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. SATURN AND HIS SATELLITES.

EDWARD S. HOLDEN.

For THE MESSENGER.

Mr. Marth was good enough to call my attention to an
interesting conjunction of Japetus on Nov. 8, at 17.8 p. s. T,
which was observed here as follows:

At 15k 34m p. s. T. the double distance of Japetus east of
the center of Saturn, measured in the direction of the major
axis, was 8”.22 (6), or the distance was 4”7.11. At 15h 49m
the position angle of Japetus from the center of Saturn was
7°.0 (5). .

At 15h 10m Mimas was the only satellite not visible; En-
celadus being plainly seen just n. f. the following and north
limb of the planet and almost half as bright as Japetus. At
the same time Tethys was more than twice as bright as
Japetus. At 15.7h Enceladus was no longer visible, being
about 7.4h past elongation. Under the best circumstances I -
think this satellite can even now be followed completely
round its orbit.

Since October 22 Saturn has been viewed here on every
suitable night (about fifteen nights), usually by Professor
Schaeberle and myself. The following notes of observation
may have some interest, although subsequent observations
may modify them: '

The Ball.—At the gouth pole there is an extremely narrow
brighter polar cap. Its dimensions parallel to the equator
are about 5”, and perpendicular to this about the width of
the Cassini division at the ansz. It has been seen by Mr.
Schaeberle on several occasions, but I have been sure of it
only once, namely, on the very perfect night of November
10, when the seeing was strictly first-class, and when the
estimates of its size, just given, were made. It is bordered
on the north by a very narrow belt, which is notably darker



2 The Sidereal Messenger.

than the dark olive-green hue of the southern hemisphere.
On the southern hemisphere there is one narrow, bright belt
south of the equatorial belt from which it is separated by a
narrow dark band, not uniform in color, but broken into
whitish clouds over a rosy background as in M. Trouvelot's
Harvard College drawing of 1874. There are also two
brighter narrow bands south of this. Next north of the
bright equatorial belt is the dusky ring, the ring system
(B and A), and finally the northern hemisphere, wh ] ma-
terially brighter than any part of Ring A. There also seems
to be a faint dusky belt just south of the dusky ring, and it
is curious to note that the ends of this belt, where they meet
the two limbs of the ball, are spread out (parallel to the
minor axis) apparently more than perspective requires.

Shadow of Ball on Ring.—In good seeing this is always
concave to the center of the ball and of a uniform curvature.
Nothing whatever can be seen inside of this shadow.

Shadow of Rings on Ball—This has always appeared,
both to Mr, Schaeberle and myself, even in the best condi-
tions, slightly wider north and south, at the preceding than
at the following end.

Ring B.—This is shaded as in M. Trouvelot’s well-known
drawing, except that it appears to the eye perfectly flat,
whereas the drawing gives a slight curvature to the surface.
In front of the ball the shading is also seen, and here it gives
the appearance of a rounded surface. The lines of division
between the various shaded zones are fairly sharp. The line
of division between B and C is perfectly definite and sharp,
more so than in any recent drawing that we have seen, ex-
cept one by Mr Keeler with this telescope.

Ring A.—This ring is notably less bright than B, and is
gray in color. The Encke ‘“division’’ has not yet appeared
to Mr. Schaeberle or to me as a true diyision, but rather as
a shading better defined on its outer edge than at its inner.
This shading is now seen about two-fifths of the width of
Ring A from the outer edge. We have so far seen no sign of
the division in Ring A, shown in the drawing by Mr. Keeler
in THE SIDEREAL MESSENGER, February, 1888, page 81.
This division cut off a narrow zone from the outer part of
Ring A, about one-fifth of the width of this ring, and this
zone was represented as much brighter than the rest of Ring
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A. Under the best circumstances of vision (only) I have seen
such a zone, with less contrast of brightness, however, than
as figured in the drawing referred to.

The Cassini division appears to be perfectly black and
bounded by smooth curves.

I have been forcibly struck by the analogy between Ring A
and Ring B. Both appear to have brighter exterior zones
and to be shaded in similar ways. I think observers may
aid their conceptions of the appearances on Ring A if they
will consider whether Ring B would not present sxmllar ones
were it materially reduced in bnghtness

Dusky Ring (C).—So far this ring has always appeared
uniform in texture, and essentially so in color. The edge to-
wards Ring B is sharply terminated, and the inner edge has
always appeared to me to be uniform. I have so far seen no
dark patches, etc., etc., on this ring with certainty. The color
is a reddish brown, or a grayish red. At Washington with
the 26-inch equatorial it has always appeared to me more
vivid and sparkling in tone, and more violet in hue.

This difference in color I attribute to the difference in color
corrections of the two telescopes. The secondary spectrum
is less obnoxious here, and there is no diffused ghost from
the object glass.

Satellites.—Titan has a reddish yellow disc, and shines
with a mild light quite different from that of a star of the
same magnitude. Enceladus, Tethys, Dione and Rhea are
bluer and more stellar in appearance. On Nov. 9 Japetus
was slightly fainter than Dione and Tethys, on Nov. 10 a
little fainter than Rhea, and on Nov. 11 nearly twice as
bright as the latter satellite.

THE NEW MERIDIAN CIRCLE AT CINCINNATI OBSERVATORY

J. G. PORTER, DIRECTOR.

For THR MESSENGER.

The new Meridian Circle, constructed for the Cincinnati
Observatory by Fauth & Co. of Washington, was placed in
position on the first of September. As this instrument em-
bodies several of the latest improvements in construction,
and is in all respects a firstclass piece of workmanship, a
brief dcscription of it may interest the readers of THE
SIDEREAL MESSENGER.
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The clear aperture of the object glass is five and one-eighth
inches, and the focal length seventy inches. The instrument
rests on two iron piers which are placed directly on the
large masonry pier built even with the floor of the observ-
ing room. These iron piers are bricked up solid inside to
within one foot of the top, leaving room only for the count-
erpoise weights, and the whole is then completely encased
with wood. In point of stability stone piers may be prefer-
able; but the counterpoises must be placed above the axis,
where they are both unsightly and much more in the way
when "the instrument is reversed. In the description of
Washburn Meridian Circle, which is slightly smaller than
ours, Professor Holden states that five minutes is about the
shortest time in which two persons can safely reverse it.
One person can easily and safely reverse the Cincinnati in-
strument in about three minutes. To the top of the piers
two iron plates are bolted. Into each of these three glass-
hard steel plugs are inserted upon which the three leveling
screws of the microscope holders rest. By suitable oppos-
ing screws the microscope holders can also be shifted east
and west or north and south. The counterpoise levers are
carried by arms which project from the microscope holders
downward through openings in the top plates inside the
piers. :

The telescope itself does not differ mmaterially from the Rep-
sold type. The pivots are of steel, glass-hard. The object-
glass and micrometer can be interchanged. The cell of the
objective is steel, and the lens is supported at three points,
one of the chucks being movable and pressed inward by a
spring in such a way that changes of temperature will
affect the collimation only, and not the nadir point. The
micrometer is fitted with a glass reticule. The horizontal
lines are about 10” apart. In observation the star is
brought midway between them. The right ascemsion mi-
crometer carries the glass reticule, so that the collimation
can always be set at zero. A declination micrometer is also
provided carrying a single spider line. The neat method of
indicating whole turns by a separate dial is applied to both
micrometers. For focusing a key with milled head is used,
fitting into an opening in the side of the telescope, When
the focus is satisfactory the key is removed and the aperture
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covered with a cap. The whole micrometer can also be
turned around the optical axis to correct for inclination of
the lines. The movement of the eye-piece across the field of
view is effected by a screw of steep pitch with a small octag-
onal head which turns very easily between the ﬁngers

Motion in either right ascension or declination can be given
by simply turning the plate which carries the eye-piece
ninety degrees.

The telescope carries two circles of twenty-four inches
diameter. One is divided very coarsely to half degrees only ;
the other has two sets of graduation upon a silver band,
both of them to five minutes of arc. The inner one is some-
what heavier than the other, and does not pretend to great
accuracy. It is numbered to every degree, and is used merely
for setting. The outer graduation alone is visible in the
reading microscopes. Several sets of observations have
been made for testing the accuracy of the graduation. The
method employed was to compare the mean of the reading
of two opposite microscopes with the mean of the reading of
the other two. This difference should, of course, be con-
stant were there no other source of error than eccentricity.
Each of the sets disclosed a periodic error which can be rep-
resented under the form 1.5 sin(2z—z,), z being the reading
of the initial microscope, and z, a fixed angle. This term dis-
appears when the mean of the four microscopes is taken.
The residual errors, after the application of this term, are
very small, one second of arc being about the limit. For a
twenty-four-inch circle this is certainly fine work. Professor
Hall, of the Naval Observatory, has suggested that, since
the ten degree marks were put in first and the dividing
engine run from one of these marks to the next and then ad-
justed if necessary, the errors would naturally show most by
comparing the divisions at 9° and 11°, 19° and 21°, etc. I
have accordingly commenced an examination of this kind,
but as yet no errors have been found which much exceed the
limit already stated.

The circles are clamped to the axis after the Repsold fash-
ion, and can be moved into any position. They are solid,
with strengthening spokes upon the back. With circles of
this size the flexure should be insignificant. Fastened by
means of two arms directly to the cube of the telescope is a
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nickel-plated ring a little larger than the circles. Standing
at the setting microscope one can readily reach the ring and
revolve the telescope. As the field of this microscope is
large, and at least one whole degree division is always in
view, the setting can be done with great rapidity and ease.

The illumination of the circle is by means of small electric
lamps, and is practically perfect. These lamps are placed at
the end of each microscope and can be lighted in succession
by turning a switch. The illumination of the field is also ef-
fected by an electric lamp, and a small hand lamp which can
be lighted by pressing a spring is used for reading the mi-
crometers. Thus no oil lamps at all are needed, though the
instrument is so arranged that oil illuminationcan be used if
desired. The intensity of the field illumination is controlled
by turniag a milled head near the eye end. Many stars of
the ninth magnitude have already been observed, and it will
probably be possible to get those of half a magnitude
fainter. Of course, for very faint objects a spider line reti-
cule is to be preferred.

With the instrument the makers furnish a reversing car-
riage, an ohserving chair of neat pattern and a hanging
level. This latter is quite heavy, but it has a device which
prevents the V'’s resting on the pivots with the full weight.

On the whole, the points about the instrument to be criti-
cised are few and unimportant. Such slight changes as the
writer might suggest would possibly not suit others as
well as the present arrangements. It is certainly pleasant
for Americans to feel that even in such matters as instru-
ment making and observatory equipment they are scarcely
behind the most renowned firms of the old world.

MR. BRASHEAR'S EUROPEAN VISIT.*
For THE MESSENGER. -

I had not the good fortune to spend an evening in any of
the Swiss observatories though I paid an early morning
visit to the prettily sitnated observatory at Geneva. While
at Chamounix we had several days of beautiful weather, and
I longed to make some observations in that far-off land. I
found a very excellent 4-inch telescope by Secretan in the

* Continued from page 391, No. 69. ’
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village and leased it at a pretty high figure for a few hours’
work. Observations were made on Jupiter and some double
stars, but as the telescope was only provided with a low
power, the observations were not of much value; but I
noted that there was very considerable disturbance in the
atmosphere, probably due to the rapid change of tempera-
ture common to the summer nights in the Alpine moun-
tains and valleys.

Hastening on to Munich, the home of Frauenhofer, of
Merz and Mabhler, of Ertel, of Steinheil and many others
who have done so much for astronomical science, we found
a hearty welcome in that city-of art and science. This being
the Bavarian jubilee year, and there being a great exposi-
tion at Munich it was a good time to be there, and I had
the pleasure of meeting an old artist friend who knew
Munich so ‘well from several years’ residence that our stay
was doubly pleasant and profitable.

The Bavarians have not forgotten Frauenhofer, he being
among the honored ones of the great jubilee. I had been
there but a day when my friend suggested we visit a house
which the Bavarians hold as almost sacred. It was found
in a very narrow alley near the center of the city. The
surroundings were very old fashioned and certainly, from an
artistic point of view, not very inviting. At a distance of
perhaps six feet from the pavement were these words in-
scribed on a tablet imbedded in the cement of the walls:

“Rei einjtury biejed

$Haufes im 1801 wurbde

ber ($lajer Yehrling und

Cpdter io berubinte

Medyanider und T ptifer

Frauenhojer veridyiittet

unb wunbderbar gevettet.’
which being translated would read about this way: Upon
the falling of these houses in 1801 the honored glazier’s ap-
prentice, and afterwards the celebrated mechanic and opti-
cian, Frauenhofer was miraculously saved. It was an inter-
esting spot to me,not made so by its architectural beauty or
its surroundings, but because it was the early home of one
whose labors in after life advanced in so marked a degree
our knowledge of optical science. I didn't bring many
relics home with me, but I could not resist the temptation




Mr. Brashear’s European Visit. 9

to dig a few pebbles frem the walls of the old house, once
the home of Frauenhofer. The works of Steinheil and Sohn
were visited, but at the time of my call they were not work-
ing, though I was shown around their place from which so
much good work has come. The old firm of Ertel & Son
were engaged principally on transit work, and I had much
pleasure in examining their dividing engine. Mr. Ertel
showed me an engine that he had experimented on for many
years for making gratings, but it never came up to his ex-
pectations. He made a remark to me that was very pleas-
ant to hear, which was that he would rather do work for
American astronomers than for any other in the world, and
then gave me the reasons, which summed up in brief were
that the American astronomer knew what he wanted,
ordered it, and paid for it when he got it. Reinfelder and
Hertel do some very fine work in oculars, prisms, spectro-
scopes, etc., and at the time of my visit were making a nine-
inch objective, and, to be certain of producing a firstclass
instrument, they were working too. That would seem a
queer proceeding in this country.

They make a fine wide field negative eve-piece giving a
beautifully clear and flat field; but the lowest powers show
**ghosts”” when a bright object is being observed which, of
course, can be eliminated in the ‘““mind’s eye.” From Mu-
nich we went to Leipzig, where a delightful day was spent
with Dr. Victor Schumann who is doing, perhaps, the fin-
est work of the kind in Europe. He is working principally
in photographing the spectrum of the gases, and his work
has been mostly in the ultra violet. I have never seen a
more thoroughly equipped private laboratory; and the
neatness and perfect system in every department was most
delightful to witness. The Doctor has a battery of eighteen
quartz prisms for work in the ultra violet as well as two
fine diffraction gratings. I could fill many pages descriptive
of Dr. Schumann’s apparatus, but I will only say that he
has taken perhaps 2,000 spectrum photographs, all of which
are arranged for quick reference, and some of which are
most remarkable. I will refer to but one, namely, a photo-
gaph in the ultra violet of the spectrum of nitrogen, in
which I counted a symmetrical series of triplets, twelve in
number, the individual lines of which were clear and sharply

.
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defined in the negative. I am sorry I have forgotten the
wave lengths, but these symmetrical or harmonic series are
characteristic of the spectrum of nitrogen as may be seen
in Dr. Hasselburg’s beautiful maps of this gas, particularly
at wave lengths 442 et seq., 45 et seq., and 473 et seq.

But I must not dwell longer in this charming laboratory,
much as I enjoy it. Dr. Schumann is doing a splendid work,
and none know it better than his German co-workers.

The Astrophysical Observatory of Potsdam was our next
objective point, and hither we went the day after leaving
Leipzig. Drs. Vogel and Lohse were off on their vacation
but we were offered every facility to study the many in-
teresting instruments of this great Observatoy. A magnifi-
cent spectrometer has just been completed by Bomberg, of
Berlin, for the Observatory, that has many new features.
I might mention that the objectives of 214 inches aperture
are of the new “ Abbe”’ glass made in Jena, and they are cer-
tainly beautiful specimens of the optician’s art; the correc-
tions are fine, and if the physical properties of the glass turn
out equal to the optical characteristics, we will have great
hopes for the future of it. Another feature of the instru-
ment is that the circle has its graduations on the under side
and are read by ‘‘broken’’ microscopes with great ease.
When the observing telescope arm comes around, it would
strike the upward projection of the microscopes if they re-
mained in situ; but an ingenious device drops whichever one
comes in its way, and immediately resets it when it has
passed over it.

The solar photographic instrument of this Observatory is
constructed upon the plan of Sir Howard Grubb's *‘sidero-
static” telescope, i. e. the tube is the polar axis of the in-
strument, the objective being at the bottom of the tube.
Below the objective is a flat mirror, which may readily be
adjusted to throw the solar image in the axial line of the ob-
jective. Only the mirror need be exposed. and for solar pho-
tographic work I should think this instrument would be
very effective. As much of the work in this grand institu-
tion is in the nature of laboratory work, the roofs of the
buildings are covered with soil and a beautiful growth of
lawn grass covered it at the time of my visit. One lingers
in such a place, unwilling to leave it, with its pleasant peo-
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ple and grand work, but we had to go, willing or not.
Hamburg we had long wished to visit. Thename of Repsold
has had an enchantment to us for years. Housed up in a
city for nearly all our life time where we could see nothing of
that higher class work that was always our ideal, it was a
grand day for me when I set foot in old Hamburg. The very
first day I met at dinner Dr. Neumayer, of the Hamburg
**Seewarte,” who introduced me to Dr. Mach, of Prague,
Dr. Rumker, of the Astronomical Observatory, and here I
also met Dr. Luther, so you see I found many genial spirits,
and, what was more, they could talk English, which was a
great boon to me.

The Hamburg Seewarte is perhaps the most complete in-
stitution of the kind in the world, and the courteous direct-
or, Dr. Neumayer, is known among all nationalities. There
were thirty-five assistants in the different departments, and
every department, such as the meteorological, was most
thoroughly equipped with the most perfect instrumental
means. In the center of the great building is erected the
great whirling table for the study of the anemometer con-
stants, and which was used not long since for a study of
‘‘aeroplanes’’ by a member of the French Aeronautical So-
ciety. Every device for deep sea soundings, in fact almost
every nautical appliance, fills the interesting museum of the
Observatory. They have their own corps of lithographers
and draunghtsmen, and the records thus kept and preserved
for reference fill many hundred quarto volumes. These are
always available to captains of vessels from any part of the
world. Dr. Neumayer is the originator of the south polar
expedition for the benefit of meteorological science. He is a
grand fellow, and did everything in his power to make my
stay in Hamburg pleasant. Dr. Rumker of the Astronomic-
al Observatory has not been well, and Dr. Luther has been
assisting him during the past summer. There are some fine
meridian instruments in this Observatory, one of them the
work of the grandfather of the present Repsolds, and of
course it goes without saying that the grade of the instru-
ment is very high.

A pleasant ride out into the suburbs breught me to an un-
ostentatious building, on the doorway of which was a brass
name plate about the size of a page of the MESSENGER, with
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the modest inscription ‘“A. Repsold and Sohn,” engraved
upon it. I found both of the gentlemen ‘‘at home” and
they gave me several hours of their valuable time, and much
as I felt I was inposing on good nature in staying so long as
I did, I could not but feel that I was welcome. Fortunately
for me they had just finished one of their beautiful heliom-
eters, a description of which was accorded me, and it may
interest you to say a word about the driving clock. The
form of clock now used by the Repsolds, they claim does not
need any electric control from the sidereal clock for photo-
graphic or any other accurate work. Isaw one attached to
the photographic telescope at the Astrophysical Observa-
tory at Potsdam, and was informed that its work was
perfectly satisfactory to them. Briefly stated the principle is
this; a rod of steel, say 15 inches long, 3% inches in diameter
at the lower end, tapering to 14 of an inch at the top, is
fastened securely at its base; i. e. not pivoted in any way.
Near the top of this steel rod a weight of perhaps five pounds
is secured at the proper point, but is adjustable up and
down. A slotted crank extends horizontally from a vertical
rapid movement axis of the driving clock, the upper end of
the rod just spoken of extending up into the slot of the
crank. As this crank is not slotted to the centre, it is evi-
dent that when it is set in rapid motion, the centrifugal
energy of the rotating weight tends to throw it out to a
certain distance, due partly to the position of the weight on
the rod; but when this position is fixed at any one point
the elasticity of the rod, which constantly tends to bring it
to a vertical position, regulates the speed to a high degree
of accuracy.

It may at once be seen that this is not a friction-controlled
clock, and as it is so simple in its workings, so easily con-
structed, I am sanguine that it will rank high as a regulator
for driving clocks. While the invention was original with
the Messrs. Repsold, they laughingly informed me that they
learned that a Yankee had applied it to regulating a Morse
telegraph machine twenty years ago. I had the rare pleas-
ure of an examination of the world-renowned dividing en-
gine of Messrs. Repsold, as well as the smaller one which is
largely used for the smaller work. It would occupy too
much of your time to even run over the salient features of
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the dividing engine. It has come through three generations
and stands to-day unrivaled in the excellence of its work.
Of course it is known that the engine is not automatic, but
every individual line is set with a high-power microscope,
or several of them, as the accurcy of the work demands.

It may also be interesting to know that Messrs. Repsold
make all their drawings to full size. Even the largest tele-
scope has every part made full size. No tracings or blue-
prints are made, and, what may seem remarkable, no figures
are marked on the drawings. The workmen must take all
the measurements from the full sized drawings, and I was
told that few errors are made. But the brothers Repsold
have a personal superintendence over everything, and I need
not speak of the results. Every astronomer knows that
what they do is well done. '

There was such a genuine spirit of unselfishness with these
people that I came away a thousand times repaid for my
visit, and, as was the case in Paris, I left Hamburg with
feelings of deep regret, hoping to have the privilege of going
again before my humble share of the world’s work is done.
I know I have exceeded the limits of propriety in this letter,
so I.must leave my visit to Hilger, Sir W. Thompson'’s lab-
oratory, and the works of Sir Howard Grubb until I write
again.

MARS AND HIS CANALS."

H. C. WILSON, Pu. D.}

When we examine the disk of the planet Mars with a tele-
scope of sufficient power, we find it to be diversified by dark
and light markings, of definiteform and permanent character,
which we have been accustomed to interpret as evidence of
land and water, continents and oceans, similar to those
which exist upon the surface of the earth. In this respect
Mars differs from all the other planets. Mercury and Venus
show no permanent markings whatever. They appear to
be completely enveloped in perpetual clouds. Jupiter and
Saturn, it is true, have their dark-colored belts, which are
more or less permanent, but the arrangement of these par-

* A paper read before the Cosmos Club of Northfield, Minn., Nov. 23, 1888,
t Assistant Professor of Astronomy at Carleton College Observatory.
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allel to the equators of the planets indicates that they are
due to currents which are produced in the dense vaporous
envelopes by the swift rotation of the planets. Uranus and
Neptune are too distant to admit of accurate delineation
of their surfaces, but what little has been done with two or
three of the most powerful telescopes in existence indicates
that they are, like Jupiter and Saturn, enveloped in clouds
with colored belts parallel to their equators. It seems sin-
gular, as the late Mr. Proctor said eighteen years ago, in
‘“Other Worlds Than Ours,” that ‘‘among all the orbs
which circle around the sun, one only, and that almost the
least of the primary planets, should exhibit clearly and un-
mistakably the signs which mark a planet as the abode of
life.”

Mars alone presents appearances which we may, with any
degree of certainty, ascribe to the presence of continents and
oceans, islands and seas, like those upon our own planet.
Upon Mars alone do we see indications of changes of sea-
sons, winter and summer, rain and snow, like those which we
experience. These facts lend a special interest to this planet
which attaches to none of the others, and lead us to specu-
late as to the kind of inhabitants there may be upon that
far-away world, and what they are doing; whether they are
like ourselves. Are they devoted to science? Are they con-
structing immense telescopes and gazing at us, making maps
of the Atlantic and Pacific Oceans and the eastern and west-
ern continents? Do they know whether, at the north pole
of the earth, there is an open sea, or whether there is an un-
discovered continent near the south pole? Are they a race
of great engineers, and do they construct public works on a
gigantic scale? This last question is suggested by my sub-
ject, *“The Canals of Mars,” which have added so much of
interest to the planet during the last few vears.

I place before you a chart* of the planet Mars, a copy of
one constructed by Mr. Proctor from a large number of
drawings made by that keen-sighted English astronomer,
Dawes, in September, 1864 and 1865. This chart is on the
stereographic projection and is inverted,—the south polar
regions, that is, are at the top,—because the telescopes com-

® This chart may be found in Proctor’s ‘‘ Other Worlds than Ours'’ and in some
of the later text books on elementary astronomy.
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monly used by observers exhibit inverted views of the celes-
tial objects. It is not accurate in its details, but shows very
faithfully the outlines of the most prominent features, and
gives the general appearance of what can be ordinarily seen
with a telescope of moderate power. The darker parts are
a dusky green or blue color and are supposed to be seas.
The reddish tracts are supposed to be land. Both the dark
and the reddish tracts are frequently seen to be covered with
areas of white, either clouds or snow. I notice that Profes-
sor Holden, in his report of observations made this summer
with the great Lick telescope, speaks of some parts of the
continents as bright yellow. I presume that we may attrib-
ute both the red and vellow colors to different conditions
of the Martial vegetation.

At the top of the map we see the region of ice and snow,
which lies at the southern pole. Around that is a sea which
is unnamed in the map. Then comes the south temperate
zone with several tracts of land named after Cassini, Lock-
ver and other astronomers. In later and more accurate
maps these are represented as islands. The coast line be-
yond them is not often distinctly seen. Below this zong the
features are more distinct and easily recognized. First there
is an almost continuous belt of water, Maraldi Sea, Hooke
Sea, Dawes Ocean, Arago and Herschel Straits surrounding
Phillips Island and connecting Dawes Ocean with Delarue
Sea. Next the equatorial belt of four great continents,
Herschel, Dawes, Midler, and Secchi, separated only by
straits and seas. Kaiser Sea, between the first two conti-
nents, is the darkest and most easily recognized marking on
the disc of Mars. Below these continents is a narrow belt
of water completely encircling the planet, then a narrow
strip of land, La Place Land, then a narrow sea surrounds
the north polar ice cap. These two polar caps are always
brilliantly white, and sometimes appear, because of irradia-
tion of light, to project beyond the edge of the disc.

The more prominent of these features of Mars’ surface
were noticed over two hundred years ago. Cassini, with
one of those outrageously long telescopes which were used
before the invention of achromatic refractors, was the first
to discover that they were of a permanent character, but
Hooke, an English astronomer, obtained better views of the
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planet as early as 1666. Since then a host of eminent as-
tronomers, among them the Herschels, Arago, Secchi, Beer
and Méidler, Nasmyth and Jacob, Delarue and Phillips, Lock-
yver and Dawes, have thought the study of Mars' surface
worthy of a considerable portion of their time. Within the
past few years this work has been prosecuted by a number
of enthusiastic and careful observers, among them Burton
and Boeddicker in Ireland, Knobel, Denning, Green and
Maunder in England, Terby and Trouvelot in France, Per-
rotin and Schiaparelli in Italy, and we have for part of the
past opposition and for the future to add the names of the
observers who are permitted to use the great Lick telescope
in America—Holden, Keeler and others.

Up to 1877 the observers appear to have confined them-
selves chiefly to delineating the outlines and variation of
tint of the dark areas which immediately strike the eye when
one examines the disc of Mars with a telescope of sufficient
power, and to have neglected to examine carefully and per-
sistently the bright reddish areas. During the opposition of
1877, which was exceptionally favorable, Mars being at its
neayest approach to the sun and to the earth at the same
time, M. Schiaparelli, the director of the Observatorv at
Milan, had the happy inspiration to concentrate his atten-
tion upon the great brilliant areas of the continents, in or-
der to study their minutest details. He was rewarded by a
brilliant discovery, of details so nuinerous and surprising in
character that many astronomers are still, after the lapse
of twelve years, incredulous of their reality. It was no less
than a perfect network of very narrow dark lines, mostly
straight, running across the continents in all directions, con-
necting the seas. To these Professor Schiaparelli gave the
name of ‘““canals,” because, I suppose, of their straightness
and from the fact of their connecting the seas. In 1879 he
again saw the canals,of 1877 and several new ones. No one
else was able to see them, although many observers were
provided with more powerful telescopes. Two or three saw
some narrow markings on the planet, but it was not certain
that these were the same that Schiaparelli had seen. During
the opposition of 1881-82 Schiaparelli, following up his
wonderful discoveries, struck a last blow to the confidence
of the astronomers who hesitated to follow him; this time
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the canals appeared almost all to be double. A new canal
appeared beside the old one, rigorously parallel in most
cases, and starting, not from the same point of origin as if
the old canal were simply divided into two component
canals, but from a different point, as if a new canal had
really been formed parallel to the first.

T have prepared a copy of a chart of Mars constructed by
Professor Schiaparelli, from his observations made in 1882
and 1886, upon which you can see the network of fine lines,
the canals, crossing the continents from sea to sea in all di-
rections. They are somewhat exaggerated in distinctness in
the drawing, so that you may see them with ease. This
chart (Fig. 1) is upon what is called Mercator’s projection,
the regions near the poles heing distorted out of all pro-
portion, but the equatorial regions represented accurately.

* Will you compare the lines of the chart with Schiaparelli’s
own words of description:

** These lines [the so-called canals] run from one to another of the dark
spots of Mars, usually called seas, and form a very well-marked network
over the bright part of the surface. Their arrangement seems constant and
permanent (at least so far as can be judged by the observations of four and
one-half years); but their appearance and the degree of their visibility is
not always the same, depending on circumstances which we canunot at pre-
sent discuss with full certainty. In 1879 many appeared which had not
been scen in 1877 and in 1881-1832 all those which had been seen the first
time were re-discovered, and other new lines as well. Their number could
not be estimated as less than 60. Sometimes these lines or canals show
themselves under the form of diffused and indistinct shading; at other
times they appear as very definite and precise markings of uniform tone, as
if they had been drawn with a pen. In most instances their curvature
differs very little from a great circle, if indeed it does differ; some others:
however are much curved. The breadth of the finest can hardly be
estimated at less than 2° [70 miles] of a great circle but in some cases it
reaches to about 4°. As to the length, that of the shortest is certainly
less than 10°, others extend to 70° and 80°. The color is sometimes as
dark as in the seas of Mars, but often it i3 brighter. Each canal termi-
nates at its two extremities either in a sea or in another canal. I know of
no instance where one end remains isolated in the midst of one of the
bright areas of the surface without resting on lines and dark spaces.

**Now in many of these lines it has fallen to me to observe the curious
and unexpected circumstance of a doubling or reduplication; this happens
in the following manner: To the right or left of a pre-existing line, which
suffers no change from its previous direction or position, another line ap-
pears, nearly equal to the first and parallel to it ; in some instances a slight
difference of appearance being visible and sometimes also a slight diverg-
ence of direction. The distances between the pairs of lines formed in this
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manner varies from 6° to 12° of a great circle; there were also other lines
which I suspected to be doubled, but the distance being less than 5° ot 6°
the telescope did not succeed in resolving them, and showed in that place a
large, broad, and somewhat confused stripe. Sometimes a line is divided
by another which intersects it into two districts or sections of unequal
darkness and extent; in this case the companion line is divided into two
sections in the very same way, with one exception no sensible irregularity
of direction or of shape could be ascertained with the power used in these
observations, which was always one of 417. Some of the pairs show so
- great a regularity that one would say that they were systems of parallel
lines drawn by rule and compass. Perhaps however this regularity will
not resist the use of a high magnifying power. *In various instances, pairs
are so connected the one with the other as to form a polygon of double
lines with very pronounced angles, and such a series then occupies a great
space. Two pairs sometimes cut each other without being interrupted;
meeting then three by three they form at the points of triple intersection a
network of which our telescope could only give an exact and complete reso-
lution in one or two cases.

*“Excluding those cases not well ascertained through the inability of the
instrument to resolve objects so minute, the number of reduplications I ob-
served in the last opposition is 20, of which 17 had been established in the
course of one month, from January 19 to February 19, the mean date cor-
responding very nearly to the end of the second month after the vernal
equinox of the planet. The phenomenon seems to be confined to a definite
epoch, and it appears as if it took place simultaneously over the whole
planet’s surface occupied by the bright areas. No trace could be ascertained
in 1877 during the weeks which preceded or immediately followed the
southern solstice of the planet. Only one isolated case presented itself in
1879, between December 24 and 26, and this was exactly reproduced under
similar circumstances between January 11 and 12, 1882; it took place in
the two lines named Nile 1 and Nile II on my chart of 1879. Both of
these two epochs being close to the vernal equinox of Mars there is ground
for believing that the phenomena of reduplication may he periodical, and
perhaps connected with the position of the sun with respect to the axis of
rotation of the planet.”*

When Schiaparelli’s chart for 1882 was published it was
received with incredulity and almost ridicule, by many.
This was due in part no doubt to a fault in the engraving
of the chart, which made the lines of the canals and the out-
lines of all the markings of the planet hard and unnatural,
quite unlike the actual appearance in the telescope. But if
yvou will compare the two charts you will see how difficult
it is to reconcile the features of the one with those of the
other. The different method of projection and the addition
of so many new features, all exaggerated in distinctness,

® The Observatory, Vol. V, pp. 221-224.




19

The Canals of Mars.

‘pwouos3sy, ;7 wolj pAdod ‘O8Il (INV TSS8T NI SNOLLVANHSHO WOV SAVIN 40 LIAVHO SITIHAVAVIHOS—T ‘oid

acundaz

n! ® o o LS o

>0

-0

L]

L]

oy of

oz

O

]

[0

ot wr o e

L K]
SsMpL,,

00k 08 oW o

=




'
20 Theé Sidereal Messenger.

renders the whole aspect unfamiliar. Yet if one will start
with a prominent marking as, for instance, Kaiser Sea (Syr-
tis Major), and follow the coast lines, he will find nearly
every feature of the Proctor chart upon that of Schiaparelli
and in its proper place. Perhaps the greatest differences ap-
ply to the long narrow inlets of Nasmyth, Bessel and Hug-
gins. These are replaced on Schiaparelli’s chart by narrow
canals or pairs of canals (Protonibus, Ceraunus, Iris and
Gigas). In fact if we examine the original drawings of
Dawes we find that the appearance of these features corre-
sponds very much more closely with the chart of Schiapa-
relli than with that of Proctor.

Up to 1886 no certain confirmation of the duplication of
the canals or of their existence was obtained by any other
astronomer, but in that year Professor Perrotin of the Ob-
servatory of Nice, succeeded with a 15-inch telescope in de-
tecting fifteen of them, and witnessed also the duplication of
several. It will give one an idea of the difficulty of seeing
these objects, to know that Professor Perrotin, armed with
so powerful an instrument, at first gave up the attempt
after several days’ fruitless effort ; having renewed his trials
still without success, he was about to give them up finally,
when he succeeded in seeing the canal Phison which cro%ses
Dawes continent. .

During the present year both Perrotin and Schiaparelli
were provided with still more powerful instruments, the lat-
ter with an 18-inch and the forme:r with a 30-inch refractor,
and the results obtained from the study of Mars' surface go
to eompletely confirm Schiaparelli’s discoveries. Several
drawings of the planet by these two gentlemen have been
published in recent periodicals and I have copied two of
them for your benefit. The lower on the left hand (Fig. 2)is
by Schiaparelli, from sketches made on June 2, 4 and 6. The
most prominent marking near the center is easily recognized
as Kaiser Sea (Syrtis Major and Nilosyrtis) of the chart. On
the right is the curious forked bay of Dawes. The canals of
the equatorial regions are drawn very much as they appear
in the chart. Some old ones are omitted while several new
appear. This (Astaboras) is straight and double instead of
curved and single as in the chart. It is not really a separa-
tion of the old canal into two, but a new canal is seen start-




Fi16. 2.—MARS, from drawings by Schiaparelli, with the 18-inch refractor at
Milan, June 2, 4 and 6, 1888. From Ciel et Terre, Aug. 1, 1888,

Fi16. 3.—MARS, from drawings by Perrotin, with the 30-inch refractor at Nice,
June 4, 1888. From Ciel et Terre, Aug. 16, 18S8,
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ing from a different point of Kaiser Sea, and running parallel
to the old ome to a different point of the lake (Ismenius).
The greatest difference is in the regions around the north
pole. The system of canals is extended right up to the polar
cap, and we notice across the ice cap itself two dusky
streaks. This opposition was very favorable for the exami-
nation of the north polar regions, that pole being inclined
considerably toward the earth, and the opposition occurring
after the midsummer of the northern hemisphere of Mars,
so that the polar snows were largely melted and the ice cap
reduced to a minimum. It seems quite reasonable to sup-
pose that these dark streaks may be open channels in the
frozen polar sea.

The drawing on the right (Fig. 3) was made by Perrotin
at Nice on the evening of June 4, at about three hours later
than Schiaparelli’s, you will notice. The aspect of the planet
seems quite different at first sight, and yet one may recog-
nize several of the same features. The rotation of the
- planet has carried Kaiser Sea toward the left edge of the
disk. Dawes Forked Bay has come toward the center and
the large continent of Médler has come into view on the
right. Several of the same canals may be seen, and four of
them extend across the sea on the north up to the polar cap.
They agree well with those of the other drawing, consider-
ing the changed aspect of the planet due to rotation. At
the left end of the polar cap is a notch which corresponds
with the position of the dusky streak on Schiaparelli’s
drawing. Perrotin saw a dusky shading between the
parallel canals. Whether that is due to the more perfect or
less perfect defining power of his telescope I am unable to
say. The upper drawings* are produced from sketches by
myself with the 11-inch telescope at the Cincinnati Observa-
tory. The one was drawn April 3, 1884, 8:30 to 9:00 p. ¥,
some time after the opposition, so that the phase was quite
gibbous. No canals were seen, but the colors of the differ-
ent portions of the disk were carefully noted and I have at-
tempted to reproduce them without, however, perfect suc-
cess. The other sketch was drawn March 6, 1886, at mid-
night, the best observing night I have ever seen, and when

® One of these drawings was reproduced in the November number of the Mrs-
SENGER, p. 401. The other, showing no canals, is not reproduced.




The Canals of Mars. 23

the planet was almost exactly at opposition. Two of the
canals, Indus and Hydaspes, are distinctly shown and the
place of others indicated by a faint shading, although at
that time I knew nothing about the canals and did not
identify them until a few days ago.

Considerable curiosity has been felt as to the performance
of the great Lick telescope and its testimony as to the exist-
ence and nature of the enigmatic canals, and, although it
was late in the season, two months after the planet’s oppo-
sition, that the monster eye at Mt. Hamilton was turned
upon Mars, its testimony has been neither uncertain nor dis-
appointing. A series of twenty-one drawings made by
Messrs. Holden and Keeler during the months of July and
August have recently been published. In these many of the
canals are shown, closely agreeing with Schiaparelli's chart.

What then are these strange markings,and why have they
not been seen before? are questions which naturally arise.
The discoveries of Schiaparelli were made with a telescope of
only eight inches aperture. Why is it that so many observ-
ers armed with more powerful instruments have utterly
failed to see them? Partly, perhaps, because their skies were
not so transparent as that of Italy; partly because their
eyes were not so keen as those of the Italian observer; part-
Iy also because the phenomena of the canals are periodic;
but more because of lack of persistent, long-continued scru-
tiny of the planet’s disc. Again Mars can be seen well only
when near opposition, that is, about two months in the year
and his distance at opposition varies from 34,000,000 to 64,-
000,000 miles because of the ellipticity of his orbit, so that
a really favorable opportunity to observe minute details oc-
curs only once in about fifteen years. Also, it is necessary
for such observations that the sky of Mars be free from
clouds over immense areas, whole continents in fact, and we
can judge from terrestrial analogy that such a condition
would be rare.

Several ingenious theories have been suggested to account
for the canals. We can hardly admit that they are artificial
canals constructed by the inhabitants. Their great width
of seventy miles or more would prohibit that hypothesis,
altbough we may suppose, with Proctor, those inhabitants
to be of gigantic stature. Mr. Proctor suggested (M. N.
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xlviii, p. 307), that they might be rivers, the duplication be-
ing a diffraction effect, when mists hang over the river bed,
but in doing so seemed to ignore their most characteristic
features, their straightness, their frequent intersections, and
the fact that they connect the seas, running from one to
the other, and that the duplication is not the separation of
the old canal, but the formation of a new one on one or the
other side of the first.

M. Fizeau, the eminent physicist of Paris, explains them
by the analogy of rifts in glaciers and considers the whole
planet involved in a glacial epoch. He is led to this hypoth-
esis by the presence of the dark canal in the north polar
cap. Dr. Terby, of the observatory of Louvain, thinks this
would necessitate a greater movement in the syvstem of
canals than has been observed. He finds no evidence of
any change since they were discovered. Dr. Penard, a physi-
cist of Geneva, suggests that the canals are immense fissures
in the crust of Mars through which the waters flow from
ocean to ocean. The mass of Mars, being about one-eighth
that of the earth, has cooled off more rapidly, producing
great fissures in the crust extending to a very great depth.
Another writer suggests for the very same reason that the
canals are ridges or wrinkles in the crust, or,in other words,
mountain ranges. There are serious objections to each ot
these and we are still far from a satisfactory explanation. I
am rather inclined to the view that these markings are in
part, at least, rivers and chains of lakes, that the continents
are low and flat and subject to extensive inundations at
certain seasons of the Martial year. It seems possible in
this way to account for the variatio1s noticed in many of
the markings and thsre appzars to bs no inconsistency in
supposing evaporation and precipitation to be more rapid
and abundant on Mars than upon the earth, because of the
smaller force of gravity.

In May last Professor Perrotin announced that a whole
continent on Mars, as large as France, had disappeared, be-
inginundated by theneighboring sea. This continent, Libya,
is well situated to be subject to floods, being surrounded on
three sides by seas and a gulf, and on the other side by
canals and a lake. Later the land partially reappeared, but
was surrounded by much wider dark bands. Notice on the
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drawing by Schiaparelli the darker tint of this land as if the
water had not yet all receded.

The next two oppositions of Mars in 1890 and 1892 will
be very favorable for observation, and it is to be hoped that
the giant telescopes as well as the little ones, will then be ap-
plied systematically to the solution of the enigma of Mars.

PHOTOGRAPHS OF NEBULZE.

A. A. COMMON.

It is not many years since the idea of photographing such
ohjects as nebule would have been considered impossible,
more particularly by those who know most about the sub-
ject. Sir John Herschel, in the correspondence which took
place about the making of a large telescope for the Southern
Hemisphere, which resulted in the 4-foot reflector at Mel-
bourne, expressed his opinion that photography might be
used for getting the positions of stars near nebule, in order
to assist their delineation by hand; but even he, whose
knowledge of the nebule and of the powers of photography
was 8o great, does not seem to have indulged in the hope
that they would ever be photographed directly, possibly be-
cause he knew the great difficulties involved; indeed many
vears before, one who knew less about nebule or photog-
raphy (at that time quite a new art) had, with the confidence
of half-knowledge, expressed quite a different opinion. This
man was Dr. Dick (whose charming works are not held in
such repute as they deserve, or, at any rate, do not seem to
be read as they ought to be), who said, as early as 1845, just
after the advent of daguerreotype: ‘ Nor is it impossible that
the planets Mars, Venus, Jupiter, and Saturn may be deline-
ated in this way, and objects discovered which cannot bhe
discerned by means of the telescope. It might be perhaps
considered as bevond the hounds of probability to expect
that even distant nebulse might thus be fixed and a delinea-
tion of their objects produced, which shall be capable of
being magnified by microscope. But we ought.to consider
that the art is yet only in its infancy—that plates of a more
delicate nature than those hitherto used may yet be pre-
pared, and that other properties of light may vet be dis-
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covered which shall facilitate such designs. For we ought
now to see no boundaries to the discoveries of science, and
to the practical applications of scientific discovery which
genius and art may accomplish.” This was a long look
ahead at the time; but all that Dr. Dick imagined as pos-
sible has since been done.

What may be done, or, rather, what will be done as better
processes come to the front it is impossible to say, nor do I
wish to discuss this aspect of the question in this short note,
but rather to deal with what has been shown to be quite
possible, and to make some remarks on what has been re-
cently done, particularly by the M M. Henry and Herr von
Gothard ; and my excusefordoingso is that so little seems to
be known as to what can and what cannot be done of a
useful character in this department of astronomical photog-
raphy, that discussion of the subject seems to be necessary.
The photographing of nebula is remarkable as being almost
the only actually modern achievement of photography; all
else we can do now could be done in some form or other
soon after the first application of photography to as-
tronomy. It is true that the pictures of stars could not be
taken as quickly then as they can now; but stars could be
be taken; while all attempts to photograph comets or
nebula failed or were not persevered in through the ap-
parently hopeless nature of the attempt. We are now en-
abled to get pictures of the nebulae that are certainly far
superior to any drawings, and, what is of immense import-
ance, with instruments of ordinary or moderate size.

In the practical work of photographing the nebulz, whose
light, as a rule, is so very feeble, the aim has been to collect,
as much as possible on the plate; and in order to do this
the telescope with the smallest ratio of focal length to aper-
ture has been used, as giving the greatest amount of light
on the least surface; and if the image produced on the sensi-
tive film were made up of particles so small as not to affect
the shape of the image, it would matter little what the size
of that aperture was. But, as it is well known, the parti-
cles of silver, that gather together to form the image have a
sensible size, and by an appearance similar to stippling or
mezzotint produce a picture. When this picture is small
compared to the particles of silver that form it, detail is
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lost ; and thus the absolute scale of the picture is a matter
of importance.

How far processes will be improved in the direction of re-
ducing the size of the silver particles and giving a perfection
to the image that at present it has not, it is not possible to
say, though there is a promise of improvement in this direc-
tion without loss of sensitiveness.

Pending such a solution of the difficulty, it is of interest to
consider at the present time what size of image can be util-
ized—in other words, what is the least aperture that can be
usefully employed in taking photographs of the nebule. As
in all such discussions one ounce of practice is worth a great
weight of theory, it is most satisfactory to appeal at once
to fact and experience.

Dr. H. C. Vogel, of Potsdam, gives, in No. 2854 of the
* Astronomische Nachrichten,” a very important note on the
recent work of Herr von Gothard in photographing nebulae
with a 10-in. reflector, with some drawings that show in a
most unmistakable manner with what effect telescopes of
this aperture can be used.

In this paper Dr. Vogel expresses an opinion that the pho-
tographs of Her von Gothard taken with his comparatively
small instrument show results which far surpass any ob-
tained by eye observation with the largest telescope. He
mentions the fact that Herr von Gothard some few years'
ago discovered by photography a small star within the
ring-nebula in Lyra, only a few uncertain observations of
this star having been previously made, and describes its con-
tinued appearance on the photographic plate though nvis-
ible in the largest refractors; although I think that there is
some slight mistake here, as the star has always been visible
with sufficient optical power, still the fact of getting this
star so plainly pictured is not less important. We are not,
however, concerned with this, but with the work illustrated
and described by Dr. Vogel. Six well-known nebule are il-
lnstrated on a larger scale by drawings made from the pho-
tographs, and these can, in most cases, be compared with
existing drawings, and the value of those photographic
pictures properly estimated. As it happens I can speak,
with some degree of confidence, as to one of these.

This, the spiral nebula in Canes Venatici (G. Catalogue
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3572), is a nebula that is most peculiarly fitted to deceive
the eye by the shape of the outlying parts; hence the great
difference in the various published drawings.

In the course of 1883 I took, with about thirty minutes
exposure, a photograph of this nebula with a 3-foot aper-
ture, and got a picture somewhat similar to that obtained
by Herr von Gothard, but with less detail; T made at the
time an examination of most of the drawings mentioned by
Dr. Vogel, and can quite bear him out in all he says as to
the different ways in which they show this nebula. A point
of great interest comes out on examining these photographs
mentioned by Dr. Vogel—that is, the peculiar aspect of
the knotted parts of the nebula, that look almost like
stars, but have quite a different character; but a de-
scription of a photograph is almost impossible, and to
compare the drawings with it is the only proper way to get
a correct idea of the respective values.

During the past vear MM. Henry at Paris have taken a
picture of the Pleiades that brings some most important fea-
tures to light, showing that this group of stars is in a mass
of nebula.  This has been suspected by many observers from
time to time, but no one had been able to localize any of the
brighter parts that have since been shown by photography,
except perhaps an observation made with a 3-foot in 1880,
that showed two or three of the brighter portions that have
since been shown so beautifully on the photographs of the
Brothers Henry; on these latter plates not only were these
and other masses more or less intense practically discovered,
but the positions of exceedingly small stars are given in a
way that cannot be attempted by observation or measure-
ment in the ordinary methods—stars that are far too faint to
be visible except in thelargest telescopes, and even with these
not susceptible of accurate measurement. In this particular
case I had some years ago observed several exceedingly faint
stars near Alcyone that were just visible with a 3-foot re-
flector, and all of these, with one exception, are shown on
the photograph referred to, taken with a photographic
telescope of 13 inches aperture,

Similar photographs of the Pleiades have also been taken
by Mr. Roberts, near Liverpool, that show almost as much
as the photographs of the MM. Henry; but if one can judge
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by a comparison of the beautiful engraving of the photo-
graphs taken at Paris, with the paper tints of those taken
by Mr. Roberts, with less distinctness, particularly as to the
peculiar line of light, or rather lines of light so well marked
in the Paris photographs. The work of Mr. Roberts was
donme with an 18.inch silvered glass reflector, and with a
shorter exposure than in the other cases.

In the case of the photographs of Herr von Gothard, the
exposure was necessarily extended to over two hours, and
in the case of the Henrys’ photograph to four hours; but
length of exposure is of minor importance when we know
that once the photograph is secured it is an actual represen-
tation that can be afterwards dealt with at leisure and
measured, giving then all the results that can be obtained
by eye with an instrument far more powerful than that em-
ployed. The use of large telescopes will always be in such
work of great value, no matter how processes may be im-
proved upon, as the advantage will still be with them, when
minute details of structure possibly hitherto unsuspected will
be brought out;but even at the present time we can seefrom
the work that has already been done that we need not look
to these large telescopes alone; and as the number of known
nebule is already so great, there is an amount of work to be
done that will occupy any possible number of observers for
many years if only in getting impressions on such a scale as
those obtained by Herr von Gothard: improvement may
come afterwards; but improvement can only follow actual
work done.

The work of Herr von Gothard is a solid contribution to
our practical knowledge of nebular photography, and goes
a long way towards settling the capabilities of a certain
aperture. Many other questions remain, and it is to be
hoped that observers, encouraged by the remarkable success
of Herr von Gothard, will do what they can by actual ex-
periment with the means at their disposal, whatever those
means are, to throw more light on this most interesting
subjcct.

How far the great expense of large instruments and the
increased difficulty of working them are compensated by the
larger scale on which the photographs will be obtained;
how far it will be advisable to increase the focal length of



30 The Sidereal Messenger.

moderate apertures to get a larger scale at the expense of
longer exposure; to what extent it is advisable to go in the
other direction and increase the aperture beyond what is
usual even now; how much will he gained by the use of
orthochromatic plates or of .special plates for special
nebulae; what is the best kind of clock to employ and the
best means of giving intermittent exposures,—all these and
many other questions will come up for discussion next year
when those interested will meet for that purpose. A good
deal is becoming known, it is true; but many no doubt
thought that 10 inches was much too small an aperture to
attempt serious work, and in the same way there may be
wrong ideas as to the insufficiency of their means preventing
men joining in this work. With Herr von Gothard’s ex-
ample before them they should accept nothing till it is put
to the proof of experiment, and by this mean we should
soon have a fair knowledge not only of what can bhe done,
but of (what is almost equally important if it has been
proved) what cannot be done.—Observatory.

CURRENT INTERESTING CELESTIAL PHENOMENA.

THE PLANETS.

Mercury may be seen in the southwest, about an hour
after sunset, for about ten days in the latter part of Jan-
uary and first of February. He will be at greatest elonga-
tion east from the sun, 18°22’, Jan. 30, at a greater brill-
iancy the next day; in perihelion Feb. 2,in conjunction with
the moon, 4°14’ north, Feb. 1, 10:38 A. M., and at inferior
conjunction with the sun, 3°29’ north, Feb. 14, 6:58 p. M.

Venus will cross the First Meridian and the equator on
Feb. 1, passing through the constellation of Pisces. No one
can fail to recognize her in the early evening, as the most
conspicuous object in the whole sky, excepting the moon.
Her disc is slightly gibbous, the illuminated part of the
equatorial diameter being 0.661 on Jan. 16 and 0.530 on
Feb. 15. The declination and consequently the altitude of
the planet when near the meridian is rapidly increasing,
while at the same time the distance from the earth is de-
creasing, so that the next two months will afford excellent
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opportunities for study of any markings which may be
visible on the planet’s surface.

Mars althongh receding from the earth still keeps at
nearly the same apparent distance from the sun so that he
sets at nearly the same time every night, a little after 8 p. M.
He may be found easily among the faint stars of Aquarius,
about half way between the southern edge of the Square of
Pegasus and the first magnitude star Fomalhaut, and from
five to fifteen degrees west of Venus.

Jupiter rises from two to three hours earlier than the sun,
but at such a low declination that it is hardly worth the
while for northern observers to attempt any observations of
his surface or satellites.

Saturn will be at opposition to the sun Feb. 4 so that the
two months of January and February will be the best, so
far as position is concerned, for observations of that planet.
To find Saturn in January at 8 p. M. look toward the east
and a little to the north; the brightest star near the horizon
is Saturn. Above him, half way or more to the zenith one
will recognize the two stars of The Twins, Castor and
Pollux; to the right from them another pair, one star
brighter than the other, Procyon and his comrade in the
Little Dog; still farther to the right another similar pair,
one of which is the magnificent Sirius the brightest of all the
starry host; and to the right and north of these, that most
splendid of all constellations, Orion. A little later the
Sickle of the constellation of Leo will be seen above the
eastern horizon and Saturn may be recognized as the yellow
star just above th eSickle about equidistant from its extrem-
ities.

Uranus may be found after midnight in the constellation
of Virgo about 3° north of Spica almost on a line between
Spica and ? Virginis.

Neptune is about 5° south and a little east of the Pleiades
which are on the meridian at half past eight p. M. Jan. 15.
There are but two or three stars as bright as Neptune with-
in a radius degree or more, so that the task of identify-
ing the planet, with a telescope of 4 or more inches aperture,
provided with enly rough circles, will not be very great.
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MERCURY.
R. AL Decl. Rlses Transits. Sets.
h m h h m h m
Jan. 25............... 21 43.6 —14°26" 8 18 A.M. 1226p.M. G 28P. M.
k{0 JO 22 06.0 —1119 807 * 1251 * 643 ¢
Feb. 4.l 2216.0 — 835 747 * 1154 ¢ 6 44
22.ieeenennnnn 22101 — 806 719 * 0 50.0 * 621
) & TR 27514 — 903 6 4+ ¢ 0116 539 ¢
VENUS.
Jan. 26, 23288 — 3350 919a.Mm. 307.3P.> 8 35 p. M.
Feb. 4.l 0082 + 118 8359 * 3073 * 916 *
14, 0456 + 621 837 * 3053 * 9 3+
MARS.
— 736 902a. M. 2360pP.M R O09p M
— 429 840 2252 ¢ 811 *
— 120 8§15 “ 2137 * 812 ¢
JUPITER.
5 —2305 505a. M. 9298a. 135 P M.
—23 06 4 34 “ 8 539.0 *“ 124 ¢
—2306 402 “ 8 27.6 * i2 56 *
SATURN. :
+16 36 3548 p. M. 1259.1a. M. 811 a3
+16 52 5 04 * 12 16.6 * 729
+17 07 420 “ 11 341 ¢ 6 48 *
URANLUS.
— 759 11 27p..M.” 45854 . M. 10 30 A. M.
— 757 10 47 4 19.0 “ 951
— 754+ 1007 339.1 ¢ 911 *«
NEPTUNE.
Jan. 509 +18 25 1209p.M. 7 28.7P. 2 48 A u
Feb. 4.... 50.8 +18 25 11 28 6 482 208
14.iiinenne 3 50.8 +18 26 10 50 * 6 09.9 “ 130 *
THE SUN.
—19 57 730A.M. 121154 4-53PM
—18 46 7 26 *“ 12 12,7 * 5 00
—-17 26 720 ¢ 12 13.6 * 507 *
—16 00 715 12 142 ¢ 514 *
—1425 708 *“ 12 145 521 ¢
—12 45 7 01 * 12 144 ¢ 528
Occultations Visible at Washington.
IMMERSION. EMERSION.
Star’s Magni- Wash, Anglef'm Wash. Anglefm Dura-
Date Name. tude. Mean T. N.P't. Mean T. N. P't. tion.
h m ° h m > m
Feb. 8 4! Tauri 4 13 20 42 14 03 304 0 43
8 ! Tauri 5%, 13 45 76 14 39 271 0 54
11 d Geminorum "~ 6 11 07 69 12 20 303 113
14 83 Cancri 51 4 38 6 Star 0.7’ N. of moon’s limb.
14 8 Leonis 51, 14 33 73 15 46 333 0 52
15 37 Leonis 37} 6 52 131 7 49 256 0 56
Phases of the Moon. Central Time.
d h m
Full Moon...ieeiieceineniececcininneee, Jan. 16 11 37 p. M.
Last Quarter.......ccocecennnenes veee Y 24 9 57p. M.
New Moon.... ‘““ 31 310a.M.
First Quarter... Feb. 7 258p. M.
Full MOOmN...coiiiiiiieerieeeieaneeccennnrerenenseeeseenes “ 15 417p. M.
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Elongations and Conjunctions of Saturn's Satellites.

{Central Time; E = Eastern clongation. W = Western elongation, S =Superior *
conjunction, I = Inferior conjunction.}

P jAPE:LS.
Jan. 29, I Feb. 17, W
TITAN. o
d h d h h -

Jan. 17,8a. M. 1 Jan. 29,6 A. M. E Feb. 1 . 4a.M S
21, 7Aa.M. W Feb. 2,5a.m. [ 4,3a.M. E
25,6 A. M. S 6,4a. M. W

RHEA.
d h d h d h

Jan. 16,10.2a. M. E Jan. 29,11.0p.M. E Feb.12,11.8a. M. E
20,10.5p. M. E Feb. 4,11.3a. M. E
25,10.8a. M. E 7,11.7p.M. E

DIONE.
d h d h h

Jan. 16, 54a. M. E Jan. 27, 39a.M. E Feb. 7, 24a. M. E
15.11.0p.Mm. E 29, 95pr.M. E 9, 80pr.M. E
21, 46p.M. E Feb. 1, 3.1pPp.M. E 12, 16p. M. E
24,102a. . E 4, 87a.m. E 15, 72a.m. E

TETHYS.
d h d h d h

Jan. 16, 9.2a. M. E Jan. 27, 49p.M. E Feb. 8,125a. M. E
18, 6.5A. M. E 29, 21p.M. E 9, 98pr. M. E
20, 3.8a.mM. E 31,1144a.M. E 11, 7.1p.Mm. E
22, 1.1a.Mm. E Feb. 2, 87a.M. E 13, 43pr. M. E
23,10.3p. M. E 4, 60a.M. E 15, 1.6p.M. E
25, 76pr.M. E 6, 3.2a.M. E

A Partial Eclipse of the Moon will occur on Jan. 16,1889.
It will be visible in the United States and generally in Eu-
rope, Africa, North and South America, and the Atlantic and
Pacific Oceans. The following are the@times of the phases:

\\'anhmgton ﬁdcan Time. Central Tlme
Moon enters penumbra.................. Jan. 16 929.3 Jan. 16 8 37 5pP. M.
Moon enters shadow..................... 10 50.0 9 58.2 p. M.
Middle of eclipse............cccuveuennnnes 1221.5 11 29.7 P. M.
Moon leaves shadow..................... 13 53.0 17, 101.2a. M.
Moon leaves penumbra.................. 15135 " 221.7aA M.

The magnitude of the eclipse, or the portion of the disc
covered, will be 0.702. First contact of the shadow with
the edge of the moon will occur at a point 133.3° east from
the north point of the disc and last contact at a point
122.0° west from the north point of the moon’s disc.

Instructions for the January Ecltpse Professor David P.
Todd, Director of the Amherst College Observatory, also
prepared a pamphlet of instructions for those intending to
observe the total eclipse of January 1. The proof sheets
have been received. The details of these instructions have
been carefully worked out, and will prove helpful to persons
availing themselves of them.
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premens of Comet e 1888 (Barnard). The following
ephemeris is taken from A. N., No. 2867:

1889 g app.’ app. log. r log. 4 L.
h m o ’ .
Jan. 1 1740 —T7 164
“ 2 15 48 7132
“ 3 14 2 7 99
¢4 1220 7 6.5 0.2604 0.2633 5.0
“h 10 42 7 3.0
6 99 6 59.3
7 T4 8 55.6
8 614 6 51.8  0.2644+ 0.2850 46
Y9 452 6 47.9
“ 10 333 6 43.9
* 11 218 6 39.8
“12 1 6 —6 358 0.2626 0.30534 +.2

Ephemeris of Faye's Comet 1888 IV. The following
ephemeris is also found in A. N, No. 2867, and for the
month of January, computed by E. Lamp:

1889 4 app. & app. log. r log. 4 L.
h m s °
Jan. 1 8 1 5 40102
“83 7TH928 0109 03330 0.0896
7 H6 6 0158 03372 0.0927
“ 11 52 40 0250 03414 0.0970
15 49 16 0 38.2  0.3455 0.102¢

“ 19 4559 0553 03497  0.1095
23 4252 1156 038338 0.1176
27 39 59 1388 03580 0.1267
“ 3 3725 42 41 03621 0.1367

bk ek pud ok pd ok pud
A e DS
ZERNDT R

Comt 1888 (Bargard). We have not received the ephem-
emeris of Comet f fO¥ January, 1889, and hence can only
give the last ten days of December, as follows:

1888, a app 3 app. log. r log. J4 L.
Dec. 22 10 2654 —1353 03100 01634 092
<23 26 ...1 1100
24 26 5 0 442
“23 26 45 —0 18.0
26 26 36 +0 87 0.3176 0.1577 0.91
27 26 206 0357 *
‘28 26 14 1 3
29 26 0 1 31.
¢80 25 43 .1 59.6 0.3251 0.1527 0.90
“B1 10 235 24 +2 28.6

The Discovery of the Planet Uranus. [The Philosophical
Transactions for 1781 contains a letter from Sir William
Herschel announcing the discovery of a comet [Uranus],
and as that volume is not within reach of hundreds of
the readers of THE SIDEREAL MESSENGER, I have thought
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that extracts from Herschel’s letter would be interesting to
those readers.] H.P. T.
ACCUUNT OF A COMET BY MR. HERSCHEL, F. R. §., READ APRIL 26, 1781.

*On Tuesday, the 13th of March, between ten and eleven
in the evening, while I was examining the small stars in the
neighborhood of H Geminorum, I perceived one that ap-
peared visibly larger than the rest; being struck with its un-
common magnitude, I compared it to H Geminorum and the
small star in the quartile between Auriga and Gemini, and
finding it so much larger than either of them, suspected it
to be a comet.

*1 was then engaged in a series of observations on the
parallax of the fixed stars which I hope soon to have the
honour of laying before the Royal Society; and those obser-
vations requiring very high powers, I had at hand the
several magnifyers of 227, 460, 932, 1536, 2010, etc., all of
which I have successfully used upon that occasion. The
power I had on when I first saw the comet was 227. From
experience I knew that the diameters of the fixed stars are
not propotionally magnified with the high powers as the
planets are; therefore I put on the powers of 460 and 932,
and found the diameter of the comet increased in propor-
tion to the power, as it ought to be, on the supposition of
its not being a fixed star, while the diameters of the stars to
which’l compared it were not increased in the same ratio.
Moreover, the comet being magnified much beyond what its
light would admit of, appeared hazy and ill defined with
these great powers, while the stars preserved that luster
and distinctness which from many thousand observations I
knew they would retain. The sequel has shown that my
surmises were well founded, this proving to be the comet we
have lately observed.

“I have reduced all my observations upon this comet to
the following tables: The first contains the measures of
the gradual increase of the comet’s diameter. The microm-
eters I used, when every circumstance is favorable, will
measure extremely small angles, such as do not exceed a
few seconds, true to 6, 8, or 10 thirds at most; and in the
worst situations true to 20 or 30 thirds; I have therefore
given the measures of the comet’s diameter to seconds and
thirds. And the parts of my micrometer being thus reduced,
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I have also given all the rest of the measures in the same
manner; though in large distances, such as one, two, or
three minutes, so great an exactness, for several reasons, is
not pretended to.” * * * [Then follow Herschel's measure-
ments of the ‘“comet’s” diameter and remarks on the
physical appearance of the ‘‘comet."]

“*March 19. The comet’s motion is at present 214 seconds
per hour. It moves according to the order of the signs,
and its orbit declines but little from the ecliptic.

“March 25. The apparent motion of the comet is ac-
celerating, and its apparent diameter seems to be increasing.

“March 28. The diameter is certainly increased, from
which we may conclude that the comet approaches to us.

* » » » » » * * » L 4

“April 6. With a magnifying power of 278 times the
comet appeared perfectly sharp upon the edges, and ex-
tremely well defined, without the least appearance of beard
Jor tail.” * * * [Here follow a page of ‘‘remarks on the
path of the comet,” and several pages of diagrams of
stars in the vicinity of the ‘‘comet.” About this time Dr.
Maskelyne, astronomer royal, began observations of the
‘“‘comet’’ and Herschel appears to have dropped the matter
until the following October. In the mean time the French
astronomer had determined the true nature of the mysteri-
ous body.]

Queries and Answers. 12. It is difficult to say why text-
books on Astronomy do not more generally notice the fact,
that there is precession in the declination of the stars, as
well as in right ascension, which is commonly spoken of. In
some instances we presume that the writers leave that fact
‘to be inferred from statements like the following: Since the
position of ecliptic among the stars is well-nigh invariable
the latitude of the stars does not change, but the declina-
tion, right ascension and longitude do change.

J. A. B. thanks the MESSENGER and Mr. Brennan and in
return gives an answer.to question 14 in November number,
“How is the oft repeated statement made by astronomers
explained, that the sun attracts a comet, and at the same
time repels it to form its tail? How can the sun simultan-
eously attract.and repel ?
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Miss Clerke in ‘Astronomy in the Nineteenth Century,”
page 385, says:

** It is perfectly well ascertained that the energy of the push or pull pro-
duced by electricity depends (other things heing the same) upon the surface
of the body acted on; that of gravity upon the mass. The efficacy of solar
electrical repulsion relatively to solar gravitational attraction grows,
consequently, as the size of the particle diminishes. Make this small
enough, and it will virtually cease to gravitate, and will unconditionally
obey the impulse to recession.

** This principle Tolluer was the first to realize in its application to
comets. It gives the key to their conatitution. Admitting (as we seem
bound to do) that the sun and they are similarly electrified, their more sub-
stantially aggregated parts will still follow the solicitation of his gravity,
while the finely divided particles escaping from them will simply, by reason
of their minuteness, fall under the sway of his repellant electric power.
They will, in other words, form *‘tails.”” Nor is any extravagant assump-
tion called for as to the intensity of the electrical charge concerned in pro-
ducing there effects. Tolluer, in fact, showed that it need not be higher
than that attributed by the best authorities to the terrestrial surface.”

15. If a ball be fired from a zenith pointing gun to a
great height, in falling it will strike the earth to the west of
the point of projection. If the same ball be dropped from
rest, from the same height, it will fall eastward of the
vertical at the point of starting. In the former case the ball
will reach the earth twelve times as far to the west, as, in
the latter case, it does to the east. The following equations
show this:

7= 8sy* ncosg.
1 =—243s, ";' 1 CcoS ¢.

In which » means westerly direction of deviation, the
minus meaning east, g, force gravity, s, greatest height, n,
angular velocity of rotation and ¢, the latitude of the place.
The formulz are perfectly general and show that the devia-
tion of bodies falling from great heights, or projected up-
ward and falling, would not deviate at all from the vertical
at the poles of the earth.

Comet Faye. We learned by Science Code telegram that
Faye's comet was observed at Nice, Dec. 3.7119 in
R. A. 8h12m 31.3s.
Decl. 4+ 2° 21’ 02”.
This comet has heen regularly observed at Lick Observa-
tory.
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EDITORIAL NOTES.

This number is closed a few days earlier than usual, in
order to give the editor an opportunity to visit California,
and observe the total eclipse of the sun, which occurs Jan. 1,
1889.

It is believed that it will be possible to give a pretty full
account of the observations of the total eclipse in our next
issue, though it will be too early for best information or
final results of some important work that may be done.

In our class in College Astronomy during the last three
months, we have used the proof sheets of Professor C. A.
Young’s new General Astronomy with great satisfaction.
This book contains 550 pages with 250 illustrations, and
will be ready for the purchaser in complete form Jan. 1. All
teachers of astronomy will certainlv be interested in examin-
ing this new book. Its introduetion price is $1.80.

Professor Holden’s pamplet of suggestions for observing
the total eclipse of the sun Jan. 1, is a very useful and timely
document. He deserves the thanks of the multitude of
visitors, home and foreign, who will be on the mountains
and the Pacific slope to observe Luna's dark compliments
for the New Year's Day of 1839.

New Nebule by Photography. At Harvard College Ob-
servatory, new nebula have recently been detected by pho-
tography. The objective of the instrument employed is
called a photographic doublet instead of an ordinary photo-
graphic objective. The advantages of the doublet are in-
crease of field and of angular aperture, and these give about
double the light energy for the sensitive plate over that of
the ordinary photographic objective. The time of exposure
is therefore correspondingly diminished. This is a great ad-
vantage in photographing objects in moonlight, or faint ob-
jects like many of the nebule. The results of work done in
this way are determined by comparing the photographic
plates with catalogues of nebule and so ascertaining what
ohjects are new.
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Each plate is laid on a frame inclined at an angle of 45°,
and the light of the sky reflected through it by means of a
horizontal mirror. Each portion of the plate is then studied
with a magnifying glass, and the co-ordinates of every ob-
ject resembling a nebula are measured. The approximate
right ascensions and declinations of these objects are next
determined from the configuration of the adjacent starson
the charts of the Durchmusterung, which are on the same
scale of two centimeters to a degree. A comparison is next
made of all the objects detected on any of the plates. The
results of these comparisons are tabulated and new objects
are easily known. The Batche telescope has an objective of
8 inches aperture and 44 inches focal length, and is a doub-
let as before described. Its photographic field of good defi-
nition is seven degrees in diameter, though each plate covers
a region of ten degrees square. Trial of this method was
made of the region of the sky with the great nebula of Orion
as a center, and twelve nebule were found that were proba-
bly new. This is most encouraging progtess in photog-
raphy. It looks as if some of our American workers were
rivaling the noble skfl of von Gothard and the Henry
brothers.

Al

Comet e 1888. O. C. Wendell, of Harvard College Obser-
vatory, kindly sent the ephemeris of comet e (Barnard) for
December, to the MESSENGER, rightly addressed and in time,
but the letter visited one or more of the other numerous
Northfields in the United States, so that it did not finally
reach us ih time. We have elsewhere given the last nine
days of December because we mail so much earlier than
usual.

We take great pleasure in presenting to our readers a cut
and description of the new Meridian Circle, recently made
by Messrs. Fauth & Co. of Washington, D. C., for Cincinnati
Observatory. As far as is now known it is the finest instru-
ment of the kind of American make in this country. We
shall not be surprised if it prove equal to the best that even
distinguished foreigners can produce. Messrs. Fauth & Co.
are to be congratulated in this forward and difficult step of
undertaking to make large, fine meridian instruments.
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The Canals of Mars. In a late report of work going on
at the Lick Observatory, Professor Holden says: *‘The
season. for making observations of the canals of Mars was
in April and May of this year (1888). Owing to the de-
lays in completing the Lick Observatory no observations
could be made here until July. )

“From that time until the latter part of August the planet was diligently
followed, over forty careful drawings having been made. These drawings
show at least twenty of the principal ‘ canals,” but no one of them was
seen doubled. The submerged * continent’ had reappeared also and was
seen by us here, essentially as it had always appeared since 1877. It was
most unfortunate that the Lick telescope could not be used for this
purpose until so late a date; but it has shown its great power in such work
by following the fine details on the surtace two months later than other
instruments, and it has conclusively proved that whatever may have been
the condition of the ‘ continent’ previous to July, it was certainly in its
normal condition from that time onward "

Seven Eclipses in one Year. In one of the text books of
astronomy I read some time ago that the greatest number
of eclipses that gould possibly occur in one year is seven, and
the least number is two; and that neither happens oftener
than twice in a century. . )

This is greatly erroneous as regards the least number;
two eclipses in a calendar year are of frequent occurrence; it
happens three or four times in every 18-year period; but
seven eclipses in one calendar year are of very rare occur-
rence. I have a pretty full list of eclipses for the past one
hundred years, and I greatly doubt if there has heen a year

- with seven eclipses in all that period.

Perhaps some of your readers may feel like investigating
and letting us know when there were seven eclipses in one
year, and when this will occur again. But seven eclipses ir
a year's time are not unfrequent. In Loomis’s Astronomy
are given examples illustrating the principle in connection
with the 18-year period, beginning with eclipses in 1768-69,
and running until 1894-96. There were seven eclipses from
Feb. 12, 1877 to Feb. 1, 1878. In 1894, 1895 and 1896
occur the following :

Date. Eclipsed. Date. BEclipsed.
Sept. 15, 1894 .............. Moon. Aug. 20, 1895 Sun.
Sept. 29, 1894 ... Sun. Sept. 4, 1895 Moon.
Feb. 24, 1895 ...Sun. Sept. 18, 1895 Sun
Mar. 11, 1895 Mcoon. Feb. 13, 1896.. Sun

Mar, 26, 18930 Sun. Feb. 2. 1896 Moon.
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Which gives us the following remarkable clusters of eclipses:

Date. Ecl. Date. Ecl.

Sept. 15, 1894, to Sept. 4, 1895...7 Feb. 24, 1895, to Feb. 13, 1896....7

Sept. 29, 1894, to Sept. 18, 1869...7 Mar. 11, 1895, to Feh. 28, 1896....7

But it is of more interest, possibly, to remark that seven
eclipses in a year's time are now in progress, viz.:

Date. Eclipse. Date. Eclipse.
June 28, 18S88.................. Moon.  Aug. 7,1888......ciiinenen. Sun.
Feb. 11, 1888...cciitiiercrnnnnns Sun. Jan. 1, 1889......nnnnenn. Sun.
July 9, 1888, Sun.  Jan. 16, 1889...........ucuee. Moon.
July 22, 1888............ .ol Moon.

St. Louis, Nov. 17, 1888. . F. H. BURGESS.

Mr. J. E. Gore, Vice President of the Liverpool Astrono-
mical society, has computed the orbhits of two binary stars
with following results:

Struve, 2120:

#F=4.9729+4 0.0225 (¢t—1850.4)°
Sec (3170.20—'0) = 0.4484 5.

45 Geminorum, X 1635: _

¢ =8.352+0.0093 (t—1873.55)°
Sec (87°.90 —¢) = 0.346 p.

The computed and observed places for the first for more
than 100 vears compare well. Those of the second extend
over a period of 40 years.

J. E. Gore's Revised Catalogue of Variable Stars. May
12, 1884, Mr. Gore read a paper before the Royal Irish
Academy under the title of “A Catalogue of suspected
variable stars,” which contained 736 such stars, and 114
pages of notes and observations. A neat two page map of
the heavens also accompanied that paper showing the dis-
tribution of the known and the suspected variables. The
known stars were printed red, the suspected, black, the
right ascension and declination of each being read easily at
sight.

We have now before us a revised catalogue of variable
stars by the same author, it being a paper read before the
Irish Academy Dec. 12, 1887. Itis thought to contain all
stars now certainly known to vary in light, including re-
cent discoveries with positions brought down to 1890.0.
The former catalogue contained the number, name, place
for 1880, change of magnitude and authority. This one
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adds maximum and minimum of magnitude with dates for
each, mean period in days, color and spectrum. We were
not before aware of the existence of this important paper.
We commend it to our readers.

Wolsingham Observatory. Communications intended for
Wolsingham Observatory should hereafter be addressed
Towlaw, Darlington, England. The site of the new Observ-
atory .is three miles northeast of the old one, and stands
1,000 feet above the sea. T. E. Espin is in charge.

Asteroid 281. The following circular elements of Asteroid
281 have been computed from the very simple formula given
by Oppolzer in his Lehrbuch, vol. i (2d ed.) p. 447-452, us-
ing the discovery position of Oct. 31 and a Washington ob-
servation of Nov. 3:

Epoch: 1888, Oct. 31.5165.Gr. M. T.

u= 3°24-’

© =32 15 .8 ; True equinox of epoch.
i=10 18 .8

n=926".9

log. a =0.38864

An ephemeris derived from these elements represents the
position of the asteroid on Nov. 13 within 16s in right
ascension and 0°.2 in declination. W.C. W.

In query No. 17 E. W. A. asks, ‘ What is a dialytic ‘tele-
scope?” The ordinary meaning of that phrase is: ‘“ An
achromatic telescope in which the colored dispersion pro-
duced by a single object lens of crown glass is corrected by a
smaller concave lens, or combination of lenses, of high dis-
persive power, placed at a distance in the narrower part of
the converging cone of rays, usually near the middle of the
tube.”” A practical article entitled ‘‘Astronomical Tele-
scopes, Their Object Glasses and Reflectors,” by G.D. Hiscox,
is to be found in Nos. 581, 582 and 583 of the Scientific
American Supplement. These can be had at any time from
the publishers of that paper. No. 582 treats upon the dial-
yte, and gives much information as to their construction
and the principles involved. -
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Our readers certainly ought to enjoy with us some of the
racy, of-hand good things of one of ourroyal correspondents
from the other side of the water. The other day we had
reason to believe that we had wrongly addressed a letter to
our genial friend, C. Piazzi Smyth, or had, inadvertently,
done some other equally bad thing, and so we asked him
about it. From a prompt private letter we take part of his
answer as follows: ¢ But we are strangely in the dark as
to addresses. You ask me in your postscript touchingly
‘ Will you not kindly give me your present address.’ I reply,
most certainly I will. ‘Clova,’ as above, is the name of
the little house which my wife and I inhabit and own.
‘Ripon’ is the name of the little town, 1,000 years old as a
municipality, but only numbering as yet 7,000 inhabitants,
within five minutes walk of whose central market place the
above little house of Clova is situated, and is vct a country-
house in a garden and green field. Within all Great Britain
there is not another town of the same name; so that for all
home letters ‘Clova, Ripon,” is quite enough post office
address. But for those, as yourself, beyond the seas it is
necessary that you should add thereto * England.” So you
see | have left Scotland as well as retired from the ‘Astrono-
mer Royalship thereof. You, or your part, do not give me
the address of your nearest British money-order-paying
office. Partly, perhaps, because you seem over generously to
imply, that because it turns out that I had paid subscrip-
tions for the Royal Observatory Edinburgh, to the SIDEREAL
MESSENGER for two former years, you would let the present
vear go free. But that I cannot allow; I have therefore just
walked into Ripon and obtained a money order for eight
shillings British ($2 American, I suppose), payvable to you
by name, but at no nearer post office than St. Paul, Ramsey
County, Minnesota. This I accordingly enclose and I hope
vou will be able to negotiate it without much trouble.
Your last number I have sent to the Royal Observatory,
Edinburgh, and if you will kindly send the next one there
also, you will have accomplished your whole duty. I may
then wait to see if my successor is as fully aware, as I have
been, of the great advantage of being ‘‘in touch” with the
rising American Astronomers.

I am more bent at present in trving to complete a great
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work on spectroscopy than any thing else, if health and life
also hold out; but that will be as God planned from the be-
ginning. I remain ;till admiring your excelsior struggles."

Queries. 18. When does the next century begin? Wrong-
ly answered in the Scientific American recently.

19. Why does the full moon run high in winter and low
in summer? '

20. There is daily increase in the right ascension and the
declination of the stars. It is irregular in both; is it period-

ical in one or both? A.B.C.
21, What are the properties of the new glass that make it
superior to the old? G. H. P.

22. Is not the statement in the text hooks on astronomy
that sunlight is 800,000 times greater than full moon-light
manifestly wrong? Common observation would say that
number is 1,000 times greater than it should be? 1. C.

23. As aresult of a long series of experiments conducted
with the utmost skill and care, Professor Langley estimates
that if the atmosphere were removed from theearth the tem-
perature of the soil in the tropics, under a vertical sun would
be reduced far below zero, probably down to—328 Fahr.
On page 123, Professor Loomis’ College Astronomy states
that the extremes of temperature on the moon must be very
violent. During the period of the sun’s shining the surface
must become intensely heated; and during the next fort-
night the cold must be equally severe. Which is right? F. H.

Where the Eclipse Parties Observe. By referring to our
map of the path of totality of the eclipse, published in the
last MESSENGER those interested may learn the location of
each of the observing parties, so far as we know them at
present.

Dr. Lewis Swift, near Chico, California. He will observe
for intra-Mercurial planets.

Charles S. Rockwell, of Tarrytown, New York, will ob-
serve at some point in California.

The Lick Observatory will send a party to a station in
Lake County in charge of Mr. Keeler. Mr. Keeler will use
the 6-inch equatorial of the observatory and a spectroscope
(kindly lent for the occasion from the apparatus of the
Chabot Observatory by Hon. Fred M. Campbell) for the
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purpose of testing the theory proposed by Professor Has-
tings of Yale College to account for the phenomena of the
solar corona—namely, that it is chiefly due to the diffraction
of the solar rays at the edge of the moon. Mr. Barnard of
the Observatory, will have entire charge of the photo-
graphic observations of the corona. Mr. Hill of the Observ-
atory, will observe the contacts and assist Mr. Keeler. Mr.
Leuschner, student of astronomy, will probably make pho-
tometric observations to determine the relative light of the
corona and the full moon. At the Lick Observatory the
eclipse will be partial, not total. The contacts will be ob-
served by Professor Holden, Mr. Burnham and Mr. Schae
berle, and a series of photographs of the various phase swill
be made with the photoheliograph.

Under the enthusiastic direction of Mr. Burckhalter of the

Chabot Observatory a great number of members of the
Pacific Coast Association of Amateur Photographers intend
to photograph the corona. If the day is fair it is almost
certain that the plans adopted by these gentlemen will pro-
duce extremely valuable results.
+ A party from Harvard College Observatory will take sta-
tion at Willows. The party is to consist of Professor W. H.
Pickering, chief; A. L. Rotch, the meteorologist;; Mr. Bailey,
Mr. King and Mr. Black. The work of the party is the pho-
tography and photometry of the corona.

It is understood that Professor Lewis Swift, Director of
the Warner Observatory of Rochester, N. Y., will search for
intra-mercurial planets at some station in the Sacramento
Valley.

Professor J. P. D. John, Director of the De Pauw Observa-
tory of Greencastle, Ind., with his assistant, Dr. W. V.
Brown, will probably occupy a station somewhere in Butte
or Plumas counties. The equipment of this party consists
of two 5-inch telescopes, an almucanter, etc.

Professor H. S. Pritchett, Director of the Observ ator)
of Washington University of St. Louis, Mo., proposes to
observe the eclipse by photography at a station not yet
chosen.

Mr. Blinn will take some of the instruments of his private-
observatory in East Oakland to a station at or near Winne-
mucca, Nev.
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In Nevada, also, United States Surveyor General Irish,
who is practiced in astronomy, intends to make observa-
tions of the eclipse.

Professor W. Upton of Brown University, Providence, R.
I., with observers from Blue Hill will seek a position in
Western California for observation.

A party of observers from Carleton College, Northfield,
Minn., cosisting of Professors Payne, Pearson and Wilson
will probably observe the eclipse either in western Nevada
or at Chico, California. Their instruments are a 6-inch re-
flector for photography, a 4-inch refractor, a zenith tele-
gcope and other lesser apparatus.

Lorenzo Kropp, of Paysandt, Uruguay, South America,
in a recent private letter, gives useful information concern-
ing the irregularity of the mails between the United States
and parts, at least, of South America; but he says the
European mails are always received with great regularity.
This is the second instance that subscribers to the MEs-
SENGER in South America have suggested that their copies
should be mailed via England.

We are pleased to know that Mr. Kropp has a 5-inch
Refractor by Reinfielder and Hertel, of Munich ,and that we
are soon to hear of its quality and work.

E. F. Swayer of Cambridgeport, Mass., has given an im-
portant series of observations on suspected variable stars in
the Astronomical Journal, No. 184. There are 33 such stars
to which attention is called.

BOOK NOTICES.

An Elementary Treatise on Ayromechanics, with Numerous Examples,
by Edward A. Bowser, LL. D., Professor of Mathematics and Engin-
eering in Rutgers College. Second Edition. New York: D. Van Nos-

* trand, publisher, 23 Murray and 27 Warren Street ; 1886.

This book was written three years ago, and designed to
follow the author's work in Analytic Mechanics noticed in
this magazine a few months ago. Like the Analytic Me-
chanics, its proofs are by the aid of Analytic Geometry and
the Calculus, whichever seems to the author best to use in
any given case under consideration.
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The work consists of two parts; Hydrostatics and Hy-
drokinetics. The first contains three chapters and the
second four. The first chapter deals with equilibrium and
pressure of fluids. In the study of normal pressure successive
integration is used, bringing out very neatly the nature of
fluid pressures, and showing what is often difficult for
beginners to understand that the action of a fluid does not
depend upon its quantity, but on the position and arrange-
ment of its continuous portions.

The second chapter treats of the equilibrium of floating
hodies and specific gravity; and the third of gases and
elastic fluid.

The author devotes 162 pages to Hydrokinetics and dis-
cusses the resistance and work of liquids, the motion of
water in pipes and open canals, the motion of elastic finids
and hydrostatic and hydraulic machines.

The pratical bearing of this work, and the aim of it, to
lead the student to an intellegent use of his mathematical
knowledge in useful application, are points of commenda-
tion. Itis a valuable book for the teacher’s table if its scope
is bevond his class-room work.

Plan and Spherical Trigonometry, by Alfred H. Welsh, A. M., of Ohio State
Univ]egsét_v. Chicago: Messrs. C. Buckbee & Co., Publishers, 1888;
PP .

We always like to get a book from a Chicago printer, be-
cause we want to know how those young ambitious people
suzceed in printing books. It may, probably will, surprise
our Eastern friends that Chicago is printing books on the
higher mathematics, though we well remember that this is
not the first one.

This book begins with a chapter on logarithms to which
eighteen pages are devoted. Under each theme or theorem
is a table of exercises designed to test the pupil’s practical
knowledge of the principles enunciated above. In this the
author recogaizes the need of the class-room, especially for
the ordinary pupil before undertaking the operations of
trigonometry.

hough there is good authority for defining trigonometric

functions as ratios, in practice, we have always found that
direct definitions upon the lines themselves, were preferable.
The second chapter consisting of 54 pages, treats of the
plane triangle in which the use of natural functions in the
solution of examples is universally extended. The student,
in this part of his work, has only to do with acute angles in
the exercises given and this arrangement is designed by the
author for the sake of developing the branch properly and
obtaining from the student, as he believes, more definite re-
sults.
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The second step in this book is called Gonometry which is
that branch that treats of trigonometric functions in
general. Under this head appear a study of the signs of
the angles, and lines representing the functions, the general
relation between the functions, and the common formulse
for the sum and difference of triangles and other similar ones
usually given in such works. The exercises under each head
are very good, we could only wish there were more of them.
Here are two as specimens:

Given sin (x+y)=cos (x—y) to find x and y.

Adapt to logarithmic computation:

Sin 68° —S8in 35°
“Sin (68°—35°) :

The spherical Trigonometry appears to be equal to that
found in the latest and best books, presenting even some
for the formulee for the general spherical triangle. The nu-
merial examples under this head might be increased with
profit to the student. The logarithmic table for numbers is
4 places and extends to 200. The table for logarithmic
functions is to 10’ and 4 places. The natural table is to 10’
and 5 1Places. They are in neat form and good type for its
s'ze. This book is certainly a credit to the printing house
from which it comes.

Numbers Symbolized, an Elementary Algebra, by David M. Seusenig, M.
S., Protessor of Mathematics. State Normal School, West Chester, Pa.
Messrs. D. Appleton & Co., Publishers. New York, Boston, aand
Chicago, 1888; pp. 315.

This elementary book in the Appleton Mathematical Series
has been prepared evidently by a teacher of experience of the
best kind. e are pleased to see so much care in stating de-
finitions and elementary principles. We expect that teachers
in the best normal schools will know how to put things ac-
curately and well, and usually they do not fail to meet ex-
pectations in this regard.

In the earlier pages the graded sequence of development is
easy and natural for the beginning pupil, though he be
voung in years, for evidently such pupils were in the mind of
the writer as well as others. After the fundamental opera-
tion the simple equation, with one, two and three unknown

uantities, is briefly treated, but the burden of exercise for
the pupil is in the study of the exponent, the fraction, the
radical and the imaginary. This is right; for if a pupil is
well grounded in these, from the beginning, he will always
study algebra with pleasure and profit. We are sorry to see
fractions written, as 23, for example.

Should a teacher ever allow a pupil to write a fraction
that way? That is a commercial fraud. In method it is
both inaccurate and inelegant. But this is a little blemish
only on an otherwise excellent book.
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As stated on the first page of this paper, I think that we
are warranted by the concordance of theory and observa-
tion, in regarding the oceanic circulation as, primarily, an
effect of rotation, but this bare statement needs a qualifica-
tion; rotation is not the only factor that operates to pro-
duce the phenon;enon as we know it; the configuration of
the coasts is also an essential element. I purpose to demon-
strate that it is to the combined influence of both that the
main currents of the ocean are psincipally due.

It is well known that the tangential component of the cen-
trifugal force generated by the earth’s rotation is a pressure
exerted equatorward, and that it is this pressure that sus-
tains the waters of the ocean, in the equatorial regions,
above the level proper to them if the earth had no axial ro-
tation. It was by the operation of this component force,
when the matter of the earth was in a fluid state, that the
excess of matter near the equator was produced and sus-
tained. If this upholding force were to be destroyed at any
point, or along any line, it is evident that any fluid matter,
the waters of the ocean, for instance, would seek to return
to the normal level at that point or along that line. This
tendency is exemplified by the action of the tides. It is
well known that the ‘ tide wave " is, in the open ocean, sim-
ply an elevation of the waters to an apex, this elevation be-
ing due to the diminution of terrestrial gravity at a given
point by the moon’s gravitative force,and to the consequent
lateral pressure exerted by the aqueous particles tending to
flow toward the point where the force of gravity is de-

* Continued from Vol. VII, p. 429.
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creased, this pressure sustaining the waters above the nor-
mal level. When, by the diurnal rotation of the earth, the
solid matter of the latter, or the coasts, approaches the
fixed elevation of waters, or the ‘“tide wave,’” the latter is
deprived of the support on one or more sides. It is true that
the pressure is exerted upon the rigid land, as well as upon
the movable waters, but the former cannot move up to the
support of the ‘“tide wave,”” which, therefore, is precipitated
upon the shore, and rushes inward through the indentations
of the coast, producing that well known phenomenon, the
tide. Inan analogous manner the waters of the oceans near
the equator, elevated as they are by the pressure due to the
tangential component of the centrifugal force, must flow to-
ward the north and the south seeking their normal level,
where the trend of the coast lines is such that the support-
ing pressure is removed.

The force of the tangential component cannot, of course,
be annihilated; it must act upon the rigid land as well as
upon the movable waters, but by the interposition of the
former, a practical destruction of the force, so far as it
operates to sustain the waters above the normal level, will
be effected ; there will be a strain upon the land but the lat-
ter cannot move up to the support of the elevated waters;
the latter must therefore flow down along the coasts north-
ward and southward, as it were ‘‘ under the lee of the land.”
If the trend of the coast were east and west, and the tan-
gential pressure or upholding force at a right angle to it,
this pressure might be likened to that of a mighty wind
blowing equatorward and forcing the waters in that direc-
tion or ‘‘off shore.” Under the condition of equilibrium
in the fluid matter of the earth the ‘ tangential component’’
is exerted directly toward the equator from both sides of the
latter, and is at a maximum in latitude 45°. If we now re-
gard this fluid matter as not in a state of perfect equilibrium
or, in other words, if we admit the tendency to eastward
pressure due to the disturbance of equilibrium by neighbor-
ing bodies, and the existence of which I have endeavored to
demonstrate on preceding pages, the resultant pressure
must be, generally, southeastward in the northern hemi-
sphere, and northeastward on the other side of the equator.
If the earth were completely covered by water the result of
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this pressure would be an excess of ecastward motion in the
aqueous particles near the equator, a condition which prob-
ably exists in the fluid envelope of the sun; but the rigid
land is interposed amid the waters, preventing such action
and giving rise to a motion of the aqueous particles in a
direction differing from the above. I claim that the modus
operandi is such as to produce the ocean currents as we
know them.

To comprehend the matter clearly, the reader need only
take a map showing the whole Atlantic basin, observe the
trend of the coast lines on both sides thereof, and represent
the forces brought into action by the rotation of the earth
by arrows pointing southeastward in the northern hemis-
phere, and northeastward in the other; strictly speaking
these arrows should point more directly east near the equa-
tor, for on that circle the tangential component is 0.

It will be seen, that the forces so represented will tend to
cause the waters of the Atlantic not only to be raised
near the equator above the level which they would occupy
if the earth had no rotation, but also to press toward, or to
converge to a point or region on the west coast of Africa,
about the Gulf of Guinea; the waters there will thus be
elevated to an apex above the level in the same latitudes on
the opposite or American coast. Let the reader now turn
his attention to the coast lines of North and South America.
He will see that the arrows representing the forces will be
directed off these coasts, in fact the direction will be almost
at a right angle to the trend of the North American coast,
but somewhat less to that of South America, particularly in
the more southern parts.

This pressure away from the coasts, which may be likened
to a mighty wind blowing “ off shore,” must tend to leave,
as it were, a valley or trough near the coasts, down which
trough the piled-up waters near the equator will, by the
action of gravity, flow toward the north and the south,
passing, as it were, ‘‘ under the lee of the land.”” The north-
flowing waters will form the well known Gulf Stream, while
the southerly flow constitutes the Brazil current.

This out draught from the equatorial waters along the
western coasts must set up a westward flow along or par-
allel to the equator from the apex on the African coast.
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This westward moving stream is the equatorial current
which thus flows, as it were, down hill from the apex in the
Gulf of Guinea to the points of outflow on the American
coast or the starting point of the Gulf Stream and the Bra-
zil current. It is worthy of note that the former current,
whose course is northeast along the coast of the United
States, has its northerly movement stayved and its course
deflected sharply eastward in latitude 45°, in which lati-
tude the ‘ tangential component,” pressing southward, is at
a maximum, and also where the trend of the coast changes
so as to allow the southerly pressure to be exerted in full
force; in other words where the stream forces out from the
protection of the land.

The southern flow, or the Brazil current, is also deflected
eastward, but about latitude 35° south. The comparative
inferioritv of the latter current, both in strength and in
length of course, is probably due, at least in part, to the
fact that the trend of the South American coast is such that
the portion of the upholding force rendered inoperative by
the interposition of the land is not so great as in the case of
the Gulf Stream, the latter flowing along a coast whose
trend is, up to latitude 45° north, nearly at a right angle to
the ‘off shore’’ pressure. As is well known hoth of these
currents turn at first sharply to the east in abhout the
latitudes named above.

The principal part of the Gulf Stream, crossing the Atlan-
tic, becomes merged into the North African current, which
flows along the African coast toward the equator, while the
Brazil current swerves first eastward across the South At-
lantic, and eventually joins what is called the South African
current, which flows northward toward the equator along
the African coast.

These currents may be regarded as representing respect-
ively the southeastward and the northeastward pressures
arrested by the African coast, and deflected equatorward to
the region of the Gulf of Guinea, where the waters are piled
up to an apex, as has been shown above. From this point
or apex they again flow westward as the equatorial current
and make the same circuit as that above described, the proc-
ess being repeated unceasingly, or so long as the forces
brought into play by rotation and gravity, and the present
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trend of the coast lines exist. Similar action may be seen in
the Pacific Ocean; the Japan current represents the Gulf
Stream, and the Peruvian current northward along the west
coast of South America is analogous to the South African
current, while the flow southward along the west coast of
®North America may be regarded as the counterpart of the
North African current. These principal streams naturally
give rise to minor or derivative movements of the waters,
but of these it is unnecessary to speak. The acceptance of
this hypothesis does not necessitate the complete rejection of
the generally received notion which regards prevailing winds
and the differences of temperature in the waters of the
oceans as causes of the phenomenon; these doubtless have a
marked effect, but they only act as auxiliaries; the main or
primary cause must be found, I think, in the action of the
forces above mentioned. Unless well established laws of
**mechanics,” and, in particular, the law of * gravitation,”
be abrogated or suspended, the waters of the oceans must
flow as they do, even were the atmosphere perfectly quies-
cent, and the temperature of the waters uniform. The fact
that the currents follow the coast lines so closely is, I think,
very significant, and corroborates the hypothesis which I
have advanced.

I have thus endeavored to demonstrate that the four
phenomena, viz.; sun spots and their per(;dicity, terrestrial
storms, the seismic forces, and the oceanic circulation are
primarily effects of rotation and gravitation. Of the abso-
lute nature and cause of the force called ‘‘ gravity” we have,
at present, no knowledge; we know it only through its ef-
fects, but the determination of the probable proximate
origin or cause of rotation is not a very difficult task.

On preceding pages I have shown the form and dimensions
of the orbit in which a material particle on the equatorial
circumference of the earth would move under the influence of
the centripetal attractive force of the earth’s mass and the
linear velocity due to the axial rotation of our globe, that
is, if said particle were free to move around the center of the
earth and if the whole mass of the latter were concentrated
at that point. The linear velocity of rotation has thus been
regarded as a factor in the formation of the orbit, or as a
cause, but I think that the axial rotation itself may be re-
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garded as an effect due to an original orbital revolution of
independent particles of cosmic matter. We may be aided
in our search for the origin or cause of the axial rotation by
a consideration of the much discussed but ever interesting
““nebular hypothesis.”” We can conceive of the existence of
a vast irregular mass of nebulous matter of indefinite ex-*
tent moving through space, and of whose origin or destina-
tion it is not essential to our purpose that we should have
any definite knowledge. As no valid physical objection
stands in the way, we may regard it, if we will, as called in-
to existence directly by the fiat of the omnipotent Creator,
but whence it comes or whither it goesis immaterial in this
connection. It suffices to assume this matter and motion to
exist, and to the legitimacy of this assumption modern as-
tronomical ohservations furnish abundant attestation. "It
is also most reasonable to assume that some portions of
this irregular nebulous mass will be more dense than others;
i. e., that there will be a greater aggregation of matter at
some point or points than at others. By the operation of
the “law of gravitation” the surrounding matter must be
drawn toward each point of greater density, or center of
condensation. Considering any one such center or nucleus,
it is evident that the surrounding particles must be drawn
directly toward it if they are at rest relative to the nucleus,
but it is practically impossible that in a vast irregular mass
like the one under consideration such a condition should
obtain; the mutual attraction of the particles must induce
motion, therefore the surrounding matter will have a ve-
locity relative to the nucleus, and this, in conjunction with
the force of gravity resident in the nucleus, must cause
the particles to describe orbits around the latter, under
the operation of well known laws of mechanics.

The orbit of any one particle, unimpeded by others, may
have any position relative to a fixed plane through the cen-
tre of gravity of the nucleus, but it is obvious that in the
congeries of nebulous matter described above, the individual
particles cannot have perfect freedom of motion; in propor-
tion to the density of the mass, impact among the particles
must occur, and some will have their orbital velocity accel-
erated thereby, while others will be retarded in their
courses; the latter must therefore fall more directly toward
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the centre of attraction, or the nucleus. As the condensa-
tion increases the orbital motion of the separate particles
will, by impact, tend to set up a rotation of the whole mass
around a fixed axis, and a spheroid will be developed from
the primitive irregular mass.

The fixed, or polar axis of this spheroid will have its posi-
tion determined by the position of the majority of particles
having the greatest freedom of motion, and the rotational
velocity will depend upon the amount of orbital velocity
possessed by these particles. Thus the fixed axis will be lo-
cated in the matter having the least orbital motion, or
among those particles which fall most directly toward the
nucleus.

In a rotating spheroid derived from an irregular nebulous
mass, minor or secondary centers of condensation may be
developed at any point or number of points, in the same
maunner as that in which the primary center or nucleus was
formed, and in like manner will surrounding particles gravi-
tate toward these secondary centers and revolve, or tend to
revolve, in orbits around them, the orbital revolution being
finally transformed into axial rotation. From these second-
ary formations tertiary ones may be developed in an analo-
gous manner. It is thus that, in all probability, our sun
and the stars, which are only distant suns, have had their
origin.

These secondary formations must, by reason of the rota-
tion of the mass in which they are developed, revolve in or-
bits around the primary nucleus. In a dense nebulous mass
the revolving particles must have their motions more or less
affected by friction and impact among themselves; the mo-
tion of some being retarded or destroyed, they will tend to
fall directly toward the primary center; while the smaller
particles thus fall, the larger secondary formations must, by
reason of the ‘““living force”’ due to their mass and velocity,
be enabled ta overcome the resistance referred to, and retain
nearly their original motion derived from the rotation of the
parent mass; 1. e. they will move in nearly circular orbits
around the primary nucleus; the other and smaller aggrega-
tions of matter, less able to overcome the resistance, must
move in orbits of very great eccentricity, in fact almost in
straight lines. This matter thus falling down toward the
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center of attraction, will leave the larger bodies revolving in
clear space in nearly circular orbits. In any primitive irreg-
ular mass such as that just considered, there may be one or
more than one center of condensation; if only one, a body
like our sun will be developed therefrom, while if there be
two or more such centers or nuclei, the result will be the
formation of binary and multiple stellar systems.

I think that we can consider the solar system as a perfect
exponent of the processes above described. The sun can be
regarded as the result of the condensation of an indefinitely
extended nebulous mass into a rotating spheroid; it is ob-
vious that a congeries of matter formed from the slowly
moving particles near the outermost limits of the primitive
irregular nebula would, by the operation of gravity, move
in orbits of very great eccentricity; we know that the com-
ets and meteors move in just such orbits, Itis a well estab-
lished fact that nearly all the cometary and meteoric orbits
which have been determined approximate very closely the
parabolic form, but that portion of the orbit of any one of
these bodies through which it can be traced even by the aid
of powerful telescopes is comparatively so small that it is
impossibl¢, in most cases, to tell whether it is part of a
parabolic curve, or an ellipse of very great eccentricity, al-
though in many cases the ellipticity is determinable. In
view of the above facts it may be regarded as very probable
that most, if not all, comets and meteors have their origin
in the solar system. Itis true thatin a very few cases hy-
perbolic elements have been found, but the nature of the
data from which they were derived is such that more or less
doubt attaches to them; but circumstances may be such
that a body may come into our system from the outside and
one formed in that system be expelled therefrom; such cases
must, however, be very rare.

The major axis of the orbits of these bodies are almost in-
variably of enormous length, a fact which can be accounted
for by this hypothesis which regards comets and meteors as
being formed near the outer limits of the primitive in-
definitely extended nebula which has condensed into what
we call the sun. By reason of their formation in these out-
ermost regions, where the motion of the primitive nebulous
matter was not confined to any definite direction, the come-
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tary and meteoric orbits can have, and we know they do
have, any inclination between 0° and 180°; but in the case
of bodies formed in the interior portions of the nebula,
where the condensation has become so great that the origi-
nal orbital revolution of the individual particles has been
transformed into a rotation of the whole mass, the motion
will be confined to a definite direction, viz, that of the mo-
tion of rotation; the inglinations will therefore be confined
between the limits 0° and 90°. '

The planets may be regarded as bodies formed around the
minor, or secondary centers of condensation; they have by
reason of their * living force’ retained the motion imparted
to them by the rotation of the original mass in which they
were formed, while the smaller particles have fallen toward
the primary nucleus, thus forming the sun as we know it,
and leaving the larger masses, or the planets, revolving
around the latter body. As eminent physicists have shown,
it is to this falling or condensing matter that the sun’s heat
and light are due through the principle of the “conservation
of epergy.” The moon and the satellites of the other planets
may be regarded as the tertiary formations above alluded
to, these formations having been developed from the second-
ary masses, or the planets, by the same process by which
the latter have been formed from the primary mass.

This conception of the origin of the members of the solar
svstem differs from the ‘‘nebular hypothesis,” as usually
stated, in that these bodies are here considered as developed,
not from rings thrown off by *‘centrifugal force” from the
rotating mass, but from the matter gathering around the
minor centers of condensation or nuclei by the action of the
*force of gravity " resident in these nuclei, the mode of form-
ation being analogous to that through which the primary
nucleus, or the sun, has been derived from the primitive
nebula.

It is customary to style the “nebular hypothesis’ a very
beautiful and plausible conception, vet only a speculation.
But is it not more than this? We have ocular evidence of
the existence of irregular indefinitely extended masses of
nebulous smatter; the ‘‘force of gravity’ is an established
fact, and the law of its operation is accurately known. We
also know from the principles of ‘‘mechanics” that this
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force acting upon this matter must produce results such as I
have described above. Therefore I think that we are war-
ranted in regarding the origin of the ‘““solar system’ as-
cribed by the nebular hypothesis as the true one.

From what has been shown, we can plainly see that the
motion of rotation is simply the derivative of orbital mo-
tion ; therefore, since the latter is the result of the action of
the force called “ gravity,” it follows that the effects of rota-
tion, viz., sun spots, terrestrial storms, seismic phenomena
and ocean currents, are primiarly due, as I have claimed at
the beginning of this paper, to one cause, viz., ‘‘ gravita-
tion.” )

The rotational velocity of any cosmic body depends, as
stated above, upon the original orbital revolution of the
particles composing it, and the orbital velocity depends
upon the degree of freedom of the particles to move. This
freedom depends upon the density of the matter; therefore
the velocity of rotation may be regarded as a function of
the density; the greater the latter the less will be the free-
dom, and consequently the less will be the rotational vglo-
city, and vice versa. In this connection, the following
numerical facts tabulated below will, I think, be found
remarkable:

PLANET. 1 2 3 4 S5 (4
Mercury.......... s 0°10° 112 1.00 1.06 —0.06
Venus.............. 201 012 103 098 1.02 —0.04
Earth.............. e 012 100 1.00 1.00  0.00
Mars............... 02 017 095 1.03 097 +0.06
Jupiter............. -1‘:. 335 0.24 041 049 —0.08
Saturn............. . 447 013 04+ 036 +0.08
Uranus............ ), 406 017 040 041 —0.01
Neptune........... e e 0.16 ... 040 ...

Column 1 contains the values of the ‘‘compression' com-
puted by the method I have given. Column 2 contains the
angles by which gravity would deviate from the normal to
the surface at the equator, if the planets had not attained a
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figure of fluid equilibrium; it is the angle of which the ¢ com-
pression” is the sine, or a=2. Column 3 shows the value
of the density of each planet, the earth’s density being taken
as the unit. Column 4 shows the rotational periods, that of
the earth, the sidereal day, being taken as the unit. Column
5 contains the square root of the densities In column 3, and
column 6 shows the differences between the observed rota-
tional periods and the square root of the densities, taken in
the sense, ohservatian —computation, or column 4—column
5; the differences are expressed in terms of the sidereal day.
We thus see that the square root of the densities is nearly
the same as the rotational period corresponding, a fact
which, I think, corroborates my claim that these periods are
functions of the densities. o

The reader cannot fail to notice the distinct line of de-
marcation hetween the first four planets and the last four, a
line wwhich is also distinctly marked by the zone of the aster-
oids. Although we do not know from observation the rota-
tional period of Neptune, yet, as its density is known, and
since the rotational period is a function of the density, we
can safely assume that it is nearly the same as the period of
Uranus. This will give us compression for Neptune =
and the corresponding angle 5°32’. )

The action generated by rotation in the fluid particles of a
sphere is probably to a certain extent cumulative: Consid-
ering the equation p=-',7, in which the first number repre-
sents, as has been shown, the radial or uplifting force, and
also the equal force exerted at a right angle to the former,
which latter force tends to produce motion in the direction
of rotation, we can plainly see that for a constant velocity
in the case of any given body, the forces represented by p
will depend upon k; were there no axial rotation these
forces would be nil, but if a rotary velocity be impressed,
they will come into existence, and for a uniform motion they
will be constant, and equilibrium will exist as long a; k is
not changed in value. The proximity of another cosmic
body will effect a change in the value of k, and therefore of
the forces; but if the perturbing body remain at a constant
distance, equilibrium will again be established. It is only
by the variation of the distance of the neighhoring body
that changes in the value of the forces can he caused and
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equilibrium be rendered impossible. Look at the case of Ju-
piter and the sun; the great planet is not at a constant dis-
tance from the latter, but moves from aphelion to perihelion
and back again in nearly twelve years, with all the regular-
ity of a pendulum vibration; the value of k for the sun, and
therefore the forces represented by p, must vary with the
same regularity within certain limits. When the planet is in
perihelion k will have its minimum value; then will the up-
lifting force and the pressure at a right angle to it,and tend-
ing to produce motion in the direction of the rotation be the
greatest; on the other hand, when Jupiter is in aphelion, k
will be greatest, and the forces will have their minimum val-
ues. In the first case the tendency will be to cause the ap-
pearance of g maximum number of spots upon the sun, and
in the last a minimum. The general effect of this action
must he alternate expansion and contraction of the solar
globe, within narrow limits, and this vibratory or undula-
tory motion must havea period corresponding to that of the
disturbing body. Furthermore, this effect must be cumula-
tive; the action generated during one swing of the planet
from aphelion to perihelion and return may be very small,
but that from many may be considerable. The other planets
must also exert a similar influence, but in a less degree.
When the planet is in aphelion the value of k is greatest,
and that of the forces least; in other words, the sun’s force
of gravity is at a maximum; the solar matter must there-
fore undergo condensation toward the center, during the
progress of the planet from perihelion to aphelion, and ex-
pansion while the perturbing body is moving in the opposite
direction. Since, according to the principle of the ‘‘con-
servation of energy,” this condensation must generate heat,
it follows that there should be a slightly greater emission of
heat from the sun when the spots are at a minimum than
when they appear in greatest numbers. The same is prob-
ably true of electric and magnetic action. Thus meteor-
ological effects dependent upon this solar action might be
expected to occur upon the earth. Observation seems to in-
dicate that they do.

We can obtain a very simple yet clear exemplification of
the action of the forces above referred to in producing sun-
spots, etc., by means of the following experiment: If we
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take a vessel of water, and place in the latter small particles
of any buoyant substance, these particles to act as indices of
the motion of the water, and then pour or force an addition-
al quantity of water so that it will produce a rapid current
eastward across the vessel, vortices will be seen to form on
each side of the current; those on the north will rotate in a
direction opposite to that of the hands of a watch, while a
contrary movement will be observed on the south side;
along the current no vortices will be formed. It is a signifi-
cant fact that the sun-spots are not found upon the equator,
but at some distance on either side of it, just as the vortices
in the above experiment. The reason may be found in the
hypothesis which I have advanced above, viz., that there is
at times a greater angular velocity near the 8olar equator
than toward the poles, or a current, in the direction of the
rotation, along or parallel to the equator. Furthermore the
terrestrial storms or cyclones have a rotary motion in the
directions shown by the experiment.

If we examine the elliptic orbit which a particle of matter
on the equatorial circumference of the earth would describe if
free to move, which orbit I have shown at the beginning of
this article, we will see that the major axis of this ellipse is
equal to the mean® radius of the earth, and that the angle
11’47”.5 which gravity, on the equator, would make with
the normal to the surface, if the original fluid matter of the
earth had not attained a figure of equilibrium, is the same
as the angle of the vertical in latitude 45° or the maximum
angle; it is 16”.9 greater than the value generally used, be-
cause that is computed from Bessel’s value of the compres-
sion or 53;—95, while the former is derived from the compres-
sion form by the method I have given or ;5 5; which is near-
ly the same as Clarke’s value derived from arcs of meridian.
1t is the angle of which the compression is the sine, or it can
be derived by combining the resultant of the forces repre-
sented by p, with the whole force of gravity; it will, then,
be the angle which this second resultant makes with the
whole force.

A study of the orbit will disclose other interesting rela-
tions which connect this simple process for finding the *fig-
ure of the earth,” with the more elaborate analytical meth-
ods employed by Clairaut and other eminent geometers,
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for the same purpose. In closing I would say that while to
many the claim set forth at the beginning of this paper, viz.,
that the diverse phenomena mentioned were due to one and
the same determinable cause may have seemed preposterous,
those readers who have possessed sufficient interest in the
subject, and patience to follow closely and understandingly
the development of my theme, must, I think, have arrived at
a different conclusion.

Complexity in the appearance, but simplicity in the reality
seems to be a characteristic of the workings of Nature, from
the operations of whose law of ‘“universal gravitation,”
these effects flow as inevitably and naturally as, by virtue
of the same great law, the raindrop falls from the cloud, and
the river flows to the sea.

THE AVERAGE PARALLAX OF STARS.

BY W. H. S. MONCK.
For THE MESSENGER. -

Dr. Elkin's computation of the average parallax of stars
of the first magnitude must have mterested most of the
readers of THE SIDEREAL MESSENGER, but the considerable
differences between some of his results and those of previous
observers seem to render it desirable, if possible, to solve the
same problem by a different method. 1 think, moreover,
that the average parallax of stars of the second magnitude
would be a more soluble problem than the average parallax
of stars of the first magnitude. For photometric researches
have shown that stars ordinarily classed as of the first
magnitude, may differ from each other by two to three
magnitudes and even taking Dr. Elkin’s list the extremes
probably differ by nearly a magnitude and a half. This oc-
curs with stars of the first magnitude only. Stars of the
second magnitude moreover being more numerous, an aver-
age is more reliable. My present object, however, is only to
suggest a different mode of computing such averages.

The principle of this method is as follows: The sun is a
comparatively insignificant member of the stellar system,
and situated at a great distance from its nearest neigh-
bors. Therefore the stars on an average have no greater
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tendency to approach or recede from the sun than to move
at right angles to the joining line; and on a general average
the motion in the line of sight will be equal Lo the motion
at right angles to it. The former of these motions can be
measured in miles per second by the spectroscope; the lat-
ter is known as the proper motion of the star and is usu-
ally measured by the number of seconds or fractions of a
second described annually. If we know the average mo-
tions in these two directions for the stars of any magnitude
we can obtain the average parallax by equating them. Of
course this method may be wide of the truth in the case of
any individual star because the true direction of that star’s
motion may be nearly in the line of sight or nearly at right
angles to it, but errors of this kind will balance each other in
the average result. Further, I know of no reason for think-
ing that the average velocities of stars of the first magni-
tude are either greater or less than those of stars of any
other magnitude, and this a priori anticipation is, I think,
confirmed by the results of spectroscopic measurements as
far as they have gone. If so, we can arrive at an average
velocity in the line of sight for all stars, and then determine
the average parallax of the stars of any given magnitude
from the average proper motion of the stars of that magni-
tude.

Considering the difficulty of making accurate spectro-
scopic measurements, and the conflicting results often ar-
rived at in the case of the same star, it is much to be wished
that we had more of them. I have not, however, in making
a first rough calculation, used all the measures that are
available, but confined myself to the Greenwich results as
published in the last three volumes of the Monthly Notices
of the Royal Astronomical Society. In 1885 there was an
average motion of 30.2 miles per second for 47 stars; in
1886 an average of 22.6 for 45 stars, and in 1887 an aver-
age of 28.0 for 43 stars. A large proportion of the stars
observed each year were identical, and the differences must
have arisen in part from errors of observation. Until, how-
ever, we have better results deduced from measurements of
a larger number of stars, I think the average velocity of a
star in the line of sight may be taken at 26 to 27 miles per
second; and I believe a separate examination of the stars of

i ‘
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the first magnitude would not have led to a materially dif-
ferent result as regards them. Equating this velocity with
the proper motion, we obtain for the average parallax of a
star of any given magnitude (in seconds) approximately
0.11 a, where a is the average proper motion (in seconds)
for a star of that magnitude. The average proper motion
of Dr. Elkin’s ten stars is 0”.609, which gives an average
parallax of 07.067, a figure somewhat lower than has
hitherto been assigned, but the general result of recent in-
vestigation has been to reduce our estimates of parallax.

I do not know of any table of the proper motions of the
stars of the second (or of any higher) magnitude from which
their average parallax could be deduced in this manner. Ac-
cording to the usual photometric scale, a difference of one
magnitude indicates that the distance is increased by the
multiplier 1.585, and the proper motion will naturally be
diminished in the same ratio. On this assumption, taking
the average parallax of a star of the first magnitude at 0" .-
067, we shall have for the second magnitude 0”7.042, and
for the third 0”7.026, provided that no light is lost in trans-
mission. If light is" lost in transmission, however, the
average distances will be less, and the average parallaxes
and proper motions greater. Numerous and careful, obser-
vations both of proper motion and of spectroscopic velocity
are much to he desired.

TOTAL SOLAR ECLIPSE, JAN. 1, 1889g.

THE EDITOR.

It is yet too soon to give more than a brief outline of the
work undertaken during the total eclipse of Jan. 1, 1889.
The long distance that many parties traveled, the time nec-
essary to develope photographic plates and to prepare illus-
trations, make it impossible to give, in this number, the full
report which was suggested last month.

It may, however, interest our readers to have an intro-
ductory statement, at least, of facts in hand concerning the
location of various observing parties, the work undertaken
and the probable results reached.
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The following statement concerning observers, instru-
ments, places of observation and work attempted was
gathered in California from various sources, and from cor-
respondence since our return home.

Willows. The Harvard College Observatory party were
stationed at Willows in the Sacramento Valley, on the west
side of the river. The party consisted of Wm. H. Pickering,
chief, S. I. Bailey, Robert Black, E. S. King, from Harvard,
and twenty-nine local assistants. Fourteen telescopes and
cameras were employed, and eight spectroscopes. The first
contact was lost by clouds. The duration of totality was
reported to be one minute and eighteen seconds (which is
evidently an error in transmitting the report). Eight photo-
graphs were secured with the thirteen-inch telescope, giving
images two inches in diameter before enlargement. Nine
were taken with the eight-inch camera. Twenty-five nega-
tives were taken to measure the brightness of the corona
and surroundings; five negatives to search for intra-Mer-
curial planets, and twenty to study the spectrum of the cor-
ona and determine its composition. These photographs are
expected to reach from the yvellow rays to the ultra violet.
For the latter purpose the spectroscope with lenses and
prisms composed exclusively of quartz were employed.

Seven observations were made with the photometer to
measure the general illumination during totality. It was
found lighter than during the eclipses of 1878 and 1886.
The corona was similar to those of 1868 and 1878, but
showed much more detail than the latter. It was an excep-
tionally fine corona, extending usually on one side to two
solar diameters. Its striking characteristic was two forked
wings of light. The polar rays were well defined and con-
siderably shorter.

Professor W. Upton of Brown University, and A. L. Rotch
of Blue Hill Observatory gave attention to meteorological
observations at a little distance from the Harvard party.
Results not learned.

Cloverdale was the point chosen by the Pacific Coast
Amateur Photographers’ Association under the direction of
Mr. Barckhalter who himself used a 10Y%-inch Newtonian
reflector with camera attached for photographic purposes.
The party consisting of about forty persons succeeded in



66 The Sidereal Messenger.

making onehundred and sixty-seven negatives with cameras
of various sizes. As we went to press a full description of
the work of this enthusiastic party came to hand accom-
panied by a dozen photographs of the corona as taken
by diferent persons of the party.

The Lick Observatory party were located at Bartlett
Springs. At the time of first contact the sky was perfectly
clear, and both Mr. Hill and Mr. Barnard observed it. Mr.
Hill observed the remaining three contacts, Mr. Keeler saw
remarkable changes in the length of the coronal lines. Mr.
Barnard obtained nine photographs with three different
cameras. Mr. Leuschener made seven measures of light
during totality. Drawings and paintings of the corona
were also made. At the Lick Observatory thirteen photo-
graphs were taken of partialphases.

Norman. A party of 300 excursionists by specnal train
from San Francisco, Sacramento and other points sought to
reach a point within the path of the total shadow, but the
train being late failed to see the total phase of the eclipse.

Healdsburg. A person by the name of Professor G. E.
Hall reported that twenty-two negatives were taken at
Healdsburg. Streamers were seen at this place ten or twelve
degrees long as reported in the Examiner of San Francisco.

It was also said that ‘‘the corona presented the color of
deep red near the ntoon, then rose vermillion, shading into
orange violet.” Solar prominences and portions of the
chromosphere were doubtless meant. The length of the
streamers was greatly exaggerated in this report, probably
five times their true length.

Nelson was the point chosen by Professor Lewis Swift, of
Warner Observatory, Rochester, N. Y. His purpose was to
search again for intra-Mercurial planets, butclouds and haze
made this work impossible.

All four contacts were well observed, a chronometer watch
previously set to the Lick Observatory time being used by N
B. Scott. Five very small colorless protuberances were seen,
all having pointed apexes. Near the point of one was an-
other detached from the sun. Bailey’s beads were seen at
the second and third contacts, but entirely unlike those seen
at Denver in 1878. No chromosphere was visible, though
looked for.
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Mercury, Venus, Vega and Alpha Cygni were seen; the
corona could not be drawn, but as seen through the, tele-
scope was not very extensive.

The first contact was at 12k 24m 36s; the second contact
was ab 1h 48m 29s; the third contact was at 1h 50m 25s;
the fourth contact was at 34 8m 14s. The duration of to-
tality was one minute and fifty-six seconds.

Chico. The Carleton College party observed at this point.
Professors Pearson and Wilson made twenty-one exposures,
nine of which belonged to the total phase. Some of these
photographs have been developed and turn out well, others
show a disturbed telescope, and over exposure. Professor
Payne examined the corona with a two inch telescope, and
noticed the north polar rays curiously curved, saw two col-
ored prominences on the western limb and a portion of the
chromosphere in all its usual strong color. Drawings were
made and all contacts were observed.

The beginning of totality was observed at 1h 42m 7s, and
its end came at 1h 50m 2s, giving a duration of 1m 53s, four
seconds less than the time computed for this point by the
Lick Observatory.

Free hand sketches of the corona were drawn by several
persons connected with our party. Some of these will be
published later.

The corona as seen through the telescope was full of in-
teresting details. We had time to examine only a part of it.

Winnemucca (Nev.) The weather was perfectly clear dur-
ing the entire day. Professor H. A. Howe, of Denver Uni-
versity, with five assistants, observed the contacts, made
drawings of the corona and did some photographic work.

Professor Elkin of the Yale Observatory also chose this
point. He did not discover two comets as was erroneously
reported at the time.

J. A. Brashear made drawings of the corona especially in
the region of the south pole of the sun.

No appreciable change of temperature was noticed during
the eclipse. Shadow bands were observed here. The corona
was similar to that of 1878. The streamers extended from
3 to 4 diameters of the sun and red protuberances were
strongly marked. \

Chas. W. Irish, Surveyor General of Nevada, chose a point
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on 120th meridian north of Reno. He made drawings of
the gorona, observed contacts, and secured several good
photographs during totality. His results are important
and will find place in the March MESSENGER.

Professor C. W. Pritchett, of Washington University, St.
Louis, and his party were also very successful in their obser-
vations. Professor D. P. John, of DePauw University, Ind.,
was also somewhere in the path of totality. The results of
his work we have not yet learned. There are many other
observers whose work deserves mention, but want of space
compels us to defer it at present.

NOTE ON THE ECLIPSE OF JAN. 1, 1889.

PROFESSOR DAVID P. TODD.*

For THE MESSEXGER.

The clear skies everywhere prevalent along the belt of
total eclipse on the afternoon of January 1st afforded a
most favorable opportunity for the co-operation of volun-
teer observers who had received copies of the instructions for
observing the eclipse prepared by myself under the direction
of the Bache Trustees of the National Academy of Sciences.
Several hundred pamphlets were distributed to the best ad-
dresses that could be secured, of persons within the path of
the shadow from the Pacific Coast through California,
Nevada, Idaho, Wyoming, Montana, Dakota and Manitoba.
The returns from this expenditure already received are most
gratifying. Only about one per cent of the observers re-
mark any interference whatever from clouds. Practically
the whole eclipse region was free from atmospheric obstruc-
tions, and even in Manitoba, near the point where the
shadow left the earth and the sun was thus only a few
minutes above the horizon, the reports I have received show
that the observers had excellent conditions for this work.

It seemed best to confine the instructions to a very few
points of scientific interest. So I selected five, (1) drawings
of the entire corona, (2) drawings (telescopic) of the fila-
ments about the solar poles, (3) sketches of the outlying
streamers along the ecliptic (using an occulting disk), (4) ob-

® Director of Amherst College Observatory.
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servations of the simple duration of totality along both
edges of the shadow-track, (5) photographs of a standard
object illuminated by the direct light of the corona.

These last which I regarded as of least importance, have
apparently heen least attractive to the amateur photo-
graphers. The plates I have received are not developed, and "’
thus nothing is yet known as to the results.

Under (4), the observations appear to show no great error
in the predicted position of the lunar shadow, though they
cannot of course be definitely discussed until the exact long-
itude and latitude of the numerous observation points have
been determined—a large work.

The drawings of class (1) are perhaps as diverse as those
similarly obtained in the eclipses of 1869, 1878, and 1887;
but the scores of sketches already received indicate a corona
of unusual proportions and irregularity of figure. I shall

- discuss them uniformly with the Japan series of 1887 now in
my hands, and the results seem likely to be of value, even as
supplemental to whatever photographs have been secured.
Certainly it will be determined whether, in future eclipses
passing over inhabited regions, it will be worth the while
to trouble the intelligent residents with coronal sketch-
making. Should this note reach any person who has made
a sketch of the corona at the late eclipse, and who has not
forwarded it, he is invited to do so as early as practicable,
and will receive in return a copy of the published report on
all the observations which have been made in response to
my instructions.

The drawings of class (2) are perhaps the most important
of all, as even small telescopes and concentrated attention
will bring out details of the complex polar filaments such as
the photographs of previous eclipses have mostly failed to
show. I should, perhaps, except the Krasnoiarsk negatives
of 1887 from this statement ; while the results of the best ex-
posures of the present eclipse are, of course, unknown as yvet.
The case, however, seems to be so far quite as clearly in
favor of the optical observer, as is the pictorial representa-
tion of the detail of sun-spots, where the photographic
plate operates at a disadvantage which it is hard to see the
way to overcome at present. It seems to me a matter for
regret that more telescopes should not have been used in

- A
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this way. Most of the polar sketches already received are
excellent, but there are not so many of them as I had hoped
for.

With reference to the zodiacal streamers (3) the returns are
very satisfactory, when one considers the extra trouble the
intending observer must take to set up the occulting disk,
adjust a mark for the position of the eye—not to mention
the requirement that he should keep his eyes in entire dark-
ness for ten or fifteen minutes before totality, and thus sacri-
fice all chance of seeing a part of the phenomenon of very
great popular interest. I have already a goodly number of
such sketches, and they show that many of the observers
traced the streamers quite as far from the sun as Langley
and Newcomb saw them at the discovery in 1878. The
persistence of those puzzling objects at or near the epoch of
minimum spots must be taken, I think, as strong evidence
in support of the theory of a ring of meteoric or other mat-’
ter surrounding the sun approximately equatorially; and
the probable absence of which, during the time of maximum
spots, has, in some not yet fully understood manner, some-
thing to do with the occurrence of this maximum. This
last eclipse was so short that I shall not be surprised if the
optical sketches of the streamers are found to show them
farther out than even the best of the photographs do.

ASTRONOMY IN THE UNITED STATES."+

T. H. SAFFORD, Pu, D.

Half a century ago, then, American astronomy in a practi-
cal form was beginning to show itself. About Boston there
were three or four amateur observers of a good deal of skill.
One of the best was the chronometer maker, Willam Cranch
Bond, who had a little private observatory in Dorchester;
Paine and Bowditch were others. Peirce and Lovering were
young professors at Harvard. Bowditch had published his
translation of the Mécanique Céleste, copies of which he gen-
erously gave to libraries and to mathematical students. At

® A discourse read June 25, 1888, to commemorate the fiftieth anniversary of
the dedication of the Hopkins Obscrvatory at Williams College, Williamstown,
Mass, t Continued from Vol. VII, p. 437.
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New Haven there was much interest, and some effort to
make valuable observations; and the college was graduat- .
ing more young mathematicians than it had usually done.

In the government service were skilled observers, who had
at their command fairly good instruments of moderate
dimensions; but there was no permanent observatory at
Washington, or elsewhere in the country. About this time
Captain Wilkes's exploring expedition sailed on its long voy-
age around the world. Wilkes will be remembered by his
seizure of the Trent, rather than by his earlier reputation as
a scientific explorer. In these voyages it was intended to
determine the longitude of many places by observations of
the moon, and it became necessary to make similar observa-
tions on land at known places. A young naval officer, Lieu-
tenant Gilliss, was instructed to make such observations.
His transit instrument, of very modest dimensions, was set
up on Capitol Hill at Washington, under a temporary shed;
and a fine clock was placed along with it. There Gilliss ob-
served very regularly from 1838 to 1842.

Similar observations were made at Dorchester by W. C.
Bond, under contract with the Government. But these
beginnings of astronomical works, which led later to the
establishment of observatories, were themselves subsequent
to the building of the Williams College Observatory by
Albert Hopkins. Almost from its foundation our College
has had instructors who were lovers of natural phenomena,
and science has in a modest way been long encouraged here.
Chester Dewey, an early professor in this College, was the
first scientific lecturer 1 had the pleasure of hearing. He
was teaching physics and chemistry in a little medical school
in Vermont, and I well remember how I was interested in a
lecture on heat which I was allowed to attend. In the very
early time, years before, of his professorship here, he taught
all the sciences of the ocurse, or nearly all; his specialty,
later, was a branch of botany. Eaton and Emmons will
also be remembered among our professors, as men of origi-
nal views; but I think we are indebted to Albert Hopkins
for much of the impulse toward the direct study of nature
which has long prevailed here.

When Mark Hopkins was made President in 1836, his
brother Albert had been some years an instructor in the
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College. In 1834 he had gone abroad to procure philosoph-
ical apparatus, and learn something of the European
" methods of investigation and teaching. At that time the
impulse to scientific study which was contemporaneous with
the French Revolution, and which had continued through
the Napoleonic wars, had spread over nearly all Europe.
Even England had submitted to the continental ways of
studying mathematics,—not quite completely, but still far
enough to give a good deal of community of spirit between
- the English and foreign astronomers. In Germany and the
Baltic provinces of Russia there were astronomers—Bessel,
Struve, Gauss, Argelander, Encke,—who taught practical
astronomy as a university discipline, and employed their
observatories as practical means of impressing their theoret-
ical lessons on the pupils. In England and, I think France,
it was not so; theoretical mathematics was studied to the
completion of the course in it, and was followed by the
more abstract parts ofastronomy.

The pupils of the astronomers before mentioned were not
very many, but yet enough to keep the subject alive, and
gradually diffuse a knowledge of it through the higher
schools. At Cambridge, in England, the mathematical in-
struction had little by little taken the form of training men
to pass examinations in the mathematics, and the senior
wranglership, or first place in mathematics, was the goal of
the ambition of the ablest men in the university. Our
American courses were in part copied from the English
studies of the last century, and were, little by little, modified
to suit our circumstances. But their adaptation was not
perfect, partly because no definite idea was dominant.

-At Dr. Mark Hopkins’s entrance upon the presidency of
Williams, in 1836, a new spirit soon manifested itself. His
scheme of studies was well thought out, and the leading
idea, that of making man himself the subject of study for the
Senior year, tended to give the course a certain roundness
and distinctness to the mind. He taught physiology as an
introduction to philosophy; a natural thing for a trained
physician to do, and it was a very advanced idea at the
time. This new impulse seems to have led to the building of
the Observatory ; both brothers probably thought it would
make, as it has done, the study more vivid and interesting.
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I need hardly enlarge here upon the character of Albert
Hopkins. All Williams men know how strong in all respects
he was; what an admirable helper to his more widely cele-
brated brother; how high and pure his aims, how great
a factor he was, especially in the religious life of the
College, for so many years. But even as a young man
he was deeply imbued with the love of nature. There
was no one who did more to interest his students in all the
Creator’s wonderful works. To his initiative is due the first
scientific expedition sent from this College; for many vears
he was the leader in the exploration of these hills, which has
been so fruitful both of health and knowledge to the genera-
tion now middle-aged.

I presume that in 1834 he had arranged for the purchase
or construction of the transit instrutnent and clock, the lat-
ter still in active employment as a time keeper for ordinary
as well as as for scientific purposes.

During his visit to Europe, too, he undoubtedly learned
much of the interest in the return of Halley’s comet, ex-
pected to occur within a year; and on his coming back he
soon began the construction of an observatory. He built
this chiefly at his own expense, and partly with his own
hands; he even worked in the stone-quarry, getting out its
materials. .

It is a quaint little structure, but well planned and built
for its purpose. The ground plan is that of a central por-
tion surmounted by a dome, with two wings; very much
like many observatories then and now. It is still used for
gazing at the heavenly bodies, and is useful for the students
in a variety of ways. Its replacement for scientific purposes
by an observatory upon a new site is due to the situation,
now partly surrounded by trees; so that if the attempt had
been made to mount in it the beautiful meridian instrument
which Mr. Field gave the College in 1881, it would have
heen necessary to sacrifice many of the ornaments of the
campus. The authorities were naturally unwilling to do
this, and preferred to provide more room in a retired spot,
and Mr. Field’s great kindness was again manifested in pro-
viding the building,—the ‘“Field Memorial Observatory.”
In 1869 he had founded the Professorship, and so gave Pro-
fessor Hopkins release from other duties in his declining
years.
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The Hopkins Observatory was, as I have implied, the first
in this country of a permanent character. Every such build-
ing previously erected or arranged for the purpose, was tem-
porary in its very nature; there is no one of these now
standing. Of course Rittenhouse, and that admirable ob-
server, the elder Bond, and other astronomers, had their pri-
vate observatories in connection with their houses; but our
Professor was the first actually to erect an observatory for
public purposes. It was chiefly built in 1837, and dedicated
on June 12, 1838; it is the fiftieth year from this which we
now commemorate.

I do not think that in so generously devoting his savings
to the College for this purpose, Professor Hopkins intended
making regular courses of observation. For this his duties
were too multifarious; his teaching included at first all the
mathematics and natural philosophy of the course; and
practical astronomy is a profession by itself, usually requir-
ing for its highest perfection the devotion of a life-time.
There are those, it is true, who have become distinguished
astronomers while engaged in other professions,—the musi-
cian, William Herschel, the physician, Olbers, the shipmaster
and man of business, Bowditch. But Professor Hopkins felt
his true mission to consist in moulding character by the
influerce, direct and indirect, of the religious life; he was
ever an active missionary.

His idea was rather that of using the Observatory to
make tangible his teaching of the science; to give the in-
struction emphasis and force by actual sight where the ab-
stractions were too deep for the pupils’ minds; and also to
interest one or the other bright student to use the instru-
ments for himself, and thus awaken slumbering talent.

In the history of American astronomy this first establish-
ment of a permanent Obhservatory is a striking landmark.
Up to that time all efforts to establish one had failed. Peo-
ple were too materially inclined, it would seem, to en-
courage such an ideal science. \What was known of as-
tronomy seemed far distant. Even the practical every-day
uses of the science were overlooked or despised; I have read
a surveyor's petition to Congress, begging to be released
from the requirements to run due north and south lines; he
lost too much time in watching for the Polar Star on foggy
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evenings; he thought lines run in any direction would do as
well, provided they were tolerably straight. Time-pieces
were kept roughly correct by ‘‘noon-marks” and other
rude contrivances, and few felt the need of more accurate
subdivision. : '

Congress had sternly set its face against the establishment
of an Observatory. TheCoast Survey received its money on
condition that none of it should be spent for any such pur-
pose. The Survey had, it is true, collected transit instru-
ments and telescopes, with which observations could be
made; and the army engineers had also their little plant of
similar apparatus.

Lieutenant Gilliss, as I have before mentioned, made astro-
nomical observations from 1838 to 1842, in a cabin on Cap-
itol Hill, and was enabled to show more or less of his work
to visiting Congressmen, and tb dispel in some degree their
prejudices. In 1838, also, an Observatory was begun at
Hudson, Ohio, under Elias Loomis, who observed pretty
regularly for several yvears. A year or two later Sears C.
Walker and E. O. Kendall built the Central High School Ob-
servatory of Philadelphia, and began observations and com-
putations.

At West Point the need of an Observatory was strongly
felt, and Professor Bartlett went abroad in 1840 to order
instruments and visit observatories. On his return, rooms
were provided for the instruments in the new library build-
ing of the school; in this we see the effect of the prejudice
which would not allow a separate Observatory to be paid
for out of public money.

Finally, in 1842, Congress authorized the building of a
**Depot of Charts and Instruments;” the present Naval
Observatory at Washington under a disguised name. It is
one of the faults of our system of government, that appro-
priations are often made without a very distinct knowledge
on the legislators’ part of the use for which the money is in-
tended. The astronomers of the Observatory were at first
to be naval officers; partly of the line, lieutenants and
passed midshipmen, partly the so-called professors of mathe-
mathics. These were a small corps of educated men, whose
duties had been to go to sea and teach the midshipmen
navigation ; their number became needlessly large when the
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Naval Academy was founded, and the midshipmen concen-
trated at Annapolis; so that several of the ‘professors"
were ordered to the Observatory. The corps is still kept up,
and has contained many distinguished astronomers.

The next large Observatory founded was at Cambridge.
In 1843 appeared a remarkable comet; probably a fragment
of a much larger body which at some past time has bheen
broken up by its near approach to the sun. It went within
100,000 miles of the sun’s surface, and was subject to eno-
mous heat and powerful attraction. It was visible in full
daylight, as was the comet of 1882, which some of you
may remember; probably not the same as the comet of
1843, but another broken piece of the same original body.
In the study of the comet of 1843, Professor Benjamin
Peirce was much interested, and he used his great eloquence
to impress on the Boston men of wealth the need of a large
Observatory.

Some time before this Mr. W. C. Bond had been invited to
remove to Cambridge with his instruments, and a house be-
longing to Harvard College had been fitted up for him, so
that there might be an Observatory at Camhridge, and,
nominally at least, under college authority. Peirce’s appeal
was ably seconded by J. Ingersoll Bowditch, son of Nathan-
iel, and himself an astronomer of no mean attainments, but
better known as an active business man in his father’s foot-
steps. He has always shown a lively interest in the Obser-
vatory and all scientific enterprises about Boston; and by
the efforts of Professor Peirce and Mr. Bowditch the money
was raised for a a great telescope

The order was given in Europe for a refractor ﬁtteen
inches in diameter, equal to the largest then existing. It is
still a comparatively large telescope; but our own opticians,
as we shall see, have gone far beyond its dimensions. The
Harvard College Observatory was built in the years before
1846 and the great telescope came in 1847. A few years
later the indefatigable Peirce was laying the scientific found-
ations of the American Nautical Almanac; while his increas-
ing reputation attracted about him a few mathematical
students of high ability from various parts of the country,
in addition to his college pupils.

Lieutenant (afterwards Admiral) C. H. Davis, a family
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connection of Peirce, was the one who succeeded
ing Congress to pay for the calculation of a
almanac for the sailors, and release us from a
upon foreign nations, which might be troublesor
war. The office of the Nautical Almanac was e
at first in Cambridge—under Dgyvis’s business 1
and Peirce’s scientific control.

Meanwhile the Coast Survey had gone steadi
Hassler's death it was placed under the superit
Professor Bache, of Philadelphia, a great-g
Franklin, and a distinguished graduate of °
From Franklin he seemed to have inherited bc
ability and executive and diplomatic capacity t«

gree.

(TO BE CONTINUED.)

PROPER MOTION OF SOME DOUBLE STA

F. P. LEAVENWORTH.*

For TRE MESSEXGER.

From recent observations made at this Ob
find a number of Burnham’s doubles appear to t
while several, supposed to be in motion, appe:
these without doubt 3 80 and 3 83 are moving;
der are more uncertain and some, which are 1
here on account of greater uncertainty, are
motion.

I am much indebted to K. J. Tarrant, H. C. W
Parrish, S. W. Burnham and J. G. Porter for «
published measures and for proper motion
stars.

The names of observers have been abbreviated

B denotes Burnham. Mec denotes McCormi
Cin  * Cincinnati Observers. Mor *  Morrison
De *  Dembowski. T “ K.]J. Tan
H1 ** Asaph Hall. w “ H.C. Wil
L ** F.P. Leavenworth.
3395. 0h31m —25°26"
No. of
yr. ° 4 Obs. yrT. °
76 135 £+ 05 + — B 86 104.7
79.72° 336.6 0.31 — Cin 88.RT 107.2

® Director of the Haverford College Observatory.
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The Cincinnati measure does not seem to have been pub-
lished in the Cincinnati Publications. The double is no
doubt a binary, as otherwise, proper motion would in the
interval 1886-88 change the distance some 2.8”.

34 1h17Tm +10°58".
No. of No. of

T. ° ” Obs. . yr. ° ” Obs.

75.6 68 De 86.71 742 043 Mec

7966 1191 052 1 Cin 88.83 61.0 0.41 3 L
80.06 772 053 4 B

[$10%

The motion of this difficult pair is doubtful. With the
10-inch glass of this Observatory and the highest power
400, it is barely elongated. Its distance can hardly be
greater than 0.4”. With the 26-inch at the McCormick Ob-
servatory and a high power, it is an easy object on a good
night. The observation of 86.71 is, no doubt, much more
accurate than that of 88.83.

38. 2h15m +8°20".

No. o No. of
T, ° ” Obs. yr. ° ” Obs.
75.30 200.5 0.96 4 De 88.88 207.8 1.06 2 L
80.92 204.3 0.90 1 B
383. 2h40m —35° 28",
No. of No. of
yr. ° ”  Obs. yr. ° ”  Obs,
76.02 121.3 1.40 4 De 86 115.8 L,0.98 6 Mc
77.91 122.2 1.00 3 Cin 88.87 109.2 1.00 2 L
3 89. 5h31m —1°30".
No. of No. of
yr. ° ” Obs. yr. 2 ” Obs.
75.68 344.2 0.55? 3 De 79.61 2.0 0.73 5 B
78.40 - 356.1 0.81 3 Cin 88.47 0.7 0.89 2 L

The first measure is very poor, the individual observations
differing as much as 12°. If this were rejected the remain-
ing measures would agree fairly well. However, it is pos-
sible that Dembowski’s measure is approximately correct,
and that the distance was smaller when measured by him
than it now is.

3916, 11h8m —14°47.

No. of No. of
yr. ° ’” Obs. yr. ° ” Obs.
80.33 8.1 1 Mor 86.31 357.4 0.80 1 W
83.26 7.0 0.5 1 \\'s 88.16 357.4 0.65 1 L
3929. 12h58m —3°1’.
No. of No. of.

yT. ° ” Obs.
79.40 229.4 0.48 3 B
88.25 219.1 0.5+ 5 T

° ”  Obs.

yr.
88.32 221.6 0.62 2 L
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The Cape Catalogue gives a proper motion Ja — 0.004s, Jo
—0.03”, which does not explain the change in position
angle.

3106. 14h43m —13°39’,

yr. ° . yr. ° ”  Obs.
7560 3350 138 5 De 8639 3372 152 4+ T
.47 3349 186 5 Cin 8835 3399 163 3 L
§5.28 3370 156 1 W

Position angle seems to be increasing at the rate of 0.4°
per year.
3289. 14+h32m —27°10".
No. of No. of
_¥T. ° ”  Obs. yr. ° ”  Obs.
7450 1237 08 5 B 80.90 1319 099 6 B
80.05 1283 090 6 Cin 8843 1283 095 1 L

The earlier observations give indication of motion but the
last one makes it doubtful.

3119. 14h59m —6° 33"

No. of No. of
° Obs. ”  Obs.

NI yr. °
7590 3130 151 4 De 8789 3074 1538 7 T
7860 3111 141 5 Cin 8845 3062 160 2 L
There seems to be a retrograde motion in position angle of
0.5° per year.

3120. AB16h5m —19°9".

No of No. of
yrT. o ’”  Qbs. yr. 2 ’” Obs.
7440 357.7 6 B 80.58 6.0 0.73 15 B
76.35 0.0 0.73 13 De 84.40 3.4 0.5 1 w
78.70 2.0 0.80 11 Cin 86. 7.2 0.65 Mc
79.59 5.3 0.74 1 HI 87.63 5.4 1.00 5 T
S0.54 Q.9 0.54 6 Mor 88.39 4.6 0.80 3 L

Probably a slight increase in position angle. The differ-
encesmay be due to accidental errors of observation. Thisis
more likely as the errors are large; no doubt on account of
the closeness, brightness, and southern declination of the
star.

3631, 17h34m —0°35".

No. of No. of
” Obs. ” Obs.

yT. ° yr. °
7955 2530 039 4 B 8851 2388 040 3 L
Other observations are needed to confirm this change.

3142, 19h22m —12°23".

No. of No. of
” Obs. ° ’” Obs.

yT. ° yr.
74.08 317.7 1.38 5 De 86. 327.6 1.68 1 Mc
78.89 319.6 1.37 6 Cin 88.53 328.0 1.59 3 L
82.53 324.4 1.68 2 w 88.70 326.3 1.47 3 T

Motion very probable.
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3 80. 23h13m —+4°45’.
No. of - No. of
yr. ° ”  Obs. yr. o *  Obs.
75.80 300.4 1.07 4 De . 86. 316.1 0.48 1 Mc
77.79 306.1 1.24 2 B 88.76 319.6 0.84 3 L
81.69 312.2 0.91 3 B

Position angle changing at the rate of 1.5° per year. The
distances are very discordant. There can be little doubt of
its binary nature, as the proper motion, according to Arge-
lander, is 0.56””. Mr. Burnham in Washburn Publications
first called attention to the motion of this double star.

CURRENT INTERESTING CELESTIAL PHENOMENA.

THE PLANETS.

Mercury during the latter part of February and the first
part of March will rise about an hour before sunrise, in this
latitude, but will not reach a sufficient altitude in that time
for good observations. He will be at greatest elongation,
27° 53’ west, from the sun March 13. There will be no
bright stars in the vicinity of Mercury so that there can be
no mistake in identifyving the planet, if it be seen at all, in
the morning twilight near the southeast horizon.

Venus will be at greatest elongation east from the sun, 46°
367, February 18, setting then over four hours later than the
sun. The phase then will be slightly gibbous, 0.514 of the
disk being illuminated. This month and the next will be the
most favorable for examining the surface of Venus, and
every effort should be made to discover any permanent
markings and determine the rotation period of the planet.
The diameter of the disk will be 24.6”’, Feb. 15 and 34.6”
March 15.

Mars is still visible in the evening twilight but is so far
from the earth that nothing of detail can be seen on his sur-
face. Some excellent maps of this planet by Schiaparelli
have been published in the last number of L'Astronomie
(January, 1889.)

Jupiter may be seen in the southeast in the morning, rising
three hours before the sun. He is in the constellation of
Sagittarius and is brighter than any of the surrounding
stars.
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Saturn may now be observed during the whole night, the
best hours being from 8 o'clock to midnight. To find Sat-
urn at 8 o'clock look toward the east ahout half way from
the horizon to the zenith; the brightest object is Saturn,
whose steady, vellow light is easily recognized. Below Sat-
urn is the well known group, the Sickle, a part of the con-
stellation Leo. The elevation of the plane of Saturn's rings
above the earth is increasing slightly at present, being now
15°, so that the rings are coming into hetter position for ob-
servation. The outer major axis of the rings is a little over
45”. Saturn will be in conjunction with the moon, 1° south,
at midnight March 13.

Uranus may be found in the east after 10 o’clock . . in
the constellation of Virgo about 3° north of Spica.

Neptune is past the best point for observation this year,
but may still be seen with a telescope of sufficient power
until nearly midnight.

MERCURY,
Decl. Rises. Transits. Sets.
h m m h m
—12 54 3 49 A 11 00.5 4. 4 12 p.M.
-14 05 534 « 10 40.8 347
—14 27 527 « 10 32.0 « 3 37 ¢
—14 14 521 ¢« 10 27.4 « 333 «
—-1319 3518 ¢ 10 27.8 « 3 38 «
VENCUS.
Feb.24............. 121.2 41108 &8 13a.m. 301.5pM. 950 p.a.
Mar. 5. .. 1511 41502 751 ¢ 2358 ¢ 10 00
15 2 20,5 418 46 724 « 2458 ¢ 10 08 «
MARS.
Feb.24............. 0217 4+ 151 T 52 A.M. 2022py 813 p.a.
Mar. 5. . 0467 4 4 38 730 &« 1516 ¢« 813 «
15 1143 + 7387 T06 « 1399 « 814 ¢
JUPITER.
Feb. 24............. 18 13.9 —23 o5 3 30 a.M. T 553 aM. 12 20 P
Mar. 5.. 81908 =23 03 300 7256 11 51 a.um.
13 18 25.3 —23 o1 223 - G 48.7 ¢ 11 14 ¢
SATURN.
Feb. 24 9 12.8 417 21 33TpM. 10 31.8pM. 6 OT a.n.
Mar. 5.. 9103 +17 32 258 ¢ 10 13.9 « 530 ¢
15 9080 41742 216 = 9 32.3 ¢« 149 «
URANLUS.
Feb. 24............. 13 207 — 7 49 9 26 p.M. 2 59.0aM 8321
Mar. 5.. — 743 850 © 2227 ¢ 755 ¢
15 — 735 809 « 1420 © T15 ¢
NEPTUNE.
+18 27 10 11 a.m. 5309 Py 12 51 a.m.
—+18 29 9 36 « 4 56.0 ¢ 12 16 #

+18 32 857 « 1174 4 1138 *
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THE SUN.
R. A Decl. Rises. Trapsits. Sets.
h m h m h m h m
Feb. 24............. 22 325 — 911 646am. 12133 pM. 5 40P AL
22014 — 718 638 ¢ 12 12.4 5 47
L23062 — 545 631 ¢ 12 11.5 5482
23 247 — 348 622 ¢ 12103 « 599
w23 43.0 — 1 50 609 ¢ 12 089 609

Occultations Visible at Washington.

INMMERSION. EMERSION.

Star's Magni- Wash. Angle fm Wash. Angle f‘m Dura-
Date. Name. tude. Mean T. N.P't. Mean T. N. P tion.

h m 2 h m h m
Feb. 28 58 Ophiuchi Sle 1501 90 16 00 302 1 00
Mar. 8 B.A.C. 1468 612 8 32 1235 9 30 219 0 537
S 1 Taun Sla 11 28 130 12 10 221 0 42
11 63Geminorum® 5t. 12 50 89 13 47 293 0 37

Phases of the Moon. dcﬂ;:m] Time.

m
Last Quarter . .Feb.22 35 55 p.u.

New MOON coiiiiiiiiiiinietceeeeeeeteeeeseeenens Mar. 1 4 01 p.M.
First Quarter e 911 39a.M.

Elongations and Conjunctions jof Saturn’s Satellites.

[Central Time; E = Eastern clongation, W = Western elongation, S = Superioz
conjunction, 1= Inferior conjunction.}

JAPET
Feb. 17, \V \larch ], S
TITAN.
d h d h d h
Feb. 18, 2a. M. 1 Mar. 1, mipx. E Mar.13,10pP. M. S
22, Ta. M. W 5,11p. M. 1
25, MIDN. S 9,i0r. M. W
RHEA.
d h d h d h
Feb. 17,121 a. M. E Feb. 26,126 a. M. E Mar. 7, 12a. M. E
21,124p.M. E Mar. 2,129 p. M. E , 1.5p.M E
DIONE.
d h d h d n
Feb. 18,129a. M. E Feb. 28,11.5p. M. E Mar. 9, 44a. M. E
20, 6.5p.M. E Mar. 3, 5.1p.M. E 11, 10.1 p. M. E
23,122p.M. E 6,10.8a. M. E 14, 3.7p.M. E
26, 5.8a. M. E
TETHYS.
d h d h d h
Feb. 17,109 4. M. E Feb. 26, 9.4p. M. E Mar. 8, 7.8a.M. E
19, 82a. M. E 28, 6.6p.M. E 10, 53.1a.m E
21, 55a. M. E Mar. 2, 39p.M. E 12, 24a. M E
23, 28a.M. E 4, 1.2p. M. E 13, 11.7p.Mm. E
25,12.1a. M. E 6,10.5a. M. E 15, 89p.Mm. E

.

Ephemeris of Comet e 1888 (Barnard Sept. 2.) From the
second series of Elements of Berberich as given in A. N.
2862, I have computed the following ephemeris:

* A multiple star.
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R. A. DEcL. log. r log. 4
h m s °

I8RO Jan. 1.5 017 6 -7 171 0.2676 0.2463

3.5 13 29 — 7 106 0.2664 0.2578

5.5 10 10 —7 36 . 02653 0.2690

7.5 T8 —6 56.2 0.2643 0.2798

9.5 4 20 — 6 48.5 0.2633 0.2903

115 0 1 47 —6 40.5 0.2625 0.3005

13.5 23 59 27 —6 32.2 0.2617 0.3103

15.5 57 19 — 6 23.7 0.2610 0.3197

17.5 HH 22 —6 15.1 0.2604 0.3288

19.5 53 34 -6 63 0.2598 0.3375

21.5 51 H6 —5 57.4 0.2594 0.3459

23.5 50 26 — 5 48.3 0.2590 0.3540
25.5 19 4 —5 391 0.2587 0.3617 °

27.5 47 50 — 5 29.8 0.2585 0.3691

29.5 16 41 — 5 20.5 0.2584 0.3762

31.4 45 39 —5H 112 0.2584 0.3289

Feb. 1.5 23 45 10 —3 6.5 0.2584 0.3862

3.0 4+ 16 —4 57.0 0.2585 0.3925

2.5 43 27 — 4 475 02587 0.3985

7.5 42 43 — 4 38.0 0.2590 0.4042

9.5 42 2 — 4 28.4 0.2593 0.4096

11.5 41 25 —4 188 0.2598 0.4147

13.5 40 52 —4 93 0.2603 0.4195

15.5 40 22 —3 59.7 0.2609 0.4241

17.5 39 54 —3 501 0.2616 04284

19.5 39 29 —3 40.5 0.2624 0.4324

21.5 39 6 —3 30.9 0.2633 0.4361

23.5 a8 45 —3 213 0.2642 0.4396

25.5 38 27 —3 11.7 0.2652 0.4428

275 38 9 —3 21 ° 0.2663 0.4458

“The light of the comet is diminishing so slowly that it will

be visible for a long time to come. 0. C. WENDELL.

Harvard College Ohservatory, 1889, Jan. 12.

Note on the 279th Asteroid. The circular of the Berlin As-
tronomical Year Book, No. 332, has just brought me the
elements of this recently discovered member of the planetary
cluster between Mars and Jupiter.* These results, calcu-
lated by H. Lange from the observations of Oct. 25, Nov.
9 and Nov. 27, have the following points of interest:

1. The orbital plane is nearly coincident with that of the
ecliptic; the inclination being only 2°24°. ~

2. The eccentricity is 0.1762.

3. Its mean distance, 4.268, is twice that of No. 149, the
innermost of the group; its aphelion distance, 5.02, is
nearly the same as the present perihelion of Jupiter.

4. This asteroid is exterior to the space in which the
period of a planet would be to that of Jupiter in the ratio
of 2 to 3; a ratio of the first order.

®* I am at present without access to astronomical works.
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5. The breadth of the zone, from the innermost perihelion
to the aphelion of No. 279, is equal to the entire interval be-
tween the orbits of Mars and Jupiter.

6. The period is 3220 days = 8.817 years.

7. As the 279th asteroid may approach indefinitely near
to Jupiter, the question of its perturbation is one of great
interest. Is its motion stable, or are the form and dimen-
sions of its orbit liable to great variations?

) DANIEL KIRKWOOD.
. Riverside, California, Jan. 1, 1889.

Discovery of Comet Brooks—a of 1889. While sweeping
theeastern heavens thismorning as near as possible to thesun,
I discovered a new comet, in Right Ascension 18h 4m; decli-
nation south 21° 20”. It is a faintish, nearly round nebu-
losity, with slight central condensation. I caught itin the
short interval between the disappearing moon and the com-
ing dawn. I had but a few minutes to do my work, but
fortunately the comet was in a well marked field of stars so
that its motion, which I found to be rather rapid westerly,
was detected in a few minutes of intent gazing, as the day
dawn extinguished the light of the comet.

WILLIAM R. BROOKS.

Smith Observatory, Geneva, N. Y,, Jan. 15, 1889.

Comet 1888 V (f, Barnard, Oct. 30). I have computed the
following ephemeris from elements published in the Astro-
nomical Journal, No. 187, upon observations of November
1, 11, 21, December 1, 13.

The equatorial heliocentric co-ordinates referred to 1889.0
are:

x=[0.102603] sin® Y% v sin(174° 3’ 35”.2+ v)
¥=[0.157478] sin® av sin( 69 41 51 .24 v)
7= [0.002992} sin’ 1o v sin (314 57 2 .6+ v)

Ephemeris for Greenwich mean midnight :

1889 h m s o s log. r log. g L.
Jan. 9 102313 4 7224 0.3435 0.1452 092

11 21 38 8 28.1

13 20 36 9 34.6 L3306 3440 90

15 19 7 10 419

17 17 30 11 49.6 A5TT d444 K7

19 15 48 12 57.6

21 13 59 14 5.7 3647 1466 83

23 12 5 15 13.6
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1889 h m s ° log. r log. J L.
Jan. 25 1010 5 16211 3717 1506 .79,
27 8 1 17 27.9
29 5 54 18 33.8 3785 1564 75
31 3 45 19 3K.6
Feb. 2 10 130 20 42.2 3854 1640 70
4 9 59 15 21 44.2
) 568 59 22 445 3921 1734 65
8 54 43 23 43.0
10 H2 27 24 39.5 3988 1844 .60
12 50 12 25 33.9
14 47 59 26 26.1 405+ 1968 59
16 45 48 27 16.0
18 43 40 28 3.7 4120 2104 .00
. 20 4135 28 49.1
22 39 35 29 32,1 4184 .2250 45
24 a7 40 30 12.8
26 35 49 30 51.2  0.4248 0.2404 041
28 93+ 4+ 431273
Light on Nov.1=1 w. C.w.

Seven Eclipses in One Calendar Year. As a result of an
investigation suggested by Mr. F. H. Burgess’ communication
in the SIDEREAL MESSENGER for January, I find twocalendar
vears of this century within which there were seven eclipses:
1805 and 1823.

The series for 1805 is as follows
DATE. ECLIPSE. DATE. E OI.JPSE.

July 1. Moon.
July 26..

Dec. 20-1.

It iswell known that eclipses repeat themselves in a period
of eighteen yearsand ten or eleven days, known asthe Saros.
Accordingly, if we carry forward the above set of eclipses
one period by adding eighteen years and eleven days, we
ohtain a repetition of them:

DATE. ECLIPSE. DATE. ECLIPSE.
1823 July "3 .......................... Moon.
o Aug

1824 jan lhun

Examining more closely the time of the last eclipse, it will
be seen that its heginning occurred at 53 minutes past 5
o'clock (Greenwich mean time) on the morning of Jan. 1,
1824. If the day begins at 180° from Greenwich, at all
places between 88° 15’ (= 5h 53m) and 180° longitude west
from Greenwich, the eclipse hegan before midnight (local
time) of Dec. 31st; i.e.at these places seven eclipses occurred
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within the calendar year. It may appear ungracious to
note that there will be no eclipse on Feb. 24, 1895, as stated
by Mr. Burgess; more particularly so, as by using that date
as a starting point and carrying back his series five periods
(90 years and 54 days), I was able to obtain the above in-
formation. The Saros does not admit of an exact applica-
tion without the necessary calculations. I cannot speak
positively, but am lead to believe that there will be an
eclipse of the sun July 18, 1917. If so seven eclipses in one
calendar year will next occur in 1917.

We came withia an ace of having seven eclipses in 1852
but to explain would trespass still more on your valuable
space. R. W. PRENTISS.

Washington, D. C., Jan. 10, 1889.

Answer to Query 19. The full moon runs high in winter
and low in summer for two reasons. First, because we are
in the earth’s northern hemisphere. This causes the moon
to run high when north of the celestial equator, and low
when its declination is south. Secondly, the sun and moon
both move nearly in the ecliptic, and a full moon can only
occur when that body is in the opposite part of the heavens
from the sun. Consequently in winter, when the sun is south
of the equator, the full moon must appear to ‘“run high.”
. In summer the positions of the two bodies are reversed, the
sun being in north and the full moon in south declination;
therefore the latter ‘‘runs low.” This applies only to the
northern hemisphere of the earth, as in southern latitudes
the conditions are contrary. There the full moon * runs

high " in summer and low in winter. .
*

Query 20. Are the satellites of Mars of meteoric origin,
or will the Nebular Hypothesis account for them? L. F. c.

21. What is the cause of the polar filaments, so called, in
the corona of the sun as seen in the January eclipse? p. w.

22. The papers say that some observers at the late total
solar eclipse saw what they call shadow bands in motion
during totality. What are they, and what caused them?

23. What are the relative merits of reflecting and refract-
ing telescopes of the same aperture? A.B.D.
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EDITORIAL NOTES.

The all absorbing topic of the last ;
eclipse of Jan. 1, and judging from the
already in hand opportunities for stu
tionally good and the results obtained v

January 28, this later report was rece
H. S. Pritchett, Observatory of Washin;
Louis. Hesays: ‘I took with me, as
one of the 6-inch equatorial cameras be
ernment. Professor Engler and Profess
ington University accompanied me and :
roppin of the St. Louis University as
secured excellent observations of all the
first, and six fine negatives of the corc
show a great deal of detail. The pola:
strongly marked. Observing the coro
the aid of a disc sixty feet away Sen
joined my party, was able to trace then
the sun. Hope to send you a complete r

The Eclipse of the Moon on the night
observed at Carleton College Observatc
cold and windy, and thin clouds were «
Nothing of peculiar interest was noticed
lunar surface during eclipse. Four phot:
two at the maximum phase, and two
eclipse.

Brilliant Venus. Some friend, having
claims to have seen Venus with the nake
at the hours respectively of half past one
in the afternoon. This may be possibl
tainly true that our friend has unusua
As Venus nears the earth, this month -
opportunity for observation.

Professor Brooks, director of the Smi
neva, N. Y., secured the first contact of 1
1889, at 4h 31m 5s, standard Eastern t
was conspicuously notched as it sank he
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Professor John G. Hagen, S. J., formerly of the Observa-
tory of the College of the Sacred Heart, Prairie du Chien,
Wis., has been recently called to the directorship of the Ob-
servatory of Georgetown College, Washington, D. C. His
great interest in practical astronomy has been evinced by his
work in connection with the Washburn Observatory, his in-
dependent observations, and, not least, by his thoughtful
communications to the MESSENGER. We wish him abun-
dant success in his new position, as he richly deserves.

H. P. Tuttle, of Washington, D. C., has been giving some
attention to the observation of comets recently, with the
9.6-inch equatorial of the Naval Observatory. Comet 1888
he could easily see in a 2.6-inch field, but finds it difficult to
observe with bright wires.

On the day of the total solar eclipse, the first contact was
well observed, but at the same time a bank of clouds was
seen in the west that started our fears. The clouds soon
covered the sun, and it seemed, more and more, as if the
whole period of totality would be lost. However, a few
minutes before the 113 seconds of totality began, to the
joyful surprise of the Carleton party, the dense cloud broke
away very suddenly, and the total phase was seen in a fairly
good sky. We then remembered the kind words said to us
before by the Chico friends: ‘We have been praying for
you to-day.” Others may, but we do not doubt the help
of prayer in the success we enjoyed. This is one of the
ways in which the Almighty works.

John Tatlock, Jr., care of North River Safe Deposit Co.,
187 Greenwich Street, New York, U. S. A., requests that
those astronomers who secured observations of the occulta-
tions of « Tauri by the moon between the dates of Sept. 10,
1884, and March 18, 1888, inclusive, will kindly send to him
copies of the records of such ohservations together with full
particulars essential to the reduction thereof.

Reflectors vs. Refractors. An interegted young observer
has raised the question of the comparative merit in defining
power between a reflecting and a refracting telescope. We
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give below a portion of his letter for the help it may secure
him from others in similar work. “I have a reflector of 9%
inches aperture and 6 feet 9-inch focal length, which I have
been using for the past year . . . As test objects, I have ob-
served y* Andromedz in steady air, and it was distinctly
divided, so that a friend and myself each made independent
drawings which corresponded with the one sent me by
Professor C. A. Young of Princeton. The small star 51
min. following Procyon was easily divided. The globular
cluster in Hercules (M. 13) was resolved beautifully, looking
exactly like the drawing in Chambers’ astronomy.

“If any of your numerous readers who have refractors of
91%-inch aperture and of the best make, will kindly send me
some test object either on the moon, planets, or some
close double, I will try and prove how close the comparison
can be made between the two instruments.

“ Hoping I have not trespassed too long on your valuable
time, I am, A. B. DEPUY.

216 North Sixth Street, Camden, N. J.

Mr. Stark’'s Observatory. We have only recently learned
of Mr. H. P. Stark’s private Observatory at Syracuse, N. Y.
His telescope has a Spencer objective of 5 & inches aperture,
and equatorial mounting. His observatory is provided
with a revolving dome twelve feet in diameter, and is con-
veniently and favorably located for observation.

The Iowa College Observatory at Grinnell, Ia., is soon to
have, if not already in possession, one of the Fauth transit
instruments of 3 inches clear aperture with modern improve-
ments. Professor S. J. Buck, who is now in charge of the
new Observatory, has been working industriously to obtain
a good working outfitand he has been very successful accord-
ing to late advices. He has secured a Fauth chronograph,
has recently finished a new brick transit house and has a
sidereal clock in place and running. His mean time clock
has already been ordered. Both are by the Seth Thomas
Clock Company. From what he says we know Professor
Buck is very happy in the prospect of using these fine instru-
ments. We hope he will use the grand illustrations of prac-
tical and observational astronomy to enforce spiritual truth
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that, as a minister of the Gospel, he loves to proclaim on
Sunday. No field of science is so full of fresh and unused
material as this.

The Leander McCormick Observatory. A very readable
article in the Scientific American (Jan. 26), from the pen of
H. C. Hovey, gives a full account of the Leander McCor-
mick Observatory, at the University of Virginia, Professor
Ormond Stone Director. A fine engraving of the Observa-
tory building accompanies the article. We also notice the
following paragraphs which give items of history of the
Observatory new to us:

“The McCormick family, inventors of the well known
reaper, originated in Rockbridge county, Va. Leander, the
youngest of the three brothers bearing that name, residing
in the city of Chicago, desired to do something to prove his
affection for his native state; therefore contracted with
Alvan Clark & Sons, of Cambridge, Mass., for a mate to
the splendid telescope they were then making for the Na-
tional Observatory at Washington, D. C., with certain
noted improvements, and offered, on specified conditions, to
present it to the Washington and Lee University, at Lexing-
ton, in the county whére he had been born. As those condi-
tions were not met, he next offered it to the University of
Virginia, through Col. Venable, the Professor of Mathemat-
ics in"the latter institution, who immediately took steps to-
ward raising the necessary endowment. In answer to an
appeal to the State Legislature, that body passed resolu-
tions recognizing the generosity of the donor and the im-
portance of securing such a telescope, but did not deem it
wise, in the condition of the state finances at that time
(1878), to make the appropriation asked for.

*“Gen. Johnston, now of the South Carolina Military Acade-
my, at Charleston, then visited the alumni of the University,
pursuant to an appeal made by the executive committee,
and raised over $50,000 to secure the $3,000 salary of the
astronomer in charge. Mr. William H. Vanderbilt of New
York added $25,000 as the beginning of a working fund.
The University gave the ample grounds on the summit of
Mount Jefferson, and also built the astronomer’s residence,
at a cost of $8,000. Mr. McCormick then gave the tele-
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scope, costing $46,000, and the building in which it is
housed, costing $18,000; thus making a sum total, includ-
ing the smaller buildings, etc., of $150,000. The Observa-
tory was completed in 1884.””

Stonyhurst College Observatory. The Rev. S. J. Perry, in
charge of Stonyhurst Observatory, favors us with a copy of
his results of meteorological and magnetical observatious
for the year 1887. In this report, we notice that solar draw-
ings of spots and facule were made on 259 different days,
and that complete measurements of the height of the chro-
mosphere were secured on 123 occasions. The inclination of
the filaments of the chromosphere and of the lesser promi-
nences was also observed when the definition was good
enough for such work.

Death of Robert D. Schimpfl. During our absence on the
Pacific Coast a telegram was received at the office, announc-
ing the death of Robert D. Schimpff, Scranton, Pa., after a
brief illness of typhoid fever. This sad event was so sudden
that his physician was not apprehensive of danger until the
day preceding the last. With like surprise did this unwel-
come news come to us. Though we had no personal ac-
quaintance with Mr. Schimpff, vet we had corresponded
with him, invited and heartily welcomed his scientific arti-
cles for publication, and in such?ways had learned to esteem
him very highly for his scholarly and his manly qualities.
Though acomparatively young man we do not wonder that
he had so won the choice regard of the best in his home city,
and that he had been called of their partiality to occupy
places of trust and responsibility. It was only a fitting tes-
timonial to modest merit that always rules, to some extent,
in the consciences of men. Mr. Schimpfl was an eager stu-
dent of science. He was greatly interested in astronomy
and physics, especially spectrum analysis. His observations
with instruments were sought by the best periodicals on as-
tronomy, and his skill in celestial photography has already
been shown to our readers by engravings in this magazine
which were copies of fine photographs wholly his own
work. Professor Young spoke well of him when he said to
a friend a little while ago: ‘“He was so bright and quick in
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his thinking, so interested in everything new in science, and
so enthusiastic in regard to its progress and prosecution
that an interview with him was an inspiration.”

We do not wonder, I say, that those who knew him best
should vie with one another to do his name and memory
honor, as he steps off the shores of time to those of his
other Home. The account of the memorial services which
we had the pleasure of reading was indeed the fitting close
of a life of beauty and power.

Captain R. S. Floyd has recently added a fine 5-inch tele-
scope by Alvan Clark & Sons to the outfit of his private
Observatory at Kono Tayee, Clear Lake. By reversing the
crown glass lens, which is fitted into a separate cell, the
objective is converted into a photographic combination, the
lenses being then separated by a distance of 1.7 inches and
the focal length being 65.6 inches. With the visual arrange-
ment the lenses are nearly in contact, and the focal length is
77 inches.

The telescope is mounted equatorially on a long polar
axis, according to the English plan. It has an enlarging
apparatus, with instantaneous shutter for solar photog-
raphy. Two negatives of the corona were obtained by
Captain Floyd during the total eclipse of Jan. 1st, the in-
strument having heen roughly mounted for the purpose in
the open air. .

Astronomische Mittheilungen. We deem ourselves fortu-
nate to obtain Dr. Rudolf Wolf’s publication, Astronomische
Mittheilungen, for the last eleven years, for place in our
astronomical library. Dr. Wolf is professor of astronomy
in Zeurich, Switzerland.

Mr. Tebbutt's Observatory. A neat pamphlet of 74 pages
is before us, which gives the history and description of Mr.
Tebbut’s Observatory, Windsor, New South Wales.

Harvard Coll=ge Observatory. The 43rd annual report of
Professor E. C. Pickering of the Harvard College Observatory
contains points of interest. The income of the Observatory
hasincreased so much during the last three yearsthat the as-
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tronomical work of the Observatory is materially advanced
andenlarged. The Observatorycannow invite codperation of
other smaller observatories, in certain lines of work. It is
undertaking mountain astronomical observations at vari-
ous points, at the present time, and it has assumed the con-
trol of the meteorological work of the New England society.
This is in addition to the regular work going on at Cam-
bridge which is a continuation of that formerly reported.
We notice with pleasure the work that is being done at this
Observatory in the new field of variable stars. The report
savs:

Messrs. Parkhurst, Eadie, and Hagen have continued their co-operation
with this Observatory in collecting fresh material for the study of the
variable stars. Mr. Parkhurst's preliminary series of observations on the
variations of the asteroids, mentioned last year, has been published as No.
I11. in the collection of separate memoirs which will constitute Volume
XVIII. of the Annals of the Observatory. Communications which will aid
in the construction of the Index to Observations of Variable Stars, under-
taken last year, have been received from the following foreign observers:
Mr. T. W. Backhouse, of Sunderland, England; Messrs. Joseph Baxendell
and Joseph Baxendell, Jr., of Southport, England; Rev. T. E. Espin, of
Wolsingham, England: Mr. J. E. Gore, of Ballysodare, Ireland; Mr. George
Knott, of Cuckfield, England; Major E. E. Markwick, of Queenstown, Ire-
land; Mr. C. E. Peek, of Lyme Regis, England; Mr. J. Plassman, of Waren-
dorf, Germany : Prufessor Safarik, of Prague, Austria. Two large series ot
earlier unpublished observations have 4lso been obtained, and it has been
thought best to delay the publication of the Index above meutioned until
these series could be received and utilized. The first series consists of obser-
vations by the late Professor E. Heis, of Munster, Germany. The records
of these observations were transmitted by the family of Professor Heis to
the Rev. J. G. Hagen, S. J., who has kindly communicated them to this Ob-
servatory. The second series contains the observations of the late Dr. J. F.
J. Schmidt. preserved in manuscript at Potsdam. Professor H. C. Vogel,
Director of the Potsdam Observatory, has kindly directed the preparation
of a copy of these observations for use in the proposed Index. The print-
ing of the Index has been begun, and it is hoped that the work may soon be
distributed.

Stellar Parallax. In the Monthly Notices of the R. A. S.
for Nov. 1888, Professor Pritchard gives some results of the
work done at the University Observatory, Oxford, during
the past year, in determining the parallax of stars by means
of photography. The work has been confined to stars of
the second magnitude, as the parallaxes of those of the first
magnitude have already been derived by various astrono-
mers and very recently have been the subject of investiga-
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tion by Dr. Elkin, with the Yale College heliometer. The fol-
lowing table gives the final results obtained for » Cassiopeiz
and Polaris and provisional results for «, 3 and y Cassiopeia.
The necessary photographic plates have been secured for
completing the investigation of the parallaxes of « Cephei,
and ¢ Cygni, r Corong, « and 3 Andromedsz. Professor
Pritchard thinks that to determine the parallaxes of twelve
stars annually by this method is about the limit of work to
be anticipated from the exertions of a single observer with
a single instrument in the climate of England.

Table Showing the Parallaxes of Stars Recently Determined at the Uni-
versity Observatory, Oxford, England,

' Magnitude Probable
of error
Stars of Comparison Differential of Parallax from
Comparison. Stars. Parallax. Result. other Authorities.

/2 CASSIOPELE.
”

»” ’

o
D M 54 No. 225

7.7 0.0211 0.023 Bessel —0.120
‘“ 54 ¢ 217 9.2 0.0501 0.027 Struve +0.342
POLARIS.

D M 88No. 4 6.7 0.0429 0.015 Lindenau 0.144
¢ B8 2 8.3 0.0758 0.014 Struve & Peters 0.172
‘“ 88 ¢ 9 8.4 0.0623 0.016 C. A. F. Peters 0.067
‘“ 88 “ 10 9.6 0.0992 0.013

a CASSIUPELE.

D M 55 No. 142 8.7 0.0748 0.024

“ 55 ** 128 9.5 0.0678 0.055
3 CASSIOPELE.

DM58No. 8 8.6 0.1759 0.047

* 58 2700 8.8 0.1484 0.056

7CASSIOPE!£.

DM 59 No.137 &8 —0.014  0.047

“ 539 ¢ 1350 8.9 +0.007  0.042
Speaking of the differences hetween the results obtained
by different observers, Professor Pritchard says: * Guided
by the suggestions of recent experience, I now think that
such differences of ‘parallax’ might very reasonably have
been anticipated, and may properly be accepted as matters
of fact, without in any degree impugning the accuracy of
the observations. For in the process of this work on paral-
lax, and also from the general history of such inquiries, it
has been made abundantly evident that no necessary connec-
tion exists between the brightness of a star and its position
in space or distance from the sun. Nevertheless it is this
very difference of brightness mainly which guides us in the
selection of comparison stars. The ‘Parallax’ is, in fact,
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and is becoming more and more generally recognized to be a
differential quantity, fainter stars being in very many in-
stances much nearer to us than others possessing incompar-
ably greater brightness.”” He calls attention, however, to
the fact that the parallax of Polaris, as determined with re-
ference to the four comparison stars, varies somewhat in
proportion to the difference in brightness of Polaris and
these stars.

U. S. Naval Observatory. By kindness of Lieut. Winter-
hatler we have received a copy of the report of the superin-
tendent of the U. S. Naval Observatory for the year 1888,
From it we learn that the contract for the erection of nine
buildings comprising the new Observatory has been awarded
to Messrs. P. H. McLaughlin & Co., Washington, D. C.,and
that work on the same has begun. The amount already ap-
progriated by Congress is not sufficient to complete the new
Observatory, but doubtless the deficiency will be made up in
time. During the removal from the old to the new Observa-
tory the use of Washburn Ohservatory has been tendered by
the regents of the University of Wisconsin for such aid in
astronomical work as might be desired on the part of the
Naval Observatory. Codrdination work between the two
observatories has been invited and cordially accepted. Pro-
fessor N. Hall is consulting director of Washburn Observa-
tory, and Professor S. J. Brown is on duty there also.

We were also interested in the letter of Lieut. Winterhatler
to the superintendent of the Naval Observatory concerning
his European visit to observatories and scientific institu-
tions under orders from the Department. His full report
will be looked for with interest after publication.

Visit at the Lick Observatory. One of the treats of our
late western trip was the half day spent with Professors
Holden and Scheberle at the Lick Observatory. On the
morning of Jan. 3 we left San José by stage, to go to the
top of Mt. Hamilton, a distance by road of twenty-six
miles; and in a straight line only thirteen miles. A zigzag
course for this fine driveway was chosen that an easy grade
might be secured for the entire distance. The maximum in
any part of it, we believe, does not exceed 343 feet to the
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mile. It was a beautiful day, and the drive for six hours in
the midst of such a variety of scenery, was most delightful.

At two o’clock in the afternoon our party had the pleas-
ure of meeting Professor Holden in his famous Observatory
and mountain home, and we were welcomed right royally.
We looked at instruments from the mammoth equatorial
down to the end of the list (and it was a long and interest
ing one), we saw the library, the rooms and work of individ-
ual astronomers and something of the plans for future work.

The single regret was, that the evening should be cloudy
so as to prevent a use of the 36-inch equatorial on some ce-
lestial objects -to understand its marvelous power to pene-
trate the star depths, or to show details of the planets’ sur-
faces.

Sir George B. Airy. It is an interesting and very impres-
sive fact that the distinguished Sir George B. Airy at his
present advanced age (88 years old) is still working on one
of the most difficult problems known to astronomy, *The
numerical lunar theory,” as he titles it. He recently says
that through failing strength and advanced years he can
scarcely hope to complete the work he has undertaken, but
that he still keeps his attention to the general subject, and
that he believes the method he has chosen, if properly used,
would have led to a comparatively easy process but for a
serious mistake previously pointed out.

Books Received.

Star Atlas containing Maps of all the Stars from 1 to 6.5 magnitude be-
tween the North Pole and 34° South Declination, and of all Nebula and
Star Clusters in the same region which are visible in telescopes of mod-
erate powers. Explanatory text by Dr. Herman J. Klein. Translated
and adapted to English readers by Edmund McClure, M. A.,, M. R. I, A,
Eighteen maps. London: Published by the Society for Promoting
Christian Knowledge. Also, New York: Messrs. E. & J. B. Young &
Co.

An Elementary Treatise on Analytic Geometry, embracing Plane Geometry
and an introduction to Geometry of three dimensions. By Edward L.
Bowser, LL. D., Professor of Mathematics and Engineering in Rutgers
College. New York: Published by D. Van Nostrand, 23 Murray Strect,
188, pp. 287.

Tornadoes, What They Are, and How to Escape Them. By John P. Fin.
ley, Lieutenant Signal Corps, U. S. Army. Washington: J. H. Soule,
Publisher, 1888. Price 25 cents, pp. 90.

Publishers and others sending books to the MESSENGER for notice will
confer a favor by stating, with each book, the retail price, so that the same
may be incorporated in the notice of the hook for publication.
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OBSERVATIONS AT CLOVERDALE, CALIFORNIA.

CHARLES BURCKHALTER.

For THE MESSEXGER. .

It was three months ago that I first suggested to leading
‘members of the Pacific Coast Amateur Photographic Asso-
ciation that good work could be done by the members at the
total eclipse on the first day of the present year, and it was
exceedingly gratifying to me to observe the disinterested
enthusiasm with which the proposition was entertained.
By the word “amateur” I do not mean home-made appa-
ratus and mere dabblers in the art of photography, for the
Association has within its ranks men who probably have no
superiors in the photographic art, and their outfits are as
elaborate as wealth can buy.

Out of this association, composed as it is of men engaged
in active business pursuits, many of whom could ill afford
either the time or expense required, thirty cameras were
pointed at the sun at our station (Cloverdale, Sonorra
County, California), on the morning of the eclipse. Among
this formidable battery were a few amateurs and two pro-
fessionals who were not members of the Association, but all
who were willing to devote their results to science were
welcome to take advantage of our arrangements.

The Association had made me an honorary member and
placed me in full charge of the expedition. On December
29th, accompanied by Messrs Harry T. Compton, Marston
Campbell, Alpheus Bull, Jr., and C. P. Grimwood, I arrived
at Cloverdale and at once selected our station and we began
observations for latitude and longitude. Our station was
in the midst of the little village, on a block of land kindly
given us by Mr. M. Minnehan. It was surrounded by a
neat fence, the only other improvement being a small cot-
tage, a room of which was kindly given us by the owner in
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which we could keep our instruments, thus saving much la-
bor in carrying them to and from the hotel,

Mr. Compton, assisted by Mr. Campbell, established the
latitude of our station by a large number of observations
with a sextant and artificial horizon, while I observed for
time, with a small astronomical transit kindly loaned me by
Mr. Edward Dillon, of Dillon & Co., San Francisco. I am
desirous of thanking this gentleman also for the use of a
mean time chronometer and, while under this head, I wish to
thank the management of the San Francisco & North Pa-
cific Railroad Co., for free and careful transportation of our
instruments; the Western Union Telegraph Co., and Mr.
Jones and Mr. Vandenberg for sending us the dock signals of
the Lick Observatory for three days preceding the eclipse.

As the mean of Mr. Compton’s sextant observations on
the sun and Polaris and my own time observations and
chronometer comparisons with the Lick clock, we found our
position to he:

Latitude = 38°47’40” N.
Longitude = 122° 57’ 25” W.

On the evenings of the 29th and 30th of December the sky
. was perfectly clear; but on the night of the 31st, when the
members of the Association joined me, clouds had gathered,
and there were evident signs of rain. However this did not
dampen the ardor of the gentlemen, and we all assembled in
the dining room of the hotel, where I was put through a
sort of astronomical catechism by eager searchers after
detail. We finally went through several drills in the matter
of counting, etc., so that they would all have a complete un-
derstanding of what they were to do. It was agreed to
meet at nine o’clock next morning at the station selected,
and there drill again when all the cameras and other instru-
ments were in position.

On the morning of the 1st, though the sun rose clear, there
were banks of cloud on the horizon, and overhead masses
had gathered which were slowly moving away. As the sun
gathered strength the clouds became more fleecy and began
to dissipate, the improvement in the weather continuing as
the day advanced.

Carpenters had previously made trestles and inclined
boards to be used instead of tripods for most of the cam-
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eras. The thirty cameras were then set up in two long
rows, a place in the center being reserved for the telescopes,
chronometer, etc. By 10 A. M. all the instruments were in
position and drilling commenced. The drilling, which was
done a number of times, corresponded to the programme
afterwards carried out in the matter of counting and record-
ing time. The system was a$ follows:

In order that there should be uniformity with regard to
time, and each should know exactly the period at which the
different plates were exposed and the time of exposure, a
battery and telegraphic sounder were connected with a
break-circuit sidereal chronometer so that the beats of the
seconds were sounded. About one minute before totality,
Mr. Alpheus Bull, Jr., began counting aloud, so all could
hear distinctly, he taking the time from the sounder. This
preliminary counting was done to determine how long be-
fore totality any observer could notice the corona, and each
one noted on a prepared card when he saw it.

Meanwhile Mr. Compton with a sextant and Mr. Wm. M.
Pierson with a 3l4-inch refractor observed for time of
second contact. As totality commenced Mr. Compton and
Mr. Pierson simultaneously called ‘‘ time” and immediately
Mr. George H. Strong commenced counting aloud, taking
the sounder as his guide. The work of the photographers
then began and continued until the last instant of totality
was called, when Mr. Strong ceased counting, and Mr. Bull
again commenced counting till he had counted fifty-five.

The counting after totality was so that the length of time
the corona could be noticed might be recorded. The object
of having two men to call was that voices of different tones
could be recognized as marking the periods before and after
totality and during total phase. Each photographer had
an assistant and each assistant had a card devised by W. H.
Lowden, on which was printed a row of figures from 1 up
to 200. His instructions were to indicate on this card the
exact second of totality, at which the lens of the camera
was uncapped and again when replaced, and repeat this as
many times as there were plates exposed. This card then
furnished a record not only of the time of exposure of
each plate, but the period during totality the exposure was
made. The assistant had but to listen to the voice of Mr.
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Strong, who was calling, and mark on the card the number
being called, as the lens was uncapped and capped. This
arrangement proved perfect, as in every case the time and
period of exposure of every plate is known, and all were
working on the same time by chronometer.

The first and fourth contacts were not observed for, as we
only cared to know when to begin our photographic work,
and to know just the exact second of the time of totality
each plate was exposed. The following times are probably
right within half a second:

Second contact = 1k 46m 43.50s,
Third contact = 1h 48m 27.50s,
the duration being only 1m 44s by sidereal chronometer.

The predicted times at Clovegdale, in the pamphlet issued
by the director of the Lick Observatory (and which were be-
lieved to be only approximate), were: °

Time of second contact = 14 46m 44s P. s. T.
Time of third contact =1h48m 32s
Duration of totality =1m 48s “

The time of contacts played but a small part in our work,
as those who observed and recorded them had little or no
experience in exact observations.

A card with a central black disk to represent the moon
had been prepared for each one, and upon this each was to
draw the corona as it appeared to him, and then turn it
over to the President of the Association without correction
or comparison with other drawings. These drawings have
all been handed in and, with the original negatives and all
of our work, will be sent to the Lick Observatory.

When Mr. Bull counted forty-two (ten seconds before to-
tality), several members saw the corona very distinctly.
Two members, Mr. W. C. Gibbs and Mr. George A. Story,
claim to have seen it forty-three seconds before totality.
After totality the corona was carefully watched and was
lost generally from forty to fifty-five seconds after, with the
exception of Messrs. A. J. Treat and George H. Strong, who
state that they followed it sixty-nine and seventy seconds
respectively.

The ladies of the party were skillful colorists and were in-
structed to protect their eyes preceding the total phase, so
that the eyes would be color-sensitive. They describe the
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color of the sky before totality as being a leaden blue. It
became brighter and more luminous during totality as it ex-
tended up to the corona. The light near the disk of the
moon was an intense luminous silver, with a bluish tinge
similar to the light of an electric arc. The outer corona
was similar in color, though fainter, fading away into
the surrounding sky. The disk of the moon appeared of a
gaseous aspect and of a dark, hazy, purple color. At no
time did it appear black. The streamers, which extended in
an oblique direction, were of the same color as the outer
corona. Warm colored or red rays were not observed by
those who had made their eyes sensitive by protection 'pre-
vious to totality.

One of the best drawings was that made by C. Mason
Kinne of the San Francisco Microscopical Society. He used
a low objective and saw the color of the inner corona as
a cold, steely blue, fading into purple red and slight yellow.
He also observed a slight protuberance on the northwest
periphery.

Captain C. L. Hooper, of the United States revenue cutter
Corwin, had a 2%-inch telescope, but noticed no color at all
in the corona. It was a swallow-tail shape and expanded
about one degree on each side, as nearly as he could judge,
in the direction of the ecliptic. No signs of protuberances or
flames were noticed. The light appeared like that from a
shaded electric light.

I was disappointed at the almost utter absence of sun-
flames, a few very small ones gppearing in the best photo-
graphs.

There were about seventy-five members of the party.
Thirty of these were photographers and thirty recorders the
rest performing other duties with the telescopes, sextant,
meteorological instruments, etc. There were in all one hun-
dred and sixty-seven negatives made. The shortest expos-
ure was one-fiftieth of a second on a quick plate; the longest
was forty-one seconds on a slow plate, the rest varying be-
tween these extremes. The photographing was systematic-
allydone. To eachphotographer wereallotted certain times
of exposure for his plates, taking into consideration such
elements as character of lens and plate, length of focus, etc.
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The results with the camera vary mainly in degree of extent
of corona and size of image. Owing to the variety of quick-
ness of the plates, difference of length of exposure and
methods of development of negatives, a number of facts
have been éstablished which will serve as a valuable guide
to future work of this character. Nearly all of the negatives
made have been developed,

It is found as a result of the work accomplished thus far
that there was no necessity for very long exposures of the
plates, the light of the corona being better from a photo-
graphic point of view than was, perhaps, expected. The
best general results have been obtained with an exposure of
. three seconds on a quick plate with an aperture not less
than one-tenth the focal length of the lens. The negative
made on a slow plate in forty-one seconds shows Mercury
plainly, but so also does another which was only exposed
ten seconds, and perhaps close inspection will reveal this
planet on other negatives, though nothing under ten seems
to show it.

The inner corona was satisfactorily photographed in one
second, and exposures of only a twentieth of a second show
it also very well. The outer portion required a longer time.
Probably the five-second exposures on a rapid plate give
about as great an extent as it is possible to photograph.
The greatest extent was that shown in the forty-one second
negative, where it is pictured as extending on two sides,
about two diameters of the moon; but probably fifteen or
twenty seconds exposure would have answered as well.
The forty-one-second plate would seem to prove that the
visual light of the extreme outer corona is greater than its
photographic strength for the reason that in this case the
rays merge into the diffused light of the sky at a less dis-
tance from the moon than the drawings made by observers
appear to indicate. In developing this negative the sky
was also developed, showing that it was imposstble to ob-
tain on a photographic plate any greater extent of corona
than is shown thereon.

The photographers of our party think that hereafter ex-
posures should be made separately for different parts of the
corona. Short exposures, say of not over one second,
should be given to obtain details of the inner corona ; others
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of two or three seconds for details of the outlying portions;
and others of five seconds and over to obtain the extreme
limits of light given by it. These plates should, of course,
be developed understandingly to get the best results from
each. In the second and third class of exposures the inner
corona would have to be entirely sacrificed in the develop-
ment of the negative, while in the first, care should be
taken to preserve all the detail possible.

It wounld seem from the results that the actinic strength
of the light of the inner corona has been underrated, as the
exposure of one-fiftieth of a second on it gave a good image.
The light as shown on the negatives, especially the larger
ones, is represented as long fine rays or wisps extending ap-
parently from the edge of ‘the moon’s disk. Professor
Langley thought at a previous eclipse that these wisps or
rays were themselves formed of bunches of rays or wisps,
and has been anxious for proof of his theory. The nega-
tives made show that he was right; the broom-like rays are
themselves formed of small bunches of rays like the separate
Ppunches in a broom which go to form the whole. These
show clearly on the negatives, but not so plainly on the
prints.

Dr. Passavant took with him a Warnercke sensitometer
for the purpose of testing the actinic strength of the light of
the corona. He reports that an exposure was made by his
assistant, Thomas Andrews, on an ,,H. L.” plate, which
registers 15 on the sensitometer by the ordinary tests. This
exposure lasted fifteen seconds, commencing at forty-
one seconds after totality and ending at fifty-six.

This photographic plate, of known value, was cut into
four pieces. At the time of the next full moon another piece
of this same plate will be exposed in the same sensitometer
.to the moonlight for a like period. Proper meteorological
observations will be made and recorded at the same time.
Still another portion of the plate will be exposed under the
sensitometer to the standard light used by all photographic
plate-makers. These plates will all be developed at the
same time and with the same chemicals. They are expected
to show: First, the standard value of the plate; second, the
exact relation of the photographic strength of the diffused
light of the corona as compared with that of the full moon.



104 ' The Sidereal Messenger.

This will enable photographers in the future to determine
more accurately the proper exposure to be given the corona,
even though the advances in photography should place the
plates of to-day, so far as rapidity is concerned, very much
" behind the plates of the future.

The results of the above experiment will be forwarded in
time for the next MESSENGER.

The party consisted of the following:

Members of the Photographic Association—A. J. Treat, S.
C. Passavant, O. V. Lange, Charles G. Yale, P. Carleton, C.
F. Montealegre, J. W. Stanford, J. V. A. Rey, Eugene Frost,
Samuel C. Partridge, W. C. Gibbs, George W. Dornin, Will-
iam Letts Oliver, J. H. Johnson, E. W. Runyon, A. P. Red-
ington, W. H. Chapman, W. H. Lowden, E. L. Woods,
George Tasheira, F. H. McConnell, George W. Reed, C. L.
Goddard, W. S. Davis.

Assistants—Alpheus Bull, Jr.,Harry T. Compton, Marston
Campbell, C. P. Grinwood, George H. Strong, William F.
Booth, W. B. Ewer, Lew Tasheira.

Recorders—H. W. Schwerin, William N. McCarthy, W. C.
Edes, Alfred K. Gibbs, M. P. Donnelly, F.C. de Long, George
A. Story, J. A. Bauer, E. S. Gray, E. B. Moore, George B.
Baer, Walter Henry, M. Seligson, E. P. Livingston, F. S.
Wright, C. W. Wilkinson, Harry Phelan, Moses Callan,
Thomas Andrews, Mrs. C. L. Goddard, Miss Hermione Rey,
Mrs. E. S. Gray, Mrs. George Tasheira.

Sketchers—Mrs. George Roe, Miss Silvia Rey, Miss Trues-
dell, Miss Treat, Col. C. Mason Kinne, Capt. W. B. Hooper.

The following professional and amateur photographers
not connected with the Association were also present: I. W.
Taber, A. C. Burnham, W. B. Tyler, Louis de F. Bartlett,
Bert Remmel.

It may be here mentioned, as all were working under direc-
tions and allotments as to time of exposure of plates, some
had to be *‘sacrificed”’ so as to get variety in results. For
instance, Mr. Lowden to whom was assigned the forty-one-
second plate expected to get nothing from so long an
exposure.

My own instrument was the largest one in our party, my
telescope is a 10%%-inch Newtonian reflector, made by Brash-
ear, and this I converted for the time being into a
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telescopic camera. It was mounted in a wooden
inches square and 8 feet 6 inches long. A special
whose minor axis was 3% inches was specially mac
the field would be large enough to include the sun

From a photograph by Mr. Burkchalter;
exposure 2 seconds.

possible extent of its corona. Two slow-motior
ments were provided to follow the sun in altif
azimuth. This was all mounted on a working pla

Prom a photograph by Mr. Burckhalter;
exposure 3 seconds on slow plate.

it could be pointed at the corona at the proper
without loss of time. Mr. Charles G. Yale had «
this mechanism. The tube was carefully blacked i
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everything done to prevent fogging the plate, but this was
known to be an impossibility in an open tube. It was only
a ‘question whether the plate would be fogged beyond all
value or not.

The manner of exposing the plate was by cutting an open-
ing in the top side of the tube and adjusting the back por-
tion of the camera that holds the plate holder over this
opening. A small telescope with a large field was placed
on the tube as a finder. The image was thrown to one side
of the center just before totality, and no attempt made to
follow the moon during the time of totality.

From a photograph by Mr. Burckhalter;
exposure 1 second on slow plate.

The focal length of this camera was 84 inches, the longest
in the field. The diameter of the image is thirteen-sixteenths
of an inch, the largest made by any except that of the 13-
inch instrument of the Harvard Observatory party. In this
camera ten plates were exposed, varying from half a second
to ten seconds. The plates used were Passavant, “C.1. P.’
and “H. L.,” with a sensitometer register of 22 and
15 respectively. Wm. F. Booth recorded, and Marston
Campbell uncapped and capped the lens, I exposing the
plates myself.

W. H. Lowden made special preparations with a view to
obtain a long exposure on the corona. For this purpose he
used an 11 x 14 camera mounted in such manner that dur-
ing exposure he could follow the moon and keep it in thecen-
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From a photograph by Geo. W. NDor- From a photogr.gh by A. ). Treai;

nin; exposure 10 sec.; from 53d to exposure 6 sec.; Passavant pl
to 63d sec. of totality; focus, 17- sensitometer; Darlot No. 8’:&: }g
inch; plates. Seed 25s. inches back focus.

From a hotograph by V. J. Rey, From a photo, h by B. W. Runyo
- ¥ oub{e p b .i‘x"l? H “Stein-

Miss H. Rey. assistant; lens, d assisted Redington ; Stein-
combination No. 1; euryscope ; focus heil nnti.r anatic double lens; stop,
&1 inches ; plate, Seed 26; exposure lai t size; focal length, 10% in.;
between 47th and 49th seconds of H. L. plate, Passavant s al; ex-

totatity. pusure 4 sec., 85th to 68th.

Prom a photograph by W. C. Gibbe; From a photograph by C. F. Montea-
single-view lens, 22-inch lﬂ“; epxpoom-e,% -ec’.. 18th to 21st;

focus ; €X re 1 sec. from 31st to orrison sencoscope. 3 in. aperture;
32d; C. 1. P. plate, sensitometer 22. Bastman’'s American film plate trans-

- to and left on theéglass, (hence *
of the poles).
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ter of the plate. A Beck lens of twenty-two-inch focus with
a three-inch aperture was used, and on top of the camera he
mounted a two-inch telescope. Two exposures were ob-
tained, one of forty-one seconds and one of twenty-eight,
the latter embracing the last second of totality. These were
made on extremely slow plates prepared by Dr. Passavant,
which, being very rich in silver, were expected to show the
detail of the extreme outer corona. The plates have been
developed and are regarded as very successful. The corona
is shown to a distance of nearly two diameters on each side
of the moon, while the movement of the image is not percep-
tible, showing that the apparatus was well adapted to the
difficult experiment, and carefully handled. Mercury is dis-
tinctly shown on both plates. Mr. Lowden made the
mounting for this box himself, and it worked in a very satis-
factory manner.

Mr. Yale took up with him a set of meteorological instru-
ments furnished by Melville Attwood, John Roach and the
Chabot Observatory. Mr. W. B. Ewer kept the records,
The wind was so light that the anemometer scarcely re-
corded it. The black-bulb thermometer exposed to the sun
recorded 691, at 12:35, 62 at 1 p. M., 61 at 1:15,52 at 1:35,
46 at 1:45 and 42 during totality. The dry-bulb thermome-
ter registered 5514 at 12:35, 54 at 12:50, 554 at 1:07, 54 at
1:25, 57 at 1:40 and 51 during the total phase. The wet-
bulb thermometer ran down from 512 to 49, the latter fig-
ure during totality. The barometer dropped 5-100 during
the total phase, quickly returning to normal, 39.093, on
its conclusion.

I feel that I cannot close this already long article without
mentioning our very narrow escape from our total failure.
A light cloud covered the face of the moon and was photo-
graphed by Mr. Oliver only one and one-half minutes before
second contact, and drifted off only thirty seconds before,
and another light cloud again covered the moon only two
minutes after the end of totality. I wish also to record the
fact that the general light—visually speaking—was fully
four if not five times brighter than bright moonlight and
our lanterns were not needed.
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AUTOBIOGRAPHY OF ALVAN CLARK."

Some years ago, when residing in Cambridge, I became ac-
quainted with the late Mr. Alvan Clark, the distinguished
astronomical instrument maker, and after coming to Wash-
ington I had some correspondence with him. Among his
letters is one containing his autobiography, written at my
request ten years ago last October. If you think it would
be of interest to the readers of the Register you may publish
it there:

Cambridgeport, Oct.................. 1878.
My DEAR SIR:

The account of my career vou have desired I can
write in pencil more conveniently than with ink. I have
written but little in my life, and less of late than ever; so
it is hard and slow work for me.

My father’s name was Abram, and he was born in Har-
wich, Mass.; and my mother was Mary Bassett, born in
Dennis, Mass. They removed to Ashfield, Franklin County,
Mass., in 1794, where I was born, March 8, 1804. I was
the fifth son of ten children, seven sons and three daughters;
five of us are living at this date. .

Our farm of 100 acres was one of the roughest and most
rocky in that rough and rock town, and over the greater
part of it, when I was a lad, the stumps of the primitive
forest trees, mostly hemlock, and some very large, were
standing. Two splendid trout brooks joined near the lower
or eastern border of the farm, upon the larger of which is a
grand waterfall near the middleof the farm, but being three
and a half miles from the center of Ashfield, and about the
same distance from Conway and Goshen centres, it has
attracted little attention. The year I was horn my father
built a sawmill just below the confluence of these streams,
and close upon the line between Conway and Ashfield. It
was a fourth of a mile from the house in plain sight and of
course a prominent object in my childish thoughts. It was
washed away after standing seven years, but rebuilt when I
was eight. I concluded then I should be a mill-wright, being

¢ Communicated to the New England Historical and Genealogical Register by
g:z; Wgﬁ::m L. Richardson, LL. D., Chief Justice of the Court of Claims, Wash-
a, D. C.
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wonder-struck by the achievements of Capt. Gates, the chief
in this work of rebuilding.

The first school-house in the district was located on our
farm, and built when I gvas seven years old. At times forty
scholars have attended there where now they can scarcely
muster ten, and I sometimes might be inclined to fear that
in forsaking a home abounding in inviting influences, my ex-
ample had been pernicious, were it not that I see with regret
the same depopulation going on almost all over the rural
portions of New England.

An old grist mill located by the waterfall, built before I
was horn, was purchased by my father when I was about
twelve. The school, the farm and these mills busied me until
about seventeen, when I began to think that perhaps I
might be better fitted for some other calling,and I went into
a wagon-maker’s shop and worked about a year with an
older brother, but returned to the paternal mansion and put
myself at work in good earnest to learn alone engraving
and drawing, though I had first visited Hartford, and seen
something of such works which were cheerfully explained to
me, green as I was, by strangers well skilled, of which there
were a number at that time in the place. I visited Boston
in the autumn of 1824, carrying with me specimens to show
my proficiency, which though not great, was sufficient to
secure me a living employment for the time.

Supplying myself with some of the most needed art
materials I returned to Ashfield the next May, and spent the
summer as studiously as possible, with no settled plans fur-
ther than the acquisition of skill. In neighboring towns I
offered my services in making,small portraits, some in India
ink and some in water colors,and with a pretty satisfactory
measure of success.

Here I must give you one little incident which tends to
show what small matters can change the course of a human
life. Wanting some fine sable hair brushes, I sent for them
by a man in the habit of visiting Boston. Upon looking
over a piece of newspaper in which they were wrapped when
received, my eye fell upon an advertisement of recent date,
headed, ‘‘ Engravers Wanted.” I was not long in making
up my mind to apply for the situation. On reaching Boston
I found the engravers were wanted at the engraving shop of

v
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the Merrimac Works in East Chelmsford for calico pri
The agent informed me that they had just contracted
Messrs. Mason and Baldwin of Philadelphia to do the
graving, and that one of the firm would soon be in
Chelmsford and very likely would employ me as an ¢
ant.

Mason at once on his arrival offered me eight dolla:
week for one year and nine dollars per week for thre
ceeding years, with opportunity for learning the ¢
which they were engaged. I was to work nine hot
winter and ten in summer per day, which terms I acc
Such pay would now be considered small for a begin.
housekeeping, but I was able to supplement it a lit:
painting and cutting stamps out of the shop.

I have always felt that I incurred a very serious r
marrying as I did. My wife, Maria, was the daugh
Asher Pease, and was born in Enfield, Conn., Nov. 30,
The family removed to Conway and settled on a farm
in half a mile of my own father’s residence in 1811, "
she resided with her parents until our marriage, except
short time she boarded in the family of Dr. Edward ]
cock, while he was settled preacher in Conway, previc
his taking the Presidency of Amherst College,—th:
the purpose of attending a select school. After rem:
about six months in E. Chelmsford, I invited my fatl
accompany this young woman to the place, which h
and we were married, as the record shows, on the 2!
March, 1826.* My employer, Mr. Mason, was very
and procured credit for me, that we could arrange for ]
keeping in an unpretentious way, where I felt that we
established for three years and six months at least.

But a disagreement sprang up between Mason & Ba
and their employees, resulting in Mr. Masons’ returni
Philadelphia; but previous to leaving he offered to
our engagement, or take me with him to Philadelpl
serve it out, or he would open a branch shop in Prov
R. 1., and give me charge of it, with pay of $10 per
and one-fourth the profits. I accepted the last propos

* This was the first marriage in the town of Lowell. That part of Che
called Bast Chelmsford was incorporated as Lowell, March 1, 1826. 1
town was held at Colburn’s Tavern, March 25 1826, and Mr, Cl
married on that very day, by the late Rev. Theodore Edson.—W. A. R.
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as there was no chance that I could remain in the Lowell
shop with comfort, for they had imported English engravers
who had no notion of allowing the secrets of theirart to slip
into the hands of Americans. Our tarry in Providence was of
only about one year’s duration, when this branch of Mason
& Baldwin’s Works was removed to New York, where I con-
tinued on the same terms with them, until the spring of
1832, at which date I received an offer from Andrew Robe-
son for my services at his print-works in Fall River, such
that I was induced to relinquish my connection with Mason
& Baldwin. We had but just settled in Fall River when the
cholera broke out in New York. Before passing I would
say, the partner of Mason was M. W. Baldwin, afterwards
the famous builder of locomotives. While residing in New
York I had excellent opportunities for studying painting,
and practiced all I could, and never gave It up even after re-
moving to Fall River.

In 1835, Lucius Mantrus Sargent was invited by temper-
ance people to give a lecture in each of the churches in the
place, and as he was to be several days there, I sought a
seasonable opportunity for inviting him to give me sittings
for an ivory miniature. During these sittings I questioned
him as to my chance of success as a miniature painter in
Boston. He asked what practice, or experience, or oppor-
tunities for instruction I had thus far enjoyed in the art?
After receiving my replies and preceiving that my heart was
in it, without committing himself by advice he wished to
know the highest price I had ever received for a picture, and
when I stated $20 he said he wished to take this home with
him and also to pay me $40 for it. This was an expres-
sion of liberality to which I had been quite unused, and
caused me to throw up engraving and quit Fall River
for Boston. The sympathy and friendship thus opened I
was permitted to enjoy through the remainder of Mr. Sar-
gent’s life, which was of great advantage to me. I
bought the house in Prospect Street, Cambridgeport, in
1836, where I resided until 1860; supporting my family by
painting portraits and miniatures in Boston.

In 1844 my son George Bassett Clark, born in Lowell Feb.
14, 1827, had been for a time in the academy at Andover as
a student, with the view of qualifying for a civil engineer.
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In the course of his scientific reading this youth happened to
fall in with some account of casting and grinding reflectors
for telescopes, and before mentioning it to me had procured
his metal and made a casting for a small mirror. I
watched his progress in grinding and polishing with much
interest, and perceiving a growing interest on his part I was
at some pains to acquaint myself with what had been done,
and how done, in this curious art, that my son could have
the benefit of my maturer judgment in giving effect to his
experiments. We spent much time on reflectors, and found
for ourselves that the difficulties which have led to such an
extensive abandonment of this form of telescope were really
irremediable. The sacrifice here was pretty serious for us
with then very limited means. I finally proposed to.the
youth to try a refractor, but he did not believe we could suc-
ceed with it, for the books described it as a very difficult
thing.

About this time the great telescope at Harvard College
Observatory was put to use, and greatly did I wish to see it
and look through it, but Professor Bond informed me that I
must come with an order from President Everett before this
could be allowed. This order was speedily obtained. I was
far enough advanced in knowledge of such matters to per-
ceive and locate the errors of figure in their 15-inch glass at
first sight, yet those errors were very small, just enough to
leave me in full possession of all the hope and courage
needed to give me a start, especially when informed that
this object glass alone cost twelve thousand dollars.

I began by reworking some old and poor object glasses
of small instruments, there being no material in our market
of suitable quality, and after gaining confidence and tact,
sufficient, as I thought, to warrant the outlay, I imported
one pair of disks of 514 inches, and found others in New
York of larger size even up to eight inches, of very good
quality.

‘We made some instruments to order and sold some, work-
ed on our own account; but the encouragement was small,
until I reported my doings to Rev. W. R. Dawes, the famous
double’star observer in England, in 1851. I gave him the
places of two new double stars I had discovered the next
year with a glass 43; inches diameter. One of the stars was
in Sextans.
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In 1853 I had finished a glass of 7% inches aperture, with
which the companion of 95 Ceti was discovered. Upon re-
porting this to Mr. Dawes, he expressed a wish to possess
the glass, but to test its qualities further sent me a list of
Struve’s difficult double stars, wishing me to examine them,
which I did and furnished him such a description of them as
satisfied him that they were well seen. I sold him this glass,
and afterward four others, one of which, an eight inch
in the hands of Huggins has become well known. Knott,
an English astronomer, has one of them 714 inches, which
he greatly prizes. ‘

Previous to 1859 my correspondence with Dawes had be-
come more extensive than with any other fellow mortal in
all my life. I visited him that season, carrying with me one
equatorial mounting, and two object glasses, one of 8, the
other 814 inches. All were admitted without duty at Liver-
pool, though I paid 30% on the rough glass in Boston; nor
was that all, the glass was warranted first quality, and
when I informed the deputy collector that a large portion of
the amount in invoice was in consideration of the warranty
and asked him if any allowance would be made in case it
turned out worthless, he said, “No, not a cent, if you buy
the devil you may sell him again.” The crown did turn out
defective, and I had to import another and pay 30% again.
But we were then under a Denfocratic administration.

I spent between five and six weeks with Mr. Dawes, vis-
ited London with him, and we attended together the visita-
tion at Greenwich Observatory and a meeting of the Royal
Astronomical Society, seeing and conversing with many
notable personages, among them Sir John Herschel and Lord
Rosse. Before taking leave of Dawes, I told him he had

" paid me more money than I had ever received from one in-
dividual in all my dealings with my fellow-men, and it was
most gratifving to me that he cordially allowed that I de-
served it. .

The reports concerning the performance of these glasses,
published by Mr. Dawes from time to time, in the Monthly
Notices of the Royal Astronomical Society, was of great
service to me in procuring orders, without which, situated
as I was, the proficiency which comes from long practice
could never have been reached. In 1860 Dr. F. A. P. Bar-
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nard, now President of Columbia College, New York, then
Chief of the University of Mississippi, ordered from us a
telescope to be larger than any refractor ever before put to
unse. Isay we, for my two sons G. B. and Alvan G. Clark
were well skilled men, on whom my efforts in training had
not been thrown away, and who were now ready to em-
bark in an undertaking, the importance of which they were
qualified to appreciate.

It now became necessary for us to secure more commodi-
ous guarters than had served our purposes thus far, and
after visiting various sites, we finally settled where we now
are purchasing nearly an acre and one half of land, and
erecting our buildings in the summer of 1860. The glass for
the Mississippi telescope in the rough was received from the
makers, Messrs. Chance Bros. & Co., of Birmingham, Eng-
land about the beginning of 1862, and within one year
from that time Alvan G. Clark discovered with it the com-
panion of Sirius, which after a few days in a fine night Pro-
. fessor George P. Bond was able to see and measure with the
15-inch telescope at Cambridge Observatory. Our glass
was 183 inches, and for the production of such a lens,
coupled with this discovery, the Imperial Academy of Paris
awarded my son the Lalande prize for 1862.

The war coming on and cutting off all communication
with Mississippi, this telescope was sold to parties in Chi-
cago, and is now in charge of S. W. Burnham, who has
gained great celebrity by double star discoveries; though
much of his work has been done with a glass of only six
. inches aperture.

We have made many instruments of smaller size, but one
of 121 inches for the Pritchett School Institute of Glasgow,
Missouri; one of 1214 inches for Dr. Henry Draper, of New
York, one of 11% inches for the Austrian Observatory at
Vienna, and one of 11 inches for the Observatory at Lisbon,
Portugal. Also one of 12 inches for the Wesleyan Univer-
sity of Middleton, Conn., and have now in hand one of 151,
inches for the University of Wisconsin, at Madison.

But the most important work we have ever attempted
was making two tglescopes of 26 inches clear aperture, one
for our government, and one for L. J. McCormick, of Chi-
cago. The orders for them were received in the summer of



116 The Sidereal Messenger.

1871. The government telescope was delivered in the
autumn of 1872, and it was with this instrument that Pro-
fessor Asaph Hall discovered the two satellites of Mars at
the time of its last opposition. The government paid us for
this work $46,000. The McCormick telescope is not yet
entirely finished, but will be very quickly when provisions
are made for it, in the way of a suitable site and buildings,
and the support of a competent astronomer.

Now I must give a narrative in response to another query.

Dr. Jacob Bigelow returned from a visit to Europe soon
after the great telescope at Cambridge was placed in the
Observatory. Knowing that he had been in Munich where
it was made, I asked him one day in the street if he saw the
establishment where it was made? He answered in the neg-
ative. When I informed him that I was interested in such
matters and was then at work upon object glasses, he re-
marked, that if I wished to learn to make telescopes I must
go where they make them, and passed along. Some years
later the Rumford Committee sought information as to
what original means or methods I employed. My reply
was that I knew so little of the doings of others that I
could not say, but if they would meet at our shop, I would
explain to them as well as I could the steps by which I had
been in the habit of bringing object glasses into figure.

The result was the Rumford prize was awarded me for a
method of local correction. Upon the occasion of its pres-
entation, the Academy meeting was attended by Dr. Bige-
low. The president, Professor Asa Gray, stated the grounds
on which the award was made, and I replied as well as I
could. Charles G. Loring and Dr. Bigelow were seated near,
and I heard one say to the other, ‘‘that was well done.”
After the adjournment I reminded Dr. Bigelow of his saying
that if I wished to learn to make telescopes I must go where
they make them, and added that I had been. ‘‘Have you,

~where?” Cambridgeport was my reply.

I met Dr. Hare at the August meeting of scientists at Al-
bany in 1856. Finding him soon after in Boston, I invited
him to sit for a portrait, which Ifinally sold to Dr.Henry for
$100.* '

So you will perceive that the three periods of my life of

* This was Professor Joseph Henry, Secretary or Director of the 8Smithsonian In-
stitution at Washington, where the portrait is still preserved.—W. A. R.




Autobiography of Alvan Clark. 117

which you write, have been considerably blended. Lives
thus changeful are frequently troubled in their finances, but

I have been fortunate enough to meet my money promises

all along, and have a fair reserve for a rainy day.

I have received the degree of A.M. from Amherst, Chicago,
Princeton and Harvard. 1 have read much popular astron-
omy, but in its mathematics I am lamentably deficient.
You will see by the printed papers I shall send with this
that I have made some use of telescopes. I have lived to see
the companion of » Herculis therein mentioned go through
considerably more than half a revolution.

This is the most of an autobiography 1 have ever pre-
pared, and my condition is such that I shall probably never
make another attempt, so I would like you to preserve this
after selecting your points, for some of the Ashfield people

may be pleased to see it. Let me know at once if it is safely

received, and when you puplish send me a copy of your pro-
duction.

I will add further what may be of interest. I have always
voted with the Republicans when voting at all since they
came into power, but have never attended caucuses or held
an office. I have never been a church member, nor had
either of my parents, but my faith in the universality of
God’s providence is entire and unswerving. My grand-

fathers died one at 87, and the other 88. I knew them

well, and they were good men. Both had been engaged in
killing whales.—I have never heard of one of my progenitors
—Thomas Clark* of the Mayflower was one—as heing a
bankrupt, or grossly intemperate.—I was never but once
sued, and in that case emploved Joel Giles as counsel, who
made a compromise without going to trial. I never sued
but one man, and that was Collector Austin, and I gained
my case. I never studied music or attended an opera in my
life, and know nothing of chess or card playing.—I never

learned to dance, but was a good swimmer, though lack-
ing generally in the points which go to make an expert
gymnast.—I have long been a member of the American
Academy of Arts and Sciences, and my son G. B. enjoys the
same honor more regently conferred.
I hope the above will serve your purpose.
’ Yours with great esteem,
ALvAN CLARK.

®* Prom whom Clark’s Island, near Plymouth, takes its name.
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TOTAL SOLAR ECLIPSE, JAN. 1, 188g.

PROFESSOR WINSLOW UPTON.*

For THE MESSENGER.

The following account of the observations made at Wil-
lows, California, by Mr. A. L. Rotch, proprietor of the Blue
Hill Observatory, and myself may be of interest.

We located at Willows, California, about 2,700 feet W. N.
W. of the station occupied by the Harvard Observatory
party. Our selection of Willows was by invitation of the
Harvard party, and our observations supplement those
made by Mr. Pickering and his assistants. We were obliged
to go to a different part of the town, however, to secure
proper exposure of the wind instrument. The observations
planned were chiefly to detect the atmospheric fluctuations
caused by the withdrawal of the sun’s heat, and to ohserve
the shadow bands.

The instrumental equipment consisted of three sensitive
aneroid barometers and one self-registering barograph, wet,
and dry-bulb thermometers, self-registering maximum and
mimimum thermometers of special sensitiveness, a pair of
black and bright bulb thermometers in vacuo to determine
the solar radiation, a self-registering Violle actinometer, a
self-registering anemometer of the Robinson pattern and a
sensitive self-registering wind vane. Besides these meteor-
ological instruments were a field chronograph, a three-inch-
telescope and a small camera. The wind and radiation in-
struments were mounted upon the railing of a tower about
forty feet above the ground, and the suitable exposure of
all the instruments was carefully secured.

The observations cdnsisted of five minute readings of all
the meteorological instruments except those which were self-
registering. During totality a 60-second exposure was made,
the camera pointed upon a newspaper fifteen feet from it, in
order to determine the brightness of the sky during the
eclipse, as requested by Professor Todd. Special attention
was given to the shadow bands, both observers and two
others joining in this part of the work. Part of the plan
was an attempt to photograph them for which purpose

* Professor of Astronomy in Brown University, Providence, R. I,
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two large white screens were erected, ome vertical, the
other inclined 45°, 27 feet from the camera. The contacts
were observed and sketches of the corona made.

The results of work may be stated summarily as follows:
The temperature fell 5° and reached its lowest point ten
minutes after the total phase; the humidity rose thirty per
cent; the dew fall was not appreciable on the ground, but
papers were perceptibly dampened; the barometric pressure
fell and rose but nearly in the usual diurnal curve; the wind
died down nearly calm, and increased after totality; itsdirec-
tion, which was north, suffered aslight deflection towards the
west near the time of the total phase. All of these effects
can be ascribed to the eclipse. The shadow band observa-
tions were not as successful as had been hoped. Besides the
white screens mentioned above, white sheets were spread
upon the ground, and all four ohservers watched for them
carefully both hefore and after the total phase, while one
observer watched for them also during totality. The writer
was the only one of the observers who saw them at all, and

- his view was a mere glimpse thirty-four seconds before the
beginning of totality. They were about an inch wide and
3 to 4 inches apart, apparently stationary, and were seen
upon the vertical screen towards which the camera was
pointed. An exposure of one-fifth second was made. The
plate on development showed no sign of the bands, but the
fact that the screens are well defined and also the shadow of
a tree upon them shows that the photographic power of the
light, even so near totality, is remarkably strong. The
plates used were Seed plates, very sensitive.

The shadow band observations were made in accordance
with a plan by which records of the same kind were to be se-
cured at a number of stations, as explained in a circular
which had been widely distributed. Fourteen reports have
been received. It is shown by them that the bands in this
eclipse were faint and narrow. The estimates of velocity
are various but all the reports agree in assigning the direc-
tion in which they lay before the total phase as N.E. to S.W.
Other interesting facts will be brought out when the records
are discussed.

The first contact was lost from clouds; the others were
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carefully observed and the comparison with the times calcu-
lated from the date in the American Ephemeris is as follows:
CALCULATED. OBSERVED.

h
Second contact.......ccccceeeene 1 4?7 56 4‘1‘} 4'8.5
Third contact.......ccccevvnreenns 149 42 49 47.0
Fourth contact.................. 3 T 46 7 43.5

During totality it was perfectly easy to read the seconds
dial of a white watch face, and the brightness was about
that 20 minutes after sunset on the same evening. The sky
was perfeetly clear in the region occupied by the sun during
the time of totality and the corona observed under specially
favorable conditions.

TOTAL SOLAR ECILPSE REPORT.

J. A. BRASHEAR.

For the MESSENGER.

I am not certain that my work on the eclipse is of any
great value. I decided to go at such a late date, that I had -
little time to prepare for it; in fact, four days before start-
ing I had no telescope; in that brief period I had a 414-
inch refractor ready for shipment. It is perhaps as fine
a glass as we have ever turned out, and Mr. Burckhalter
would not let me bring it away from San Francisco, but
kept it ‘“‘right there” as he enthusiastically said. At the
request of Professor Very, of the Allegheny Observatory,
I made as nearly as I could, a sketch of the south polar
corona, confining my work to that alone, though I was
tempted by the beauty of the scene to drop pencil and look.
I believe it was of Professor Peters that the story is told,
that he was asked what instruments he would take to the
next eclipse and he replied “‘ a pillow,’’ and so I felt. Our sta-
tion was at Winnemucca, and Professor Howe with Col.
Maxson had made arrangements with Dr. Elkin, of Yale
University Observatory and Mr. Henry Phipps of Allegheny.
Col. Maxson’s camp was about 1% miles from the town
where two tents were put up, and the instruments set. It
is not necessary to give the names of the party for they have
been published already.

The day dawn was exquisite. I had walked about four
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miles from the town before sunrise to see the glorious orb of
day come up from the eastern mountain range. I was not
disappointed. I saw a sight never before witnessed. The
color display around the sun was glorious; but all at once a
column of the loveliest hues stood up before me with its
apex in line with the sum, and its base, like that of the rain-
bow, resting in a * pot of gold” not far off yet ever receding
as I advanced. I found it was caused by ice crystals that
were being driven to the westward by a gentle breeze, and
the dark background of the mountain bringing it out inglor-
ious relief. But this is not the eclipse of the sun,is it? Well,
evervthing wasready by the time the moon was to put in an
appearance. In order to help Professor HowelI took first and
last contact, rating my watch from his chronometer, which
was corrected from signals from Lick Observatory. My first
contact was a little slow, perhaps two seconds, as I was
carefully watching to see if Icould notcatch the moon’s limb
projected on the solar corona. The point of first contact
being a little high in the field I did not see the limb of the
moon until contact, although I do think it should have been
seen in that exquisite atmosphere. I had an excellent polar-
izing helioscope with me, and as the moon’s limb advanced
on the sun’s disc the projection of the lunar mountains, pre-
sumed to be the Doerful Mts., was clear cut and well defined
as I ever saw them, and the granular surface of the sun came
out bcautnfully Professor Howe and Mr. Davidson coin-
cided with me in this, after observing it with the four-inch
telescope, using the polarizing eye-piece.

As totality approached, my sketching arrangements were
made ready and consisted of a piece of plate glass half of
which was finely ground and the other half left plain, the line
between the two being a curve representing the limb of the
moon. This made a splendid sketching plate when it was
feebly illuminated by a lamp behind it and it could be used
as a photographic negative reproducing in white the black
pencil lines. I had practiced sketching frost crystals rapidly
and when totality brought out the delicate structure of the
polar corona I did my best to sketch the finer detail of the
south polar corona, at the same time outlining the two
beautiful protuberances that were at either edge of the field,
one of which was very interesting from the fact that a
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tongue of flame had become detatched from that part rest-
ing on the sun’s limb.

The chromosphere was observed in all its gorgeousness
and simply outlined, as I stuck to my task of sketching a
few degrees of the south polar corona.

After the appearance of the sun I shifted the telescope so
as to observe how long I could see the coronal fringe. I
was certain I saw it well for half a minute, and the hazy
light could be seen for some seconds afterwards. The last
contact agreed with Professor Howe's observation within
half a second.

Finally I must say that the good people of Winnemucca
were very kind, and Col. Maxson did all he could to make
the work of the party a success, and the eclipse of Jan. 1,
1889 will long be remembered. Professor Howe is an enthu-
siastic man, and he will succeed. Dr. Elkin was not well, so
he observed at the hotel.

WASHINGTON UNIVERSITY ECLIPSE PARTY.

PROFESSOR C. M. CHARROPIN.*

The party from St. Louis was composed of Professor
Pritchett, in charge of the Washington University party, and
Professors Nipher and Engler of that University and myself.
We had been provided with all necessary instruments for
making the observations, some of which had been kindly
placed at our disposal by the government, and all these had
heen sent on before, and we went with the determination of
making the most of the splendid opportunity that was open
to us, providing there should be no clouds or hazy atmos-
phere to interfere with the observations. Professor Pritch-
ett had determined to make Norman as our observing sta-
tion, this being considered the most favorable spot in the
Sacramento vallev. We had sent our instruments to Wil
lows, but we were unwilling to settle at that point, the sta-
tion -being already occupied by Professor Pickering and
party of Harvard College.

* Department of Chemistry and Astronomy of the St. Louis University, St.
L.ouis, Mo.
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At Willows we were kindly received by Professor Picker-
ing, whoinvited us to his station. We found him wellequip-
ped, with two 13-inch telescopes equatorially mounted, spec-
troscopes, cameras, etc.

Early next momning we were at the railroad station, but
to our great disappointment we were informed that the
freight train was six hours behind time. Professor Engler,
who had an eye to business, perceived a locomotive and he
at once telegraphed to the superintendent at Sacramento for
the use of the locomotive to pull our freight car to Norman.
A quarter of an hour later a message from Sacramento an-
nounced that our request had been granted. Through the
kindness of the superintendent we were landed safely at Nor-
man about 9 o'clock a. M., and here I must acknowledge the
great kindness of the railroad men all along the line.

The remainder of the day was spent in building sheds and
placing our telescopes in position. We were all delighted
with our station; ‘a beautiful little cottage with roses in
bloom in front of the house, gnod-hearted and jovial com-
panions; our location on the very center of totality; no one

to disturb us we formed a happy little family. Professor.

Valle of the University of Tacubaya, just outside the City of
Mexico, had joined our party, and his services were valuable
to us. Five days of preparation were left us, and not a min-
ute of time was lost. Professor Pritchett had assigned to
each astronomer his special task. Our astronomical clock
at first refused to do its duty, but under the control of Pro-
fessor Nipher it soon learned to obey. Many photographs
were taken to test the power of the government lenses, and
we obtained very fair negatives of the crescent moon, of the
sun, of Venus and other celestial objects, and terrestrial
scenes were also photographed. The camera I had brought
along did not remain idle. We obtained good negatives of
the station, of the instruments, the surrounding mountains,
etc. Even an instantaneous shot at a flock of wild geese left
its impression on the sensitive plate. Finally the great day
came. Our preparations were complete and our exact lati-
tude and longitude had been determined by many observa-
tions. But a cloudy skyseemed to cast a gloom on the faces
of the observers; one alone appeared to be confident of suc-
cess.

e

)
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The supreme moment approached. Each astronomer was
at his post; a solemn silence prevailed. The sun peeped
through the clouds, but soon was veiled again.

“Time!” called the observer at the chronometer. The
first contact was lost.

The look of anxiety depicted on the contenance of every
observer would have been a fit subject for the camera, bhut
the camera was idle. Few words were exchanged, but our
silence spoke volumes.

A special train then arrived from San Francisco. Mr.
Rideout and family, Senator Boggs and many friends were
present. A sumptuous lunch had been prepared, but the as-
tronomers had no appetite. Clouds on clouds swept over
the sun, the darkness now became apparent;nature assumed
an unearthly appearance; a greenish, awe-inspiring light
shone on the tips of the neighboring mountains. Suddenly
the clouds opened, the sun and moon appeared in a clear
blue sky. A shout of joy and admiration burst forth from
every pair of lungs. The last lingering ray of the sun dis-
appeared; the corona burst forth in all its glory and maj-
‘esty; four planets and many stars shone brightly. A perfect
silence followed, disturbed only by our astronomical clock
beating the half seconds.

Our observations were very successful, Bailey’s beads were
distinctly seen. We have six excellent negatives of the coro-
na, showing all the details of the streamers of the outer
corona Six protuberances are distinctly marked. These red
flames of hydrogen, being nonactinic, were supposed to be
beyond the reach of a gelatine plate during ashort exposure,
but, thanks to Mr. Seed, who had made a special emulsion
for the eclipse party and furnished us with excellent plates,
our success was bevond all expectation.

After shakings of hands and mutual congratulations, we
packed carefully our instruments and left for San Francisco
on the following day. There Professor Prichett gave to his
party, at the Palace Hotel, a grand eclipse dinner. The
same evening the party left for Mount Hamilton. Sickness
detained me two days at Santa Clara College. From the
college I could see the Lick Observatory over-towering the
clouds. It was painful to an astronomer tosee at adistance
the land of promise and not be able to enter it. My party
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could not wait for me. They started with a heavy rain,
spent two days at Mount Hamilton well impressed with the
grandeur of the monster telescope, but the seeing was poor
on account of the bad weather. Returning, they met me
climbing up the slope with a team of two fine horses. In a
bee-line the Lick Observatory is 13 miles from San José, our
starting point, But the road, which is like ‘“a wounded
snake dragging its slow length along,” is 27 miles. After a
ride of six hours I arrived at the Observatory. The scenery
is gorgeous. The deep canyon; the brilliant effects of a rising
sun on distant mountains; the snow-capped Sierra Nevadas
200 miles away; the deep valleys covered with a carpet of
green grass, are descriptions which belong to the poet and
should be left untouched by the astronomer.

Professor Holden, who is not only a great astronomer,
but a scholar and a perfect gentleman, received me with the
greatest cordiality. He gave me the use of the great tele-
scope for two hours. From 12 midnight to 2 o’clock in the
morning I feasted my eyes on celestial objects.

The night was clear and beautiful, Saturn was a
beautiful object. It appeared much larger in the tele-
scope than the moon appears to the naked eye. The mark-
ings on the sphere of the planet were well defined and ex-
tended almost to the poles. Seven moons shone brightly,
but coy Mimas was hidden behind the old god. The nebula
in Orion was another object of great interest, but it baf-
fles all description. The six stars of the Trapezium were
separated, and the “ Nova,” Alvan Clark’s star was barely
visible. Nebulous matter extended far beyond the field of
the telescope. I next observed double stars and nebule, ob-
jects familiar to me, but how differently they now appeared.
How insignificant to me is my small telescope which but
lately I prized so much. The large telescope weighs 10 tons,
and yet it is so well balanced that I could move it with one
hand. At 2 o’clock A. M. Professor Schaeberle brought me to
myroom. After a goodrest and a hearty breakfast Professor
Holden brought me to his sanctum. He showed me excellent
photographs of the moon, the work of Professors Burnham
and Barnard, who are excellent artists as well as good as-
tronomers. I had a long talk with Professor Holden, whose
conversation is both interesting and instructive. The next
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part of the program was to climb up the hill. We formed a
party of three, Professor Swift of Rochester, N. Y., Professor
Barnard, the discoverer of twelve comets, and myself. We
visited Mount Copernicus, Mount Galileo and Mount Kep-
pler. From the last named we had a sight of the Pacific
Ocean, fifty miles distant. Professor Barnard was our
leader. He climbed up the steep cliffs like a deer, encourag-
ing us to follow him by both word and example. A more
genial companion than Professor Barnard I never met be-
fore. It is difficult to say what is to be admired more in him
—the efficient astronomer, the refined gentleman or the
genial companion who seems to forget himself in order to
make his guests happy. The remembrance of Mount Ham-
ilton shall not soon fade from my memory.

AMATEUR ASTRONOMY.

The friendly relations which were established between the
professional astronomers at Mount Hamilton and the ama-
teur photographers and amateur astronomers of San José
and coast on the occasion of the recent eclipse of the sun
have almost spontaneously resulted in the formation of an
astronomical association. Just prior to the eclipse a pam-
phlet of information relative to it was issued from the Lick
Observatory, and was widely read and followed by the many
photographers and amateur astronomers, and the commun-
ity of interests led to friendly relations and intercourse. Dur-
ing the first week of last month these culminated in the in-
itiatory steps being taken toward the formation of the As-
tronomical Society of the Pacific Coast, as first suggested in
the fleld on January 1st. The meeting was immediately fol-
lowed by a discussion of the constitution and by-laws of the
new association referred to.

The following temporary officers were elected to hold office
until the the annual election of officers, which will be held on
the last Saturday in next month: Edward S. Holden, presi-
dent; J. M. Scheeberle, vice-president; C. Burckhalter, secre-
tary; E. J. Molera, treasurer. The newly elected officers at
once agreed to issue a circular inviting all who take a gen-
uine interest in astronomy to join the society. The circular
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which was adopted sets forth that meetings shall be held
part of the year in San José and the remaining portion at
Mount Hamilton Observatory; and that a journal devoted
to the astronomical interests of the coast and the diffusion
of general knowledge on astronomy should be established.
‘The names of thirty-four private individuals were set down
as members, and copies of the circular will be at once for-
warded to the members of the Academy of Sciences, the
Technical Society, the Microscopical Society, the Geographi-
cal Society, the Historical Society of San Diego and other
similiar bodies, as well as the various colleges and universi-
ties of the coast.

The constitution and by-laws were then discussed and
adopted. The object of the society is therein set forth sim-
ply as the advancement of the science of astronomy. The
headquarters of the society are to be in San José, and until
suitable quarters have been obtained the annual meetings
will be held on the last Saturday in March in the rooms of
the Amateur Photographers’ Association. Eleven directors
will have control of the business of the society and special
officers will be appointed and paid as such are required. An
astronomical library is to be formed under the care of a lib-
rarian. The meetings will be held every two months, those
in May, July and September in the library of the Lick Obser-
vatory, those in January, March and November in San José,
all meetings being held on the last Saturday of each of the
months named.

CURRENT INTERESTING CELESTIAL PHENOMENA.

THE PLANETS.

Mercury may he seen in the morning during the first half
of March, rising in the southeast about an hour before the
sun. During the latter part of this month and the whole of
Aprilhe will be too near the rays of the sunand too far from .
the earth to be well seen. No doubt many-of our readers
noticed how conspicuous this planet was in the southwest
after sunset during the first few days of February.

Venus will be at her greatest brilliancy March 25. No
doubt many have noticed during the past month the percep-
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tible shadows which are cast by objects in the light of this
planet. The writer was considerably surprised a few even-
ings since, on opening the dome towards Venus, to notice
the intensity of the shadows of the equatorial thrown upon
the opposite wall of the dome. Several very fair telescopic
views have been obtained but none when the seeing could be
called perfect or even excellent. No markings could be de-
tected on the illuminated half of the disk but the gradual
shading off at the terminator, indicating twilight in the at-
mosphere of the planet, was very perceptible. Although the
phase was only slightly gibbous, considerably more than
half the disk was illuminated. Venus is easily visible in full
sunlight during the afternoon. Several persons have written
concerning their own observations, and the writer has
several times, while walking across the college grounds, de-
tected the planet by a single glance at that portion of the
sky where it was known to be. The phase of Venus is dim-
inishing rapidly, the illuminated portion of the disk being
0.356 March 15, 0.276 March 25, the time of greatest bril-
liancy, and 0.084 April 15, while the apparent diameter of
the disk will increase from 33.2” March 15 to 53.4"” April
15.

Mars, though still visible in the early evening a little west
of Venus, is so distant from the earth that its apparent
diameter is only 4.3”, so that no detail can be made out
upon its surface.

Jupiter is coming in good position for observations in the
morning and we give again the phenomena of the satellites
which may be observed and the approximate times of trans-
it of the great red spot across the center of the disk. An
interesting report on the observations of Jupiter in 1887
and 1888, is given by Mr. W. F. Denning in the December,
last, number of the Journal of the Liverpool Astronomical
Society. Few observers have paid much attention to the
red spot, but a long series of observations by Mr. A.Stanley
. Williams at Brighton gives for the rotation period of this
spot 9h 55m 39.6s or 1s less than the period adopted in Mr.
Marth’s ephemeris. Eighteen observations of an equatorial
white spot give for its period of rotation 9h 50m 28s or 5m
12s less than that of the red spot. Mr. Williams says:
“A gradual change took place in the whole aspect of the
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planet in the course of the opposition of 1888. Last year
nearly all the equatorial spots both white and dark, were
ranged along the south equatorial belt. In the latter part
of the previous opposition corresponding white spots had
formed by the north equatorial belt, opposite to nearly all
the white equatorial spots by the south belt, the two op-
posed spots being generally connected by a white streak.
Most of the dark equatorial spots south of the equator
also had corresponding dark spots opposite to them, con-
nected in many cases by dark streaks. The equatorial re-
gion then had a curious uniformity of appearance. A num-
ber of little dark spots also appeared in the equatorial belts,
frequently connected by a faint dusky shade between the
spots on the several belts. These were somewhat delicate
features sometimes. When several sets of spots with their
connecting shades were visible at once, the aspect was
rather curious; the streaks on either side being, of course,
curved, and appearing to radiate from the pole. The spots
on these belts all had rotation periods approximating to
that of the red spot.” An occultation of Jupiter by the
moon will occur on the morning of March 24, visible
throughout the United States. The Washington tinfes of be-
ginning and end are given in the tables of occultations. Al-
though this occultation will occur in sunlight or strong twi-
light at most points where it is visible, it may he observed
without great difficulty with a telescope of moderate power.
At Carleton College Observatory the duration will be 49
minutes for the center of the planet beginning at 5:14 and
ending at 6:03 aA. M., Central time.

Saturn will also come very near being occulted by the
moon March 13 at midnight, his distance from the center of
the moon as seen from the earth’'s center being only 60’
south. In northern latitudes the parallax of the moon will
bring its southern edge very near to if not over the planet.
Saturn is in excellent position for observation so that splen-
did views of the rings and the surface of the planet may be
obtained on any clear night. In the Monthly Notices of the
Royal Astronomical Society there is an interesting paper on
“ Retrogradation of the Plane of Saturn's Rings,” in which
the author gives a table of the times of disappearance and
reappearance of Saturn’s rings for the four epochs 1848-49,

a_— PN
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1861-62, 1878 and 1891 and the recorded observations dur-
ing the first three epochs. In 1891 there will be but one
disappearance from September 23d 15.9h to November 2d
16.9h, Berlin mean time. The disappearance cannot be ob-
served as the planet will be within a half hour from the sun,
but there may be some chance for the reappearance, Nov. 2,
when the planet will rise over two hours before the sun.

Uranus will be at opposition to the sun April 9, and there-
fore in good position for observation. It is to be hoped
that the observers with the Lick telescope may be able to
detect some marking upon this planet which will enable
ithem to determine its period of rotation, about which we
know nothing. Uranus may be found in the east, after 8
o’clock p. M., in Virgo about 3° north of Spica.

Neptune may still be seen in the early evening about 5°
directly south of the Pleiades.

MERCURY.
R. A, Decl. Rises. Transits. Sets.
h m ° h m h m h m
22 25.2 —11 47 515 A 1031.6a.m. 3 48p.M
22 511 — 940 513 ¢« 10 37.8 « 403 ¢
..23189 — 701 510 ¢« 10 46.0 * 422 «
.23 54.6 — 3 11 507 ¢ 10 57.8 « 449 «
.. 0264 4 030 504 ¢ 11 09.9 « 515 ¢
1023 + 435 503 ¢ 11 24.0 « 542 ¢
VENUS
2 43.7 421 41 6 54 A.M. 2299 p.M. 10 06 p.&
. 2578 423 34 615 * 2006 * 946
2 55.8 423 38 534 ¢ 1193 ¢ 905 ¢
MARS
1419 41028 6 43 a.M. 1 28.3 p.u 8 14ipM
2 13.0 413 23 618 1158 « 813
2 413 +15 48 HIY 104 ¢ 813 ¢
JUPITER.
.18 29.9 —22 38 152a.M. 6181aM. 10 44 a.m
...18 33.6 —22 56 108 « 5 338 ¢« 9 59 ¢«
18 35.5 —2255 1230 * 4 56.3 « 9 22
SATURN,
9064 41750 1 34r.M. 8 51.3 p.M. 4 09 A.M.
9 05.2 417 54 1249 « 8 07.0 ¢ 325 ¢«
9 050 +17 55 1210 ¢ 7274 ¢ 245 ¢
URANUS.
— 726 7 27 p.M. 1013 aM 6 35 a.m
- 715 6 42 ¢« 12 16.3 « 5 51 ¢«
— 706 600 11 35.4 p.M 511 «
NEPTUNE. )
Mar. 25.....c0e0uue 3530 +1835 8 18a.m 3 38.7Tp.M. 10 59 P.M
Aprlt 5. 8 542 418 39 736 ¢« 2 56.7 “ 10 18 «
p & JOUOROR 3 55.5 +18 43 6 57 « 2 18.6 « 940 *
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THE SUN.
R. A. Decl. Rises. Transits. Sets.
h m o’ h m m h m
0013 + 008 603am 12 07.4p.M. 6 12 p.u.
. 0194 4 206 553 « 12 05.9 « 619
0376 4+ 403 544 ¢ 12 04.4 ¢ 6 25 ¢«
0595 4+ 621 538 ¢ 12 02.6 *¢ 6 32 ¢«
1178 4 813 524 12 01.2 « 6 38 ¢
136.2 +10 02 515 “ 11 59.9 a.n. 644 ¢
Occultations Visible at Washington.
IMMERSION. EMERSION.
Star’s Magni- Wash. Anglefm Wash. Anglefm Dura-
Date. Name. tude. Mean T. .P't. Mean T, N. P't. tion.
h m ° h m 5 h m
Mar. 18 80 Virginis 6 13 03 157 14 07 268 1 04
23 Jupiter 18 34 46 19 35 314 101
April 4 4 Tauri 5 6 21 121 720 219 0 58
Phases of the Moon. dCen‘}ral Time.
m
Full Moon .....ccciiiiieiriniirienenneeeneenceceenenes March 17 56 47.2 .M.
Last Quarter......... “ 24 12 544 a.M.
New Moon “ 31 5374a.Mm.
First Quarter....... April 8 7 4.70 a.M.
Full Moon......cceeeereeerennnenns . * 15 4186p.M.
Phenomena of Jupiter's Satellites.
Central Time. Central Time.
d m d h m
March 18 2 44 a. M. IITEc.Re. April 2 3 03a.M. IEc. Dis
316 * I1Tr. In. 3131 ¢ 1Tr. In.
415 ¢ - ISh, Eg. ' 229 ¢ 1 Sh. Eg.
5 16 “ 1II Oc. Dss. 337 ¢ II Tr. In.
532 ¢ ITr. Eg. 3 43 ¢ II Sh. Eg.
19 2 46 * I Oc. Re. 3 47 ¢ I Tr. Eg.
25 3 63 ¢ 1 Sh. In. 5 303 ¢“ IIITr In.
3 54 ¢ 1I Ec. Dis. 9 456 I Ec. Dis
4 14 “ III Ec. Dis. 10 2 07 “ 1 Sh. In.
5 00 * ITr. In. 3 23 ITr. In.
26 4 40 I Oc. Re. 342 ¢ II Sh. In.
27 1 54 * I Tr. Eg. 4 23 ¢ 1 Sh. Eg
339 ¢ II Tr. Eg. 11 2 54 1 Oc. Re.
29 153 “ 1IITr. Eg. 12 1 53 “ IIISh.In.
. 320 *“ II Oc. Re.

Approximate Times of Transit of the Great Red Spot Across the Middle of
Jupiter's Disk.

Central Time. Central Time. Central Time.
h m d h m d m
March 16 4 18 aA.M. March 27 8 21a.M April 7 2 29amM
17 12 09 ¢ 28 4 13 8 8 16 “
18 §5-°56 “ 29 12 04 9 4 07 ¢
19 1 48 “ 30 5 51 10 9 54 *
20 7 35 “ 3 1 42 11 6 45 ¢
21 3 26 April 1 7 30a.uM 12 1 37 «
22 9 13 2 3 21 ¢ 13 7 24 “
23 5 05 *“ 3 9 08 14 3 15 «
24 12 56 4 4 59 “ 156 9 02
25 6 43 512 50 *“ ’
26 2 34 ¢ 6 6 38
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Elongations and Conjunctions of Saturn’s Satellites.

{Central Time; E = Eastern elongation, W = Western elongation, 8= Superior
conjunction, I = Inferior conjunction.]

JAPETUS.
March 27, E  April 16,1
TITAN.
d h d h d
March 17, 9 E March 29, 7 § Aprii 10, 6 W
., 81 April 2, 6 E 14, 6 S
25, 7 , 6 1
RHEA.
March 16, 1.9 .M. E March 29, 28p.M. E April 12, 4.0A.M. E
20, 2.2p.M. E April 3, 3.2a.M E 16, 44p.M. E
25, 25A.M. E 7, 36pr.M. E
DIONE.
March 17, 9.4 a.M. E March 28, 8.0a.Mu. E April 6. M)E
20, 344A.M E 31, 1.6A.M. E 1,123 A. M.
22, 87p.M. E April 2, 73p.M. E 13, 6.0 p. E
25, 23pr.M. E 5,129 p. M. E
TETHYS.
March 15, 8.9 p.M. E March 27, 4.7a.M. E April 7,125p. M. E
17, 6.2pr. M. E 29, 20aA.M. E 9, 98a.M E
19, 35pr. M. E 30,11.3p. M. E 11, 71a.m E
21,128 p.M. E April 1, 86p.M. E 13, 44a. M. E
23,101 a. M. E 3, 59pr.M. E 14, 1.8a.M. E
25, 7T4a. M E 5, 32p.M. E

’

Ephemeris of Comet e 1888 (Barnard Sept. 2). From the
second series of elements of Berberich as givenin A. N. 2862,
I have computed the following ephemeris for March:

Gr.M.T. R.A. Dec. Log.r Log. 4

h m s ° ’

Mar. 1.5 23 37 54 —2 53.1 0.2675 0.4486
3.5 37 39 —2 433 0.2687 0.4510
5.5 37 25 -2 335 0.2700 0.4532
7.5 37 12 —2 240 0.2714 0.4552
9.5 37 1 —2 148 0.2729 0.4570

11.5 36 48 —2 5.6 0.2744 0.4585
135 36 36 —1 55.9 0.2760 0.4598
15.5 36 24 —1 46.4 0.2776 0.4608
17.5 36 12 -1 37.0 0.2794 0.4617
19.5 36 O —1 278 0.2811 0.4623
21.5 35 48 —1 185 0.2830 0.4627
23.5 35 35 —1 9.4 , 0.2849 0.4628
25.5 35 21 -1 03 0.2868 0.4628
27.5 35 6 —0 51.2 0.2888 0.4625
29.5 34 50 —0 42.2 0.2909 0.4620
31.5 34 33 -0 333 0.2930 0.4613

The comet will be unfavorable for observation during
most of the month, being so near the sun, but may possibly
be seen near the beginning and end. On March 1 it will set
about an hour later than the sun, being still an evening
- comet, but on March 31, it will rise about an hour earlier,
having then become a morning comet.
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It is worthy of remark that its apparent motion for the
whole month is only between three and four minutes of time
in R.A., and a little over two degrees in Declination, while its
change in distance from the earth is only eight million miles
and from the Sun, ten million miles.

Its distance from the earth increases, but with greater
slowness, until March 23, when it begins to diminish.

0. C. WENDELL.

Harvard College Observatory, Feb. 16, 1889.

Ephemeris of Tempel's Comet 1873 (11.)

R. A. Dec. Log.4

h. m. o s
1889 Feb. 2 .20 49 —18 28.5 0.3667
6 21 4 17 53.5 0.3667

10 21 18 17 147 0.3669
14 21 32 16 32.4 0.3678
18 21 46 15 46.9 0.3680
22 22 0 14 58.6 0.3689

26 22 14 14 7.7 08700

Mar. 2 22 27 13 147 03712
6 22 41 12 199  0.3727
10 22 54 11 237 03743
14 23 7 10 264 03760
18 23 19 9 288 03779
22 23 32 8 298  0.3799
26 23 44 7 311 03819
30 23 56 6 32.6  0.3841

April 3 0 7 5 345 03863
7 0 19 4 370 03885
1 0 30 3 404 03907
15 0 41 2 448 03929
19 0 52 1 505 03951
23 1 3 0 57.0 03972
27 113 —0 61 03993

Mr. George A. Hill of Washington, D. C., kindly furnished
the above ephemens of this expected comet. He says in an
accompanying note, “After looking over the ephemeris, 1
am lead to believe that the comet aill not be found until
some time in March or April, as it is moving almost in the
same right ascension as the sun. Yet the ephemeris will be
of value to comet-seekers who do not have the use of foreign
publications and receive the MESSENGER.” Speaking of the
late eclipse Mr. Hill says. ‘I caught the first contact at 4h
28m 32.3s Washington mean time, using my 3-inch re-
fractor; the sun’s limb was very unsteady and I may have
been one or two seconds slow.”

We also notice with interest that Mr. Hill and Mr. Tuttle
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have been searching carefully for the Brooks’ comet discov-
ered Jan. 15. The observing was not favorable in January
until the last day but one. On the morning of that day Mr.
Hill made a very thorough search, by the aid of his 6%-inch
reflector, covering a space of 25° in declination, near its
supposed place, but was unsuccessful in finding it. He
thinks the comet can not be in the region of his search, or is
too faint for his telescope.

Minor Planets. A minor planet of the 13th magnitude,
or fainter was discovered at Nice Jan. 28.5337, in R. A. 9k
40m 11.3s, Decl. +11°46’33"; daily motion, minus 54s;
north 10’. ’

Another new minor planet of the 12th magnitude was dis-
covered at Nice Feb, 8.3942, in R. A. 9k 40m 52.7s; Decl.
+10°19”23"”; daily motion in R. A. doubtful; in Decl. 2m
north.

EDITORIAL NOTES.

Large space is given in this number to reports of the late
total solar eclipse by various parties. Mr. Burckhalter’s ac-
count is an instructive one, and the prints of the negatives
taken during totality which we have seen, were very good.
The illustrations accompanying his article are inferior to the
prints, and the prints must be inferior to the original nega-
tives, for any one acquainted with the process of making
prints knows that the fine details of the negative cannot be
perfectly transferred. Our engraver ought to have done
better work from the copy, but itis our misfortune that
such work must be done without personal oversight.

The six cuts given on one page in Mr. Burckhalter’s report
are to show what good, small cameras will do. All of those
prints with small image are good, some excellent, and this
ought to encourage the amateurs to pursue this branch of
study perseveringly.

The report of Carleton College party is defered till next
month because of the failure of the engraver to finish the
cuts in time.
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C. W. Irish, Surveyor General of Nevada has furnished the
MESSENGER an important report of his observations of the .
eclipse, accompanying the same with drawings and photo-
graphs taken during the eclipse. This report will also ap-
pear next month.

It will be a source of gratification to the friends of this
journal to know that before the second month of 1889 had
ended, the number of subscribers to the MESSENGER was for-
ty per cent greater than on any previous year in its history.

Spealiingof the brightness of the planet Venus, last month,
we inadvertently ventured the opinion that a person must
have pretty good vision to see that gem of the sky with the
naked eye at one o’clock in the afternoon. We were sudden-
ly and rightly called to account for such a statement by ob-
servers in Canada and in the United States. The truth is we
had not noticed that Venus passed the perihelion of her orbit
and greatest eastern elongation at nearly the same time.
Of course the planet ought to be seen, then, near mid-day, if
ever, north declination being favorable.

Satellites of Uranus. In a recent letter Mr. S. S. Chevers
of Bridgeport, N. J., says: “While in Utah, at an elevation of
5,500 feet, I had some superb ohservations with my 3-inch
telescope bought of Mr. Knipe, of Jas. W. Queen & Co.,
Philadelphia recently. Here in New Jersey I have caught a
glimpse of the satellites of Uranus more than once. The
glass is of French make and has proved most excellent in
definition and power.

The Seven Eclipse Question. 1 am greatly obliged to Mr.
Prentiss for his reply to my question concerning ‘“‘Seven
Eclipses in one year,”” and I might concede that the question
is fairly answered. But he obtains seven eclipses in 1823 by
amere “scratch,” since it depends on the longitude of a place
whether his last eclipse of that year occurred in 1823 0r1824..
And I would call attention to the remarkable coincidence
that his seven eclipses in 1805 depend on a similar chance at
the beginning of the year. American almanacs had only six
eclipses in 18035, but announced a solar eclipse on December
31st, 1804, at about 8 p. M. at Boston which to European
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countries would bring the eclipse on January 1st, 1805,
giving them the seven eclipses in that year; and I find, on re-
ferring to my catalogue of eclipses that I had already noted
this curious circumstance.

I should hardly say that we have found a fair answer to
the question; it is a very strange thing that the only two in-
stances in this century of ‘‘ seven eclipses in one year’ should
both depend on so close an accident as above noted.

Evidently one will have to go back a good ways further
than 1805 to find seven eclipses undoubtedly in any one
year! Query:—How far back? And who can verify Mr.
Prentiss’ suggestion that the next ‘Seven Eclipse vear” is
1917?

This is not a matter of great importance, but I mentioned
it as of considerable interest, especially to the amateur and
the untechnical reader. . F. H. BURGESS.

The Next Total Solar Eclipse. Of a similar character is
the question always asked, whena total eclipse passes, when
will the next one take place? Some one has lately asked the
Scientific American when there will be a total eclipse of the
sun visible in the vicinity of New York. Probably the eclipse
of May 28, 1900 fills the conditions fairly well. This eclipse
begins in the Pacific Ocean, covers Mexico, enters the United
States in Southern Texas, is total at New Orleans, the path
of totality passes over Alabama, Georgia, the Carolinas,
leaving the land near Albemarle Sound in longitude 76°4’
west from Greenwich, latitude 36°45’ north. The duration
of totality will be 1 minute and 39 seconds. Its course
will continue some distance northeasterly over the ocean,
then turn southeasterly entering Portugal near Qvar, cross-
ing Spain and the Mediterranean Sea and leave the earth in
Africa. The track of totality is on the sea when nearest
New York, being 200 or 300 miles distant. At New Orleans
totality occurs at 7 o’clock 'A. M. and lasts 39 seconds.

I suspect it will be many years before New York City will
have a larger eclipse than this. . F. H. BURGESS.

St. Louis, Feb. 19th, 1889.

Methods of Tracing Constellations. An important illus-
trated article, titled, Methods of Tracing Constellations, is
in hand from the pen of Professor William A. Rogers of Col-
by University, Waterville, Me. It will appear next month.
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Astronomical Bibliography. William C. Winlock of the
United States Naval Observatory kindly calls our attention
to the fact that some work in the line of a current account
of astronomical bibliography might prove an interesting
and useful feature for the MESSENGER. Of course we say,
yes, to that ‘most heartily, and accordingly have urgently
solicited Mr. Winlock to furnish the matter, knowing as we
do that he has given careful attention to this kind of work
for years past, and that few other American astronomers, if
any, are ready to do it so well. This new feature will begin
in the May or June number, or as soon as Mr. Winlock is
through with the Smithsonian Review of Astronomy for
1887 and 1888 on which he is now engaged.

Error in Klein's New Star Atlas, Nebula 4415. Our at-
tention is called by a friend to an errorin Dr. Klein's new
Star Atlas, on page 58, Nebula in Draco, 4415; Dr. Dreyer’s
C. G. 6643. In Klein's Atlas it is stated ‘‘ According to Tut-
tle it is variable in brilliancy.” Also in the last part of the
note, it is said that * Tuttle’s nebula was so brilliant and
remarkable in the finder, that he was convinced that it had
increased in brilliance since J. Herschel and his father ob-
served it.”” The italic portions of the two quotations are
erroneous. By referring to Dr. Dreyer’s catalogue, it will be
seen, that the first sentence ought to .read: ‘6643, Dis-
covered by Tuttle Sept. 8, 1863, and it would appear to be
variable for M.d'Arrest says (in a letter May 8, 1863),” etc.
The secdnd error cited above is a wrong translation of
d’'Arrest’s letter to John Herschel which is given in French,
in Dreyer’s catalogue. It should read: ‘‘ Tuttle’s nebula
was so brilliant and remarkable in the finder that he was
convinced that it had increased in brilliance since the time of
Messior, and your father's and your own observations."”

Partial Eclipse of the Moon Jan. 16, 1889. This e:lipse
was observed with the 12-inch equatorial. The first con-
tact with the shadow was recorded as also were the bi-
sections of prominent craters by the edge of the shadow.
The recorded times are Standard Pacific Time and are eight
hours slow of Greenwich. 7h 58.7m the limb begins
rather suddenly to darken as if entering a dense shadow;
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8h 59.7m the limb is decidedly in the shadow; 8k 10m,
pale red at the obscured limb; 84 15m, the limb and the
disc for about 2’ of a pale reddish yellow calor. 8221m 12s,
bisection of Tycho by shadow. At this time the yellowish
color of the immersed part of the disc is decidedly unsym-
metrical with reference to the edge of shadow—the color-
ing extending more to the s. p. 8k 29m, the light yellow
coloring extends as far as Tycho. 8h 31m 17s, Kepler bi-
sected by the shadow. 8h 43m 32s, Copernicus