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CONDUCTED BY WM. W. PAYNE.
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VoL. 10, No. 1. JANUARY, 1891. WHOLE No. 91

THE PROPER MOTION OF THE COMPONENTS OF 61 CYGNI.

S. W. BURNHAM.*

For THE MESSENGER.

I have never been able to find in the micrometrical obser-
vations of 61 Cygni any evidence of physical connection be-
tween these two stars, or rather that they probably form a
binary system. The fact that the measures appear to show
rectilinear motion only; and the further fact that the two
stars have a different proper motion, at least tend to show
that each is moving independently through space. At this
time 61 Cygni certainly looks like a double star, although
even now the distance between the star is much too great to
indicate that it is probably binary; but a thousand years
ago, taking the proper motions as substantially correct, no
double star observer would have thought of looking at it a
second time. The stars are now slowly separating, and it is
easy to predict what their appearance will be to the obser-
vers of a hundred years hence. We have no example of a
well recognized binary where the distance between the com-
ponents is anything like as large as that of 61 Cygni. All of
the systems showing sufficient angular motion to make it
certain that the stars are revolving about a common center
of gravity, have comparatively small apparent distances.
This is so well recognized that it has not been considered
worth while, so far as the discovery of binaries is concerned,
to record new objects where the distances of nearly equal
components exceed two or three seconds; and it is equally
certain that stars in rapid motion will be found unly where
the minimum distances are much less than 1. Just what
should be inferred from stars having nearly the same proper
motion, and in the same direction, perhaps no one is pre-
pared to say at this time. There are many examples in the

* Astronomer, Lick Observatory.
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heavens of this common movement. Some of the stars, like
61 Cygni, are apparently near each other; while others, like
those of the Great Dipper, are widely separated, and no one
would think of suspecting that they had an orbital motion
with reference to each other, although they, and the com-
ponents of 61 Cygni, may be moving around some common
central point.

If the measures of 61 Cygni, commencing with the earliest
observations, are carefully platted, they will be found to
represent, as nearly as measures can which are more or less
in error, rectilinear motion. Of course some of the measures
will lie on one side or the other of any line that can be
drawn; and if some of the measured distances near either
end of the line are a little too small, as is quite likely to be
the case, they will give the whole series the appearance of a
curve. I have platted in this way scores of stars where
there was no suspicion of anything but proper motion, and
very rarely, if ever, found an instance where the measures as
a whole were so well represented by a straight line. When
the relative accuracy of the several measures is taken into
account, by considering the times at which the observations
were made, the instruments used in the work, the number of
nights contributing to the mean results, and particularly
the experience of the observers, it is not difficult to draw a
line which will represent the motion of the star with all the
accuracy attainable from the given data.

Until recently 1 have never measured 61 Cygni, for the
reason that much more time has been given to measures of
this pair than its importance as a double star warrants,
when so many far more interesting systems have been either
very imperfectly followed, or almost wholly neglected. In
order to see where the present place of the secondary star
would be on the line representing its apparent movement, I
have made within the last two or three weeks a set of meas-
ures on four nights with the 12.inch telescope. These meas-
ures give for the distance 21”7.15, and the position-angle
121°.9 (1890.87); and represent as well as could be desired
the change due to the proper motions of the two stars.

Two ways may be employed to show graphically from the
measures the several positions of the components. The first
and the one generally used, is to treat the primary star as
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fixed during all the ob-
servations, and lay off
the angle and distance
of the companion at
each epoch. In this
case the companion, if
it has no motion of its
own, will have an ap-
parent motion equal
to the real proper mo-
tion of the principal
star and in the oppo-
site direction. The
other plan is to plat
the measures with the
primary shifted along
the line of its proper
motion by the exact
amount of its displace-
ment during the inter-
val between successive
observations; in other
words giving the two
stars the exact places
they actually occupy
in the heavens atevery
measure. This method
has a great advantage
over the other when
the proper motion, as
in the case of 61 Cygni,
is accurately known.
I haveused bothin this
case, and give here the
latter diagram, which
was made on a scale of
20”” =1 inch. The an-
gles were carefully laid
off to thenearest tenth
of a degree, and the
distance to the nearest
tenth of a second. The
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latest determination of the annual proper motion of the
principal star is given as 57.196 in the direction of 51°.5,
and this value was used in platting the measures. The
measures from 1830 to 1874 inclusive are by Xand OF;
those of 1880 and 1884 are by Hall; 1887 by Schiaparelli;
and 1890 my own measures previously referred to. The
original diagram when completed was reduced in the camera
to the size given here.

It will be seen that these measures give not the least indi-
cation of departure from rectilinear motion in the smaller
star. Indeed, they could not better represent absolute mo-
tion in a right line. We have all sorts of measures of this
pair, good, bad aud indifferent; and I have no doubt any
one having a fair acquaintance with the work of the numer-
ous observers who have measured this pair, could readily
select by inspection a series of measures which certainly fail
to give rectilinear motion, and probably would give an ap-
parent curve in one direction or the other. In dealing with
questions of this kind, it is better to rely altogether upon
the observations of the best and most experienced observers,
and therefore, I have used the Pulkowa measures for the en-
tire period covered by them. It was impossible to show
Bradley’s position of 1753 on this diagram without making
it on too small a scale when reduced to suit the page of this
journal; but this position was used in the diagram made
with the principal star considered as fixed, and it is in
perfect harmony with the rectilinear motion shown by the
-other measures.

The diagram given here furnishes an accurate and easy
‘means of determining the relative proper motion of B by
measuring the motion of that star along its path during the
60.2 years covered by the measures, and the angle which
that line makes with the meridian. The annual movement
is thus shown to be 5”7.113 in the direction of 53°.5.

On several occasions during the last year or two, I have
examined both components with the 36-inch refractor to see
if any real double star could be discovered but they ap-
peared to be perfectly round under the highest powers, and
as the atmospheric conditions were favorable it was evident
there was nothing left for the large telescope to do in this
direction.

[P —
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Professor Newcomb in speaking of the character of the
motion of the components of this star, has briefly and forci-
bly stated the case, and his opinion upon this subject:

*The only conclusion open to us is that each of them de-
scribes an immense orbit around their common center of
gravity, an orbit which may be several degrees in apparent
diameter and in which the time of revolution is counted by
thousands of vears. Two thousand years hence they will
be so far apart that no connection between them would be
suspected.”

I think this conclusion is fully warranted by all the evi-
dence hearing upon the case; and that all attempts to com-
pute an orbit for this pair must necessarily result in failure.

If this does not sufficiently appear from the measures al-
ready made, it will soon be apparent from measures to be
made in the near future. A careful set of measures every
five vears hereafter will be all that is necessary in following
61 Cygni considered as a double star.

CLOSE BINARY STARS.

EDWARD C. PICKERING.*

FOR THE MESSENGER.

At the November meeting of the Royal Astronomical
Society Mr. Fowler announced the discovery that the star
a Lyree was a close binary having a period of 24.68 hours.
The maximum difference in the velocity of its componets as
derived from the doubling of the lines in its spectrum was
370 miles. Confirmation of this discovery is very desirable,
since the star would then become one of the most interesting
objects in the sky. Accordingly the large collection of pho-
tographs of the Henry Draper Memorial has been carefully
examined. Seventy photographs of the spectrum of « Lyrae
were found, the first one being taken on October 21, 1886.
Many of them were taken with 4 prisms of 15° each, and
showed excellent definition; a twentieth part of the separa-
tion of the lines as observed by Mr. Fowler should be visi-
ble. Any given photograph might have been taken when

* Director of Harvard College Observatory.
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the lines were single, but the chances would be thirty to one
that this would not be the case. Of course the chances that
all could be taken at these times would be infinitely small.
Moreover, the interval between the successive photographs
is not always a multiple of 12.34 hours. One of the photo-
graphs was taken October 12, 1890, four days after the star
was seen double by Mr. Fowler, but its lines are single. In
some photographs the lines are a little hazy and in two the
lines appear closely double, but this often happens when the
image is slightly out of focus and there is any spherical aber-
ration in the lens or prisms. Since the news of the discovery
reached Cambridge, twenty-two photographs have been ob-
tained on the evenings of December 2, 4, 7, and' 9, and on
the mornings of December 8 and 10. All of them show the
“lines single except those taken on December 2, which were
out of focus. It may therefore be regarded as proved that
the orbit cannot have the simple character announced by
Mr. Fowler. The observed doubling of the lines may be ac-
counted for in three ways. First, by an error in the focus.
This seems improbable since successive photographs taken
November 1 showed a variation in the separation of the
lines. Secondly, the orbit may be very elliptical, in which
case the lines might be double for a few hours at periastron
when the motion is rapid, remaining single for the rest of
the time. As the lines were double on October 8 and No-
vember 1 the half period might be twenty-four days or any
sub-multiple of that time. In this case the lines should be
again double on November 25 and December 19, and per-
haps on December 7 and 31. With a shorter period the
binary character could scarcely have escaped detection.
Thirdly, a great variety of appearances might be pro-
duced by the presence of a third body. Apparent irregular-
ities in the doubling of the lines in 5 Urse Majoris suggest
such an explanation. A circular orbit will not account for
the observed changes in this star. On the other hand the
variations of 8 Aurigae seem to be very regular. An approx-
imate reduction of a series of 130 photographs, extending
from November 20, 1886, to December 9, 1890, indicates a
period 3d 23h 36.7m and that the lines should be single
about Greenwich noon on January 1, 1851.
HARVARD COLLEGE OBSERVATORY,
Cambridge, Mass., Dec. 12, 1890.
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STARS HAVING PECULIAR SPECTRA.

New Variable Stars in Perseus, Triangulum and Hydra.

M. FLEMING.

[Communicated by E. C. Pickering, Director of Harvard College Observator'y],

A list of interesting objects showing peculiarities in their
photographic spectra, and resulting from an examination of
the photographs of stellar spectra taken at Cambridge with
the 8-inch Draper telescope, and at Chosica, near Peru, with
the 8-inch Bache telescope, is given in the following table.
The designation of the star is followed by its approximate
position for 1900, its magnitude, the date on which the
photograph was obtained, the instrument employed, and a
brief description of the peculiarity in its spectrum.

Design. R. A. Dec. M. Date. Instrumens. ; Description.
Yo
| |
1900 1900 |
h m o+ | 1

DM — 20°50 0167 —2037 55 Ott 13, 1890 Draper 8-)n tel. 11T type.
DM + 54 431 | 1 53.0 + 54 20 9.0'Nov.19, 185 = {I1I type. Hydr.linesbright.
— — — [ 1 55.1 + 58 15 .... Nov. 3, INN7 Bache telsscope Tl type. Hydr.lines bright.
DM — 10 513 | 2 30.2 — 9 53 ‘8.0 Nov. 5, 158 Draper s-ln. tel. IV type.
DM + 33 470 | 2 31.0 + 33 50 9.2 Oct. 13, 1590 « IILtype. Hydr. linesbright.
DM + 58 6% | 2 339 + 56 18 9.1, Nov.17, 1800’ .- “ lllmzht lines.
DM + 56 731 | 2 44.8 + 56 31 [9.5.Nov. 17, 1890, . . Bright lines.
A. G C. 791 | 5 59.4— 6 42 (5.8 Feb. 15, 188 BMhe telesoope.l" line bright.
. 17717 (12 56.83 — 70 56 6.8 May 14, 1890 I line bright.

18770 113 43.4 — 27 44 |7.0'May 16, 1890' " . IIT type. Hydr.linesbright.

‘18947 |13 51.6 — 55 b1 ﬂoj\lav 25, 1890 . o LV type.

‘¢ 20554 (15 4.8 — 69 42 6.2, May 26, 1890, - “ 1V type.

22280 (16 21.2 — 18 14 |4.6/Junelx, 18!?0. . . F line bright.

H. P 8321 19 16.0 — 18 8 [4.7:8ept. 5, 1% “ . F line bright.
DM — 10°5057/19 17.7 — 10 54 ;7. Oil\ov 5, lﬂso Draper S-In tel IV type.
H.P. 847 |20 1319 + 34 28 [4.4/0ct. 15, 189 F line bright.
DM + 88°4028/20 17.8 + 46 38 9.5!Nov.10, ISQO . - Bright lines.
A.G.C. 30526 l)’l 16.6 — 46 27 |6 T{July 21, lsw Bache telescope IV type.

The spectrum of DM — 20° 50 (T Ceti) is that of a well
marked II1 Type star and differs from that usually shown
by variables of long period in that the lines due to hydrogen
are not bright in its spectrum. DM + 54° 431 [in Perseus]
is variable, having the approximate magnitudes 10.6, 11.4,
11.0, 9.1, 9.0, 9.4 and 9.0 on Nov. 3, 1885; Nov. 30, 1887;
Dec. 1, 1887; Sept. 29, Oct. 30, Nov. 19 and Nov. 19, 1890
respectively. The last two magnitudes were derived from a
spectrum plate and a chart plate taken on the same evening.

The star [in Perseus] whose position for 1900 is in R. A.
1" 55™.1, Dec. + 56° 15’ is variable; approximate magni-
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tudes < 15.2, 9.2, 9.3, 9.9, 12.2,13.5 and 13.4 on Nov. 3,
1885; Nov. 3, 1887; Nov. 30, 1887; Dec. 1, 1887; Sept. 29,
1890; Oct. 30, 1890 and Nov. 19, 1890 respectively. DM
+ 33° 470 [in Triangulum] is variable. The variability of
this star was discovered and measured at this Observa-
tory on Oct. 16, 1890 and the approximate magnitudes 7.5,
9.2, 7.1, 6.8, 7.3, 7.2, and 7.1 obtained for Nov. 7, 1887;
Jan. 16, 1888; Dec. 31, 1889; Sept. 25, Oct. 13, Oct. 15,
and Oct. 17, 1890. In the Wolsingham Observatory Circu-
lar,No. 27,0f Nov. 10, 1890, the Rev. T. E. Espin announces
his discovery of this star and says that it is *‘ probably vari-
able.” DM + 56° 686, + 56° 731 and + 36° 4028 havea
spectrum resembling that of the stars discovered by Wolff
and Rayet. The first two probably form part of a group
similar to the one in Cygnus as several other spectra in the
same region appear to show bright lines but are too faint to
be seen distinctly. DM + 36° 4026 may be included in the
Cygnus group. A. G. C. 7191, 17717, 22280, H. P. 3321,
and 3747 have a spectrum similar to that of ¢ and » Cen-.
tauri. Of these A. G. C. 22280 (; Ophiuchi) and H. P. 3321
(v Sagittarii) are the most remarkable. y Ophiuchi has
additional bright lines. In v Sagittarii the hydrogen lines
are so fine as to be almost lost, other dark lines equally
strong being present. Additional bright lines are also visi-
ble. A.G. C. 18770 (in Hydra) is variable; approximate
magnitudes 9.7, 9.5, 10.4, 7.4 and 8.1 obtained from photo-
graphic charts taken June 14, July 5, July 12, 1889; May 6,
and May 28, 1890. The fourth type star, Dunér II, 39
(DM — 5° 4858) has been measured on seven photographic
charts giving the approximate magnitudes 8.9, 9.0, 9.1, 8.2,
8.1, 8.2 and 8.1 on June 26, July 20, Aug. 20, Oct. 22, Oct.
28, Nov. 4, and Nov. 18, 1890. Although the range of vari-
ability is not great, as seen from the above magnitudes, the
variability of this staris undoubted since it appears brighter
than adjacent stars on some of the charts and fainter than

these stars on others.

In THE SIDEREAL MESSENGER, IX, 379, the star whose
spectrum is announced as consisting mainly of bright lines,
should be A. G. C.15220 magnitude 814, whose approximate
position for 1900 is in right ascension 11" 2.3™ — 64° 58"
and not A. G. C. 15177.

Harvard College Observatory,

Cambridge, Mass., Dec. 11, 1890.
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THE SPECTROSCOPIC PROPERTIES OF DUST,

The suggestion that the auroral spectrum, the principal
ray in the spectrum of nebulz, and other rays of unknown
origin, might be due to meteoric dust induced us to investi-
gate the problem whether solid particles of sufficient mi-
nuteness would act like gaseous molecules in an electric dis-
charge and hecome luminous with their characteristic
special radiation. The dust we employed was that thrown
off from the surface of various electrodes by a disruptive dis-
charge, and it was carried forward into the tube of observa-
tion by a more or less rapid current of air or other gas.
The arrangement will be best understood from the annexed
diagram, which represents a section of the glass vessel
which was the principal part of the apparatus. A repre-

1 4
T0 AIRPUMP. FROM GASHOLDER

sents a bulb in which were the electrodes a, a to give the
dust, connected by a widish tube d with the tube for obser-
vation B. The end E was blown clear, so that the narrow
part of B could be observed end-on. The electrodes e, e were
of platinum. The tube g, passing from A to the supply of
gas, was fitted with a glass stopcock C for regulating the
intake, and the tube A led from the distant end of B to the
air-pump. The air-pump was a large one worked by a gas-
engine capable of keeping the pressure down to a few mil li-
. metres, even with a considerable leakage. Observations
were made of the discharge in B at various low pressures,
sometimes with, and at other times without, a Leyden jar

M Fy G. D. Liveing M.. A,, F. R. S., Professor of Chemistry, and J. Dewar
%. A§9(5 R. S, Ja:ksonian Professor, University of Cambridg:. R:ceived August
. 1 .
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in circuit. The sparks in A were generally taken with a jar,
and there was ample proof, if proof were needed, of the
dust derived from the electrodes, since-it formed a visible de-
posit in the tube d, in the first bulb of B, and even on the
end E. The air or other gas passed into A was filtered
through cotton-wool to remove all dust before admission to
the apparatus.

Various metals were used as electrodes in A, magnesium,
iron, manganese, cadmium, fused calcium chloride, metallic
sodium in a little glass cup on a platinum wire, and frag-
ments of the Dhurmsala meteorite; but in no case could the
rays of any of the subtances employed be seen in the dis-
charge through B, either when a Leyden jar was in circuit
or not.

Incidentally, we found that magnesium electrodes were
not so good as some of the other metals for these experi-
ments, because the apparatus was never wholly free from
traces of air, and lines or bright edges of bands of nitrogen
fall verv near the most characteristic lines of magnesium,
and with small dispersion might easily be mistaken for
them. '

Air, hydrogen, carbon dioxide, and oxygen, were succes-
sively used as the gases passing through the apparatus, and
at various pressures from 2mm. up to 20, and, in some
cases, up to 40mm., but with the same result; no rays, due
to the electrodes in A, could be detected in B. Even when
one of the electrodes in A was sodium, and the sodium rays,
orange, yellow, citron, green, and blue, were brilliant in the
spectrum of A, not even the D lines could be detected in B.
‘We should have expected that some traces of sodium in the
state of vapour would have been carried by the stream of
hydrogen into B; but it seems that it was not so; nor could
the apparent absence of rays due to the dust, be ascribed to
mere faintness in their light, for we took photographs of the
spectrum of B, and found thai even lengthened exposures
produced no evidence of rays due to the dust; nor could it
be ascribed to the character of the discharge in B, for the
discharge was varied; sometimes A and B were in the same
circuit; sometimes the discharge in B was from a separate
coil, and even the powerful discharge from a large coil stim-
ulated by a De Meritens’ magneto-electric machine, was
tried.
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That abundance of dust was formed by the sparking in 4
was proved not only by the deposit in-the tube, but by al-
lowing the stream of gas at atmospheric pressure from the
tube A (of course disconnected from the pump) to inpinge on
a flame, when the characteristic flame-spectrum of the elec-
trodes in A was at once manifest. When the gas used was
hydrogen, and it was burnt in oxygen, the spectrum of the
electrodes was particularly well seen; also when the gas
was oxygen and led into a hydrogen flame.

That the dust was of extreme fineness and capable of
being carried by a stream of gas to a great distance was
proved as follows :—A stream of hydrogen, at ordinary pres-
sure, was passed through the sparking tube with magnes-
ium electrodes, and then through more than 100 feet of
metal tube in a coil, and, finally, burnt as it issued. Before
the sparking began there were no signs of magnesium in the
flame; but when sparks had been passing between the mag-
nesium electrodes for a short time, the magunesium spectrum
was seen in the flame. It took 55 seconds for the gas to
carry the dust through the long pipe,and when the sparking
ceased it was again about the same time before the mag-
nesium disappeared from the flame. It always appeared
and disappeared sharply in correspondence with the spark-
ing. Similar experiments, but with a shorter tube, were
made with other metals, iron, sodium, lithium, etc., always
with like results; also a current of oxygen was passed
through the sparking tube and into a flame of hydrogen,
and produced similar effects. Even aluminum, which does
not usually show any part of its spectrum when used as an
electrode in a vacuous tube, gave, when sparked in oxygen,
dust which, when carried into a hydrogen flame, showed the
characteristic bands of alumina.

Considering that a sensible amount of dust was deposited
in the bulbs of B, we should have expected that some would
be deposited on the electrodes e, e in that tube, and that the
discharge from electrodes so coated would give the spectrum
of the metal on their surface. There is no doubt that when
no discharge was taking place in B the electrodes e, e did re-
ceive their share of dust; and, if it had been allowed to ac-
cumulate so as to form a coherent crust, it would have
given its characteristic spectrum on first passing sparks in
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B. But, so long as the dust is loose, the passage of a dis-
charge instantly clears the electrodes of all dust, and seems
to dispel all dust from the gas through which the discharge
occurs. It is well known that an electric discharge in a
vessel of air has the effect of clearing out of the air all the
particles that serve as nuclei for the condensation of water;
and we made several experiments with a view to determine
“whether a similar effect was produced on the dust in our
tubes. The gas from the sparking tube was carried through
a glass globe, and so on to the jet where it was burned; a
wire connected with one pole of a Voss or Wimshurst elec-
tric machine projected into the interior of the globe, and a
patch of tinfoil on the outside of the globe was connected
with the other pole of the electric machine. So long as the
Voss machine was not worked, the gas carried the dust
from the sparking tube through the globe, and it was seen
in the spectrum of the flame, or simply in the color of the
flame when lithium was one of the electrodes; but, on
working the machine so as to produce a silent discharge in-
side the globe, the flame, in one or two seconds, suddenly
ceased to show the spectrum of the dust, and in the case of
the lithium lost its red color. When the machine was no
longer worked, the spectrum or color speedily reappeared,
to vanish again suddenly when the machine was started
afresh. When a narrow tube, with a piece of tinfoil outside
and wire inside, was substituted for the globe, the like re-
sults ensued.

It appears, then, not only that dust, however fine, sus-
pended in a gas will not act like gaseous matter in becoming
luminous with its characteristic spectrum in an electric dis-
charge, but that it is driven with extraordinary rapidity
out of the course of the discharge. If, then, the spectrum of
the aurora be due. not to the ordinary constituents of our
atmosphere, but to adventitious matter from planetary
space, we conclude that such matter must be in, or must be
brought into, the gaseous state, or at least have its proper-
ties entirely altered from those it posseses at ordinary tem-
peratures, before it becomes luminus in the electric dis-
charge.
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MASS OF 6: CYGNI.

NEWTON. M. MANN.

For TRE MESSENGER.

In my article in the November MESSENGER on ‘‘Three
Interesting Binaries,” there was an error in the calculation
of the mass of 61 Cygni which was not detected in time for
correction. The elements there given really make the mass
little more than one-half that of our sun. Considering that
other stars that have been measured seem, without excep-
tion, much more massive—Sirius exceeding the sun at least
sixty times, and the other doubles with noticeable parallax
going two, three and four times our systen—this small re-
sult with 61 Cygni throws some suspicion on the determina-
tion of the orbit. In fact I have not pretended to determine
it, nor can it be determined at present except within certain
limits. Perhaps the matter is of enough interest to be pre-
sented somewhat more fully.

The companion star since observed by Bradley in 1753
has passed through 87° of its orbit, and its course for these
137 years is a curve subtended by 26 seconds of arc, show-
ing a deflection of only about 1”.9 from a straight line.
Still the curve is unmistakable. From the great mass of ob-
servations I deduce the following normal positions (Eq.
1890): .

Year. Angle. Distance.
1750 31°.27 16”.42
1770 44 .83 15 .43
1790 59 .90 14 .85
1810 75 .40 14 .97
1830 89 .88 15 .84
1850 102 .46 17 .32
1870 113 .04 19 .07
1890 122 .28 21 .14

There is no trouble in completing an ellipse from this
curve. The trouble is that it can be made a part of so many
different ellipses. In fact it permits of an orbit of any degree
of eccentricity. But beside the fact that a low eccentricity
is unusual in these objects, and therefore improbable in this
case, there is the further consideration that the more the
orbit approaches a circle the longer the period and the
smaller the mass. Thus if we make the eccentricity so low
as 0.185 the semi-major axis becomes 21”7.53 and the period
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amounts to 651 years. Taking parallax at 0”.5 we have
the mass of the system, compared with ours: (21.53 <+ .5)*
=+ (651)* = .188—less than } the sun; which is altogether
improbable. If we raise the eccentricity to 0.55 the semi-
major axis rises to 25”7.8 and the period falls to 446 years.
This makes the mass 692 thousandths that of the sun. We
must increase the eccentricity to 0.65 to bring the system up
to the weight of ours. One of a dozen of possible orbits
that I have worked out gives these elements:

Semi-axis major 287.12
Eccentricity 0.661
Position of Node 163°
Inclination 70° 34’
Period 400.1 years

Mass, 1.11 times the sun.

So great an eccentricity is unlikely to exist, and we may
set it down as tolerably sure that here is at any rate one
system into which no more material has gone than into our
own. It is a feeble boast, but still it is something, to say
for the dignity of our luminary that there is one star which
is probably inferior to him—a star the nearest to us in all
the northern skies, and yet shining only with the fifth mag-
nitude, hardly more than bright enough to be seen with the
naked eve. What imagination then shall reach to the mas-
siveness of first magnitude stars which show no sensible
parallax! We are not surprised to hear it said that they
are 40, 60 or 100 times our sun.

OMAHA, Dec. 1890.

ASTRONOMICAL SOCIETY OF THE PACIFIC.

Meeting Nov. 29, 1890.
The regular meeting was held in the Young Men’s Chris-
tian Association Hall, the president, E. S. Holden, presiding.
The minutes of the last meeting were approved.
At a meeting of the Directors held prior to the regular
meeting the folowing new members were duly elected :

General John Gibbon, United States army; Herman Schussler, L. Gil-
son, Dr. E. S. Clark, Fremont Morse, J. J. Gilbert, H. W. Faust, Licutenant
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J. P. Finley, United States army, all of San Francisco; Homer A. Craig
and Thomas Prather of Oakland, Cal.; W. B. Hayes, Los Angeles; Maures
Horner, F. R. A. 8., Somerset, England; C. F. De Landero, Guadalajara,
Mexico; Dr. G. Barroeta, San Luis Potosi, Mexico; E. B. Knobel secre-
tary, R. A. S., Braintree, England; P. Noordhoff, Groninger, Holland; Dr.
J. Munos Tesar, Caracas, Venezuela; H. F. Newall, Cambridge, England:
Professor Martin Kellogg, Berkeley; L. A. Rockwell and Dr. G. A. Wood,
Traver; G. J. Hicks, E. M., Staten Island; Professor M. P. Freeman, Tus-
con; M. A. Veeder, M. D., Lyons, New York; G. N. Saegmuller, Washing-
ton, D. C., Professor B. G. Clapp, Fulton, N. Y.; John A. Parkhurst, Mar-
engo, Ill.; Hon. Demas Strong, Brooklyn, N. Y.; Joseph S. Adam, Canaan,
Conn.; James E. Ingraham, Sanford, Fla.; William A. Browne, Newton,
Mass.

This brings the total membership to 312.

It was announced that the next meeting (January 31st,
1891) would probably be held in the permanent home of
the society, the new building of the California Academy of
Sciences, which is almost completed.

The following papers were presented to the meeting, most
of which were taken as read:

a. The Law of the Solar Corona, by Professor Frank H.
Bigelow, of the Nautical Almanac Office, Washington,
D. C.

b. Coronal Extension, by C. M. Charroppin, S. J., Univer-
sity of St. Louis, Missouri.

c. Observations and Drawings of Saturn, 1879 to 1889, by
Professor Edward S. Holden, Lick Observatory.

d. The Observatory of Swathmore College, by Miss S. J.
Cunningham, Director.

e. The Kenwood Physical Observatory (Chicago), by George
E. Hale, Director.

f Work at the Lick Observatory 1888 to 1890, by Pro-
fessor Edward S. Holden, Director.

£. An account of an experiment made to determine whether
gravitation force, varies with the temperature, by A.
E. Kennelly, of Orange, N. J.

h. Index Map of Moon, by Professor C. A. Young.

As the meeting was largely attended by the public and
friends of the members Professor Holden gave a popular ac-
count of the **Work of the Lick Observatory’’ since the Ob.
servatory had been under his direction.

The meeting then adjourned.

CHARLES BURCKHALTER, Secretary.
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THE CAUSE OF REFRACTION.

For THE MESSRXEER.

At the meeting of the Astronomical Department of the
Brooklyn Institute, on Nov. 10, 1890, Henry M. Parkhurst
exhibited the following diagrams, to demonstrate that re-
fraction of light is caused solely by the change of the wave
lengths in passing into a more or less dense medium.

Fig. 1—RETARDATION OF WAVES.

In figure 1, a pencil of rays, con-
sisting of successive waves, strikes
perpendicularly upon the surface of
a denser medium. The effect is to
shorten the wave-length in a cer-
tain ratio. When the light reaches
the rarer medium again, the waves
are restored to theiroriginallength.
That this is so. and that it is the
cause of refraction, are shown in
the following figures. The pencil is
supposed to be magnified at least a
thousand times, or each thousandth
wave may be supposed to be repre-
sented.

In figure 2, the pencil of rays strikes obliquely upon a
denser medium. The end of the wave which strikes first is

shortened in the same

‘ratio as before. The

line of division runs
rapidly along theedge,
the portion of the
waves within the glass
being parallel and near
together, and the por-
tion outside the glass
being parallel and at
their original distance.
Consequently the wave
swings around, as
shown. The opposite

Fig.2—REFRACTION OF WAVES.

effect is shown upon emerging from the glass.
In figure 3, the amount of the bending or refraction of the
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Tay is shown to follow the well known law that the sine of
refraction is proportional to the sine of incidence. The angle
of incidence is represented by I, and making the width of
the pencil at the surface of the glass radius, the sine of the
incidenceis represented
by the end of the wave
outside the glass,
marked sine I, the op-
positeangle being man-
ifestly equal to 1.
Again, the angle of
refraction is represent-
ed by r; and employ-
ing the same radius as
before, the sine of re-
fraction is represented
by the end of the wave
within the glass, mark-
ed sine r, the opposite
angle being manifestly
equal to r. Since the
shortening ofthe wave-
length evidently produces exactly the observed amount of
refraction, and explains the well known law, it is reason-
able tolconclude that it is the sole cause of refraction. The
~same principle also applies to the
emergence of the ray. Since in
emergence the outer angle of the
ray must be a right angle, it must
be situated in the dotted semicircle
shown. See Euclid, Book III.,
Propositiorn 31.

In passing through a prism, it
sometimes happens that the exten-
sion of the wave-length carries it
outside of this semicircle, as shown
in figure 4. The extension of the
upper end of the wave not only
swings the ray around parallel to Fig. 4.—ToTaL REFLECTION,
the face of the prism, but beyond that; so that the ray is
forced back into the prism. In this case there is a total re-
flection of the light at that surface, it being impossible for a
single ray to emerge.

Fig. 3.—LAW OF SINES.

\)
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STRANGE ATRONOMICAL COINCIDENCE.

E. E. BARNARD."

It is very seldom that coincidences of a startling nature
occur in the astronomical world. Perhaps this is due in the
main to the fact that nearly all things astronomical are sub-
ject to exact calculation, and there is nothing more chilling
to the ardor of the average fabricator of coincidences than
an array of facts and figures. There has very recently oc-
curred, however, a most wonderful coincidence that must
startle even the astronomical world, and this, stangely
enough, instead of being frowned down by facts and figures,
is strongly supported by them.

On the 15th of November last Professor Zona of the Pa-
lermo Observatory, in Italy, discovered a comet in the Con-
stellation Auriga. It was moving rapidly to the west and
north. On the following night (November 16th), while ob-
serving the position of this comet with the great twenty-
seven-inch telescope at Vienna, Dr. Spitaler discovered
another and fainter comet in the field of view with it; the
motion was in the same direction as that of Zona’s. Upon
the announcement of the discovery of two new comets so
close to each other astronomers naturally concluded that
they were parts of the same comet and therefore were travel-
ing through space together. It was, however, soon seen
that there was no relationship whatever between the two,
for Zona’s comet rapidly left the other far behind, passing
nine hours after Spitaler’s discovery within five minutes of
arc (one-sixth the apparent diameter of the moon) of the
Vienna comet, so that the two must have appeared in the
telescope as a double comet. By the night of the 17th,
when Zona's comet could first be observed in America, they
were some 2 degrees apart, and therefore the fainter one
would have escaped discovery. They are now (December
10th) 2 hours apart in right ascension and differ 4 degrees
in declination, and while one is moving southwards the
other is keeping up its northerly motion.

Anyone familiar with the discovery of comets and the

¢ Astronomer at Lick Observatory.
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comparative scarcity of the same, and who can appreciate
the vast expanse of the heavens, in which the average comet
is the merest speck, will recognize in this discovery of two
new comets within a few minutes of each other and in no
way physically connected, as one of the most remarkable
coincidences ever known. There is no record of any two
comets, not physically related, ever having been seen within
a degree of each other, and there are many millions of
chances against the discovery of two such comets so close
together as were Zona’s and Spitaler’s, and we may safely
say that it will never happen again.

Path of Fopa’s Comet. ﬂ".g.\f T
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I have made a diagram of the paths showing the posi-
tions of the two comets at the time of Spitaler’s discov-
ery, Nov. 16 days, 15 hours, and 27 minutes, Greenwich
mean time, when the two were separated by 23 minutes of
arc, and at 24 hours, 12 minutes when the nearest approach
(5 minutes of arc) occurred.

These two comets are being regularly observed at the
Lick Observatory. Neither is bright. Spitaler’s is exceed-
ingly small and faint—the merest speck of haze moving
slowly among the stars. Its orbit has not yet been com-
puted, but there is no doubt, from its appearance and slow
motion, it must be very distant from us.—The Examiner,
San Francisco, Dec. 14, 1890.

Mount Hamilton, December 10, 1890.

The Washington Observations- for 1884. Besides the usual observa-
tions that receive attention each year at the Naval Observatory, the vol-
ume for 1884 contains the second edition of the Yarnall catalogue, the list
of stars in which numbers 10,964, and embraces a range of observation
from 1845 to 1847. This important piece of work has been previously re-
ferred to in this journal.
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DR. KARL LUDWIG HENCKE.

PROFESSOR WILHELM FOERSTER.

Karl Ludwig Hencke was born at Driesen, a small bor-
ough in Newmark, April 8, 1793. He died at Merienworder
Sept. 21, 1865, at the home of his son-in-law whither he had
gone for a visit. His entire life was spent in Driesen and his
occupation was post clerk at that place.

In his fourteenth year he became a successful applicant for
a position in the post service. A short interruption to his
service in this department occurred during the war of 1813
in which he served as a volunteer. But after the battle of
Lutzen in which he received mention for his valor, and in
which he was wounded, he found it was necessary to return
‘to his position in the post service on account of his wound.
Here he remained until 1837 when he received his well
merited release with a yearly pension of.225 thalers.

From this time Hencke devoted himself to science. As
early as Christmas, 1821, notwithstanding the requirements
of his position, he furnished himself with a telescope of the
Frauenhofer make, which cost more than 100 thalers, and
with the instrument throughout the year, he combined the
nightly post service with service to the Urania. Notwith-
standing a very small amount of schooling, Hencke ob-
tained a wonderful outlook over the astronomical knowl-
edge of the time, and by his own astronomical activity
obtained a place for which was needed great proficiency and
stern perseverance and energy, and this the specialist some
times loses in the intricacy of the problems and the deep ab-
sorption in one object.

The history of knowledge is rich in like peculiar interesting
cases, in which the true, strong work of the specialist has
furnished the indispensible groundwork for consequent pro-
ficiency. Our post clerk now began definite study in the
starry heavens. He had the aid of Bode’s guidance to the
knowledge of the starry heavens, and also soon after fur-
nishing himself with a telescope, which, in a certain way
gave him a place among astronomers, he was presented to
the Director of the Berlin Observatory and received his
counsel.
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He soon desired an accurate and full star chart in which
might be found all the stars visible in his telescope. A
skillful eye, and an unusual degree of accuracy in estimation
aided him in establishing the place and magnitudes of the
stars which he indicated upon his chart.

Directly after the invention of the telescope (1608), there
was a belief that beyond the stars visible to the naked eye,
the faintest of which were taken as sixth magnitude, the
heavens were filled with innumerable fainter stars, and that
especially the fainter cloud-like regions of the sky were com-
posed of these stars crowded close together. With the help
of his excellent Frauenhofer telescope, having the use of the
existing star-charts, he constructed an extraordinarily accu-
rate map of the heavens, and the eager zeal with which he
searched the sky again and again surpassed what is usually
devoted to a single branch of inquiry. Certainly the devo-
tion of many astronomers to their work was not less than
that of Hencke, but the separation of work into special de-
partments was not so cléarly developed as later,and Hencke
stood alone in the concentration of his quiet life. So it hap-
pened that the great astronomical world of his day went
to the small chamber of Driesen for light.

In a part of the sky which is pointed out on Hencke's
chart, and also noted in one of the best academical charts
of Berlin, Hencke saw, Dec. 8,1845, for the first time, a small
star which was fainter than the ninth magnitude, and which
was mapped in none of the charts. He believed that it
was a fixed star on account of its variable light, because
having so often swept that part of the heavens, and having
noted the variable light of the fixed stars, he believed that
the star of Dec. 8 was also a variable star. Hencke sent an
account of his discovery to Berlin to the Vossische News. A
copy of it appeared in the following number on Dec. 13. On
the day after Encke sent word from the Observatory of Ber-
lin that the small star had changed its placeamong the fixed
stars and was undoubtedly a planet. This knowledge Encke
sent Hencke in a letter beginning with the words, “ With the
greatest pleasure and the most heartfelt good wishes do I
write,” etc.

And now recognition came from all sides to the plain man.
The great gold Scientific medal was received from King
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Frederick William IV; the Red Eagle Order IV. KI. through
the hands of Encke and Humboldt in March, 1846, with a
yearly stipend of 300 thalers; the great Scientific medal
from the King of Denmark; the title of Doctor of Philsophy
from the University of Bonn, through Argelander, as well as
praise and congratulations from Paris, London, etc. The
earnest expressions of esteem were for Hencke as a man
worthy of remark in himself and resulted in a true brotherly
regard extended to him from Argelander, Encke, Humboldt
and others. Encke was requested by the discoverer to name
the new planet. Many names were proposed and finally the
name Astrezea was chosen.

Hencke was in no wise turned aside from his simple man-
ner of life by the praise he received. He worked zealously,
and July 1,1847,announced the discovery of a second planet
which received the name Hebe, and which brought him
recognition anew, and a congratulatory letter from Gauss.
This was the last of his independent discoveries. During the
succeeding weeks in August, 1847, the English astronomer
Hind in London, with a much stronger instrument, began to
reveal the great belt of planetoids between the orbits of
Jupiter and Mars, until now the number of the known
planetoids of this group has reached 293* (the last discov-
ered one being of the 12th magnitude). It is clear that
Hencke’s perseverance and success brought to light the
asteroid system. For surely the discovery of the entire
mass of the planetoids is not more noteworthy than the dis-
covery of Astrseea and Hebe, and these two threw much
light on the theory of our planetary system.

Had Hencke possessed a much stronger glass and the
special methods and contrivances with which numerous as-
tronomers conduct their discoveries, he would have done
more. But he remained to the end of his life busied with the
construction of his star-chart and the comparison of the
starry fields. It must be repeated that he discovered the
planets, but there were soon so many astronomers at work
in the field of his success that he was no longer aroused hy
the priority of discovery. He remained calm and quiet in
the knowledge that he would be held worthy through all
time on account of his exceedingly accurate star-chart.

o ’—ln December 1890, the number is 300.
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Dr. Hencke was, as I have learned, eight years after the
discovery of Hebe in the Berlin Observatory, an active man
and of quick, merry temperament. He was a strong, inde-
pendent thinker, almost radical in his tendency. Next to as-
tronomy music and its theory interested him most.

His voice was heard in all the world-moving questions
and in his youth he was regarded in the official world as a
fearless and sometimes dangerous element. The energetic
radicalism of his mind swayed all his opinions in his earlier
years.

Rapid progress has followed Dr. Hencke's work. By co-
operation and increase of knowledge many astronomical
problems of his day have beén solved. Photography has
aided materially. Millions of faint stars are shown upon
thousands of photographic plates. Now not only may we
read the great book of the heavens at night, but also even in
the day and with what pleasure do we gain therefrom the
rich treasures of results and discoveries.—[Translated from
Himmel and Erde.]

RESEARCHES ON THE MAGNESIA FLUTING IN CONNECTION
WITH THE SPECTRA OF THE NEBULZ.

GEORGE E. HALE.*

For THRE MESSENEER.

After many years of continued investigation Professor
Lockyer has formulated a very comprehensive theory of the
universe. The spectroscopic study of meteorites, combined
with a knowledge of cometary spectra, has led him to as-
sume that all comets are composed of meteorites in swiftly
moving swarms. Considering that these are drawn by the
attraction of the sun from the regions of space, through
which it is journeying with its attendant planets, he argues
that innumerable meteor swarms must exist in space, and,
in fact, give rise to the phenomena of stars and nebule. In
this way it is easy to explain the temporary stars which
suddenly shine out with great brilliancy, and as suddenly
fade to insignificance. On Professor Lockyer’s hypothesis
such outbursts of light are caused by the collision of meteor
swarms, and the rapid cooling of the stars cannot well be

* Kenwood Physical Observatory, Chicago.
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explained except by assuming them to be composed of such
small bodies. On the same theory the nebulae are sparse
swarms of meteorites, the temperature being low owing to
the comparatively infrequent collisions of the members.
Condensation toward a center is then caused by gravity,
and the nebula hecomes a star. More and more frequent
collisions cause higher and higher temperatures, and finally
we have the meteorites completely vaporized, and the hot-
test stars are the result. A cooling of the vaporous mass
follows, the constituent elements are once more returned to
the solid state, and a dark, cold body like the earth is the
last actor in the stupendous drama of the heavens,

The spectroscope offers us the only means of putting this
theory to the test. We must examine and compare the
spectra of meteorites in vacuum tubes, in the nebule, and in
the stars. If we find that a certain fluting of magnesium ap-
pears at the lowest temperature in a vacuum tube we
should expect to find the same fluting visible in the coolest
of the nebule. As the temperature in the vacuum tube
rises, new lines and flutings become visible, and an increased
number of collisions in the nebule should show the same
lines and flutings. In fact, with the range of temperatures
at our command we should be able to find a sequence of
spectral changes matching those recorded at the telescope.

Such experiments as these have been carried on by Profes-
sor Lockyer. In his work with meteorites he has found a
magnesium fluting visible at the lowest temperature of the
vacuum tubes. In the nebula of Orion he has seen the
brightest line exactly in the position of that in the tube. On
this coincidence is based his belief in the meteoric constitu-
tion of the nebule, and this belief is the groundwork of his
entire hypothesis.

In the initial number of the British Astronomical Associa-
tion’s Journal Mr. E. W. Maunder has given an interesting
paper on *The Chief Nebular Line.” After such a review of
the numerous observations of Dr. Huggins, Professor Lock-
yer, Mr. Keeler and others, it is unnecessary to repeat them.
here, especially as those of most importance have recently
appeared in the pages of THE MESSENGER. It has been
shown by Mr. Maunder that the question of coincidence is
by no means decided; that more light and even higher dis-
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persion will be needed in future investigations. But while
this is probably true there is one direction in which even
small instruments can do valuable work. I refer to a study
of the character of the nebular line. This, taken in connec-
tion with a knowledge of the exact nature of the magnesia
fluting, may well lead to conclusions of great weight.

It may be of interest here to mention the opinions of seve-
ral well-known observers of the nebule. In each case the
original publication is referred to.

1864. Huggins (Phil. Trans. 1864, p. 441). Dumb-bell Nebula. ** This
line appeared nebulous at the edges.

1866. Huggins (Phil. Trans. 1866, p.385). Dumb-bell Nebula. ‘“ When
the slit was made as narrow as the intensity of the light would permit, this
bright line was not so well defined as the correrponding line in some of the
other nebula under similar conditions of the slit, but remained nebulous at
the edges.” . . . H4572. “The spectrum of this nebula consisted of
one bright nebulous line of the same refrangibility as the brightest of the
lines of nitrogen.” . . . H 4627. ‘ This bright line appeared by glimpses
to be double. Possibly this appearance was due to the presence near it of a
second line.”

1866. Secchi (Bullettino Meteorologico, 1866). ‘ The planetary nebu-
la in Andromeda has the line above named, but the principal one is a little
diffused.”

1868. Huggins (Phil. Trans. 1868, p. 542). Orion Nebula. “I ex-
pected that T might discern a duplicity in the line in the nebula correspond-
ing to the two component lines of the line of nitrogen, but 1 was not able,
after long and careful scrutiny, to see the lines double. The line in the
nebula was narrower than the double line of nitrogen; this latter line may
have appeared broader in consequence of irradiation, as it was much
brighter than the line in the nebula.” . . . “I incline to the belief that it (the
line in the nebula) is not double.”

1871. Vogel (Beobachtungen zu Bothkamp, 1872, p. 59). Dumb-bell
Nebula. *“But the line here appears broader than in the spectra of the
planetary nebule, and is in particular very ill-defined toward the violet end
of the spectrum.”

1872. Huggins (Proc. R. S., v. 20, p. 383) Orion Nebula. *‘With spec-
troscope B (two compound prisms) and eye-pieces 1 and 2, (5.5 and 9.2 di-
ameters) the slit being made very narrow, this line was seen to be very
narrow, of a width corresponding to the slit,and defined on bothedges, and
undoubtedly not double. The line of nitrogen when compared with it ap-
peared double, and cach component nebulous and broader than the line of
the nebula.”

1874.- Huggins (Proc. R. S., v. 22, p. 252), Orion Nebula. **In the sim-
ultaneous observation of the two lines it was found that if the lead line
was made rather less bright than the nebular line, the small excess of ap-
parent breadth of this latter line, from its greater brightness, appeared to
overlap the lead line to a very small amount on its less refrangible side, so
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that the two lines appeared to be in a straight line across the spectrum.”
(With two compound prisms, and eye-piece magnifying 16 diameters.)

1877. Bredichin (Annals de I'Observatoire de Moscow, v. 3, p. 120).
‘‘In this case (wide slit) the line appeared like a band, a little more defined
toward the red.”

1884. Maunder (Greenwich Spectroscopic Results 1884, p. 5), Orion
Nebula. “The line A 5005 was examined with this latter dispersion, (two
prisms) the slit being very narrow, and was seen to be a single line. None
of the lines in the spectrum of the nebula, are however, very sharp, A 5005
showed a faint fringe mainly on the side nearer the blue.”

1888. Lockyer (Meteoric Hypothesis, p. 317). Orion Nebula. * The
image of the nebula being allowed to float slowly over the slit, I distinctly
got the impression that the line in question varied in its behavior from the
other lines, and that at the points where it was brightest it extended most
towards the blue end of the spectrum. The observations were repeated at
Kensington by Mr. Fowler, Demonstrator of Astronomy, and by Mr.
Baxandall, and they arrived at the conclusion that the chief line had a de-
cidedly fluted appearance.”

1888. Taylor (Monthlv Notices, v. 49, p. 124), Orion Nebula. *‘The
5001 line is by far the brightest inthe spectrum. It is never seensharp, but,
with the narrowest slit, always has a fluffy appearance, this being much
more marked on the blue than on the red edge. This was most carefully ex-
amined for evidence of structure, but the line was alwaysfound to be single,
and no decided evidence of fluting structure could be made out.

1880. Lockyer (Meteoric Hypothesis p. 317), Orion Nebula ‘I have
more recently observed the spectrum of the nebula in Orion with my 30-
inch reflector at Westgate-on-Sea, using an enlarged form of pocket spec-
troscope with a dispersion which does not split D, and the observation is,
to my mind, final. I found that in certain parts of the nebula the lines
were knotted, and in others broken; but in the former case, whilst the F
line thickened equally on both sides, the chief line thickened only on the
more refrangible side . . . This was confirmed by Messrs. Fowler and Bax-
andall at Kensington, with the 10-inch equatorial on the 31st October and
1st November, 1889, and again by Mr. Fowler, with the 30-inch, on 2d
November . . . Messrs. Fowler and Coppen have since made some very
careful observations of the Ring nebula in Lyra, and also record the chief
line as having a fringe on its more refrangible side. . . . In still more recent
observations with a siderostat the chief line was noted by Mr. Fowler and
Lieutenant Bacon to have a decided fringe on the more refrangible side.”

1889. Huggins (Proc. R. S. v. 46, p. 50), Orion Nebula. “ My own

observations of this line, since my discovery of it in 1864. . . . show the
line to become narrow as the slit is made narrow, and to be sharply and
perfectly defined at both edges.”

1890. Huggins (Sidereal Messenger, August 1890, p. 310), Orion
nebula. * We come to the conclusion that a marked feature of this line is
its sharply defined character on the more refrangible side, we were unable
under any of the conditions of observing to detect even a suspicion of any
softening of the more refrangible edge of the line; much less the faintest in-
dication of a ‘flare’ and certainly not the distinctive peculiarity of a *flut-
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ing.””. . . Liveing (quoted by Huggins, loc. cit. p. 311), Orion Nebula.
**The line always appeared sharply defined on the more refrangible side,
whether the slit were wide or narrow.” . . . Copeland (quoted Joc. cit.
p. 313), Orion Nebula. ‘' All the lines were just as broad as the slit; when
the slit was wide open they were broad, and when the slit was closed
slowly they gradually became narrower and narrower.”” * . . Young
(quoted loc. cit. p. 314). Orion Nebula. “ With the prism the brightest
nebular line seemed absolutely sharp, and clearly defined on both sides;
with the grating (14,438) the line was fainter, and I could not use so nar-
row a slit; the dispersion was much higher also; the line therefore was a
little hazy, but equally so on both sides.”

1890. Keeler (Publications A. S. P., No. 11). Orion Nebula. ‘ With
all these different degrees of dispersion (single prism, compound prism, and
14,438 grating) and also with the other spectroscope employed, the nebula
lines appear to be perfect monochromatic images of the slit, widening when
the slit was widened, and narrowing to excessively fine sharp lines when it
was closed up. The brightest line showed no tendency to assume the as-
pect of a ‘remnant of fluting’ under any circumstances of observation, but
had always the appearance characteristic of light emitted by a gas at low
temperature and pressure.”

It will be seen from these quotations that great differences
of opinion exist as to the appearance of the nebula line.
These can partly be accounted for by the different light-
gathering power of the telescopes employed, and also by the
greater or less dispersion of the spectroscopes. As Professor
Lockyer remarks, the fluted appearance could best be seen
with small dispersion; but although the fringe would be
brighter in this case it would also be narrower, and the sec-
ond nebular line would be so near the first as to interfere
with delicate observation unless hidden by a wire in the eye-
piece, as suggested by Dr. Huggins. But mere differences in
instrumental equipment are not sufficient to reconcile all the
observatiops. Probably the publication of untouched pho-
tographs of the line would be the only means of satisfying
the opposing views, but here difficulties of a different nature
arise. '

It is evidently very desirable to know the precise charac-
ter of the magnesia fluting, and especially the relative inten-
sities of the maxima. This subject has been studied by
Professor Lockyer at Kensington, and by the writer at the
Kenwood Observatory. Professors Liveing and Dewar
have exhaustively studied the cause of the fluting, but have
not given special attention to the relative inteasities of the
maxima. Professor Lockyer states, ‘ the compound fluting
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of magnesium near 4 500 is very similar to that of carbon.
It consists of a scries of bright lines of gradually diminish-
ing brightness and increasing distance apart toward the
more refrangible end, and each has a fringe on the more re-
frangible side. The first maximum (the least refrangible) is
brighter than the others, and the fringe close to it is brighter
than the second maximum.””* In all seven maxima were ob-
served, and the wave-length of the first is given as 5006.5.
In experimenting on the visibility of the fluting a piece of
neutral tint glass was placed between the burning metal
and the slit, and the intensity of the light reduced until the
fluting was about as bright as the chief line in the Orion
nebula. ‘‘Under these conditions, the 500 fluting is only
faintly visible, and the secondary maxima entirely disap-
pear.” Another way of observing this was to hold a piece
of magnesia in the oxy-hydrogen flame. With a certain pro-
portion of gases the compound fluting was seen pretty
bright. By changing the quantity of hydrogen the fluting
was made to fade, and finally only the first maximum and
its fringe were seen. Photographs were also made which
showed the first maximum brighter than any of the second-
ary ones.

My own study of the fluting has been made with three dif-
ferent spectroscopes:—a Rowland concave grating of 5-feet
focus and 14,438 lines to the inch; a large telespectroscope
with telescope of 3 inches aperture, and a 4-inch Rowland
14,438 grating; and asmallspectrometer with either a single
glass prism, ora small Rowland grating. Theseinstruments,
with the exception of the spectrometer, are elsewhere de-
scribed.t The work was largely photographic, the concave
grating being generally employed. In all nearly one hundred
photographs of the fluting have been obtained in the first or
second order spectrum. Several series of plates were made
with different widths of slit, varying from .001 to .04 of an
inch. In each series the width of the slit was constant, and
pieces of magnesium ribbon of decreasinglength were burned
before the slit, the plate-holder being moved down between
each exposure. Thus seven photographs of the fluting are
shown on a single plate, and the exposure of the strips de-
creases from one side of the plate to the other. If the longest

* Meteoric Hypothesis, p. 314. + Pub. A. S. P, No. 12.
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exposure is just sufficient to show all the lines of the fluting,
the fainter lines should disappear as the exposure decreases,
and if thefirst maximum and a portion of the more refrang-
ible shading is brighter than the secondary maxima, we
should finally be able to obtain this line and shading alone.
When fully timed the photographs show the seven well
known lines of the magnesia fluting and in addition six
fainter lines in continuation of the fluting, but evidently dis-
tinct from it, as they do not follow the same law of increas-
ing distances. Perhaps these are due to the impurities in
the magnesium, but as yet this has not been investigated.
Another still more refrangible group of seven faint lines is
also well shown, as well as the triplet corresponding to the
solar b lines. A complete discussion of the spectrum of-
burning magnesium is reserved for the present; we will only
concern ourselves here with the relative intensities of the
lines in the principal fluting. The following record of a sin-
gle plate will show how the lines disappear in a particular
case.
Plate No. Length Mg. Ribbon. No. Lines Visible. Width Slit. Order-

E 26 1inch 6 0.002 in. 1
. % X3 5 . ‘e
[0 % o 4' . “"
3 % “ 3 " X

The disappearnace of the fainter lines in this case is seeh to
be perfectly regular, but it must not be inferred that this
regularity continues. On the contrary the first three lines
seem to differ materially from the other four, and out of the
large number of photographs already made not one shows
the head line alone, while the first two lines are shown alone
in but a single instance. A number of photographs made by
a different method give almost identical results, and show
no variations among themselves. During the exposure a
screen moved by clock-work slowly rises before the plate,
uncovering the lines of the fluting by degrees. Thus the hot-
tom of the spectrum receives an exposure during the whole
time that the ribbon is burning, and the exposure gradually
decreases toward the top of the plate. This method has
proved very successful. The first three lines of the fluting
differ so little in height that it is difficult to pick out the
longest, while the fourth is much shorter, and the rest of the
lines fall off regularly. An examination of a number of
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plates shows the first lines very slightly longer than the sec-
ond, while the latter exceeds the third by about the same
amount. It is not denied that the head line is somewhat
brighter than any of the others, but the difference between it
and the second line is certainly not great. Moreover the
shading on the more refrangible side of the head line is by
no mcans as bright as the brightest part of the second line.

These are the conclusions arrived at by a study of photo-
graphs, but it must be added that they are open to possible
modifications. The plates used are ordinary, unstained dry
plates made by the Seed Co., and their sensitiveness in differ-
ent regions of the spectrum falls off gradually from the blue
into the green. The curve does not fall rapidly at 4 5000,
and I cannot think that a slightly decreased sensitiveness at
the position of the first maximum can perceptibly effect the
results. Even if there were such an effect the first three lines
could not differ from the others in so marked a way, as the
fall in the curve is perfectly regular. Unfortunately the
curve of our plates stained with erythrosin has a minimum
in the green at about this point, and no advantage is gained
by using them. Moreover, eye observations with the vari-
ous spectroscopes bear out the same conclusions. When the
light from the burning ribbon is cut down by dark wedges
etc.! the first three maxima disappear almost simultane-
ously, and I have not yet been able to see the head line
alone without traces of the rest of the fluting. The bearing
of the these experiments upon the spectra of the nebula is
obvious. Itis hardly to be supposed that the light would
be such as in all cases to show the chief line more brilliantly
than any other line in the spectrum, while at the same time
all the secondary maxima are entirely invisible. If the
second and perhaps the third lines of the fluting can be
found in the spectra of the nebule the presence of magnesia
will no longer be questioned. In the lack of such observa-
tions there is room for reasonable doubt.

KENwoOD PHYSICAL OBSERVATORY,
Chicago, Dec. 20, 1890.

Cheapest Form of Light is the title of a paper issued by Professor S. P.
Langley and F. W. Very, of Allegheny Observatory which is printed in full
in the American Journal of Science. The object of the paper is to show by
the study of the radiation of the firefly that it is possible to produce light
without beat other than in the light itself.
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CURRENT CELESTIAL PHENOMENA.

THE PLANETS.

Mercury will be at inferior conjunction with the sun Jan. 13 at 11k 31m
A. M. central time. He will be at greatest western elongation, 25° 40’ west
from the sun, on the morning of Feb. 6. He will be visible to the unaided
eye on several mornings about that date. To see him at that time one
must look toward the southeast about an hour before sunrise.

Venus will be at her greatest brilliancy for the present season on Jan.
8, when she is also at perihelion. At that time the phase will be crescent,
one-fourth of her apparent disk being illuminated. She may be seen to-
ward the southeast in the morning about three hours before sunrise.

The only observer who, so far as reported, was successful in observing
Venus near the time of inferior conjunction Dec. 3 and 4, was E.E. Barnard,
astronomer at Lick Observatory, the account of whose observations are
given on another page. At Northfield we were unable, on account of
cloudy weather, to see the planet until December 6, when the cusps of the
crescent could be traced but little, if any, beyond the semicircle.

In the Journal of the British Astronomical Association, Vol. 1, No. 1,
Oct. 1890, Miss A. M. Clerke gives an interesting review of Professor Schia-
parelli's papers on the “ Rotation Periods of Mercury and Venus.” L'As-
tronomie, Dec. 1890, contains an article by Professor Perrotin, director of
the Observatory at Nice, in which he gives the results of his recent observ-
tions of Venus with the great equatorial at Nice. These observations were
made in the daytime on 74 days between May 15 and Oct. 4, 1890. Sixty.
one drawings were made during these observations, six of which are repro-
duced in L’Astronomie by wood engravings. They all show a dusky mark-
ing extending from north to south lying in the first drawings along the ter-
minator, in the later ones gradually moving toward the west. In the later
drawings there are several branches to the main dark area. The conclu-
sions derived by Perrotin are entirely confirmatory of those reached by
Schiaparelli, namely that Venus rotates upon her axis in the same time
that she revolves in her orbit about the sun. The period may be anywhere
between 195 and 225 days. The axis is very nearly perpendicular to the
orbit.

Mars will be in the same position with reference to the sun in which he
has been during the past month. His daily motion eastward and north-
ward is just sufficient to make the time of his setting almost constant. The
disk of Mars is now so small that but little of detail can be seen upon his
surface.

Jupiter is too nearly in line with the sun to be well seen. He will be at
superior conjunction Feb. 13. C. Duprat, at Tebessa, Algeria, reports that
on Sept. 26 and the following day he was able to see Jupiter with the
naked eye, 20 minutes before sunset (L' Astronomie, Dec. 1890.)

Saturn is in good position for observation after midnight. He may be
readily recognized in the eastern part of the constellation Leo, by his bright-
ness and his steady yellow light. The Monthly Notices for November, 1890,
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has not vet arrived so that we cannot give ourreaders data concerning the
satellites from Mr. Marth’s ephemerides. We give this month a diagram
showing the apparent orbits of the seven inner satellites as they are seen in
an interesting telescope. By the aid of this diagram the observef can easily
find the positions of the satellites on each day between the dates ot eastern
elangation.

APPARENT ORBITS OF THE SEVEN INNER SATELLITES OF SATURN, MaY 17,
1891, As SEEN IN AN INVERTING TELESCOPE.

(The Vertical Scale is Twice the Horizontal One,)

Uranus will be at quadrature with the sun Jan. 21, and stationary in
right ascension Feb. 4. He may be best ohserved from four to six in the
morning. He is near the foot of Virgo, about 10° east from Spica and 2°.5
southwest from x Virginis. A telescope of very moderiate power will enable
one to recognize this planet by its greenish-hued disk.

Neptune is now in his most favorable position for amateur observers,
coming to the meridian a little after nine o'clock in the evening. It may be
found in Taurus between the well known groups of the Pleindes and Hyades.
It is about 3° west and %4° north of ¢ Tauri, the uppermost star in the V-
‘shaped group of the Hyades. During this month it will be in the same field
of view with two eighth-magnitude stars, from which it will be difficult to
distinguish the planet except by its relative motion from night to night.
Large telescopes will, of course, show the disk ofthe planet. On Jan.1 Nep-
tune will be almost directly north of the eastern star. Its motion willcarry
the planet almost directly toward the western star, by which it will pass on
Jan. 9.

MERCURY.
Date. R. A. Decl. Rises. Transits. Sets.
1891. h m ° 7’ h m h m h m
an. — 19 48 6 05 A. M. 10 46.1 A. M, 3 27 P M.
Feb. — 20 58 5 52 * 10 28.0 * 304 *
— 20 37 559 “ 1o 35.8 33
VENUS.
Jan. 24........ 17 15.3 — 18 28 4 14 A. M. 9 00.8 A. M. 1 48 p. M.
Feb. . 2.3 — 19 23 4 15 8 582 ¢ 141 ¢
3.6 — 19 52 4 20 ¢ 9 0c0.2 141
MARS.
Jan. 24........ 23 5§7.0 — 0 46 9 41 A. M. 3 41.3 P. M. 9 42 P. M.
Feb. 3........ 0239 + 218 9 16 * 3 288 ¢ 9 41 *
| & TR 0506 4 5 18 852 3 16.2 9 41 ¢
JUPITER.
Jan. 24........ 21 30.3 — 1§ 35 8 15 A M. I 15.0 P. M. 6 15 P, M.
Feb. 3....... 21 39.6 — 14 49 7 42 12 450 “ 5 48

3. 21 49.0 — I4 02 7 08 12 15.0 ¢ 522
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SATURN.
Date. R. A. Decl. Rises. Transits. Sets.
1890 h m °c .m h m h m

Jan. 24........ I113.4 + 7 15 8 27pP. M. 2 §5.8 A, M. 9 31 A. M.

Feb. 3........ 1Imirng 4+ 730 7 41 2 14.5 * 8 48
| & FOURR 1108.9 + 7 48 6 58 1 32.7 * 807 ¢

URANUS.

12 26 A. M. 5 43.5 A. M. II Ol P. M.
11 43 P. M. 5 00.5 ** 10 18
11 03 * 4 21.0 * 9 39 A. M.
NEPTUNE.

12 31 P. M. 7 §3.3 P. M. 3 16 A. M.
I1 51 A. M. 7 13.7 * 2 36 ¢
11z ¢ 6 342 “ 157
THE SUN.

Jan. 19........ 20 06.4 — 20 07 7 30A. M. 12 IL.OP. M. 4 52 P. M.
24........ 20 27.5 — 19 09 7 27 * 12 12.4 * 4 58
29........ 20 48.2 — 17 51 7 22 12 13.4 ¢ 5 o4 *¢

Feb. 3........ 21 08.6 - 16 26 717 ¢ 12 14.1 ¢ s 11«
8. 21 28.7 — 14 4 7 10 “ 12 14.4 ** 5 18 ¢
| c TR, 21 48.4 — 13 16 7 04 * 12 14.4 525 ¢

THE MOON.

Jan. 5 36 P. M. 1 16.2 A. M. 9 02 A. M.
z 9 46 “ 4 03.8 ¢ 100 32 *

Feb. 4 28 A M. 8 530 * I 15 P. M.

829 1 57.4 P. M. 73
10 39 ** 6 09.9 * I §2 A. M.

Saturn’s Satellites.

[Central Time; E = eastern glongation; 1=
= western elongation : S = superior conjunction.]

JAPETUS.
Jan. 16 11.2a. M. L. Feb. 4 8.8\W.
TITAN.
Jan. 17109 p. M. E. Jan. 29 11.1 p. . 8.
21 58 “ L Feb. 2 9.6 * E.
25 7.7 W 6 45 *“ L
RHEA.
Jan. 18 2.0p. M. E. Feb. 1 3.1 a.Mm E.
23 23a.M.E. 5 3.4p ME.
27 2.7r.Mm. E. 10 3.8 .M. E.
DIONE.
Jan. 17 44A. M. E.  Jan 30 8.7p. M E.
19 10.2pr. M. E. Feb. 2 24 p. M. E.
22 3.7p.M.E. 5 8.0Aa.M E.
25 9.4 a.M. E. 8 1.9a.M.E.
28 3.1a.M.E. 10 74p. M E.
TETHYS.
Jan. 17 21a.M E. Jan. 28 9.9a. M E.
18 114 pr. M. E. 30 7.2a.M.E.
20 8.7p.M.E. Feb. 1 3.5a.M E.
22 6.0p.M. E. 3 1.8a.M.E.
24 33p.ME. 4 11.1 p. M. E.
26 126 r. M. E. 6 8.4pP ME,

inferior conjunction; W

FeDL.10 6.2 p. M. W,

‘“

14 9.4

Feb. 14 4.1 p.

Feb.13 1.0p.

Feb. 8 5.7 p.
10 3.0p.
12123 p.
14 9.6 a.

S.

M. E.

M. E.

EREE



34 The Sidereal Messenger.
Occultations Visible at Washington.
IMMERSION. EMERSION.

Star's Magni- Wash. Anglef m Wash. An lef m Dura.
Date. Name. tude Mean T. N. l: M;an T. Pt t‘:o‘:
Jan. 17..B.A.C. 755 6.5 5 u 83 6 23.2 207 112
19...&" Tauri 6.0 4 45 27 5 45.9 278 101
21...5 Geminorum 6.7 13 37 148 14 19.5 220 0 43
26...1 Leonis 3.7 15 46 99 16 56.7 326 111
30...65 Virginis .1 12 04 197 12 18.8 222 o 1§
30... Virginis 5.1 18 21 139 19 39.7 289 119
31...x Virginis 4.2 14 10 104 1§ 21.§ 327 112
Feb. 12...f Piscium 5.1 5 47 28 6 49.8 265 103
15...@! Tauri 6.0 13 of 127 13 380 . 215 o 37

Minima of Variable Stars of theAlgol Type.

[The times are given, to the nearest hour of Central Time, of only those
minima which can be observed in the United States.]

U CEPHEL
Qh §2m 32¢
..... +-81°17
2d 11k 50m
g A;‘M.
1 “
1 13
midn.
ALGOL.
R.A...eeeeee 3h 10m 01°*
Decl............... + 40° 32’
Period......... 2d 20h 49m
Jan. 19 midn.
23 9P M.
25 6 ¢
Feb.11 11«
14 8 ¢
A TAURI
R. A 3h 54m 358
Decl..... ..+12°11/
Period......... 3d 22h 52m
Feb. 2 midn.
6 11 p. M.
10 10 «
14 9 «
R CANIS MA]J.
R. Aot 7h 14m™ 30°

27 7 P: M
28 10 ¢
30 la. M

R CANIS MAJ. Cont.

Feb. 4 6 P. M.
5 9 "
6 midn.
8 3aA. M.
13 8pP. M.
14 11«
S. CANCRI.
R A, 8h 37m 390
..+ 19° 26’
....9d 11h 38m
10pP. M
10 (13
S ANTLIAE.
R.A 9h 27m 30°

23 2
24 2
25 1 ¢
25 midn
26 o
27 11p. M
28 11
29 10 -
30 9 ¢
Feb. 3 3a
4 2 ¢
5 2 €
6 1 ‘o
6 midn.
7 "
Feb. 8 11 p. M

S ANTLIAE. Cont.

Feb. 9 10 p. M.
10 .10 *
11 9 «
15 3 A. M.

8 LIBRAE.
RA...oueeeee. 14k 55 06°
Decl........ccce.ee. — 8° 05"
Period.........2d 07h 51™

Jan. 18 3a.M
24 3
Feb. 1 3
7 2 "
15 2«
U CORONE.
reeeeeeenn 150 13M 430
..+ 32° 03’
.3d 10b 51m
3 A. M.
2 ‘"
midn
3A.M
midn
Y CYGNI.
R A 20h 47m 400
+34°15°
1d 11k 57m
8 P. M.
18 8 *
21 8 «
24 8 ¢
27 8 «
30 8 ¢
Feb. 2 8 ¢
5 8 "
8 8 ‘“
11 7
14 7 ¢
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Phases and Aspects of the Moon.
Ce?ltral Time.
m

First Quarter........cc....... . ...1891 Jan. 17 12 18 A. M.
Full Moon.. W ‘24 6 25P. M.
APOREL....cvurnniireriieiiiinnnnieinenie “ ¢ 27 9 48aA. M,
Last Quarter.......ccccccevvencinnnnrennns “ Feb. 1 10 42 p. M.
New Moon.....cccceviriivveninncnnioneenes ¢ o 8 812 *

PErigEC...vuueurrerererrrnarseseseresanns “ 4 9 6 18a.M.

COMET NOTES.

Comet 1889 V. Mr. Dayton C. Miller, now instructor in mathematics
in the Case School of Applied Science, at Cleveland, Ohio, has computed
the following elliptic elements of this comet, from observations made by
himself with the 23-inch equatorial and square bar micrometer of the Hal-
sted Observatory, Princeton, from Nov. 14, 1889, to March 8,1890. Three
normal places, Nov, 15.5, Dec. 15.5 and Jan. 14.5, were used in computing
the elements. The investigation of the orbit and historical sketch of the
comet, on the supposition of its identity with Lexell’s comet of 1770, were
presented as a thesis for the degree of Doctor of Science to the Faculty of
the college of New Jersey, Princeton, in 1890.

T = 1889 Sept. 28.27186 G. M. T.
T = 0° 44/ 02”.77)
§2 =18 05 55 .67 i 1890.0

1

= 6 04 02 .23
@ =27 15 38 .18
log a = 0.5537124

log u = 2.7194381
P — 6.7697 yrs.
Middle place, Obs.—Calc.
dA cosf3 = + 07.19 dpf = +0".05

Comet f 1890 (Spitaler) has been looked for at many places but seen at
very few. Professor Lewis Swift saw on Dec. 8 an object which on Dec. 14
was not in the same place. Professor Barnard at Lick Observatory has
observed this comet regularly since Dec. 6. He says that it has been ex-
ceedingly small and faint, but that it is now (Dec. 12) apparently getting
somewhat larger and brighter. No elements have yet reached us.

Comet e 1890 (Zona) has been observed at many places. The best ele-
ments at hand are those by Mr. Wendell, which are given below.

Orbit and Ephemeris of Comet e 1890 (Zona Nov. 15.) From Zona's
observation’of Nov. 15 and my own of Nov. 22 and 28, I have computed
the following orbit and ephemeris of Zona's comet :

Elements.
T = 1890 Aug. 7.10021 Gr. M. T.
® — § = 331° 26" 36”
Q= 85 29 8
i— 154 26 5
log q = 0.31148 q = 2.0487
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Ephemeris.
Gr. M. T. Qipp. R.A. App.oDec. Logr. Log 4.
m 8 ’
Jan. 1.5 2 3 46 +4 29 24 0.4279 0.3202
2.5 2 1 48 29 13
3.5 1 59 55 29 2
4.5 58 6 28 52
5.5 56 21 28 41 0.4326 0.3416
6.5 54 42 28 31
7.5 53 7 28 21
8.5 51 35 28 12
9.5 50 8 28 2 0.4373 0.3627
10.5 48 48 27 54 .
11.5 47 31 27 45
12.5 46 16 27 37
13.5 45 6 27 29 0.4420 0.3829
14.5 4+ 0 27 22
15.5 42 56 27 14
16.5 41 54 27 7
17.5 40 57 27 0 0.4467 0 4025
18.5 40 4 26 53
19.5 39 12 26 47 .
20.5 38 22 26 41
21.5 37 36 26 35 0.43513 0.4214
22.5 36 54 26 29
23.5 36 13 26 24
24.5 35 35 26 19
25.5 34 58 26 14 0.4560 0.4395
26.5 3+ 25 26 9
27.5 33 53 26 5
28.5 33 23 26 1
29.5 32 55 25 57 0.4606 0.4568
30.5 32 29 25 53
Jan. 315 1 32 & + 25 49
The theoretical light of the comet on Jan. 31 will be less than half that
on Jan. 1. 0. C. WENDELL.

Harvard College Observatory, Dec. 17, 1890.

Smith Observatory Observations. The following sun-spot observations
were made with helioscope unless otherwise stated. They were taken by
Charles E. Peet:

! 1§lzlg ‘
1800, ' 90° Mer. | S }g' 2 Seeiug. Remarks.
M. T. ;.j z 5‘ ‘
L~ _ -
! |
Nov.1s 255pm 0| 0! 1' Poor i Faculwe near SW. limb.
19, Llipm .00 0 ;"o;)r 1
20 15pm 0!0|0 Fair. .
21 3:30pm | 0] 0|0 Bad. i Seeing too poor to dlsﬂngulnh an\'thlng.
22 { 4:25pm l 0100 Bad. .o
23 2:30pm 115 |1 Falr. One large an with nuc. and penum.
24" 145pm |1 13,1 | Fair. Facule on NW. llmb
25 230pm l 1411 | 2 | Fair. Faculous mottiings.
26 ' 255pm i1l 19 ;0| Good.* Four of thespots havenuc. and penumbra.
27 1 1220pm [ 1 {13 1 1 | Poor. Faculee on W. limb,
280 2:30pm | 11171 Fair* Faculous mottlings near NW.and N.limb.
Dec, 1| 9:40am (1|5 0! Poor® Group near NW. limb; 1 spot with nuc.
6| 1:25pm |1]2]0] Poor. Grour near 8W. limb. [and penumbra.
§[1265pm |1 ]|1(1] Good Faculous region sabout spot.
10 9%18am (0] 0| 0) Poor.
14| 810pm | 2|16 | 38| Fair. Facule on E., SE. and NE.

* Projection on 20 cm. circle. c A B
HAS. A. BACON.
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Carleton College Sunspot Observations. (Continued from page 468.)

ol =
b x g
1890. Central |2 (T ' § Remarks.
Time. g |g & Observer.
Nov.21 [ 12:30pm [0 |0 0 C.R. W.
22! 10:40am (12 2 "
2| 220pm (10130 “
25 (12:40pm | 1 14 | 2gr. .
27 | 10:20am | 1 “
28 1 10:30am [ 1 4 "
Dec. 6 12:25pm (1|1 2gr. . One amall spot surrounded by group of
faculae SW. of centre. Group of faculae
SE.—not promineut.
S|1:13am (1|1 |1 . One small spot very near W. limb sur-
. rounded by smal bright group offaculae.
10 1245pm (1|1 1 ¢« . Small spot on E. limb surrounded by
amall group of faculae.
11 [(1245pm 0 0 1 ¢ o
12 |1220pm 0 0 0 .
16 (12:220pm |1 14,0 .
17|1220pm L 6 0 "
1€ | 12245 p In | 220 0 .
19 1285 pm | 2 10 1lgr o
20 1240pm 2 5 2 5 Large group of faculae on E. limb sur-
! rounding small spot.
2| 1:10am 0 0|1 .
23| 1240am 1| 2gr. .
|

Mount Holyoke Observatory. Sunspot Observations by Miss E. M.

Bardwell.
=
Slzlg
1890 | Enstern |3 3 | g Remarks,
Time. $.218%
2q®
Nov. 3 e 0(0;0
4 gg 0ol0fo
‘ 5 S 000
o8 <= ololo
7 12.30 14 Hazy
“ 10 11.00 1| 6|1 Floating clouds.
1, 3.00 209
W A AR B
1N P00 3
“ 1w 2% foloi
2 <= 0 02
R 12.00 1 4
24 12,00 I 113 Too cloudy to see faculae.
25 1200 11 24 Cloudy. Could not count all the nuinbers.
XN 12.00 i1 26
- 12.00 1 25
AN 12.00 ! 2 20 2 | Largest spot 24,000 miles across.
Dec. 1} 1130 1 311! Faenlae around spots,
o2 11.00 1 2 5.1 Lauargeand very bright faculae around spots.
v 12.00 0 111
o1 o o 3
13 12.00 29 (londy.
“ONS 12,00 2 4 2 Oueyroup of faculne was very bright.
O 12,00 | I Very hazy. Many small spots. Could not count them.
I 11w 210 3

South Hadley, Mass.
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Solar Observations, Alta, Iowa.
OCTOBER 1500,
- z <7z | :
g z 2 P
z 2 | & =3
=l
= £c | I3
1= - - T =
2 £ PR = Remarks.
g frit ot
5 S 5 s
Bl FfF
_ P —_— L _—
bl | e -
1f1125am !0 0 12 Good. ! Facula NW.
2| 1145am |00 0 0 Far |
4(112am |00 0 | 0 ' Good. . Faculw on NW. limh.
6| 5.20pm |1 | 211} Poor.  Suntoolow to count spots.
711200 m ‘ 010 0 0, Poor. i Hazy.
14 (1130am 0|0 0|01 Good. Faculae near W.limb.
16| NN2am 00 o( 0 | Good.  (Clear Dise.
171 11.20am ‘ 00 0!0. Good. Clear Disc. Aurora this evening.
18 | 1.15am | 00 0,0 Good. Clear Disc.
19 ) 220pm ;13 1|3, Good. SpotsSE. limb. Faculae E.
20 | 12,00 m 0.3 116 Good. 2largespots, others small. Faculae on E. limb.
21 11.30am |{0[0 1]6:! Good. 3 large spota, 1 spot with umbra and penuwbra.
| | Faculae around Group.
22 (1130 am 1 I 22 ] Fair. Slight haze. Could not count all small spots.
22| 11.20am | 0!8 2 17 | Good. | Spotssmall. 1large one.
24| 345pm ;00 2 |15 Falr. Brilliant ** bridge " across large spot.
S5 (11.30am 0|0 1' 2! Poor. | Single klimpse through clouds.
2| 430pm | 00 1{2, Poor. ' Sun too near horizon to count spota.
30 | 11.20am [0 |0 1 2 Good. '@ Faculae NW.
31 |11.30am|[0]|0,0(|1; Bad. Hazy. Large apot is on W. limb disappeapearing
[ l by solar rotation.

No observatlons owing to clouds on the 3d, 5th, &th to 13th, 15th, 27th to 20th.
NOVEMBER 1590.

1/11.30am
3| 11.25am |
4|11.20am
51 11.20am
9| 30opm'
10| 200pm
11 | 11.50am
12| 11.656am
13| 11.20Aam
4 11308 m

bk
»3
Yt
lsdad et
S&
=P
25

5338
(=3 () < LSO DDOODODIOCoDIOI=OTSOSD

—
=3

- -
*° -
B 8
EU‘Q: e
EE

€ BER ¥ Re8s
= 5
5 8
»
g 8

l

Good.
Good.
Good.
Guod.
Good.
Fair.

Good.
Fair.

Fair.

Poor.
Good.
Poor.
Good.
Goud.
Poor.
Good.
Good.
Good.
Bad.

Good.
Falr,

Good.
Poor,

RN TOOOODTRERNRBBIDESCSS

W b b RN ET OO C O =MD OCD

SRR NCSCSOoOSSOoOoTToOS RS COO

-
- @

o

Poor.

i
Poor.

Apparently Clear Disc.

. Clear Disc.

i Clear Dinc.

Clear Disc.

Giroup about 2 days in SE. surrounded by small
[taculae.

i Group on Meridian.

Spots small.

Apparently Clear Disc.

Light clouds.

Small faculae on E. limb. Groups facnlae near SE.

Faculae SE. (and W. limb.

Small faculae SE.

Clear Disc.

Haze.

Group surrounded by faculae on E. limb.

1 large spot. Large area faculae.

1 large spot.

Hazy. Single glimpse through clouds. Group

N.Lat.3very largespotswithumbra and penumbra.

Groups clowe together. Nnmerous small spots.
Slight haze. 3 large spots unchanged.

Conld not count all smaller spots.

1 large spot with umbra and penumbra.

Large spot unchanged. Hazy. Could not couut
smaller apota.

Very hazy. Faculae E.limb. Group NE.

(loudy on 2d, 6th, 7th, Sth, 16th,
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DECEMBER. 1590.

| EE L
=l 3 s | F2| &
2 = P E Remurks.
2 3 FE5F T
B EREE G
& < - '
_ LA ERK |
\ Rl
3.145am |(0(0[1]1(Fair. Large spot on NW. limb disappearing by solar
671200 m |0 0|0]|o0]| Poor. Hazy. [rotation.
T 1.30pm |0 0|0/ 0| Good. ' Swmallfaculae on NW. limb. Faint group faculae
N | 1210pm 10 { 0| 0| 0 i Good. | Apparently Clear Disc. [near E. and SW. limb.
$/1,20pm |0, 0 0|0 | Fair. Apparently Clear Disc. .
10 i 120 m [0]|oiolo! Poor.
1 1L15am |00 0 0| Good. | Clear Disc.
121 11255am | 0|0 o]0 Fair.  Small fuculae near E. limb.
14| 220pm | 210 | 2 10, Good. | Larger group 8. latitude on Meridian. Other group
i ‘ W. about ¥4 across Disc.
1I5/1140am (1|4 3 wl Poor. | Small faculae near SE. limb. Very hazy. Could
| ‘ | [ notcountallspots. New group E. of larger group.
Davip E. HADDEN.
Solar Prominences for November.
DATE. POSITION ANGLE.
U 80, 165, 250, 276, 316.
2PN 166, 245 to 268.

....253, 260, 295.
....150, 168, 255.
..172, 251, 336.

........... «...50, 151 255.
..55, 150, 252, 270, 310.

NoTe.—During latter half of month definition has been very bad
Camden Observatory December 1st, 1890.

Astronomical Phenomena during the Year 18gr1.

The principal phenomena predicted for the year 1891 are four eclipses,
two of the sun and two of the moon, a transit of Mercury over the sun’s
disk, and the disappearance and reappearance of Saturn’s rings. Of these
the last two will excite the most interest.

A total eclipse of the moon, May 23, will be invisible in the United
States, but visible generally throughout the western part of the Pacific
Ocean, Australia, Asia, Africa and Europe.

An annular eclipse of the sun, June 6, will be visible in the northern
part of Siberia. It will be visible as a partial eclipse in the western part of
the United States, in British America, Europe and Siberia.

A total eclipse of the moon, Nov. 15, will be visible throughout North
and South America, Asia, Africa, Europe and the Atlantic Ocean. It will
begin at 3" 36™ and end at 9" 03™ p. M. Central Time. We expect later 