your scientific readers the reasons will readily suggest themselves
why in the case of the Moon in the daytime at some angular distance
from the Sun the eye has an advantage over the plate, while in the case
of the corona the plate has a great advantage over the eye. Next, from
any such considerations, as a matter-of-fact, there is no difflculty tn photo-
graphing the Moon at noonday. Yesterday I took with the apparatus
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used on the corona four negatives on bromide plates (EDWARD’s) between
11:30 a. m. and noon in full sunshine. On all the plates the Moon is very
distinct and well defined. The Moon at noonday, unless too near the
Sun is an easier object to photograph than the corona. It is obvious,
therefore, that photographic methods which are not delicate enough for
the Moon must utterly fail if applied to an object still more difficult, as
the corona undoubtedly is at ordinary elevations.

If Mr. PIcKBRING’S statement of the “impossibility ” of photograph-
ing the Moon uuder the conditions already named rests upon his own ex-
periments, some light may come upon a point which has occasioned me
surprise, namely that Mr. PickeriNG does not appear to get upon his
plates, the effects of his own apparatus; for example those of the posi-
tion of his shutter, and those of his spectacle lens. In some experiments
I made with a shutter, similarly placed, very strong diffraction effects
appeared on the plates; effects stronger than any photographic action
which could be supposed to be due to the corona.

2. With regard to Mr. PIcKERING’S experiments, I would point out
that the conclusion to which they lead him, namely:—*“It therefore
seems that even in the clearest weather the reflected light of the atmos-
phere is 300 too strong to obtain the faintest visible image of the true
coronal rays;” appears to me to be irreconcilable with the direct obser.
vations of Prof. LANGLEY and others, of the planets Mercury and Venus
a8 black disks before they reach the Sun. Prof. Youna says: “Of course
this implies behind the planet a background (of corona) of semsible
brightness in comparison with the illumination of our atmosphere.—
[The Sun p. 229.]

T trust that Mr. PickeriNGg will not think me wanting in courtesy, if I
should prefer not to take notice of any further communications he may
make on this subject. The Bakerian lecture, read recently before the
RoyaliSociety, in which I have discussed some of the points more fully
will be in print in a few weeks., The photographic method is now being
tried at the Cape of GoodfHope under the scientific conditicns I have
pointed outfas essential by Mr. Ray Woops under the able superintend-
ence of Dr. Girr, F. R. S. ”

Pararrax orF 61 Cyaxi.

In Dunsink observations (V) Prof. BaLL gives a history of researches
on the paralluz of this star. In 1837—38 BesskL found a parallax of
0.814", using two comparison stars, D. M. 37°, 4178 (8.8 mag.) and D. M.
+387°,4179 (8.6 mag.) In 1853 O. STrUVE found the parallax to be 0.509"
using D. M. 487°, 4345 (9.4 mag.) Dr. Laup has re-reduced this and
finds —0.5063” +0.0234". In Moscow observations, VII, p. 79 is a series
of measures by ScEWEIZER with the latter comparison star extending
over the years 1863—1866. These have been reduced by S0coLoFF, who
finde parallax=0.4330" +0.0291". Dr. Lamp has re-computed this and
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finds 0.4396” £0.0223". Dr. Barr made a series employing D. M. 379,
4351 (9.5 mag.) and 61 A Cygni. The resulting parallax was 0.46564" +
0.0497" (Dunsink, ITT p. 16). Dr. BaLr made another series in 1878—79,
using 61 B and D. M. 4351. The resulting parallax is 0.4676" +0.0321".
Prof. HaLr (Wash. Ast. Obs. 1879) has used the same comparison star as
STrUVE (D. M. 4345) and finds the parallax of 61 B Cygni to be 0.4783" +
0.0138".

C. AYF. PeTERs from absolute I. D. gives (1846)—0.359".

Dr. Auwers (Abh. d. Acad. Berlin 1868) has re-discussed Bessewr’s and
SorLuTER’S results. The following Table is taken from Dr. AUweRs and
SORLUTER:

Bessen: first 14 months .......... ... it it i 0.357"
“ last 3 months and SOHLUTER............cccovivrvnnnnnnn. 0.536
JoHNSON: first 3months............cc it i 0.526
“ lastImonth.......ooovniiiiiii it 0.192
S 13 12 1 0.511
AUWERS...... et e e aaet et ae e ae e aeaaeat et eeeaerenas ...0.564

ON THE BRIGHTNESS OF THE NEW VARIABLE STAR IN ANDROMEDA.

The method followed in the observations of this star was that pro-
posed by Prof. PIcKERING in his “Plan of securing Observations of the
Variable Stars,” p. 12. It consists in estimating the brightness of the
variable in temths of the interval between two comparison stars, one
slightly brighter, the other slightly fainter than the star to be measured.
The number of tenths estimated is written between the letters of the
comparison stars, that of the brighter standing on the left side, and
smaller numbers indicating greater brightness. .

The instrument employed is a 3-inch telescope by Mnaz. The observ-
ations were made by two observers: H=HAGEN and Z=ZAIsER, the lat-
ter being assistant at the observatory.

In order to facilitate the comparision of our observations with those
of others, the following Table I exhibits the places and magnitudes of the
four comparison stars, 4, B, C, D, to which are added the three compar-
ison stars, b, ¢, d, employed by Mr. E. E. BARNARD, as represented in his
sketch, page 241 of the MEsSENGER. His observation of September 3 is
a valuable addition to the following series of magnitudes, and is given
below in Table IT, under the letter B.

TABLE 1.
Comparison Stars; position and magnitude taken from the D. M. (1855).
A Oh 88m 6.7s +40° 0.8’ magnitude 7.5
B 37 45.2 23.5 9.0
(o] 86 54.2 80.8 9.0
D=b 86 9.7 40 46.9 8.9
c 34 95 39 53.6 7.0
d 36

138 88.0 8.0
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TABLE II.
Central . Reduc-

. Date Time Observations Remarks Obs. tions. Mags.
Sept. 8.5 c5b,¢c10d 8. 8.0 8.0
9 | 9h 16m A8B 8ky clear H. 8.7
10 (8 10 A1B,A8D Very clear H. 8.6 8.6
18(8 7 A8B,A9D o H. 8.7 8.8
1419 5 A9B,A10D “ ‘ H. Z.| 8.9 8.9
159 28 A9B, Av4 D | Moonshine H. Z.| 8.9 8.8
6|9 0 A8B,A9D “ H. 8.7 8.8

A8% B, A9D Z. 8.8 8.8
17 (9 88 D1B Clear H. 8.9
9 43 A9D Z. 8.8
18|9 27 D1B Cloudy H. 8.9
198 8 D1B H. 8.9
D2B Z. 8.9
2|8 48 D10 B Moon very bright H. 9.0
D9 B “ o o Z. 9.0
21 D10B “ b " H. Z.| 4.0
22 (8 88 B1OC,D10C " “ “ H. 9.0

On September 23, 24, 25, 26, the star was observed less than C,
i. e. less than 9.0 mag. From October 1, it was entirely invisible with
power 30, i. e.less than 9.5 mag. Each observation is reduced separately
for the sake of comparison. The reductions, however, being based on
the magnitude of the Durchmusterung, are only preliminary, and may
easily be transferred to the photometric scale of Harvard College Ob-
servatory, as soon as the comparison stars have been subjected to a
new determination with the photometer. J. G. HAGEN, 8. J.
College of the Sacred Heart, Prairie du Chien, Wisconsin.

OoouLTATION OT THE HYADES, OBSERVED AT WILLIAMSTOWN, Mass.,
ON SEPTEMBER 28TH, 1885.
The following observations of occultations of stars in the Hyades
group were made at the Hopkins Observatory of Williams College:

Star Phase Williamstown M. T,

D. M.415,621 Emersion 9h B64m 47.0s
Theta! Taur: Tmmersion 10 18 517
Theta? Taurs “ 10 21 83
Theta? Taur: Emersion 1] 1 563
Theta! Taur: o 11 8 400
D. M.415,633 “ 11 25 578
B. A.C. 1391 T 12 12 10.7
D. M.+15,640 “ 12 17 109
Alpha Taurs Immersion 13 67 18.0

“ b Emersion 16 15 5.4

These observations were made with the Clark equatorial of 71¢-inches
aperture, using a power of 120 for the immersions and a power of 77 for
the emersions. The times were noted by a mean time chronometer,
beating half seconds, whose errcr was determined by careful comparison
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with the sidereal clock at the Field Memorial Observatory, both before
and after the observations. Prof, T. H. Sarrorp determined the error of
the sidereal clock by observation with the Wanschaff transit, the result-
ing correction being reduced to the meridian of the Hopkins Observa-
tory, which is 1.52s east of the Field Observatory.

The atmosphere on this night was remarkably steady, and, so far as I
could judge, the disappearance and re-appearance of the stars were
absolutely instantaneous. The immersion took place at the bright limb,

I must here express my acknowledgements to Prof. S8AFrorp for his
courtesy and kindness in placing the facilities of the observatory at my
disposal, and thus enabling me to make these interesting observations,

The working list was formed by plotting the Moon’s apparent path and
the places of the neighboring stars, and deducing from the plot the times
of immersion and emersion, and the position angles for each phase.

Hoosao Farus, N. Y., 5th Oct., 1885. JOHN TATLOCK, JR.

NEw STAR IN ANDROMEDA NEBULA.

“ While engaged in making some miscellaneous observations this even-
ing my attention was particularly directed to the great nebula in
Andromeda, the central part of which, always bright, seemed very much
brighter than ever before.

1n fact the center of the great nebula seems now to be occupied by a
well-defined star which I estimated to be of the 6th or 7th magnitude.

The fainter portions of the nebula are not nearly so well-defined as
as if the light of the nebula were overpowered by thal of the star.

The object thus seen is surely a star, inasmuch as with powers of 40,
80, 135, 200 and 300 the star like disk was clearly and sharply defined
The star-like character was also plainly indicated in the finder. Can it
be that we have here a solution of the mystery of this nebula as indi-
cated by the spectrum observations of Dr. HugeINs who found a con-
tinuous spectrum cut off at the red end. It has long been a mooted
question whether the nebula of Andromeda was stellar or gaseous. °

Should the object seen by me prove to be in fact a star will it be
classed among the “ variables ” or take permanent rank as another nebu-
lous star, or will it fade into star mist like the new star in Cygnus in
1876? At all events it deserves to be carefully watched.”

HENRY A. PAVEY.

[Note: —The above recorded observation was made by me on Sunday
night, August 30th, 1885, from 9 o’clock p. m. to 11 o’clock p. m. at
Hillsborough, Ohio.]
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Letter to the Editor from Professor Epwarp S. HOLDRN, relating to the

Lick Observatory and to the Washburn Obeervatory.

My DEeAR Sir:—

The Lick Observatory is a gift from Mr. Jamrs Lick to the State
of California. t is to be built and completely equipped under the
direction of the Board of Lick Trustees, of which Captain Riomarp 8.
Froyp is President. The Observatory, when completed, and the unex-
pended balance of the original fund of $700,000 are then to be turned
over to the Regents of the State University of California as the As-
. tronomical Department of the University. I have beeen elected Fres-
ident of the University of California and Director of the Lick Observ-
atory and I shall assume these new duties about January 1st, 1886.

May I ask, through your columns, that letters and parcels destined
for me personally should be directed to me at Berkly, California, (the
seat of the University), while parcels for the Observatory should be

addressed:
Library of the Lick Observatory,
San Jose, Santa Clara County,
California.

I desire to thank the many astronomers and societies who have gener-
ously added to the library of the Washburn Observatory by their gifts,
and to ask of them a similar generosity to the Lick Observatory, where
a large library is forming.

Real astronomical work at the Lick Observatory wxll begin as soon
a8 it is possible. Under the provisions of the Trust, no salaries can be
paid to observers until after the completion of the Observatory; and
this date depends upon the time at which the large telescope is finished
by the firm of A. CLARK & Sons. Everything else is practically complete.
- I have hopes that some arrangement may be made by which the
meridian circle and the 12-inch CrLARK refractor may soon be put to use.
The Washburn Observatory will shortly print its Volume IV, contain.
ing as many of the observations of the 303 fundamental stars as I have
been able to make since May, 1884, when this work was begun.

I am, my dear Sir, very faithfully yours,
EDWARD 8. HOLDEN.

WaAsSHBURN OBSERVATORY, University of Wisconsin, Madlson, October

20th, 1885.

WEIGHT OF LARGE OBJECT-GLASSES.

The glass in the cell for the 30-inch Pulkowsa refractor weighs 428
pounds. If the weight of the 36-inch objective for the Lick Observa-
tory increases proportionally, its weight will be 740 pounds. These are
heavy weights to handle.
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., CONDUCTED BY WM. W. PAYNE,
Director of Carleton College Observatory, Northfield, Minnesota.

“In the present small treatise I set forth some matters of interest to
all observers of natural phenomena to look at and counsider.”—GALILEO,
Sidereus Nuncius, 1610.

Vor. 4. No. 10. DECEMBER, 1885. WaoLe No. 40.

THE GREAT RED SPOT ON JUPITER.
PROF. G. W. HOUGH, DIRECTOR OF DEARBORN OBSERVATORY.

The earlier observers of the planet Jupiter inferred that its
visible surface was subject to rapid and extraordinary changes,
occurring in a few days, or even a few hours.

“On the 13th of December, 1690, Cassini perceived five belts
on the planet, two in the northern hemisphere, and three in the
southern. An hour afterward there appeared only the two
belts nearest the center, and a feeble trace of the remaining
northern belt. The same astronomer frequently witnessed the
formation of new belts on the planet in the course of one ortwo
hours.”—Grant's History of Physical Astronomy.

Without multiplying examples of alleged extraordinary
changes, it may be added that the tradition has come down
to us that there is no permanency with regard to the markings
on the disc, and this doctrine appears to have been adopted by
modern observers. I entirely dissent from this view of the sub-
ject. ‘

I think it is more rational to believe that such extraordinary
phenomena as the formation or destruction of belts, in an hour
or two, was due to the condition of the seeing, rather than to
physical change on the surface of the planet.
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Soon after the discovery of the great red spot on the southern
hemisphere of the planet Jupiter, in 1878, it was alleged, by
various astronomers, that it was subject to marked fluctuations
in its length. Similar statements have been made from time |
to time during the past seven years.

The following micrometer measurements, from Sept. 11th
1879, to June 27th, 1885, of the length, breadth and latitude of
this object, may help us to decide whether such statements
were warranted.

The micrometer observations for length usually consisted of
five single distances, the time being noted. The measures,
preferably, were made when the center of the spot was near the
central meridian of the planet, but occasionally they could
only be secured at 25 or 30 degrees distance.

The measures for breadth were made in the same manner.

The latitude, or distance from the equator, was determined
by three measures from each pole.

In the table, the first column is the date; second, the length;
third, the difference in length from the “mean” of all the ob-
servations; fourth, breadth; fifth, latitude.

Date. Length. |Dif. Mean.| Breadth. | Latitude.
11.12 —0.54 3.26 |..........
.............................. —7.12
10.82 —0.84 |.......... —6.44
13.27 +1.61 2.38 —7.56 «
11.80 +0.14 3.06 —7.11
13.03 -+1.37 361 |..........
13.21 +1.55 |.......... —7.00
12.24 +0.58 |.......... —1T7.14
................... 3.52 |...ie....
11.90 +0.24 3.57 —17.25
12.78 +1.12 |.......... —6.00
10.67 —0.99 |..iiiieiieeianen
12.53 +1.87 3.79 —6.79
11.30 —0.36 |.......... —17.01
11.28 —0.38 3.72 —6.95
11.66 —0.00 3.28 |..........
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Date. Length. |Dif. Mean.| Breadth. | Latitude.
18&). ” ” \ " ”
July 20.......ccivuiniann. 12.10 40.44 ... e,
July 22........ ereeeraeen 11.38 --0.28 |.......... —7.09
July 27....cciiiiiiiiinnn. 11.94 +0.28 3.32 |..........
July 29......cciiiiiiinenefirirerecnafinieaeieae]inniiinaas —T7.50
Aug. 3 ....c0h il 11.37 —0.29 ... deeeeenl,
Aug. b ..iiiiiiiiiininann 11.98 +4-0.32 3.41 |..........
Aug. 6 ... —7.42
NP U S O s —T7.46
Sept. 4 ...coiiiiiiiinia.n. 10.90 —0.76 3.41 —7.32
Sept. 6 ....ciiiiiiiiiiinn. 11.95 40.29 f.........ieieinnen.
Sept. 9 ..ceiniiiiiiin, 12.03 —+0.37 3.87 —6.81
Sept. 21........cc0ivennnn. 11.47 —0.19 |[.......... eeeeia...
QOct. 13........ccivnen.n.. 11.55 —0.11 3.39 —7.04
Nov. 26........c0c0eeen.... 10.73 —0.93 3.63 —-7.00
Dec. 10.........coeenn... 10.94 —0.72 |
Dec. 12......ccivnuuunnn.. 11.51 —0.15 |,
1881.
Jan. 17..........cccceen. 12.28 -+0.62 3.65 -7.23
June 20.............ccceiiifeeneeeenea]iiiniiiiiiiiiieaan, —7.4
June 22................... 11.93 4+0.27 ...l
July 28........cccvun.ne 11.51 —0.15 |.......... —-7.28
Aug. 2 ... 11.64 —0.02 |......covfiiiiinn.n.
Aug. 4 .. i -7.23
Aug. 24................... 11.36 —0.30 3.64 |..........
Sept. 21............c...... 11.05 —0.61 |.........feeiiinnnnn
[0 T A P PR PR —17.50
(07 A R PO PUSI R —8.15
Oct. 26.........cuvnn... 11.34 —0.32 3.41 —6.95
Nov. 21...........cenae. 11.50 —0.16 3.62 |..........
Nov. 22........c0vueunn... 11.57 —0.09 |.......... --7.33
Dec. 28.......ccvvnen.... 10.56 —1.10 ... el
1882.
Jan. 9 .. ................. 10.65 —1.01 |.......... —7.27
Feb. 4 ................... 11.04 —0.62 4.17 —7.26
Feb. 14................... 11.45 —0.21 |..........]ceeeinnnn
Mar. 22............ N 11.25 —0.41 |.......... —7.57
July 13................... 11.90 +0.24 ...
July 25....ciiiviiiiiiiii e ireiiiii e —8.09
Aug. 18..............ooieiiitn P B —17.69
Sept. 25............oa..l. 11.93 -+0.27 3.66 {..........
Oct. 3 .. .....ciiiiiiii... 11.76 4+0.10 |.....oiiiieeenenn,
Nov. 1 .. .........iiiiin. 11.20 —0.46 |.......... 0 c0eiinnt
Dec. 29......civvvnnn.... 11.03 —0.63 3.64 —7.34
Dec. 31..........ccvnnn... 12.16 4+0.50 |.......... —7.58
1883.
Jan. 3 ................... 12.54 - T N R
Feb. 20.............c...... 11.79 +0.13 |.......... —7.33
Feb. 27.... ..ot 11.32 —0.34 |.......... —7.17
Mar. 9 .........cooea..... 12.04 -40.38 |........ Y P
Mar. 21......cc0vvvnnnnnnn 12.34 +0.68 |.......... —7.25
Mar. 23................... 11.95 +0.29 |.......o el




292 . THE SIDEREAL MESSENGER.

The mean length from 68 observations is 11”.68 or 37°.9 of
Jovian longitude. (Mr. Denning, in the Observatory for Octo-
ber, has inadvertently given 34°.3 as equal to 11”.65.)

The mean breadth from 26 observations was 8”.61, and the
mean distance from the equator of the center of the spot, from
57 observations, was —6".96.

Assuming that the length of the spot remained constant, the
mean error of a single measure was + 07.59 or 2 degrees.

The observations made during the opposition of 1880, when
the conditions for measurement were most favorable, gave a
mean error of +07.43. These errors are not excessive.

An examination of the residuals in the third column leads
us to infer that the fluctuations, if any, in the length of the



THE GREAT RED SPOT ON JUPITER. 293

great red spot, between Sept. 1879 and June 1885, were inap-
preciable to the eye of the observer.

The apparent length, as measured, was undoubtedly affected
by the conditions of the seeing. Under very favorable condi-
tions of the atmosphere the ends of the spot appeared as a sharp
V,but when the definition was not so good, they were blunt
and rounded. A difference of one second of arc, onegither end,
due to this cause, would not be an improbable quantity.

During the period covered by these measures, there was prob-
ably a slight oscillation in the length, as shown by the residuals
in the third column.

The following sSynopsis will show -at a glance the possible
fluctuation in length, breadth and latitude.

The numbers show the deviation during each opposition from
the general “mean.”

Opposition. Length. Breadth. Latitude.
1879 +0.59 +0.15 —0.01
1880 —0.11 —0.07 —0.18
1881-2 —0.36 +40.05 —0.44
1882-3 +0.17 +0.04 —0.56
18834 40.63 |, +0.61
1884-5 —0.50 +0.69 +0.46

The breadth appears to have been pretty constant until 1884,
when it was apparently 0”.7 greater than the mean. The lat-
itude also varied slightly from year to year.

The eye estimates of the length of the spot, from thg ob-
served transit of the two ends over the central meridian of
the planet, are subject to personal error, as well as large acci-
dental error. However carefully the observations may be made,
only an approximate result can be secured by this method.

In the Observatory for October Mr. Denning has compiled the
mean values observed in 1879-82 for a number of observers.
The deduced length varies between 29°.8 and 87°.8, or more
than twenty per cent.
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*1 think it will be found that small telescopes and insufficient
magnifying power make the spot too short, since the extreme
énd will not be seen.

The red spot was observed for longitude on the 23d and 25th
of October, and from its appearance then I judge it will be a

conspicuous object during the coming opposition.
-

THE HABITABILITY OF OTHER WORLDS.

H. A. HOWE.

[For the Messenger.]

It is difficult to treat in a small space of a subject on which
so much has been written, unless, indeed, one is confined to a
mere statement of known facts. Unfortunately, the amount of
theorizing in the present case is entirely disproportionate to
the amount of knowledge, and it is not always easy to separate
the known from the unknown, so thoroughly are they inter-
woven by the writers.

As the ancients peopled even the trees of the forest with
splrlts, and the Arabians made the enchanted air teem with
genii, so it has been a wide-spread opinion of men iu all ages,
that the shining spheres about us shelter beings whose intel-
lectual life is in some degree akin to our own. When at the
dead of night, while nature is hushed in repose, one looks out
upon the over-arching sky, inlaid with “patines of bright gold,”
and, perchance, plying his telescope, is carried in imagination
‘fromy cluster to cluster, from universe to universe, the thought
that there is no intelligent being in those unfathomable depths
-of space, gives an oppressive sense of the loneliness of man.
Can it be that the eyes and reason of man alone are feasted
by this transcendent spectacle, and that even he is chained by
. an inexorable law to a bit of rock which we call Earth, and
forever kept from a full view of these glories? Has the all-
wise Creator fashioned them in vain? Recoiling from such
thoughts, men have given loose reign to imagination, and
made the glowing orbs about us instinct with intelligence.
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They have even sought to clothe these intelligences with hu-
man forms, and no less a personage than the elder HERSCHEL
once thought that there might be a heavy layer of clouds be-
neath the glowing exterior of our Sun, to protect the inhabitants
within from its heat. All analogies lead to the belief that the
stars in the heavens are attended by troops of planets, as our
Sun is. If one choose to think that these planets are the
abode of sentient beings, or even that the race of mankind is
scattered over the universe,and that some day myriads of them,
freed from the bondage of their present bodily form, may be
gathered home on some star-cluster of inconceivable grandeur,
we may call the theory extravagant, but not impossible. If it
be asserted that the shining stars are peopled by orders of in-
telligent beings, whose organisms are suited to their environ-
ment, the possibility that the assertion is true cannot be denied.
But if, on the other hand, we are told that the inhabitants of
Earth are so magnificent in their mental and spiritual endow-
ments that, when they escape from their present chrysalis forms,
the entire visible universe wlll be none too vast or wonderful
for the exercise of their powers, we may be disposed to side
with this view of the matter. :
Special interest is felt in the planets of our own system, and
many think that some of them are inhabited by man. Accept-
ing both the Nebular Hypothesis, and that part of the Theory of
Evolution which concerns the adaptability of species to aslowly
changing environment, it is easy to conclude that each of the
planets either may have been in the past the abode of the man-
like creatures, or may be in the future. Let us, however, re-
strict our inquiry to the following plain question: Are. the
present physical conditions of the planets compatible with the
existence of man on them? _
Mercuryis subject to great variations of heat on account of the
eccentricity of its orbit. At its perihelion the solar rays beat ten
times as fiercely upon it as upon us, while at aphelion- the ratio is
reduced to 4.6. Such heat would prove fatal to mankind, were
there no protecting atmosphere. ZoLLNER, by photometric
methods, has come to the conclusion that Mercury has no ap-
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preciable atmosphere, but to VoeEL’s eye the spectroscope gives
some evidence of an absorptive envelope. The waters of the
seas (if there are any), rapidly raised by the Sun, would become
condensed at no great height, because of the rarity of the at-
mosphere, and being precipitated again, might furnish a con-
tidual rain-storm, which would mitigate the heat. But, on
account of the low barometric pressure (the intensity of grav-
ity being less than half that on the surface of the Earth), the
planet would be uninhabitable for us.

Venus receives heat of twice the intensity of ours, but it is
positively known that its atmosphere is quite dense. The au-
reole of light seen at the times of transit demonstrates its re-
fractive power, and VogEL has found that the same rays of light
are absorbed by it as by our own atmosphere, Though human
eyes have probably never pierced the cloud-mantle which envel-
opes the planet, the seeming quiescence of that envelope shows

-that there is no great amount of internal heat; we therefore
think that there is a solid crust. TaccHINT has detected aque-
ous vapor in the cloud-mantle, and our present knowledge indi-
cates that the conditions of life on Venus are not very dissimi-
lar to what they would be here, if we were robbed of our sunny
skies, and accustomed to perpetual rain and snow. The inclin-
ation of its axis to the plane of its orbit being unknown, noth-
ing can be predicted with reference to its seasons,

The telescopic appearance of Mars has led to a general belief
that it is quite like the Earth, and maps have been constructed,
showing supposed continents and seas. The phenomena of the
polar ice-caps, which are said to increase and decrease as the
seasons change, and the occasional cloud-like objects which are
sometimes thought to obscure the outlines of the promontories,
all lend color to the hypothesis that the processes of evapora-
tion and condensation of water go on there as here. But Mars
has a much sunnier sky than ours, and there is abundant evi-
dence that its atmosphere is quite tenuous. Thus the solar
rays, though reaching the planetary surface easily, are not
stored up in it, but are radiated away rapidly, so that the
temperatures of day and night differ widely. The height of
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the barometric column is estimated by WiINCHELL to be in the
neighborhood of four inches. Men who would enjoy respiration
up in a balloon, ten miles above the surface of the Earth,
may be recommended to try their lungs on Mars.

Our telescopes show that Jupiter is in a state of ferment, and
there is evidence that a solid crust has not been formed. It isa
huge, seething caldron; the heated vapors rising from the in-
terior, being cooled on reaching the outer surface, descend
again, and keep up a ceaseless round of motion. Jupiter may
well be surrendered to salamanders, if Shakespeare’s opinion
about those animals is correct.

The visible surface of Saturn is much more placid than that
of its giant neighbor, and HueaIns's spectroscope has shown
that the planet’s nucleus is buried deep in an atmosp heric
ocean. No crust is supposed to exist, but if it has been formed,
there may be sufficient internal heat, (as indicated by the pres-
ence of aqueous vapor in the atmospheric envelope), to keep
mushroom-like men alive for awhile, cultivating the warm,
muddy soil, and breathing the muggy air.

Uranus and Neptune, at their enormous distances, cannot
elude the spectroscope, which shows very dark bands in their
spectra, caused by the absorption of dense atmospheres,
The telescope reveals no changing aspect. The solar rays,
wearied by the long journey, are entirely unable to send a thrill
of life through these passive orbs, and we may readily believe
that the blood of a warm humggn heart would be congealed in a
moment in their frigid depths. But if one prefer to think that
they have solid crusts warmed by internal heat, no astronomi-
cal observations can be cited against the theory. Such homes
must be dark, clammy prisons into whose depths no distinct
cheering ray of starlight, moonlight or sunlight ever pene-
trates.

The Moon and the asteroids have no atmospheres sufficient
to sustain huyman life. .

If all other conditions were favorable it would be impossible
for man to exist on any planet, unless the composition of its
atmosphere was closely allied to that of our own.

~
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On the whole, it may be said that there is but slight proba-
bility that men dwell upon any planet of our system except the
 Earth. Prof. ALEXANDER WINCHELL affirms as the result of
his researches, which are based on the Nebular Hypothesis, that
“within the vast limits of the solar system, there is but one
happy niche where corporeal organizations according to our
standard can enter into material relations with the physical en-
vironment.” :

UN1versiTY oF DENVER, Colorado.

NEBULA OF ANDROMEDA.

BY JOHN H. EADIE.

[For the Messenger.]

Allow me to draw attention to the following quotation from
Professor StMmoN NEwcoms’s ‘Popular Astronomy,” fifth edi-
tion, in regard to the great nebulain Andromeda:

“It was first described by Marius, in 1614, who compared its
light to that of a candle shining through horn. This gives a
very good idea of the singular impression it produces, which is
.that of an object not self-luminous, but translucent, and illu-
minated by a very brilliant light behind it. With a small tel-
escope, it is easy to imagine it to be solid, like horn; but with a
large one, the effect is much more that of a great mass of mat-
ter, like fog or mist, which scatters and reflects the light of a
brilliant body in its midst. That this impression can be cor-
rect, it would be hazardous to assert; but the result of a spec-
trum analysis of the light of the nebula certainly seems to
favor it. Unlike most of the nebule, its spectrum is a contin-
uous one, similar to the ordinary spectra from heated bodies,
thus indicating that the light emanates, not from a glowing
gas, but from matter in a solid or liquid state. This would
suggest the idea that the object is really an immense star-clus-
ter, so distant that the most powerful telescopes cannot resolve
it. Though we cannot positively deny the possibility of this,
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yet in the most powerful telescopes the light fades away so
softly and gradually that no such thing as a resolution into
stars seems possible. Indeed, it looks less resolvable and more
like a gas in the largest telescopes than in those of
moderate size. If it is really a gas, and if the spec-
trum is continuous throughout the whole extent of the
nebula, it would indicate either that it shone by reflected
light, or that the gas was subjected to a great pressure, almost
to its outer limit, which hardly seems possible. But, granting
that the light is reflected, we cannot say whether it originates
in a single bright star or in a number of small ones scattered
about through the nebula.”

In view of the recent blazing out of a star apparently at or
near the center of this nebula, his remarks are certainly very
suggestive. Particularly so when it is remembered that the
spectrum of Messier 80, in Scorpio, is also continuous, and its
nature therefore similar, in the midst of which a new star sud-
denly shone out in May, 1859.

RECENT SHOWERS OF METEORS.

BY W. F. DENNING.

[For the Messenger. ]

During the four months from July to October, 1885, I ob-
served about 870 meteors, during observations extending in the
aggregate over 70 hours. The paths of all such meteors as
were noted accurately, were registered, and their peculiarities of
appearance recorded, for the purpose of determining their radi-
ant points. In all,about 55 distinct radiant points were found,
and I have selected some of the most noteworthy of these in the
following table. {They represent the most active meteor streams
seen here during the period mentioned, and I believe the posi-
tions may be relied on, every,possible care’having been taken to
assure accuracy:—

~
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Night Radiant [No. of]

Epoch of shower,| of Point. Me- Appearance.
Max. |RA.  Dec.|teors.

1883. o o©
July 8 -13........ 8th 245 452 7 Meteors very slow.
July 9 -14........ 13th 271 421 8 Slow, faint.
July 9 -14........ 12th 329 436 8 Swift, streaks.
July 9 -13........ 9th 280 —14 7 Slow, long paths.
Aug. 16-20........ 17th 345 + 0 7 Medium
Aug. 8 -20........ 17th 345 453 10 Very swift.
Aug. 16-20........ 5 +12 7 Medium speed.
Sept.1 -8 ........ 4th 346 + 0 9 Slow, bright.
Sept.1 -15........ 3rd 354 438 19 Very swift.
Sept.3 -5 ........ 3rd 253 454 7 Slow, yellow.
Sept.3 -17........ 8th 62 136 16 Very swift, streaks.
Sept.4 - 9........ 9th | 335 471 7 | Medium speed.
Sept. 5 -17........ 15th 76 +57 7 Very swift, streaks.
Sept.8 -18........ 8th 335 +28 8 Slow, faint.
Sept. 12-17........ 15th 5 +12 8 Slow.
Sept. 15........ 15th 13+ 6 7 Swift.
Oct. 6 -12........ 12th 103 +33 8 Very swift, streaks.
Oct. 6 -16........ 8th 42 55 13 ow,
Oct. 6 -16........ 16th 143 149 6 Swift, streaks.
Oct. 78 ........ Tth 31 418 10 Slow, bright.

In addition to these there were a considerable number of
minor showers, whose radiants I regard as established with
nearly equal certainty. It seemed desirable, however, at pres-
ent, not to extend the list beyond the more marked displays.

Possibly Mr. O. C. Wendell might undertake to compute the
orbits of some of these recently determined showers, or Mr. E.
F. Sawyer (well known for his accurate meteoric work in the
years 1877 to 1880) may redetect them during future observa_
tions.

A comprehensive catalogue of all 4he meteor streams hither-
to observed has Jong been felt as a great want by those engaged
in this department of astronomy. When a radiant point of a
new comet has been computed, or a fresh meteor shower ob-

“served, it becomes necessary to search through more than a
dozen different catalogues of radiants for comparisons. This
entails much labor, and, moreover, there are very few persons
who possess all the results hitherto published. In order to
facilitate reference and to obviate the difficulties mentioned, I
have just completed a general catalogue of all the known eteor
showers, and arranged the radiant points according to Right
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Ascension, instead of according to epoch, as in pre-existing cat-
alogues. I believe the method adopted will be found thorough-
ly efficient when practically tested, and it is my aim to get the
catalogue published as quickly as possible, so that ‘observers
may have it in their hands early next year. It contains some
2,500 radiant points, and will include observations to the end of
1885.
BrisroL, October 25, 1885.

VARIATION IN THE NEBULA OF ANDROMEDA.

BY W. H. NUMSEN.

[Concluded from page 280.]

Sept. 16th:—7h 35m to 8k 26m. Very clear and beautiful
during the whole time, moonlight—p. 25. Definition very bad.
Nucleus plainly visible, except at times blurred and diffuse, but
at such times the stars indistinct also. Comparisons made be-
tween intervals when definition moderately sharp. Fully equal
to b and ¢, sometimes think slightly brighter. Certainly
brighter than d, and much brighter than e. Plainly not as
bright as a, f also brighter. About equal to g, that star proba-
bly very slightly brighter. 9th.

Sept. 17th:—9h 156m to 9h 55m. Very clear and beautiful
again, moonlight, stars sharp to naked eye—p. 25. Definition
simply execrable again. Nucleus not always visible, most of
the time blurred; compared at intervals of moderate definition.
Appears just about equal to b and ¢, certainly not as bright as £,
and k also brighter. Certainly brighter than d and e. Much
brighter than z, undecided about g, as definition so bad most
of the time. Stars z and y both plainly visible with p. 25.
Oth. :

Sept. 18th:—8h 35m to 9h 40m. Clear and beautiful, bright
Moon—p. 25. Definition poor again, although at times the
stellar nature of the nucleus is plainly evident. Just about
equal to b and c¢,sometimes think it very slightly brighter, and
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again very slightly fainter. Still certainly brighter than d, and
much brighter than z and y. Plainly much fainter than f and
h, generally somewhat fainter than g, although at times when
nucleus is steadily seen, there does not appear to be much dif-
ference in favor of that star. 9th.

Sept. 19th:—Th 10m to Th 46m. Strong moonlight—p. 25.
Nucleus very uncertain, owing to bad atmosphere; for consid-
erable intervals not visible at all, at others pretty distinctly
stellar. Magnitude difficult on this account. Some haze and
cirrus occasionally. Think it somewhere between b or ¢ and d,

Nova and Companion Stars.

certainly brighter than e, and think somewhat brighter than d.
Generally appears when steadily visible about equal to & and ¢,
although sometimes think it fainter, and once or twice very
slightly brighter. Certainly much faiunter than » and /. 9%.

Sept. 22nd :—8h 30m to 9h. Passing clouds, fairly clear for
only half an hour, then clouded up, with rain—p. 25. Not as
bright as b and ¢, both always easier than nucleus. Still much
brighter than = and y, not positive about seeing z, and y cer-
tainly invisible. Certainly brighter than e, if ¢ is seen, ahd
brighter than d, which is seen. ! and m pretty sure are
brighter, and £ also, I think. Nucleus always plainer than =,
which is not readily seen, and was not noticed for some time.
091

Sept. 23d:—Th 45m to 8h 80m. Superbly clear, full Moon—
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p- 25 and 60. Definition bad, not seen steadily, magnitude dif-
ficult. b and c¢ always seen much easier, k, [ and m also cer-
tainly brighter, n also is apparently somewhat brighter. Gen-
erally brighter than e, and perhaps about equal to d, though at
times thought slightly brighter. Probable brightness some-
where between d and e. Certainly brighter than z, y and
o. 9%

Sept. 24th:—Th 10m to Th 40m. Some haze, bright Moon,
definition bad—p. 25. No material change since last night.
Not equal to b and ¢, and certainly not equal to ! and m; pretty
sure nis also brighter. Certainly brighter than e, and generally
equal to d, sometimes, perhaps, very slightly brighter. 94%.

Sept. 25th:—7Th 40m to 8k 30m. Pretty clear, bright Moon—
p. 25. Apparently about the same as last night, certainly no
brighter. b and c easily brighter; uncertain at times about d,
but generally about as bright as that star. Certainly brighter
than e. Comparisons difficult, stars hard to see at times. 93.

Sept. 26th:—Th 30m to Th 50m. Pretty clear, some haze;
Moon rising through haze—p. 25 and 60. A very perceptible dif-
ference since last seen. Only seen at short intervals, and then no
comparison to b and ¢, d plainly much brighter. When visible
the longest and steadiest, do not think it more than equal to e,
certainly never any brighter. Does not seem much brighter, if
any, than z, but brighter than y when best seen. Nucleus so
small, difficult to separate it from bright condensation in the
estimates. 10th.

Sept. 27th:—9h 30m to 9h 45m. Moon up, cirrus trouble-
some—p. 60. Seen only at intervals. When at its best and
steadily seen, not equal to d, but brighter than x. Just about
equal to ¢, much brighter than y. "Impression formed is that it
may be very slightly brighter than last night. (This may have
been due, however, to its being seen at a higher altitude.) 9.

Sept. 28th:—9h 35m to 11k 5m. Light cirrus, Moon in haze
and clouds. After 10k clear around the nebula, and p. 120
then used. Nucleus generally pretty distinct, only at times not
seen. When seen steadily, certainly brighter than y and gen-
erally thought to be slightly brighter than . Not as bright
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as d, but appears just about equal to e. Much brighter than 2.
10th.

Sept. 29th:—Bh 556m to Th 25m. Somewhat misty—p. 60.
Certainly not as bright as d, not near as bright. Still plainly
brighter than y. Generally think it slightly brighter than z,
but not brighter, if any, than e. Probably between ¢ and z.
104. .
Sept. 30:—10h 55m to 11k 50m. Clear, Moon near last
quarter—p. 60. Apparently no material change. Certainly
brighter than y, and much brighter than z. Hardly think it as
bright as d, but probably somewhere near e. 10%.

Oct. 3d:—Th to 8h. Interrupted for considerable intervals
by cirro-cumuli. Clear between clouds—p. 80. Seen generally
pretty steadily, definition good. No more comparison with d;
e also; I am sure, is easily brighter. Pretty sure x also slightly
brighter. Probably just about equal to y and 2, both those very
nearly same magnitude. Much brighter than w. Somehow or
other, have an impression that the condensation is not as bright
as formerly. 10%.

Oct. 4th:—9h 45m to 10h 10m. Very clear and sharp—p. 60
and 120. About same as last night. Just about equal toy and
2, though at times think nucleus somewhat brighter, size for
size. Still much brighter than w. 103.

Oct. 6th:—8h 55m to Th 15m. Clear at first, stopped by
clouds—p. 60. Think somewhat fainter than when last seen.
z much brighter, y also certainly easier than nucleus. Think
z may also he slightly brighter. Still much brighter than w.
10%.

The above comparisons are the final results obtained from the
series of observations made on the different nights. Numerous
comparisons with the different stars were made on each night,
and until a pretty satisfactory result was obtained. ~Compari-
sons became more difficult after the nucleus had sunk to the
ninth magnitude and under, owing to the bright condensation
in which it was situated.

Baltimore, Oct. 6, 1885.



McKIM OBSERVATORY. 305

COMPARISON STARS.

a D.M. +439° 158 7.0 magnitude. | » D. M. 140° 146 8.8 magnitude.
b D.M ° 145 9.0 “ o D.M. 440° 150 9.5 “

¢ D.M. 440°149 9.1 “ z Not in D. M., estimated magni-
d D.M. +40° 143 9.5 “ tude slightly under 10th.

e D.M. 440° 144 95 “ y Not in D. M., estimated magni-
S D.M. 439°167 7.1 “ tude about 101¢ nearly.

g D. M. 439°166 85 “ z Not in D. M., estimated magni-
h D.M. 440° 158 7.5 “ tude about 1014.

k D. M. +40° 156 9.0 “ »w Not in D. M., estimated magni-
! D.M. }40°154 9.0 “ tude about 11 to 1134.

m D. M. 440°151 8.9 “

McKIM OBSERVATORY.

W. V. BROWN.

(For the Messenger.)

The McKim Observatory was opened in September as a de-
partment of De Pauw University. It is located in the sub-
urbs of the University town of Greencastle, Ind., in west longi-
tude from Greenwich 86°374’, north latitude 39°37’. The build-
ing and the full instrumental equipment which it is designed
to have are the gift of Mr. RoBertr McKim, of Madison, Ind.
This gentleman,  who has so signally evinced his interest in
astronomy, has for a number of years had a 8-inch glass,
mounted in a handsome dome of his own manufacture near his
residence, so that the observatory he has just presented to De
Pauw University might almost be called the second McKim
Observatory.

Dr. J. P. D. JorN was given the directorship in addition to
his duties as Professor of Mathematics, and the planning and
construction of the building proceeded under his immediate
supervision. For the very first step, Mr. McKiM and Dr.
JoBN visited nearly every prominent Observatory in this coun-
try, noting in each the features to be adopted or avoided; and
this preliminary outlay of time and trouble has brought its re-
ward in giving to the University an Observatory which is a
model of beauty and convenience.

The University, at about this time, purchased a large
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tract of land, which included a low hill, the highest ground,
however, in a radius of several miles. Here the Observatory
was located, six hundred feet from the nearest road, and half a
mile from the nearest railroad track. It enjoys an unusual
freedom from the dust and the jar of teams or trains.

The limestone formation, which prevails so largely over Indi-
ana, at this point makes an unbroken bed rock only twelve
feet below the surface; and, after much reflection, it was
decided that the pier for the equatorial should not go down to
the solid rock, but an elastic layer of clay of a thickness of
four feet was left between the rock and the base of the pier.
The efficiency of this clay in acting as a cushion was recently
tested by carefully watching a sun-spot while workmengwho
‘were digging a cistern two hundred and fifty feet away
exploded two blasts, and not the slightest tremor could be
detected.

The dome and telescope are from WARNER & SwasEey, of
Cleveland. The dome is seventeen feet in diameter, made
wholly of iron, and is modeled after the dome of the McCor-
‘mick Observatory, but with-a few variations in detail. ~ It also
differs from the McCormick dome in being unlined.

The way in which WARNER & Swasey triumphed over fric-

tion in the case of the great McCormick dome is well known,
and their peculiar system of friction rollers has been described
at the meeting of the American Association. It only remains
for me to say that the McKim dome is to the observer a con-
tinual source of satisfaction and comfort. There is no gear-
wheel, no crank, no windlass, no grinding at the dome or shut-
ter until the muscular exertion has unfitted one for accurate
work. A simple straight arm comes down along the wall, and
a pull which would register twelve pounds on a spring balance
will move the dome rapidly.
* The shutter, although made in one piece, moves with a pall
of only eight pounds, so that the wind is readily able to blow
it open or to close it; and, when open, the impact of the wind
against the shutter can revolve the dome.

-The telescope has a Clark glass of 9.53 inches clear aperture,
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and WARNER & Swasey have fitted it up with many conveni-
ences, such as a focusing handle on each side of the telescope
tube; clamps and slow motion rods brought down to the eye-
piece, and working independently in R. A. and Decl.; spoked
wheels for moving the instrument in R. A. or Decl. and placed
by the position circles; and a right ascension indicator.

The driving clock is also of a new design by WARNER &
Swasey. It is placed in a little apartment in the iron pier, and
being enclosed by glass doors, is in itself an ornament.

I do not know but that its construction has already been
described in these pages, so I will simply say that its perform-
ance does not leave anything to be desired. The regulation of
it is simplicity itself, and a power of seven hundred diameters
on the telescope fails to show any irregularity or lack of
smoothness in running.

For observations in R. A., or declination, latitude, longitude,
or for clock errors, it is decided to purchase an Almucantar,
rather than a Meridian Circle. We are thoroughly convinced
that the McKim Observatory will but head the long list of
the observatories that in the future will regularly depend
upon Almucantars for time and star places.

Our mean time clock is by the Howarp Co., of Boston, and
is already mounted, but the sidereal clock is yet to be obtained.

The aim throughout has been to put up an observatory
which should at once be fitted for a working observatory, and
also be adapted to the instruction of students in astronomy.

Thus far, the building and instruments have cost $8,000, and
about $2,000 more are to be expended.

How well the two diverse purposes have been combined is for
the future to disclose.

ERRATA.

Page 222, after July 16, for 9h 15m 28s read 9k 34m 26s.
Under log. 4 p, same line, for 8.292n read 8.063.
Page 248, last line but one, for more read none.
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NOVA ANDROMEDAZE.

E. E. BARNARD.

[For the Messenger.]

The new star in the great nebula of Andromeda has been
observed here on every favorable occasion with the 6-inch
equatorial.

Comparisons of the light of the Nova with that of other stars in
the field have been made at each observation, and some remarka-
ble and rapid fluctuations in its light noticed. Imustsay, how-
ever, that I regard these quick changes with much suspicion,
though it seems highly probable that the radiance of the
star is subject to certain variations. Since the star has dimin-
ished to a small point its light seems to come and go every few
minutes. Ihave at almost every observation lately been struck
with this apparent ebb and flow of light. For a few seconds
the star will almost totally disappear; strain your eyes as best
you may, you cannot see it clearly; but presently it will be-
come quite bright and distinct; remaining thus a short
time, it will again fade away, even while other stars in the field
are fairly steady. These changes are so rapid that I would far
rather seek some other explanation of the phendmenon than to
suppose it due to actual alterations in the star itself.

It will be well to notice that there is now comparatively lit-
tle difference between the brightness of the nebula and the star;
a very slight disturbance in the atmosphere—not enough to
disturb the light of the neighboring stars—might be sufficient
to blend together the light of the star and nebula, and thus
cause an apparent fading of the stellar point.

I think this explanation of these rapid fluctuations all the
more probable from my experience with certain of the nebulse
which have a small nucleus, or stellar center. There are sev-
eral such nebule that I have encountered in my comet-seeking.
As an example I would give G. C. No. 4514.

I have been struck, when looking at this nebula, with the
wonderful changes that apparently go on in an ordinary night.
There seems to be an almost constant battle going forward be-
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tween the nebula and the bright stellar nucleus; for a moment
the nucleus will be overcome, and its light blending with that
of the nebulosity, it will seem to have faded out; but presently
you will see it flash forth brightly and steadily and perfectly
stellar in form; a few moments thus and it is goneagain. Now,
I never thought of attributing this to real changes in the star-
like center.

The fluctuations of the light of the Nova are precisely simi-
lar to those in the nebula referred to. While the Nora was
bright there was great contrast between it and the nebulous
background, therefore slight disturbances in the air would not*
so sensibly affect the star; but bring the light of the star and
the nebulosity to near an equality, and the equilibrium is easily
destroyed by a feeble disturbance that might not sensibly affect
another star in the same field. Of course, the only way to de-
cide as to whether these changes are real or not, will be to have
simultaneous observations made at stations remote from each
other. If in such case8 the observations invariably indicate
change at the same absolute instant of time, why then the
proof is clear; otherwise, I think we should be very careful in
the interpretation of these apparently wonderful changes.

VaxperBiLt UNiversiTy, October 20th, 1885.

EDITORIAL NOTES.

This number completes the fourth volume of the MEsSENGER, and
with it a large number of subscriptions expire. Our friends are re-
quested to inform us promptly whether or not its continuance is desired,
so that mailing lists may be revised during the month of December.

Amateur observers are requested to watch the Merope nebula. No-

vember 10 it was plainly seen by one observer, but on the 13th following
it was very faint.

The twenty-eighth volume of the Washington astronomical and meteor-
ological observations, for the year 1881, has been distributed. We are
aware of the causes that make it necessary to delay these publications
three or four years before they can be printed, and so become of general
use. Itis not the fault of those in charge of the work at the Naval Ob-
servatory, but is chargeable to higher authority. It is a source of painful
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regret that these things continue so year after year. There is no real
need of it. If the scientific men of this nation shall unitedly say this ir-
regularity shall continue so no longer, it will speedily end. Then why
not say so?

Besides star and planet observations by the tramsit circle, those of
the 26-inch equatorial on the satellites of Saturn, Uranus and Neptune
are noticeably important. This volume also contains two carefully prepared
papers by Professor HALL; one on the orbits of Oberon and Titanie, the
outer satellites of Uranus, and the other on the satellite of Neptune. The
mass of each of the planets Uranus and Neptune, as determined by late
studies of their satellites, has already been published in this journal.
It is gratifying to notice the attention that these papers has received at
the hands of foreign distinguished astronomers.

In 1884, Oct. 17, Professor LANGLEY read a paper before the National
Academy of Sciences at Washington, “On the Temperature of the Surface
of the Moon.” The points made at that time were: —

1. Concerning the direct measurement of lgnar heat as compared with
solar. No ratio was then found. A presumption was raised by the ob-
servations “that the earth’s atmosphere is diathermanous to heat of
lower wave-length than has been heretofore supposed, and lower wave-
length than appears to reach us from the Sun.”

2. Comparison of Moon’s heat with that of Leslie Cube. Inference
from this class of observations was that the sunlit surface of the Moon is
not far from the freezing temperature, but not so far below as might be
expected of an absolutely airless planet.

3. Transmission of lunar heat by the Earth’s atmosphere.

4. Comparative transmission of glass for lunar and solar heat.

5. Observations during a lunar eclipse.

6. Formation of a lunar heat spectrum.

Each of these methods showed abundance of heat from the Moon, but
its character could not be determined from any of them.

Since the above paper was read Professor LANGLEY has succeeded in
obtaining measures, with rock-salt prisms and lenses, in the lunar heat
spectrum. This delicate work is by no means yet complete, still, it may
be said, in a general way, that the heat curve seems to have two maxima,
one corresponding to the solar curve maximum, and the other indefinitely
lower down in the spectrum, corresponding to a greater amount of heat at
alower temperature. The inference is that the temperature of the lunar
soil is certainly below boiling water, and in an indefinite degree.
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CorLor oF THE EcrLipsep MoOoN.

As the color of the eclipsed Moon has recently been under discussion in
some of the astronomical journals, the following observations made at the
Allegheny Observatory during the partial lunar eclipse of Sept. 23, of
this year, may be of interest.

The principal work done at this observatory consisted of heat measure-
ments made at different phases of the eclipse, and these were successfully
carried out. Up tothetime of the passing off of the penumbra the sky was
beautifully clear. At 2 o’clock A. M., about half an hour before the time
of greatest obscuration (0.79), I turned the 13-inch equatorial, armed with a
low power eye-piece having a field of over half a degree, upon the M oon, and
remarked particularly the uniform silvery gray illumination of the eclipsed
part. This feature was quite independently noted by Mr. F. W. VEry,
who was observing with me, and who compared the intensity of the illu-
mination with that of the dark part of the Moon in the first quarter.
There was no trace of the ruddy or coppery color generally seen under
these circumstances. On returning to the telescope half an hour or so
later, however, I found the ruddy glow quite perceptible, particularly on
the most deeply immersed portion of the Moon, when it was so strong
that it could not possibly have been overlooked, if it had existed at the
time of the previous observation. Toward the edge of the shadow it was
less noticeable.

It is well known that the appearance of the darkened. body of the Moon
is greatly different in different eclipses, but perhaps, it is not often that
the change has been noticed during the progress of any.one eclipse.
Such changes as that described may be due to changes in the atmospheric
conditions at the points on the E«rth’s surface to which the Sun’s rays are
tangent; or, what is more probable, to similar changes brought about by
the rotation of the Eartk during the time of the eclipse.  J. E. KEELER.

MEROPE NEBULA.

On the morning of August 17th last, while waiting for Tuttle’s Comet
' to get above the horizon, the sky being very dark, I examined the Plei-
ades, and could see the faint light in the region about the star Merope.
The general outlines can be made out by slowly moving the telescope
about, when the contrast with the surronnding darker sky becomes very
evident.

The failure to see this very interesting object might be attnbutabla to
a sky not transparent enough, though seemingly so.

I used a 5-inch Clark refractor, power 45, with which I once before saw
the nebula, and have failed to see it on other occasions. J.R H.
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TaE NEW STAR.

At the meeting of the American Astronomical Society in Brooklyn,on
October 5th, the new star in Andromeda was the special subject of dis-
cussion.

Mr. HeNrY M. PARKHURST, of Brooklyn, said that he had been observ-
ing the star with his 9-inch equatorial every night since its discovery
was made known. Mr. PARKHURST has for years been engaged in the
special study of variable stars, and he saw at once that the new star was
a variableone. He found that it had sunk in brightness about one mag-
nitude in a week after his observations began. When he first saw it, on
Sept. 7th, it was of the 8.5 magnitnde. Its magnitude has since decreased
to 11.7, but its rise and fall have not been uniform. Mr. PAKKHURST ex-
hibited a drawing showing the erratic variations in the magnitude of the
star. He said that four different observers, Mr. BARNARD at Nashville,
Mr. DexNING in England, Jeex H. EApiE at Bayonne, N. J.,and himself
had independently observed sudden variations in the brightness of the
star resembling the flickering of a fire. In this respect the new star dif-
fered from all ordinary variables.

Mr. Eapie and Mr. PARKHURST frequently compared their observations,
and one evening they found that a clearly perceptible increase in the
star’s brightness had occurred in the course of some two hours. Mr.
PARKHURST found the star to be a little different in position from the
old nucleus of the nebula. Thigs nucleus was visible all the time un-
changed, and this fact had led him to change his views as to the location
of the star. At first he had thought it was in the nebula, but when he
found that the nucleus of the nebula was entirely undisturbed the oppo-
site conclusion was clearly suggested, namely that the star was not con-
nected with the nebula.

Mr. Eapie corroborated Mr. PARKHURST'S statement that one evening
within the course of some two hours the star had increased between one
half and a whole magnitade in brightness. The new star occasionally
exhibited a curious shimmering which was very easily seen.

Professor Geo. W. CoArLEY suggested that the shimmering or flicker-
ing of the star’s light might be due to floating vapors in our atmosphere,
or to variations of atmospheric density.

Mr. EapiE replied that other stars in the same fleld of view at the
same time had not exhibited any such phenomenon, and Mr, PARk-
HURST agreed in this statement. The fluctuations of light were almost
instantaneous, and these observations were not the result of careless-
nees or inexperience.

Mr. 8. V. WHiTE, the President, thought the chances were very
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largely in favor of the view that the new star had no connection’ with
the nebula, but was a variable which had always existed between us
and the nebula, and had heretofore escaped observation because few
observers were carefully watching that particular point, and few were
perfectly familiar with the exact location and appearance of the stars
seen in or against the nebula. He felt confident that future observers
would again see this star suddenly brightening, and that it would be
found to be simply a variable star lying in the line of sight of the Axn-
dromeda nebula. )

The discussion will be continued at the November meeting.

GARRETT P. SERVISS.

Gratifying news arrives from Rome regarding the progress of astrono-
my. A new observatory is being built under the direction of Father
Fergagy S. J., formerly assistant, and successor, of Father SeccHi, in the
observatory of the Roman College. Not long after the death of Father
SeccH1 the Italian government spoliated the Roman College, a private in-
stitution belonging to the Jesuits,of the observatory, and drove Father FER-
RARI and assistants, by police force, out of its walls. The college, which, by
its world-wide reputation, had deserved the support of the new government,
rather than the spoliation of its most valuable department, survived the
usurpation, and has now erected a small dome with a four-inch equatorial
by Merz, equipped with helioscope, spectroscope, thread-micrometer, etc.,
and nearly completed a larger one, which is to be furnished - with a 10-
inch equatorial by the same maker. Thus it is expected that the valuable
work of Father Seccu in the interest of astronomy will in its whole ex-
ent be continued by his brethren at Rome. | J. H.

TaE GREAT NEBULA IN MONOCEROS,

The SiprReEAL MESSENGER for March, 1884, No. 22, contains an article
by Dr. Swift on a great nebula that he had discovered in the constella-
tion Monoceros. I have lately examined this object carefally and ob-
tained its position with the 6-inch equatorial.  The place is, from four
equatorial pointings,

« = 6h 24m 48
= +5°7'5

On the night of January 29th, 1883, I ran upon this object. while seek-
ing comets with 5-inch refractor, and never having heard of it, thought
it might be a comet, and watched it a large part of . the night for motion.
Writing to. Prof. Swift about. it, he notified me. that he had found it

} 1886.0.

a»

~ -
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some years previous. My note for that timesays: “Found a large neb-
.ulous object, close n. p., a scattering cluster of bright stars; it is
elongated southwest and northeast. Larger than the fleld of view.’’

I have frequently swept up the nebula since without at the moment
thinking of it, showing that it must be quite conspicucus.

My notes of this object made on the night of Ooct. 30th, 1885, with 6-
inch refractor and comet eye-piece of about 1° diameter of field, are:—

“The great nebula in Monocerpe is quite conmspicuous. It close pre-
cedes the coarse cluster, and is very large and very much extended.
There is no condensation that I can see. It strongly resembles that
very diffused part of the great Andromeda nebuls that extends p. G.C.
106. It is simply a great diffused nebulosity, without any apparent
condensation, though I suspect a slightly denser part away from the
middle, in the direction of the cluster.” '

1 again observed this nebula on November 8rd,when the sky was clear-
er and the object at a greater altitude:—

“The great nebula in Monoceros examined to-night (after miduight).
It is quite conspicuous and is extended very much in a direction s. p.
There is a decided but ill-defined spot of light in the nebala just oppo-
gite the cluster (some 10’ to the north of the cluster.) I also sus-
pect another nebulous spot in the nebula a little s. p. the one just men-
tioned. There is a large dark spot in the p. end of the big nebula. I
have not previons for certain seen the two faint condensations and the
‘dark s :

With a low power and any aperture of consequence, no one will have
the least trouble in seeing this quite remarkable object.

‘It is probable that the condensations I have described are the same
seen by Prof. Swift, and described in the article I have referred to.

‘ - E. E. BARNARD.
Vanderbilt Univemsity Observatory, Nov. 8, 1885.

- In answer to the qumeries of a friend from Exeter, N. H., it may be
_#aid, we know ocertainly nothing abont the habitability of the planets.
Judging from analogy and from a very imperfect knowledge of the
physical conditions of even our nearest neighbor, Mars, it is very doubt-
ful if beings like ourselves could live there. Much more improbable
is it that a suitable abode for man wounld be found on any other planet
- .Yt is possible, to be sure, that some form of life may exist on any, or
all, of thephneh. Bat if different from that of the Earth we could
.soarcely make an intelligent guess coneerning it.
. Mwonzn's “Planetary and Steller Worlds,” Preoror’s. “Other Worlds
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Than Ours,” and many other popular works speak of this and kindred
themes, but none are devoted to it exclusively because known facts are
too few.

Answers to other queries will be readily inferred.

CHRONOGRAPH PENS.

Everyone who has worked with a chronograph is familiar with the
endless small troubles which come from poor pens and unsuitable ink. I
have tried nearly everything, from glass pens of the usual form at
$3.60 a dozen, to stylographic and fountain pens at $3.00 apiece.
I have never been satisfied till about a year ago, when we be-
gan manufacturing glass pens here for our own use. These I con-
sider perfectly satisfactory, the only drawback being that they re-
quire filling about every twenty minutes. This has never been an
inconvenience in my work, but it may prove so to others. The pens
should not have more than 1 inch or 1.5 inches of their length
filled. The ink can be renewed with a stylographic pen filler. The ink
must be William A. Davis’ Treasury Green Ink for the best results. This
gives a chronograph sheet which is very easy to read. After using, the
ink may be left in the pen. One pen lasts us 8 month to three months.

Such pens will be furnished at $1.10 per dozen by Mr. G. W. Browx,
‘Washburn Observatory, Madison, Wisconsin. They will be sent regis-
tered. I believe they will give perfect satisfaction.

EDWARD 8. HOLDEN.

TAr GREAT NEBULA OF ANDROMEDA.

In the October number of the SipErEAL MESSENGER I called attention
to a small nebula involved in the preceding end of the Great Nebula of
Andromeda. :

Through the kindness of Professor OMOND SroNE and Dr. LEwis
SwrrFT, (both of these gentlemen having examined it), I am enabled to
give some further information concerning the object. At my request
Prof. SToNE very kindly looked the object up and says of it: “It is very
plainly visible in the 26-inch with a low power * * * . Tt is much
elongated and might very properly be described as a condensation in the
nebula of Andromeda.”

Dr. SwiFT’s remarks are about to the same effect, and he further adds
that he found several others much fainter and further west of the Great
Nebula, .

I have for some time suspected another nebula,this one being in the f.end
of the Great Nebula. Last night being very cleur I verified its existence
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and can find no record of it anywhere. This object lies 17.1' north of,
and follows by 29s, the star b of my diagram in MesseNGER for October.
I take that star to be W. B. 02 952. Hence the place of the nebula is

R. A.=0h 38m 15s;
Deol.—441° 136 }1835-5

This object is extremely faint, but by averted vision it flashes out
quite distinctly. It is just free of the north following end of Great
Nebula. To find it: “If a line be passed through the star b of my dia-
gram and the nova and extended north-easterly to a distance equal to
that between nova and b the nebula will be found several minutes north
of the f. end of the line. It is close s. f, a small star.

: E. E, BARNARD.

VANDERBILT UNIVERSITY OBSERVATORY, Nashville, Tenn., Oct. 9, 1885.

Professor PORTER permits me to communicate the following observa-
tions of the new star in the Andromeda nebula:

The star has been observed at Mt. Lookout on the nights of Sept. 2, 3,
11 and 21 with the 11-inch equatorial, aud on several nights with the 4-
inch. It seems to be growing fainter. The following are independent
estimates of magnitude:

Porter. Wilson, Mean.

Sept. 2 ........... 8.0 or brighter. 80 80

Sept. 3 ........... Same. Same. 80 -

Sept. 11........... 9.0 9.0 90

Sept. 21.......... 9.0 or fainter. 95 9.3 (Bright moonlight.)

On the 2nd and 3rd the star was supposed to be coincident with the
nucleus of the nebula, but on the 11th and 21st the nucleus was seen in-
dependent of the star. According to the notes of both observers, the
star precedes and is a little north of the nucleus. It is certainly not 5

south of the nucleus, as stated in the Dun E_cht circalar, No. 98.

H. C. WILSON,
Mt. Lookout, O., Sept. 22, 1885. Asgistant.

Book Norior.
H, N: Siebenstellige Logarithmen der trigonometrischen functionem furjede

Zeitsekunde. Leipzig. B, G. TEUBNER. 1885. (Price $1.50.)

Each minute of time occupies a page of 60 lines; the type is large
aud clear and old style. Proportional parts are given for every tabular
difference in one third of the table, but in the remaining two-thirds, the
logarithmic tangents vary so rapidly that the proportional parts for
for some differences have to be omitted. After the printing was com-
pleted, a comparison of the table with the seven-place tables of TavLor
and SHORTREDE resulted in the discovery of thirteen errors, which are
noted in the preface.
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