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THE EFFECT OF PRESSURE UPON THE TRANSMISSION OF RA-
DIANT ENERGY THROUGH GASEOUS MEDIA.

SRBVERINUS J. CORRIGAN.

Foa GEXERAL ASTROXOMY.

While pursuing, recently, an investigation having for its ohject
the determination of.the absolute quantity of energy radiated, in
unit time, from the filament of an incandescent electric lamp of a
given candle power, I found that certain facts anent the modus
operandi of ‘radiation’ and the laws governing it, were dis-
closed thereby. So far as I know, they have not been noticed
heretofore, and as they have a bearing upon important astro-
nomical questions, I have thought that a publication of the re-
sults of this investigation would fall within the scope of As-
TRONOMY AND AsTRO-PHYsICS, and prove of interest to some of
its readers. '

The following is a statement of the problem that presented it-
self for solution : _

By what amount will the absolute quantity of energy radiated
in unit time from a body of given surface, heated to a given de-
gree of temperature while enclosed in a vessel containing atmos-
pheric air or other gases at a given pressure, be changed by
variation of the pressure or the density of the enclosed gas?

In attacking this problem my first step was to frame a hy-
pothesis as to the nature and cause of the pressure of a gas
against the walls of a containing vessel. I assumed, and this
assumption is sanctioned by most eminent authority in ‘*“ Molecu-
lar Physics,’’ that this pressure is due to the impact of the minute
particles of which the gas is composed, upon the enclosing walls,
this impact being caused by the incessant and almost inconceiva-
bly rapid vibration of these particles. It is also assumed, and I
purpose to prove the validity of this assumption by the agree-
ment between theory and observation or the results of experi-
ment, that the total pressure against the envelope, which pres-
sure will be designated by P, is proportional to the product of
the mass, M, of the enclosed gas into the number of vibrations
made in unit time, which number will be designated by n. Itis
obvious that the pressure, or in other words, the result of impact

~ -
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2 The Transmission of Radiant Energy.

will be greater or less as the number of particles of equal mass,
m, and also the number of vibrations in unit time are greater or
less; thus one particle vibrating twice in unit time will produce
the same effect as two particles vibrating only once in the same
time. This fact is expressed by the equation P = Mn (1). It
must be borne in mind that in this equation and also in those
which are to follow, only relative values are considered.

From the well known definition of density, it is plain that the
mass, M, of the gas contained within the walls of the vessel, is
inversely proportional to the cube of the distance by which the
particles are separated. Calling this distance d, this fact is ex-

pressed by the equation, M = —‘lji (2); hence equation (1) can

be written P = %, (3).

It is now necessary to make some hypothesis as to the nature
of the vibration the frequency of which is denoted by n.

I assume that the molecules of any gas are each composed of at
least two atoms of equal mass m, and that these atoms are in
continuous and, almost inconceivably, rapid revolution around a
common center of attraction lying between them, just as are the
components of a binary system of stars, and that the law gov-
erning the action- of this attractive force is the same as that of
gravity, 1. e., that the force varies inversely as the square of the
distance of the atoms from the common center around which
they revolve.

The revolution of the stars of a binary system around their
common centre of gravity, and also the revolutions of the planets
around the sun, are vibrations of this nature, and the number of
such vibrations in a unit of time is given by the well-known equa-

vk

tion, “ Analytical Mechanics,” n = —_ (4), which is oneexpression
a

for that one of Kepler’'s laws of planetary motion which asserts
that ‘‘ the squares of the times of revolution of any two planets,
around the sun, are proportional to the cubes of the mean dis-
tances of said planets from the common center of gravity around
which they revolve. In equation (4) which is, as I may say, the
corner stone of the theory which I have constructed, n represents
the mean motion or the angular velocity; i. e., the number of revo-
lutions or complete vibrations in a unit of time; k is the unit of
attractive force and is a constant, therefore the only variable is a,
which represents the mean distance of the revolving body from
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the center of gravity of the system, and, in the case of a circular
orbit, is the radius; consequently, considering only relative

values, n = 1 (5).

at

Since I have assumed that the vibrations of the atoms are sub-
ject to the same law that governs the revolutions of the plane-
tary masses, it follows that equation (5) will give the value of
used in equation (1), if we replace in equation (5), a? by d#,
which can be done because the distance d, between the revolving
atoms of each system is equal to 2a; replacing al by dtequation
(5) will become n = dii orn = d—:}3 (6). Substituting this value
of n in equation (3) the following results: P = % . d_}?

1 _ 1
P=ET~" (7); whence d = —- (8).

or

The last equation expmse?the fact that the distance apart of
the revolving atoms is inversely proportional to the 4.5th root
of the pressure of the gas. The quantity of energy transmitted
by the gas, from a given “source of heat,” is now to be deter-
mined. It is known, from the principles of ‘ Analytical Mechan-
xs,” that the quantity of emnergy, (), generated by a mass, m,
moving with a linear velocity, v, is proportional to the product
of one-half the mass into the square of the linear velocity. This
fact is expressed by the equation, Q =% mv? (9). If, as before,
we denote the mean distance of the revolving mass by a, we find
that, since the linear velocity, v, is equal to the angular velocity,
o, multiplied by the mean distance a, v = na, or as since shown

by equation (6), n = %, v= d—i—g (10) ; but as a is proportional
to the distance d, being equal to 14d, equation (10) can be written

d _ 1 1
k= Eay (11); therefore v3 = -+ (12);

bence Q =§% (13); but since m is constant we will have

2= % (14); and since equation (8) shows thatd = 11 we

4.
can write Q=Pﬁ (15); equation (14) expresses the fact sthat
the quantity of energy transmitted, from a given ‘‘source of
heat,” by and through a gas in any given time, is inversely pro-
portional to the distance apart of the revolving atoms, while
equation (15) shows that it is directly proportional to the 4.5th
root of the pressure of the gas.
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Equation (15) thus furnishes the theoretical solution of the
problem under consideration, but since it is founded upon an as-
sumption as to thenature of the pressure of a gas, which assump-
tion is expressed by equation (1), it is necessary to learn whether
the results derived from experiment agree with the deductions
from theory. I have found that they do. Experiments have been
made by a skillful physicist, upon the radiation of heat from the
surface of a mass of copper placed in an enclosing vessel ; the dif-
ference of temperature between the copper and the walls of the
enclosure was 90 degrees Fahrenheit, and the quantity of heat in
absolute measure, (i. e. in pound-degrees Fahrepheit per asecond)
radiated from each square inch of the surface of the mass of
copper was determiped, both when the enclosed air was at the
ordinary atmospheric pressure of 30 inches of mercury and when
the pressure was only 0.4 of an inch, ar only 4 of the normal
pressure. Taking the normal pressure of 30 inches as the unit,
the pressure at 0.4 inches will be represented by the equation
P =) ; substituting this .value of P in equation (16), the fol-
‘lowing expression for the relative quantity of heat radiated will
be 0= Ny = .3831+. The quantity radiated at pressure
of 30 inches was .0002271 of a thermal unit; hence, by my
theory the quantity radiated at the pressure of 0.4 inches should
be .0000870 of a thermal unit; the quantity found by expen-
ment was .0000875 of a thermal unit; certainly a very cloge
agreement between theory and observation.

Another experimental result, even more conclusive, is that fur-
nished by a determination of the quantity of heat radiated from
the filament of an incandescent electric lamp. Taking the pres-
.sure.of the air remaining within the glass-bulb of the lamp at
only one;millionth of the ordinary atmospheric pressure, in other
words making P = yggdgyy, I found that the the theoretical re-
sult derived by meauns of equation (16), and expressed in units of
electrical energy, was practically identical with those derived
from many actual tests upon a 16 cangdle-power light, these
tests having been made by several different lighting companies.
This agreement between theory and observation, in cases where
the relative pressures, viz.: »% and yyglsgy, differed so widely
seems to me to establish the truth of the hypothesis upon which
the theoretical results above given are based, and the validity of
the law expressed by equation (15).

By another, but indirect, method the legitimacy of the assump-
tion expressed by equation (1) and of the results flowing there-
from, in regard to the orbital motion of the atoms under the in-



Severinus J. Corrigan. 5

fluence of a centripetal force which varies inversely as the square
of the distance, can also be established. Boyle’s law asserts that
the pressure of a gas when the temperature of the latter remains
constant, is proportional to the density of the gaseous mass; this
=21 (16), in which P
represents the pressure, D the density, M the mass, and V the
volume of the gas. If the density be varied either by an addition
to, or an abstraction from the mass, the volume remaining con-
stant, we will have P=M (17). If the variation of density be
effected by changing the volume, the mass remaining constant,
the pressure will be given by the equation P= EV_ (18); there-
fore both mass and volume being variable, the pressure will be
directly proportional to the mass, and inversely proportional to
the volume; hence the ratio between any two pressures, P, and
P, should, if Boyle’s law be perfectly true, be expressed by the

law is expressed by the equation P=D

jon D=V _M . ;
equation PV M, (19); but, as a matter of fact, the ratio

of the pressures does not follow, exactly the law expressed by the
equations (19), but is represented by the following:

-IP;';= [%]lél [%l 1.41(20),

in which the exponent 1.41 represents the ratio between specific
heat at constant pressure and specific heat at constant volume.
This ratio has never been determined, so far as I know, other-
wise than by experimental research. I will nowendeavor to dem-
onstrate that it can be derived analytically, and also to show its
signification, 7. e., that it is due to the orbital motion of the re-
volving atoms, and is a function of the factor, n, in equation (1).

Comparing equation (17), or P = M, with equation (1) or
P = Mn we see that they differ by only the factor n, which repre-
sents the angular velocity or the number of vibrations of -the
atoms, around their common center of attraction in unit time;
therefore [ claim that the exponent 1.41 in equation (20), or the
ratio between specific heat at constant pressure and that at con-
stant volume, depends upon n, or the angular velocity of the re-

volving atoms. According to equation (7), P = 1 ; but, since

d+3s’
the volume ¥ is proportional to the cube of the distance between
the atoms, d3® = V, and therefore d+3 =V'-5; hence equation (7)

. 1 .
can be written: P = vis (21). Furthermore, since the mass A
/-

‘
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is inversely proportional to the cube of the distance, M = -(—;'5 and
d—ig = M1.5, but from equation (7) d—l;_a = P, therefore

P =M15 (22). If we now consider the ratiobetween any two

P 7ARY M T5
pressures, P, and P,, we find that ol [—V’] = (1\7'] (23).
] 1 2

Comparing these expressions with equations (20) we cannot fail
to note a resemblance so strong as to force us to the conclusion
that they are identical, and we may, I think, regard the exponent
1.5 which, as we have seen, results from the assumption of an
orbital motion of the atoms whose angular velocity is denoted by
the factor n, in equation (1), as representing the ratio between
specific heat at constant pressure and specific heat at constant
volume. It is true that it differs slightly from 1.41, the value
generally accepted, but this value has been determined from ex-
periments on the velocity of sound in air, which experiments are,
of course, subject to more or less error, and since the effect of
moisture in the atmosphere is not well known, the slight discrep-
ancy may be regarded as of no importance, and the value of the
ratio between the specific heats, in the case of perfect gases, can,
I think, be taken as 1.5.

The nature of this quantity can be better understood if illus-
trated by an example. If we reduce the volume of a gas by any
amount, one-half for instance, the pressure would be, by Boyle’s
law expressed by equation (20), inversely proportional to the
amount of the reduction; i. e., in this case it would be doubled,
but, as a matter of fact, when no heat is allowed to enter or to
escape from the gas, the pressure is found to he more than double
being in this case, according to equation (23), equal to 213 or to
2.83, the difference between 2 and 2.83 representing the increase
of the orbital velocity, due to the decrease of the distance, d, be-
tween the atoms of each molecule of the gas, which decrease is
caused by the compression of the latter, and this increase of
vibrational velocity represents the quantity of heat generated in
the gas by the compression. If a gas confined in a vessel be
heated from an external * source of heat,” it tends to expand, but
since the volume remains constant the gas cannot expand and its
tendency to do so causes an increase of pressure, consequently by
reason of this increase it is still further heated, and a less quan-
tity of applied or external heat is required to raise the tempera-
ture of the gas through one degree, than would be required if the
gaseous mass were free to expand so that the distance d, between
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the atoms could become greater and therefore the orbital motion,
or the internal heat be decreased.

The ratio between the quantities of external heat necessary to
be applied in order to raise the temperature of the gas through
one degree in the respective cases where the gas is kept at con-
stant pressure and at constant volume, is the quantity whose
commonly accepted value is 1.41 but which is, as I have shown,
properly 1.5.

[To BE CONTINUED.]

BRORSEN'S SHORT PERIOD COMET.*

GEORGE A. HILL.

Poz GEXERAL ASTRONOMY.

The return of Brorsen's comet, which, according to the ad-
vance calculations of Professor E. Lamp, had confidently been
expected to occur in the beginning of the past year, has not
taken place. It will, therefore, be not uninteresting, to look
back, in this article, at the condition of brightness and visibility
under which this comet has been observed up to the present
time; for in this manner we are best enabled to perceive in how
far we were justified to expect with certainty its reappearance
during the opposition of last year.

The circumstance that the period of the comet is nearly 5.5
vears—the great perturbations of Jupiter in September 1866,
decreased it from 5.54 to 5.48 years—causes the returns to peri-
helion to divide themselves into spring and autnmn appearances.
The former are extraordinarily favorable for observation, since,
at that time the comet, in consequence of its great inclination,
reaches a high northerly declination; in the latter, the comet re-
mains always near the equator, and is visible, if at all, only in
the morning hours shortly before sunrise.

We will first consider the spring oppositions which have
been observed, up to the present time, 1846 III, 1857 II, 1868 1
and 1879 1. In the opposition of 1857, the comet was dis-
covered independent of the ephemeris; its identity with 1846 III
was established only through the calculation of its orbit. Van
Galen had furnished an advance calculation for this return, but

which in consequence of erroneous computation fixed the date of
perihelion passage a fourth of a year too late, and would, there-
fore, not have led to the discovery of the comet.

* Translated from the Vierteljahraschrift der Astronomischen Gesellschaft, 26 Jahrgang

Bretes Hept.
4 -



8 Brorsen's Short-Period Comet.

In the last two named appearances, the comet was found ac-
cording to ephemerides computed by Plummer and Schulze.

The following ephemerides will furnish a review of the appari-
tions in question. ‘“H” expresses the factor of brightness -r,ld;;
the first place of the ephemeris is the date of discovery, the last
is the date of the last observation. )

1846 III. 1857 II.
Perihelion Feb. 25. Perihdion March 29.

1846 c: tz H 1857 alrl tz H
Feb. 26 1 + 14 5.4 March 18 2 + 8 1.7
March 10 1 34 6.4 April 6 38 30 2.8
21 0 652 5.5 18 4 45 2.9
April 1 23 67 4.4 May 2 6 60 23
22 17 + 7 2.1 12 9 63 1.7
' Jan. 1 12 48 0.8
22 13 + 30 0.3

1868 I. 1879 I.
Perihelion April 17. Perihelion March 30.

1888 ah ¢°’ H 1879 1 f H
March 22 2 0 0.6 an. 14 23 —29 0.1
April 11 38 +17 1.6 eb. 19 1 14 0.6
18 4 24 1.9 Mar. 1 1 -7 0.7
27 4 33 2.1 20 2 + 9 1.9
May 12 6 46 1.9 :rnl 10 3 23 3.3
June 1 10 49 1.2 ay 1 6 60 2.9
3 12 + 34 0.5 12 8 65 2.2
23 11 4+ 58 1.3

In connection with the foregoing review the following details
should receive atteation:

1846 III. The last observations were made in Bonn, April 21,
and in Berlin, April 22. The Washington observations of the
latter part of May (referred to by Bruhns, A. N. 1686, Carl
Repertorium, Annuaire du bureau des longitudes) are based
upon a confounding of this comet with another, 1846 VII, also
discovered by Brorsen.

1857 1I. In general, the observations cease with the end of
May. From June 18 to 22 the comet, greatly reduced in bright-
ness, was observed only at Berlin.

1868 I. The first re-discovery by Tempel, on March 22, seems
doubtful; the comet was not seen with certainty until April 11.
In June, the comet was seen only by Schmidt at Athens.

1879 I. The regular ephemeris begins in the middle of March;
prior to that time, the comet was seen only Jan. 14 in Arcetri,
Feb. 17, in Rome, and Feb. 26, at Windsor.

Noteworthy is the small light intensity of the comet when dis-
covered by Tempel on Jan. 13, in a very southerly declination.
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With regard to the brightness of the comet, we may accept it
as an established fact that, notwithstanding the smaller theo-
retical light intensity, the comet was considerably brighter in
1857 than in 1846. Schmidt at Olmiitz even believes that he
saw the comet with the naked eye on April 8-12, 1857—a bright-
pess which it has never before or since reached. In the vear
1868, the comet was fainter than in 1857, but this may be ex-
plained by the less favorable conditions of light. In the opposi-
tion of 1879, the comet occupied the same position in the hea-
vens as in 1857, but, as may be concluded from the early discon-
timuance of the observations—it does not appear to have reached
the same degree of brightness as formerly.

The general appearance of the comet in the three apparitions
1857, 1868 and 1879, remained always the same; it was that of
a large, pale nebula of 4’ diameter, with a condensation in the
centre that was very distinct at the time of perihelion, but,
which, according to the concurrent testimony of all observers
did not condense itself into a star-like neucleus.

In the year 1846, this strong exhibit of light in the centre of
the comet did not take place, a circumstance which will most
reardity explain the relative faintness of light: connected with that
apparition.

A characteristic phenomenon connected with Brorsen’s comet,
and one observed at all returns, is the rapid decrease of light
wirich takes place several weeks after its perihelion passage, and
which appears to be connected with a considerable increase of
its diameter, amounting to 8’ to 10’.

In the year 1846, when this phenomenon was observed for the
first time, the comet, as described by D’Arrest in A. N. 1079, ap-
peared to dissolve in such a manner in its departure from the
sun, “that for this reason its reappearance was considered very
doubtful at the Berlin Observatory.” The fact that in all re-
turns, so soon as the brightness had fallen below unity, observa-
tions were possible only in exceptional cases, is directly connected
with this phenomenon.

Before the perihelion passage the faintness of light does not
appear to be so pronounced as afterwards; at least we could not
otherwise explain the fact that in the year 1879, Tempel was
able to find the comet on Jan. 14, and Tebbutt could observe it
on Feb. 26 with a 4l%-inch refractor.

Of the unfavorable autumn returns, the only one observed thus
far, is the apparition 1873 VI, perihelion Oct. 10. In this appari-
tion, the comet was discovered Aug. 31, according to ephemeri-
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des by Plummer and Schulze, and observed lll‘ltll Oct 26. It was
always faint, of a diffused appearance and without noticeable
condensation. The maximum theoretical brightness, 20, was
attained in the beginning of October, a brightness which caused
the comet, in 1868, to appear as an object of the eighth or ninth
magnitude; but in the latter case, the increased faintness of light
is fully explained by the comet’s unfavorable position in the
morning sky.

In the years 1851, perihelion Sept. 22, and 1884, penhehon
Sept. 14, the comet was nearer the sun than in 1873, so that
under those conditions, its non-discovery is fully accounted for.
In view of the comet’s non-appearance during the past year, it
would, at all events, be of great interest to learn whether and to
what extent, especially in the year 1884, search was made for it.
Up to the present time, only two short notices have appeared on
this subject, one by Trépied (A. N. 2614), and the other by
Pechiile (A. N. 2710). In the year 1862, the perihelion passage
occured about Oct. 12; it would, therefore, have been possible to
have discovered the comet, as is shown by the apparition of
1873—if an ephemeris had been available.

According to the advance computation of Professor E. Lamp,
the perihelion passage in the year 1890 occurred on Feb. 24; the
return should, therefore, have been exactly analogous to the very
favorable first return, 1846 III.

As, notwithstanding this fact the comet was not found either
before or after its perihelion passage, we are necessarily com-
pelled, from what has been said above, to conclude that its lack
of brilliancy was such as to be out of all proportion with that
of former returns.

Whether the comet has actually been lost to us will have to be
decided by subsequent observations.

A complete discussion of the hitherto observed returns of Bror-
sen’s comet is yet to come. Professor Lamp is at present en
gaged in adjusting the last three appearances 1868 I, 1873 VI
and 1879 1. Although his investigations are not yet concluded,
he feels himself already justified in saying that a combination of
the three returns is not possible without an empirical change in
the mean daily motion. Written by H. KreuTz.

The above article which I have translated from the magazine
published by the German Astronomical Society will be found to
contain many interesting facts connected with the history of one
of the short period comets that seems to have gone astray.
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In connection with what Mr. Kreutz has said, I desire to add
that I searched for this comet on 22 nights between Dec. 16,
1889, and NMarch 11, 1890.

I first started with an ephemeris I had computed by the aid of
the elements determined in 1879 by Professor Schulze.

It will be remembered that his elements placed the comet in the
evening sky, to the east of the sun. Mr. Wittstine had deter-
mined a set of elements from observations made in 1879, and
there is quite a difference between the value of the mean daily
motion of the Schulze and the Wittstine elements, so much so
that the latter elements gave an ephemeris that placed the comet
on the west side of the sun, nearly 40° from the place indicated
by the Schulze elements. This led me to take the observations
made of the comet in 1879 and compare them with Professor
Schulze’s orbit which had been computed from the observations
of 1868 and 1873 and the perturbations allowed for in the in-
terval.

For a short time before perihelion, in 1879, the ephemeris
agrees fairly well with ohservations, but after perihelion, say,
from April 10th to the last observation made, May 23, the dif-
ference between computed and observed places is very large in-
deed.

1 do not feel competent to criticise Professor Schulze’s work
upon the orbit of this comet, but I am positive that some errors
have inserted themselves into his calculation.

The orbit I have determined from the observations extending
from March 10 to May 23, 1879, differs quite a good deal from
his, not only in the mean daily motion, which I find to be
smaller, but in the longitude of the perihelion and the node.

I hope to be prepared to publish before the next return of the
comet, my discussion of the several returns and the elements cor-
rected for the perturbations between 1879 and the next appari-
tion. ’

NavaL OBsgERvAaTOY, Washington, D. C.

THE SPECTRA OF STARS WITH LARGE PROPER MOTION.

J. E.GORE, F. R. A. 8.

Fox GEXERAL ASTRONOMY.

In his note on Star Distribution in the November number of
THE MESSENGER, Mr. Monck suggests that ‘“solar stars of any
magnitude will, on the average, have a greater proper motion
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than the Sirian.”” To test the accuracy of this prediction I have
gone through the Draper Catalogue of Stellar Spectra, a valuable
volume recently issued from the Harvard Observatory, and the
results are given in the following table. The magnitudes and
proper motions of the stars are taken from Miss Clerke's valua-
ble work, ‘‘ The System of the Stars.” Some of the fast moving
stars are either too faint or too far south to beincluded in the
Draper Catalogue. It will be seen that of 29 stars of which the
spectrum has been determined, 26 stars are of the second or solar
type, a striking confirmation of the truth of Mr. Monck’s theory.

Annual
Star. R.A.1900. Dec. 1900. Mag. Pro Spectrum.
Motion.
h m -] ’ ”
Groombridge 1830,........ceo0eeeee. 11 46.9 i 38 3t 65 70 I(A?)
61 Cygni, Double...........ccoucu... 21 2.1 38 13 51 52 II(H)
40 Eridani, Triple..... 4 107 - 7 47 44 41 II (H?)
# Cassiopeie................ o 12 + 54 27 .2 3.7 1I (H;
PII 123 2 305 4 6 24 .3 24 II(H
a Bootis 14 IL.I 19 44 o2 23 II (K)
Bradley 3077...cccccuee. vressennnense 23 8.3 56 36 59 2.1 II (H)
r Ceti 1 39.5 — 16 28 3.6 1.9 1I (G?)
6 Draconis 19 32.5 469 31 4.7 1.9 11 (I?)
61 Virginis 13 13.2 —17 45 4.8 1.5 11 (H)
B.A.C. 160 (?).cccerrurrerennen eesnne o 32.1 —25 19 5.6 1.4 II(P)
20 Mayer o 43.1 + 4 46 5.7 1.4 II (H?)
Groombridge 1618.........cccccco... 10 4.0 +5 o 65 1.4 II (H)
t Persei 3 1.8 H449 14 4.1 1.3 II (F)
Weisse 1V, 1189 . 4 57.8 — 5 39 6.3 1.3 I(A
Sirius, Double; binary.. . 6 40.7 — 16 34 —1.4 1.3 1(A?)
Procyon 7 34.1 4+ 5 30 o5 1.3 1I (F)
Lalande 27744...........ccceuueue we 15 89 — o 8 7.0 1.3 1I (H)
¥ Serpentis 15 5s1.8 416 o 40 1.3 II (F{
85 Pegasi, Double; binary....... 23 68 426 3¢ 58 1.3 II(E
ZCmiopeise, Double; binary.. o 430 +58§7 17 3.6 1.2 11 (F)
Trianguli 2 10.8 + 33 46 5.0 1.2 II (F)
43 Coma . 13 73 + 28 22 4.4 1.2 II (F)
36 Ophiuchi, Double. 17 9.2 — 26 27 4.7 1.2 11 (1)
6 Urse Majoris...... 9 26.3 +352 8 3.2 1.1 II (F)
70 Ophiuchi, Double; 18 o4 4+ 2 32 4.1 1.1 IT (K)
Lalande 16304 8 13.7 —12 18 6.0 1.0 11 (E)
w (72) Herculis . 17 16,9 .4 32 37 5.4 1.0 1I (E)
b (31) Aquilee......coveeunniircnnnnn. 19 20.2 + 11 43 5.3 1.0 11 (H)

" To the above may be added @ Centauri which has a proper motion of 3”.7 per
annum, and I believe a spectrum of the solar type.

CAPTURE OF COMETS BY PLANETS.

H. A. NEWTON.

In a paper published in 1878 I obtained a simple expression for
the change of energy of a small body, a comet for example, that
passes near enough to a large planet to have its orbit so ser-
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iously changed that all the minor terms in the perturbation may
be disregarded. The great interest recently shown in this partic-
ular problem of perturbation has led me to take up again the
formula, and deduce some results that logically follow from it.
The details of the algebraic work are given in a paper in the
American Journal of Science [3] vol. XLII, Sept. and Dec., 1891.
Some of the principal results are given below. Most of the com-
putations made refer to the case of comets moving originally in
parabolic orbits about the sun, and passing very near to the
planet Jupiter, though small changes will make the reasonings
apply equally to other comets and planets.

1. The different ways in “which such comets can approach
Juapiter may, by disregarding the plane of Jupiter's orbit about
the sun, be treated as depending on three independent variables.
Let d be the shortest distance between the orbit of the planet and
the unperturbed orbit of a comet, » the angle between the two
tangents to those orbits at the extremities of d, and A the dis-
tance Jupiter has yet to travel to reach one end of d at the mo-
ment when the comet would if unperturbed be at the other end of
d. The elements of a given cometic orbit, along with the ele-
ments of Jupiter's orbit, furnish easily the corresponding values
of d, @ and h.

2. The loss of energy during the whole transit of the comet
past the planet is capable of expression in terms of d, b and o.
Hence the semi-axis major of the elliptic orbit after large pertur-
bation may be expressed in terms of thesamethreequantities. In
other words, the elements of the orbits of the comet and the
planet before perturbation furnish the means of computing di-
rectly and simply the periodic time of the comet after a large
perturbation.

3. If m is the mass of the planet, r its distance from the sun,
and if s, A and 8 are functions of w defined by the equations

s2=38—2y2cosw, A = E;; and 2scos 8 =1 — s2,
then the equation
a=_5% A3 + d? + B3 sin?$
~ 4m ° A cos 9 + hsin2s
gives a the semi-axis major of the elliptic orbit of the comet about
the sun after perturbation; if a is negative it is the half of the
transverse axis of the resulting hyperbolic orbit.

4. For a given value «» and a given positive value of a the
two quantities d and h can be treated as the abscissa and ordi-
nate of an ellipse. For values of d and A corresponding to points
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within the ellipse a is smaller than for values of d and h corres-
ponding to points upon or outside of the ellipse. As a varies the
ellipses constitute a faisceau of similar and similarly situated
ellipses having the straight line Acos® + hsin2¢ = O for their
common radical axis. For points above the radical axis the
final orbit is an ellipse, for points below it is an hyperbola.

5. The greatest effect of pertubation of a planet moving in a
circular orbit in shortening the periodic time of a comet moving
originally in a parabola is obtained if the comet’s original orbit
actually intersects the planet’s orbijt at an angle of 45°, and if
the comet is due first at the point of intersection at the instant
when the planet’s distance therefrom is equal to the planet’s dis-
tance from the sun multiplied by the ratio of the mass of the
planet to the mass of the sun. The relative velocity of the comet
on leaving the planet’s sphere of action, would be equal to and
directly opposite to the planet’s velocity, and the comet would be
left entirely at rest to fall to the sun.

6. In order to facilitate the consideration of the effect of a
planet upon comets as a group two arbitrary assumptions have
been made relative to the distribution of the comets themselves,
and the distribution of the directions of their motions.

(a) If about the sun as a center a spherical surface S be
described with an arbitrary radius, it is assumed that
near S space is filled equably with comets.

(b) It is further assumed that the directions of the comets in
each cubic unit of space near S are at random: that is,
that the quits and goals of the comets’ motions relative
to the sun are distributed equably over the surfac of the
celestial sphere.

So far as these assumptions are not true in nature, so far modi-

fications of conclusions resting upon them will need to be made.

7. It follows from the assumptions of (6) that if comets be
grouped according to their perihelion distances the number of
comets whose perihelion distances are less than q is proportional
to q.

8. If the two assumptions are true for a spherical surface S,
they will be true for every smaller concentric surface.

9. It also follows that if r is the planet’s distance from the sun,
and 1’ is small relative to r, the number of comets, which, in a
given period of time come nearer to the sun than ris to the num-
ber that (unperturbed) come nearer to the planet than r’ as 6r
is to 7r”. The factor § expresses the increase of numbers caused
by the planet’s motion in its circular orbit.
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10. The number of comets which in a given period of time pass
their perihelia nearer to the sun than a given planet, is to the
number of comets whose periodic times are reduced by the per-
turbing action of the planet so as to be less severally than one-
half, once, three-halves, and twice, the periodic time of the planet,
as unity is to the square of the mass of the planet multiplied sev-
erally by 0.139, 0.925, 1.876 and 2.943.

11. With the same assumptions, and regarding the planet as
without dimension so as to intercept any comets, if in a given
period of time a thousand million comets come in parabolic or-
bits nearer to the sun than Jupiter, 126 of them will have their
orbits changed into ellipses with periodic times less than one-half
that of Jupiter; 839 of them will have their orbits changed into
ellipses with periodic times less than that of Jupiter; 1701 of
them will have their orbits changed into ellipses with periodic
times less than once and a half-times that of Jupiter; and 2670
of them will have their orbits changed into ellipses with periodic
times less than twice that of Jupiter.

12. Of the 839 comets whose periodic times after perturbation
are less than Jupiter's period, 203 will after perturbation have
retrograde motions, and 636 will have direct motions. Also 267
of them will have quits less than 45° from Jupiter's quit, while
38 of them will have quits less than 45° from Jupiter’s goal.
Also 257 of them will move in orbits whose planes are inclined
less than 30° to Jupiter’s orbit, while 51 will move in orbits in-
clined more than 150° to Jupiter's orbit. '

13. Each comet has been thus far considered as approaching
Jupiter while moving in a parabolic orbit about the sun. If the
comet, however, is moving in any other orbit, and it passes near
to the planet, the result of the planet’s perturbing action will in
general be quite similar to the result when the orbit is parabolic,
the other circumstances of the approach being assumed to be
alike in the two cases.

The above conclusions refer moreover to perturbations during
one transit of the comet past the planet. But the comet, unless
the orbit is still further changed by another planet, must return
at each revolution to the place where it encountered Jupiter. At
some time Jupiter will be nigh that place nearly at the same time
as the comet, and the comet will suffer a new, and perhaps a
large perturbation. Its period will again be changed, being
shortened or lengthened according as the comet passes hefore or
behind the planet. The process will be repeated again and again,
gince after any number of encounters the new orbit of the comet
will still pass near to the orbit of the planet.
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This repeated action makes it possible, and even usual, to have
an orbit shortened in period by several passages near to Jupiter
instead of its being done at one passage. A much larger propor-
tion of comets than 839 out of 1,000,000,000 must therefore
have their periodic times reduced below the period of Jupiter.

If the comet’s orbit is largely inclined to the ecliptic, and hence
its motion makes a large angle with that of Jupiter, there is
nearly an even chance that the velocity will be increased or dim-
inished. A considerable fractional part of the whole number of
such comets will at each passage be thrown out of the solar sys-
tem altogether, or thrown into such long orbits that they will
return only at very great intervals of time. This class of comets
cannot be therefore regarded as permanent members of the family
of short period comets, except such of them as happen to come so
near to other planets as to have their orbits changed in such wise
that they do not have thereafter the near approach to Jupiter's
orbit. But when an orbit is greatly inclined to the plane of the
solar system the comet passes through the plane in general at a
considerable angle, and the chance of coming close to another
planet is relatively small.

On the other hand, all the comets which after perturbation are
moving in orbits somewhat, but not greatly inclined to the
ecliptic, are liable to meet, (in fact, are sooner or later almost
certain to meet) other planets in such a way as to suffer pertur-
bations that will prevent future close encounters with Jupiter.
After such changes those comets must be regarded as tolerably

anent members of the solar system.

Comets that have motions not greatly inclined to Jupiter's mo-
tion are more likely in subsequent passages near to Jupiter to
have their periodic times shortened than lengthened. On the con-
trary, those passing in nearly opposite direction to Jupiter’s mo-
tion will be quite sure to have their periods lengthened rather
than shortened.

All these causes combine and work together to the one end that
those comets which are changed by the perturbing action of
Jupiter, or other planets, from parabolic orbits of every possible
inclination to the ecliptic into short period ellipses, and become
permanent members of the solar system, will as a rule (but with
exceptions) move in orbits of moderate inclination to the ecliptic,
and with direct motions.

We know as a fact, that most short period comets do move in
orbits having small inclinations and direct motions, while long
period and parabolic comets move at all possible inclinations to
the ecliptic. If the short period comets have been changed by
Jupiter and other planets from parabolic orbits, the preceding in-
vestigation shows why their orbits have now small inclinations
to the ecliptic, and the comets themselves have direct motions.






PLATE IIL.

Eruption photographed July 9, 1891, at Chicago, 11h. s5m. A.M. Chicago M.T.
(zh. rm. PM. Kalocsa M.T.)

Eruption drawn July 9, 1891, al Kalocsa, Hungary,
at 7h. om. .M. Kalocsa M. T.
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PLATE IV.

Prominence photographed Oct. 20, 1891, at 2 h. 30 m. P. M.

K H

Distortion of Calcium lines photographed Oct. 20, at 10 h. 58 m. A. M.
Showing velocity of 64 miles per second toward the earth.






ASTRO-PHYSICS.

THE ASTRO-PHYSICAL JOURNAL.

It was early in June of the present year that the publication of
a journal devoted to spectroscopy and astro-physics was sug-
gested to the writer by Professor C. A. Young, but a projected
European trip allowed no definite action to be taken at that
time. While abroad, however, an opportunity was afforded of
discussing the matter with many astronomers and spectroscop-
ists, and the interest so generally manifested led to the belief that
strong support and a wide field of usefulness might be expected
for such a publication. It is very evident to anyone ac-
quainted with the present condition of astronomy and physics
that in these sciences no one instrument plays a more prominent
part than the spectroscope. Long recognised as a powerful
means for the chemical analysis of near and distant luminous
bodies, it has but recently been promoted to the distinction of an
instrument of precise astronomy, in consequence of its closely
concordant measures of stellar and nebular motion in the line of
sight. This upward step, long since foreseen by our still active
pioneer, Dr. Huggins, has disarmed whatever of prejudice against
the spectroscope that may have existed among members of the
older school of astronomy, and few observatories are considered
fully equipped without this efficient aid to research. With its re-
cent rapid developments spectroscopy may well be regarded as
having entered upon a new and promising era of progress; al-
ready we are in reach of a simple and direct method of determin-
ing the distance of the sun by its means, and the relations now
known to exist between the spectra of some of the elements sug-
gest equally important advances to the physicist.

On account of its manifest importance, and its appeal to as-
tronomers, physicists, and, to some extent, chemists, it is much
to be regretted that the literature of spectroscopy is so widely
scattered. Few investigators are so fortunate as to have easy
access to the files of all the journals, the innumerable publications
of learned societies, and the annals of all observatories. Again,
however perfect may be the familiarity of the English-speaking
scientist with languages other than his own, there can be no
doubt that he allows to pass unread many papers which would
at least be rapidly scanned for points of importance, were they
printed in English.
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For theseand other reasons the publication of an astro-physical
journal seemed eminently desirable. The question has been
thoroughly discussed in conversation with Professor Young, Dr.
Huggins, Professor Vogel, Dr. Scheiner, Mr. Ranyard, Herr
Schumann, Professors Liveing and Dewar, M. Deslandres, M.
Trouvelot, Professor Pickering, Professor Hastings, Professor
Keeler and many others. All expressed interest in the idea, and
promised to assist the journal by the contribution of papers.
But there were many objections to adding another to the already
long list of astronomical publications, and Professor Payne’s re-
cent suggestion of a union with THE SIDEREAL MESSENGER was
considered so desirable that it was at once accepted. Though
printed with THE MESSENGER, which will be seen to have under-
gone many modifications and improvements, THE ASTRO-PHYSI-
cAL JoUurNAL will have an individuality of its own, and fully as
much space will be devoted to it as would be the case in a sepa-
rate publication.

It shall be our endeavor to bring our papers both to the
astronomer and to the physicist, for in many cases the spectro-
scopist can ill afford to lose either portion of his audience. Trans-
lations and reprints of important papers will be freely used, the
idea being to place within reach of all a large portion of the
current literature of astro-physics.

We append helow a number of letters which have been received
with permission to publish. Supplementing as they do the prom-
ises of support already mentioned, there seems to be sufficient
reason to confidently hope for success. It should be added that
most of the letters were written hefore a union with THE SIDE-
REAL MESSENGER had been suggested. All who have since heard
of this plan heartily approve of it.

UpPER TuLsE HiLL, London, S. W, 28 Oct., 1891.
Professor George E. Hale,
Dear Sik:—I am very pleased indeed to hear that you intend to carry out the
roject you mentioned to me when you were in England, of publishing an Astro-
ghysical Journal.

I think that you have a very large and unworked field before you, and I wish
you most heartily the highest success possible. It will be a pleasure to us to send
you any papers we may have, at as early a date as possible, for insertion in your
new journal, . . . . . . . . . . .

Yours sincerely,
Wwriam HUGGINS.

THE OBSERVATORY, PRINCETON, N. J., Oct. 17, 1891.
My Dear Mr. Hale:—

"As to the Journal, I am delighted to hear that you have finally decided to
undertake its publication. T think it will be extremely useful and valuable, and I
most cheerfully promise to do whatever I can to aid you in the enterprise.

. . . . . . . . . .

" Yours since.rely.
C. A. Youne.
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OBSERVATOIRE D’ASTRONOMIE PHYSIQUE DE PARIs,
Meundon, le 21 Nov., 1891.
Cher Monsieur :

Jai beaucoup regretté de ne pas m'étre trouvé & Meudon quand vous y avez
passé. ]'aurais aimé A causer avez vous de l'intéressant observatoire consacré
principalement A la spectroscopie, que vous fondez vous-méme, et ol vous avez
&ja obtenu de remarquables résultats.

‘ous m'écrivez que vous voulez fonder un journal spécialement consacré a la
spectroscopie et vous me demandez mon avis.

Je pense que tous les astronomes physiciens ne pourront que vous encourager
et vous aider. Un recueil, méme non regulidrement périodique, qui nous donner-
ait les travaux et les découvertes en spectroscopie, résumés autant que possible
par les auteurs eux-mémes, aurait un bien grand interét et plus tard serait bien
précieux pour 'histoire de cette spectroscopie c€leste dont 1'avenir est immense.

En vous souhaitant plein succes je vous prie de croire & mes sentiments les
plus distingués et dévoués. J. JANsSEN.

CaMBRIDGE, Eungland, 1 Nov., 1891.
To Professor George E. Hale,

Dear Sir:—It 18 with pleasure that we have learnt your intention to publish
an  Astro-Physical Journal. The great advances in our knowledge of the
physics of the heavenly bodies consequent on the use of the spectroscope, and the
nxreasing number of workers in that line of research, seem to us good reasons for
thinking that your proposal will meet a want of the time. Moreover it seerus to
us very fitting that the Journal should be published in America, where there are
pot only many excellent observers possessing first-class instruments, but also a
climate far better suited for astronomical observations than we on this side the
Atlantic enjoy. We shall be glad to codperate in the undertaking so far as it lies
within our power. We are, dear sir, very truly yours,

G. D. L1vEING,
JaMBs DEWAR.

HARVARD COLLEGE OBSERVATORY, Cambridge, Oct. 19, 1891.
Professor G. E. Hale, Kenwood Physical Observatory, Chicago,

DearR Sir:—The plan which you have formed for the publication of THE
AsTRO-PHYSICAL JOURNAL appears to me very judicious, and I think that the
work will be of much value and interest. Your intention of making it include
translations of articles from foreign journals fully commends itself to me. It will
give me pleasure to communicate to THE ASTRO-PHYSICAL JOURNAL any observa-
wons made here which relate to the problems to be discussed in it, and such re-
marks upon those problems ‘as I can find time to prepare.

Very truly yours,
Epwarp C. PICKERING.

915 CATHEDRAL STREET, BALTIMORE, Dec. 4, 1891.
Dear Sir:—The science of spectroscopy has certainly advanced far enough to
furnish material for a new journal, and I have no doubt that the publication of
your AsTRO-PHYSICAL JOURNAL would do much to still further advance the sub-
ject. 1shall do all I can to make it a success, and hope that others will do like-
wise. Yours sincerely,
HENRY A. ROWLAND.

Panis, le 5 Nov., 1891.
Mospsieur :—

Aun retour d’'un assez long voyage je trouve votre lettre et m’empresse de vous
remercier de vos aimables propositions.

Je serai tres heureux et trés honoré de recevoir I'hospitalité dans THE AsTRO-
PHYSICAL JOURNAL; je regrette seculement de n’avoir pas présentement & vous
adresser un memoire digne de figurer & c0té de ceux des savants illustres qui sont
483 vos collaborateurs.

Je serai particulitrement disposé & vous envoyer quelques résultats relatif 2 la
spectroscopie pour les faire connaitre au public Américain; je me souviens trop
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bien tout ce que je dois & vos savants compatriotes L. Rutherford et le Professor

Rowland, dont les admirables réseaux m’ont été si utiles dans mes recherches.
Veunillez agréer, je vous prie, Monsieur, I'expression de mes sentiments bien

dévoués. A. Cornv.

SMITHSONIAN INsTITUTION, Washington, D. C., Oct. 21, 1891.
DEAR Sir:—I have the honor to acknowledge the receipt of your letter of the
15th instant, advising me that you contemplate publishing an AsTRO-PHYsICAL
JourNAL about the first of December. I can heartily assure you of my interest
and good wishes for the undertaking, and I shall hope to have an opportunity of
communicating results of observations made in the Smithsonian Astro-Physical
Observatory in due time.

. .

Yours v'ery tr;xly,
S. P. LANGLEY, Secretary.

WiLLesLIE Housg, 1, Wetherby Place, London, S. W., 22 Nov., 1891,
DEeAR Sir:—Owing to an absence I was unable to reply to your letter before.
I shall be glad to send you advance sheets of my papers to the Royal Society. I
am sure that a journal, such as you propose bringing out, will be most useful to
astronomers and physicists, and should command support on both sides of the
water. The bill of fare which you promise in your flrst number will be sufficient
evidence of the useful scope of the JourNaL.
Wishing you all success in your enterprise, Believe me, yours faithfully,
W. pE W. ABNEY.

ALLEGHENY OBSERVATORY, Allegheny, Penna., Oct. 15, 1891.
Professor George E. Hale, Chicago, Ilis.,

My DEAR Sir:—I am’ glad to learn from your letter of Oct. 12, that you in-
tend to starta iioumal devoted to astro-physics and spectroscopy. There seems
to be a good field for such a journal in this country, and I have no doubt that
the enterprise will have the success it merits.

1t will give me pleasure to send you occasional contributions from this ob-
servatory. Yours very trulé,

JamEes E. KEELER.

RoyAL OBSERVATORY, Greenwich, London, S. E., Oct. 27, 1891.
DEAR SIR:—I am very glad to learn of your intended enterprise, and most
heartily wish you all success in it. 1 feel sure it will do much good by increasing
the interest felt in Physical Astronomy, and possibly by bringing forward new
workers. If I am able in any way or at any time, to help, I shall be very pleased
‘to do so, though I fear that any assistance I may be able to render will be of the
slightest. Yours very truly,
E. W. MAUNDER.

LEIPzIG, den 4 Nov., 1891, No. 25 Mittelstrasse.

HocuceeHRTER HERR!—Ihre Absicht, demniichst ein spectroskopisches Jour-
NAL herauszugeben, begriisse ich mit Freuden, denn eine Zeitschrift, die speciell der
Spectroskopie gewidmet ist, existirt zur Zeit nirgends. Was die Spectralwissen-
schaft zu Tage fordert, gelangt meist in Journalen verschiedenen Inhalts zur Pub-
lication; hierdurch wird die Orientirung auf spectralen Gebiete ungemein ersch-
wert. Der Spectroskopiker setzt sich demzufolge mehr wie jeder andere Forscher
der Gefahr aus, wiederzuentdecken, was schon andere vor ihm ausfindig gemacht
haben. Das wird besser werden, sobald die Spectroskopie iiber eigene Organe
verﬁi%t. Ihr Unternehmen, die Griindung einer solchen Zeitschrift, diirfte sonach
einen ldingst gehegten Wunsche aller Spectralkundigen entsprechen. Ich wiinache
Ihnen besten Erfolg dazu.

Meine spectralen Ergebnisse, die Ihnen zum Theil aus eigener Anschauung
bekannt sind, werde ich Thnen nach und nacli zur Aufnahme in lhr spectroskop-
isches JOURNAL zukommen lassen. Die Spectrogramme kleinster Wellenliinge
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(<11800), die dem Spectrum des Wasserstoffs angehdren, werde ich Ihnen eben-
falls rur Verfugung stellen, sobald meine photographischen Aufnahmen im
evacuirten Raume zum Abschluss gelangt sind.
Mit vorziiglicher Hochachtungé
V. ScHUMANN.

Lick OBsErvaPORY, Mt. Hamilton, Nov. 10, 1891.
My Dear Mr. Hale:—

1 sincerely congratulate you on having found a satisfactory means of publish-
g THE AsTRO-PHYSICAL JOURKNAL, and I wish you every success in your plan. I
have no doubt whatever that you will command success, and it will be our
pleasure to give you all the support which we can from Mt. Hamilton.

With kind regards, sincerely yours,
Epwarp S. HOLDEN.

STONYHCURST OBSERVATORY, Lancashire, Nov. 2, 1891.
George E. Hale, Esq.

DEar Sim:—I received duly your very kind letter of the 14th ult., and I beg to
thank you for the honor you have done me in asking me to contribute to vour
AsTro-PHYsICAL JoUrNAL. Ishall be only too glad to do so whenever I have the
means. But the nature of my work in the College leaves me without much leisure
for writing.

I shall value THE JOURNAL very much, as most of my work at thc observa-
tory is with the spectroscope. And if you will kindly inform me, I shall be glad
to be a subscriber.

Yours very truly,
WALTER SIDGREAVES.

MEUDON, France, Oct. 31, 1891.
Dear Sir:—I am much pleased to learn that you have decided to publish the
journal on spectroscopy you mentioned in your last visit to Meudon. I think
that such a work, conducted by so able and enthusiastic a worker as yourself,
will certainly prove of great assistance to spectroscopists, as well as it will ma-
tenally assist in developing this branch of science.
I will take great pleasure in occasionally contributing papers on my line of
research. Very truly yours,
) E. L. TROUVELOT.

\WORCESTER, Mass., Nov. 27, 1891.
My Dear Mr. Hale:—
1 am very glad to learn of the enterprise you have in hand, and shall be very
happy to contribute anything of my own work which may pertain to the subject.
You are quite welcome to reprint anything of mine which has been published,
but the results which I communicated to you in New York have not yet appeared
in print, and—while I have not the slightest ubjections to your making any use
you please of the rather rambling statements I then made—I shoi 1d hardly like to
publish anything yet, over my own name; though I may be in a position to do so
m a few months.
With kind regards, and most cordial wishes for the success of the new enter-
prise, 1 am, Sincerely yours,
ALBERT A. MICHELSON.

Jorns Hopkins UNIVERSITY, Baltimore, Oct. 17, 1891.
Professor Geo. E. Hale, Kenwood Physical Observatory, Chicago, 1ll.

My DeAR Sir:—Your letter of the 12th inst. was duly received.

1 think your idea of publishing a journal specially devoted to spectroscopic
work is a capital one. Not only will it be of great benefit to the investigators
themselves; but it will also serve to interest otiers in this, one of the most fruit-
ful and attractive fields of Physics. Ishall do all in my power to further your
interests.

Most sincerel y .you;-s,
JosepH S. AMESs.
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1416 K St., Washington, D. C., Oct. 26, 1891.
DEAR SIR :—I am pleased to learn that we are to have in the United States a
journal devoted to Astro-Physics, and I assure you that I shall be very glad to
contribute any papers that may arise from my work, unconnected with official,
duties, which may be connected with this subject.

. . . . . . . .

" Yours tru]y.,
. Fraxk H. BicELOW.

RustHALL Housg, Tunbridge, Welis, October 31, 1891.
Professor George E. Hale,

DEar Sir:—1 fully appreciate your object in bringing out * THE AsTRO-PHYSI-
CAL JoURNAL,” and if able to forward that object at any time, I will gladly do
so. With kind regards, I remain Yours very truly,

Fraxk McCLEAN.

7, KENsINGTON PARK GARDENS, London, W., Nov. 2nd, 1891.
To Professor G. E. Hale, Kenwood Physical Observatory, Chicago, U. S. A.

My DEAR Sir: I am glad you are going to bring out the “ AsTRO-PHYSICAL
JournaL,” and I shall await the first number with great interest. I think it will
fill a gap in our scientific literature. . . . . . . .

With kind regards, believe me,
Very truly yours,
WiLLian CROOKES.

DISTRIBUTION OF ENERGY IN STELLAR SPECTRA.*

PROFESSOR E. C. PICKERING.

FOR AsTRO-PHYSICS.

The relative brightness of stars or other luminous objects of
different colors cannot be correctly indicated by any single num-
ber or ratio. It is necessary to employ a curve or series of num-
bers which shall give a measure of the energy of rays of each
different wave-length. Stellar magnitudes only have a value so
long as we can neglect the differences in distribution of the light
according to the wave-length. Therefore when we compare the
results of different processes, as photography and visual observa-
tions, entirely different results will be obtained for objects of dif-
ferent colors, If, however, we deal with rays of a single wave-
length, all methods should give the same relative intensities. The
intensities of rays of different wave-lengths may be determined by
comparing the densities of different portions of a photographic
spectrum. But large corrections must be applied for various
sources of error for rays of each wave-length. Among these may
be mentioned the absorption of the earth’s atmosphere, the ab-
sorbtion of the prisms and lenses, the unequal sensitiveness of the
silver salts, and the dispersion of the prisms by which the violet

* Communicated by the author.



Professor E. C. chkeng 23

rays are spread over a larger surface than the red rays. The di-
rect determination of all these quantities would be a matter of no
little difficulty. Fortunately this problem is greatly simplified by
making the measures differential and comparing them with the
claborate determination of the distribution of the energy in the
solar spectrum made by Professor Langley with the bolometer.
He was aided in this research by Professor F. H. Very, and has
kindly furnished approximate values of their results, from which
the quantities given in the accompanying table are derived. The
values of the wave-lengths are given in the first column, and the
logarithm of the corresponding amount of energy in the second.
The unit of energy is here assumed to be that of the hydrogen
line G. this point being selected since it is near the center of the
photographic spectrum. Instead of the usual logarithmic ex-
pressions corresponding to numbers less than unity, the equiva-
lent negative expressions have been used. Thus —.26 is substi-
tuted for 9.74, etc. to make the table conform to the usual
method of representing negative quantities. They can thus be
readily converted into intervals on the scale of stellar magni-
tudes if desired by dividing by 0.4. Thus the logarithmic interval
—.26 would correspond to .65 of a unit of stellar magnitudes.

From the collection of photographs of stellar spectra forming
part of the Henry Draper Memorial nine were selected, all taken
under similar conditions. They represent « Virginis, y Cassiopeiz,
«Canis Majoris, « Canis Minoris, « Aurigee, Saturn, « Tauri, a Ori-
onis, and the sun. The spectrum of « Virginis is of the first type,
but the Orion lines are well marked; y Cassiopeiz contains bright
lines; « Canis Majoris is a typical first type star; a Canis
Minoris is intermediate between the first and second types; a
Aurigz is of the second type; Saturn’s spectrum closely resembles
that of our sun, so also does that of « Bootis; a Orionis is of the
third type, or intermediate between the second and third. The
spectrum of the sun was obtained by reflecting its rays through a
narrow slit and then rendering them parallel by means of a con-
cave mirror having an aperture of 15 inches and a focal length of
150 inches.

Measures were then made by Mrs. Fleming of twenty points in
each of the spectra, by comparison with a standard photograph-
ic wedge (Harvard Observatory Annals XXVI, p. 6). These
measures were converted into logarithmic intervals, and the
measure corresponding to the wave-length 434, which is that of
the hydrogen line G, was subtracted from each. The values of
the logarithm of the energy of the solar light taken from the sec-

il
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ond column of the table was next subtracted. The remainder will
show the excess or deficit of energy of the star as compared with
that of the sun, eliminating the various sources of error enume-
rated above. Finally the observed points were plotted and
smooth curves were drawn through them. From these curves
the values were found for each of the wave-lengths given in the
table. The results for the various stars observed are given in the
successive columns of the table. Thus in the case of a Orionis the
energy for the wave-length 390, or near the line a,is —.57 as com-
pared with that of sunlight. The numerical ratio is 0.27, whose
logarithm is 9.48. The absolute energy is found by adding the
tabular number to that given for sunlight in the second column.
Thus —.26 —.57 = —.838, corresponding to the ratio 0.15. In
the case'of a Orionis, therefore, the energy of the light of wave-
length 390 is only about one-seventh of that of wave-length 434.
The numerical values of the energy of sunlight are given in the
last column of the table. It therefore equals the anti-logarithm
of the second column.

@ ¥ aCan. aCan. a a a

A log.E. Virg. Cass. Maj. Min. Aur. Saturn Tauri. Ori. E.

90 —.26 +.32 +.25 +.37 +.07 +.32 —.36 —.35 —-.57 .
200 —.19 .14 .10 410 —.04 +.08 —20 —.14 —.38 gg
410 —.12 .04 +.03 +.01 —.03 H.03 —.01 —.04 —.23 .70
420 —.07 .00 .01 .00 —.01 .01 —.06 —.02 —.11 .85
430 —.02 .00 .00 .00 .00 .00 —.02 .00 —.02 .95
440 +.02  +.01 .00 —.01 .01 .00 .00 .01 +.05 1.05
450 +.06 +.01 .00 —.02 .01 —.01  +4.01 +-.02 +.10 1.1%
460 +.09 —.04 .00 —.03 —.03 =—.03 .03 +4.02 +.10 1.23
470 .12 —.17 —.04°* —.10 —.10 —.09 .04 —.0iI +.08 1.32
480 .14 —.37 —.14 —.21 —.23 —.22 +4.03 —.12 +.03 1.38
490 +.16 -.59 —.26 —.35 —.40 —.36 .02 —.26 —.04 1.45
soo +.18 —83 —.39 —.51 —.61 —.51 .01 —.43 —.12 1.§1
10 +.20 —II0 —.54 —.71 —.84 —'67 .00 —.03 —.21 1.58

.In the case of sunlight, a small correction should he applied for
the selective reflection of the silvered glass mirror. * This effect
does not appear to bhe large, since the spectrum of Saturn gives
nearly the same results as that derived from direct sunlight,
except for rays of short wave-lengths. The negative values de-
rived from these rays in the case of Saturn may be due to the
selective reflection above mentioned. The corresponding resid-
uals of the other spectra might be corrected by the amount thus
indicated. Perhaps, however,Saturn is really bluer than the sun,
in which case the values already given are correct. The curve for
« Aurige is nearly the same as that of « Canis Majoris which
shows that although its lines are the same as those of the sun,
the distribution of its light resembles that of a first type star.
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The red color of a Tauri and a Orionis as compared with a Vir-

ginis and « Canis Majoris is clearly shown by the change in sign
of the residuals.

OBSERVATORY OF HARVARD COLLEGE,
Cambridge, Mass., U. S. A., October 31, 1891.

SPECTRUM OF S8 LYRAE."

PROFESSOR EPWARD C. PICKERING.

The spectrum of the variable star, 8 Lyre, is unlike that of any
otherstar hithertoexamined. With theaid of Mrs. M. Fleming and
Miss A. C. Maury a careful study has been made of twenty-nine
photographs of this object. These photographs form part of the
Henry Draper Memorial. The images on four other plates were
too indistinct to be used and were not included in the following
discussion. The spectrum is traversed by broad dark bands
due to hydrogen and also by other lines characteristic of many
stars in the constellation of Orign and forming that division of
the first type which is designated as B in the Draper Catalogue.
But besides these several bright lines are visible which change
their positions. The most conspicuous of them have the ap-
proximate wave-lengths 486, 443, 434, 410, 403, and 389.
The first, third, fourth and sixth of these apparently coincide
with the hydrogen lines F, G, h and «. The others are two of the
most marked of the Orion lines. The bright lines sometimes have
a slightly greater wave-length than the corresponding dark lines,
so that the latter sometimes appear to have bright edges on the
less refrangible side while at other times the reverse is the case.

It is obviously desirable to trace any connection which may
exist between these changes ard the variations in the brightness
of the star, the principal minima of which occur at regular inter-
vals of about 124 228, There are two maxima occuring at 3¢ 5b
and 9¢ 16® after the principal minimum and an intermediate
minimum following it 69 112, Of the eleven plates in which the
bright lines had a diminished wave-length it was found that all
had been taken during the second half of the period of variation,
that is after the second minimum and more than 6¢ 11® after the
principal minimum. The fourteen plates taken during the first
half of the period all showed an increase in wave-length of the
bright lines, that is, the dark lines appear bright on the side

¢ Astr. Nach. 3051.

”~
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towards the red. There are, however, three exceptions, plates at
641130, 74 128 and at 119 11® show an increased instead of a
diminished wave-length. A re-examination of these three plates
showed that the deviation of the lines was not very marked, and
two other plates taken near the two minima showed a tendency
of the lines to occupy an intermediate position and sometimes ap-
parently to fall on the dark lines so as to nearly disappear.

Since the observations extend over more than four years or 130
periods of variation of the star, this latter period must coincide,
or at least agree very closely with the period of change in the
lines. It seems probable that they are due to the same cause. It
should be noticed, however, that bright lines are not visible in the
spectra of other variable stars of short period. The spectrum of
S Monocerotis is of the Orion type, with dark lines resembling
those in the spectrum of g Lyra; I Geminorum, X Sagittarii, V
Sagittarii, 7 Aquilee and ¢ Cephei have spectra of the second type
and the spectrum of T Vulpecule is intermediate between the
first and second types.

Theactual changes in thespectra whenstudied in detailare much
more complicated than has been stated above and show a varnety

of intermediate phases, and changes in the dark as well as in the
bright lines. In some of the photographs several of the bright
lines appear to be double. Micrometric measures are now in pro-
gress, additional photographs are being taken, and a complete
study of the whole will be made.

The most natural explanation of the motion of the bright lines
is that the object emitting ‘them is revolving in a circular orbit
having a period of 124 22®. The maximum velocity is approxi-
mately 300 English miles (500km). The corresponding minimum .
value of the radius of the circle would be about 50,000,000 miles.
Perhaps this object is a close binary resembling 8 Aurigae but
with components having unlike spectra. The phenomena may
also be due to a meteor stream, or to an object like our sun re-
volving in 129 22" and having a large protuberance extending
over more than 180° in longitude. The occasional doubling of
the lines would then be due to both ends of the protuberance
being visible at the same time, one receding, the other approach-
ing. The variation in light may be caused by the visibility of a
larger or smaller portion of this protuberance.

HARVARD COLLEGE OBSERVATORY,

Cambridge, Mass., June 29, 1891.
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STARS HAVING PECULIAR SPECTRA. NEW VARIABLE STAR IN
LACERTA, DM +- 39°.4851.*

M. FLEMING.

A photograph taken at this Observatory on July 6, 1891,
shows that the hydrogen lines G and h are bright in the spectrum
of a third type star DM. + 39°.4851 Magn. 8.8, whose approxi-
mate position for 1900 is in RA. 22" 24™.7 Decl. + 39° 48’. As
this has been assumed to be a distinctive feature in the spectrum
of variables of long period, charts of the region containing this
star were examined and measured. The charts were taken on
Nov. 6, 1889, August 6, 1890, July 9, and July 13, 1891, and the
approximate magnitude of the star on these respective dates was
<129, 12.7, 9.5, and 9.9. The estimated magnitude on the
spectrum plate from which the star was discovered is 9.7. The
variability of this star is thus confirmed. — The variable star in
Hydra, announced in the Astr. Nachr., Bd. 126, p. 117, was in
declination —27° 52’ and is W Hydra, which had been previously'
announced by Mr. E. F. Sawyer in the Astronomical Journal,
Vol. IX, p. 94. — In the Astr. Nachr., Bd. 127, p. 5, the new var-
iable star in Aquarius is given as in RA. 20" 41™.3 and should be
RA. 20" 43™.1 for 1900. — Several photographs have been ob-
tained of the spectrum of DM. —10°.5057, Magn. 7.0, whose ap-
proximate position for 1900 is in RA. 19" 17™.7, Decl. —10° 54",
The star was supposed to be of the fourth type and was an-
nounced in the Astr. Nachr.,, Bd. 126, p. 163, but in later photo-
graphs more marked peculiarities are seen. The lines in the spec-
trum are not those due to hydrogen. In some photographs they
are broad bands, while in others the lines appear to be double.
No other star has yet been found here whose spectrum resembles
that of this object. As the stellar magnitude is 7.0 a large dis-
persion cannot be used. A visual examination with the 15-inch
equatorial telescope failed to show the peculiarities mentioned
above. — The nebula, G. C. 844, whose approximate position for
1900 is in RA. 4178, Decl. —55° 11’,is well shown on a photo-
graph taken at Mt. Harvard, Peru, on Sept. 8, 1890. Two well
marked spiral rays surround the stellar nucleus, the preceding
one turning through about 240°, the following one through
about 130°.

HarvArD COLLEGE OBSERVATORY,

Cambridge, Mass., July 23, 1891.

¢ Communicated by Edward C. Pickering, Director of Harvard College Ob-
servatory, to Astr. Nach. 3054.
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THE MODERN SPECTROSCOPE.

Within the past few years some very important advances have
been made in the construction of spectroscopes. In few cases,
however, have the details of instruments been minutely described,
and the merits and demerits of the various types are not very
generally known. For this reason it has been considered desir-
able to publish a series of papers on “ The Modern Spectroscope,”
in which the most important instruments now in use will be ex-
amined in detail. The concave grating is described by Dr. Ames
in the first paper of the series. Professor Keeler is preparing an
article on the Lick Spectroscope for our February number, and
others of equal interest will follow.

The Concave Grating in Theory and Practice.*

By JosepH SWEETMAN AMES, PH. D., AssociaTE IN PHysics IN THE JOHNS
HopkiINs UNIVERSITY, BALTIMORE.

.

The following paper is in the main a reprint of an article with
the same title in the Johns Hopkins University Circulars, No. 73,
May, 1889, which afterwards appeared in the Philosophical
Magazine, May, 1889. It gives the general theory of the instru-
ment and its adjustments, and a full description of the apparatus
in use in Professor Rowland’s laboratory at the Johns Hopkins
University. .

GENERAL THEORY.

The theory of a concave spherical grating gives (See Rowland,
Phil. Mag., vol. XVI, p. 197, and Amer. Jour. Sci., vol. XXVI,
p- 91) as the radius vector of the focal curve, referred to the cen-
ter of the grating as origin (see Fig. 1).

= Rp cos?
R(cos n + cos v) — pcos2y

¢ is the angle r makes with p the radius of curvature of the grat-
ing; and R and » are the coordinates of the source of light. For
any given value of R and » there is a curve defined by r and ., on
which the various spectra are brought to a focus; and there is a
second curve passing through R, », such that, if the source of
light be placed at any point of it, the spectra will be brought to
focus along the curve r, ». These two curves are, then, conjugate,
and their properties have been discussed by Mr. Baily in the Phil.
Mag. for 1883.

* Communicated by the author.
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If we make R =p cosy, 1. e., place the slit on the circle whose
diameter is the radius of curvature of the grating, r = p cos a.
Hence the twofocal curves coincide. This case is shown in Fig. II.

As is well known this arrangement is mechanically secured by
placing the slit at the intersection of two beams set at right an-
gles, on which are ways to carry the grating and eye-piece, these
two being kept at a constant distance p apart by an iron girder.
Or, the grating and camera box may be kept fixed, and the slit
moved along a circular track. The former method is in use gene-
rally. Thus: in Fig. III the slit is at A4, the grating at B, and the
eve-piece or camera at C.

The reasons for putting the eve-piece at C, where » = 0, are eas-
ily found. Imagine the micrometer screw carrying the eye-piece,
to be placed at D, Fig. IV, tangent to the focal-circle. Let the eye-
picce be displaced along the tangent by an amount DI or “a.”

a= % sin 2(x—0)
da = one turn of micrometer
=pcos 2(u—0) dn=4d

But by theory of diffraction (see Rayleigh, Encyc. Brit., Wave
Theory of Light, vol. XXIV, p. 437)

A= —I% (sin v + sin #)
where o is grating space and N the order of spectrum
w dw cos n
. A= — —_———
..d NCOSIld# N cos 2(a —9)

Or, if a photographic plate, bent to radius p|,, were placed at D,
one scale division 4 along plate

=pdnr

dl=—l%cos;:d/.¢

= dw cos
=N n

Now, if 8 = 0, i. e, if the micrometer_eye-piece or the camera-

box be placed perpendicular to the arm"BC, we have
PR
pN
since » is so small that we can put cos » = 1. Hence the spec-
trum is ‘“‘normal’ at C. Further, in this case,

w
A=—sinv

N
.*.since AC =psinv
@ —
A_mAC
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Thus, if one absolute wave-length is known, and if the instru-

ment is in perfect adjustment, we can mark on the beam AC a
scale of wave lengths for each spectrum, and the absolute wave
length of any line is known at once. It is important to notice
that this scale on the beam is identical with the scale on the
photographic plate, and that all the spectra are in focus at C at
the same time, and stay in focus however C moves along AC, it
being rigidly fastened to B. These facts alone would render a
concave grating preferable to a plane one; but it has many other
points of superiority. It is the only spectroscope suitable for use
in both the ultra-violet and the infra-red. Much longer photo-
graphic plates can be used than with any other instrument, since
they can easily be bent so as to be entirely in focus. Between the
slit and the camera-box, no lens is interposed. Besides saving in
light and cost, there are no corrections necessary for sphencal
aberration, imperfections of lenses, right and left handed quartz,
etc. Further, the concave-grating is astigmatic, i. e., a point of
light as the source is brought to focus not in a point, but in a
line. The advantages of this fact are:

1st. A narrow spark at the slit is broadened into a wide spec-
trum.

2d. Greater accuracy in comparing metallic and solar lines is
secured, as will appear later when the use of the instrument is
described.

3d. There are no * dust-lines,” for they are brought to a differ-
ent focus.

4th. A spectrum is obtained which is broad enough to stand

enlarging.
THEORY OF ERRORS IN ADJUSTMENT.

The mounting of the slit, grating and camera-box on the cir-

cumference of a circle of radius -2 5 passing through the center of
the grating, is the ideal one. In practice it is impossible to at-
tain it; and so it becomes necessary to study the effect of any
small displacement from the perfect adjustinent.

I. Let p be slightly less than the fixed arm BC. Fig. V.

BC=a
BD=p
We w1sh to find r in the neighborhood of » =
sR

R+Rcosv—-pcos2
ButwekeepR:acom
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g ra
" T a4 acosv—pcosv
. _CD
Leta =p(1+09) 1.e.,0—l—)»B
1+

=T 3 9(1Fcos»)
If ¢ is small
r=p(1 —0cosv)

Let the camera-box be placed in focus when » = 0; its distance
from the grating is then p(1 — 0) .. the distance it is out of focus
for any position v is y = p(1 — 6 cos v) — p(1 — 0) = p¥(1 — cos v)
= a%1 — cos »)

Put AC=x=asinv

L.y =a’s—w a?— x?

This is the equation of an ellipse having center ‘at (0, a%) and
having as semi-axes a and a%. Fig. VI.

II. Let the slit be slightly displaced from A along AB. Fig.
VIIL

BD=R
AD=b

As before
PR

T= R+ Rcos»—pcos?y
Butpcosy =R+ b
R r?* R
**" 7 pR —Rb— b2

Let % = q, a small quantity

cor=p(l+aq)
for all values of R removed from 0, as it always is in practice.
Hence, if the camera-box is once put in focus, it stays so,
wherever it is moved along AC.
~ IIIL Let the two beams AB and AC make an angle |, — ¢ with
each other. Fig. VIII.
As before

r= PR
R+ Rcosv—pcos2v
And pcos(v—9) = Rcos ¥
..pcosy = R—psinvtand
PR
pR + Rp sin v tan ¢
= p(1 — sin v tan 9)

if 9 is small

LS. r=p

-



32 The Concave Grating in Theory and Practice.

If camera-box is put in focus when » = 0, it will be out of focus

at any point an amount, y = p(1 —sinv tan9) —p = —p sinv
tan 9.
— A — sin v
Butx=AC=p cos 3
.y=—xsind=—atan¥
the equation of a right line making an angle ¢ with axis of x.

Fig. IX.
IV. Let the grating be turned on its axis so that its radius of
curvature makes a constant angle « with the arm BC. Fig. X.
BD=p
BC=a
Since ¢ is kept equal to «
Rp cos? a
R(cos a 4 cosv) —pcos?y
But a cos(a 4 v) =

a cos(a 4 v) cos? a
a cos(a +v) (cos a 4 cosv) —p cos?v
Put a = p(1 + 8), and suppose both « and ¢ to be small. Then
r=p(l+ asinv—3cosv)
Let the camera-box be placed in focus when v = 0; the distance
it is out of focus at any point is then
F=p(1+asinv—38cosv) —p(1—3)
= p(asiny + ¢ — S cosv)
x = asin(a + v)
.y = ax+ a8 — &/a? — x2
Since « and ¢ are both small, this curve is theJsum of those
_ found in Cases I and I1II.
Case V. Let the slit be displaced along AC. See Fig. XI.
We have

S.r=p

AD=b
DC=x
As before
r= PR
R+ Rcosv—pcos2y
But R2 = p2 — x2 — 2bx

2 — x2
and cos v = Ve — x2, since—’l:— is small
= Pl +PW/2—x2]
bx

=r—r,._n= —7pf
y v=0 P2—X2
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wooden buttons against pieces of hard rubber so that it is bent
to the proper radius. There is in B a frame which can be moved
vertically by a rack and pinion; and to this A is fastened by
dowel pins on the bottom and hooks at the top. On the back of
the camera-box, B, is hinged a board “C,” which can be held
firmly in place by hooks. This board carries a brass plate (see
Fig. XV) having a longitudinal opening of a width equal to the
thickness of the plate itself and capable of revolution around a
horizontal central axis. By means of stops this revolution is
confined to 90°. This plate is used for the comparison of spec-
tra, as described below.

The grating-holder is made of brass. It consists (see Fig.
XVI) of a heavy platform carrying an upright frame, B, which
can move in slots on A. To B s fastened by screws at the sides,
P, a square piece of brass D. D is moveable around the axes, P,
by means of a screw, S. To D by means of an axis, P, at the
bottom is fastened the frame C. By means of a screw at &
whose nut is rigidly connected with D, C can be moved around
the axis, P’. Springs take up the slack of the screws when un-
screwed. '

The grating itself stands on two projections at the bottom of
C, and is held there, free from all constraint, by a soft wax. By
means of the side and back screws the grating can, then, be
turned around its centre in its own plane, or tipped back and
forward.

The slit, placed at A, is. of somewhat complicated mechanism.
See Fig. XVII. It has the following adjustments:

1st. Width of slit can be regulated by a micrometer screw.
1t is generally not open more than 0.001 in.

2d. The slit can be rotated about a central axis so as to make
it parallel to the lines of the grating. This adjustment is one of
the last to be made in mounting the grating, and is done by turn-
ing the slit until the definition is the best possible. This is most
important, as the excellence of the photographs depends largely
upon it. The definition is spoilt, if the slit is 0°.5 out.

3d. Stops can be inserted at top and bottom, thus causing the
grating to be illuminated by the center of the solar image only.
Otherwise the definition may be spoilt by the rotation of the sun.
It is important, therefore, that the image of the sun on the slit
be quite large. With the larger apparatus in use in the Johns
Hopkins University it is 1.2 cm. in diameter, and this is reduced
one-half by the stops.

For solar work, a heliostat, having a south-exposure, throws
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the light on the slit by means of a condensing lens and a totally
reflecting prism. The lens is held in a brass frame, and can be
adjusted from within the building. Between the prism and the
lens is a revolving stage with circular openings, across which ab-
sorbing solutions can be placed. Both this stage and the lever
arm carrying the reflecting prism are controlled by strings run-
ning along AC; so that, without leaving his seat, the observer
can place different solutions before the slit, or put aside the
prism, when a metallic spectrum is to be photographed. For
this Jast purpose, along the line of the slit and grating,is a
wooden tube with condensing lens, which focuses on the slit the
image of the arc-light or spark, placed in a separate compart-
ment. See Fig. XII. All lenses and prisms must, of course, be
made of quartz.

For the arc-light a Weston dynamo of 150 volts, 30 amperes
power is used, or an alternating Siemens of 700 volts maximum.
For spark spectra, Professor Rowland has constructed an induc-
ton coil, which (with from 3 to 12 gallon jars) gives a spark of
intense brilliancy, when driven by the alternating Siemens dy-
namo. Using this coil, iron wire of % in. diameter melts, and %
in. wire is heated red hot.

Gratings with 10,000, 14,438, and 20,000 lines to the inch are

used. For ordinary purposes a 10,000 one is sufficient, while
for photographing in the ultra violet it is best to have a 20,000
grating, with a ruled space of 5% in. on a 6 in. polished surface.
The radius of curvature is generally 21.5 ft. The photographic
plates are 19 in. long, 2 in. wide, and ¢ in. thick. This thick-
ness allows the plates to be bent to the required radius without
breaking. They are flowed with an ammonia emulsion by Pro-
fessor Rowland himself, and register from 15-20 on Warnerke’s
sensitometer. Quick plates give too coarse an effect for enlarge-
ment. For short focus gratings, such as are used for gaseous
spectra and direct stellar spectra, microscope-slide glass is neces-
sary.
The micrometer eye-piece used is more like a dividing engine
than an ordinary micrometer. It has a run of 5 inches, and the
screw is to all purposes perfect, having been made according to
the directions given by Professor Rowland in his article on the
Screw in the Encyc. Brit., Vol. XXI, p. 552.

Hoods of black cloth to keep out stray light are necessary at
the slit, and at the camera-box where one should extend half

way to the grating, as even the darkest room has some light in
it.
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ADJUSTMENTS.

The adjustment of these various parts of the apparatus is
comparatively simple. The two beams carrying the grating and
camera-box are made as level as possible and placed at right an-
gles by the “3, 4, 5 rule. The two axes at the ends of the
girder must be made parallel, while the girder is under stress.
To do this the girder is supported at its ends on two ‘‘ horses;”
and the axes are adjusted by the control-screws until the two are
vertical. This is the most difficult adjustment.

The camera-box, grating-holder, and slit are put in place at the
proper height. Most gratings give a brighter spectrum on one
side than on the other; and so, before placing the grating on its
holder, it must be examined to see which side should be used.
The grating is then placed in position, free from constraint; and
a candle is held at the center of the camera-box, directly over the
axis of the carriage. The grating is turned and the girder length-
ened until the flame jand its image coincide. By this, the grating
is placed perpendicular to the girder, and the girder itself is given
the correct length. The camera box is then made vertical by a
plumb-line. To adjust it perpendicular to the girder, a piece of
plate glass is fastened to its face, and a candle is held on the girder
near the grating. The camera-box is then revolved until the
flame and image come in line. The reflecting prism is now put in
place 80 as to illuminate the entire grating, and the slit opened.
The spectrum formed at the camera-box is observed by the eye, or
thrown on a piece of paper; and the back-screw of the grating-
holder is turned until it falls at the right height. The camera-box
is moved to the right or left, and in general the spectrum rises or
falls. This is corrected by the side-screw of the grating holder.
These two adjustments are repeated many times until the spec-
trum stays in place however the camera-box is moved. Then the
slit is narrowed, and revolved until the best definition is secured.
The instrument now should be in perfect adjustment, and, to test
this, an exposed photographic plate, off which the emulsion has
has been partially scraped, giving it a lattice-work appearance,
is put in the camera-box, emulsion side toward the grating. The
spectrum formed on the plate and the emulsion itself ought now
to be in focus at the same time in all orders of spectra; that is, if
the plate is observed with an eye-piece, there should be no par
allax between the two. In general further adjustment is found
necessary. It was to this end that the theory of errors, as above,
was deduced. Let the camera-box be placed in focus when it is
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pear the slit: and then, as it is moved away from it, suppose the
parallax increases proportionally to the distance along the way.
This would lead one to think that the two beams were not exact-
Iy at right angles. Similarly for the other displacements. It is
found in practice that it does most good to turn the grating-
holder slightly around its vertical axis.

If. in setting up the instrument, a micrometer eye-piece is used
instead of a camera, practically the same adjustments are found
pecessary.

USE OF INSTRUMENT.

Gratings in Practice.

Special gratings should be selected for special purposes. Every
grating has spectra of different brightness on the two sides; and
one should be used which is bright in the particular spectra de-
sired. But more than this, even if the red of any one spectrum is
bright, the violet may not be. This fact must be especially noted
m working beyond the visible spectrum. Further, the various
parts of the grating, especially if it is concave, may give spectra
of varving brightness. For instance, the second spectrum may
be uniformly bright for all parts of the grating, while one end of
the grating may give a bright third spectrum and the other end a
faint one. This fact may be brought out by viewing the grating
directly with the eyve. It is only when extreme accuracy is wished
and the overlapping spectra of different orders are to be used that
this imperfection must be guarded against. Since a 10,000 grat-
mg has on the whole better definition than a 20,000 one, and as
itis much cheaper, it is better to use one in all cases when pos-
sible. For use with the micrometer eye-piece, when, of course,
ultra-violet spectra do not interfere, one can always be used.

It is only when work is to be done with the camera in the ultra-
violet part of the spectrum that it becomes necessary to use a
20,000 grating. This is due to the fact that for the same disper-
sion with a 20,000 grating as for a 10,000, there are fewer over-
lapping spectra. The range of concave gratings mounted as
above are as follows:

Lines 1st 2d 3d 4th 6th
perinch Spectrum Spectrum  Spectrum Spectrum Spectrum
10.000 Entire Entire Entire To 6,000 To 4.800
14,438  Entire Entire To 5,760 To4,330 To 3,460
20,000 Entire To 6,000 To 4,000 To 3,000 To 2,400

These limits are taken at the center of the photographic plate.
At the end of the plate the limit is somewhat greater, being 6,260
in the second spectrum for a 20,000 grating.
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With a grating of 21.5 feet radius the width of the spectrum
varies from 14 in. to 4 in. In the green of the 1st spectrum of a
20,000 grating it is 34 in., and in the green of the 2d it is 254 in.
This gives an idea of the width of the photographic plate which
is required.

The scale of the negatives in the various spectra, with gratings
of 21.5 feet radius, is as follows;

Scale of Spectra as compared with Angstrom’s map.

Lines per inch. 1st. 2d. 3d. 4th,
10,000 .26 .51 a7 1.03
14,438 .37 75 1.12 1.50
20,000 52 1.03 1.65 2.07

i. e., using a 20,000 grating in the third spectrum, the scale is
1.55. This means that 1.55™™ on the photographic plate includes
1 Angstrom unit. For gratings of 10 ft. radius, the scale is dim-
inished in the ratio of 100 : 215, or 20 : 43.

Since with a concave grating all the spectra are in focus at the
same time, it is important to know what wave-lengths of the dif-
ferent spectra are on the photographic plate or in the field of the
eye-piece for any position they may be in. For this purpose I
have given a diagram of the overlapping spectra on the plate.
This explains itself: Wave-length 6,000 in the 2d spectrum coin-
cides with wave-length 4,000 in the 3d spectrum, with wave-
length 3,000 in the 4th spectrum, and so on. The vertical lines
give the range of the different gratings as explained above.

If it is desirable to cut off any interfering spectrum, glass plates
or absorbing solutions may be used. A list of the principal ab-
sorbents, and the parts of the spectrum which they let through,
is given below.

Greenish plate glass........... .3,300-8,000
Salicylic acid in alcohol, saturated, in quartz cell...........ceurervanne 3,500-8,000
Aesculiu, 1 gr. in 1 oz. water, with one drop of Amm. resh, 4,100-8,000
Potassium ferrocyanide. ereesstsatarttiessissnntasanes sessransaessnnresesaans 4,400-8,000
Primrose or Anilide YelloW....ccouiiiiiiiiiiuieenienneiienmenienncneserersnssensess 5,000-8,000
Fluorescine or Chlorine of Gold.......cccccevevaueennes ....5,200-8,000
Chrome Alum, ) cerceeenranenenesesseesnensiosesssassennsssons sassesssenersnses 3,200-3,700

Malachite Green, - L. rrriescrecseenns sesseeees

Bitter-almond Green, [.cc.cccceceieeceeiiineennens cetntenererseeseensnssscseacasasens and

Brilliant Green,  J . iiiiiieeiieniiiieirirneerieeensinenereenaneessssssenees 4,600-5,200
Cobalt ChIOTIAE..uuuuiiiiriienies ceevriretiiireceseenrieeiseeseerassessssessnassneeseennes 3,400-4,500
Gentian Violet, Strong....cccccoveerinnreerrecerassrennanse 3,600—-4,600 and 6,000-8,000
Potassium permanganate 3,900—4,600 and 5,800-8,000

For example, using a 10,000 grating and photographing in the
4th spectrum, the following absorbing solutions are used at the
places specified :

At 3,800 Cobalt Chloride in water.
4,000 Cobalt Chloride or Gentian violet in water in glass cell.
4,200 Potassium permanganate or Gentian violet in water,
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4,400 Aesculin and Potassium permanganate.
4,600 Aesculin.
4,800 Aesculin and Malachite Green in water.
5.000 Aesculin and Potassium ferrocvanide.
3.200 Aesculin and Potassium ferrocyanide.
5,400 Aecsculin and Primrose.
Before using a solution an observer should always see, by a pre-

liminary experiment, what its effect is.
Methods of Work.

A spectroscope is used for two purposes, to measure the lines in
solar or metallic spectra, or to establish coincidences simply. For
both of these the concave grating is far superior to any other on
account of the overlapping spectra.

The micrometer eve-piece, of course, can be used only in the visi-
ble spectrum, while the methods of photography give us this and
the invisible too. Rowland’s micrometer eye-piece, as noted
above, has a run of five inches, and so it can include a great num-
ber of lines. When a metallic spectrum is to be measured, the so-
larspectrum is turned on; a series of measurements is taken; then
the solar spectrum is replaced by the metallic; another series is
taken; and finally the series of solar lines is observed again. All
this is done without the observer leaving the eye-piece. The
solar lines are found on Rowland’'s map, and then the wave-
lengths of the metallic ones are deduced by interpolation. This
same method of interpolation will also give the relative wave
lengths of the solar lines using the over-lapping spectra. The
probable error of a wave length determined this way is +0.01
Angstrém unit.

Now that we have Rowland’s map and his list of solar lines,
the photographic process for the measurement of metallic spec-
tra is generally used as far as the erythrosin plates extend or to
the D line, although those expert in the use of cvanine plates
may photograph below C or even A, as Mr. Burbank has shown
in the Phil. Mag. for Oct., 1888.

Owing to the astigmatism of the grating, it is not possible to
adopt the usual method of illuminating part of the slit with the
solar image, and part with the spark or arc; and so a different
and far better plan is adopted. A compound photograph of the
two spectra is taken in the following manner: The brass plate
on the back of the camera-box (see Fig. XIV) is placed vertical,
the solar spectrum is photographed along the middle of the
sensitive plate, the sun-light is turned off, the brass plate is re-
volved through 90°, and the metallic spectrum is allowed to fall

along the upper and lower parts of the photographic plate.
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Then finally the sun-light is turned on again along the middle of
the plate. If there has been any gradual displacement of the
camera during the operation, the error is eliminated by this pro-
cess, if the two times of exposure to the solar spectrum are the
same.

It is important to notice that record must in all cases be
kept of thermometer and barometer readings; for the corrections
due to variations in temperature and pressure may be consider-
able. v

Since no absorbing solution is known which lets through the
ultra-violet rays alone, the following method has to be used to
determine what lines on any negative are ultra-violet ones. A
compound negative, as just described, is taken, having all the
overlapping spectra at the point in question along the middle of
the plate and the visible lines alone, obtained by inserting ab-
sorbents, along the top and bottom. Those lines present in the
first and not in the second are then ultra-violet ones.

For arc or solar light, five minutes exposure is the average time
required for the most sensitive part, in the third spectrum on
plates registering 18 on Warnerke's sensitometer. Ten minutes
are required above the D lines in the second spectrum using
erythrosin plates. One hour is needed for cyanine plates, photo-
graphing down to the Cline. As a practical example, the entire
iron and solar spectra were photographed in the second and
third spectra from the D lines down to the extreme ultra-violet in
nine hours. This includes time spent in developing. Thirty
plates, each 19 inches long, were exposed, giving, of course,

.many duplicates. Only 10 plates are necessary in the 2d spec-

trum of a 20,000 grating for the whole spectrum from the D line
to the extreme ultra-violet, wave length 2,000. In one case
Liveing and Dewar used 170 plates for the ultra-violet spectrum
alone.

With the powerful induction coil, worked by a Siemens alter-
nating dynamo, with six gallon Leyden jars, 10 minutes is
enough in the most sensitive part and 30 in the extreme ultra-
violet, wave length 2,200.

A compound negative taken in the above manner is placed on
a dividing engine; the pitch of the screw being one w. 1. on the
negatives and measurements are made on the lines of the two
spectra, using a low power microscope with a single stretched
cross-hair. Since the solar spectrum continues down to 3,200,
the same orders of the two spectra can be compared thus far.
Beyond this it is necessary to use different orders. For instance,
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wave length 2,800 in the 3d spectrum can be compared with
solar lines about wave length 4,200 in the 2d. This same
method is used to determine the relative wave lengths of the
solar spectrum.

To enlarge photographs with a scale of wave-lengths, like
Rowland’s map of the spectrum, one must proceed as follows:

To make the scale, a thick plate of glass, slightly longer than
the negative, is albuminized and treated with collodio-chloride.
It is then put in any developer until it turns black. A longi-
tudinal strip of the width of the negative is scraped off; and on
the edge of this strip the scale is ruled with a dividing engine.
The negative is clamped in place to this scale, and together they
are put in the enlarging camera. The accuracy with which the
scale can be made, and the negative fitted to it is most satis-
factory. On Professor Rowland’s new map the greatest error is
.03 of an Angstrém unit; and the probable error is less than .02
of a unit. If the scale is, say, .0001 too large or too small, the
photographs can be made to fit the scale by altering the dis-
tance between the grating and camera-box by .0001 of its
amount, and then focusing by moving the slit in or out.

When this scale is once made, it can be used to give direct read-
ings for the wave-lengths of the lines on any negative, simply by
placing the negative on the scale.

A word should be said as to the difficulties of ruling gratings
which may explain why so many orders for gratings remain un-
filled. It takes months to make a perfect screw for the ruling
engine, but a year may easily be spent in search of a suitable
diamond point. The patience and skill required can be imagined.
Most points make more than one “furrow’ at a time, thus
giving a great deal of diffused light. Moreover, few diamond
points rule with equal ease and accuracy up hill and down. This
defect of unequal ruling is especially noticeable in small gratings,
which should not be used for accurate work. Again, a grating
never gives symmetrical spectra; and often one or two particular
spectra take all the light. This is of course desirable, if these
bright spectra are the ones which are to be used. Generally it is
not so. It is not easy to tell when a good ruling point is found;
for a ‘“scratchy” grating is often a good one; and a bright
ruling point always gives a *‘scratchy’ grating. When all goes
well, it takes five days and nights to rule a 6 in. grating having
20,000 lines to the inch. Comparatively no difficulty is found in
ruling 14,000 lines to the inch. It is much harder to rule a glass
grating than a metallic one; for to all of the above difficulties is
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added the one of the diamond point continually breaking down.
For this reason, Professor Rowland has ruled only three glass
gratings. One of them has been lost, and the other two are
kept in his own lahoratory. These two were used by Dr. Bell
in his determination of the absolute wave-length of the D lines.

ON THE PHOTOGRAPHIC METHOD OF DETERMINING STELLAR
PLACES BY TRANSITS FREED FROM THE ERROR OF
PERSONAL EQUATION.*

PROFESSOR FRANK H. BIGELOW.

Some accounts of the preliminary experiments looking to the
elimination of the error of personal equation from star transits
by employing a photographic registration of the passage of the
star over the reticle of the transit instrument, have already been
published by those who have been engaged upon the work. Pro-
fessor Pickering in the Memoirs of the American Academy, Vol.
XL., p. 218, describes his breaking up a smooth star trail by
alternating motions imposed upon a bit of photograph plate,
and shows that by means of an auxiliary micrometer the instants
of time can be determined in general to ahout 0.03 of a second.
Mr. Willard P. Gerrish has described a commutator in THE SIDE-
REAL MESSENGER of October, 1889, by which the standard clock
of an Observatory is enabled to give the required alternating mo-
tion to this plate, the duration of exposure in any position being
regulated automatijcally. The Rev. Fr. Fargis, assistant in the
Georgetown Observatory, has published in a paper on the subject,
entitled ‘“ The Photochronograph and its Application to Star
Transits,” a description of the form of instrument devised and
adopted by him in determining the places in right ascension of a
zone of the bright stars. My own contribution to this subject
consisted in a series of experiments at the Harvard College Ob-
servatory in the summer of 1889, by which the star was success-
fully referred to the collimation axis of the telescope, using pho-
tography alone, the first complete transit being thus obtained.
Since that time I have been interested in reducing the method to
a practical form, and upon introducing the subject to Mr. G.
Saegmuller of Washington, and Rev. Fr. Hagen, Director of the
Georgetown College Observatory, was encouraged by substantial
codperation on their part in the construction and use of the pre-

* Read before the Washington Philosophical Socicty.
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liminary forms of apparatus. Without going further into any
detailed description of the apparatus than can be found in the
papers above mentioned, it is my purpose to give a summary of
the present status of the process as an art, and to discuss briefly
the main points that seem to have been brought out conspicuous-
Ir in the course of experiments.

There are two different modes of making the record of the star
transit as referred to the instants of time indicated by the clock,
and one method of inscribing the transit upon the reticule of the
telescope. In order to clear the ground for the discussion in-
volved in a comparison of the two ways of operating the plate,
it may be said that the reference of the recorded instants of time
to the collimation axis of the telescope is accomplished by illum-
inating the field of the telescope for two or three seconds, by
means of a bright light held in front of the object glass. The ac-
tion of this light is to fog down the whole exposed area of the
plate very uniformly, with the exception of the spaces lving
behind the reticle threads, which appear upon development to
have definite edges, suitable for the setting of a micrometer
thread. These boundary lines, being shadows cast by rectilinear
rays of light, are much sharper than the trails produced by the
moving image of the star. For simplicity and accuracy nothing
can be desired in this regard, and my plates produced in Cam-
bridge by this process are excellent. At first it was supposed
that rather thick threads would be needed to cast this shadow,
but I soon found by trial, as was done in exposing some plates
on the large meridian circle of the Observatory and also on the
small Russian Trausit, that the ordinary glass ruled reticles were
suitable, thus disposing of the necessity of making special reticles
and also of the danger of breaking the threads, as is likely to
bappen during operations in the dark. The photographic plate
is, of course, to be placed as near the plane of the reticle as is con-
venient, but experiment showed that a considerable range is per-
missible without introducing any blurring of the edges, which
would be caused by the light coming from the sides of the object-
glass if the plate was located at any great distance from the
apex of the cone of rays.

The two methods already introduced for connecting the transit
with the clock are as follows: 1, the alternating motion of the
plate, perpendicularly to the trail of the star, through a small
distance approximately that of the width of the trail itself, the
effect being to cause a double row of dots to be seen upon the de-
veloped plate; and 2, the alternate exposure and occultation of
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the star trail by means of a bar moved in obedience to the clock,
the result being a series of dots along a single star trail. The
former method was devised by Professor E. C. Pickering, and the
latter was adapted by Fr. Fargis, having been used for similar
purposes during many years in Kew Magnetographs, and in
other instruments for physical measurements.

The occulting bar method is fully described and illustrated in
the Monograph of the Georgetown Observatory already referred
to, but in order to bring into comparison with it the action of
the alternating plate, I take the liberty of introducing an illustra-
tion with a short description of the way in which it was made.
Each of these methods has such obvious advantages that it
scems good to present them together in order that other workers
in this field may have the benefit of our experience.

The illustration is an enlargement from a plate on which the
diameter of the field of view is about 50m.m. The original plate
was exposed in the small equatorial telescope, with uncorrected
or visual lens, of aperture 614 inches and focal length 8334 inches.

As the work was experimental all the arrangements were of the
simplest kind, and this accounts for the crudities seen on the
plate. The reticle was of silk thread drawn through holes in a
small ring, which was secured to the end of the tail-piece by a bed
of wax. The plate rested in a small paper holder, of utility
chiefly in passing from the dome to the laboratory, and this was
moved on a frame between two sets of abutting screws, through,_
the narrow range exhibited in the photograph. The motion was
communicated to the plate by the observer making and breaking
the circuit in the current passing through the magnet which con-
trolled the armature and frame, counting the beats of a chrono-
meter, the armature being rigidly joined to the frame. There are
endless mechanical combinations for this purpose, the only
requisite in them all being that the plate move parallel to itself
through the distance occupied by the breadth of the trail, and
that it have no motion sidewise, a combination easy to secure by
fine pivots or by a thin flexible spring. It should be stated here
with emphasis that theonly prime necessity is that this operation
be constant in its action, inasmuch as the corresponding inter-
val of time goes into the determination of the clock error and
then comes out again upon applying the correction. In short, the
main advantage of this system is to reduce the transit to certain
constant mechanical errors, instead of to the fluctuating errors
involved in the personal equation.

The star shown is e« Aquilee, Altair, 1.2 mag., selected for its
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advantage in reproduction for THE JoUuRNAL. There are several
trails set at different altitudes: 1, an unbroken trail; 2, a trail
alternating every second for an interval of two minutes; 3, a
broken trail showing ten second intervals unbroken, or broken
into seconds ; and 4, a broken trail showing ten and twenty sec-
ond intervals.

I will state at this place that from my knowledge of the ability
of this work to record a star transit relatively to any chosen
thread in the telescope, that the error need not exceed one hun-
dredth of a second of time, so far as the transit is concerned, and
that it is wholly free from personal equation. Of course the final
resulting place of the star as reduced to any epoch, will contain
the errors arising from the performance of the clock and from the
determination of the level, azimuth and collimation of the instru-
ment. We are not now concerned with the variations arising
from these sources, but we are aiming to show that the position of
the star relatively to the reticle can be accurately determined. A
mere inspection of the situation suggests that the position of the
star in declination admits of an equal degree of precision in dis-
cussion. When the fluctuating motion of the star is considered,
caused by the movements of the atmosphere, whereby it is literal-
ly tossed about, also the fact that in any transit observed in the
usual manner the setting is made upon some momentary position,
the advantage of such a permanent record across the whole field
must add greatly to our resources in dealing with the subject.

In the original plate the motion was controlled by the observ-
er’s hand, but a commutator can be constructed with several
combinations of second intervals that will operate automatically
from the standard clock. Mr. Gerrish has such an one at the
Harvard College Observatory which works excellently. In prin-
ciple it consists of a finger resting on the surface of a copper disc
or set of discs, which jump forward one notch by the clock each
second, the disc having insulated spaces of greater or less length,
so that the finger makes or breaks the circuit for the interval
that it rests upon a copper or a rubber space respectively. The
action is steady and follows the clock with precision. It will be
scen that the use of such an arrangement is necessary, because
otherwise the work will be confined to an equatorial belt, if the

.intervals are limited to the second breaks of the standard clock.

The advantages possessed by the use of the alternating plate
can be summarized as follows: 1. It secures the full value of the
star trail as an actinic effect, its brightness not being obscured
during the transit. Inasmuch as the photographic process is
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ineffectual below the stars of 4° magnitude near the equator, in
small telescopes, this is important. If stars are taken nearer the
poles by means of the commutator, the fainter stars may be
called into use, as their slower motion will give the requisite
trail, the time observation being compensated in the ratio of the
secant of the declination. 2. The action of the clock marks
sharply the instant it breaks, one interval being ended and the
other begun. The photographic spreading of the light is in oppo-
site directions, but unobstructed, so that the instant is not trans-
ferred along the line by any changes in the battery or the auxil-
ary apparatus. Thus the breaks follow the clock absolutely. If
the breaks were made upon a single line, one of two results must
happen, as in the case of the occulting bar; either the interval of
exposure must be very short with reference to the occulted inter-
val, on account of the spreading of the photographic image in the
film, as for example, one-tenth to nine-tenths of a second; or else
the trail ends will blurr into each other so as to become useless.
If an exposure is a small fraction of a second, the number of stars
whose brightness is available will be considerably diminished
near the equator, and also it will be impossible to extend the
method towards the poles, because the angular motion of the
star shortens up so much that tenth-second exposures unite with
one another. This is a serious disadvantage inasmuch as the
bright stars of this region are omitted from the determination of
instrumental errors, and also from the final and resulting cata-
logue.

The advantages of the occulting bar have been carefully enum-
erated in the Georgetown paper. They are: 1, the extreme
simplicity and the lightness of the apparatus, these qualities ob-
viously being at a maximum; 2, the fixed position of the photo-
graphic plate during the making of it.

There are certain disadvantages inhering in each system, some
of which are common to both and others which are peculiar to
one or the other method: 1, the objection arising from the so-
called photographic parallax, or blurring of the edge of the reti-
cle lines by the action of the light in passing from the reticle to
the plate, has been stated as belonging to the alternating plate,
but it is common to both, if it exists at all, because this distance
is so small that the angular aperture of the telescope transferred
from the photographic focus to the plate represents an infinitesi-
mal linear distance upon it, and also being symmetrically distrib-
uted does not shift the center of the image of the thread; 2, the
partial obliteration of the trail, said to be produced in the illum-
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ination of the object-glass unless covered by the occulting bar,
was never seen to exist in the work at Cambridge, but it was
always supposed that the general face of the plate and the star
trail itself both advanced a little in density during the operation,
so that the original coutrast in color, would persist. InshortI
never found that a long illumination, up to nearly the point of
blacking the plate, as compared with a very brief one, tended to
obscure the star trail. Certa’nly in practice there is no danger of
losing a trail by this fact. On the other hand it would seem to
be advantageous to retain the impression of the horizontal
threads, and it will be necessary to do so if the work is to include,
as it ought, the determination of the star place in declination as
well as in right ascension.

The objection arising from chauges in the action of the bat-
terv, the springs and the moving parts of the apparatus, or the
variable component of the force of gravity, would at first sight
scem to be against the alternating plate on account of its weight,
and in favor of the occulting bar on account of its lightness. But
it is quite otherwise. The weight of the moving part consists
of a bit of thin glass one inch square, and of a light metallic frame
to hold it, which rocks on pivots or a piece of spring, since by
using a ruby light in the observing room the plate box can be
abandoned. My first plate holder cousisted of a folded piece of
black paper; we afterwards tried metalic holders in Washington,
bat I should advise the use of none. With a much heavier plate-
holder at Cambridge, and using two Daniell’s cells, I never found
any trouble arising from this cause.

By recalling the action of the break on a chronograph the point
I have to make will be evident. The beginning of the break is
always sharp and constant, responding to the clock precisely;
the length of the break varies, depending upon the battery, the
spring and friction. The alternating plate uses the beginning of
the motion only for its point of reference; the occulting bar
uses the dot produced by the total break, and since the microme-
ter thread is set into the middle of this dot, its position relatively
to the beginning of the clock beat is clearly a function of the mo-
tion involved. My opinion is that very little practical value
adheres in this objection as against either form of apparatus, but
the theoretical objection is not against the alternating plate.

The question will finally be settled by a comparison of the val-
udity of two main difficulties that have already been mentioned.

The first point raised by one who looks into the apparatus used
in the alternating method is that the plate moves. There is one

-
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reply that covers the ground. The plate moves, but it moves in a
constant fashion, and whatever that motion may have been, the
reticle is thrown down upon it accurately, so that the microme-
ter measures take up all the movement that may exist. It will
have to be shown that the mechanical operation of the plate,
through the space of three-tenths of a millimeter, is a variable ac-
tion before the objection becomes valid. I have seen no reason to
suspect it in the apparatus that I employed.

It is this objection that will have to be offset against the tenth
of a second exposures used in the occulting bar process. Increas-
ing the exposures to nine-tenths of a second, as can be done, will
blur the series of dots into one line so that the setting of a micro-
meter thread cannot be made upon the clock intervals. To vary
the exposure from one-tenth to two, three or four-tenths of a sec-
ond, will shift the time of a transit along by half the variation of
the interval, and this cannot be measured accurately. To change
in any other manner involves the use of a commutator as above
described. Not to make these variations is to limit the work to
the equatorial belt of stars, at the sacriflce of the polar regions
for all purposes. At present I see no way of escape from using
the alternating plate and commutator, or limiting the work so
far as to fail in its complete development.

We have only space to enumerate, but not to discuss, some
definite advantages of the photographic transits, by whatever
methods they are taken :

1. The general accuracy of the transit itself is well known to
all who have operated with the method, the average error being
about one-hundredth of a second.

2. The freedom from a variable personal eqation is unques-
tioned.

3. The permanence of the record of the transit, as compared
with fleeting vision of the star that has passed over the field,
not only enables a complete discussion of the event, but a com-
parison of the transits of the samestar at widely different epochs.

4. The superior accuracy of each transit involves a much more
rapid approximation to the true result, than by the method of
taking the mean of many inferior observations. As the precision
increases the necessary cost of observation and computation will
diminish.

5. It is obvious that the application of this method to the
determination of Longitudes has decided advantages. The clock
at one station will beat the breaks of the chronograph at each
station and also the star transit, all at the same time. By alter-
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aating the clocks of two stations in this way a most interesting
result should be obtained.

6. In determining the variablity of latitudes it will be only
necessary to take the star trail of a zenith star, the time being
marked by the clock beats, referring the same to a series of hori-
gontal reticle threads. A comparison of a set of such plates
taken throughout a year should give a strong hold upon the
problem. The principal advantage is that the variations of the
atmosphere, and the tossing about of the light of the star, is
recorded accurately, the whole case being completely taken down
at each exposure.

7. Finally a catalogue of bright stars in both right ascensioa
and declination, for use in counection with the photographic
charts of the heavens will be very important. The comparability
of the ways in which they are both produced, will make their
fitness for each other recognized at once.

8. There are many meridian circles of the older patterns which
might readily be turned to such work as that suggested above,
since their object glasses will give satisfactory results, as has al-
ready been demonstrated. The prime requisite is practical skill
in producing the resalts, the first cost in money being insignifi-
cant.

This subject is, therefore, cordially commended to the attention
of such as have time to bestow upon these most promising as-
tronomical investigatious.

WASHINGTON, Nov. 20, 1891,

ON THE ABSORPTION OF HEAT IN THE SOLAR ATMOSPHERE.*

W. B. WILSON, M. R.I.A, F. R. A. S.

The author endeavors to determine with accuracy the ratio of
the beat received from the limb and the center of the solar dise,
and thus by taking yearly observations through a sun-spot cycle,
to find out if the solar atmosphere varies in depth.

The apparatus consists of a heliostat which throws a small
peuncil of sunlight into a dark room. It is received on a 4-inch
concave silver-on-glass mirror of about 10 feet focus. A small
convex mirror is placed inside the focus of the concave mirror,
and thus forms an image of the sun of 80 centimétres in diame-
ter. This image is allowed to fall on a radio-micrometer of Pro-

¢ Communicated by the Author.
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fessor C. E. Boys. The tube of the instrument is stopped down
to nearly 1 mm. in diameter, so that only about xygsyy part of
the solar image is at any moment giving its heat to the instru-
ment.

A slice of lime-light is allowed to fall on the mirror of the radio-
micrometer, and is reflected from it on to a horizontal slit in the
side of a box which contains a photo-plate. This plate during an
obhservation is allowed to fall with a uniform rate by a piece of
clock-work. Any motion of the mirror of the radio-micrometer
thus records itself on the plate in a curved line.

The clock of the heliostat is stopped and the image of the sun is
allowed to transit across the mouth of the radio-micrometer, and
the curve giving the values of the heat received from the solar
disc is recorded on the photo plate. .

A seconds pendulum swings across the track of the limelight, so
that the photo curve is notched into seconds of time, and a
means is thus given of localizing the position of the instrument
on the solar disc.

THE ULTRA-VIOLET SPECTRUM OF THE SOLAR PROMINENCES.*

GEORGE E. HALR.

In various papers published during the past year I have called
attention to some of the advances in our knowledge of the Solar
Prominences which might be expected to follow the application
of photographic methods to a study of their forms and spectra.
The August number of the American Journal of Science contains
reproductions of some photographs obtained in the course of my
investigations on this subject at the Kenwood Astro-Physical
Observatory. I am indebted to Professor Lockyer for the use of a
measuring machine during a recent visit to London, and I am
now able to give my determinations of wave-length for the new
prominence lines, and some conclusions to be drawn from them.
But perhaps it will first be well to consider for a moment the
apparatus and methods at present employed in the work.

To the eye-end of the 12.2-inch equatorial refractor of the Ken-
wood Observatory a large solar spectroscope is rigidly attached
by three steel tubes, and as the spectroscope extends about five
feet beyond the focus of the telescope, the declination axis is

* Read at the Cardiff meeting of the British Association for the Advancement
of Science, August, 1891,
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placed at the center of the combined lengths of the two instru-
ments, in order to reduce the amount of counter-balance required
at the object-glass end. The result is very satisfactory, and there
can certainly be little fear of flexure in the combination. The
whole spectroscope may be rotated by a rack and pinion, so as
to make the slit tangential or radial at any point on the Sun’s
limb. The object-glasses of the collimator and observing tele-
scope have 314 inches clear aperture, and 4214 inches focal length.
The 4-inch Rowland grating is ruled with 14,438 lines to the
inch, and as the telescopes make with each other a constant
angle of 25°, different orders of spectra are brought into the field
of view by rotating the grating. A diagonal eye-piece at the end
of the observing telescope allows the spectrum to be observed
after the photographic plate is in position.

In photographing the spectrum of a prominence the following
is the ordinary process. Let us suppose that it is desired to use a
radial slit, in the H and K region of the spectrum. The C line in
the second order is brought into the field, and while ohserving
this line the spectroscope is rotated until the slit is radial at some
point on the limb where a prominence is seen. The driving-clock
is then started, and the telescope clamped, so that the sun’s
image is kept as nearly as possible stationary on the slit plate.
A small strip of metal, pushed in just behind the slit, excludes the
direct solar light, except from a small region near the limb. The
whole collimator is next moved by a screw until the slit is
brought to the proper focus of the equatorial for K, and the col-
limator and observing telescope are set at the focus for the same
line, the positions being taken from a tahle of foci, determined by
axperiment, for the principal lines in the spectrum. After placing
the sensitive plate in position, the grating is rotated until the K
line in the fourth order is in the middle of the field, the slit is cov-
ered, the slide drawn, and the proper exposure given. The ex-
posure of course depends upon the aperture and focal length of
the equatorial, the width of the slit, the brilliancy of the gtating,
the sensitiveness of the plate, etc., but with the ordinary dry
plate of sensitometer No. 23 furnished by the Seed Company,
and a slit about 0.001 inches wide, I usually find that an expos-
ure of from 20 to 30 seconds gives the best result.

For the first time without an eclipse the prominence spectrum
was thus photographed early in April of the.present year. The
only bright lines then obtained were found to fall nearly at the
centers of the dark bands H and K of the solar spectrum, but
these were remarkably strong, seeming to fully equal C in inten-
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sity, and were present in every prominence photographed. Work
was continued on the violet and ultra-violet for some weeks, but
with the exception of some lines which had all the appearance of
ghosts of the brilliant H and K reversals, no new lines were dis-
covered until June 23, when an exceptionally bright prominence
was found. This gave four lines in the ultra-violet, and the least
refrangible of these was found to be double. A line slightly less
refrangible than H, nearly but not quite at the position where the
first ghost would be expected to fall, was much stronger than
any of the other ghosts, and it seemed very possible that it was
an independent line. This prominence remained visible for several
days, and a number of photographs of its spectrum were made
‘with both radial and tangential slit.

In reducing the wave-lengths of these lines it might be consid-
ered easy to obtain values for a given line agreeing closely in the
hundredths place of tenth-meters, but two causes have combined
to lessen the accuracy of determinations. The H and K reversals
almost invariably show some indications of motion of the
prominences in the line of sight, and the consequent distortion
renders somewhat difficult the proper setting of the spider line of
the measuring machine. Again, the plate-holder used was made
for another purpose, which required that the plane of the plate
should be at right angles to  the axis of the observing telescope.
As the object-glass of the telescope is corrected for the visual re-
gion, it is evident that near K there must be a slight change in
facus from one side of the plate to the other, and a small error is
thus introduced. It will be seen, however, that the measures are
sufficiently accurate to allow very little doubt as to the identity
of most of the lines. The fact that the solar spectrum, due to the
sdiffuse light of the atmosphere, is photographed simultaneously
with the prominence spectrum, is of great advantage in determin-
ing the position of the prominence lines, though it has a corres-
ponding disadvantage in concealing very faint lines, which would
otherwise be brought out. The wave-lengths of certain standard
lines in the solar spectrum have been taken from the list published
by Professor Rowland,* and it has thus been easy to find the
wave-lengths of the prominence lines by simple interpolation.
The value of the micrometer screw has been determined for several
regions on every plate by measuring the positions of properly dis-
tributed standard lines, the number of separate settings of the
sapider line in each case ranging from five to fifteen, depending
upon the character of the line measured. In the following table

T » 1 Amer. Jous. Sci.,” 1887, p. 182.
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the first column contains the wave-lengths of the ultra-violet
prominence lines; the second the positions assigned by Ames to
hnes in the hydrogen stellar series; and the third, the wave-
lengths of the calcium lines at H and K, which Professor Row-
land has been kind enough to furnish in advance of publication.
I am informed that they are provisional only, but may be relied
on to within 1 or 2 in the last place of decimals. In the case of
hydrogen, Ames considers that the error in any wave-length can-
not amount to more than 0.05 of a unit,* and my own values for
the prominence lines must possess ahout an equal degree of ac-
curacy. In the fourth and fifth columns I have added Cornu’s
measures of the hydrogen lines,t and Dr. Huggins’ wave-lengths
of lines in the hydrogen stellar series,i both reduced to the scale
of Rowland's map.

PROMINENCES. HYDROGEN. CavLcivM. HYDROGEN. FIRST TYPR STAKRS.
Hale Ames. Rowland. Cornu. Huggins,
3968.56 3968.61 (H)
3933.86 3933.80 (K)
3888.73

3970.11(?) 3970.25 . 3969.6 3969.6

3889.14 3889.15 3888.5 3888.2

3835.54 3835.6 3835.1 3834.6

3798.1 3798.0 3797.5 3795.6

3770.8 3770.7 : 3770.0 3768.1

3750.15 3749.9 3746.1

3734.15 373+.2 3730.6

37218 | 3721.1 3717.9

3711.9 . 3711.1 3707.9

3699.4

Let us first consider the prominence lines which lie near the cen-
tres of the broad dark shades at H and K. In his observations
of the chromosphere and prominence spectrum at Mount Sher-
man, in 1872, Professor Young succeeded in seeing these re-
versals in a number of cases, but the character of the bright
ines could not be made out, and it was considered probable that
the broad dark bands were included in the reversal, only the
brighter central portions, however, being strong enough to af-
fect the eve. We now find, on the contrary, that the substance
producing the bright prominence lines may possibly be entirely
distinct from that causing the broad bands in the solar spectrum,
for though the lines certainly do lie near the centres of the bands.
ther are narrow and sharp, and it is easily conceivable that their
position may be simply the result of chance, though perhaps
probability would point the other way. We are hardly in a

¢ “Phil. Mag.,” 'nl!, 1890. p. 49.
t “Jonrmal de Physique,”” [10] V. (1886)
3 “Phil. Trans.” py. 1., 1880, p. 669.
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position to discuss the cause of the unique appearance of the
dark H and K bands, but it may be that we may learn some-
thing in this connection from Dr. Huggins’ important investiga-
tions of stellar spectra. It will be remembered by everyone that
in his memoir “On the Photographic Spectra of Stars’’ com-
municated to the Royal Society in 1880, Dr. Huggins arranged
the stars observed in a series, in which the principal criterion of
position was the character of the K line. In Arcturus, for in-
stance, this line is broader and more diffuse than in the sun itself,
while in Sirius it has narrowed down to a fine, sharp line. Other
stars give intermediate breadths, and in some instances it has
entirely disappeared. In the case of H the question is compli-
cated by the fact that hydrogen and calcium possess lines which
form a close double at this point, so it is best to consider only K.
From the variations of this line it will be seen, apart from the
interesting suhject of stellar evolution so evidently suggested,
that the narrow dark line at the centre is very possibly produced
by the same substance which, vibrating under different condi-
tions, causes by its absorption the broad dark band. .

As the central dark line is known with a high degree of cer-
tainty to be due to calcium, it becomes likely that the band is
due to the same substance, and as the central dark line of H is
also a calcium line, it might perhaps be safe to attribute the H
band to the same metal, though in neither case is it well to be
too positive in the assertion, for it is somewhat peculiar that the
bands and lines appear together in the solar spectrum. If the
same substance produces both, and each requires different condi-
tions, possibly of temperature or pressure, for its production,
these conditions must presumably exist at different elevations
above the photosphere.

The question now arises whether the bright lines in the promi-
nence spectrum agree in position with the dark lines at the cen-
tres of the H and K bands. Only one or two of my prominence
spectra happened to be given the proper exposure to bring out
both the bright and dark lines, but in these the coincidence is
fairly satisfactory. I have not as yet, however, been able to ob-
tain the wave-lengths of the dark lines in hundredths of a tenth-
metre, but Professor Rowland’s determinations of wave-lengths
for the corresponding calcium lines will answer nearly as well.
These have been given in the third column of the table of wave-
lengths. It will be seen that in the case of H the prominence line
is 0.05 tenth-metres more refrangible, while at K the prominence
line is 0.06 tenth-metres less refrangible. Professor Rowland
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considers his values correct within 1 or 2 hundredths tenth-
metres, while the probable errors in the position of the promi-
nence lines, deduced on the assumption of equal.weights for the
wave-lengths given by each of six plates, are 0.021 and 0.036
tenth-metres for H and K respectively. On the whole, then,
there can be little doubt that these prominence lines are due to
calcium, and are therefore probably true reversals of the central
dark lines of the H and K bands.

It will be of interest next to consider briefly the character of
these two prominence lines. In all cases they are quite narrow
and sharp, except when motion in the line of sight has produced
broadening or distortion. In seven photographs made with a
radial slit both lines gradually become narrower as the distance
from the limb increases, and have a pointed appearance. This
might be due to an actual decrease in the width of the lines, but,
as there is usnally a certain increase of intensity toward the
limb, the effect may be purely photographic. In several plates,
however, there is so little change of intensity that the widening
can hardly be due to this cause. The arrow-head appearance,
%0 frequently seen with the C and F lines, is often shown when
the slit is radial. A rather curious appearance has been found on
three plates made with radial slit, and in the two which best
show the effect thereis a very sudden decrease of intensity in the
upper part of the lines. Instead of becoming narrower toward
the top, the lines seem to expand symmetrically on either side,
and the edges become hazy and indistinct. As in the case of the
pointed lines, there is also an expansion toward the limb, but
here the edges are clearly defined. The arrow-head appearance
is shown in two of these plates. With a tangential slit two
plates show the lines expanded at the ends, and in one plate they
are pointed. Though in most cases the forms of H and K are
very similar, there is a single instance where K is shown sharply
double in the fainter portions at each end of the line, and at one
end the components seem to diverge slightly. That this is not
the result of poor focusing is attested by the sharpness of the
lines in the background of solar spectrum; at the same time the
appearance is hardly that of an ordinary reversal. One further
peculiarity will show that it is safest, for the present at least, not
to draw any conclusions from such appearances as have been
noted. In a certain position of the mirror of the measuring
machine the illumination was such that the edges of the radial
black lines appeared bright, while the Fraunhofer lines of the
solar spectrum were also bright, as with ordinary illumination.
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Ome of the negatives, in which H and K were broader and fainter
at the top, brought out the effect particularly well. The central
dark line extended two-thirds of the distance to the top of the
prominence, and in the upper part it was excessively narrow and
delicate, Lower down it gradually widened, until at a point
very near the limb the widening became much more rapid, and at
the limb itself the line was nearly as wide as when seen under
ordinary conditions.

A paragraph from Dr. Schuster’s report on the results ob-
tained with the spectroscopic cameras at the total eclipse of
August 29, 1886, seems to refer to a somewhat similar appear-
ance. Speaking of the photographs of the coronal spectrum, Dr.
Schuster remarks*: ‘“ A bright line shows black on the negative,
and is bounded on both sides by an apparently lighter back-
ground. This is a well-known contrast effect. The H and K
lines, for instance, seem to be surrounded by a lighter band,
which follows the contour not only of the lines, but also of the
wing by the side of the prominence. If, now, a Fraunhofer line
happens to be by the side of a bright line, the contrast is
strengthened, and both the bright and the dark lines appear
more distinctly than they otherwise would. This is the only
simple way in which I can explain some of the appearances of
the photographs.” The first part of the quotation is all that
concerns us at present, for in the negative which I have men-
tioned as showing this peculiarity particularly well, the Fraun-
hofer lines are hardly visible above the limb, and none appear
within the dark bands at H and K. As Dr. Schuster does not
speak of the illumination, I assume that the appearance was
generally seen, and this constitutes another point of difference.
A penumbra formed by light reflected from the back of the plate
would probably extend but little higher than the central line, but
in the future plates backed with a dyed collodion film will be
employed to obviate any effects of this kind. No entirely satis-
factory explanation of the peculiar appearance of these lines has
as yet suggested itself.

But on another point there is little room for doubt. The
bright H and K lines certainly extend to a very considerable
elevation above the sun's limb, and it is extremely probable that
calcium is carried to the very top of the highest prominences.
With the improved apparatus to he used in a continuation
of this research, I hope to be able to ascertain the relative
heights of various lines in the prominence spectrum. For in-

T * “Phil. Trans.” Vol. 180 (1889), (A.) p. 329.
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stance, while a photograph is being made of H and K, the height
of C in the same prominence can be measured with a micrometer.
The comparative observations and photographs made up to the
present time suggest the belief that calcium attains the highest
clevations reached by hydrogen, and the remarkable brilliancy
of H and K at the eclipse of 1882 attest the importance of cal-
cium in the prominences. Dr. Schuster is of the opinion that the
coronal spectrum contains calcium injected by the rrominences,
and this may only very gradually descend again to the level of
the photosphere®*. This supposition seems a very plausible one,
and if it be at the same time considered probable that the H and
K bands and their central lines are produced by the same sub-
stance, the possibility is suggested that the broad dark shades
mavy_ be caused by the absorption of the cooler vapor at a consi-
derable elevation, while the absorption near the photosphere
gives rise to the narrow central lines. This view need not neces-
sanlv conflict with a belief in a shallow reversing layer, where
absorption ordinanly takes place, for the H and K bands are
oaique in the solar spectrum. It rests, however, on somewhat
mmsecure foundations, and cannot be credited with much weight.

On account of the dark shades at H and K it has proved quite
easy to photograph prominence forms with an open slit. With
other prominence lines the brilliancy of the background is much
mcreased when the slit is opened, but this is not the case with H
and K, and it is often possible to use a slit nearly a quarter of an
mch wide. The fourth order spectrum has been employed for this
work, and the best results are obtained with an exposure of
about one second. It is considered that great advantage will
result from a material reduction of this exposure, as the disturb-
ances in our atmosphere have as yet made it impossible to secure
the finest details of structure.

It is of interest to note, however, that the first photograph ever
taken of the rapid development of a prominence was made in this
way by my assistants on July 8, 1891, at 23® 55™ Chicago M. T.
As at first observed through C, the prominence was low, but very
bright, and changing rapidly. A great tongue moved rapidly out
to an clevation of about 80,000 miles, and at this time the ex-
tension was photographed through H and K. In fifteen minutes
the prominence had returned to its original form. A reproduction
of the photograph is given in the August number of the * Ameri-
can Journal of Science,” and though much has been lost in the
printing process,some idea of the actual appearance of the prom-

® *Phil. Trans."” Vol. 328.
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inence may be gained.* A new apparatus for photographing the
prominences is now being constructed as the outcome of my in-
vestigations on this subject, and this is expected to do away with
many of the difficulties previously encountered. It will consist of
two slits, moved in opposite directions across the ends of the
stationary collimator and observing telescope by means of a
peculiar form of clepsydra. The sun’s image and photographic
plate will be stationary, and the apparatus is thus to be con-
structed on the principle of the second method devised by myself
in 1889, but so altered as to avoid the defects of the original
scheme. }

Decision must be reserved for the present as to the line at
2 3970.11. The wave-length has been determined from four
plates, but as the line is not far from where a ghost of H should
fall, I cannot be certain that it belongs to the prominence spec-
trum. At the same time it is very much brighter than any other
of the seven ghosts of H and K, and its position with respect to
H is not symmetrical with that of the first ghost on the opposite
side of this line, while in the case of K the ghosts are very regu-
larly spaced. My assistants report that they were able to see
H very plainly double in a brilliant metallic prominence observed
July 27, and on several occasions Professor Young has made out
the same thing. The agreement in wave-length with Ames’
hydrogen line at 3970.25 is by no means satisfactory, and more
observations and measures are required before a conclusion can
be reached.

No one can doubt that the next four prominence lines are mem-
bers of the well-known hydrogen series, for their agreement in
wave-length with the values given by Ames is certainly very
striking. Cornu’s measures show considerable differences, as do
also those of Dr. Huggins, but the emall dispersion employed by
the latter in this investigation must be borne in mind. There can
be little question that Ames’ wave-lengths are very near the
truth, for they almost exactly correspond with those calculated
by Balmer’s formula. The measures of the prominence lines also
serve to confirm them.

The remaining prominence line at 4 3888.73 has not been ac-
counted for. It forms a close double with the hydrogen line at
at 1 3889.14, and with it attains as great elevations above the
limb as those reached by H and K. The character of the lines,

* See also Plate I1I.

t For previous papers on prominence photography see—* Technology Quar-
terly,” Vol. 111, No. 4, 1890. * Astronomische Nachrichten,” Nos. 3006, 3037
and 3053. *Sidereal Messenger,” June, 1891. **Amer. Jour. Sci.,” August, 1891.
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however, is quite different, for while the hydrogen line is wider,
and slightly diffused the line at i 3888.73 is very narrow and
sharp. I have seen no statement that the hydrogen line has
shown any signs of duplicity, and, as Mrs. Huggins has had the
kindness to examine the corresponding line in some very sharp
photographs of stellar spectra with the same result, we have
reason to consider an independent origin probhable.

The results so farobtained can only be regarded as preliminary,
for with the improvements now being carried out in the telescope
and spectroscope, and the much greater frequency of metallic
eruptions as the maximum sun-spot period is approached, it is
certainly to be hoped that many more lines will be photographed.
The ultra-violet spectra of sun-spots have also been worked upon
with some indications of success, and there will evidently be no
lack of opportunity in the new and interesting fields thus opened
to investigation.

LoxpOX, August 13, 1891.

NOTE ON THE CHROMOSPHERE SPECTRUM.*

PROFESSOR C. A. YOUNG.

'ith the new spectroscope of the Halsted Observatory, which
has a 5-inch Rowland grating of 20,000 lines to the inch, I have
repeatedly observed of late that the bright chromosphere line,
Angstrém 6676.9 (No. 2 in my catalogue of the chromosphere
lines), is not coincident with the corresponding dark lire of the
solar spectrum, but is less refrangible by about one-third of a
unit of Rowland’s scale. This chromosphere line, therefore, can
no longer be ascribed to iron, but must be due to some other sub-
stance as vet undetermined.

I think there can be no doubt as to the non-coincidence. The in-
terval between the bright and dark lines varies to some extent
with circumstances, being usually less in the chromosphere spec-
trum on the sun’s eastern limb than on the western, and it is
often affected by motions in the line of sight, but nine times out
of ten the want of coincidence is perfectly obvious.

I may add that I have also obtained a considerable number of
photographs of the ultra-violet spectrum of the chromosphere
with the new instrument, and get complete confirmation of al-
most all Mr. Hale's results. I find not only the constant reversal
of the H and K lines, but I ha::s obtained, so far, five of the ultra-

* Nature, Nov. 12, 1891.
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violet series of hvdrogen lines; the fitst of them being the well-
known “companion” of H (first visually observed by myself in
1880), and the other four in their regular succession above it.

The only point in which my plates fail to confirm Mr. Hale's is
that I have not yet succeeded in catching the duplicity of the hy-
drogen « (3889). Several of his plates show at this point two
lines near together; none of mine do so, and I conclude that the
companion line makesits appearance only rarely. I first observed
this line visually in 1883 (American Journal of Science, Novembher
1883), and it has since been often seen by my assistant, Mr. Reed,
as well as by myself.

Of course the opinion is no longer tenable that H and K can be
due to hydrogen, since the measures clearly show that the com-
panion to H belongs to the hvdrogen series. But I am still scep-
tical whether they are due to calcium, at least in its terrestrial
condition.

PrINCETON, N. J., Oct. 20, 1891.

NEW RESEARCHES ON THE SOLAR ATMOSPHERE.*

M. H. DESLANDRSE, PARis OBSERVATORY.

I have been commissioned by Admiral Mouchez to inaugurate a
new department at the Paris Observatory for spectroscopic in-
vestigations, which form the most important branch of physical
astronomy, and I have directed my efforts in part toward the
study of the Sun. I have the honor to present to the Academy
the first results obtained in this new direction.

Method—Apparatus. 1 have studied the atmosphere of the
Sun in a part of its radiation not yet explored. Every day in
many observatories, the chromosphere and the prominences are
observed by the method of M. Janssen, but with the eye only,
and in the brightest part of the visible spectrum, the red, the yel-
low and the green. Now I have applied the same method in an-
other region of the spectrum, which is barely visible, or even
invisible, but easy to photograph, and which includes the blue,
the violet, and a part of the invisible unltra-violet, as far as 4 380.

The instruments employed are the following: 1st. The sidero-
stat of Foucault, which, in the estimation of its illustrious de-
signer, was especially suited to solar work; 2d. An old 12-inch
objective by Lerebours, which 1 have corrected for the chemical

* “Comptes Rendus de I'Académie des Science,” 17 August, 1891,
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rays by separating the two lenses; 3d. A plotographic spectro-
scope with 1, 2 or 3 prisms of light flint.

Results. In spite of the small dispersion used I have obtained
the permanent lines of the chromosphere in the blue and violet,
obeerved with the eye by Professor Young from the summit of a
bigh mowntain, i. e, the G’ and 4 lines of hydrogen, and H and K
of calcium. Bnt by photography the intensities of these lines
present some important differences. The H and K lines, which
are at the limit of visibility, are recarded by Professor Young as
thirty tumes less intense than the line G’ of hydrogen. Now the
sumerous photographs made on the entire limb of the sun during
the months of May, June and July, 1891, show clearly the lines
of calcium much longer and mare igtense than the lines of hydro-
gen; they are often stromg when the hydrogen lines are very
faint.

Besides this I have also ohtained the permanent faint line a
little less refrangible than H, and recorded in Professor Young’s
hst with the remark, ‘“‘element unknowan,” but I have identified
this line as one of hydrogen, by direct comparison with a Geissler
Finally, in the invisible ultra-violet region, I have obtained tweo
pew permanent lines which correspond with the first two lines of
hydroges in Dr. Huggins’ stellar series.

But the most important result is the marked predomma.nce af
the lines attributed to calcium. The corresponding vapors rise
higher than do those of hydrogen, a fact which overthrows the
accepted ideas on the composition of the solar atmosphere. This
result is less astonishing when it is considered that the H and K
lines are the broadest in the ordinary solar spectrum, and should
consequently be very strong in the absorbing layer. It is more-
over, in accordance with the great exteusion of these same lines
shown in photographs of the corona spectrum made during the
eclipses of 1882, 1883 and 1886 by Messrs. Abney and Schuster.*

Another property of these bright lines of calcium, important
from a practical point of view, is the possibility of obtaining them
with a very low dispersion. The great width of the black back-
ground on which they are projected gives them this advantage,
ard even partially explains their great extemsion. With the
hydrogen lines, on the contrary, the discovery of the proninences,

*.On a high mountain, and with an apparatus of low dispersion, the bright
§mes of calcinmr will be still longer, and thus the corona, properly so called, will
be obtained. The distinction between the corona, the chramosphere, and the
promimences is entirely relative, and depends upon the region of the spectmm
aceaxdevod, aasd the conditions of the experiment.
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as is well known, was delayed for two years by the insufficient
dispersion of the apparatus employed.

I have the honor to present to the Academy several photo-
graphs of these calcium reversals. One of these shows a promi-
nence at 311°, June 18, 2* 55™ M. 1., moving with a gyratory
motion. One extremity approaches the earth, in fact, with a
velocity which, determined from the photograph according to the
principle of M. Fizeau, is about 62 kilometres, the other extrem-
ity with the smaller velocity of 25 kilometres. The direction of
the rotation (a point worth noting) is that of the Sun’s rotation.
The laws of storms in our own atmosphere apply also to the at-
mosphere of the sun.

Photographic Record of Form and Velocity. —These photo-
graphs require a maximum exposure of two seconds. They can
serve for a regular and rapid study of the movements at the sur-
face of the sun, movements which, according to certain ideas now
in vogue, are supposed to have an influence on the terrestrial
atmosphere. The forms of prominences may also be photo-
graphed. »

Mr. Hale, who has long been engaged in investigating this last
question, has proposed several very ingenious methods for photo-
graphing prominences with a narrow slit; but these methods ap-
ply only to single prominences, and not to the entire circumference
of the sun; besides, they do not give the velocities. I have
devised an entirely different arrangement, which may be described
as follows:

The spectroscope, which may be of any form, turns continuously
around an axis passing through the center of the sun’s image,
and prolonging the optical axis of the objective. The middle of
the slit is on the limb of the sun, all points of which i} meets suc-
cessively by the rotation of the apparatus. Before the photo-
graphic plate is placed a fixed slit, which corresponds with the K
line of calcium. Moreover, the plate is movable, in such a way
that a displacement of the plate corresponds to an equal displace-
ment of the middle of the slit. This result is secured by simple
gearing. If then the spectroscope rotates steadily with a suitable
velocity, a band equal in length to the circumference of the sun
is obtained on the plate, which shows all the prominences with
their exact forms. But the velocity of the prominences is not
given by this process. It is also necessary to give to the appar-
atus a series of rapid rotations, separated by periods of two
seconds, in such a way as to have on the plate, for example, 200
equidistant sections of the chromosphere on the whole circumfer-
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ence of the sun. Each section requiring about three seconds, the
whole can be made in ten minutes. If, moreover, the plate is re-
placed by a pigee of sensitive paper rolled on a cylinder, and the
movement of the spectroscope made automatic, a simple appar-
atus will be obtained which will register continuously the form
and velocity of the incandescent masses at the surface of the sun.

ON THE ENORMOUS VELOCITY OF A SOLAR PROMINENCE,
OBSERVED JUNE 17, 1891.*

JCLIUS FENYI, DIRECTOR OF THE HAYXALD OBSERVATORY, KALOCSA, HUNGARY.

On June 17, at 5 30™, Paris mean time, a group of spots in
course of development, was seen at 21° latitude, and, according
to our calculations, it would pass around the western limb of
the sun at 282° from the celestial pole. The phenomena ob-
served in a group of prominences at the same place form the
snbject of this communication.

An elevation 18” high and of a dazzling brilliancy, extending
from 278° 32’ to 281° from the celestial pole, was with the flame
at 282° 42, the seat of an excessively violent eruption.t

After 5® 42 p. M., Kalocsa mean time, or 4® 36®, Paris mean
time, the detached parts of the group in question reached the
considerable elevation of 109”. As yet the whole complex mass
revealed neither motion in the line of sight nor motion of ascent,
except the point of the chromosphere at 282° 42’, where the light
spread itself outside the slit toward the red.

The violence of the erpution was shown not only by the great
brightness of the red line 6677, but also by the fact that the
lower parts of the prominence were visible in this metallic line up
to the height of 13”; their brilliancy was equal to that of or-
dinary prominences in the C line.

After 6, Kalocsa mean time, the point at 281° shone with so
great a brilliancy, that its reddish light seemed to become white;
an enormous displacement of the light of the spectrum toward
the blue, at a medium height above the sun’s limb, indicated at
the same time an approach of the hydrogen in our direction, with
a prodigious velocity.

The line, that is to say, the image of the slit, appeared com-

¢ *“Comptes Rendus de I’Académie des Sciences,” 17 Au, , 1891,
t On the same day, and at the same place on the sun, M. Trouvelot observed

the “luminous phenomena” published in the Note in the Comptes rendus,
V.CXII, p. 1421.
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pletely free from reversal; the entire form was outside the line on
the side toward the blue, and was composed of luminous fila-
ments directed along the spectrum and changing,in appearance,
shining like lightning when I drew the image above the slit.

I measured the extent of the displacement by means of a filar
micrometer, and, after having carefully determined the dispersion
in this region I obtain the enormous velocity of 797 kilometers
per second. New measures were taken: they gave 890 kilomet-
ers per second as the maximum velocity.

I commenced at that time to determine the height of this mov-
ing mass, causing. the prominence to pass over the slit, and ob-
serving the trausit of both the top and the lower extremity.

The result of seven transits, observed in rapid succession, gives
an interesting illustration of the progress of the phenomenon:

. Velocit
, Height on the Limb, Extent of the Ascent per sec. towar
Transits. Lower’ Part. Sumt}}it. olg’mn. 9,1 T me, us per l‘set:om!
m.
) O 182.7 337
: ' — 16.3°
) § CR 61.8 199.0 137.2 ——
. . 454 18.0
ITI....cocuveeead 107.2 217.0 109.8 ——
— 2T
IV —— 214.3 . — L —
35.6 8.2
Vetrerrmreaeesimmer— 222.6 —_— ——
13.8
4 GO 142.8 236.8 93.5 —
9.3 20.6
L' § ST 152.3 256.9 104.6 449

We thus see that a suspended column, measuring 111” from
top to bottom, rose almost vertically in a single mass and with a
prodigious velocity to a height of 2667.9. The velocity with
which this same mass advanced toward us was also enormous,
for the image remained all the time outside the C line; the image
of the slit was entirely dark. The displacement of the top, meas-
‘ured with the micrometer before the first and during the last
transit gave for the elevation indicated in the table the enormous
welocities of 837 kilometers and 449 kilometers per second. The
lower parts showed a still greater deviation than that of the top.

It is impossible for e to follow with exactness the progress of
the ascent in all its phases, because we could not determine pre-
cisely at what instant each of these phases occurred; but we can
at least indicate the mean velocities quite accurately. During
each transit I eounted only twenty seconds; we can thus safely
assume that no one of these observations lasted longer than
thirty seconds. As the prominence traversed, during the seven
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transits, or in 210 seconds, the distance 79’ 2”,* it must have
nisen with a mean velocity of at least 485 kilometres per second.
Its lower extremity rose more rapidly, if we rely on the first
measures taken; however, its progress was evidently retarded,
while the top seemed rather to rise with a constantly increasing
velocity.

This same mass also possessed a velocity by no means insignifi-
cant in the third direction; that of the meridian. According to
the data obtained, this velocity would amount to abeut 100 kilo-
metres per second; but this figure, which does not rest upon
aact measures, is of little importance in comparison with the two
components we have just discussed.

If we consider these two components as simmultaneous—a sup-
position, moreover, which is well warranted by the phenomena
mentioned — we obtain, in uriting them into a single resultant,
the prodigious velocity of 1014 kilometres per second, without
counting the third component, which is uncertain.

As the component in the line of sight alone so greatly surpasses
the potential of the sun, we may conclude that the sun can even
now project into space matter which will never return to it.

These observations demonstrate as well that it is impossible to
explain according to modern theories the immense disturbances
which take place in the atmosphere of the sun by a flow of gas
from the interior of the globe.

We are led by these considerations to admit of forces other than
atomic motions during the expansion of the gas. Why may we
not have recourse to electrical forces, well known by experiment,
and which nevertheless produce mysterious results in nature,
either by their sudden and unexpected appearance, as in fire-balls,
or by their unlimited power in storms ?

It is worthy of remark that this region on the sun appeared again on July
1, at the eastern limb, in the same state of violent agitation. At 9® 40=, Kalocsa
mean time, a prominence appeared, extending from 70° 40’. to 72° 14’ from the
cddestial pole, or at 4+ 16° 2’ heliographic latitude. It was of medium height, and
of dazzling brightness; it was very near the spot, which it partly covered just as
the spot came into view. (One point in the mass, at 71° 16’, was the source of a
continuous spectrum; a faint band of light extended across the whole field of
view; a novel sight which lasted several minutes.)

The light deviated beyond the edge of the slit in the whole extent of this
region, toward the red and the blue at the same time. The corresponding veloc-
ities were 134 kilometres per second in one direction, and 181 kilometres in tke
opposite direction.

*This is evidently a misprint in the “ Comptes rendus,” but in a copy of the
paper received from the author it is not corrected. As will be seen f‘:-om the
table, the total ascent of the top of the prominence was 74”.2. G. E. H.

r 4
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The form of the prominence, which rose immediately to 45”, was casily visi-
ble in the red line 6677,in the D, and D, lines up to an elevation of 11/, and in the
lines b, b, and b, to a height of 12”7, Other metallic lines were not reversed; the
quite common line of barium at 6140.4 was missing,and even the corona line was
hardly visible; a surprising fact, when the violence of the eruption is considered.
Similarly, the number of lines which I observed on June 17 was not in proportion
to the other phenomena.

NOTES ON SOME RECENT SOLAR DISTURBANCES.*

(1) The bright Solar Prominence of 1891, Sept. 10.

REV. WALTER SIDGREAVES,

The early part of September was marked by a great revival of
solar activity. The largest group of spots witnessed since June,
1885, crossed the sun’s disc between Aug. 29 and Sept. 10, in ap-
proximate solar latitude 22° N. Its first appearance on the east-
ern limb was sketched on Aug. 29 in latitude 21° N, and its
transit over the western limb was observed both on the screen
and in the spectroscope, on Sept. 10, in latitude 22° N. A com-
paratively small but compact prominence of great brightness was
seen through the latter instrument at 0.40 G. M. T. It attained
its greatest height, about 35" of arc, at 1.50; when it assumed
the appearance of four blowpipe-jets intensely bright at the bends.
This appeared to be the time of its greatest activity, judging
by its dimensions, brightness, and rapidity of change. It was
watched until 2.15, when the observer had to leave it, and at his
return at 3.5 no prominence was visible; but its place on the limb
was distinctly marked by the intensity of all the bright lines
which had been observed during its appearance: the prominence
as such was extinct. Twenty-six bright lines had been counted in
all. And of these the usual lines of the chromosphere,C,F, gand D,,
were 80 greatly intensified that the most inexperienced observer
could not have failed to see the form of the flame by any one of
these colors. The well-known lines in the red, 7055 and 6677 of
Angstrom’s scale, and D,, D,, b, b,, b,, b, and h were seen bright
almost quite up to the extreme height of the prominence; while
the remaining 13 lines glowed only up to about half the average
height of the chromosphere. These were not accurately identified
but 9 of them were seen between 2 5300 and 5400, and probably
belong to the group of iron lines in that region; the other four
were seen between the bb group and F.

* From The Observatory, October, 1891.
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A careful measurement of the spot drawing made earlier in the
morning shows that a strong nucleus of a spot group was exactly
upon the limb at the time of the spectroscopic observations.

A more detailed account of the group of spots, as observed dur-
ing its passage, may be given later.* But in connection with the
bright prominence it must be noted here that the entire group of
spots may be divided into two parts—a preceding and a follow-
ing sub-group. The first of these was not observed on the limb.
It was well over it on the morning of the 10th of September. The
preceding part of the following sub-group appears to have been
the seat of the observed disturbance, and this was the most act-
ive center of the whole group during its passage over the solar
disc. Both of the sub-groups were examined with the spectro-
scope on Aug. 30, Sept. 3 and Sept. 4; when nothing unusual
was discovered in the first, while the preceding part of the fol-
lowing sub-group gave evidence of great activity by reversion,
distortion, and widening of the C line, on all the three days of ob-
servation.

The terrestrial magnetic field may be described as generally
more disturbed during the progress of the spot than in the pre-
ceding month, and notably at the beginning and end of its course.

But there are no indications of magnetic disturbance accom-
panying the solar eruptions seen through the spectroscope.
Even the brilliant display on the western limb, of the 10th, has
ldt nothing that can be considered a record of itself on the mag-
petograph curves.

STONYHURST OBSERVATORY, Lancashire.

(2) The Disturbances of 1891, June 17.

H. H. TURNER.

On 1891, June 17, 10" 9™ Greenwich Civil Time, M. Trouvelot
projected the solar image on a screen, when his attention was
suddenly arrested by an ‘‘extraordinary luminous appearance
such as he had never seen before.”

“Close to the western limb was a bright spot subtending an
angle of 3° on the limb greatly surpassing in intensity the most
brilliant faculze he had ever seen. The light was not white as in
faculze, but slightly yellow, very like that of an incandescent lamp
Just before it acquires its maximum brilliancy . . . ... A minute
later there appeared, a little north of this object, a narrow line of

*See paper by Rev. A. L. Cortie, 1891, Nov., Observatory p. 363.
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facula, parallel to the limb and at a little distance from it, and
subtending an arc of 5° to 6°, shining with the same kind of light
but not so brilliantly.”

After observing these phenomena for a few minutes, M. Trou-
velot adjusted the spectroscope on the region and found two
prominences, “one at 281° and the other at 286° to 290°.”” (No
further explanation of these figures is given in C. R., No. 25,
p. 1420, but from comparison with the photographs, to be pres-
ently mentioned, it is inferred that they are angles from N. point
in the direction N., E., S., W.). But it soon became evident that
the phenomena were diminishing in brilliancy; which was con-
firmed on removing the spectroscope and again mounting an ocu-
lar. ‘LA, ou quelques minutes plus t6t etincelait une si éblouis-
sante lumilre, on ne voyait rien d'inusité, pas méme la plus
fabiel trace de facule.” [We imagine that here M. Trouvelot is
referring only to the place formerly occupied by the bright light
at first noticed; and does not mean that the facula which ap-
peared a minute later had also disappeared: though this is not
quite clear from his words. We shall return to this point im-
mediately.] The spectroscope was replaced and the prominences
were found to have undergone some change, but to be nearly as
bright as before. Only a few lines were reversed, however: C,
D,, F, and G were very bright; but besides these there was only
4 6676.8, b, a line in the blue, and perhaps 4 4394.8. Nothing
was seen on D, and D,. M. Trouvelot continued to observe the
gradually diminishing spectroscopic phenomena till midday; and
again on June 18 from 9" 20™ till 2" 35®, when “le calme est
rétabli et toute trace de protubérance éruptive a disparu.” In
the afternoon of June 17, observations were made quite indepen-
dently by M. Jules Fényi, at Kalocsa. He refers to the disturbed
‘region (now marked by the facula alone?) as ‘“‘un groupe de
taches en train de se développer & 21° de latitude, qui allait, selon
notre calcul, franchir le bord occidental du Soleil & 282° du pble
céleste.” But his observations were confiined to the neighbor-
ing prominences, whose enormous velocity in the line of sight
struck him at once. Careful measurements gave as the value of
this velocity 300 to 400 kilometers per second; and the rapid de-
velopment of the prominence from a height of 111" to 257" indi-
cated a velocity of about 500 km. per second transverse to the
line of sight. The resultant velocity, even allowing only a mod-
erate component in the third direction, may have at times reached
1000 km. per second! If the appearances are due to matter in
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actual motion with such velocity as this, it would of course
escape from the Sun's attraction.

In concluding his account of the phenomenon, M. Trouvelot
compares it to that simultaneously observed by Carrington and
Hodgson (Monthly Notices, XX, pp. 13-16) on 1859, Sept. 1,
which was accompanied by marked magnetic disturbances; and
be asks whether such was also the case on Sept. 17. On examin-
ing the Greenwich photographic records, we find a very minute,
though unmistakable, disturbance at almost precisely the time
noted by Trouvelot. It is not quite clear from his account
whether he began observing at 10" 7 (10" 16™, Paris time), or
whether the bright spot suddenly appeared then. But it is clear
that the disappearance was very rapid, and the whole phenome-
gon very short-lived. Now at 100 7@, within a very small limit
of error, there was a sudden small disturbance of all three mag-
nets (registering declination, horizontal force, and vertical force),
aswill be seen from the appended diagram for 2 of the elements.

DECLINATION.

!

. !
| WAL .
rv""f it ek

HORIZONTAL FORCE.

The disturbance is smaller than many others on the same day,
although the day itself was very quiet; but it differs from others,
one of which (at about 3")is shown for comparison in its abrupt-
ness, which is clearly shown in all three curves. The change in
declination is only about 1’,and in H.F. 0.0005 of the whole H.F.
We may compare with these the change of 17’ in declination, and
0.0064 of the whole H.F., which took place on 1859, Sept. 1,
simultaneously with the Carrington-Hodgson disturbance, and
the tremendous magnetic storm which went on for some days,
during which the changes were much larger still; and it becomes
obvious that the phenomena of June 17 were of an entirely differ-
ent order of magnitude.
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Two photographs of the Sun were taken at Greenwich curiously
near the time of M. Trouvelot’s observation—one at 10® 19™ 53*
G. C. T., and another at 10" 51™ 53%. Both show the facula
described by M. Trouvelot, but there is no trace of anything
extraordinary; nor, indeed, should there be, according to M.
Trouvelot’s account, for the brilliant region had disappeared
within a few minute safter 10" 7™,

RECENT RESULTS IN SOLAR PROMINENCE PHOTOGRAPHY.

GEORGE E. HALE.

Since the presentation of my last paper on this subject at the
meeting of the British Association, solar work has become of
much more general interest on account of the publication of two
~ valuable papers by M. Deslandres and Professor C. A. Young.
The first of these appeared in the ‘‘ Comptes rendus” for Aug. 17,
1891,* and described M. Delandres’ investigations at the Paris
Observatory. Professor Young’s ‘‘Note on the Chromosphere
Spectrum’’t was first printed in Nature, Nov. 12,1891. In gen-
eral the results reached by both of these investigators go to con-
firm those already published by the writer.

I have recently had the pleasure of visiting M. Delandres at the
Paris Observatory, and he has very kindly shown me the appa-
ratus used in his research. I was much gratified to learn how
completely my results were confirmed with instruments of a very
different kind. In my last paper some hesitancy was expressed in
assigning the line close to H, and just above it, to hydrogen, but
at present there can be no doubt on this point. The opinion
already ventured that the line is due to hydrogen has been borne
out by photographs made here, in which the line is strong, and
none of the * ghosts’” of H and K are visible. The hydrogen lines
both above and below H are shown on the same plates, and,
apart from the ghost question, there would be no reason toexpect
that the intermediate line of the series would be missing. More-
over, M. Delandres has photographed the same line with prisms,
in which case there could be no trouble from ghosts. Though his
dispersion was too small to allow of a crucial test, the exact coin-
cidence of the line with the corresponding one from a hydrogen
tube must be regarded as practically settling the matter, when it
is also considered that Professor Young has photographed the
same line with a grating almost wholly free from ghosts.

* See page 60. t See page 59.
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It is curious that in regard to theduplicity of the line hydrogena
(3889)* Professor Young's results differ so widely from my own.
He bas always found the line single, and therefore concludes that
* the companion line makes its appearance only rarely.” Out of
a very large number of photographs made at this Observatory of
the prominence and chromosphere spectrum, the line hydrogen a,
is shown in but eighteen. In eleven of these, made on five differ-
ent dates, the line is a sharp and beautiful double, and the duplic-
ity is certainly not the result of poor focusing or ghosts. Profes-
sor Rowland has examined the plates, and testified to this last
pomt. Of the other seven plates the duplicity is doubtful in three
owing in one case to the breadth of the line, in another to poor
focusing on the sun’s limb, and in the third to under exposure.
Two plates, the first made with radial slit on July 4, 1891, and:
the other with tangential slit on Oct. 20, 1891, (in the eruption
to be described presently) certainly show the line single, only the
gpper component (that due to hydrogen) being present. Certain
peculiarities in both of these plates should be mentioned. In that
taken with radial slit on July 4 a diaphragm cut off the light for a
short distance above the sun’s limb,so that only the upper part of
the prominence lines is shown. Strange to say, the hydrogen line
close to H is hardly, if at all, visible, while the upper component
of hydrogen «, is fairly strong. In most cases hydrogen e, is
absent if hvdrogen ¢ (near H) is not well developed, and this is so
generally true that the strength of hydrogen ¢ may be taken as a
criterion on which the presence of hydrogen «, depends. The pho-
tograph taken during the eruption of Oct. 20 is the only one so
far obtained in which hydrogen «, is shown at the same time that
the distortion of K indicates motion in the line of sight. Unfor-
tunately hydrogen ¢ was out of the field in this photograph, and
its relative strength could not be determined. These peculiarities
suggest a direction for future study, though it may be that they
have nothing to do with the question of duplicity.

In the remaining two plates of the eighteen which show hydro-
gen a, we meet with another condition which complicates the de-
termination of duplicity in these instances. Both exposures were
made with a tangential slit slightly overlapping the sun’s limb at
the point where the second eruption of Oct. 20 was subsiding.
The visible spectrum of the chromosphere at the time contained a
great many bright lines. In the photographs H, K, hydrogen ¢, ¢,

* Prof Young has snggested that for the sake of conformity with the publica-
tinas of Dr. Huggins and others, the Greek letters designating the ultra-violet
bydrogen serics be written with subscripts; thus the line mentioned above would
be a,. the subscript distinguishing it from a (C).
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and g, are strong, and the presence of other lines is suspected,
though the rapid widening of the strip of spectrum toward the
ultra-violet makes it impossible to be certain. H and K are re-
markably strong, and in one of the plates hydrogen «, also ex-
tends across and beyond the strip caused by the slit overlapping
the limb. In the center of the bright H and K lines the dark re-
versal is very prominent at the middle of the strip, but at the
edges the dark line disappears. Both H and K are thus single
and tapering at the ends, and expand at the center, where
they each enclose a dark line. But it is of interest to note that
hydrogen ¢, is affected in precisely the same manner, while hydro-
gen ¢ shows no sign of the central dark reversal. As the latter
line appeared, however, on only one plate, it would be hasty to
draw any conclusions at present. But in the case of hydrogen «,
we certainly seem to have a true reversal, for if the separation at
the middle of the strip were due to the duplicity of the line it
would extend to the edges, and this does not seem to be so. The
distance between the components of «, when double in the ordin-
ary way, as determined on a comparator, is about two-thirds
the distance .between the separated portions of the apparent re-
versal. Moreover, the upper component of «, falls exactly on the
more refrangible portion of the reversed line; thus the lower com-
ponent of- «, is probably not present, for if it were it would be
seen to overlap the dark center of the reversal. Itis hoped that
further photographs will provide material for a complete study
of this question.

When we examine the comporents of the double « line in a
number of plates, we find in almost every casz that the (more re-
frangible) line due to hydrogen is quite sharply defined at the
edges, and seems to fall exactly ujon a brighi space in the solar
spectrum. At times it is even difficult to be sure whether the line
is present, as under certain conditions the ultra-violet hydrogen
lines in a prominence are very faint, and the bright space in which
«, falls remains of sensibly the same intensity. The less refrangi-
ble component is nearly always tainter, broader, and less sharply
defined at the edges than its companion. It doesnot seem proba-
ble that it is due to hydrogen, as no trace of it has been recorded
in laboratory investigations of this spectrum. No evidence of du-
plicity of this line has been found in photographs of stellar spec-
tra, but up to the present time sufficient resolving power has not
bheen employed in this part of a star's spectrum. In two in-
stances hydrogen ¢ (near H) and hydrogen «, have been bright
through enough to show the form of prominences photographed
a widely opened slit.




George E. Hale. 73

'l' bcre seems to the writer every reason to ascribe both H and
K ‘n the prominences to calcium, at least in so far as we may de-
pend upon the coincidence of the lines with those given by cal-
cum in the arc, spark or flame. Negatives recently made here
show a most perfect agreement of the dark lines in the solar speéc-
trum with the bright lines in prominences not affected by motion
in the line of sight, and Professor Rowland, using enormous dis-
persion, has found the dark lines in question to coincide exactly
with the calcium lines given by short exposure to the arc. The
calcium line at 4 4226.3, though carefully searched for, has not
been found in the prominence spectrum, but Professor Rowland
has recently informed me that in appearance and behavior in the
arc this line is entirely different from H and K. Its absence from
the prominences is therefore not greatly to be wondered at. I
hope soon to determine the position of the bright H and K lines
with an observing telescope of twice the focal length of that now
emploved. At the same time I cannot share in the doubts ex-
pressed by Professor Young in regard to the origin of the lines,
and have little hesitation in ascribing them to calcium.

The relative intensities and heights of H and K have been com-
pared in a large number of plates, the result being that K is al-
most invariably more intense (and higher when radial slit is used)
than H. In one or two cases the intensities seem to be about
equal, or even incline toward a greater intensity for H, but this
is vet to be established. A prominence seems to have about the
same form in both lines, and distortions due to motion in the line
of sight in all plates so far examined differ but little. Where dif-
ferences exist, they may presumably be ascribed to the usually
greater brightness of K. These points are well illustrated in
Plate IV. The expansion of H and K where the base of a prom-
mence merges into the chromosphere has been mentioned in a pre-
7ious paper. A recent photograph supplements the evidence thus
afforded by the radial slit. In it the slit is tangential, and lies
across the chromosphere, just in contact with the limb, though
not overlapping it. On either side of the point of tangency a
prominence rose high enough to be cut by the slit. In the phote-
graph the chromosphere reversals are more than twice as broad
as the narrow and more sharply defined prominence lines.

In my last paper mention was made of a solar eruption photo-
graphed by my brother and sister, W. B. Hale and Martha D.
Hale, who were engaged in the regular work of the Observatory
during my absence. Inquiry was made of M. Tacchini, M.
Trouvelot, and others, but no record of the eruption other than
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that made here could be found. I have recently received a letter
from Herr Julius Fényi, S. J., Director of the Haynald Observa-
tory at Kalocsa, Hungary, which is of such interest in this con-
nection that, with his permission, a translation is given below :

“I think that it will be very interesting to you to learn that the
sudden formation of a prominence observed at your ‘scientific
institute’ on July 8, 1891, at 23" 45™, Chicago M. T., and men-
tioned in your very interesting article in ‘ Memorie degli Spettro-
scopisti’ on ‘The Ultra-Violet Spectrum of the Solar Promi-
nences,’ was by a singular chance also observed simultaneously
in Kalocsa. The observation was first possible, on July 9, at
7t p. M. Enclosed I send for comparison a copy of the drawing
of the form made at the telescope at the time. The height was
measured by means of transits across the slit between 70 41,m
and about 7" 6™, and found to be 204, in excellent agreement
with your determination of 80,000 miles. In the journal of ob-
., servations it is recorded that at 7" 19™ (Kalocsa M. T.) the pro-
jection (at 69°) had almost entirely disappeared, only a few very
faint fragments remaining. As Kalocsa — Chicago = 7" 6™ you
observed the uprush according to vour statement on July 9,
11* 45™, Chicago M. T. or July 9, 6" 51™ Kalocsa M. T. My
drawing and measure of position were finished at about 7" O™,
after which the transits were taken, which were soon disturbed
by clouds. The observations must thus have been made at ex-
actly the same time.

“This phenomenon, remarkable in itself for its unusually great
size, arouses a particular interest because of its relation to a
spot-group at that time on the other side of the sun. It is at
this remarkable place on the sun where, ever since May, such
magnificent phenomena and constant eruptions have happened.
I am just sending an article to M. P. Tacchini on the extraor-
dinary phenomena observed on July 24 at this place on the sun
(west limb). As this region passed over the limb on July 11,1
also observed an important eruption there; the point is marked
on the drawing (which accompanied the letter) by a red cross.
These places are of course given on the drawing only as the re-
sult of accurate calculation.

“1 therefore believe that the great prominence observed on
July 9 was the product of an eruption rising from this spot re-
gion, or perhaps not far from the nearest great spot, and that
what we saw was only that part of the far-reaching mass of
the prominence which extended above the sun’s limb. The fact
that I saw no metallic lines supports this view, as these usually
appear only at the base. If this great prominence had been at



George E. Hale. 75

the place of the eruption of July 11, it would have been distant
24°.6 from the limb; the reduction of its apparent height would
have amounted to 98”. I observed with a 7-in. refractor and
a 6 prism automatic spectroscope by Hilger, in the C line.

* The places mentioned are at the following heliographic pos:-
tions :

“Eruption of July 11, 4" 12= p. M. Kalocsa M. T.; hehographnc
latitude + 17°.2 to 22°.8; longitude 124°:

“ Prominence of July 9, 7" e. M.; latitude 21°.7 to 29°.8; longi-
tode 146°.”

Itis certainly a remarkable coincidence that simultaneous ob-
servations of an eruption lasting but about 15 minutes should
have been made from stations so widely separated. The more so
from the fact that the sun’s limb must be examined piecemeal by
the spectroscopist, and but a small portion can be seen at a single
position of the instrument. By a mistake in the paper mentioned
by Herr Fényi Central Time was recorded as Chicago Mean
Time. Adding the necessary correction it is found that the pho-
tograph reproduced in Plate III* for comparison with Herr Fén-
vi's drawing was made at 11* 55" Chicago M. T., or 7% 1™ Kaloc-
saM. T. It will be seen that the photographs made in H and K
though very poorly reproduced by the process employed, show a
stiking agreement with Herr Fényi's drawing. The photo-
graph, moreover, does what the eye could not do, for it shows
the part played in the prominence by calcium, while for the
drawing the hydrogen line C was used. A photograph of the
spectrum of the prominence with radial slit was made here at
11* 45™ Chicago M. T., or 10™ before that of the form. Hand
K are the only bright lines shown; even hydrogen ¢ (near H) is
absent. Both H and K are distorted toward the red, and indi-
cate a velocity of about 58 miles per second away from the
earth. Drawings were made here before, during, and after the
eruption. which was estimated to have lasted about 15 minutes.
Two hours later the form and spectrum of the remaining por-
tion of the base of the prominence were also photographed.
Very little remained at this time, but it is interesting to note that
m addition to H and K, hydrogen ¢ and «, (double) are present.
As they extend but a short distance from the hmb it is possible
that their absence in the photograph made during the eruption
may thus be accounted for, as the imb was then covered by a
diaphragm. The eruption seen by Herr Fényi on July 11 was
missed here on occount of clouds. The suggestion that the

*See plate preceding p. 17.
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eruption of July 9'had its origin in the spot-group which did not
arrive on the limb until July 11 does not seem an improbable one.
At the same time the absence of metallic lines is hardly a convinc-
ing argument in its favor, as they do not seem to be the invaria-
ble accompaniments of such eruptions.

On Oct. 20, 1891, I observed and photographed two interest.-
ing eruptions at 114°. At 10" 35" a. M., Chicago M. T.,' I was
looking for prominences with an annular slit, which allowed
about 90° on the limb to be seen at once, and suddenly noticed
some bright filaments at a considerable distance from the limb.
The annular slit was immediately replaced by the straight one
ordinarily employed. With this open to its fullest extent an ex-
plosive prominence was seen rising in detached vertical filaments
to an elevation of about 4’ 15”” or 107,000 miles. Light clouds
soon covered the sky,and photographs of the spectrum only were
made. The prominence, as observed through C, changed rapidly
in form, but no lines were seen in its spectrum other than C, D,,
and F, the latter being very faint. A line was seen for a short
time just above D,, and about one-quarter the distance between
D, and D, away from it, but it may have been a ghost of D,. In
the photographs of the spectrum only H and K are present,
hydrogen ¢ and «,, as might be expected from the faintness of F,
being absent. The distortion of H and K in all the photographs
is toward the violet, as isshown by the lower figure of Plate IV,*
which is enlarged about three times from the original negative,
without retouching. The velocity toward the earth, as measured
from the maximum displacement of K in this plate, is about 64
miles per second. At 11" 48™ I returned to the telescope, after
having been absent a few minutes in the dark-room. The great
filamentous prominence had disappeared, and in its place was
seen a long chain of bright prominences about 1’ high, which
changed rapidly, and showed some distortion in C. In the spec-
trum of the chromosphere at the base F was very bright, the b
lines reversed, but D, and D, were unaffected. A photograph with
the slit tangent at this point does not show hydrogen a, bright,
a point to be noted in connection with the unusual brightness of
F. K was of course reversed, but H and hydrogen ¢ were beyond
the edge of the plate.

Observations were resumed at 2% 15", when I was surprised to
find that the long line of low prominences had completely disap-
peared, giving place to a beautiful column rising to a height of
about 2’, and instantly reminding me of the eruption of a great
" geyser. C and D, were somewhat distorted toward the violet,
* See plate preceding p. 17.
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part of the prominence appeared like a cloud of spray blown out
by a violent wind; it was seen to be falling rapidly, and in about
fifteen minutes the end had met the chromosphere. The photo-
graph used for the illustration in plate IV was made at 2" 30™.
In reproducing it no retouching was allowed, so that though
much of the detail and contrast of the original negative were un-
avoidably lost, the result is a picture in which no personal bias
cuters, as it is the outcome of purely photographic processes. The
Jlustration is about three times the size of the original. It will be
scen that the image in H is not nearly as good as that in K,
probably on account of the greater brightness of the latter. The
form is very similar to that shown in a drawing made about the
same time through C. The slit was very wide, and even with the
convenient broad bands in this region of the spectrum proper
contrast was difficult to obtain.

At 3" 28™ the prominence was seen to be breaking up, and afew
minutes later the chromosphere at the base was found to contain
a great number of bright lines, including D,, D,, D, (brilliant), b,,
b.. b,, b, and many others. The photographs mentioned on page
00 as showing a, reversed, were made at this time. The sun was
so low that observation had to be given up at 4" 28™, and the nu-
merous chromosphere reversals could not be recorded. When last
seen the prominence was greatly broken up, and bore no resem-
blance to the form shown in the photograph made two hours
carlier. '

On the following day a group of rather bright faculee was seen
near where the two eruptions occurred. Two bright and thirly
active prominences were on the limb at the same position angle.
On Oct. 22 two spots with bright facule had advanced on to the
disc at this point. With a wide slit a small bright prominence
was seen on the disc near the larger spot, and extending over part
of the surrounding region.

In his paper in the “ Comptes rendus,” a translation of which
isgiven on another page,” M. Deslandres has objected to the
methods of prominence photography proposed some time ago by
the writer, because theyseem to apply only to single prominences
and not to the whole circumference of the sun. Of some of the
earlier schemes devised the criticism is a sound one, but when the
apparatus mentioned in my last paper is completed it is believed
that its_range will be much less limited. In a paper published in
1890 I;proposed that a series of photographs of prominences be

f //
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taken at equal intervals of time, thus giving a means of deter-
mining their velocities in two directions. For the velocity in the
third direction—the line of sight—a series of photographs with
ndrrow slit should be taken simultaneously with the others, the
exact time of exposure being noted in all cases. Thus the true
motion of a prominence may readily be determined. It is evident
that for motions in certain directions a correction for the effect of
aberration must be introduced, as M. Fizeau has pointed out,*
when the accuracy of the measures is great enough to require st.

KENWOOD ASTRO-PHYSICAL OBSERVATORY,
Chicago, December 14, 1891.

ASTRO-PHYSICAL NOTES.

All articles and correspondence relating to spectroscopy and other subjects
properly included in AsTro-Prysics should be addressed to George E. Hale, Keu-
wood Astro-Physical Observatory, Chicago, U. S. A. Autbors of papers are
requested to refer to page 96 for information in regard to illustrations, etc.

Dr. Henry Crew writes from the Lick Observatory of a very persistent promi-
nence observed there on Nov. 26, 27 and 28, 1891. It appeared on the western
limb of the sun, near the equator, just where two spots went off on Nov. 26. Its
changes in form were very gradual, and when last seen on Nov. 28 it appeared to
be breaking up. The spectrum of this prominence was photographed at the Ken-
wood Observatory on Nov. 26, but cloudy weather prevented us from taking any
photographs of the form, which would have been valuable for comparison with
Dr. Crew’s drawings. His observations were made with the 6-inch telescope, as
no definition is obtainable with the 36-inch during the daytime.

,l‘he reception given by Mrs. Henry Draper to the members of the National
Academy of Sciences on the occasion of its recent meeting in New York was in
every respect most enjoyahle. In the laboratory, so long used by Dr. Draper in
his spectroscopic investigations, Professor E. C. Pickering gave an illustrated lec-
ture on the recent advances in the work of the Henry Draper Memorial. Of the
magnitude and importance of this work nothing need be said here. Certainly no
better or more lasting memorial could be raised to a scientist.

The universal spectroscope just completed by Brashear for Professor Young is
probably the most perfect instrument of its kind in use. It is expected that a fully
illustrated description of it may soon be printed as one of the papers in our series
on “ The Modern Spectroscope.”

The Paris Observatory is to be congratulated on having a most efficient head
for its spectroscopic department in the person of M. Henri Deslandres. The work
already accomplished by this skillful investigator is of the highest order, and ad-
ditional important results may confidently be looked for in the course of his re-

"~ % Seeor* Comptes rendus” Sept. 7, 1891.
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seurches. In addition to his study of the prominence spectrum with the Foucault
siderostat some successful experiments have been undertaken on stellar motion in
the line of sight, and the four-foot reflector is being re-mounted for a continuation
of this work.

The spectrograph at the Potsdam Observatory has been dismounted for some
time, as the motions of all stars within the capacity of the telescope have been
already determined. An effort is being made to secure a 30-inch refractor with a
sew spectroscope, in order to include much fainter stars in the investigation.
Professor Vogel will probably visit this country during the coming summer to ex-
amine the construction of the Lick telescope and other large instruments.

Professor Rowland will soon publish a list of the wave-lengths of 1000 stand-
ard lines, to accompany his photographic map of the solar spectrum. Such a
kst will be universally welcomed by spectroscopists, as it will remove all the diffi
culties hitherto encountered in the use of the map. A third dividing-engine
for ruling gratings is just being completed and Professor Rowland already has
m mind a concave grating of so large a size that it can be used directly for stellar
spectra, without a telescope. If such an instrument could be made it would pos-
sss many important advantages. At present, however, a good 6-inch concave
grating is so difficult to obtain that we may have to wait a long time for any-

thing larger.

Tbe powerful carbon disulphide spectroscope at the Nice Observatory still
stands just as it was left at M. Thollon’s death. No one has yet been found to

take up the spectroscopic work at Mont Gros, and it does not seen likely that the
great map ot the solar spectrum, which was more than half finished by M. Thol-
lon, will be completed for snme time to come. M. Cornu is devising a new spec-
troscope, which will be fitted to the 30-inch refractor for stellar work.

Dr. and Mrs. Huggins, with their untiring energy, are at work on the visual
spectrum of the Great Nebula in Andromeda, and they hope soon to prepare a
paper embodying their results. Anyone who has examined this excessively faint
spectrum will appreciate the very great difficulty of the work. Dr. and Mrs.
Huggins observe independently, and each makes a full record in the note-book
without knowing what the other has seen. Thus entire freedom from personal
bias is secured. With the pain-staking care put into their work, it is not surpris-
ing that their observations have the highest reputation for excellence and relia-
bihty.

We bave recently received from Rev. Walter Sidgreaves, of Stonyhurst Obser-
vatory an enlargement on paper of the group b in the solar spectrum. It was
made with a 14,438 Rowland plane grating, and shows remarkably good defini-
tion. The scale is somewhat greater than that of Rowland's map, which is sur-
passed in the number of faint lines shown. In fact, some lines seem to be present
which are not found on Thollon’s great map of this region. But in spite of such
excellent definition *line No. 17 of Mr. Winlock's maps (Proceedings of American
Academy) is so faint on all my negatives that it can only just be discovered with
a very careful search.” Have we here an indication of varability in the intensity
of a line? It is almost to be expected that cases of certain variability would be
established if a sufficiently thorough and prolonged investigation were under-
taken. The endless variety of stellar spectra clearly indicate important changes

ing the process of evolution from nebula to star, and in the course of years we
may be able to draw valuable conclusions from variations in solar lines. In addi-
tion to gradual changes, it is by no means impossible that there may be tempo-
rary variations in absurptive power due to differences in spot or prominence ac-

tvity.
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CURRENT CELESTIAL PHENOMENA.

Our plan in conducting this department of AsTRONOMY AND ASTRO-PHYSICS
will be essentially the same as that pursued in THE SIDEREAL MESSENGER. We
shall aim to give notice, one month in advance, of the predicted phenomena for
each month, and also to state briefly the results of observations which are re-
ported.

It seems best to give the times of phenomena in civil time and to adopt the
standard time system in common use in the United States. Central time, which
will be generally used, is the time of the 90° meridian from Greenwich, which
passes through the ceutral part of the United States. The standard times of
rising and setting of the planets vary with the place of the observer. They are
calculated for the 90th meridian, and latitude 44° 28’. For other places not
differing greatly in latitude the approximate standard times will be obtained by
adding or subtracting the difference between local and standard time at the place
of observation.

The times of occultations of stars by the moon, wlich also vary cousiderably
with the latitude and longitude of the observer, are given in Washington time
for the meridian of Washington, the data being taken without change from the
American Ephemeris.

Ephemerides of comets will be given one’month in advance when possible. In
every case the latest and most accurate data available will be used.

PLANET NOTES FOR FEBRUARY.

Mercury during February will be west of the sun, and too close to the rays of
the latter to be seen with the naked eye. Daylight observations of its gibbous
phase may be obtained by those having use of large telescopes.

Venus and Jupiter are the two brilliant ‘“‘evening stars’ in the southwest,
Venus the more brilliant of the two. On the morning of Feb. 6, while they are
invisible from this part of the world, these two planets will be in conjunction.
They will be so close together that the unaided eye would be unable to separate
them, and possibly, if an observer on the other side of the earth is able to watch
them with a telescope, he will see an occultation of Jupiter by Venus. After this
Venus will move eastward, so that at the end of the month they will be about 20°
apart.

In another place Mr. Barnard calls attention to the fact that the newlarge red
spot, which lately appeared in the second dark belt south of Jupiter's equator,
has disappeared; also that the small dark spots on the edge of one of the north-
ern belts have developed into a new narrow belt. The great red spot became
more conspicuous this year than last and is now a striking object upon the
planet. There have been changes also in the white equatorial belt. A very
narrow dark belt was observed almost exactly on the equator on several nights
in September. On December 17 this was invisible but the whole equatorial belt
was far from white and was filled with dusky cloud forms, most of them curving
backward from the belts on either side toward the equator, and toward the east
limb of the planet. The great red spot and a small but brilliant white spot, just
skirting its southern edge, passed the central meridian of Jupiter together at
4:44 p. M., central time, Dec. 17,
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Mars will be visible in the morning, in the southeast, after 3 . M. He will in
February pass from the constellation Scorpio into that of Ophiuchus. He will be
a few degrees northeast of the red star Antares, which star, however, Mars ex-
ceeds both in redness and brilliancy.

Saturn may now be observed after midnight and in February will begin to be
in good position during the later evening hours. The accompanying chart will
give some idea of its path among the stars during the year. He is in the constel-
lation Virgo and will move westward until May 26, after which for the remain-

der of the year his motion will be eastward. In November he will pass near the
fine double star » Virginis.

- i . £
e v $ ¢
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s T - . ~ \\\Q\' T : ¢ .- .
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A ';’cor«vus" d
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1% 14% 15t 13%
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Uranus may be found farther down toward the eastern horizon after mid-
oght. His course among the stars for the year is platted on the same chart with
that of Saturn. Just now he is moving eastward but ou Feb. 9 will turn and
move westward until July 9, after which, his course will again be eastward for
the remainder of the year. He will thus pass three times very close to the fifth
magnitude star A Virginis. The three conjunctions with this star will occur Jan.
3, Mar. 20 and Oct. 14.

Neptane will still be in good position for observation during the early evening.
Neptune will be stationary in right ascension Feb. 15, and after that will move
sowly eastward. For chart of his path among the stars see SIDEREAL MESSEN-
CER, page 463, Nov. 1891.

wem e me =y

MERCURY. Py

Date R. A. 5 Rises. Transits. Sets.

1892, h m o h m h m h m

Feb. 5...... 19 55.2 —21 53 6 23 a. M. 10 54.0 A. M. 3 25p. M.
15...... 20 595 —19 03 6 34 “ 11 18.7 * 4 03 *
25...... 22 063 —13 56 6 38 11 460 “ 4 54 ¢

VENUS.

Feb. 5...... 23 25.0 - 501 8 40 A. M. 2 23.1p. M. 8 07 p. M.
15...... 0 09.1 + 013 8 2¢ 2 278 8 32 ¢
25...... 0 525 4+ 5 26 8 07 “ 2 31.8 ¢ 8 57

MARS.

Peb. 5 ....16 223 —21 02 2 46 A. M. 7 21.6 A. M. 11 57 a. M,
15......16 48.6 —22 03 238 “ 7 08.6 * 11 39 ¢
25.....17 153.0 —22 48 229 ¢ 6 55.6 * 11 22 ¢

”~ -
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JUPITER.

Date R.A Decl. Rises. Transits. Sets.

1892. h ° h m h m h m

Feb. 5.....23 271 — 4 47 8 40 a. M. 2 25.2p M. 8 10 p. »1.
15...... 23 354 — 3 51 8 06 “ 1 542 742 ¢
25...... 23 43.9 — 2 55 731 ¢ 1234 ¢ 715

SATURN.

Feb. 5...... 12 19 4+ 225 8 45 p. M. 2 58.1 A. M. 9 11 a. M.
15...... 12 00.0 + 2 40 8 03 * 2 16.8 ¢ 8 31 *
25...... 11 51.6 -+ 2 567 T 20 1352 7 50 *

URANUS,

Febh. 5...... 14 157 —13 5 12 04 a. M. 5 153 a. M. 10 26 1. M.
15...... 14 15.6 —13 4 11 21 p. M. 4 32.0 9 43
25...... 14 15.2 —13 2 10 42 * 3 523 9 03 *
* NEPTUNE.

Feb. 5...... 4 188 419 48 11 50 A. M. 7 16.2pP. M. 2 43 a. M.
15...... 4 187 419 18 11 10 * 6 36.7 2 03 °
25...... 4 188 +419 49 10 31 ¢ 5 575 * 1 24

THE SUN.

Feb. 5....21 16,7 —15 55 7 15a.M. 12 142p. M. 5 14 p. M.
15..... 21 55.2 —12 40 701 ¢ 12 143 * 528 *
25...... 22 33.6 — 9 04 6 45 “ 12 133 - 5 42 *

Configuration of Jupiter's Satellites at 7:30 p. m. for an Inverting Telescope.
Feb. 1 34201 Feb. 9 321 0 4 Feb. 17 30412
243120 10 30124 18 4130 2
3 43012 11 1032+4 19 42013
4 41 023 12 2013+ 20 4120 3

5 42013 13 1034e@ 21 40132

6 41023 14 O 1324 224321 0

7 40321y 15 32040 2343210

8 34201 16 3210 4 24 43012
The Satellites of Jupiter are invisible from February 24 until April 17, Jupi-

ter being too near the sun.

h m

Jan. 16 4 20
17 5 51
19 6 57
21 4 52
6 51

22 5 44
6 42

8 02

23 4 51
6 15

24 6 16
6 46

28 4 48
6 38

739

29 7 46
30 5 04
8 10

Phenomena of Jupiter’s Satellites. |

Ec. Re.
Sh, Eg.
Oc. Dis.
Tr. Eg.
Sh. Eg.

Tr. In
Sh. In

Tr. Eg.
Oc. Re.
Ec. Re.
Tr. Eg.

Sh. In
Tr. In
Sh. In

Tr. Eg.

Tr. In

Oc. Dis.
Ec. Re.

h m

Jan. 31 %+ 34
5 23

7 20

Feb. 4 737
6 6 20
7 502
6 36

8 4 3%
9 4 53
13 4 56
14 6 21
15 6 29
18 6 31
22 5 32
5 41

6 29

23 512
5 39

P.

Approximate Central Times when the Great Red Spot passes the Central
Meridian of Jupiter.

hm
Feb. 1 234pP.Mm. Feb. 7
8

2 830
421
08
09
51

3
410
5 6
6 1

.
““
““
.
“

9
10
11
12

330
917
508
109
6 45

hm h m
758 .M. FeD.13 238 p.
‘

o
"
“"
o
[

hm
M. Feb.19 7 33 p. a1,

14 825 20 324
15 416 ¢ 21 911 *
1610 03 * 22 502 “«
17 55+ 231255 “
18 146 24 6541 *
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Mr. Marth’s Ephemerides of the Satellites of Saturn.
[From Monthly Notices, Nov. 1891.]

In this table the times have been changed from Greenwich Mean Time to Cen-
tral Sandard Time. The abbreviations Rh., Te., Di., En., and Mi., stand for
the names of the satellites Rhea, Tethys, Dione, Enceladus, and Mimas. The
letters . b.c.d, and e, stand for conjunctions of the satellites in order as tollows:
With the preceding end of the outer ring; with preceding end of planet's equator-
ul diameter; with center of planct; with following end of planet's diameter;
with following end of ring. The letters n and s signify that the satellite at the
ume of conjunction is north or south of the point designated by the preceding
ktter; Sh. means that the shadow of a satellite is near the central meridian of
the planet; Ecl. D. and Ecl. R., the disappearance and reappearance of a satellite
at beginning and ead of an eclipse.

i 192, ' Jan. 1892, Jan. 1592, Jan. 189%€.
o 42pm Dida M0 5.0 pm Rh da 26 6.5um Tees 31 11.0 pm Titan an
64 Di eun 5.6 Sh 5.1 pua Dien Feb.
bt Mi as 5.7 l{h sh 88 En an 1124am Teds
" Te an ' 6.2 Mi an 9.2¢ Mies 1.5 Te Sh
o7 En an | T.5 Te bs 27 3.1am Mias 1.5 Mian
fes Te Eel. D 8.9 Rh bs 31 Enen 2.3 Di do
i TiuaaEc.D | .5 Te as 5.2  Te an 3.3 Te bs
% Liam Mian 10.1 Di an 6.7 Te Ecl. D 39 Rh dn
21 Rh es 11.2 En as 3.5 pm Rh dn 41 Titan Ecl.R
23 Te dn 1.3 Rb as 6.0 Rh en 4.5 Di en
o En en 115 Di Ecl. D 6.3 Di es 5.3 Te as
41 Te en 21 12.1 am Mien 7.6 En as 5.8 Titanc
v Rh ds 36 Di dn 7.8 Mi es 106 n
il Tiun Ec.R 55 Mies 8.5 Di ds 6.4 Rh en
i3 Rh 8 5.8 Di en 9.5 Di Sh 6.7 pm Mi as
7o M en 62 pm Te dn 11.8 Di bs 9.1 Te an
3 Tltaucll" 1 | 82 Te en 28 1.78am Mias 10.6 Te Ecl. D
10.7 Mien 2.0 Di as 2 12.1 am Mi an
LS Rh be 122 1.7am Enes 38 Te e8 127 En es
135 Titan dn 4.1 Mi es 5.7 En an 2.0 Te dn
0 pm Mi as 6.9 Di es 58 Te ds 4.0 Te en
Di es 48pm Te bs 6.9 Te Sh 5.6 Di es
‘o Te ea 6.1 Enan 6.4 pm Mies 52 pm En an
»5 Fpas 6.8 Te as 10.1 En es 5.4 Mi as
LA Di ds 8.7 Rh an 29 123 am Mi as 1.7 Te es
109 Te de 9.3 Mien 2.5 Te an 9.7 Te da
w7 Dt Sh i .9 Rh Ecl. D 3.1 Di an 108 Mi an
e Te Sh 23 125 am Enen 4.0 Te Ecl. D 108 Te Sh
T Mian I 2.7 Mive 44 En as 115 Enen
i L)m Te be 31 Rh dn 4.6 Di Eel. 3 126 am Te bs
11 Di bs 5.7 Rh en 5.7 Mian 2.6 Te as
29 Te as $9pm Enp as 74 Te dn 3.6 Rh es
33 Di as 5.0 Titan es 3.2 pm Rh es 4.7 Mien
7 pm Tean 5.2 Di Ecl. D 5.0 Mies 6.2 Rh ds
$1 TeEd. D 5.5 Te en 5.8 Rh de 71 Rh Sh
103 Nian 7.3 Titan Sh 6.6 Rb Sh 4.0 pm En as
ni Enes 7.9 Mien. 8.9 Enen 4.0 Di Ecl. D
116 Tedn 8.8 Titan ds 9.7 Rit be 4.0 Mi as
¥ l1¢am Teen 9.3 Di dn 10.9 Mi as 6.4 Te an
(8 Mi en 1.5 Di en 30 12.2am Rh as 7.9 Te Ecl. D
44 Di an 11.8 Titan 11 Te es 79 Di dn
54 En as 10’88 34 Te ds 9.4 Mi{ an
8 i Ecl. D 24 1.3am Mij es 4.2 Te Sh 10.1 Dien
53pm Rhen 27 Titan bs 4.3 Mi an 113 Te dn
32 Te es 3.0 En an 6.0 Te bs 4 1.3am Te en
< Te ds 6.5 Titan as 5.4pm Di bs 2.1 En an
88 Tesh 6.5 pm Mien 7.6 Di ag 33 Mien
(% ] Mi an 7.5 Enes 9.5 Mi as 5.0 pm Te es
S Enen 1.9 Mies 11.4 En an 6.5 En es
la2 Te bs 125126 am Dies nsy Te an 7.0 Te ds
Di22am Te as 18 En as 31 1.3am Te Ecl. D 8.0 Mi an
40pm Te an 2.8 Dids 2.9 Mian |1 Te Sh
44 Di Sh 29 Rh es 4.7 Te du 2.9 Te bs
34 Te Ecl. D 3.8 Di 8h 58 En en 11.8 Di es
[$] Di bs 5.4 Rh ds 6.7 Te en 1.9 Te us
i35 Mian 58 Mi as 8.1 pm Mi as 5128am En as
9 Te dn 6.1 Di bs 8.8 Di an 15 Di ds
L1 Dias 6.2 Rh Sh 9.4 Rh an 1.9 Mien
o9 Teen 7.9 Te an 10.2 En as 2.5 Di Sh
N124am En an 6.2pm En en 10.3 Di Ecl. D 4.5 Di bs
15 Mien 105 Mies 104 Te es 3.7 pm Te an
t6pa Teds 26 43am En es 10.8 Rh Ecl. D 4.2 Rh dn
4  Eaes 45 Mi as 11.0 Titan Ecl.D 5.2 Te Ecl. D
P i
# 1
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Feb. 1892, Feb. 1892. Feb. 189 Feb. 1892,
5 5.3pm Enen 7 71 pm Dids 9 4oam'l‘ltanu 6.2 Te o8
6.6 Mi an 7.8 Rh 8h 8.2 pmn Tedn 6.9 Rh ds
6.8 Rh en 7.9 Te en 5. Te en 8.2 pm Mi es
8.6 Te dn 8.2 D! 8h 7.0 Mlen 11.8 En es
10.8 Te en 9.7 M{en 7.9 Enen 13 2.1 am Mias
4 12.5 am Mi en 104 Rh bs 10.1 Rh an 4.3 Di es
3.4 En es 10.4 Dt bs 1.8 Rh Ecl. D 4.8 Te an
5.9 Mi es 8 12.6 am Di as 10 12.4 am Mies 4.2pm En an
3.8 pm Di en 1.9 Rh as 46 Rh dn 6.8 Mi o8
4.3 Te ds 3.1 Mies 3.8 pm Te as 10.6 Ep en
5.2 Mian 4.7 En an 4.1 Di bs 14 12.7am M| as
5.4 Te 8h 3.1 pm Titanes [ K] Mien 8.5 Te es
7.3 Te bs 4.5 ‘e be 6.3 Di a¢ 5.5 Te ds
7.8 En an 8.4 Titan Sh 104 En an 4.9 pm Rh dn
9.3 Te as 6.5 Te as n.o Mies 5.4 Mi es
1.1 Mien 6.9 Titan ds 11 48am En en ~6.6 Didn
7 21amEnen 8.4 Mien 4.9 Ml as 7.5 Rb en
45 Mie 9.1 En es 74 pm Di an 8.8 Dt en
2.5 pm Te Ecl. D 9.9 Titan ¢ 9.1 Di Ecl. D 1.8 Mi as
3.8 Mian 998 9.2 En as 15 1.1 am En an
4.0 Rh es 9 12.8 am Titan bs 9.6 Mies 2.1 Te an
4.9 Di es 1.8 Hl 12 129 am Dl dn 38 Te Ecl. D
5.9 Te dn 1.8 3.1 Dl en 5.5 pm En es
6.5 Rh ds 3.4 Dl Ecl. D 3.5 Mi{as 9.9 Dies
6.6 En as 3.5 En gs 43 Rh es 10.0 Mi as
Minima of Variable Stars of the Algol Type.
U CEPHEI R CANIS MA]J,, Coxr. S ANTLIZE, Conr.
................ Qb 52m 32¢ Feb. 24 8 P. M. Feb. 17 2A.M,
..... + 81° 17/ 25 11 « 19 1 ¢
i 2d 11b 50m 27 2a.M. 19 midn.
Feb. 1 midn. 28 6 20 11 p. M.
6 “ 21 10 *
11 11e.m § CANCRI. 22 10 *
16 11 “ 8h 37m 39° 23 9 ¢
21 11 % ...+ 19° 26m 24 8 *
26 10 “ 9d 11t 38™ 25 8 *
ALGOL. TeM 26 3am
R. A 3b 01m Q1° 28 1 ¢
Dedl... + 40° 32 S ANTLIZE. 29 1w
Period.. ...2d 20h 49m R, A .9h 27m 30 29 midn.
Feb. 8 5a.um. Decl..... .— 28° 09’
11 2« Period............ 0d 07t 47m S LIBR.E.
13 11w Feb. 2 8RM. B A 14b 55m 06"
16 8 8 4a.M > ,
19 5 " 4 3 .o . [ aand 8 05
5 9 « ceecaserenns 2d 07k 51m
R CANIS MAJ. 6 9 « 6 4 A“u
78 14m 30° 7 1% o g
.— 16° 11’ 7  midn. 27 3 «
1d 03k 16m 8 1% P. M.
3aA.M, 9 11 °
7 7P. M. 10 10 * U CORONZE.
8 10 “ 11 9 « R. A 158 13m 43
10 2A. M, 12 9 Decl .... ..+ 32° 08’
11 5 ¢ 13 8 ¢ Period............ 3d 10h 51m
16 9p. M. 14 3aA.M. Feb. 7 la. M
17  midn. 5 38 * 13 11p. M
19 3aA.M. 16 2 « 24 TaA.M
Phases and Aspects of the Moon.
Central Time.
First Quarter.. Feb. 5  3b39ma, M.
Full (<743 S, “ 12 138 p. M.
........ “ 17 9 48 aA. M.
Last QUAarter......ccvvvinieniiisninnreerisnsineenis “ 20 615 p. M.
New MoOOon.....ccccniiisesnineeinicesss sasee “ 27 947 ¢
Perigee....ccoviiiiinneniennicsserenens . . “ 29 548 A M.
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- - o -
C€Cultations Visible at Washington.
St - IMMERSION. EMERSION.
2:‘;2 Xaat'l‘;e'. Aa i- \Wash. Anglefm Wash. Anglefm Dura-
N 13T tude. M(lz,an. T. N.P't. l\llican T . Pt. htion
- L] m < m o m
Feb. 3 0 T aan 6 ‘1118 97 12 16 237 0 58
7,118 Tauri 6 1205 127 12 43 209 O 38
27125 Taur s 532 38 6 11 294 0 39
120 Leoni 6 1209 43 12 55 319 0 46
157 42 Leonis 3 552 65 6 37 295 0 45
- 1s (3 15 38 93 16 38 332 1 00

COMET NOTES.

Two comets Ar® MOW in view. These are Wolfs periodic comet, which has
been observed ever since its discovery by Barnard May 3, and the Tempel-Swift
peviodic comet found by Barnard, Sept. 27. Three other periodic comets are being
searched for, b?t at latest reports, not yet found. These are: Brooks' 1886 IV,
due at peribclion any time from Dec. 1, 1891, to May, 1892; Tempel's due
Feb. 28; and Winnecke’s due in June, 1892.

The course of the Tempel-Swift comet during January is eastward and south-
ward through the northern part of the constellation Taurus. Jan. 5 and 6 it
will be about 3° north of the Pleiades.

Wolf's comet is in the eastern part of the constellation Eridanus, moving
sowly and growing fainter. Winnecke's should be found during January and
February in the northern part of Virgo and southern part of Coma Berenices.
Brooks' 1386 IV, according to Oppenheim's search ephemerides, should be found

somewhere near a line passing through Coma Berenices, Virgo, Libra, Scorpio,
and Sagittarius.

Search Ephemeris for Comet Brooks, 1886 IV.
(See also Sid. Mess., Dec. 1891, p. 517.)

Perihelion April 30. Perihelion May 30.
R.A. Decl. Light. R.A. Decl.  Light.
h m 3 . h m ©° ’
Jan. 21 13 35.2 +9 52 o1 ’
Jan. 31 13 56.8 7 33 o0a8 12 286 425 35 o0.28
Feb. 10 14 18,4 5 SI 0.25 12 36.2 24 35 o028

Feb. 20 14 39.8 +4 15 0.34 ¢ 12 42.6 + 24 25 0.39

Ephemeris of the Temple-Swift Periodic Comet.
[From Astr. Nach, No. 3068.]

Paris Midnight. R.A. Decl. log 4 Light.
h ° ’
Jan 3 ;15: o; + 27 201
2 20 21 27 14.4 9.5408
3 25 33 27 09.0
4 30 41 27 03.3 9.5781 4.87
6 40 31 26 519
8 49 54 26 37.9 9-5933
10 3 58 47 26 24.1
12 4 07 17 26 10.1 9.6289 3.23
14 15 20 25 559
19 23 03 25 41.6 9.6644
1 30 24 25 27.4
20 37 26 25 13.6 9.6996 2.14
22 44 10 24 59.9
24 50 40 24 46.6 9-7342
26 4 56 54 24 33.6
28 5 02 56 + 24 210 9.7681 1.43
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Berlin Midnight. App. R. A.
h m s

Jan.

Jan.

Feb.

2

4
S
6
7
8
9

10

1

12

13

14

15

Ephemeris of Comet 1891

4 14

4 18

(Wolf’s Periodic Comet).
(Continued from page 516.)
ADpp. l?ecl.

05.1
59.1
52.8
46.2
39-4
32.3
25.0
17.5
69.7
oLy
53-6
45-3
36.8
28.1

log r

0.2989
0.3013
0.3037
0.3061
0.3085
0.3108

0.3132

Ephemeris of Winnecke’s Periodic Comet.
(From Astr. Nack .No. 3062.)

A R. A.
h pp:'n s

APp. Qecl.

+ 13
14

14
15

16
17

18
19

19
20

20
21

+ 21

57-5
03.1

9.1
15.3
21.7
28.5
35.6
42.9
50.6
58.6
c6.9
15.5
24.4
33.7
42.3
52.3
03.6
14.2
23.2
3(1,()
48.3
0.4
12.8
25.6
38.9
52.4
00.4
208
35-5
50.7
06.2
22.2
38.6
55-3
12.§
30.1
48.1
06.5
25.2
44-4

logr

0.3564

©.3494

0.3422

0.3349

0.3197

0.3118

0.3036

0.2953

0.2868

log 4

0.2227

0.2020

0.1807

0.1590

0.1368

0.1142

0.0913

0.0682

0.0448

0.0214

log 4

0.0961
0.1044
0.1128

0.1211

0.1294
0.1376
0.1458
- 1 -
re g2
0.069
0.079
0.090
0.103
0.118
0.136
0.156
o.180
0.209

0.242
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App. R. A
A om g

1
App. Decl. logr log 4 A7
fb.25 2 53 o2 ° e
2% S3 o1 -+ 22 04.0
27 52 358 24.0 " 5 8
23 52 g3 23 40.;: 0.27 9.9981 0.281
2 .
2 2 52 a6 —+ 23 263

mddQ st ‘fv!e&g} (Barnard Oct. 2). From Barnard's observations of
0ct.2,6a0d 928 BIVEN 10 the Astronomical Journal, Vol. XI, p. 63, I have com-
puted the following elements.

‘T — Nov. 12.78463
™ — A= 268° 43’ 59”
A = 216 57 37
i= 77 27 42
log q = 9.98412

Harvarp COLLEGE OBSERVATORY, Dec. 4, 1891. 0. C. WENDELL.

Bew Minor Planet No. 3ax. An asteroid of the 12th magnitude was discovered
Sor. 27 by Borrelly at Marseilles. Its position Nov. 27. 3808 Gr. M. T. was:

R 4.4* 06 06.7°; Decl. 4 23° 12’ 58”. Daily motion, —60* and 7’ southward.
Ths is probably No. 321,

Double Shadow of Jupiter’s Satellite I. In regard to Mr. Hoffman’s observa-
ooa of the double shadow of Jupiter's Satellite I, reported in the last MESSENGER,
permit me to say that 1 made a similar observation on the evening of Sept. 29,
It was in transit nearing egress and it appeared as a white disk against the dark
southern equatorial belt ; following it was the usual shadow and at an equal dis-
unce from this was a second shadow, smaller and not so dark as the true one,
and surrounded by a faint penumbra. It would seem to me that there is some
mtimate connection between this doubling of the shadow of Satellite I, as seen

ty Mr. Hoffman and myself, and the clongation or doubling of the satellite it-
wif as seen by Mr. Barnard on Sept. 8, 1890, and Aug. 3, 1891, and which he

aplains on the supposition of a white belt encircling the equator of the satel-
Ste.

H. S. HULBERT.
Detroit, Mich.

Companion to the Observatory. This useful little Astronomical Almanac, for
sach 1t s, is at hand for 1892. It contains many valuable data not given in the
great national almanacs, such as Times of Rising and Setting of the Moon and
Longitude of Moon's Terminator, List of Principal Meteor Showers of the Year,
Ephemeris for Physical Observations of the Sun, Maximma and Minima of Varia-

ble Stars, List of Double Stars suitable for small telescopes, etc. H.C. W.

August Meteors. On the morning of August 11, 1891, between 2P 45™ and
32, 30 meteors were counted at the Southern Female College, La Grange, Ga.,

Mrs. 1. F. Cox, President. All the meteors were small and white, but few
showed trains.

Observing Aurorz. Mr. M. A. Veeder, Lyons, N. Y., has prepared a blank for
observing Aurorm, and be invites general co-operation of astronomers and
amateur observers in order to collect data for the more complete study of these

phenomena. This is certainly important work, and many can aid in it. Send to
am for blanks and instructions.
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NEWS AND NOTES.

On further consideration it has seemed best to adopt ASTRONOMY AND ASTRO-
PHysIcs as the name of this publication hereafter. On page 96 will be found sug-
gestions and directions to correspondents to which attention is especially called.

In order to give large space to the subject matter of Astro-Physics, a number
of articles on General Astronomy are deferred until our next issue. It will be our
aim, as heretofore, to bring out as fully as we can, in the future, notices of current
work in all branches of astronomy.

It has been strongly urged by some of the earnest amateurs who have been
subscribers to the MESSENGER from almoust the beginning of its publication,
that, in our new departure, we do not forget their wants. They desire and
should have notices of work adapted to small instruments, in order to know
their field of work well and to contribute to it useful observation. The manage-
ment of this publication acknowledges heartily and most cordially the large and
very generous support which has steadily come to it from amateur astronomers.
They shall be remembered, for this publication would not have been what it is,
but for their persistent and intelligent aid.

New Naval Observatory.—In his annual report to the chief of the Bureaun ot
Equipment, Navy Bepartment, Capt. McNair, Superintendent of the Naval
Observatory submits an estimate of appropriations required for the next fiscal
year, as follows:

Approaches and grounds........ccccovcvevvrnniinvinicssenesiiinnnenan $11,825
New Meridian Circle................... . ... 10,000
Three new dwellings for Observers. (Each, $10,000.). 30,000
Repair sho? and store house for instruments................. 4,000
Removal of magnetic instruments and buildings........... 3,500
Making in all a total of ................. $59,325.

The appropriation made for the current year was $136,689.

The plea for observers’ dwellings on the new Observatory grounds made by
the superintendent, though in strong langunage, is wisely urged.

The report of the Secretary of the Navy for 1891 also contains matter of very
general interest to astronomers. This extract will show the tenor of it. Speak-
ing of the New Naval Observatory and the transfer of the astronomical instru-
ments, the Secretary says: “ When the transfer and installment of the instruments
are completed, the government will be in possession of one of the most admirably
equipped observatories in the world. The question of the proper administration
of this important charge, representing one of the most important branches of
scientific investigation undertaken by the government, is one that demands early
attention. The system in existence hitherto, by which the selection of the super-
intendent has been confined to line officers of the Navy, subject like other officers
to changes of duty at comparatively short intervals, prevents that continuity of
administration which is essential in carrying on the work of a great national
Observatory. No programme of scientific investigation, especially in the depart-
ment of astronomy, can be carried out successfully by any institution, if liable to
frequent interruptions by a change of its administrative head.

I therefore recommend the adoption of legislation which shall enable the
President to appoint, at a sufficient salary, without restriction, from persons
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M“‘\m:\:o .:ans‘:eefof the naval service, the ablest and most accomplished
,,:mom“‘d sls0 reco ound for the position of superintendent.”

1 wou bich t:‘mend, in view of the era of progress and scientific devel-
opment “;:: composede o TVatory is now entering, that an advisory council
be organ é of three of the Superintendent of the Observatory and its senior
professor a0 and ©other persons of scientific attainments, whose duty it shall
be to mns‘d«. h "POTt upon new instruments and their proper installation;
w draw up w‘tt .s:ch changes as may be necessary, from time to time, the pro-
gramme of sentihe wWork, including observation, reduction and publication, and
10 make such Spections ang Teports as may be desirable in regard to the char-
acter of the work done by the Observato ry.”

This report of the tary of the Navy contains the best of official state-
ment of the proper administration of the Naval Observatory that we have ever
scen. The "c?mm“.'daﬁ(’ns are wise and opportune, and it is to be hoped that
this matter will receive the attention of Congress at an early date.

Sirian and Solar Stars. As my prediction that the proper motious of the
solar stars would Prove to be greater than those of the Sirian stars of the same
maguitade seems likely to be verified, I venture to give another consequence of
my bypothesis }"hich Professor Pickering's observations go some distance
rowards co.nﬁrm\ng. Reverting to my former illustration of a telescope whose
range terminates at the average distance of a 12th magnitude star, let me turn
it on a part of the sky where there are few, if any, stars at a greater distance
than that of an average star of the 11th magnitude. In such a region the tele-
scope will reveal nearly all the stars.and the relative numbers of Sirian and Solar
stars will give their true proportions for that part of the sky, the Sirians show-
mg a relative preponderance among the brighter and the Solars among the
fainter stars. Let me then turn the same telescope to a region where there is a
dense stratum of stars lying further off than the average distance of a 12th
magnitude star. A considerable number of the Sirian stars belonging to this
stratum will be visible, while few, if any, of the corresponding Solars will be de-
tected. The proportiou of Sirian stars will thus appear to exceed the true
amount, and the relative preponderance of Sirians will be greatest in the case of
the {ainter stars. This seems to me to afford the true explanation of the relative
prepouderance of Sirian starsin the Galaxy. It arises from the greater depth of
the stratum of stars, and probably its increasing richness down to the point

where the light becomes too faint for spectroscopic observation.

Dublin. Nov. 28. W. H. S. MONCK.

The Lick Observatory and its Work.—From the notice of a late meeting of
the Astronomical and Physical Society of Toronto, Canada, published in the Mail
of Nov. 21, it appears that Mrs. R. A. Proctor gave an illustrated lecture before
the society, on the Lick Observatory and its Work. The stereopticon views in-
cluded those of the great telescope, spectroscope, transit instrument, observatory
in Sammer. in Winter, in cloud, in sunshine, the offices and cottages of the observ-
ers, Mount Hamilton, the approaches to the buildings and views of beautiful

scenery in different parts of the mountain taken by Mr. Burnham. It appears
that Mrs. Proctor was for several weeks the guest of the professors at the observ-
atory and that she had exceptional privileges in the use of the telescopes. Mrs.

Proctor’s lecture was heartily enjoyed and highly commended by prominent
mmembers of the society.

~
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Note on the Measurement of Solar Prominences. Two interesting communica-
tions have recently been made to the French Academy regarding the aberration
of light. In one of these M. Mascart* has done good service in calliag attention
to the fact that, as yet, we have no direct experimental proof that light travels
with the same velocity throughout known space, if we may so denominate the
space between us and the most distant of observed stars.

Both Arago and W. Struve were in error, the author points out, in supposing
that the invariability of the “ aberration constant’” from one star to another
was sufficient evidence from which to conclude that light travels with invariable
speed everywhere in free space, because the difference between the apparent and
true direction in which any luminous point is seen depends only upon the ratio of
the velocity of light in the tube of the telescope to the velocity of the observer.

It might have been added that these velocities are to be measured from any
origin of codrdinates provided only that this origin is not moving with reference
to the medium in which the light is propagated.

All this is strictly analogous to saying that when a sail-boat is just getting
under weigh, the apparent change in the quarter from which the wind is blowing
depends only upon the velocity of the wind as it strikes the sail and upon the ve-
locity of the boat, but not at all upon the source of the wind.

Mascart also calls attention to a remark of Villarceau in which he shows for
the first time that the ‘ Constant (?) of aberration’” ought to vary from one
star to another on account of the motion of the solar system through space. Re-
turning to our nautical analogy, this is equivalent to saying that if one wished
to compute the shift of the wind toward the bow of the boat, he would not
measure his velocities from a halloon, or from any object floating with the tide,
but rather from a fixed buoy.

By this note of Mascart’s one's attention is naturally recalled to the other
communication by Fizeau,} who after pointing out that the velocities attained
by the gases which make up solar prominences are quite comparable to that of
the earth in its orbit (30.6 kilometers per second), goes on to remark that:

*“I1 résulte de ces données que, si une protubérance se développe dans le voisin-
age de l'ecliptique avec une vitesse de translation de gaz lumineux égale & cette
méme vitesse de 80.6 km. par seconde, le lieu de la protuhérance subira un effet
propre, c'est-a-dire un déplacement apparent de + 20”.445, lesquelles pourront
s'ajouter A l'effet précédent ou s'en retrancher suivant les circonstances de direc-
tion, en donnant licu & des variations correspondantes des distances au bord
solaire.”

So far as can be seen, the author here neglects the fact that. at any given in-
stant, each point of the solar disk and of the prominence, whether in motion or
at rest, is sending to the observer rays all of which are affected by the same
correction for aberration. I say the ‘‘same’ correction since the change in celes-
tial longitude or latitude from one part of the sun's surface to another would
affect the aberration quite inappreciably.

If there be relative motion among the parts of the prominence, then since at
any instant aberration affectd all these parts to the same extent, the prominence
will be projected upon the slit of the spectroscope in its true proportions.

If any apology is needed for calling attention to an error of this type it is
that the error is one which may for somebody needlessly complicate the study of
the solar surface, and is especially misleading when supported hy a name of such
well-earned distinction as that of Fizeau.

* Comptes Rendus, t. 113, p. 571 (1801).
+ Comptes Rendus, t. 113, p. 353 (1891).
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In this connection I may perhaps be pardoned for calling attention to still
another error, rather insidious, and one to which students unfamiliar with the
theory of the grating are especially liable. The only warning against it that [
have seen is given by Professor Young (Sun, p. 191). The error is this: A mi-
crometer screw in the eye-piece of a spectroscope is sometimes evaluated by look-
ing at the slit directly through the collimator, with the view-telescope. In this
way. & revolution of the micromster head may be determined either in terms of
the screw which opens the slit or in angular measure by the transit of a star.

If, now, the instrament be used with a grating to measure the angular height
of a prominence, one might very naturally run the micrometer wire from the base
to the top of the prominence aud apply the same micrometer constant which he
bad just obtained. But such a measure would be very wide of the mark for the
reason that a slight variation in the angle of incidence does not produce an equal
variation in the angle of diffraction.

This will be seen immediately in differentiating the erdinary equation for the
plane reflection grating

. . xA
sin 0 + sin y=-4
where 8 — angle of diffraction,
y = anyle of incidence,
A = wave-length at which the prominence is observed,
» = order of spectrum employed,
& — grating space.

2 .
Here 15—- will be a constant for any given line in any given order, and hence:

dy cos §

= ¥ cosy
dy here, of course, represents the angular width of the slit which just includes the
prominence, while di is the apparent width as measured by the micrometer eye-
piece. The true height of the prominence will therefore be apparently increased
or diminished, and in the ratio indicated according as the grating is used so as to

make 6 < yorbh > y. HENRY CREW.

Lunar Eclipse of Nov. 15, 1891. This eclipse was observed at the Boston Uni-
versity Observatory with the 7-inch Clacey refractor, power 100.

Throughout nearly the entire eclipse the sky was clear and the seeing excel-
lent. Near the close the sky became cloudy, and the second external contact
cvuld not be observed. The tints upon the Moon during totality were those
osually observed, and styled “ copper colored,” though upon some portions there
was a decided brick-red tint, and at times the appearance sugyested a blood
orange with the outer skin removed.

Several occultations were well determined, but 1 wish at present to call at-
tention to those only which presented certain striking, although not new phen-
omena. * Optical illusion' may account for all, but optical illusions are not
without cause, and it would seem that the phenomena should, in part, at least,
depend upon the angle under which the star approaches the moon's limb.

DM. + 17°.572 approached the limb very obliquely. While skirting the limb,
nearly parallcl to it, the star was lost for an instant, and. after re-appearing, it
seemed to hang upon the edge for about one second, and then to pass on to the
face of the moon ahout four times its own diameter, and to run along still nearly
parallel to the limb for about three seconds. All this time the star and the limb
were clearly defined. The disappearance at 6 49™ 33'.4 w. M. T. was absolutely
sudden.
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DM. 4 17°.573 approached the Moou at a high angle, seemed to pass upon
the limb at a distance about three times its own diameter, without becoming in-
distinct, and disappeared suddenly at 6b 54™ 18°.5.

Another star of about the ninth magnitude disappeared in the same manner
as the one last named, a very little north of it, at 6" 56™ 6°.7.

There were other stars whose disappearance was not entered as *‘ sudden,’’
but when a faint star approaches the dimly illuminated Moon it does not seem at
all strange that the cye, wearied with watching, should anticipate the contact,
and, as a result the star will seem to hang upon the limb of the moon for a short
time before disappearing. In the three cases citcd above there was nothing to
distract in any way the observer’'s attention, and the apparent movement of the
star along upon the Moon's disc was so distinct. especially in the first instance,and
the observation so deliberate that, did it not seem to contradict all facts, no
one would have thought for a moment of entering the observation as doubtful.

DM. 4 17°.5664 approached the Moon under about the same angle as DM.
4 17°.673, and at near the same point, thus the conditions of the instrument and
observer being the same, similar phenomena might have been expected. How-
ever the disappearance of 17.564 was absolutely sudden. To be sure it is brighter
than 17.673, but its occultation occurred with fully one-half the Moon still clear,
and that of 17.673 during totality.

At 62 23™ 16.3 a star that seemed to he moving along a line tangent to the
Moon at the north point was lost for a moment near the point of tangency, but
soon became distinct again and so remained. The outer curve of the advancing
shadow was not observed to present any distinct irregularities of outline save in
one instance. At 6% 10™ the outline of the shadow seemed to curve inward at a
point directly eastward from the west point. The eye was removed from the tube
and, on returning, the phenomena was none the less distinct, and so continued
long enough to be carefully noted. This may be most easily explained by calling
it an ‘“‘optical illusion,” but why it should appear at this time and place is not
evident. If I remember correctly, I was not, at the time of noticing the inward
curvature engaged in examining the outline of the shadow, but the phenomenon
was so distinct as to attract the attention.

The stars above referred to were taken from the list in THE SIDERFAL MEs-
SENGER for October, and the identification is believed to be correct, although I
have not as yet found time to make the computations necessary to the removal
of all doubt, since some stars were observed not given in the list referred to
ahove. The position of the instrument is given in THE MESSENGER for June,
1891. The times were taken from a sidereal chronometer by an assistant, while
another made a note of the observations. J.B.C.

Observations of the Partial Phase of the Total Eclipse of the Moon November 15,
1891.—The following observations of the contucts of the shadow with some of the
cruters were made with the 12-inch equatonul They are in Mt. Hamilton mean
time:

5h11.9m B|sect|on of Tycho.

*15.6 *¢ Copernicus.
248 “ ** Plato.
* 31.0 . ‘ Manilius.
385 o ** Plinius,
39.2 - * Posidonius.
‘“ 51.4 o ‘“ Mare Cnsmm Somewhat uncertain; that portion of
the mare in shadow not seen.
529 Contact with the preceding end of Mare Crisium.
55.9 End of Totality. Pretty fair.
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and il
A s\\g\“‘;‘:“m “‘;‘;:‘lhg ht prevented any details being seen in the shadow,
d’”““.‘*h: cloring of ©f the Moon was visible during the half phase. There
- wLtoN, No =d to the portion nearer the middle of the shadow.
Mr B PTOYember 135, 1891, E. E. BARNARD.

Dissppesrasce of Srh; New Red Spoton Jupiter; The Great Red Spot and Other
Phenomena. € new Oblong red spot which has been visible on Jupiter
sioee last yeat, O & ‘Parallel just south of that of the Great Red Spot, has dis-
2 .
“f T“F SIDEREAL M ESsENGER for October, p. 413, I have given some account
of this object, and the present observations will serve to complete its history.
Inthe \ast of October of this year it had attained its maximum distinctness.
It was then by far "he_ MOSst conspicuous and striking object on the planet and
was of 3"‘"’“_3 reddish color. It then began to fade rather rapidly, and was
saarcely discernible on Now. 20. On Dec. 14 no trace of it could be seen.

At its maximum it strongly reminded one, in color and intensity, of the
Great Red Spotin 1880,

Throngh.out: the past opposition of Jupiter I have carefully observed and
peasured this smgular spot.  From these measures, there is no evidence whatever
tat it changed its latitude during the observations.

Following are micrometer measures with the 12-in. of the distance of the spot
from the south and north limbs of Jupiter, reduced to distance 5:20:

Date. S. Limb. N. Limb. Date. . Limb. N.Limb.
1891 July 13 9.5 271 1891 Aug. 28 8.8 26.5
25 9.0 274 Sept. 16 8.6 26.5

30 8.6 27.0 18 8.8 26.7

Aug. 23 9.0 26.8 Oct. 6 8.7 26.7

On November 20 the spot transitted at 8* 2= Mt. Hamilton mean time, and
its corresponding longitude was 119°.9.

The Great Red Spot is gradually becoming more distinct in its form and intense
i its color. On Dec. 14 it was strongly marked and quite red. It is now again
slackening in its rotatiom period. During the past opposition its longitude re-
maived quite constant for a number of months at about 3°. (See Sio. MEss. for
Oct., 1891.) An observation on Dec. 14 made its transit at 58 5.3 Mt. Hamil-
ton mean time and the resulting longitude = 6.4°. At this observation one of the
bright round spots was on the same meridian with the center of the Red Spot and
just skirting its south edge.

The remarkable rapidly moving black spots which appeared on the thin faint
belt north of the north equatorial band during the past opposition, have ended
their existence by forming a new heavy belt from the thin faint one on which they
first appeared, an exact repetition of the performauce of the black spots which ap-
peared in the same latitude in 1880. The present phenomenon, however, lacked
muoch of the remarkable transformation of 1880. The new belt at the observa-
tion of Dec. 14, this year, was identical in appearance with the north equatorial

belt.
At the last observation a number of very singular oblong masses were visible
stretching across the south polar region in a high south latitude.

M. HaMiLToN, Dec. 15, 1891. E. E. BARNARD.

Peculiar Appearance of Jupiter’s Fourth Satellite. On the afternoon of the
12th instant, Satellites I1I and IV crossed the disc of Jupiter in company; not a
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very frequent occurrence. Transit and egress took place at 5:19 and 6:22 w. M. T.
respectively. The following reports respecting a peculiarity marking the egress of
1V were read at the last meeting of the Astronomical and Physical Society of To-
ronto. Mr. G. E. Lumsden of Toronto, who observed with a 10l4.inch With
mirror, stated that 1l emerged from the disc without noteworthy feature; that
after it was clear he saw IV on the disc near the limb, as an elliptical dark object
with a heavily shaded edge towards the planet’s center, but that for nearly an
hour after egress he could not be positive that he saw 1V at all, though he detect-
ed certain brownish light, straggling, as it were, between Jupiter and [II. Emer-
gence was not observed. The sky was very hazy, but at no time sufficiently so as
to entirely obscure planctary detail; the Great Red Spot, though badly defined,
was fairly well scen. Satellites I, II, and IIl were very distinct, yellow in color
and of equal brightness. About 7:35 IV was glimpsed as a reddish-brown ball
half way between the planet and III aud, apparently, at an enormous distance
beyond them. Not much difference was detected in the aspect of the moons up to
8:30, when observation ceased. Even at that time IV looked like a satellite, com-
ing out of eclipse,—as a brownish ball. Mr. J. C. Donaldson, LL. D., of Fergus,
sixty-five miles north of Toronto, who had a clear sky. wrote: ‘ On coming back
to the telescope (a 3l%-inch refractor, by Cooke), about 6:35, I fancy I saw that
1V had emerged from transit, and 1 could not help noticing the great contrast in
color between it and 11I and Jupiter itself, IV being of a dark bluish color, appar-
ently so dark, in fact, that when I tried a 2V-inch glass upon it I could scarcely
detect it at all. In the larger glass the sight was very interesting, the two satel-
lites looking almost like a close double-star of complementary colors, III being of
a golden yellow, and 1V of a dark blue color.” In the discussion which followed
it was suggested that the bluish color seen by Dr. Donaldson might have been due
to the use of a refractor. One of the members was curious to know whether the
possible projection of 1V against the shadow of 1II could have had anything to
do with the appearance of the former; in other words could IV, as seen from the
earth, be brought into contact with III's shadow cone, which was more or less
illumined by the planet in front of whose face the shadow fell. G.E.L.

I may say with regard to the above that, as satellite IV had just emerged
from transit across the face of the planet, it was between the sun and Jupiter,:
(the transit of its shadow occurred a few hours later), and, being the outermost
satellite, could not possibly come into contact with the shadow of any of the
other satellites.

I have in my observing book several notes which indicate the varying color
and brightness of this satellite, one on the same night with the observations of
Mr. Lumsden and Dr. Donaldson. 1 will give some account of these next month.

H. C. W.

Dark Transit of Jupiter’s Satellite III.—I noticed a dark transit of Jupiter's
Satellite I1I, Dec. 19, at 8:15 p. M., Detroit, (Mich.) local time. The Satellite was
intensely black and was closely following the great red spot, but owing to the ex-
ceedingly poor definition, I was unable to determine whether it was actually pro-
jected on the red spot or not. After egress, the satellite appeared very small and
faint, certainly not brighter than 8th magnitude, and of a dull reddish brown
color. H. S, H.

Dark Transit of Jupiter’s Satellite III. On the evening of Dec. 19, 5% 10=
(Central Time), I observed the transit of Satellite III. I aunticipated a well-de-
fined bright image but instead there appecared an ill-defined dark image which
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rapidly grew more distinct, and as its path was on the southern dark belt, the

sateilite, although plainly seen, was not as clean cut and striking as if it had

traversed a lighter back ground. Observation continued during the entire

transit.  After emergence the full round disk was well shown against the sky,

but far less brilliant than any of her other three sisters. Power 300. Lat.

387 29’: Long. 837 45". WILLIS L. BARNES.
Charlestown, Ind.

Solar Parallax.—In No. 3066 of the Astronomusche Nachrichten, Dr. Auwers
bas published the results obtained from the lieliometer measures made by the Ger-
man Transit of Venus Expeditions in 1874 and 1882, The stations and
measores were as follows:

1874, Tschifu, 96 measures. 1882. Hartford, 128 measures.
Keryruelen Island, 63 .- Aiken, 4 .
Auckland 97 o Bahia Blanca, 112 .
Maurtius 50 o Punta Arenas, 158 “

From the 307 measures during the transit of 1874 the resulting parallax
comes out S.873,” and, from the 444 measures in 1882, 8.883.” Combining
these Dr. Auwers gives as the result ¥ — 8.880” + 0.022.”

This result is larger than any other obtained from the traunsit of 1882, except-
wg possibly that from the French observations, which we have not at hand at
this moment. Professor Harkness obtained from 1475 photographs of the
transit of 1882, by the United States Expeditions, x = 8.842” + 0.012”. From
the British observations of contacts Mr. E. J. Stone obtained 8.832”, and from
the Brazilian observations, Mr. Cruls obtained 8.808”. The results from the
transit of 1874 ranged from 8.75” to 8.93".

Recently Dr. H. Battermann, at Berlin, has determined the solar parallax
from occultations of faint stars by the moon during edipses and near new moon.
He gets from 250 occultations, from April, 1884, to October, 1885, » — 8.794"
= 0.016". H.C. W.

Diameters of Sun and Venus. In Astr. Nach., No. 3068, Dr. Auwers gives a dis-
cussion of the heliometer measures of the diameters of the sun and of Venus, by
the German Transit of Venus expeditions. He gets for the diameter of the sun, at
its mean distance, 1919.26”, from measures by twenty-nine observers. The prob-
able error of this result is + 0.09”. The personal equation of the observers has,
however, a wide range, from + 1.03” to — 0.88”, so that thc mean error of a
single measure when those of all observers are combined, is + 0.69”, while that
for a single observer is + 0.49”.

The diameter of Venus from seventeen complete measures by 11 observers
comes out 63.406” at a distance whose logarithm is 9.422261, or 16.76” at the
mean distance of the sun. Applying corrections for personal equation Dr. Auwers
gets 16.801” as the most probable value for the diameter of Venus at distance
umity. H. C. W.

Dark Structures in the Milky Way. During the last year Knowledge has
been giving some most excellent full page plates of stellar photographs, by Mr.
Bamnard of Lick Observatory, Dr. Max Wolf of Heidelberg, and others. Almost
every number has contained one or more of these large and beautifully printed
plates, showing some interesting regions of the sky, especially in and about the
Galaxy. The December issue has a fine specimen, an enlarged photograph taken
by Dr. Max Wolf with a Kranz Aplanatic camera of 514 inches aperture and a
focal length of 30% inches. The exposure-time was 11® 7@, The process was

-
&
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direct photo-engraving and the region was the Milky Way about § Cygni. The
interesting tree-like structure in this picture made by adjacent dark spaces is
very noticeable.

The Great 4o-Inch Telescope. By recent private letter from Messrs. Alvan
Clark & Sons, Cambridgeport, Mass., we learn that they have every reason to
believe that they will soon be able to begin work on the great 40-inch refractor
for southern California. The crown disk is already in hand and it is thought
to be the finest piece of glass that these skilful opticians have ever scen. The
delay in obtaining the flint disk is due to the unsuccessful attempt of Mr. Man-
tois of Paris, in moulding it. He has another block ready for firing. Under date
of Sept. 10 he wrote as follows:

‘‘ Je me suis mis de suité au travail de 'autre bloc dont je vous avais parlé
et qui etait reste in arrives. Je vais le pousser avec toute l'activité possible et
bientot vous aurez de bonnes nouvelles."”

It is the purpose of the Clarks to begin grinding the 40-inch lenses as soon as
the flint disk is received. The prisms for the Bruce Photographic Telescope are
already well under way.

BOOK NOTICE.

Worcester’'s Comprehensive Dictionary. New Edition. 688 pp. Messrs. J. B.

Lippincott & Co., Publishers. Phiiyadelphia, Pa.

Especial attention is called to the new edition of this Dictionary which is pro-
vided with Denison’s patent index. I do not see how this book could be im-
proved. It is most convenient in form and size and the index makes it a very
ready reference-book. The page is clear, of good print, and ample illustration.
It is suited to our use as well as any other larger or smaller lexicon. The last
page of it contains the pronunciations of the names of 192 stars and constella-
tions, mostly of Arabic origin, which so severely troubles everybody as to make
them usually afraid to call prominent stars by their well-known names.

PUBLISHER'S NOTICES.

The subscription price to ASTRONOMY AND ASTRO-PHYSICS in the United States
and Canada is $4.00 year, in advance. For foreign countries it is $4.40 per
year. Payment should be made in postal notes or orders or bank drafts. Per-
sonal checks for subscribers in the United States may be used.

Currency should always be sent by registered letter.

Foreign post-office orders should be drawn on the post cffice in St. Paul, as
Northfield is not a foreign money order office.

All communications pertaining to Astro-Physics or kindred branches of
{’Eysics slliﬂuld be sent to George E. Hale, Kenwood Astro-Physical Observatory,

“hicago, Ill.

All matter or correspondence relating to General Astronomy, remittances, sub-
scriptions and advertising should be sent to Wm. W. Payne, Goodsell Obscrva-
tory, Northfield, Minn.

Manuscript for publication should be written on one side of the paper only,
and Sfecial care should be taken to write proper names and all foreign names
plainly. It is requested that manuscript in French or German be type-written.
If requested by the authors when articles are seat for publication, tweanty-five re-
print coFics, 1n covers, will be furnished free of charge. A greater number of re-
prints of articles can be had, if desired, at reasonable rates.
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ARE THE COMETS, OR ANY PORTION OF THEM, EVER REPELLEb

BY THE SUN?*
’

GEORGE W. COAKLEY.}

This question may be determined by considering the relative
forms of orbits, with reference to a center of force, described
under the influence of attraction towards such center, or of re-
pulsion from it.

In the ‘ Text-Book of General Astronomy for Colleges and
Saentific Schools,” by Professor Charles A. Young, of Princeton,
Articles 402, 403, etc., there is a demonstration of the fact that a
body, acted upon by a center of force, whether of attraction or
repulsion, and varying according to any and all laws with re-
gard to the distance from that center, will always describe equal
areas in equal times, and will also be confined to a single plane.
But the contrast in the forms of the orbit, between the case of at-
traction towards the center of force, and that of repulsion from
it, is not sufficiently noticed in that demonstration, nor com-
pletely exhibited by the limited figure employed. The following
figures are, therefore, intended to emphasize this contrast of form
i the two kinds of orbit, without repeating what Professor
Young has sufficiently proved with regard to the equality of
areas, and the identity of the orbit’s plane. In Fig. I. let S repre.
sent the Sun, or any other center of attraction, varying accord-
ing to any law whatever as to mass and distance. Let AB repre-
sent the direction and velocity of a body, or the space that would
be described uniformly in the unit of time, any arbitrary unit. If
the body is not affected by any external force, it would proceed in
the next unit of time to describe the equal distance BB’ in the
same direction. Baut if S now exerts an attractive force which
would alone carry the body to the distance BB” towards S in
this second unit of time, then the body will describe the diagonal
BC of the parallelogram B’B””. If no further action of S upon the
body is exerted, then at the end of the third unit of time it will

* Communicated by the author.
5 or’k. Professor of Astronomy and Mathematics, University of the City of New
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98 Are the Comets ever Repelled by the Sun?

describe, in the direction BCC’ a distance CC’ equal to BC. But
if the center of force at S should, in this third unit of time, cause
the body to describe the distance CC”, when acting alone, then
the body will describe, in this time, the diagonal CD of the paral-
lelogram C’C”. In like manner the diagonals DE, EF, etc.,
would be described in the fourth, fifth, etc., units of time:

It is clear that these successive diagonals will form a polygonal
line enclosing the center of attraction, S, within it. This line will
be concave towards the center of force, in every possible case of
attraction.

Fig. T £

If now the unit of time be chosen, successively smaller and
smaller, the successive impulses of attraction towards S will be
more and more frequent, the sides of the polygonal line becoming
constantly shorter. Finally, if the intervals of time become infin-
itesimal, the sides of the polygonal line will also be infinitesimal,
and it willmelt into a continuous curve, when the attractive force
is continuous, the curve being, if we choose to consider it so, the
Iimit of the polygonal line; and thé continuous action of S, the
limit of its successively decreasing impulses. This curve, it is
evident, is in all cases of attraction, concave towards the center
of force.

In Fig. II. let S be any center of repulsion, and let AB represent
the distance and direction described by a body in any unit of time
when not acted on by any external force. Then in the next unit
of time it would, under similar circumstances, describe, in the
same direction, an equal distance BB’. But if, at the beginning
of this second unit of time, the body were repelled from S, in the
direction SBB”, to the distance BB”, in the unit of time under the
action of S alone, then the body would describe the diagonal BC
of the parallelogram B’B”.
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In a similar manner the body, in the third, fourth, etc., units of
time, would describe the diagonals CD, DE, etc., of the parallelo-
grams C’'C”, D’'D”’ etc.

Hence the polygonal line ABCDE, would be described, having
the center of force, in all cases of repulsion, on the outside, or the
convex side of the polygonal line. It is evident also, that when
the intervals of time are made infinitesimal, the sides of the
polygonal line become also infinitesimal, or melt into a continu-
ous curve, still convex to the center of repulsion.

In the case of attraction we also know that the concave curve
may become re-entrant, as a circle, ellipse, or other closed curve,
with the center of force somewhere within the enclosure; or it
may be a curve like the parabola, with branches on each side of
its axis, proceeding to infinity and ultimately practically parallel;
or, again, it may be a curve, like the hyperbola, with branches on
each side of its axis diverging always towards infinity. But in
every such case of attraction, the center of force is within the
curve.

In the case of repulsion, however, no closed curve is possible.
It is always either an exact hyperbola, of the conic sections, or
some curve, more or less resembling the hyperbola in form, with
the center of force always exterior to the curve.

As illnstrations of these general laws of attraction and repul-
sion with regard to any center of force, and the forms of the
orbits described under their influence, it may be permitted to
state some of the results obtained by assuming certain particular
laws of attraction and of repulsion. It is well known that the
Newtonion law of attraction, applied to the Sun, and any
smaller mass, may give either a circular orbit, with the Sun at
the center, or an ellipse of any excentricity, with the Sun at one

~
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100 Are the Comets ever Repelled hv the Sun?

of the fom ora parabola, or hyperbola, with the Sun at a focus,
within the orbit.

The planetary orbits, as well as some of the orbits of comets, il-
lustrate the closed, or elliptical forms, and some of the cometary
orbits may possibly illustrate also the parabolic and hyperbolic
forms, but in all these cases the orbits are concave to the center
of force.

In a preceding number of THE SIDEREAL MESSENGER, No. 97,
August, 1891, will be found the proof that if the Sun be regarded
as a center of repulsion, whose intensity is directly as the sum of
the masses, and inversely as the square of the distance, or the
Newtonian law, except that attraction is replaced by repulsion,
then the only orbit possible with this law is the hyperbola of the
conic sections, but the Sun occupying the focus external to the
hyperbolic branch described. Hence the orbit, in this case, is con-
vex to the Sun, or to the center of force.

By a process entirely similar to that employed in that article of
THE MESSENGER, the cases both of attraction and repulsion
when the intensity of the force varied directly as the mass, and
also directly as the distance from the Sun, were investigated. It
was found, as was well known previously, that in the case of at-
traction according to this law, the orbit is an ellipse with the
Sun at the center, instead of at one of the foci, and that the time
of a revolution is constant for ellipses of all sizes.

It was also found that in the case of repulsion by the Sun, di-
rectly as the mass, and directly as the distance, the orbit is the
conic hyperbola, with the Sun also at the hyperbola’s center, in-
stead of at either focus; and hence the Sun is outside the orbit in
this case, or the orbit is convex to the center of force. This is
evident since the hyperbola’s center lies midway between the
vertices of its two opposite branches.

The next two cases, one of attraction, the other of repulsion,
investigated in a similar manner, were on the supposition that
the laws of attraction and repulsion respectively were directly
as the mass and inversely as the cube of the distance.

The equation of the orbit found, in the case of attraction ac-
cording to this law, is

=_a
~ cos(no)’

where r = the radius-vector, a = the perihelion distance, 6 = the
variable angle made by r with the axis, which is the line from the
Sun to the perihelion poiut, and n < 1 in the case of attraction.
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On projecting the curve, with any value of n < 1, as n = } for ex-
ample, it is readily seen to be concave towards the Sun.
Curiously enough, in the case of repulsion, according to this
law the equation of the orbit is found to be of the same form,
viz:

r= a
cos(n0)

with similar meanings of r, a and ¢, but with n > 1. This
curve also, being projected, with any value of n > 1, gives a curve
always convex to the Sun. In fact the curve representing the
Sun’s attraction according to the inverse cube of the distance, re-
sembles somewhat a parabola with infinite parallel branches
proceeding from the perihelion point, though it is not the or-
dinary parabola of the conic sections; while the curve repre-
senting the Sun's repulsion with the same law resembles the hy-
perbola, ‘with its constantly diverging arms, though this also is
not the ordinary hyperbola of the conic sections.

Having now demonstrated, and illustrated in several cases the
important laws, that every orbit relative to the Sun as a center ot
attraction is necessarily concave to that centre of force; and
secondly, that every orbit relative to the Sun as a centre of repul-
sion is necessarily convex to the same centre of force; it remains
to apply these laws to the well known forms of the cometary
orbits in order to answer the question at the head of this paper.
Of comrse no astronomer will maintain that the nucleus and head
of a comet that has just passed around the perihelion point of its
elliptical, parabolic or even hyperbolic orbit, with the Sun at the
focus of the orbit, within the curve, has not been subject to the
Sun's attraction at every point of its path. The nucleus and
head, it will be granted, have described a curve wholly concave
towards the Sun. Not only so, but every point of its path has
been determined, and can be computed solely by the great New-
tonian law of the Sun’s attractior. Any variation of this law, in
kind, or in amount, would determine a wholly different curve. It
is well known that after three geocentric right ascensions and
declinations of the nucleus of a comet have been observed with
considerable accuracy, even if they are only a few days apart, an
astronomer can compute the path which the comet will travel
among the fixed stars, and thus have an ephemeris, or cata-
logue of its daily position, by which he can follow it as long as
the telescope will show it. He points his telescope each night
upon the place marked in his ephemeris, and which places have
been computed solely on the supposition that Newton’s law of

- -
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attraction is invariable. Had there been any defect in that law it
would be impossible to find thecomet on pointing the telescope to
the place marked in the ephemeris. For the comet would have
departed from the computed orbit, and pursued a quite different
path, in obedience to the new law of attraction, or repulsion. It
is presumed therefore that all intelligent astronomers will agree
that Newton’s law of attraction between the Sun, and the
nucleus and head of the comet, has been implicitly obeyed by
these parts of the comet, from its first distant appearance in the
telescope to its perihelion passage, and afterwards until it has
disappeared beyond the reach of the telescope.

Moreover, when a comet is first seen at the greatest distance at
which it may be discovered by the telescope it usually presents a
round, nearly circular disk, and the whole comet then moves
down towards its perihelion, just as a planet would do if describ-
ing an orbit with the same excentricity. There is at that time no
sign or suspicion of any repulsion by the Sun of any part of the
comet. But on a nearer approach to the Sun, while running
down to its perihelion, the phenomenon of a train, or so<called
tail, is developed, generally directed away from the Sun. It is
principally to account for this phenomenon that the theory of re-
pulsion by the Sun, on at least a portion of the cometary matter,
has been proposed. If this phenomenon can be explained in ac-
cordance with known laws, there would seem to be no sound
scientific reason for invoking any repulsion on the part of the
Sun, especially as all the other astronomical forces are the at-
tractions arising from Newton's law of Gravitation.

For the sake of argument however, let it be granted that the
matter forming the train projected behind it, while the comet is
running down to its perihelion, is repelled by the Sun, instead of
being attracted. What would be the consequence? The nucleus
and head of the comet are being accelerated at every moment in
their journey towards perihelion. But these repelled particles of
the train are not only not being accelerated in the same direction,
because not attracted, but are being retarded constantly by the
Sun’s repelling force. They must, therefore, become wholly de-
tached from the comet in a short time after the beginning of the
solar repulsion. Besides, they must begin at once to move on a
curve convex towards the Sun, and to describe a path that
would give them a wholly different perihelion, in position and di-
rection, from that of the nucleus and head of the comet. After
passing this perihelion of the convex orbit, these repelled particles
must be driven off by the Sun into infinite outer space, never
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again to return to his vicinity by any action he could exert. For
to suppose these particles repelled at one time, and at another to
be attracted by the Sun, seems entirely too arbitrary to be digni-
fied with the name of science. The particles of the comet’s train,
thus supposed to be repelled by the Sun, must therefore be con-
sidered to have entirely abandoned the solar system. They could
by no possibility form parts of those meteoric ring-systems regu-
larly revolving around the Sun in closed elliptic orbits, which fur-
nish the various periodical showers of shooting-stars. A few of
the writer’s friends have interposed the following objection to the
view just stated, with regard to the dissipation of the repelled
particles of the comet’s train. It is conceivable, says one, that
though these particles are repelled by the Sun, far enough away
to form the train, yet they are attracted by the nucleus and head
of the comet with sufficient force to be carried along with the
bead, and thus pass around the comet’s perihelion. The answer
to this objection is two-fold. First, that must be a singular sort
of matter which is at the same time repelled by the Sun, and at-
tracted by the head of the comet, which is itself actracted by the
Sun, according to Newton’s law. But as this answer may not
weigh as much with the repulsion theorist as perhaps it ought,
this additional answer may be made:

Consider how small the mass of even the largest comet is; gen-
erally considered less than 35 of the earth’s mass. Professor
Young’s statement of the earth’s mass, that of the Sun being the
mit, is yyyy5y- IHe also estimates the mass of a comet as about
1véves Of the earth’s mass. Taking, however, the former estimate,
will make the comet’s mass less than ,ggyilysgss the Sun’s mass.
The head of Donati’s comet is given as 250,000 miles in diameter
by Professor Young. Hence, even most of the nearer positions of
the train of this comet were at least as far from its center of
gravity as our moon is from the earth. Now itis known that
the Sun’s attraction on our Moon, at the earth’s mean distance
from the Sun, is about twice that which the earth exerts on our
satellite, at a distance less than one-fourth of a million miles.
When, therefore, Donati's comet was as far from the Sun as the
earth is, if he attracted these particles of the train with his
normal force, that attraction would be at least 10,000 times as
great as the attraction of the comet’s head for these same parti-
cles, and many times greater still for the yet more distant parti-
cles of the train. So much for the relative amount of attraction
by the Sun and by the comet itself on the material forming its
train. But in Professor Young’s Astronomy, before referred to,
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104 Are the Comets ever Repelled by the Sun?
is the statement, Art. 731, that, according to the views of Bredi-
chin, there are three different types of comets’ tails, the long,
straight rays, as seen in Donati's comet by Professor Bond, *‘the
curved, plume-like train, like the principal tail of Donati’s comet,”’
and the ‘“short, stubby brushes violently curved.” The trains of
the first type are considered to be due to a repulsive action
from the Sun, ‘“twelve to fifteen times as great as the gravita-
tional attraction;” the trains of the second type are supposed to
be due to a repulsion from 2.2 times gravity tohalf that amount ;
those of the third type are due to repulsive force ‘“ only a fraction
of gravity, from vy to }.”

It follows, therefore, that, even when the comet is as distant
from the Sun as the Earth is, the very smallest of these supposed
repulsive forces, {; that of solar gravity, is still at least 1000
times as great as the comet’s attraction for the repelled particles
of the train that are only at a comparatively small distance
from the head. When, furthermore, the comet runs down to
within a short distance of the perihelion point, the inverse square
of its diminished distance from the Sun, will greatly increase the
ratio of his repulsion to the comet’s attraction for these parti-
cles. It is therefore quite impossible for any attraction of the
comet’s nucleus and head upon even the nearer portions of its
train, and still less for its attraction on the more distant por-
tions, to overcome this enormous repulsion of the Sun for these
particles. It is certain, therefore, that they can never pass the
comet’s perihelion point together with the nucleus and head, nor
at any time subsequently on the theory of repulsion; since they
must, in such case, move off in an orbit convex to the Sun.
Hence it follows that all the particles of the comet’s nucleus and
head that have passed the perihelion of its orbit must be of a
different nature from those that were repelled by the Sun previ-
ous to that epoch. They must be such particles of the comet as
are subject to the Sun'’s attraction only, and not to his repulsion.
For otherwise, as has been shown, they could never come up to
and double the cape of the perihelion. All the particles that
were of such a kind as to be subject to the Sun’s repulsion in-
stead of his attraction, must have been sifted out by that re-
pulsion, and dissipated forever into outer space. But, strange to
say, after the comet’s perihelion passage, a new train or tail is
developed, usually turned away from the Sun, like the one before
perihelion passage. To account for this recourse is had again to
the same theory of repulsion. But why should these particles of
the comet, which, before coming to perihelion, were not subject
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to repulsion, because this would have prevented their passage,
be now changed in their allegiance to the Newtonian law? The
truth is, a new explanation of the trains or tails of comets must
be found, not involving the supposition of any repulsion. The
proper consideration of the forms of orbits, necessarily described
under any central repulsive force, and under a central attractive
force, demonstrate the absurdity of supposing any portions of a
comet to be repelled by the Sun.

There is no question that there is something in the pretty regu-
lar turning of a comet’s train away from the Sun, both before
and after perihelion-passage, that looks very much like repulsion
by the Sun of some portions of the cometary matter. But it
does not follow from this - appearance that there is any real re-
pulsion. So also it looks very much as though the Sun rose up
every morning from below the eastern horizon, travels along the
vault of the heavens, in a western direction, and sets every even-
ing in the west, while the Earth below him stands still. And
this view was actually maintained for many ages. But now
every one knows that this is only an appearance and not the re-
ality. So also, the heaping up of the waters of the ocean on the
side of the Earth opposite to the Moon, looks as though the
Moon repelled the waters of the more distant hemisphere, while
she attracts those of the nearer hemisphere, and so tends to raise
a tide immediately under her, by attraction, and another oppo-
site to her, by repulsion. But astronomers know that there is
no repulsion in the case, but only a difference of attraction on
the Earth as a whole, at its centre, and a greater attraction on
the waters of the nearer hemisphere, with a less attraction on
the waters of the remote hemisphere. It seems strange that as-
tronomers have not long ago taken the hint from our own tides,
and applied this same theory of the Sun’s Difference of Attrac-
tion on the nearer and remoter portious of a comet, to explain
its figure of eqnilibrium. The smallness of a comet’s mass, the
greatness of its volume, and the rapid diminution of its distance
from the Sun while approaching its. perihelion, or its rapid in-
crease of distance while receding from the same point, are the
important factors in this explanation; together with one more
point, which is this. The actions of the Moon and Sun on the
waters of our globe are small and nearly equal practically in the
two opposite hemispheres, first because of their great distance
from the Earth compared with the diameter of our globe; sec-
ondly because of the Earth’s comparatively large mass, more
than 5000 times that of any comet; and thirdly because of the

- .



106 Are the Comets ever Repelled by the Sun?
nearly constant distances of the two tide-raising forces. On the
contrary, the comet’s large volume and small mass, and its va-

_rying distance from the Sun, conspire to make his tidal distur-
bance large, and variable with the distance, and largely different
from each other on the comet’s opposite sides, the one nearer and
the other more remote from him.

Regarding the comet, as in the older and truer view, as a mere
mass of very rare gas or vapour, the Sun’s tidal disturbing force
would penetrate, with varying force, to its very centre, when the
comet wds at its greatest distance. The greater disturbance in
the nearer half of the cometary mass, than in the more remote,
would tend to transport more of its material to the hemisphere
nearest the Sun, and thus transfer the centre of gravity, the
nucleus, in that direction. This in turn would give greater
power of attraction to the nucleus upon the surface nearest the
Sun, and diminish its control on the more remote parts of the
comet in the opposite direction. The writer may be permitted to
refer tb the volumes of the American Association for the Ad-
vandement’ of Science, for his paper “On the Tidal Theory of
Comets,” presented at Cambridge, Mass., in 1880.

There is a difficulty connected with the passage of a comet, and
its train, around the perihelion point of the orbit, which still
seems to need clearing up. Some of the older writers on the sub-
ject usually represented the whole comet, nucleus, head, and
train stretching away from the Sun in a straight line, for mil-
lions of miles, like a stiff rod, passing around the perihelion
point, always in that same relative position, head and nucleus
towards the Sun, and the distant train straight out from the
perihelion point, and then sweeping around faster than the head,
so as to get into position away from the Sun, after the peri-
helion passage. But this sort of motion, as pointed out by Sir
John Herschel, is a mechanical impossibility. For the parts of
the comet nearest the perihelion have necessarily the greater ve-
locity, and those more distant a correspondingly less velocity,
the velocity in cometary orbits varyving nearly as the inverse
square root of the radius-vector. The more modern view seems
to be, though{it is nowhere very confidently asserted, that the
old train, before perihelion-passage, has been entirely dissipated
by the Sun’sjrepulsion, and that the train seen after perihelion-
passage is a new one, subsequently developed by a new repulsion.
The absurdity of this second supposition has perhaps been made
plain enough.

On the tidal theory of the forms of comets, the train is behind
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the nucleus and head, in time while approaching perihelion, be-
cause, being more distant from the Sun, it is moving more
slowly, in obedience to the inverse square root of the radius-
vector. But it is moving, as nearly as may be, along the same
orbit pursued by the head. It reaches the perihelion /ater than
the head and nucleus. In fact, so great is the increase of velocity
of the comet’s head, when near perihelion that it, as it were,
jyrks away from and severs entirely its connection with at least
the more remote portions of the train.

After perihelion passage of the comet’s head, the same tidal
perturbation of the comet’s figure by the Sun, now at its maxi-
mum on account of its least distance, develops the same elon-
gated figure, with the comet’s centre of gravity, its nucleus, near-
et to the Sun. Some portions of the old ante-perihelion train
are never able, though following along the same general orbit,
ecause still attracted by the Sun, to overtake the head, nucleus,
and new train, that have preceded it in perihelion-passage. Even
when the head, or main portion of the comet, has reached the
aphelion of its elongated ellipse, the portions of the old train
kft behind have not yet reached that point, and are slowly climb-
ing towards it with retarded motion, while the head has com-
menced its accelerated motion towards the perihelion once more.
Of course the old train can never overtake the head; it is always
behind the latter.

At the next perihelion-passage of the comet’s head, a new por-
non of the new ante-perihelion train is similarly detached. Thus
there are at least two cloud-like masses of cometary matter, fol-
lowing in the orbit of the comet’s head. At the next perihelion-
passage there will be a third cloud of cometary particles de-
tached, and so on, after each successive revolution. These cloud-
like detached particles will ultimately be distributed along the
orbit, over a large arc, or in some cases throughout the entire
orbit. These are the meteoric masses, describing elliptical orbits
about the Sun, derived from the successive disintegrations of a
comet at each passage of its perihelion, and with sometimes one
or more comets pursuing the same orbit. In this way the No-
vember meteoric bodies, or the August meteoric bodies, and
others, may be explained. 1t is then only requisite that the or-
bits of these bodies should nearly or quite intersect that of the
Earth, to bring about a periodic swarm of shooting stars.

If it be granted, as is most probably the case, that these me-
teoric masses, are somehow derived from the disintegration of

the trains of comets, then it is quite certain that they were never
L~
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repelled by the Sun. For these masses revolve in regular ellipses,
concave towards the Sun, which occupies the focus of their or-
bits just as in the case of the planets. The orbits of these bodies,
moreover, have been computed by the same Newtonian law of
attraction by which the orbits of the other members of the So-
lar System have been determined. This is perhaps the most posi-
tive demonstration that no parts whatever of a comet are re-
pelled by the Sun, but that all are attracted in accordance with
the great Newtonian law. No closed curve, like the elliptical
orbits of the meteoric masses, could possibly be described under
the influence of any repulsive force. If therefore, these meteoric
particles are attracted, and not repelled, as is certainly the case,
then no good reason can be assigned why those particles form-
ing even the extreme portions of a comet’s train should be re-
pelled by the Sun.

THE EFFECT OF PRESSURE UPON THE TRANSMISSION OF RA-
DIANT ENERGY THROUGH GASEOUS MEDIA.*

SEVERINUS J. CORRIGAN.

Equation (15) shows that the quantity of heat, Q, emitted
from unit surface, and transmitted through a gaseous medium 1is,
when the temperature, t,, of the source of heat, and t,, that of the
enclosing walls are constant, a function of the pressure, P, ; i.e.,
Q = ¢ (P), and it is obvious that, if these temperatures be varied,
the pressure remaining constant, the quantity of heat radiated
will also be varied, or, in other words that Q will be also a func-
tion of t,and t,; i.e., Q = ¢(t, t,); therefore, when both of the
temperatures, and also the pressure, vary, the quantity of energy
radiated, in unit time, from unit surface will be a function of ¢, ¢,
and P, and we can write Q = ¢ (¢, t,).¢ (P), (24). The result-
ant quantity, Q, is, therefore, composed of two components, viz.:
¢(t, t,) and ¢(P). The second, as has been shown, is dependent
upon the orbital motion of the atoms composing the molecules of
the gas, around a common centre of attraction, in the same man-
ner and according to the same law that governs the motions of
the planets around the Sun, and of twosuns or stars around their
common centre of gravity, Its value is, as has been shown by

equation (15), expressed by ¢(P) = Pis,

* Continued from No. 101, page 7.
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The first component ¢(t,, t,), due to temperature, can be re-
garded as indicating a perturbative action upon the orbital
motion represented by the second factor of the second member of
equation (24), or to a vibratory movement of each system of
atoms, i. €., each molecule, in a longitadinal direction, this motion
being due to an impulse emanating from those vibrating particles
of the “source of heat” that are in contact with the gaseous
medinm, i. €., the surface particles. For the explicit valve of the
first function I have taken the following:

¢(t,t) = Cat(atr—tu— f),

which is based upon Dulong and Petit’s well known empirical
formula, and in which C is a constant depending upon the nature
of the radiating surface, while, a is a constant having for its
valve 1.0051 when the temperatures are measured according to
Fahrenheit's scale. It differs from Dulong and Petit's value
which is 1.0043, but their formula was deduced from experiments
rpon a body heated to less than 450 degrees Fahr., while, in the
cases which I have investigated, the temperature exceeded 2100
degrees.

The value, 1.0051, I have deduced from some of Professor
Draper’s investigations upon the radiation of light from bodies at
temperatures of from 1900 to 2600 degrees Fahr.

The value of C for one square inch of polished copper is, approx-
mately, .00002647 of a thermal unit, i. e, of a pound-degree
Fahrenheit, per second. Its value for other substances can also
e determined experimentally.

The quantity of energy radiated from a heated body, under
varving conditions of temperature and pressure, can, therefore,
be expressed by the following equation:

0=r¢(t, t,).¢(P) =Can(at—u—1).Pis  (25).

That is, if we know the quantity of heat or energy radiated, in
unit time, from unit surface of a ‘‘ source of heat” at a given tem-
perature, t,, the temperature, ¢,, of the enclosing walls being also
known, and the enclosed gas being under a given pressure, P, we
can find by means of equation (25), the quantity radiated at any
other temperatures and pressures. I have used this equation for
the purpose of obtaining the absolute quantity of energy radiated
in unit time, from the filament of a 16 candle-power incandescent
dectric lamp in which the pressure of the enclosed air was reduced
0 yyvivws of the normal atmospheric pressure, and the result, in
wnits of electric energy, 1. e.,in volt-amperes, or watts, or in equiv-
alent thermal units, or in units of energy, i. e., either ergs, or horse-

- )




110 " The Transmission of Radiant Energy.

power, is almost exactly the same as those obtained by many
tests made by several electric-lighting companies. For instance,
the glossy metal-like surface of the filament of the latest 16 can-
dle-power ‘ Edison’’ lamp radiates 54 volt-amperes, or watts, of
electrical energy, equivalent to .054 of a thermal unit, or .072 of
a unit of electrical horse-power. Taking the temperature of the
filament at 2100 degrees Fahrenheit, which is, very nearly, the
temperature of perfectly white light, the temperature of the glass
bulb at 150 degrees, and the pressure of the enclosed air at
tovdsss Of the normal atmospheric pressure of 30 inches of mer-
cury, equation (25) wil!l give, as the quantity radiated. 55.8 volt-
amperes, or watts, i. e., .0558 of a thermal unit, or .075 of a
unit of electrical horse-power; a very close agreement between
the results of actual practice and those of theory.

Therefore I think that the validity of equation (25) and of all
the preceding ones through which they have been derived, and of
all the principles on which they are based, is established.

Any statement purporting to furnish an absolutely true, com-
plete and accurate explanation of all the known phenomena of
“radiation,” would be, I think, premature and unwarranted, and
if such statement could be properly made, it would require far
more space than could be devoted to it in ASTRONOMY AND ASTRO-
PHYSICS, or in any other publication whose province is the same.
But the existence of an orbital motion of the atoms of a gas, and
also of a longitudinal vibration of the system of atoms or the
molecules, is, I think, established. The combination of a rota-
tional movement with a longitudinal one, 1. e., of both a trans-
verse and a longitudinal vibration of the energy-bearing or
transmitting molecules furnishes, probably, the key to certain
phenomena of “ radiation”’ which have been heretofore not clearly
explicable. In ‘““radiation’ there is probably no transference of
matter, only motion being propagated, and the only molecules
that need be considered in this connection are those which are in
contact with the surface of the radiating and also of the receiving
body.

The resultant path of the revolving atoms can be represented
when the velocity in the longitudinal direction is much greater
than the orbital velocity, by a wave-like reversed curve, for one-
half of the duration of the complete longitudinal vibration, and
by a like curve running in the opposite direction, for the other
half. Could the body to which heat is radiated be a perfect ab
sorber, there would be a reversed curve, or a wave in only one
direction as shown in Fig. 1, in which S represents the * source of
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r heat,” and R the receiver or ab-
sorber. In this case there will he a
curve in only one direction, indi-
cated by the arrow, because the
motion of the revolving atoms will
be destroyed or rather be wholly
given up to atoms composing the
receiver, R, so that there can be no
return curve or wave. In the case where the receiver cannot ab-
sorb heat, 1. e., where it is a perfect reflector, the action is repre-
sented in Fig. 2; the longi- R
tudinal vibration being
complete, there is a return
curve or wave as shown by
the arrows; the figure re-
presents the fact that as
moch heat is sent back or
reflected to the *‘source”
as has been radiated from it, or, in other words, that the source
has lost no heat.

The molecules which have given up their motion are replaced
by others more active, thus producing the phenomenon called
“convection.”” In the above diagrams only one wave is repre-
sented moving in the same direction, but the number is dependent
apon both the orbital and the longitudinal velocities, and it is
really almost inconceivably great.

Nwsm s TN manTw
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w Could there be a condition in which a mass
LT of gas, such as the atmosphere, would not
J . be acted upon by ‘‘radiations’’ from ‘‘sources
¢ € of heat,” the condition would be represented
' o by Fig. 8, in which the atoms revolving in
g3 -~ the orbit represented by the circle make sim-
ple contact with the wall W, at only one
point, C, and the amount of impact R
is infinitely small. But if, as is al- S N
ways the case, the molecules or :(" \

systems of revolving atoms are
given a vibratory motion in along-
itudinal direction, by an impulse
imparted to them by the molecules
of some heated body, the condition
would be represented by Fig. 4, in which S represents the radiat-
ing surface and R the surface of the receiver.

L ]
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We can see that, by the shifting of the system of revolving
atoms longitudinally from S to R, the centre, C, moving as indi-
cated- by the arrow, the atom would make more than a simple
contact with the receiving surface, R, and that the latter would,
in fact, receive the full force of the impact and be heated thereby.
Fig. 5 conveys the idea that the same

R effect that is shown in Fig. 4, i. e., the
Pl \ 0N heating of a receiving body, can be pro-
S NS duced even if there be mno shifting of the
; ¢ , system of atoms, or the molecule longi-

.
.

1
. ! 185 tudinally; in other words, if there be no
~ NS body radiating heat, the effect being pro-
duced by the moving of the receiving sur-
face, R, to the left, the centre of the system, or C, remaining sta-
tionary. It will be seen that in this case, as in the former, the
atom can make full impact upon R and heat it.

This is only one way of expressing the well known fact
that compression will generate heat. The heating of meteoric
masses is a notable case in point; the meteors, rushing with a
very great velocity, into our atmosphere, compress the molecules
thereof, and the revolving atoms composing these molecules, beat
against the surfaces of the meteors, heating these bodies to in-
candescence. .

It is neither impossible nor improbable that the two revolving
atoms of each system are in a state of polarity, one positive and
the other negative, thus being mutually attracted by reason of
their polarity but kept apart by the * centrifugal force” due to
their orbital revolution, and, under this hypothesis, each system
can be regarded as a little magnet. The property, possessed by a
magnet, of generating or inducing electrical currents when
moved toward or from a conducting coil, is well known, and the
greater the velocity of the approach and the recession, the
greater will be the current. Therefore, if we regard the retina as
representing the coil in which currents are induced, and each sys-
tem of polarized atoms as the magnet, the approach and reces-
sion of the system to and from the retina, may generate therein
molecular disturbance which, being conveyed, by the optic nerve,
to the brain, produces therein that sehsation which is called
“light.” ¢‘Heat” appears to be a purely mechanical effect due
to the impact of the revolving atoms upon those of the receiving
body and, as has been shown above, it is a function of the or-
bital velocity, i. e., its amount depends not only upon the temper-
ature of the ‘‘source’ but also upon the pressure of the trans-

L]
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mitting gaseous mass, or in other words upon the second factor
of the second member of equation (25). But the intensity of
“light”” does not seem to vary with the pressure, but only with
the temperature of the ‘‘source,” it appears to be, particularly,
a function of the first factor of the right hand member of equa-
tion (25), that is, it seems to depend principally upon the ra-
pdity of the vibrations of each system of revolving polarized
atoms or magnets, in a longitudinal direction.

The opinion of the late Professor J. Clerk Maxwell, that
“light” is an electro-magnetic phenomenon is well known, and
s held by many other physicists.

Of the absolute nature of the polar forces we can, probably,
kamm nothing; like ‘“‘gravity” or any other force, we can know
them only by the effects which they cause; we are not debarred
fom advancing a hypothesis as to their existence and probable
dfects, but, for the establishment of the truth of such hypothesis
we must depend solely on the agreement between the proposi-
nons thereof, and the facts derived from observation of the phe-
pomena of *‘ radiation.”’

It should be noted that, in the theory which I have above ad-
vanced, the so-called molecular forces which generate heat, and
the other forms of energy which are regarded as due to the mo-
ton of the infinitesimal particles of matter, are considered as
producing a vibration of the atoms which constitute the molecule,
as well as a vibratory movement of the molecule itself, which
latter vibration seems to have been the onlv one heretofore re-
garded. According to my theory the simplest form of molecule
would be one composed of only two atoms revolving in one
plane (the orbit being a circle for instance) but the number of
component atoms may be indefinitely great and the number of
planes or orbits in which they move may be likewise indefinite,
bat there must be a common focus around which these atoms,
the components of the molecule, revolve.

If we regard the orbit as a circle (which can be done, since,
whatever may be the normal orbit, the pressure upon the gaseous
mass, due to gravity, must tend to conmstrain the orbit to, at
least, an approximately circular form), we can conceive of any
number of such circular orbits lying in all planes throughout the
whole 360 degrees of a circle, but having a common focus or
centre; we can also conceive of the existence of an indefinitely
great number of sets of two atoms revolving in each plane;
therefore, according to this view, a molecule would be a spherical
shell composed of an indefinitely great number of revolving

-~
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atoms moving around a focus within the shell, and, since each
orbit or each system of atoms is subject to change under the ac-
tion of extraneous forces, expanding when the linear velocity in
the orbit is increased by an impulse from the moving atoms of
other molecules, or by any other means, and contracting when
said velocity is decreased by impact against the atoms of neigh-
boring molecules or otherwise, a mass composed of molecules so
constituted would possess those properties which the phenomena
of “radiation” seem to indicate as indispensable attributes of a
perfect transmitting medium.

By thus considering each molecule as composed of separate
bodies revolving around a common focus, Dalton’s law, which
asserts that “in a mixture of different gases, when there is equili-
brium, each gas behaves as a vacuum to all the rest,” is clearly
explicable, because, according to this view, there is sufficient
room for the co-existence and the motion of the atoms compos-
ing the molecules of each gas, around their respective foci.

The diagrams given above are intended to convey only a gen-
eral idea of the action of the revolving atoms producing the phe-
nomena of ‘‘radiation,” and a more specific statement in regard
to the nature of the atomic movements and orbits will now be
set forth.

We can conceive that the linear velocity of an atom moving,
when the gaseous mass is in equilibrium, in an approximately
circular orbit, as augmented, either by impact from the vibra-
ting particles of a source of heat,” or by compression; and we can
determine the nature and amount of the change effected in the
elements by such an augmentation of the linear velocity. To do
so we need only to consider the simple and well known mathe-
matical relations which exist between the elements of any orbit
described by a body subject to the action of a centripetal force
which varies inversely as the square of the distance; it is plain
that such an orbit must be one of the ‘“conic sections,’”’ and the
atomic orbits are not exceptions.

The equations which express the relations between the elements
of any orbit are the following:

p= V22 ;m’ &, (a)
k
A=w_yy B

r

e="1-£ (c)
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in which V, represents the linear velocity of the body, r, its ra-
dius-vector, ¢, the angle between the radius-vector and a tangent
to the orbit at the extremity of said radius, p, the semi-para-
meter, a, the semi-transverse axis, e, the eccentricity, and gq, the
shortest distance, of the moving body from the focus, while k,
represents the unit of attractive force which, for our purpose, can
be regarded simply as unity, as relative values only are to be con-
sidered. The angle, ¢, is, in the case of a circular orbit, always
aright angle, but if we conceive the moving body to receive an
mpulse from without, not only will the linear velocity be aug-
mented but the direction of the motion or the angle ¢, will also
be changed. If V represent the linear velocity in the circular or-
bit, and V, the velocity (at a right angle to the former) imparted
by the impact of an extraneous body, the angle, ¢, and the re-
sultant velocity, V,, will be found from the equations:

tan ¢ = v ,and V, =—.V—,; the value of V,, so found, is to be

Vv, sin ¢

used for V in the equations (a) and (b). )

A numerical example may serve to elucidate the matter: if we
consider only relative values we may take V, or the linear ve-
locity in the circular orbit, and also the other variable elements
as each equal to unity ; if we now suppose a velocity V|, equal
to ¥V, or to 1, to be imparted to the revolving atom by an im-
pact from without, the angle, ¢, will become equal to 45°, and
the resultant, V,, will have the value 1.414+; then, from the
frst four equations, we will find that the semi-parameter, p, will
beequal to 1, the semi-transverse axis to =, the eccentricity to 1,
and the nearest approach to the focus, 0.5; in other words, by
such increase of velocity, the orbit will become a parabola; for a
less augmentation of the linear velocity, it would have become
an ellipse, and for a greater, the orbit would have been changed
into a hyperbola, as will appear if other values of V, be used.

A graphical illustration may serve to render the matter
plainer; in Fig. 6 the circle represents the orbit of equilibrium in
which the atom at S revolves, when not acted upon by an ex-
traneous force, around the focus C, the revolution being in the
direction of the arrow; if an impulse from outside be given to
the atom at S, in the direction indicated by the arrow, this atom
will move with increased velocity (in the case we have con-
sidered) through the arc of a parahola SQR, and, could the ve-

locity become infinitely great, the atom would move in the

o
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straight line SCR, through the focus C. Observing Fig. 6, we
see that if R represent a receiving body, the atom moving in the
orbit of equilibrium, or the circle, will not impinge upon the re-
ceiver, but that, if the velocity be increased so as to change the
orbit into any one of the
other * conic sections,” it
/ will strike more or less
directly against the re-
R ceiving body, as is indi-
— """ cated by the dotted ex-
- 8 "",,, tensions of SOR and SCR
through the same, and
by the impact the receiv-
Flgé ing body will be heated.
Furthermore, since the
atom does not move around a much more massive body as
is the case with the planets, but around a center of attraction
whose position depends upon those of the component atoms,
being midway between them when they are of equal mass,
the approach of either atom toward the focus must cause
a shifting or vibration of the latter; therefore Fig. 6 illustrates
more explicitly the conditions shown in a general manner in
Figs. 3,4 and 5. It also elucidates the cause and modus oper-
andi of the expansion of a gas by the action of applied heat, the
atomic orbit being enlarged thereby, as is shown by the dotted
lines. The action of gravity upon a gaseous mass, like our at-
mosphere, compresses the molecules so that the atomic orbits are
restricted to an approximately circular form, and are not the
normal ones due to the masses and original velocities of the com-
ponent atoms; therefore there must be a tendency to expansion
in all such masses. We can, therefore, conclude that, in any case,
the expansive force of a gas is not due to any repellent force in-
herent in the gaseous mass, which is the generally accepted idea,
but simply to the orbital motion of the atoms under the action
of a centripetal force which operates like that of gravity. In this
paper only relative velocities and distances have been considered,
but the reader can gain some idea of the absolute values of these
quantities from the fact that of the vibrations producing a ‘‘ deep
red " light there are, approximately, four hundred millions of mil-
lions per second, with a wave length of yyyyyosyors Of an inch.
Work, done by a moving body, is proportional to one-half the
mass multiplied by the square of the velocity of the body. In
the case of the atoms the smallness of their weight is compen-
sated by their enormous velocity.

g,
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The conclusions to which the above investigation has led me,
can be summarized as follows.

We can conclude, first, that a simple gas is composed of in-
numerable molecules each of which is formed by two equal
atoms, or by some number of atoms which is a multiple of two,
the number and grouping defining the chemical characteristics
of the gas, and that these atoms are in a state of almost incon-
ceivably rapid revolution around a common centre of attraction
Iying between them, this motion of revolution being due, as is
that of the planetary bodies, to an attractive force which, like
that of *‘ gravity,” varies inversely as the square of the distance
of the bodies from the centre of attraction:

Secondly, that the pressure of a gas upon the walls of a contain-
mg vessel (in the case of the ‘ atmosphere’ the earth’s *‘force of
gravity "’ can be regarded as the restraining wall), is due to the
meessant impact of these revolving atoms upon said walls, and
that the pressure aforesaid, is inversely proportional to the 4.5th
power of d, or the distance apart of the atoms composing the
molecules of the gaseous mass, which fact is expressed by the

equation, P = 341,—5 , whence d = —}r .
Pis

Thirdly, that the quantity of energy, Q, transm‘tted by and
through a gas, from any ‘' source of heat,” the temperature of the
“source”’ and of the enclosing walls being constant, varies in-
versely as d, or directly as the 4.5th root of the pressure, i.e.,

1 1 '
=g= Pas

Fourthly, that, when the pressure of the gas and also the tem-
perature of the ‘*‘source of heat,”” and that of the enclosing walls
are constant, the ‘ quantity of heat’ (, transmitted in unit
time, will be expressed by the equation, Q = Ca®(atrt — 1), in
which ¢, represents the temperature of the “source” and ¢, that
of the enclosing walls, while C is a constant depending upon the
surface of the radiating body, and a, is a constant whose numeri-
cal value is 1.0051.

Fifthly, that, when both the temperatures and the pressure
vary, the quantity of energy or heat, transmitted through the
gas, in unit time, can be expressed by the equation

Q=Cat (a:—t — 1) . Pis
in which the first factor of the second member represents the -

longitudinal vibration of each system of revolving atoms and the
second factor the orbital revolution of these atoms around their

/"
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common center of attraction, the resultant being a wave-like
motion of said atoms.

Sixthly, that the difference between the speclﬁc heat of a gas at
constant pressure, and that of a gas at constant volume, is due
to the orbital motion of the atoms composing the molecules of
the gaseous mass, and that for a perfect gas, the numerical value
of the ratio between the specific heats is 1.5; also that the error
of Boyle's law, which law is expressed by the equation P= M,
when the volume is constant, results from neglecting the factor,
n, which represents the orbital velocity of the revolving atoms,
the proper expression being P = Mn, when the volume is con-
stant, and furthermore, that the ratio between any two pres-
sures, P, and P,, should be expressed by the equation:

7= =)

These conclusions also suggest some ideas of a purely specula-
tive nature; for instance, it seems unnecessary to assume the exis-
tence of any other than a gaseous medium for the transmission
of radiant energy, in other words, there seems to be no necessity
for the hypothesis of the existence of a special medium such as
‘“ether.” There is no reason to suppose that an absolutely per-
fect vacuum is ever procurable, for the mass, and therefore the
density and the pressure of a gas can he reduced toward infinity,
vet there will always be a finite quantity of gaseous matter re-
maining, and equation (15) shows that the dimimition of the
quantity of energy transmitted from a given source in a given
time is very, very far from heing proportional to the reduction of
pressure or density :

Thus, if a body be emitting a given quantity of heat in air at
a normal pressure, it will radiate at a pressure of ;45)355th of an
atmosphere a quantity equal to 45 of that given out at the nor-
mal pressure; while if the reduction be carried to y35350d0s05500,
the quantity will be ;},, a very large amount when the enormous
reduction of pressure, or density is considered ; matter so tenuous
could not offer any appreciable resistance to bodies moving
through it, and vet it would be capable of transmitting compar-
atively large quantities of radiant energy. That the relation
between the pressure and the quantity of energy or heat radiated,
as shown by experiment, follows so closely the law expressed by
equation (15) is, I think, conclusive proof that the transmitting
medium for radiant energy, or heat, is a purely gaseous one.

The idea is also suggested, that what is called space is not
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void, but that it contains gaseous matter in a state of extreme
tenuity, the atoms composing this matter being in rapid orbital
motion and transmitting energyv, thermal, luminous, electrical,
and chemical ; that from these like atoms are formed all the bod-
ies of the univers®, chemical and other characteristics depending
upon the grouping and motions of the atoms; we know that all
forms of matter can be reduced to the gaseous by the applica-
tion of a sufficient quantity of heat, or force, and that, therefore,
if the original “ energy of motion' of the atoms of the gas be
lost to them, by transference to the atoms of other bodies or
masses, the former will cease to revolve and will become the con-
stituents of solids. The revolution of the atoms can, I think, be
rgarded as the knowable fountain-head of all energy, or force,
bat the answer to the great question, * Whence bave sprung these
atoms and the forces by which they are impressed, which put
them in motion and cause them to revolve?” is known only to
Him “ without Whom was made nothing that was made.” But
it does not necessitate an undue strain upon either the imagina-
tive or the reasoning faculty, to conceive that space is filled with
these revolving components of the molecules of a gaseous mass;
to see, mentally, portions of them parting with their motion or
heat, thus, eventually approaching the solid state, and forming
stars or suns, plauets and satellites, the revolution of the atoms
beng resolved into a like revolution of the resultant bodies
around *“ centres of gravity;” in other words, it is neither diffi-
ait nor unreasonable to regard the ‘nebular hypothesis’ as, in
the main, true: but, to a knowledge of the absolute nature and
ongin of matter and force, we cannot hope to attain until the
“finite”” can compreliend or encompass *‘ The Infinite.”

TRANSPARENCY OF THE CRAPE RING OF SATURN, AND OTHER
PECULIARITIES AS SHOWN BY THE OBSERVATIONS OF
THE ECLIPSE OF JAPETUS ON NOVEMBER Ist, 1889.*

BY E. E. BARNARD.

On the first of November 1889, I observed the eclipse of Ja-
petus in the shadow of the ball and ring system of Saturn with
the 12-inch equatorial. These observations were embodied in a
paper published in the Monthly Notices of the Royal Astronomi-
cal Society for January, 1890.

* Communicated by the author.
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In calling attention to this phenomenon in Monthly Notices
for June 1889, Mr. Marth says: * The inclination of the orbit of
Japetus to the plane of the ring being nearly 14°, while the or-
bits of the other satellites have inclinations of less than 1°, the
rare eclipses of Japetus by the ring system offar the only chance
of deciding several questions which may be settled with the help
of observed eclipses. No such observation has ever yet been
made. Favorably placed observers ought, therefore, to take full
advantage of the rare chance they may get on November 1.
There will not be another such chance for at least the next six-
teen years.”

Light Curve® of the Eclipse of Japetus, in the Shadows of the Globe, Crape Rlng and
Bright Ring of Saturn, 1889 Nov. 1.—From Monthly Notices, Vol, 50, p. 1

One of the problems to be settled at that eclipse was the trans-
parency of the crape ring.

* See News and Notes for explanation of the above light curve.
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For various reasons, no other observer in the world saw the
eclipse of Japetus.

The observations of that eclipse with the 12-inch equatorial
bave given us more information about the crape ring of Saturn,
perhaps, than could possibly have been obtained by a hundred
vears of ordinary observing.

The night was fine and clear and especially favorable. The
planet rose at 12® 50™. At first the seeing was only ordinary,
but it increased in excellence until in the latter stages of the ob-
savations it was superb. By the time the satellite had entered
the shadow of the crape ring, the planet had attained a high al-
titude and was excellently placed for observing.

When Saturn rose at the Lick Observatory, Japetus was al-
ready in the shadow of the ball—having passed through the first
half of the shadows of the rings. Near the predicted time the
satellite re-appeared from the shadow of the ball into the sun-
light shining between the ball and rings. It quickly assumed its
normal light, and after remaining thus for an hour and twenty
minutes, it began to fade and so continued for an hour, having
during that time entered and passed through the shade of the
crape ring. It then entered the shadow of the bright rings, and
rapidly disappeared. )

From a great number of comparisons of the light of Japetus
with two of the other satellites, a curve was drawn showing the .
hight variations. This was published in the paper referred to.

This curve clearly showed what effect the crape ring had upon
the light of the satellite. It showed that after passing through

the sunlight shining between the ball and rings, Japetus entered
the shadow of the crape ring. As it passed deeper into this, the
absorption of sunlight became more and more pronounced, until
finally the satellite entered the shadow of the bright ring. The
crape ring was therefore transparent—the sunlight sifting
through it. From the gradual absorption of light, it also
showed that the crape ring was denser or less transparent as it
neared the bright ring.

An inspection of the curve, and the observations, showed con-
clusively that there was no separating space, or division, be-

tween the inner bright ring and the crape ring as has frequently
been represented in drawings. The transition from the one to
the other, however, appears to be rather abrupt, as shown by
the steepness of the curve at the time of contact with the sha-
dow of the hright ring.
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The observations also show that, so far as the penetration of
the solar rays is concerned, the bright ring is fully as opaque as
the globe of Saturn itself.

From the observations, I have deduced the following, Mt.
Hamilton Mean Times.

d h m
Japetus first seen (re-appearance from shadow of Ball) .......... 1889 Nov. 1 14 37.4
Japetus last seen (contact with the shadow of Bright Ring) 1889 Nov. 117 11.0
An inspection of the light curve gives........cccocevruiiireiiiiicinnenns 1889 Nov. 115 47.2

as the most probable time of contact with the inner edge of the
shadow of the crape ring.

For comparison, I append the predicted times of the above
phenomena as given by Mr. Marth:

. dh m
Re-appearance from Shadow of Ball 1889 Nov.1 14 41 Bessel
¢ ¢ ¢ M e 1889 Nov. 114 59 Struve
Contact with Shadow of crape ring.......cceeeersvnerricns oo 1889 Nov. 1 15 41
“ oow © DGt TN eerrereenes cerenreresrennes 1889 Nov. 1 1717

The observations are as accordant with theory as could be ex-
pected, since Mr. Marth states that 1” in the heliocentric longi-
tude of the satellite corresponded to an error of 36 minutes in
the time. The two predictions for the re-appearance from the
shadow of the ball, come respectively from using Bessel’s and
Struve’s data for the diameter of the ball.

From the time required for the total emergence of Japetus
from the shadow of the ball, and for its disappearance into the
shadow of the bright ring, the satellite cannot be less than 1400
miles in diameter.

Unfortunately the contacts with the projection of the Cassini
* Division could not be observed here as the Sun rose before that
phenomenon occurred.

From the light curve published in the number of the Monthly
Notices referred to, I have obtained the following values which
may be taken as fractions of a magnitude to represent the
change in the light of Japetus due to the interposition of the
crape ring between it and the Sun—or in other words, the ab-
sorptive power of the ring.

TABLE OF LIGHT VARIATION. FROM THE LIGHT CURVE,

hm m h m m h m m
Sidereal 6 10 0.780 Sidereal 7 o o.520  Sidereal 7 47.5 o0.050
15 0.770 5 0.456 sot — o.030
20 0.769 10 0.390 §2.5 — 0.150
25 0.765 15 0.348 §3 — 0.260
30 0.764 20 0.27§ §4 — 0.300
35* 0.760 25 0.225 §5 — 0.330
40 0.748 30 0.168 §7 — 0.400
45 0.720 35 o0.130 58 — o.500
so 0.678 40. 0.098 759 — 0.600
6 55 0.599 7 45 o0.065

* Enters shadow of Crape Ring.  t Enters shadow of Bright Ring.

These figures between 6" 35™ and 7" 50"—during which time
the satellite was passing through the shade of the crape ring—
seem to indicate that the density of the crape ring increases pro-
portionally to the distance from its inner edge, and the density at
any point p will be
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D=x
where x is the ratio of the distance of p from the inner edge in
terms of the width of the crape ring, or, in the ahove table, an
absorption of about 0.0' magnitude for each minute of time. If
we assume a mean of the variations between 6" 35" and 7" 45",
it will = 0™.412 and will fall at 7" 10™.

Applying this formula.to the observations between the above
times, the values contained in the following table under the head
C will result—O being the values derived direct from the light
carve:

TABLE REPRESENTING THE ABSORPTIVE POWER OF
THE CRAPE RING.

‘l;uus (o) (o o-c {IME 0 C o-c
m m
Sdereal 6 35 0.760 0.762 — 0.002 Sidereal 7 15 0.348 0.362 — o.014
40 0.748 o0.712 + 0.036 20 0.27§ 0.312 — 0.037
45 0.720 0.662 -+ 0.058 25 0.225 0.262 — 0.037
50 0.678 o0.612 4 0.066 30 0.168 o0.212 — 0.044
6 55 0.599 0.562 - 0.037 35 0.130 0.162 — 0.032
7 © o©.520 o0.512 - 0.008 40 0.098 o0.112 — 0.022
§ 0.456 0.462 — 0.006 7 45 0.065 0.062 - 0.003
7 10 0.390 0.412 —o0.022 Mean deviation — 0.005

The entire absorptive power of the ring seems to be about 0.7
magnitude, which would, perbaps, be reduced somewhat if the
light passed through the ring at a larger angle.

A formula which would more accurately represent the absorp-
tion could doubtless be found, but it is a question if it would
bave any truer signification than that given above.

The phenomenon of the eclipse

Drone can be accounted for on two

q:u:n suppositions. First, the crape

ring is thinner toward the ball

of Saturn; or second, there are

. fewer particles in that direction

. Lrceirous area for area. Perhaps both
s conditions prevail.

7 JAPHETUS The increase of density to-
wards the bright rings would
rather favor the idea that the
crape ring has its origin in the
diffusion of particles from the bright ring.

I bave assumed throughout these remarks, the theory that the
rings are composed of individual particles.

As a matter of interest, I enclose a diagram of Saturn and five
of the satellites at the epoch of the appearance of Japetus from
the shadow of the ball. Enceladus and Tethys were the two sat-
dlites used for comparison of the light of Japetus during the
eclipse. According to Professor Pickering, the difference in light
between these two satellites is one magnitude.

In conclusion it is scarcely necessary to say that the observa-
tions of this eclipse settle forever the question of the transparency
of the crape ring.

MT. HaMILTON, December 19, 1891.

4 37~ =




ASTRO-PHYSICS.

FALL OF A SOLAR PROMINENCE INTO THE OPENING OF A SPOT.*

M. B. L. TROUVELOT, MEUDONK OBSERVATORY, FRANCE.

On August 6, 1891, I was observing a large group of spots
situated at some distance from the western limb of the Sun,
toward which it was carried by the Sun’s rotation. This group,
which was composed of three spots in close proximity, exhibited
some peculiarities which attracted my attention.

From the southern edge of the penumbra of the central spot of
the group extended long and brilliant filaments which, at first
separated, came closer together, as the distance increased, to form
a bundle; this, crossing the umbra and penumbra of this spot as
well as the southern penumbra of the third spot situated at the
north of the group, passed on to sink and lose itself in the depths
of its opening. The luminous filaments which crossed the central
spot of the group were still sufficiently separated to allow the
opening of the umbra of this spot to be recognized through the
intervals between them; but beyond, the compact bundle allowed
nothing more to be seen. . ‘

On August 8th the filamentous bridge uniting the two spots of
the group was observed between passing clouds. On the 9th
the group, very close to the Sun’s limb, still showed the filamen-
tous bridge, in spite of the unsteadiness of the image. Spectro-
scopic observation allowed the position of the central spot of
the group to be determined, and it was found to be at 264° on
the limb. Above this spot a few prominence jets were seen, in
spite of the unfavorable state of the sky.

On August 10th, at 10" 35™, the group of spots, which was then
on the limb of the Sun, was no longer seen; but by the aid of the
spectroscope it was easy to recognize the position of the spots.
Brilliant eruptive jets shot out from a point situated at 264°,
corresponding with the position of the umbra of the central spot
of the group. All these incandescent jets were enclosed by an
immense luminous arch, which, rising from a point situated at
258° on the limb, passed on to rejoin the chromosphere at
another point situated at 270°, after having described a curve at-
taining an elevation of 2’ 40” at its highest point.

This arch was composed of numerous filaments, formed of bril-

* *“Comptes rendus de I'Académie des Sciences,’” 5 October, 1891.
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liant knots joined end to end. The base of the arch at 258° was
much broader, and composed of brighter and looser filaments
than those which composed the other much narrower base. By
its position, which corresponded exactly with that of the lumin-
ous bridge observed on the group of spots, by its greater width
at the south than at the north, as well as by its form and fila-
mentous structure, there can be no doubt that this prominence
arch and the filamentous bundle ohserved on the spots were one
and the same object, seen from different points of view.

These luminous filaments, rising to considerable elevations,
miting into a bundle, and passing on to precipitate themselves
aactly into the distant opening of another spot, present a singu-
lar circumstance, which it would be difficult to attribute t
chance. :

My spectroscopic observations have taught me that, among
the spots which cross the Sun’s limb, there are some which are the
sat of violent eruptions, and which throw jets of incandescent
matter to great elevations, while there are others which exhibit
mo activity, and cross the limb without showing the smallest
trace of an eruption. From the point of view of activity, Sun-
spots may thus be divided into two classes: those which show
traces of activity, and those which appear to lack them. It would
seem that the study of spots from this point of view might lead to
mteresting results.

From the examination of the prominences ohserved August
10th above the group of spots in question, it seems evident that
the filamentous arch owed its origin to the eruptive force escap-
mg by the opening of the central spot of the group, situated just
below this arch; a force which manifested itself by brilliant jets
which rose from this opening. As not the least trace of eruption
was noticed above the spot into which the narrow end of the
arch descended, we may conclude that this spot was in a state of
repose.

Must we attribute the fall of this prominence into the opening
of the spot to the effect of chance, or to a kind of sucking phenom-
enon, or to somesort of attractionexerted on certain prominences
by spots in a state of repose? Observations which I have often
made on the Sun of phenomena of the same order, cause me to
favor this last supposition.
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REMARKS ON THE INFLUENCE OF THE ABERRATION OF LIGHT ON
SPECTROSCOPIC OBSERVATIONS OF SOLAR PROMINENCES.*

M. FIZEAU.

Several recent communications have been presented to the
Academy on the characteristic phenomena of the solar atmos-
phere, and especially on the circumstances of the appearance,
development, and movement of the prominences, studied by
means of spectrum analysis.

The authors of these communications, M. Trouvelot, M. Des-
landres and M. Fényi, pursuing the path opened by M. Janssen,
have observed and described several prominences remarkable for
their brilliancy, their dimensions, and their changes in form;
then, applying the principal of the displacement of lines by the
movement of the luminous body, they have deduced the veloci-
ties of translation in the line of sight.

Without entering into the details of the observations with
which we are dealing, the results as a whole tend to confirm the
generally accepted opinion, that the prominences are due to vast
gaseous eruptions, in which hydrogen predominates, and which
rise rapidly, sometimes to enormous elevations above the solar
surface, to return there at the end of a few hours; this seems to
be the general conclusion from the quantities obtained in the
measurement of the phenomena.

It seems then that, in these circumstances, great gaseous vol-
umes are to be considered, animated with great movements, the
velocities of which in various directions, are at once comparable
with the velocity of light, the planetary movements, and, in par-
ticular, the movement of the Earth in its orbit.

One is thus led to investigate within what limits the well-
known laws of aberration can here interpose, giving rise to those
apparent displacements of stars, the images of which, either
with the naked eye or telescope, almost always cause them to be
seen displaced from their true position.

And, indeed, if one takes into account the reciprocal situations
of the observer, placed on the earth, and the Sun, toward which
the instruments are directed, it is evident that the simple and
sensibly constant effect of aberration will be a diminution of
20”.445 in the longitude of the Sun and the prominences which
rise from its surface, and that, moreover, this apparent displace-

* “Comptes rendus de I'’Académie des Sciences,” 7 Sept., 1891,
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ment is due to the velocity of the earth in its orbit, which.is
30.6 kilometres per second.

It results from these data that, if a prominence rises in the
neighborhood of the ecliptic with a velocity of translation of
the luminous gas equal to this same velocity of 30.6 kilometres -
per second, the position of the prominence will undergo a certain
change, that is to say, an apparent displacement of + 20”.445,
which will be added to or subtracted from the preceding effect
according to the circumstances of direction, giving rise to cor-
responding variations in distance from the Sun’s limb.

In truth, the velocities of the prominences are not uniform, and
rarely attain the supposed value; but the nature of the phe-
somenon does not seem doubtful, and these great movements of
the solar atmosphere, the existence of which is, however, not
here contested, must give rise to apparent movements which de-
pend upon the laws of aberration, and which must be taken ac-
coant of in the more precise determination of the actual move-
ments.

In what precedes, we have adopted the simplest hypothesis of
the constitution of the prominences, that of the material trans-
portation of hydrogen and metallic vapors rendered visible by
their high temperature. An analogous reasoning applies, with
still greater probability, to the hypothesis of the visibility of
the prominences produced by an extraordinary development of
dectrical phenomena, similar to our storms and auroras.

That which gives to this point of view a special degree of prob-
ability, is the constant intervention of electricity in experiments
where the hydrogen lines are observed.

Up to the present time, in spite of numerous attempts, hydrogen
burning or heated, compressed or rarefied, does not seem to have
shown its characteristic lines without the employment of electric-
ity in the form of spark, current or discharge.

Now the prominences are always rose-colored, by the various
lines of hydrogen, and particularly by the predominance of the
redline C. Moreover the rapidity of changes in form, the sudden
modifications in brightness, the longitudinally striped, undulated,
broken appearance, with distorted parts completely isolated, and
separated from the Sun’s limb, have often been described. All
these appearances agree without difficulty with the electrical hy-
pothesis, and especially with the varied phenomena presented by
the aurora borealis, in which there are striped appearances,
fringed edges, luminous propagations sometimes slow, sometimes
rapid, but generally with mean velocities, not as swift as light-
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nmg, nor as slow as the discharge of St. Elmo’s fire or ball-light-
ning.

From this point of view, which seems to he at present adopted
by many physicists and astronomers, the luminous appear-
ances of the prominences must not be considered as due to
movements of matter, but as resulting from the non-instantan-
eous propagation of electrical phenomena through the gaseous
masses, which may have their own movements, but do not im-
pose them on the electrical and luminous phenomena. These,
completely independent of the first,can commence at the base, the
middle, or the top of the prominence, and spread either up from be-
low, or down from above, by successive movements which can-
not fail to give rise, by the effect of aberration, to apparent dis-
placements, similar to those mentioned above, but still more
complex and more difficult tb foresee.

1t is proper to add here that, by the employment of wide slits,
a general custom for exploring the forms and extent of promi-
nences, the exact isolation of simple rays is given up, and one is
liable to take for a displacement of lines by the motion, luminous
manifestations of different intensity and appearance, which
might be produced in different parts of a prominence.

Let us remark, in concluding, that if the intervention of the phe-
nomena of aberration in certain studies of spectrum analysis is
necessary for the exactness of measures, this intervention seems
to be limited to a small number of phenomena, and notably that
studies relative to the motions of the stars are not at all affected

by it.

ON ABBERATION.*

M. MASCART.

In 1810 Aragot communicated to the first class of the Institute
a memoir which was not published until some time after, on
stellar refraction. In it the following remark occurs: ¢ . . . The
constant of aberration, which M. Delambre has found by the
discussion of a large number of eclipses of satellites (Jupiter), is
absolutely the same as that which Bradley has deduced from
his observations.

*“ The first consequence that may be drawn from this remark-
able agreement is that light travels uniformly, or at least

* From Comptes rendus, Nov. 2, 1891,
t Arago, Comptes rendus, V. XXXVI, p. 38, 1853.
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without any sensible variation, in the whole space comprised by
the orbit of the Earth; the eccentricity of the orbit of Jupiter
allows this result to be extended so as to comprise the immense
distance which it encloses. It is also natural to suppose that
stars of different magnitudes are at different distances, and, as
their absolute aberrations deduced from direct observations are
sensibly the same, Bradley has concluded that the motion of
light is uniform at all distances, and that the aberration of all
celestial bodies can be calculated with the same constant. ”

After having given the details of his experiment, Arago ended
by some conclusions, of which the first is:

“The aberrations of all the heavenly bodies, whether they send
sstheir own or reflected light, can be calculated with the same
constant, without the smallest difference in this respect, as I have
deduced from my first experiments.”’

W. Struve, in a beautiful and important investigation on aber-
ration, gives 20”’.4451 for the constant, which is the mean of
results differing but little among themselves, as determined from
the observations of seven stars; but he adds *‘ that it is necessary
to assume for the seven stars the same constant of aberration,
and consequently the same velocity of light.”

The opinion of Bradley and O. Struve seems to have been unre-
servedly adopted by astronomers; it leads to the consequence
that, if observation shows that aberration is exactly the same
for all stars, the propagation of light must be uniform in all stel-
larspace. This interpretationseems to me quite unwarranted by
the results of observation.

The experiments made at the surface of the Earth by the
method of Arago and that of our fellow member, M. Fizeau, de-
termine the velocity of light in air, and consequently in vacuo,
on the whole trajectory of the Earth. The eclipses of Jupiter’s
satellites, by deviations from the predicted times, give the time re-
quired for light to traverse the diameter of the Earth’s orbit.
The concordance of the result with that which can be deduced
from the dimensions of the solar system, determined by other
methods, also proves that the propagation of light is uniform in
the interior of the terrestrial orbit. The eccentricity of the orbit
of Jupiter perhaps allows this same result to be extended a little
further, but not, as Arago has it, to the immense interval which
this orbit encloses.

Aberration depends only on the ratio of the velocity of the ob-
server to that of light in the region occupied by the instrument,
and any modifications which may influence the propagation of

-



130 The Large Sun-Spot Group of Aug..28—Oct. 4, 1891.

the light waves between the star and the Earth do not affect it.
‘The constant of aberration may, however, change from one star
to another, as Yvon Villarceau has shown, on account of the mo-
. tion of the solar system. Variations in its amount will thus be
of great interest.

Finally the displacement of the lines in stellar spectra gives
only the relative velocity of the star and the Earth in the line
which unites them.

If we reason rigorously, the deductions of direct experiments
and astronomical observations which depend upon the velocity
of light must thus be confined to the space comprised within the
terrestrial orbit; only by induction can we go beyond it. It is
hardly necessary to add that this induction seems legitimate;
but, however probable it may be, it is a pure hypothesis to con-
sider the progagation of light as uniform in celestial space.

THE LARGE SUN-SPOT GROUP OF AUG. 28--OCT. 4, 1891.*

REV. A. L. CORTIE.

"The following notes on some telescopic and spectroscopic phe-
‘nomena observed in this large group of spots are intended to sup-
plement the note by Father Sidgreaves in the October number of
the Observatory.t The group was born on Aug. 28 at the east-
ern limb, its mean heliographic co-ordinates being lat. 18°.5 N.
and long. 221°.0. It died on Oct. 4, on the western limb, in lat.
22°.0 N. and long. 226°.7. It thus both formed and died on the
visible hemisphere. Moreover it was the largest group of spots
observed since June, 1885, and one of the largest since the great
November spot of 1882. Fourteen drawings were obtained of
the group at Stonyhurst. During its first passage over the disk,
Aug. 28-Sept. 10, it consisted mainly of two very large irregular
spots. The following of these was by far the largest spot of the
group, and underwent the greatest internal changes. It did not,
however, survive to a second rotation; for then the preceding
spot alone appeared, being accompanied in its passage across the
disk by occasional outbreaks of small spots scattered over a wide
area.

At its birth the group was surrounded by bright compact
facula, one scimitar-shaped jet lying S. of the preceding spot being

* From The Observatory, November, 1891.
t See also ASTRONOMY AND AsTRO-PHYsICs, January, 1892, p. 66.
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especially remarkable. At its death the facule were still very
bright, but were vastly more extensive.

The area of the group at its birth on Aug. 28 was 77 millionths
of the visible hemisphere. As it crossed the disk it steadily devel-
oped, and attained its greatest area of 1834 millionths on Sept.
7. Atits reappearance after one rotation on Sept. 25, the area
had diminished to 545 millionths. The diminution continued
until the extinction of the spot on Oct. 4.

The group displayed some remarkable proper motions, the two
members repelling one another, except for a slight approach on
Spt. 3. At their birth on Aug. 28 the two spots were 3°.6 apart
inlongitude,.which was increased to 5°.9 on Aug. 29; to 10°.4
on Sept. 2; to 11°.8 on Sept 4; and to 13°.0 on Sept. 7. Be-

Fig. 1. tween Sept. 7th and the 9th, the
following spot changed its retro-

ey grade motion to one of approach,
but its companion gave at the
same time such a leap forward,

that on the 9th their distance

apart reached its maximum of
16°.5. This forward motion of the whole group took place just
after it had attained its greatest area.

Considering the motions of the individual spots, that of the pre-
ceding member of the group was very rapid, as it advanced from
long. 222°.8 to 233°.8 between Aug. 28th and Sept. 9, or 11° in
12 days. Its most rapid drift of 4°.7 in two days took place
between Sept. 7th and 9th. The drift of the following spot in the
contrary direction was not at all great; but 3°.1 in the 10 days,
Aug. 28-Sept. 7,and from long. 219°.2 to 216°.1. Both the spots
rose in latitude, the mean drift of the group being from 18°.5 N.
to 22°.2, while the individual drifts were from 19° to 21°.8 and
from 18°.0 to 22°.5 for the preceding and following spots respec-
tively. Their common advance in longitude Sept. 7-9 was
accompanied by a slight fall in latitude, so that their paths were
almost parallel. The end of the first rotation was marked by the
metallic prominence of Sept. 10 immediately over the following
spot, which was then exactly on the limb.

At the beginning of the second rotation the preceding spot,
which now alone remained, was found on Sept. £5 in lat. 23° and
long. 228°.3. Excluding possible oscillations, it had therefore,
when on the invisible hemisphere, drifted 1°.8 higher in latitude,
but retrograded 5°.5 in longitude. Until Sept. 28 it remained
almost stationary,but from the 28th to the 29th it suddenly rose

~
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- 1°.5 in latitude and advanced 2°.6 in longitude. Next day it as
suddenly dropped to almost exactly its original position in lati-
tude, and retrograded 3°.1 in longitude. This seems to have been
‘its expiring effort, as on Oct. 4 it was represented by a group of
minute scattered dots. Therefore while the following and larger
spot remained comparatively stationary, the preceding spot
drifted rapidly forward in longitude in the first rotation, and
retrograded in the second rotation, so that when it died it was
but 3°.9 in advance of its first position.

In the spectroscope the most important spot of the group was
the one marked B in the figure. The following are some of the de-
-tails of the variations in the hydrogen C line over the spots when
they were on the visible disk. The observations were taken dur-
ing a vacation visit to the Stonyhurst Observatory, at the kind
" invitation of the Director. On Aug. 30,at 11 A. M.G. M. T,, in
a hazy sky, and employing a dispersion of 6 prisms of 60°, the line
was seen to be reversed and displaced towards the violet in the
.preceding portion of the nucleus of the following spot. There was
also a less brilliant reversal of the line noted in the faculaee which
was situated between the two spots, while in that which followed
the group the line was broken though unreversed.

The next observation was on Sept. 3d in excellent definition, so
that the full battery of 12 prisms of 60° and a high magnifying-
power were employed. The following of the two spots was seen
to be broken up into a number of separate nuclei, with penumbral
and faculous matter filling up the spaces hetween. As on Aug.
30, so now too, the C line was unaffected by the preceding spot.
But in its companion some remarkable reversals and displace
ments of the line were observed. By carefully bringing the shit
over various portions of the spot, it was possible to locate the
chief seat of disturbance as being situated in the northern half of
the spot, and in the faculous and penumbral gap which intervened
between this and the southern half. At 11:30 the line was hroken
in the penumbral gap, and a small portion was twisted and
blown towards the violet. It was pear-shaped, with the stem ad-
hering to the dark line. It gave the impression of fluttering
about, as if blown by a wind. The estimated displacement was
0.7 X-metre, and the appearance lasted for about three minutes.
It was not seen again, but suhsequently the line became very
much widened on both sides. At 11:53 the line was reversed in
that nucleus which was situated in the N.F part of the spot. At
12:15 it became less dark in this same nucleus, and in the penum-
bral gap had a thin hair adhering to it and turned towards the
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red. The motion therefore of the dark hydrogen had been
reversed from an uprush to a downrush. The thin hair-like line
formed an angle of about 30° with the main line. Lower down
this latter was reversed as a bright dot probably in a region of
facule, and below this again was greatly thickened in some
penumbrze. Hence five different appearances of the line were to
be seen in the same field. At 12:35 the thin line had vanished, a
thickening of the main line having taken its place. When the
group was sketched next morning at 9:45, it was seen that the
aspect of the spot had changed in that very portion in which the
dsturbance had been observed in the spectroscope. On Sept. 6th,

at3 p. M., the C line over this same spot was less dark but other-
wise unaffected.

Fig. 2.
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On Sept. 28th, at 12 p. M., the C line was reversed in the nu-
dens of the preceding spot, which now alone survived. It is note-
worthy that as in the case of its companion, so now too, a rever-
sal of the hydrogen line -heralded its speedy dissolution. Nor
must we omit to call attention to the fact that the independent
observations of the reversals and twistings of the C line on Aug.

30 and Sept. 3, and the observation of the metallic promi-
nence on Sept. 10, agree in placing the seat of greatest activity as
occurring in the same portion of the following spot of the group.
As the scope of the details just described is only to supplement
the observation of the metallic prominence, all reference to the
ohservations of the remaining lines between B—D in the spectrum
of the group has been omitted, as they will, it is hoped, be more
appropriately published elsewhere.

St1. BEvNo's COLLEGE, St. Asaph, 1891, Oct. 17.
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ON THE DISTRIBUTION IN LATITUDE OF THE SOLAR PHENOM.
ENA OBSERVED AT THE ROYAL OBSERVATORY OF THE
ROMAN COLLEGE, DURING THE FIRST HALF OF 1891.*

M. P. TACCHINI.

Below are the results which relate to each zone of 10° in the
two hemispheres of the Sun:

PROMINENCES. FACUL.E. SPOTS.
Pirst Second
101 on Mg e, Tgr Sge 1891. Qr.  Qr
go° 80°... 0.003 0.003 | 40° 4 30° ...0.027 0.057 0° — 10°.. 0.000 0Q.01§
8 i 70 ... 0.000 0.006 | 30 -4 20 .. 0.280 0.335 | 10 — 20 .. 0.036 o©.100
70 + 60 ... 0.006 0.003 | 20 -+ 10 ... 0.200 0.272 | 20 — 30 ... 0.250 o0.128
60 50 ... 0.053 0.052 | 10 . O ..0.040 0.006 30 — 40 .. o0.107 0.078
50 40 ... 0.115 0.134 ) -— N
40 30 ... 0.073 0.105 0.547 0.670 0.393 o.321
30 20 ... 0.115 0.087 E—
20 4 10 ... 0.050 0.073 0° — 50°,., 0.0§53 0.019 . ERUPTIONS.
1o ., 0..0038 0023 | 10 — 20 .. 0200 O0.127 Pirst Second
20 — 30 ... 0.187 o0.133 1891. Qr. Qr.
0.453 0.486 | 30 — 40 ... 0.013 0.051 | 50° 4 40°.., 0.000 ©.000
—_— 40 - 30 ... 0.000 0.000
0.453 0.330 | 30 - 20 ... 0.200 0.000
0° — 10°,.. 0.018 o.017 —— | 20 + 10 ..0.200 0.500
fo — 20 ... 0.050 0.052 10 . O..0.000 0.000
20 — 30 .. 0.112 0.087 SPOTS.
30 — 40 ... 0.079 0.122 First Second 0.400 0.500
20 —50.. 0206 oof8| 1801 Qr. gr | 4% 5%
50 — 60 ... 0.067 o0.125 | 40° 4 30°.. 0.000 0.000 | O° — I0%.. 0.000 0.000
60 — 70 ..0.003 0.015 | 30 + 20 ..0.214 o0.304 | ¢ — 20 .. 0.200 0.500
70 — 80 ...0.009 0.009 [ 20 + 10 ..0.357 o0.321 ;g - 28 g.ggg gx
—_ X X 10 . ... 0,036 o. - oee 0. .
8o 90 ... 0,003 0.009 © 30 0.054 40 — 50 ... 0.200 0.000
. . 0.607 o.
0547 0514 7 0679 0.660 0.500

. It may be seen that, during the first half of 1891, the solar

prominences have been more frequent in the southern hemisphere,
as in 1889 and 1890, with the maximum of frequency always in
the zones (+ 40° + 50°), while the spots have maintained their
great predominance to the north of the equator, like the facule,
with maxima at lower latitudes, as compared with the promin-
ences. All the phenomena are very infrequent in the neighbor-
haod of the solar equator.

Resume of Solar Observations made at the Royal Observatory
of the Roman College during the Third Quarter of 1891.1

The number of observing days was 31 in July, 31 in August,
and 19 in September. The following results were ohtained:

* ‘“Comptes rendus de I'Academie des Sciences,"” 7 Sept., 1891.
1 From ‘ Comptes rendus,” Nov. 30, 1891.
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Relative Fn«burency

Days Relative Size. No. Groups.
1881. Of Spots. without spots. Of Spots. Of Facule. Per day.
L) JRSRRUNIN 18.65 0.00 76.26 82.03 4.03
ADgust...ccceeevcennnnnn. 3.84 0.06 49.06 70.81 2.94
September............... 17.52 0.00 114.45 61.10 4.10

By comparing these data with the results of the observations
made during the preceding quarter, it will be seen that the solar
activity has considerably increased, for the extent of the spots is
twice as great. It is also shown that the minimum of facule cor-
responds to the maximum spot extent.

The season has been equally favorable for prominences. The
folowing results have been obtained:

PROMINENCES.

Number of Mean Mean Mean
1891. observing days. number. helght. extent.
Julyoiiiiinnnens 30 8.37 40.2” 1.4
August............. 30 6.77 41.0 1.9
September ....... 23 9.26 41.4 2.2

Asin the case of spots, we have thus established a sensible i
crease in prominence phenomena. The greatest height observed
for a prominence was 142", in the month of August; there have
been but few metallic eruptions, although interesting peculiarities
were observed in several prominences, especially during the
month of August.

.

THE CHROMOSPHERE LINE ANGSTROM 6676.9.

A. L. CORTIE.

With regard to Professor Young’s observations as to the non-
coincidence of the bright chromosphere line* (Nature, November
12, p. 28) with the corresponding dark line 6676.9 of Angstrém’s
wcale, it may be interesting to note that Professors Liveing and
Dewar have observed a barium line at 6677, which is therefore
dightly less refrangible than the darksolar line. In his catalogue
Professor Young also gives a barium line at 6€018.0, which is
identified with Kirchoff 933.8. In the course of the observations
of Sunspot spectra taken at Stonyhurst with a twelve-prism
spectroscope, no dark solar line has been noted in this position
except in two uncertain instances over spots. It would be an im-
portant fact should two barium lines be found in the chromo-
sphere without corresponding dark lines.

* Sce also AsSTRONOMY AND ASTRO-PHYSICS, January 1892, p. 59.
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In the period of maximum solar activity the bright line 6676.9
was on several occasions seen in the spectroscope, while the
height of the chromosphere was being measured at Stonyhurst on
the C line of hydrogen.' At these times C was always very
bright, and generally displaced in the prominences in which
6676.9 was seen. The latter line was not seen in the observa-
" tions taken between March 9, 1886, and September 10, 1891.
Although both Young and Thollon attribute the line to iron, no
iron line is given in this position by either Angstrém or the cata-
logues of the British Association. Dunér,quoted by Thollon, con-
siders the line variable with the state of solar activity, but Ang-
strom seems to have made an error in drawing it as a fine thin
line, as Kirchoff, Burton, Fievez, Smyth, Thollon and Higgs give
it as a strong dark line. Finally, Young, Burton, aud the Stony-
hurst observers identify it with Kirchoff's ray 654.3, and Thollon
with 641, which latter is a calcium line. There would, then, ap-
pear to be some differences of opinion with regard to this impor-
tant line (cf. Monthly Notices R. A, S., Vol. 1i,, No. 1, p. 22.)

St. BEUNO’s COLLEGE, St. Asaph, November 19.

NOTES ON THE USE OF THE SPECTROSCOPE FOR SKETCHING
SOLAR PROMINENCES, AND FOR OBSERVING THE
SPECTRA OF THE SPOTS AND PROMINENCES.*

WALTER SIDGREAVES.

In the June number of the Journal a general division of the
work on the Sun that might be undertaken with the spectroscope
was given under five headings. The Director of the section hoped
to accomplish during the summer vacation more than the cloudy
condition of the atmosphere has allowed lim to realize. Never-
theless a series of experiments with a student’s spectroscope of a
single 60° prism of dense glass by Hilger, may serve their purpose
sufficiently, which is, not to guide those who are already well
equipped for the work, but to help others of our associates who
may be willing to join the section as soon as they see that they
can contribute to its success by collecting material for the study
of solar physics.

The spectroscope was fitted to the eye end of a telescope, which
is easily mounted on a strong iron pedestal in the college garden
near the Observatory. The object glass, by Alvan Clark, is of

* Jour. British Astr. Assoc., Oct., 1891,
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5%y inches aperture. A much smaller objective would do equally
well, if mounted on a tube and axle strong enough to carry the
spectroscope and requisite counterpoises. The instrument is fitted
with the ordinary equatorial gear, but has no clockwork, and
depends upon its slow motion rod for retaining the image. So
that the results obtained will show what may be done with the
least of needful appliances.

The prominences were easily seen, and their heights tould
bave been measured with the aid of d divided scale in the eye-
piecce. The spectrum of a spot showed very well, and its lines
conld be examined while the spot travelled across the field along
the slit. The addition of clock movement to the instrument
would have rendered the observing quite easy.

For work upon the prominences a ’positioﬁ circle would be
nceded in addition to the divided glass scale, in order to-measure
the base as well as the height of each, and to tabu]ate their
beliographic latitudes.

A remark here may be of service to observers of the solar -
prominences. Within the limits of dispersion sufficient to show
the bright lines of the chromosphere smaller dispersion should
give a more accurate measure of the height of a prominence than
greater dispersion. For the line is brighter with the smaller dis-
persion, and is, therefore, not only visible ta a greater height
where intensity fades, but will bear a greater magnification.
And the ocular magnification is the only help to the measure-
ment, dispersion adds nothing to the apparent length of the line.

For observations of the spectra of the spots and prominences, a
good map of the solar absorption spectrum, suited to the degree
of dispersion employed, is almost indispensable. At the end of the
second volume of the ‘ Publicationen des Astrophysikalischen
Observatoriums zu Potsdam” (Engelmann-Leipzic 1881), two
excellent maps are given for moderate and for small dispersions.
With the help of these and of their accompanying wave-length
catalogues, the observer can readily identify any lines that are
affected by a spot or by a prominence. He would, however,
probably find but little work of this kind on the.prominences,
which, so far as we know at, present, only rarely show other
bright lines than D, and the Hydrogen reversals. The tips of the
absorption lines as seen with the slit lying radially over the Sun’s
imb should be carefully scrutinised, with a very well adjusted
instrument, for a small reversal, as the bright line may reach up
to only a snall fraction of the normal height of the chromo-

sphere.
~ A~

J



138 Spectroscope for Sketching Solar Prominences.

The spectra of the spots afford more work for the observer
When the image of a spot is on the slit, its spectrum appears as a
thick, or fine dust line according to the size of the spot, but read-
ily distinguishable from these flaws by its flocculent appearance,
and is infallibly recognized by its movement with the clock varia-
tions when the slit is set parallel to the equator.

The following observations seem to be well within the means of
a small dispersing spectroscope :—

1. To note, according to some scale of difference, the general.
density or darkness of the band, and whether the density
appears to be maintained throughout the length of the
spectrum, or to be greater in some parts than in others.

2. To note whether the solar lines appear to be of uniform
thickness where they cross the spot, or to taper like a
spindle towards the penumbral regions.

3. To look for thickening of any lines as they cross the spot
band, notably the prominent lines C, D,, D,, E, &c., express-
ing the widening in the degrees of comparison, ‘“widened,”
““more widened,” and ‘most widened’’ where more wid-
ened would mean between one-half and the whole width of
the line as seen on the Sun off the spot.

4. To note any alteration of intensity of the line over a spot,
whether entirely obliterated, or even reversed.

5. To note any distortion of a line, and to which end of the
spectrum the bend lies.

In all these observations an accurate adjustment of the mstru-
ment is of the greatest importance. To detect -a very short
reversal of a line in the.chromosphere, the Sun’s limb must be very
sharply defined, together with the perfect definition of the absorp-
tion lines. When this is obtained, the spectrum of a spot will also
show a well-cut band with clearly marked shadings responding to
every degree of density in the nucleus and penumbra. The follow-
ing method of finding the true adjustment is both convenient and
speedy. The solar image is first brought to an approximate
focus on the slit. Then the eye-pigce is adjusted to give sharply
defined edges to the color band. Thirdly, the absorption lines are
brought to focus with the collimator. This last movement spoils
the definition of the edges; but by moving bath the collimator.
and the eye-piece simultaneously or alternately, the lines are
quickly brought to focus coincidently with a sharp definition of
the edges of the band. Lastly, the slit is set radially over the
Sun’s image, with the limb cutting it in the middle, and the tele-
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scope rack 1s moved until the edge of the color band given by the
Sun’s limb appears as a sharply cut line. This last movement
gives the true position of the solar image, which is not precisely
that of its best definition on the slit plates.

The chromosphere and prominences are always measured here
with the slit radially over the Sun’s limb by a finely divided scale
on clean glass cemented to the cross-line-plate of the eye-piece.
The spectroscope is mounted eccentriclly on the position circle
at such distance from the center that only a very small band of
the solar spectrum is visible in the field. And the band is reduged
to nothing when the details of a prominence are to be examined
with an open slit. This adjustment of the open slit is quite as ef-
fctive as the tangential position, and is better suited to our
method of measuring the heights of the chromosphere and prom-
mences.

The spot spectra are always observed with the slit set parallel
to the equator in order that any variation of the clock movement
may not throw the spot off the slit. The true orientation of the
shit is found by turning the position circle or holder until the
ckromosphere remains visible in the line C, while the image of the
Sun’s northern or southern limb travels the length of the slit.

With a telescope of long focal length the Sun’s image is large
enough to show a spot on the slit plates, and then it can be eas-
ily brought on to the slit by the slow moving gear. With smaller
telescopes the plan is to sweep the slit across the solar image by
means of the N. P. D. rod until a spot band flashes along the
spectrum. But if a grating or a single prism be employed for the
spectrum, the method suggested by Mr. Townsend, of Stamford
Lodge, Sevenoaks, is clearly the simplest and the most efficient
process. He turns his grating to serve as a white light reflector,
and opens the slit as wide as possible, so as to view the Sun’s
disk through the eye-piece of the spectroscope protected with a
dark glass. The spot selected for observation is then retained
between the jaws of the slit by the AR rod while the slit is closed
to the required fineness. One of the faces of the single prism can
be employed as a first surface reflector in the same manner. This
method is so convenient and efficient, both for finding a spot and
for the orientation of the slit, that where a train of prisms is
employed, a separate reflector for the purpose would be a valua-
ble addition to the instrument, whether as a solar or as a stellar
spectroscope.

STOXYHURST OBSERVATORY, Lancashxre

-~ v
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THE MODERN SPECTROSCOPE.
' II.
The Star Spectroscope of the Lick Observatory.*

JAMES E. KEELER.

In designing a spectroscope for so largé a telescope as the
thirty-six-inch refractor of the Lick Observatory, the weight of
the instrument is not a consideration of special importance. Add-
ing another bundred pounds, more or less, to a telescope already
weighing several thousand, has no prejudicial effect upon the
stability of the mounting or the performance of the driving clock, .
and the size of the spectroscope is practically determined by the
opitical power desired or by considerations of convenience in
handling. In the case of the thirty-six-inch refractor, the- welght
of the parts requisite to give sufficient rigidity is considerably. in-.
creased by the unusually great ratio’ of focal length to aperture,
as the length of the collimator must be nineteen times the desired
effective aperture of the spectroscope and Hence the most impor-
tant parcs must be supporged at a consuierable dlstance outside.
the focal plane of the telescope.

The weight of the Lick Observatory spectroscope is nearlv 130
pounds; with the two brass rods formmg the conrection with
the telescope itis perhaps 75 or 80 pounds more. '

A perspectlve view of the instrument, (from a photograph by
Mr. Barnard) is given on Plate V, and a scale drawing, with ref-
erence letters, on Plate VI. In the latter figuré the observing tel-
escope is shown with its axis parallel to that of the collimator.

The lower part of the eye-end of the great telescope is sur-
rounded by a revolving jacket, which is furnished with slow mo-
tion screws, clamp, and position circle. On each side are cast
three strong clamps, bored slightly larger than the brass rods, A,
B, which support the spectroscope. The rods (or rather tubes,
for although closed at the ends, they are hollow), are 8 inches in
diameter and 6 feet long. They are inserted for 2% feet of their
length in the clamps on the revolving jacket, and project 2 feet
3 inches beyond the focal plane of the telescope. The distance be-
tween their centers is 2314 inches. On the upper end of each rod
i8 a short circular nut, and near the lower end is a pro_jectmg pin,
which serves to always bring the spectroscope into the same pos-
ition with respect to the telescope. When all the clamps are

* Communicated by the author.
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tightened, the rods form a very rigid support for the spectro-
scope.

The brass frame, C, of the spectroscope is cast in a single piece.
It is secured to the rods by four clamps, the arrangement of
which is shown in the figure. The lower half of each clamp is a
single piece; the upper half is made with a tight-fitting hinge, so
that it can be turned back on the frame. The clamps have a small
amount of lateral motion, so that they can adjust themselves to
the distance between the rods, and one of them can be rotated on
an axis perpendicular to the plane of the rods, an arangement
which prevents the spectroscope frame from being strained on
ughtening the clamps. The clamps were properly adjusted on
fist mounting the spectroscope, and since then no change has
been necessary.

In mounting the spectroscope, the eye-end of the great telescope
tobe is first supported by a prop. The rods are then inserted and
fixed. The spectroscope is placed upon the rods and allowed to
slide down until it rests upon the stops provided for the purpose
on their lower ends, and all the clamps are tightened. Balancing
weights equivalent to the weight of the spectroscope are then
removed from the lower part of the telescope tube, completing
the operation, which requires the work of two persons for about
twenty minutes.

The collimator, G, slides in the case, D, which is connected with
the frame by opposing screws, so that the collimator axis can be
directed to the center of the great objective. The collimator can
be moved through a range of about 100 millimeters by turning
a large milled head, z, its position being indicated by an index
moving along a millimeter scale. The collimator objective has a
focal length of 20 inches and an aperture of 114 inches. It is
made of Jena glass, and the lenses are cemented together with
Canada balsam to diminish the loss of light by reflection.

The slit, s, is provided with a rack and pinion for focusing, and
aclamp. Its jaws move equally in opposite directions from the
center by turning a right and left-handed screw. By turning a
small pinion, not shown in the figure, the length of the slit can
also be varied. q is a diagonal eye-piece which moves between
stops, so that when pushed in the slit can be viewed from behind,
and when withdrawn the rays from the slit pass without ob-
struction. This eye-piece is essential in so large an instrument,
for ensuring that the image of the celestial object under examina-
tion is properly adjusted on the slit plate. ris a pinion head
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for moving the 60° totally-reflecting prism along the slit plate.
‘When moved fully in toward the center, the reflecting angle of the
_prism extends a little beyond the center of the slit.

The slit and its accessories are protected from accidental dis-
turbance by a thin tube, H, which also serves to hold the tube, t,
for cylindrical lenses.

The strong cross-piece which carries the ohserving telescope has
two pivots, one on each side of the spectroscope frame. At Fis

- the graduated -circle, 12 inches in diameter, divided on the edge,
on silver, to 10’ and read by two opposite verniers to 10””. The
circle is held by the clamping nut, p, and when the latter is
loosened, it can be turned so as to bring any desired graduation
to the index of the vernier when the observing telescope is
directed to the slit. In general the reading of the circle for this
position of the observing telescope is made 0°, and the reading
for any other position gives directly the deviation of the ray ob-
served; h is the clamp and tangent screw for slow motion of the
observing telescope, and o is a reading lens and shade. The vern-
ier at o is illuminated by the electric lantern, i.

The smaller head shown at p secures the outer end of the long
spindle which forms one of the bearings of the obsemng tele-
scope.

Two observing telescopes are provided. The one shown in the
figure has a Jena glass objective of 1145 inches aperture and 10
inches focal length. The other, which is twice as long, is used
with a grating for solar spectroscopy. The micrometer, and
other accessories, are made to fit both of these telescopes. The
short telescope, E, is more convenient when prisms are employed,
or for ohservation of faint objects with low magnifying powers.

The micrometer, m, carries a fine wire, a coarse wire, and a
pointer. The head is divided into 100 parts, and one revolution
(when the small telescope is used) is equal to 3’ 10”.8. A quicker
motion would be preferable. The number of whole revolutions is
indicated on a dial.

A small incandescent electric lamp in the lantern, i, illuminates
both the upper vernier of the graduated circle and the wires of
the micrometer. It is connected by flexible wire with the binding
posts, £ The color of the light which enters the micrometer box
can be varied, sn as to approximately match that of any part of
the spectrum, by means of a revolving disc, 1, containing colored
glass, and its intensity is regulated by turning the short tube, &,
which contains a small reflecting prism.
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The two eye-pieces which are generally used on the short teles-
cope are achromatic and they have magnifying powers of 7.3 and
13.3 diameters. An eyepiece giving a power of 7 on the long
telescope is also provided.

The observing telescope is counterpoised by the weight, I. Ad-
ditional counterpoises are supplied for the long telescope and the
reversion apparatus.

Three prisms are used with the spectroscope, two of them be-
ing single prisms of 30° and 60° refracting angles respectively,
and the third a compound prism of high dispersion. Each prism
scemented to a separate table, or circular plate of brass, which
stands upon three short foot-screws. Two long clamping screws
bold this plate firmly against the grating table, a. The prisms
are therefore readily interchangeable, and require no attention
after a final adjustment of the foot screws has been made. Each
prism is provided with a light cover, b, which is blackened inside
and out to prevent reflections.

The grating table a, is attached to the end of a long conical
spindle, which passes through the hollow pivot of the‘observing
telescope arm, and carries at the other extremity D, a disc, ¢, with
ratching on its circumference. By means of a tangent screw, d,
aslow rotary motion can be given to the grating table. eisa
small lever by which the tangent screw can be thrown out of
gear, and the grating table can then be rotated freely by hand.

Just below the grating table, the spindle is encircled by a col-
lar, to which is attached the tail-piece of the minimum deviation
apparatus, g, and the collar is clamped to the spindle of the grat-
mg table by a screw h. By the construction of the apparatus
the tail-piece is made to always bisect the angle between the axes
of the collimator and the observing telescope. When a prism is
to be used it is first set to the position of minimum deviation for
any line of the spectrum, by means of the tangent screw, d; the
clamp, b, is then tightened, and the tangent screw is thrown out
of gear. The prism will then be automatically kept in the posi-
tion of minimum deviation for all parts of the spectrum.

When the grating is used, the minimum deviation apparatus is
unclamped, and the grating is held in position by the tangent
screw. It is then, of course, entirely independent of the observ-
ing telescope. The Rowland grating has 14438 lines to the inch,
and gives very brilliant spectra of the higher orders on one side.
The mounting by which it is held to the grating table does not
differ from the form in common use.



144 The Star Spectroscope of Lick Observatory.

At K is shown the apparatus for producing comparison spec-
tra. But little explanation is required. w are the forceps for
holding metallic electrodes. w is a rack-and-pinion for moving
the spark in the line of the forceps. A motion at right angles to
this direction is obtained by rotating the forceps-holder in its
collar. v is a short tube holding a lens, by which an image of
the spark is formed on the slit, and as the angular aperture of
this lens is greater than that of the collimator objective, the en-
tire collimator aperture is filled with light from the spark. yis
a tube in which v slides. A neutral-tint compensated wedge can
be inserted in the rectangular aperture shown in y, if it is neces-
sary to reduce the light. The forceps-holder can be removed,
and replaced by a somewhat similar arrangement, having no
rack-and-pinion motion, for holding spectrum tubes.

A box (not shown in the figuré) containing an elaborate re-
‘'version attachment, can be inserted between the observing tele-
scope and its supporting arm. The single reversion prism, which
is of the form described by Dr. Carl Braun in the publications of
the Haymald Observatory, is rotated by a very fine micrometer
screw, acting on the end of a long arm. The apparatus is some-
what similar in principle to the prismatic sextant of Pistor and
Martins, the micrometer screw replacing the graduated arc of
the latter instrument, but the reversion prism allows an object
in the line of sight to be seen after but one reflection. The re-
flecting face of the reversion prism is slightly inclined to the re-
fracting edge, so that the direct and reflected spectra do not co-
incide, but are in close juxtaposition. The relative brightness of
the two images can be varied. This apparatus answers well for
bright objects.

The Lick Observatory spectroscope has an effective aperture of
1.06 inches, when used in connection with the 36-inch refractor.
When it is not in use on the telescope it rests upon a truck, and
the full aperture of the spectroscope, 1.50 inches, becomes avail-
able for laboratory work. The truck is fitted with drawers for
holding accessories. There are no photographic attachments.

All parts of the instrument (except ome of the prisms) were
made by Mr. J. A. Brashear, of Allegheny, Pa.,and the workman-
ship is of the highest class. The design has also proved to be sat-
isfactory for all purposes of eye observation.






PLATE V.

Plate accompanying Professor Keeler's paper on the Star Spectroscope
of the Lick Observatory.
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Plate accompanying Professor Keeler's paper on the Star Spectroscope
of the Lick Observatory.
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STARS OF THE FIRST AND SECOND TYPES OF SPECTRUM.*

BE. W. MAUNDER, F. R. A. S.

The question of stellar evolution has been much discussed dur-
ing the past few years, and not a few new facts bearing upon it
bave been recently brought forward, and the consideration of
some of these has led me to think that some conclusions which
have been very generally accepted require not a little modification.

1t is, of course, well-known to all that stellar spectra are by no
means of one uniform appearance, and that they show strongly
marked and striking differences, four leading types being readily
rcognized. These types, if we follow Secchi’s numeration, may
ke briefly described as follows :—

Type I.—Color of the stars, usually white or bluish. Examples:
Srivs, Vega, Altair. Characteristics: the hydrogen lines are
very strongly marked, being broad, dark, and diffused at the
edges, but the lines of the metals are inconspicuous.

TypE II.—Color of the stars, mostly yellow. Examples: the
Sun, Arcturus, Capella, Aldebaran. Characteristics: the hydro-
gen lines are present, but are not specially pronounced; whilst
the metallic lines are numerous and distinct.

Type III.—Color of the stars, mostly orange. Examples:
Betelgeuse, Antares, « Herculis. Characteristic: a "number af
shaded bands are seen, which are each darkest at the end nearest
the violet, and shade off towards the red.

TypE IV.—Color mostly red. Examples: 19 Piscium, 152
Shjellerup, no very bright stars. Characteristic: the presence of
shaded bands due to carbon, which shade off in the opposite di-
rection to those of the preceding type.

It was very natural that so soon as this classification was rec-
ognized, these several types should be interpreted as representing
different successive epochs in the life history of a star. Generally
speaking, it has been supposed that the Sirian or first type indi-
cates the earliest period, that of highest temperature, that as a
star cools, it enters on the Solar or second stage, and with yet a
further cooling, on a stage represented by one of the two orders
of shaded spectra. With this idea, it has been very customary to
speak of the Sirian stars as being on the average much larger
than stars resembling our Sun in spectrum. Thus the late R. A.
Proctor, writing in reference to them, says, *the stars belonging
to this type are certainly in many cases, and probably in all,

® Jour. British Astr. Assoc., Oct., 1891.




146  Stars of the First and Second T_} pes of Spectrum

very large orbs," and he often spoke of them as ‘‘giant suns,”
a practice in which many other writers have imitated him.

This was a very natural inference, for on the assumption re-
ferred to above, that a first type spectrum indicates that the star
possessing it is in the earliest stage, that of highest temperature,
we should infer: (1.) That Sirian stars had on the average a
greater mass than Solar stars, for the larger the star, the slower
would be the process of cooling. (2.) Sirian stars would on the
average be less condensed than Solar stars, and having a larger
mass, must needs have a much larger volume. (3.) Having a
much larger surface than Solar stars, and being at a higher tem-
perature, they should emit, on the average, a very much greater
amount of light.

It must be borne in mind that these differences cannot, on the
assumption referred to, be slight or insignificant in the mean.
Since the whole history of stellar evolution is summed up in but
three or four stages, each stage must represent enormous periods
-of time, and the difference between a star in the height of the first
period, and the same star in the height of the second, must be
very great indeed, both as to the degree of condensation, temper-
ature and total radiation. If therc are the materials for institut-
ing a comparison between the actual brightness of stars of the
different types, the first type should come out as the most lumin-
ous, beyond all possibility of doubt.

The materials for such a comparison within our reach are very
slight, but such as they are, they do not point to any such pre-
dominence in brightness (total radiating power) of the Sirian
stars. First we have a few stars of which the parallaxes are
known, and, knowing their distances and their apparent magni-
tudes, we can compute the absolute light-giving power of each.
The result of the comparison is given below, the Sun being taken
as unity. The magnitudes have been taken from the Oxford
Uranometria, the Sun being assumed to be 26% magnitudes
brighter than an average first magnitude star.

SIRIAN STARS.

B Cassiopiez...... 12.3 Procyon............. 23.7 a Draconis

«a Persei.............. 83.0 Regulus.............. 108.0  a Aquile..

Sirius..eiieiinnnnnn 424 alyrm......... 2048.1 a Cephei.............
SOLAR STARS

«a Cassiopeie...... 59.7 Aldebaran.......... 71.3 = Herculis........... 28.0

n Cassiopeie...... 5.1 Capella............... 2177 e Cygninninnn. 1.2

B Andromedz.... 41.5 Pollux............... 166.1  Arcturus............ 6226.9

Polaris............... 188.5 7 Herculis........... 6.4 Sun.....cieen. 1.0

a Arietis ............ 58.9
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Two things strike the attention at once. First, the striking
inferiority of the Sun to even the feeblest of these stars. This
may be due, and not improbably is, to an under-estimate of its
brightness. Or it may be due, and this is also not unlikely to
be the case, to a general over-estimate of stellar distances. Next
the great disparity in light-giving power of the various stars.
Vega and Arcturus tower far beyond all the rest. Dr. Elkin's
parallaxes have been used for both these stars, and in both cases
he has found a much smaller value than his predecessors have
done. Still, whilst making all allowances for the uncertainty of
our knowledge of stellar parallax, the comparison seems to show
that, if one class has the advantage over the other, the superioirty
les with the Solar stars; for including Vega and Arcturus, we
find the mean first type star to have a radiation of 268.1, the
mean second type of 544.0. Omitting those two stars, the
fignres become 45.6 and 70.5 respectively. Certainly no such de-
xded and unmistakeable superiority as we should naturally ex-
pect, is shown by the Sirian class.

Another and rougher method of comparison is to see how the
stars of the two types are distributed for different orders of mag-
nitudes. I have given a rough comparison in Knowledge for
April last, which seems to show that Sirian stars become more
numerous the fainter are the stars we are dealing with. This
conclusion is confirmed by Professor Pickering’s discovery that
the Milky Way, which is especially a region of small stars, is es-
pdally rich in Sirlan stars. It appears, then, either that Sirian
siars are on the average smaller than Solar stars, or else that
they are situated at greater distances from us.

Yet another mode of comparison is afforded us by double stars.
Here we have two stars at the same distance from us; difference
m apparent brightness is therefore equivalent to difference in real
light-giving power. Unfortunately we know but little of the
spectra of double stars, but, if in default of better information,
we are guided by their colors, a very remarkable circumstance
becomes apparent. Where the two stars are of the same color,
they are always of thesame, or nearly of the same, magnitude. But
where they are of different colors, the difference of magnitude be-
comes much more marked; and in nearly every case the smaller
star is blue, the larger one white or yellow. In a few cases the
smaller star is not blue but red, but in no case is the larger
star blue.

Accepting, as in some cases they certainly are, the yellow stars
as of the Solar type, and the blue as Sirian, we are again brought
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to conclude that so far from the Sirian stars being the largest
and brightest, the very reverse is the case, and it is the Solar
which have the better right to be entitled * Giant Suns.”

It has been urged that the succession of the different stellar
types might be just as plausibly taken in the reverse order, so
that the Sola1 stars were they ounger, and not the Sirian. The
conclusion just reached might be taken as confirming such a view,
were it not for certain facts which strongly point to the first type
stars being much less condensed than those of the second tvpe.
For in the case of binary stars, for which the elements of the
orbit have been computed, we can compare, on the assumption
that the intrinsic brightness per unit of surface for all the stars is
the same, the density of one pair with that of another. The
result, as the following table will show, gives 0.3026 as the mean
density for the Solar class, the density of the Sun being taken as
unity, and only 0.0211 for that of the Sirian. One most remark-
able exception to the general greater density of Solar stars, how-
ever, is furnished by the instance of y Leonis, which appears by
this comparison as by far the lightest of all binaries, though it is
of the second type. Still, even allowing for this evidently excep-
tional star, the Solar stars are on the average 14.3 times as
dense as the Sirian, a difference too great and too systematic to
be accidental. Further, Dr. Huggins has shown us stars actually
involved in the great nebula of Orion, and showing the typical
nebular lines; so that they would seem to be in the very process
of forming out of the nebula.  Yet the Orion stars are of the
first type.

SIRIAN STARS.

DO . @ Leonis.....ce.uuue.. 0.022 ¢ Scorpii ...............
0% 20. 0 Ursee Maj. . 0.002 y Ophiuchi...........
14 Orionis .. 0. ¥ Virginis... . 0.017  pDraconis............
12 Lyncis. . 0. 25 Can. Ven......... 0.017 Sagittarii...........
Sirius . 7 Coronaz Bor...... 0.109  J Cygninnnnne,
Castor .. 0. 12 Bootis.....vueee.. 0.040 S Delphini....... ....
€ Cancri . ¥ Corone Bor...... 0.002 A Cygni.covivnnnnnne

SOLAR STARS.

2 3062.......uunene 0.323 42 Come.............. 0.047 T 2107 ciiiiiiinnnns
» Cassiopeiw........ 0.956 X 1757...ccvvvvinnnn. 0.803 ¥21738.........
36 Andromed=..... 0.012 X 1819.....ccceeeiinnnd 0.196 r Ophiuchi...
T 228 0.143 a Centauri........... 0.121 70 Ophiuchi..........
0 149.. .. 0.164 y Leonis.....cccouuennt 0.0002 y Coronz Aust.... 0.134
Y 1037... .. 0.073 § BoOtis....eieeeunnnn 0.914 OX 387
2 3121...... .. 1.882 44 Bodétis............. 0.061 0 400
§ Ursae Ma,j.. . 0.181 OX 298................. 0.600 4 Aquarii..
0 234.. .. 0.075 a Corona Bor......0.077 r Cygni.
Oz 235.. . 0.059 { Herculis............. 0.018 7 Cephei

ST 1 FO
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Further, the Algol variables, where we have a comparison star,
revolving almost in contact with its primary, and we may infer,
bat recently separated from it, are all, so far as we know, of the
first type. These stars areevidently in an early and but little con-
densed condition. So too, the ‘spectroscopic doubles” hitherto
discovered, have all been of the first type. We may conclude,
therefore, from such evidence as lies before us as yet, that if these
two types of spectrum indicate successive stages of development
at all, the ordinary idea that the Sirian is the earlier stage, must
‘e accepted. And vet, as we have already seen, the Sirian stars
stonld on that assumption have by far the greater total radia-
ton; whereas the reverse would rather appear to be the case.

The colors of double stars emphasize this difficulty. If both
members of a pair were formed at the same time, then the smaller
should enter the earlier on the second stage of development, and
we should expect to see many instances of Sirian primaries and
Solar companions. And the greater the difference in size between
the two, the further should the smaller body be advanced as com-
pared with the larger. We really find the very reverse to be the
case. We never find the primary blue and the satellite yellow;
but the greater the difference in size between the two the more
frequently is it the case that the principal star is yellow and its
dependent blue. Nor can we get over the difficulty by supposing
that the small star was formed much later than the larger.
Whenever formed, it could not have started in an earlier state of
ondensation and temperature than its parent orb possessed at
the time when it gave it birth.

Yet another fact has recently come to light which points yet
mere strongly in the same direction, viz., the prevalence in cer-
tain imited regions of special types of spectrum, such as those of
the fourth type, or of the * Wolf-Rayet " stars, or fifth type. The
discovery which Professor Pickering has now announced, that
the Milky Way is specially rich in first type stars, is a fact of the
same order; so also is the prevalence of a particular variety of
that type in Orion. But the most conclusive circumstance of the
kind is the discovery that the stars in the Pleiades are practically
all of the same type. Forming, as they manifestly do, a real
group, and therefore lying all, practically, at the same distance
from uvs, and embracing amongst their number stars of a great
range of magnitude, we see they must be of very different sizes.
Yet we find practically but one type of spectrum. Is it reasona-
ble to suppose that throughout the group the smaller stars are
Jjust so much younger in actual interval of time from their forma-

~
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tion than the larger, that smaller size has been exactly balanced
by shorter time and that in this way the entire group preserves
to us an appearance of uniformity? Is it not much more natural
to suppose that they all show the same spectrum, because, form-
ing one group, they contain the same materials and in similar
proportions?

There seems indeed to me but one way of reconciling all these
different circumstances, viz., to suppose that spectrum type does
not primarily or usually denote epoch of stellar life, but rather a
fundamental difference of chemical constitution. If so, we can
readily understand why special types should affect special regions,
and why in the case of double stars the two should be ot the
same type when both are nearly of the same size, and the smaller
the hydrogen star when the difference of magnitude is consider-
able. The spectroscope has indeed shown us that the same ele-
ments exist in Sun and stars as we are familiar with here, but to
tack on to this fact the assumption, so often tacitly made, that
they are distributed throughout the universe in the same propor-
tions, seems to me wholly unwarranted and contrary to proba-
bility. If they are not thus equally distributed, then we ought to
find some stars rich in hydrogen and some in metals, and the
resulting differences in their spectra will afford us no ground for
concluding the one to be in an earlier condition than the other.
The difference will be one of chemical and fundamental constitu-
tion, not of epoch of stellar history.

Of course our knowledge on the various points to which I have
alluded is as yet very meager, and further researches may entirely
change the aspect of affairs. For example, we may find that our
present types are far too general, we may be grouping together
as of the same class of spectrum stars which a more careful exam-
ination may show to differ from each other in some easily over-
looked but most important detail. Professor Pickering has al-
ready carried the classification of spectra much further than it
has been carried before. So it may well turn out to be the case
that there is only a superficial resemblance between the spectra of
giants, like Sirius and Vega, and of the little stars which swarm
in the galaxy, or of the tiny acolytes of unequal doubles. Lock-
yer has already urged a division of the solar type into two
classes, one indicating a stage earlier than the Sirian, and the
other later; an arrangement which would explain some of the
facts I have here touched upon. But arguing from the facts we
at present possess, I am inclined strongly to helieve that the first
and second types of spectrum indicate rather real differences of
stellar constitution than differences in the stage of development.
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The cases of the third and fourth types I consider different.

We have much fewer facts to go upon with regard to them, but

the evident connection between variability and third type spec-

trum inclines me to think that that class of spectrum, at least,

max be really indicative of the particular stage in its history
which the star has reached.

THE IRON SPECTRUM AS A COMPARISON SPECTRUM IN SPECTRO-
GRAPHIC DETERMINATIONS OF STELLAR MOTION
IN THE LINE OF SIGHT.*

PROFESSOR H. C. VOGEL,
DIRECTOR OF THE ASTRO-PHYSICAL OBSERVATORY, POoTsDAN.

In the Sitzungsberichten der. K. Akad. d. Wissenschaften for
March 15, 1888, an account is given of my first observations, by
which it has been shown possible to reach a more certain basis
for the determination of the motion of the stars in the line of
sight by the spectrographic method than by direct observations,
even with equal instrumental means. The expectations raised by
these first results with a temporary apparatus as to the accuracy
attainable in the determination of stellar motions, have not only
been borne out in the course of time, but even much surpassed.

The more exact knowledge of the motions of the brighter stars
w the northern sky, gained of late by spectrographic determina-
tions, in general confirms the results of former direct observations
as 10 the direction of the motion, but serves to considerably alter
our notion of the velocity, which in the direct observations was
generally much over-estimated.

I have given in Astr. Nachrichten, No. 2896, a description of the
construction of the apparatus used to make final determinations,
together with an account of the method of measuring spectro-
grams of stars of the second tvpe. It was found very early in
the course of the research that the accuracy of the results very
largely depends upon the method of measuring the spectrograms;
jor this reason 1 have been busily engaged in ascertaining the
most advantageous method. Great difficulties as to this point
had to be overcome, especially in the case of stars of the first type
with broad hydrogen lines, but even here I have succeeded in giv-
ing to the measures a precision nearly equalling that attained in
stars of the second type. The method, which was described in

-'?ranslated from the Sitzungsberichte der Berlin Akademie der Wissenschaften,
4 June, 1891.
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Astr. Nachrichten, No. 2995 with the account of the observations
of « Virginis, is very simple, and at the same time secures to the
observer the greatest possible freedom from prejudice. In all
these investigations, however, the hydrogen spectrum, or rather
the line H y, has served as a basis for measurement.

In the autumn of 1888, when the first experiments with the
new spectrograph were in progress, an endeavor was made to
use another comparison spectrum in addition to the hvdrogen
spectrum. Magnesium naturally suggested itself, as the Mg line
at wave-length 448 is very sharp and clearly defined in a great
many stellar spectra, and does not fall too far from the center ot
the portion of the spectrum given by the spectrograph. No
satisfactory results have as yet heen obtained in this way, how-
ever, as the Mg line artificially produced by the spark discharge
in air is broad and diffuse, and is thus not suited for exact meas-
ures. The experiments were repeated with various modifications
at the beginning of the present year, but with the same negative
result. But the iron spectrum has turned out to be very useful
for a comparison spectrum. The lines are sharp and not too
numerous in the neighborhood of the Hy and Mg (448:~) lines,
so that for stars, in whose spectra this magmesium line is the
only one visible in addition to the hydrogen line, measures may
safely be made by connecting some iron lines with the magnesium
line. But for bright stars of the first type, the spectra of which
contain, in addition to the hydrogen line, a great number of fine
lines mostly belonging to iron, there was reason to helieve that a
higher degree of accuracy might be reached in the determination
of stellar motion in the line of sight by photographing the iron
spectrum on the same plate with the spectrum of the star. For
this purpose it is necessary that the iron lines do not cross the
stellar spectrum, as I have found useful in the case of the hydro-
gen line, but extend only to its edges on either side. This result
may be obtained by covering the part of the slit through which
the image of the star passes with a small strip of metal, while
the photograph of the iron spectrum is being taken. If this were
not done it might happen that on account of their very small dis-
placement, the lines of the artificial spectrum might fall too near
the stellar lines, or even overlap them, so as to prevent accurate
measures.

In the observations of Sirius recently made here the iron elec-
trodes (piano-wire) were placed at a distance of 35cm from the
slit, and were so adjusted that the short spark (2mm to 3mm)
was exactly in the optical axis of the collimator. The spark was
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produced by a large Ruhmkorff coil with 4 Leyvden jars. Anex-
posure of 25 seconds was sufficient to give the principal iron
lines.

In addition to this, several points essential to accurate meas-
ures, to which I have called attention before, have been carefully
ohserved. The comparison spectrum must be taken with the
telescope directed to the star, and the middle of the exposures for
the stellar and metallic spectra must coincide as closely as possi-
ble. in order to do away with the effect on the measures of
changes in the flexure of the apparatus and variations in the dis-
rersion due to temperature. :

The following wood-cut gives an illustration (negative) of a
prtion of the spectrum of Sirius with the principal iron lines, as
ohtained on NMarch 22, 1891. The cut was made from an en-
larged copy of the original negative.*

Besides the lines of the iron spectrum. the artificially produced
hydrogen line H; is seen extending across the spectrum of the
star. All of the stellar lines, as compared with the correspond-
mg lines of the artificially produced iron spectrum, show a slight
displacement toward the red.

Measures of the plates under the microscope have given the fol-

lowing results:
March 21, 1891.

March 21, 1801, Plate No. 247. March 22, 1891.
Plate No 246 Exposure for star = 15m. Pltac No. 248,
Expos<ure for star = 48m.  bhetween clouds. for Fe Exposure for star = 36m
tvr Fe spectrum = 23« spectrum = 60s. for Fe spectrum = 23s.

P J /. Jd / Jd

i R R R
4261 0.070 (1) 428.3 0.026 (1) 426.1 0.036 (2)
£33 0.004 (1) 429.5 0.044 (2) 427.20 fo.042 :(23)
$20.3 0.044 (2) 430.0 0.037 (2) " 10.036 (1)
4300 0.056 (2) 430.5% 428.3 0.047 (1)
432.6  0.049 (2) 431.6  o0.044 (2) 429.5  0.030 (2)
433-2°  0.039 (0) 436.8 0.035 (1) 430.0 0.026 (1)
4354 0.044 (2) 43;.6 0.045 (1) 430.8 0.019 (2)
$40.5 0.033 (1) 438.4¢ 431.6 0.033 :(23)
440.5 0.040 (2) 432.6 0.024 (2)
441.5 0.033 (1) 438.4 0.027 (2)
442.3%5 0.044 (1) 440.5 0.020 (1)
441.5 0.024 :(23)

' Double line. the first component very faint in the star spectrum. 2 Asitis
doubtful whether the stellar and iron lines correspond the observation is omitted.
! Lines of the iron spectrum too broad and strong for a good measure. * Lines
i the iron spectrum too broad and strong, in the star diffuse and not well seen.
* Iron kine very faint.

* Moch of the perfection of detail in the original has unfortunately been lost
i the reproduction. The hydrogen line in the star should be very diffuse at the
edges, not sharply defined as shown.  [G. E. H.]
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The first column gives the wave-lengths in millionths of a milli-
metre, the second the measured distances between the lines in the
stellar spectrum and the corresponding lines of the comparison
spectrum in turns of the micrometer screw (18 = 0™».25). The
value of the distance measure obtained as the mean of 4 settings
has a weight 1. In the case of particularly well defined lines two
sets of independent measures have been made; the mean of these
measures is given the weight 2, while the weight 24 designates
observations of lines which were measured with difficulty.

In the photographs of March 21 the stellar spectra are narrow,
and the lines of the iron spectrum do not extend to the edges of
the spectrum of the star. In measures of the star spectrum the
settings were made tangential to the curved lines, while in the
case of the iron spectrum the ends of the arcs aboveand below the
star spectrum were united by the cross-hair, thus rendering neces-
sary a correction to the measures. The mean of several measures
in the neighborhood of the H r line gave 266R as the radius of
curvature of the lines in the spectrum, and thus corrections of
OR.008 and OR.005 are deduced for the distance of the point of
tangency from the middle of chords 4%.0 (No. 246) and 3R.3 (No.
24.7) in length respectively. Since the lines are convex toward the
red end of the spectrum, and the displacement of the stellar lines
as referred to the comparison lines is in the same direction, it fol-
lows that all measures will be diminished by this amount. In the
photograph of March 22 the iron lines reach to the edges of the
star spectrum. In the measures the settings were made on the
points of contact, and on the stellar lines also at the edge of the
spectrum, so that no correction is necessary.

The amount of the linear displacement in different regions of the
prismatic spectrum is different for equal differences of wave-
length, or the same displacement corresponds to a ditlerent
velocity in the line of sight. For the wave-lengths in question the
motions in geographical miles may be found in the following
table, which has been determined from numerous measures of
photographs of the solar spectrum made with the spectrograph.

A= 426 uu IR = 27.5 geogr. M.
428 28.1
430 28.7
432 29.4
434 3o.2
436 30.9
438 317
440 32.5
-_—
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Applying the correction for the curvature of the lines the mo-
tions of Sirius corresponding to the displacements as calculated
from the table are as follows:

A March 21, March 21, March 22.
No. 246. No. 247. No. 2435.
 (geogr. miles.) 4 (geogr. miles.)d (geogr. miles.)

426.1 .71 (1) _ 0.99 g))

- .17 (24
4272 - - {I.OI (l:;
428.3 1.58 (1) 0.59 (1) 1.33 (1)
420.5 1.03 (2) 1.12 (2) 1.03 (2)
430.0 —_— 0.92 (3) 0.75 (1)
430.8 1.39 (2) _— 0.55 (2)
431.0 —_— 114 (2) 0.97 (2s)
432.6 1.21 (2) —_— 0.71 (2)
436.8 —_ 0.94 (1) _—
437.6 e 1.26 (1) _
438.4 1.15 (2) —_— 0.86 (2)
440.5 0.82 (1) 1.14 (2) 0.65 (1)
441.5 — 0.93 (1) 0.79 (3s)
4423 —_— 1.30 (1) _—
Mean: 1.24 1.0§ 0.87

The mean of the three determinations, considered as of equal
weight, is 1.05 geographical miles, which is the amount per sec-
ond by which the star increases its distance from the Earth, as
the displacement of the lines in the spectrum is toward the red.
At the time of the observation the component of the Earth’s
motion in the direction of Sirius was + 3.01 geographical miles.
The motion per second of Sirius with respect to the Sun on
March 22.0, 1891, was therefore:

— 1.96 geogr. miles.

I give below the observations of the motion of Sirius obtained
with the spectrograph, in which the measures of displacement
were made with respect to the hydrogen line Hy.

Observed Motion of
Displacement in  Sirius with re- Reduction Motion of Sirius
revolutions of spect to Earth. to Sun. with respect to Sun.

Date. the screw. geogr. miles. geogr. miles. geogr. miles.
1388 Dec. 1 —o.110 —3.32 +1.64 —1.68
Dec. 13 —o0.103 —3.1t +1.06 —2.0§
Dec. 13 —o.101 —3.05 —1.99
1859 Feb. 10 +0.023 ~+o0.69 —1.95 —1.26
1890 Jan. 29 —0.004 —o0.12 —1.42 —1.54
Feb. 12 ~+o0.022 - ~+0.66 —2.04 —1.38
Feb. 12 +0.006 ~+0.18 —1.86
1591 Feb. 7 +o.001 ~+o0.03 —1.81 —1.78
Mar. 21 ~+o0.032 ~+0.97 —3.00 —2.03
Mar. 22 ~+-o0.044 “+1.33 —3.01 —1.68

Mean:—1.73

The agreement of this mean with the value deduced above is
certainly very satisfactory, and in this case the use of the iron
spectrum is of little advantage, especially if it is considered that

- /
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SR C———————— . - - ———

much more physical apparatus is needed for the observation.
Great accuracy is also required in the adjustment of the elec-
trodes, in order that the spark may be as nearly as possible in
the optical axis of the telescope, while the adjustment of the
hydrogen Geissler tube at right angles to the optical axis does
not require particular care, if the tube is accurately placed at
right angles to the direction of the slit. That the advantage of
using the iron spectrum is not clearly brought out in the case of
Sirius is principally due to the circumstance that the lines in the
Sirius spectrum are so very faint and narrow that settings of
the micrometer cross-hair cannot he made with as great accuracy
as with somewhat broader and stronger lines. The photographs
on March 21 and 22 of this year are also not as good with re-
spect to the fine lines as others obtained before. a Cygni would
have served better, as the iron lines in its spectrum are stronger.

The principal advantage of the method, which must not be
overlooked, lies in the fact that each line, compared with the cor-
responding line of the artificial spectrum, gives an independent
determination of the motion; thus the value of a single plate is
much increased, as in the method which I have used for spectra of
the second type, for the effect of any irregularities in the photo-
graphic film is eliminated by measuring several lines.

The iron spectrum is also recommended as a comparison spec-
trum for stars of the second type, but in these spectra containing
a great number of lines mistakes are more easily made in com-
paring the stellar lines with the corresponding artificial lines than
is the case with stars of the first type, particularly those which
show only iron lines, and great care is therefore necessary in the
choice of the lines. This caution may even be carried so far as to
omit narrow double lines with very unequal components, for I
have found that in photographs of emission spectra an unsym-
metrical widening occurs in veryclose double lines, such that after
long exposure the centers of the photographed lines are more
widely separated, since the deposit of silver is greater on the outer
edges than between the lines. When the components are equal
this peculiarity of the photographic plates does no harm, if the
measures are made on the middle of the double lines. Even in
absorption spectra a very similar propensity to that seen in
emission spectra is to be expected, though perhaps to a less ex-
tent, and in fact it has been found in a great number of measures
in the spectra of stars of the second type which contain a great
many lines, that large deflections are most frequent in the case of
close double lines with unequal components. Single lines have -
therefore been used as far as possible in the measures.
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I may add in conclusion that with the investigations on Sirius
here presented my preliminary spectrographic observations for
the determination of stellar motions are ended for the present;
but I hope that I will be able to resume them shortly with more
powerful optical apparatus.

o
\ 4

RESEARCHES ON THE RADIAL MOTION OF STARS WITH THE
SIDEROSTAT OF THE PARIS OBSERVATORY.*

M. H. DESLANDRES.

The investigation of the radial velocityt of stars by the dis-
placement of lines in their spectra, according to the method of M.
Fizeau, must furnish the solution of new and important ques-
tons. But the experiment is a delicate one, and twenty-five
vears of visual observations of these displacements has given
only uncertain or contradictory results; photographic observa-
tion, on the contrary, does not seem to be subject to the same
sources of error. It is my intention, according to the plan of
Admiral Mouchez, to carry on at the Paris Observatory the
regular study of stellar motions by spectrum photography.

The first results were obtained with the great telescope of 1.20
metres aperture (see Comptes rendus,1891); but the spectroscope
employed, which was then the only one which could be adapted
to this great instrument, was of small dispersive power (a dis-
placement of 5}; millimetre corresponding to a velocity of 11
kilometres per second). I have also used for the same purpose
the Foucault siderostat, with which any form of spectroscope
may be readily employed.

Method of Experiment.—The beam of light reflected horizon-
tally by the mirror of the siderostat is received by a 12-inch
objective (Secrétan),i which gives an image of the star on the
slit of the spectroscope. The spectroscope, arranged for photo-
graphy, has 1 or 2 prisms of light flint, with lenses of 0.65 metre
focal length. A displacement of ;}; millimetre corresponds, with
one prism, to a velocity of 8 kilometres per second; with two
prisms, to a velocity of 5 kilometres.

But the siderostat has no finder, and follows the diurnal

¢ “Comptes rendus '’ November 23, 1891.

# I call radial velocity the velocity projected on the radius which unites the
earth to the star. This velocity, as 1s well known, is not given by ordinary
observations, which can only reveal the component perpendicular to the radius.

1 This objective was formerly employed on the equatorial of the West tower;
1 have achromatized it for thechemical rays by a suitable separation of the lenses.

. -
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motion very badly. I have had recourse to a special method of
directing and maintaining the star on the slit. This slit, which
is illuminated by a red light, is formed of two platinum jaws,
polished and inclined in such a manner as to reflect to one side
the beam of light from the objective. An auxiliary telescope,
placed near the right ascension and Qeclination slow motions,
receives this light, and gives the image of the star and the slit in
the same field of view. It is thus possible to correct the irregular
movement of the siderostat.* As a further precaution another
auxiliary telescope receives the rays reflected from the first prism,
and indicates at any instant the quantity of light which enters
the spectroscope.

At the middle of the exposure the comparison spectra are photo-
graphed above and below the spectrum of the star, the two
sources to be compared being placed in as nearly as possible
identical conditions. The sources of comparison are electric
sparks from at least three substances, hydrogen, calcium and iron,
which are found in most of the heavenly bodies. The electric spec-
trum of iron, which I was the first to employ and recommend
(Comptes rendus, 1890 and Feb., 1891), is particularly advanta-
geous on account of the numerous fine lines which it contains; for
the investigation of displacement it is much to be preferred to the
single line Hy of hydrogen, employed by M. Vogel; with
white stars of the first type, it assures twice as great precision to
the measures. Moreover, in a recent note,t M. Vogel announces
that on the 21st of last March he tried the iron spectrum and
recognized its superiority.

Results.—These simple arrangements have allowed photographs
and measures of displacement to he made of the brighter stars. I
have the honor to present to the Academy one of these photo-
graphs, which shows the spectrum of Sirius compared March 3,
1891, with the spectra of hydrogen, iron and calcium.

The photograph shows at a glance that 4 lines of hydrogen, 2
of calcium and 11 of iron are present in the star. Moreover, the
lines of the star, referred to the comparison lines, are slightly dis-
placed towards the red. This displacement, measured to 4}, mil-
limetre on the 10 sharpest lines, corresponds to an apparent re-
ceding motion of the star of + 19 kilometres per second. Now
the velocity of the earth in its orbit, projected on the direction of

® The irregularities are largely due to the nature of the apparatus: four move-
ments of rotation take place around four different axes, and these, with an ad-
ditional sliding motion, must be simultaneous. Moreover, the correcting move-
ments are insufficient. t See page 151.
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Sirius, is + 20.2 kilometres. Thus on March 3 Sirius was mov-
ing towards the Sun with a velocity of — 1.2 kilometres.

These results show the aid that may be derived from the sider-
ostat for thestudy of thechemical composition and motionsof the
bright stars; a future note will describe a new anangement of
the great telescope of 1.20 metres aperture for the study of
fainter stars with high dispersion.

NOTE ON RECENT SOLAR INVESTIGATIONS.

GEORGE E. HALE.

On December 28, 1891, photographs made at this Observatory
stowed that the H and K lines are reversed, not only in the vi-
cnity of Sun-spots, but in regions irregularly distributed over
the entire disc of the Sun. On January 12, 1852, it was found
possible to photograph the forms of some of these reversed re-
gions, using a moving slit apparatus just completed for our large
diffraction spectroscope by Brashear. The K line in the fourth
order spectrum was employed, as is customary in the case of
prominences. The reversed regions are of great extent, and in
appearance closely resemble facule. Several explanations may
be suggested to account for them. They may be:

1. Ordinary prominences projected on the disc.

2. Prominences in which H and K are bright, while the hydro-
gen lines are absent.

3. Facula.

4. Phenomena of a new class, similar to facule, but showing
only H and K bright, and not obtained in eye observations or
ordinary photographs because of the brilliant background upon
which they are projected.

The investigation will be continued as rapidly as the present
unfavorable atmospheric conditions will permit.

KEXWO0OD ASTRO-PHYSICAL OBSERVATORY,

Chicago, January 18, 1892.

ASTRO-PHYSICAL NOTES.

All articles and correspondence relating to spectroscopy and other subjects
properly included in AsTRU-PHYSICS should be addressed to George E. Hale, Ken-
wood Astro-Physical Observatory, Chicago, U. S. A. Authors of papers are re-
quested to refer to page 176 for information in regard to reprint copies, etc.

\

~
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In addition to the letters from well-known astronomers and spectroscopists
which were printed in our last number, others expressing interest in AsTRO-PHYs-
ics, and promising support, have been received from Dr. B. Hasselberg, Stock-
holm, Professor N. C. Dunér, Upsala, and Dr. Ralph Copeland, Astronomer Royal
for Scotland. The latter has been kind enough to make arrangements such that
important papers communicated by the staff of the Royal Observatory to the
Edinburgh Royal Socieiy, will be found at an early date in these columns. Pro-
fessor Hasselberg will soon publish a paper in AsTRO-PHYsICS on his recent in-
vestigations, and other important articles may be expected from Herr Victor
Schumann and Herr J. Plassmann.

Effect of Aberration on Measures of Solar Prominences. On pages 126 and 128
translations are given of the papers on aberration by MM. Fizeau and Mascart,
which were referred to by Dr. Crew in the last number of ASTRONOMY AND ASTRO-
PRysics. Dr. Crew has done a service in pointing out the error in M. Fizeau's
paper, for though the question cannot be considered as in any degree difficult, it is
at the same time somewhat misleading, as such an error on the part of so distin-
guished a specialist as M. Fizeau sufficiently testifies. We must ourselves confess
to having been deccived on this point, but wickedly find a crumb of comfort in the
thought that the editors of the Observatory and uther well-known publications
were equally unfortunate.

Photographs of the Recent Total Eclipse of the Moon. In the Comptes rendus
for November 23, M. G. Rayet gives the results of observations made at Bordeaux
of the total lunar eclipse, which occurred on Nov. 15, 1891. In spite of unfavora-
ble atmospheric conditions it was found possible during totality to photograph a
considerable portion of the Moon’s disc with an exposure of about two minutes.
The instrument employed was the photographic equatorial of 33 centimeters
aperture. In his remarks on M. Rayet's communication, M. Janssen suggests
that a measure of the photographic value of the light from the totally eclipsed
Moon might be obtained by finding the time required to give, on a portion of the
plate used in photographing the eclipse, an image of the full Moon of the same in-
tensity. The ratio of the times of exposure would give the inverse ratio of the
photographic intensities. As the light reflected from the Moon during eclipse
must pass through a great depth of the earth’s atmosphere M. Janssen hoped to
observe the faint oxygen absorption bands in the green and blue regions of its
spectrum, but observations at Meudon were unfortunately prevented by bad
weather.

Herr Schumann’s Discoveries in the Ultra-Violet Hydrogen Spectrum. In a letter
dated Dec. 10, 1891, Herr Schumann sends us a most interesting account of his
recent important discoveries in the extreme ultra-violet. During a visit to his
laboratory in Leipzig last summer we were greatly struck by the extreme neat-
ness and attention to detail there apparent. Under a microscope the photo-
graphs of gaseous and metallic spectra showed a sharpness of definition which
has probably never been equalled in work of a similar degree of difficulty. For
his extensive investigations of the hydrogen spectrum Herr Schumann has not
less than one hundred tubes, most of them fitted with quartz stoppers for end-on
illumination, and his collection of quartz and fluor spar prisms and lenses is re-
markably large.
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In no region of the spectrum does the investigator encounter such great
&ifficulties as in the extreme ultra-violet, for not only do these short waves
exercise but little effect upon the most carefully prepared photographic plates,
et in addition they are completely absorbed by a layer of air of only a few feet
is thickness. For this reason, in passing beyond A 1800, Herr Schumann finds
it pecessary to use his spectrograph in a vacuum. After working an entire year
be bas succeeded in preparing photographic plates by a new formula, which
possess an extraordinary degree of sensitiveness. They also have the peculiar
property of becoming more sensitive the longer they are kept, without being
sobject to any of the defects which ordinary bromide of silver plates acquire
wder the same conditions.

Afew weeks preceding the date of his letter, working with his new plates on
1e spectram of hydrogen, Herr Schumann succeeded in photographing several
tmetres berond the most advanced ultra-violet boundary line then known.
Is the most refrangible part of this extremely feeble region, but one plate was
shoently sensitive to show any trace of action. All other plates, though made
)¢ the same formula, were not acted upon in the least, even after very long ex-
»wre. With the highly improved apparatus then used the attempt was made
to resolve the group of hydrogen lines beyond A 1820 discovered by the same in-
restigator in the preceding year. The results greatly surpassed his expectations,
ir the group was not only perfectly resolved, but found to contain many more
nes than had been supposed from the photographs of 1890. Beyond A 1820
warteen clearly defined groups were found, all of them containing a remarkably
large number of lines. The first group, which is only 11™™ long on the plate,
and was made with a slit 0.004™™ wide, contains over 90 well defined lines.
Tbe other groups are hardly so rich in lines, but altogether contain about 600.
Iz is thus evident that the radiation of incandescent hydrogen in the hitherto un-
ivown region beyond A 1820 is surprisingly great.

It is onfortunate that the nature of the apparatus, supplied as it is with fluor
s;ar prisms and used in a vacuum, will not allow the wave-lengths of the most
rirangible lines reached to be determined. For this purpose it is hoped that a
Rowland concave grating. which is very brilliant in certain spectra, may be used.
With this grating the aluminium lines at 4 1860 and 4 1852 have been photo-
eraphed through a layer of air two metres thick in 45 minutes, a primary current
o onlv seven amperes being employed, while the plates were prepared after the
oew formula. It has been found impossible with any other plates to photograph
these lines through an equal thickness of air, though with the grating this may be
accomplished with ordinary silver bromide plates. The remark is made, in pass-
g. that the line at ; 1929, assigned by Cornu to aluminium, belongs in fact to
siicon, as has been found by extensive investigation.

A farther peculiarity is recorded in the fact that the lines 4 1860 and 4 1852
show a different relative intensity, according as the grating or prisms, whether
quartz or fluor spar, are used. The grating gives the more refrangible line of
muach less intensity than the other, while with prisms the lines are equal in in-
tensity. As yet a lack of time has prevented an investigation of the cause of
this difierence. It may be due to atmouspheric absorption, but it is also possible
that the speculom metal may absorb the short waves more strongly than the
long. The general absorption of the speculum metal may change at this point
into a selective absorption, such that the more refrangible line would be much
weakened.

Ia the construction of the new spectrograph the camera will be so arranged

~
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that it can be set at any desired angle to the optica‘l axis of the lens. In the
present instrument the camera is fixed at a constant angle of 26°, which is suit-
able for the region between 1 1860 and A 1820. For waves shorter than these,
the angle must be very much smaller in order to secure the best definition.

The Chromosphere Line Angstrom 6676.9. In Nature for Dec. 31, 1891, Profes-
sor Young thus replies to the Rev. Cortie’s letter on page 135.

“In response to Father Cortie’s implied question as to the identitication of
this line as belonging to the spectrum of iron, I would refer him to Appendix G
of Roscoe’s lectures on ‘' Spectrum Analysis” (third edition). It is an extract
from a joint paper by Angstrom and Thalen, giving a list of several hundred
(then) new identifications; among them appears K 654.3, ascribed to iron.

** The original memoir was presented to the Stockholm Academy of Sciences
in February, 1865, and an English translation appeared the next year. Iam un-
able to assign any reason why many of the identifications given in this memoir
fail to appear in the map published three years later; but they do, and K 654.3
is among the missing.”

Observations of Sun-spot Spectra. On another page we reprint from the Jour-
nal of the British Astronomical Association, a paper by the Director of the Solar
Spectroscopic Section, the Rev. Walter Sidgreaves. Those who propose to take
up spectroscopic work on the Sun will find in this article many valuable sugges-
tions. Though the fact that the possessors of even very small telescopes can se-
cure valuable results in the study of the Sun has been fully demonstrated by sev-
eral members of the British Astronomical Association, the impression still seems
to be very general that spectroscopic work of any kind cannot be done without
the most elaborate and costly apparatus. For this reason many amateur obser-
vers with small instruments may be found engaged in planetary, lunar, or stel-
lar observation, while very few ever consider the really important contributions
they might casily make to Astro-Physics, without expensive additions to their
equipment. At the present time, the spectra of Sun-spots offers a most promis-
ing field for investigations with small instruments. Of the two or three en-
gaged in a systematic study of the lines affected in spots, the Rev. Sidgreaves is
the most active observer, but the observations at Stonyhurst are necessarily con-
fined to a small portion of the spectrum, and at South Kensington the investiga-
tiou is even more limited in extent. Many more observers are needed at once for
this work, for some of the most important questions in solar physics may find
their answers in the statistical study of data thus obtained. A telescope of 4
inches aperture or even less is large enough for the purpose, and, if possible, some
sort of driving mechanism should be used, such as a sand-clock, air-bag and
weight, water-clock, or similar simple contrivance. As the Rev. Sidgreaves
points out, however, observations may be made even without u driving-clock,
But we imagine that to many the most serious question will be as to the spectro-
scope. No difficulty should be anticipated on this point, for a very satisfactory
instrument can easily be put together at a very small expense. A suitable frame
can be made of wood, and adapted to the telescope. On it two little telescopes
of perhaps an inch aperture should be fixed at an angle of 25° or less, and one of
them, which is to act as the collimator, must have at its eye-end a simple adjust-
able brass slit, on which the image of the Sun formed by the large telescope is
brought to a focus. The only thing necessary to complete the spectroscope for
observing solar prominences or spot spectra is a small reflecting grating, which
must be so supported that it can be rotated around an axis through the point of
intersection of the optical axes of the collimator and observing telescope, and at
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right-angles to the plane in which they lie. Such a grating, ruled by Rowland,
and therefore of the best quality, can be obtained for about fifteen dollars. It is
greatly to be hoped that some amateur observers will take up the study of spot-
spectra. and they may be certain of the most fruitful results as the reward of
careful investigation.

We beartily recommend to our readers Part XII of Old and New Astronomy,
which has recently been brought out by Mr. A. Cowper Ranyard. It will be re-
membered that at Mr. Proctor’s death Mr. Ranyard took up the task of editing
“Knowledge,” and also that of completing the partly finished volume of Old and
New Astronomy. Certainly all astronomers owe a debt of gratitude to Mr. Ran-
vard for the beautiful reprodnctions of recent photographs of celestial objects
which have been published in * Knowledge.” Some of these appear as most fit-
ang illustrations in Old and New Astronomy, and bring out very clearly the
poainence-like forms in the Great Orion Nebula, and the remarkable dark struc-
twres in the Milky way.

We refer to the book for an interesting discussion of the nature of the Milky
Way, where the conclusion is reached that this great structure is much nearer to
2 than has been supposed. The probability is also pointed out that there is ab-
sorption of light in space. In addition to many other interesting points which
the author's papers in ‘‘Knowledge” have made familiar, the discussion of
proper motions is given considerable space, and a reason is offered for the large
average proper motions of the smaller stars.

Old and New Astronomy will soon be completed by the publication of Part
XIIL which will also contain the index.

CURRENT CELESTIAL PHENOMENA.

THE PLANETS DURING MARCH.

Mercary will be at superior conjunction with the Sun, March 5 at midnight.
I: will, therefore, for the first half of the month be invisible behind the Sun.
Toward the middle of the month it will be far enough east from the Sun for day-
fght observations with large telescopes, and at the end of the month will be visi-
bie to the eye after sunset. Greatest eastern elongation, 19° 03, occurs March
30. when the planet will set two hours later than the Sun. Mercury and Jupiter
w1l be in conjunction, only 14’ apart in declination, March 12 at 2 53= p. m.,
central time.

Venus, during March, will be in excellent position for observation. She is
moving rapidly northward so that her meridian passage will be at a high alti-
tode, and this, occurring at a little before three o’clock in the afternoon, will give
opportunity for both day and evening observations at favorable altitudes. The
diameter of the disk of Venus will be 15 March 1, and 18” March 31. Tkeil-
laminated portion of the disk will be 0.760 of the whole on the first and 0.650
oo the last day of the month. The brilliancy of this most brilliant of the
planets will increase during the month from 81 to 103 on the scale given in the
American Ephemeris.

Mars is a morning planet yet, risiug in the southeast a little before 3 o’clock.
His declination is 23° south, so that he will not be in very good position for ob-
servation during March.
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Jupiter will be in conjunction with the Sun March 20, so that no observations
will be possible during this month.

Saturn will be at opposition March 16, so that his position during this
month is the most favorable for observation, This planet is in the constellation
Virgo between the stars # and 7, being considerably brighter than any of the
stars in the vicinity. For chart of path among the sturs see page 81 of the Janu-
ary number of this journal.

The rings of Saturn are still very o
mnearly edgewise toward the earth. At
present their apparent width is decreas-
ing and will decrease from 1.88”, March
1, to 0.26” May 25, after which it will
increase slowly. Valuable observations :
upon the relative brightness and thick- '
ness of the two ansz of the rings may an
be made by careful observers during
these months. The relative thickness of the ansz and of the shadow of the rings
on the face of the planet should also be carefully determined. Sharp lookout
should also be kept for the shadows of the satellites and any markings which
may be detected upon the face of the planet and which may serve to determine
the rotation period. A number of small dark spots were observed last year by
Mr. A. S. Williams in England. The accurate determination of the times when
the satellites are in conjunction with the ends of the ring, the center and extrem-
ities of the planet’s equatorial diameter, in the positions indicated by the accom-
panying diagram, an, as, ba, bs, cn, cs, dn, ds, en and es, will be of great value
in determining the corrections to the elements of the satellite orbits. The pre-
«dicted times of these conjunctions are given in Mr. Marth's ephemeris p 166.

Uranus is in the eastern part of Virgo near the star A, with which it will be in
«conjunction March 18 at about 7 p. M., central time. Uranus will then be only
about 1’ 20” north of the star. This will be an excellent opportunity for the pos-
sessors of small telescopes to identify the planet, for it will be quite near the
star A Virginis for several days. For chart of the constellation Virgo and path of
Uranus, see our last number, page 81.

Neptune will be above the western horizon during the evening hours of
March, a little north of the V-shaped group of stars, the Hyades, of which the
first magnitude red star Aldebaran, is the principal star. For chart of his path,
sec SIDEREAL MESSENGER, Nov. 1891, p. 463.

bs cs ds [
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H
H
H
H
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MERCURY.

Date R. A. Decl. Rises. Transits. Sets.

1892, h m ° h m h m h m

Mar. 5...... 23 8.2 —17 24 6 38 a. M. 12 123 p. M. 546pP. M
15...... 0 18.5 + 1 34 6 33 * 12 43.0 * 6 53 *
25...... 1 224 -+ 10 23 6 23 1 76 * 753 ¢

VENLUS.

Mar. 5...... 1 31.7 + 9 59 7 52 aA.M. 2 35.5p. M 9 19pP. M
15...... 2158 + 14 41 737 “ 2 401 “ 9 43 «
25...... 3 006 -+ 18 49 72+ ¢ 2 454 10 07 “

MARS.

Mar. 5 ...17 38.7 —23 16 2 19p. M. 6 438a.M, 11 09aA. M,
15......18 04.7 —23 32 208 * 6 305 * 10 62
25...... 18 305 —23 35 154 “ 6 16.7 10 39 «

JUPITER.

Mar. 5....23 51.8 — 2 04 701am 12 55.9Pp.M. 6 51p. M.
15...... 0006 — 106 6 26 12 25.4 6 25
25...... 0 086 — 014 6 52 11 549 A. M. 5 58 ¢«
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SATURN,
Date R.A. Decl. Rises. Transits. Sets
1892. h m ° ’ m m h m
+ 3 14 6 41 p. M. 12 57.3 A. . 7 13 a. M.
+ 3 33 5 58 ¢ 12 15.1 6 32 *
+ 3 52 514 ¢ 11 329 p. M. 5 52 ¢«
URANUS.

Mar. S5...... 14 14.6 — 12 58 10 05 p. M. 3 163 A. M. 8 28 a. M.
15...... 14 136 — 12 53 9 24 2 36.0 * 7 48 ¢
25...... 14 123 — 12 46 8 43 * 1 554 * 7 08 ¢

NEPTUNE.

Mar. 5...... 4 19.1 + 19 50 9 56 A. M. 5 224 p. M. 12 49 4. M.
15...... 4 196 419 52 917 * t 43.7 ¢ 12 11 ¢
25...... 4+ 204 419 54 8 38 ¢ 4 05.1 ¢ 11 32 p. M.

THE SCUN.

Mar. S...... 23 07.1 — 5 39 6 29 A. M. 12 11.5p. M. 5 54 p. M.
13..... 23 44.0 — 1 44 6 11 ¢ 12 88 * 6 06 *
25...... 0 20.4 + 213 553 12 658 619

Minima of Variable Stars of the Algol Type.
U CEPHEL S CANCRI U OPHIUCHI, Coxr.

R A ot 52m 32° gh g7m ggs Mar.29 6 A. M.

Decl.eoereennne. + 81° 17’ 4190 267 3 2

Period............ 2d 11k 50™ i 9d 11b 38m S ANTLIE.

Mar. 2 10 P"‘“- Mar. 6 6 A.M. X .9h 27m 30s

7 10 . 15 6 P. M. . — 28° 09’
1z 5. 25 5a.M 10d.. oo 0d 07h 47m
22 9 8 LIBR.E. Mar. 2 14 M.

27 8 ¢ R.A.. ..14% 55m 06 3 11p. .

ALGOL Dec!... — 8" 035 4 11 ;l

: Period............ 2d 07" 51m 5 10

R Ao, 3b 01m 01* Mar. 12  2a. M. 6 9 “

M --------------- 4‘0° 32' 19 1 o 7 9 ‘"

Period............ 2d 20* 49= 26 1 “ 8 8 «

Mar. 4 mido U CORON.E. S 1
10 6 R.A.eennenes 152 13m 43¢ 11 6 *

22 5 A. M. ...+ 320 03' 12 5 G
25 2 i 8d 10> 51™ 13 1a.M.
27 11 p. M. Mar. 2 5a.M. 13 midn.
30 8 12 3.d * 14 midn.
. midn. .
R CANIS MAJ. 22 10p u. 1o 155
29 8 17 9 ¢
U OPHIUCHL. A
7b 10™ 56° 20 7
+ 1° 20 21 6 ¢
Period........... 0d 20t 08™ 22 6
. 3 6A. M 23 5 *
4 2 ¢ 24 1aA.M.
9 3 « 25 1"
9 11e. M. 25 midn.
14 3a. M. 26 11 p.M.
14 11 p. M. 27 10 ¢
19 4aA M. 28 10 *“
19 midn. 209 9 «
24 S5a.M. 30 8 “
25 1 ¢ 31 7
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Mr. Marth’s Ephemerides of the Satellites of Saturn.
[Prom Moathly Notices, Nov. 1891.]

In this table the times have been changed from Greenwich Mean Time to Cen-
tral Standard Time. The abbreviations Rh., Te., Di., En., and Mi., stand for
the names of the satellites Rhea, Tethys, Dione, Enceladus, and Mimas. The
letters a, b, c,d, and e, stand for conjunctions of the satellites in order as follows:
With the preceding end of the outer ring; with preceding end of planet's equator-
ial diameter; with center of planet; with following end of planet’s diameter;
with following end of ring. The letters n and s signify that the satellite at the
time of conjunction is north or south of the point designated by the preceding
letter; Sh. means that the shadow of a satellite is near the central meridian of
the planet; Ecl. D. and Ecl. R., the disappearance and reappearance of a satellite
at beginning and end of an eclipse.

Feb. 1802, Feb. 1892 Feb. 1892. Feb. 1892,
156 11.9 pm En as 18 10.8 pm Rh an 22 7 % pm Di Ecl. D 25 9.3 pm Rh8h
16 12.1 am Di ds 11.2 Mi an &2 Te un 11.8 Rh bs
12.8 Te es 1.3 Di as 8.2 En as 26 12,1 am Eo an
1.3 Di Sh 19 12.7 am Rh Ecl. D 10.2 Te en 12.8 Mi es
2.8 Te ds 1.6 Te dn 11.5 Di dn 2.3 Rh as
34 Mi an 3.6 Te en 11.6 Mien 2.8 pm Te dn
3.4 Di ba 3.7 En an 23 1.7am Dien 45 En es
3.9 Te Sh 5.1 Mien 1.2 pm Rb Ecl. D 48 Te en
5.6 Di as 5.3 Rh dn 2.0 Te es 6.0 Mien
5.7 Te bs 4.t pm M as 4.0 Te ds 85 Dies
4.3 pm En en 74 Te es 4.3 Mian 10.7 DI da
4.7 Rh es 8.1 Enes 5.2 Te Sh 10.9 En as
7.2 Rh ds 9.4 Te ds 5.6 Rbh dn 1.4 Mien
K4 Rh 8h 9.3 Mian 69 Te ba 27 12.1 am Di 8h
8.6° Mias 06 TeSh 8.3 Ith en 20 Di be
9.0 Titan an 20 12.3 am Te bs 8.9 Te as 4.2 i as
10.4 Titan Ecl.D 12.4 Di an 10.2 Mien 1.4 pm Te bs
111 Rh bs 2.3 Di Ecl. D 10.8 En es 33 En en
11.4 Te an 2.3 Te as 24 29am Dies 3.4 Te as
17 Llamt'¢ Ecl. D 2.6 En as 3.6 Mi es 4.6 Mien
1.7 Rh as 3.7 Mi en 5.1 Dids 10.0 Mies
2.0 Mi an 5.9 Di do 5.1 En as 11.5 Rb an
2.4 Enes 6.0 pm Te an 12.9 pm Titan ex 28 l.4am Enes
3.1 Titan Ecl.R 69 En en 2.4 Te Ecl. D 1.6 Rh Ecl. D
3.8~ Titancd .3n 7.7 Te Ecl. D 2.9 Mi an 3.9 Mi an
4.3 Te dn 8.4 Mi an 3.2 En an 5.4 DI an
6.3 Te en 10.9 Te dn 4.7 Titan es 59 Rh dn
6.7 Titan dn 21 129 am 1'aen 5.5 Te dn 1.0 pm Di en
6.7 Di an 2.3 Mien 5.b Titan Sh, 2.1 Te en
2.4 pm Dien 5.0 Rh es 7.5 Te en 3.2 Mi en
6.8 En an 0o Enes 7.7 Titan c 8’ 4s 58 En an
7.2 Mi as 20 pm Rbh as ? Transit 8.6 Mien
10.1 Te es 2.7 Di be 8.8 Mien 20 122am Enen
18 12.1 am Te ds 47 Te ds 9.5 En en 25 Mi as
12.6 Mi an 4.9 Di as 10.6 Titan bs 58 Te es
1.2 Enen 67 Te d& 25 2.2am Mies 22 pm Di ea
13 Te Sh 7.0 Mij an 2.4 Titan as 44 Dids
30 Te bs 7.9 Te Sh 1.6 pm Di Ecl. D 4.8 En an
5.0 Te as 9.5 En an 2.0 Ebn as 5.8 Di 8h
3.6 pm Dies 9.6 Te bs 2.5 Te Sh 7.2 Mi en
5.6 En as 1186 Te as 4. Te s 7.7 Di be
5.8 Di ds 22 129 am Mien 5.2 Di da 9.9 Di as
5.8 Mi as 3.8 Encn 5.3 Rb es Mar.
7.0 Di Sh 3.8 pm Te an 6.1 Te as 1 1.2am Mias
8.7 ‘Te an 50 Te Ecl. D 7.4 Dien 27 En an
9.1 Di bs 5.7 Mi an 74 Mien 4.5 Te an
10.4 Te Ecl. D 6.0 Di an 79 Rh da 5.7 R o8
12.3 pm Te Ecl. D
Phases and Aspects of the Moon.
Central Time.
N . b m
First Quarter. Mar. 5 114 p. M.
Full * 13 6 55 a. M.
Apogee “ 15 342 p. M.
Last Quarter . “ 21 1116 a. m.
New Moon..... “ 28 718 *
Perigee “ 28 400 P M.
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Occultations Visible at Washington.
IMMERSION. EMBERSION.

Date Star's Magni- Wash. Angle fm Wash. Angle f'm Dura-
1892, Name. tude. Mean. T. N. P't Mecan T. . Pt tion

m c h m ° b m

March. 4... v' Taun 5 11 48 93 12 41 25¢ 0 53

4... v? Taun 6 12 15 59 13 02 288 0 47

8... 2 Cancri 6 12 28 100 13 33 304 1 05

14... x Vitginis 6 11 06 161 12 16 277 1 10

15... m Virginis 5 9 52 117 11 04 315 1 08

15... B.A.C. 4591 6 ~ 14 34 99 15 50 335 1 16

22... @ Sagittarii § 17 03 38 17 38 312 0 55

ist of Binary Stars and Test Objects for Small Telescopes for February and

March.
R.A. Decl. Position Dis- Mag-
Na Name. h1890. 18°90. , Angle. ta't:ce. nitude.
m

1 0% 165, 45 Geminorum......... 7 o2.1 + 16 o7 50 3.5 5 ; I
2 [ . 06.0 + 27 25 305 1.3 7: 7
3 12.1 + 9 30 110 1.5 7 7
+ 13.6 +22 11 205 7.0 3; 8
3 27.6 + 32 o8 230 5.7 3;: 35
165 73. R
472+ 3 40 30 v 75 75

. 56.6 + 26 36 75 0.7 7; 8

+ 11186,11 Cancri...... . 8 o02.1 + 27 48 215§ 3.2 710
21196, { Cancri AB... - 06.0 + 17 8 30 1.2 5; 5.7
. 120 5.0 i 5§

+33 55 295 140 7 ;11

4+ 6 49 225 3.2 4; 8
+30 59 330 1.4 6; 65

+ 48 a8 5 95 3;10

467 35 240 30 5; 8

+37 16 235 29 4; 7

+ 9 32 100 07 6; 7

+ 3 o8 1335 33 8; 1

+46 54 270 o8 7; 8

+18 17 215 0.7 7: 7

-+ 23 39 300 6.7 6:11

+ 20 23 115 3.6 2; 4

+ 6 18 320 1.2 7: 8

+ 9 25 315 0.5 759

+23 o9 20 o4 7; 8

+ 4 14 285 11 7, 7

+ 32 10 200 1.7 4; §

+ 11 o9 6o 25 4; 7

+66 57 215 27 7,11

+41t 45 275 10  7; 9

+54 46 30 o5 7; 8

150 13.0 1

In response to frequent requests of some of our subscribers we give this list of
dosble stars which cross the meridian during the evening hours of February and
Marth. Most of the stars in the list are binaries, which need to be measured
frequently. and many of them will afford good tests for the quality of telescopes
& 4 inches or more aperture.

Nos. 2, 3, 6, 12, 22, 25,are good tests of the separating power of a 4 or 5-inch
chyective. Nos. 7, 16, 18, 19, will serve the same purpose for a 6 or 7-inch glass,
asd Nos. 23, 24, and 30 for larger glasses. As tests of definition Nos. 4, 11, 14,

13and 21 are good objects. The fainter components of 10, 13, 17, 20, 28 and 30
may be used to test the light-gathering or space-penetrating power of a telescope.
-
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Occultations of Stars by the Planets.
In Astronomische Nachrichten No. 3073, Dr. Berberich gives a list of near ap-
proaches and possible occultations of stars by the planets during the year 1892.
As it is important that these should be observed as generally as possible we will
give the list for each month. Most of the stars are so faint as to be beyond the
reach of small telescopes when in the vicinity of the planet, yet many may be ob-
served possibly with telescopes of as low as 4 inches aperture. In these observa-
tions one should note the exact time, standard or local, corrected for error of
time-piece, of the disappearance and reappearance of the star, as well as any
change in appearance of the star as it passes behind the planet.
STARS NEAR VENUS.

Central Time Diff. of Maximum Magnitude
Date of Conjunction. Decl. Duration. of Star.
h m ’ m
Feb. 6 3 56 P. M. — 58 4.4 7.
8 12 43 a. M. - 60 4.5 9.3
10 3 14 a. M. -+ 27 4.5 9.3
18 12 58 A. M. — 20 4.7 9.0
20 10 47 A. M. + 73 4.8 89
22 12 04 a. M. — 56 4.8 73
28 5 06 p. M. —+ 49 5.0 9.4
Mar. 7 4 14 A M. - 39 53 9.0
12 11 51 p. M. - 79 5.6 9.0
12 11 59 p. M. + 87 5.6 9.0
21 11 18 A. M. + 57 6.0 8.9
23 5 26 a. M. - 22 6.1 6.0
28 12 19 p. M. + 6 6.5 8.3

Two Minor Planets Discovered by Photography. Two planets were discovered
photographically at Heidelberg December 22. They were observed at Vienna,
Dec. 31 in the following positions:

Dec. 31.3550 Gr. M. T.; R. A. 62 37m 01.2%; Decl. + 21° 50’ 22
Dec. 31.4806 “ ‘ ‘“ 6 48 48.2+; ‘*“ 418 38 28
Daily motion of the first —1™ 24*and + 19’

Daily motion of the second —1 00°*and + 2’

The latter of these was found to be Sapientia (275).

New Minor Planet No. (334). A planet of the 11th magnitude was discovered
at Heidelberg photographically January 20.2491 in R. A. 3® 50™ 06.1%;
Decl. + 22° 17’ 34”. Daily motion 12* eastward and 2’ northward.

Brilliant Meteor. Mr. E. M. Wilson observed a brilliant meteor Dec. 19, 1891,
at 8:18 p. M. central time, one mile east of Onslow, Jones county, lowa. It
arose in the northeast, from behind a bank of clouds, near 6 or p (?) of Ursa Ma-
jor, crossed a little east of the zenith, between Capella and the Pleiades, toward
the southwest, and vanished at an altitude of about 45°, not far from Jupiter.
Its motion was slow at first sight, faster as it passed the zenith, and its bright-
ness exceeded that of Jupiter. Its train remaned in view a second or two. No
explosions observed, or heard.

Almanaque Nautico Para el Ano 1892 is received. It is a large volume of 591
pages. Itis in the usual form and contains about the usual matter of govern-
ment publications of the kind. 1t is the first we have seen from Spain.
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COMET NOTES.

The Tempel-Swift periodic comet is now too faint for all but the largest tele-
scopes. Mr. Barnard writes that he is still observing it. At Goodsell Observa-
tory we looked for it last on the night of Jan. 13, but the temperature was 13°
below zero and seeing poor, so that the comet was not seen. On the same night
Wolf's comet was an easy object with the 16-inch and barely visible in the 5-inch
finder. With the large telescope Wolf's comet had a sharp stellar nucleus of
about the 12 magnitude, dense coma of about 2’ diameter, and short, faint
brush of tail directed almost due north. During March this comet will pass
through the familiar constellation Orion. March 1 it will be about 4° north and
alittle west of Rigel, near the star § Eridani. From the 23rd to the 26th it will
be passing through the belt of Orion between the stars £ and 7. There is a neb-
ula near . the lower of the three bright stars in the belt, which must not be mis-
taken for the comet.

No ephemeris has yet reached us for Tempel's comet which is due at perihelion
in the latter part of February. Neither Winnecke's comet nor Brooks’ comet
(1886 1V) have yet been picked up. We continue below the search ephemeris for
the latter from Astr. Nach. No. 3064.

Search Ephemeris for Comet Brooks, 1886 IV.
[See also p. 85].

Perihelion March 31. Perihelion April 30.
1892. a d Light @ d Light
h m o ’ h m ° 4
Mar. 1 16 52.9 - 14 34 032 15 02.1 + 2 35 048
11 17 281 - 17 14 038 15 248 + 0 32 0.66
21 18 03.8 —19 44 043 15 473 - 2 01 0.93
31 18 39.3 - 22 04 048 16 09.4 - 5 15 1.37
Peribelion May 30. Perihelion June 29.
a é Light a é Light
h m ° ’ h m ° ’
Mar. 1 12 453 424 48 0.39 10 36.8 +39 24 020
11 12 438 +25 29 0.53 10 249 439 00 0.22
21 12 387 +425 58 0.71 10 143 437 62 0.25
31 12 31.8 +25 45 0.90 10 066 436 02 0.28

Next Apparition of Wolf’s Comet. In the last number (253) of the Astronom-
ical Journal Dr. Berberich gives the elements of Wolf's comet from the observa-
tions of its second apparition (the present) as follows:

Epoch 1891 Sept. 8.0 Berlin u. T.
M= O‘P 39’ 12.4”
@®=172 48 28.0
@ =206 21 27.5; 1890.0

i= 25 14 376
o= 33 61 257
# = 520.2536"

log. 8 = 0.5558610

These elements represent the observations of 1884 very satisfactorily. The

next retorn will be in 1898, perihelion taking place June 30. The comet will then

_ be observable during many months. The later returns will be unfuvorable for

observations. In 1922-23 the comet will approach so near to Jupiter as to have
fts orbit greatly changed and perhaps be lost to sight forever.
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Ephemeris of Winnecke’s Periodic Comet.
(Continued from page 86.)

1
‘:\pme. 5. App- Decl. log r log 4 e
March. 1 12 52 36 + 23 47.8
2 ‘52 24 24 09.6 0.2689 9.9749 0.325
3 52 10 24 31.8
4 5t 53 24 544
5 S5t 34 25 17.2
6 51 12 25 40.4 0.2596 9.9521 0.377
7 50 48 26 03.9
8 50 21 26 27.7
9 49 52 26 517
10 49 20 27 16.0 0.2501 9.9298 0.437
1 48 45 27 40.§
12 48 o8 28 05.3
13 47 28 28 30.2
14 46 45 28 55.4 0.2403 9.9c80 0.505
15 45 60 29 20.7
16 45 11 29 46.2
17 44 20 30 IL7
18 43 26 30 27.4 0,2302 9.8871 0.583
19 42 29 31 03.1
20 41 30 31 28.8
21 40 27 31 54.6
22 39 22 32 20.3 0.2198 9.8670 0.607
23 38 14 32 46.0
24 37 o3 33 1.7
25 35 49 33 372
26 34 33 34 o02.5 0.2092 9.8480 0.769
27 33 14 34 27.7
28 3t 52 34 52.7
29 30 28 35 174
30 29 ot 35 41.9 0.1982 9.8300 0.878
31 27 32 36 o6.0 :
Apr. 1 26 oo 36 29.9
2 24 27 36 533
3 22 §1 37 16.4 o.1870 9.8130 1.000
4 21 13 37 390
5 19 33 38 ol.2
6 17 52 38 23.0
7 16 o9 38 442 0.1754 9-7970 1.135
8 14 24 39 os.0
9 12 38 39 25.2
10 10 §I 39 44.8
1 09 o2 40 03.9 0.1636 9.7819 1.285
12 o7 13 40 22.3
13 o5 22 40 40.2
14 03 3t 40 57.4
1§ 12 0l 40. + 41 140 0.1514 9.7675 1.453
Ephemeris of Comet 1891 (Wolf’s Periodic Comet.)
(From Astr. Nachr. No. 3071)
Berlin Midnight. l;.?pp. R. A. Aopp. Decl. log r log 4
m s ’
Feb. 153 4 42 49 — 7 210
16 43 53 7 109 0.3510 0.270§
17 44 58 7 ©00.9
18 46 o4 6 s50.8 0.3533 0.2777
19 47 11 6 40.9
20 48 18 6 31.0 0.3556 0.2848
21 49 27 6 21.1
22 4 50 36 - 6 113 0.3579 0.2919
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Berlin Midnight. h‘-\pp. R. A. Aopp. Decl. log r log 4
m s ’
Feb. 23 4 S5I 45 — 6 o1.6
24 52 56 5 519 - 0.3602 0.2989
25 54 o7 5 423
26 55 19 5 32.7 0.3625 0.3058
27 56 32 § 232
28 57 45 5 13.8 0.3648 0.3127
29 4 58 59 5 04.5
March. 1 5 00 13 4 §5.2 . 0.3670 0.3194
2 o1 29 4 46.0
3 0z 45 4 36.9 0.3693 0.3261
4 04 o1 4 27.8
5 o5 18 4 189 0.3715 0.3328
6 o6 36 4 10.0
7 07 54 4 oL2 0.3737 0-3393
8 09 13 3 52.6
9 10 32 3 44.0 0.3760 0.3458
10 1§52 3 354
11 13 12 3 27.0 0.3782 0.3521
12 14 33 3 187
13 15 54 3 10§ 0.3804 0.3584
14 17 16 3 02.3
15 18 38 2 54.3 0.3826 0.3647
16 20 00 2 46.4
17 21 23 2 38.g 0.3848 0.3708
18 22 47 2 30. .
19 24 11 2 23.2 0.3869 0.3769
20 25 35 2 15.6
21 26 2 o8.2 0.3891 0.3829
22 28 25 2 00.9
23 29 350 1,536 0.3912 0.3888
24 31 16 1 46.5
25 32 42 I 39§ 0.3934 0.3947
26 34 o8 1 32.6
2 35 35 1 258 0-3955 0.4004
28 37 o2 1 19.1
29 38 30 1 12§ 0.3976 0.4061
30 39 §7 1 06.0
31 5 41 2§ - o0 59.6 0.3997 0.4117

Comets and Meteors. You recently inserted an extract from a letter of mine to
the effect that, judging from their orbits, meteors appeared to belong to the solar
system instead of being visitors from external apace. May I now add that the
comets with which meteur-showers have hitherto been connected are all elliptic
or periodical comets. It would thus seem that a parabolic or hyperbolic comet
which passes but once through the Solar System, fails to pick up any meteor
train worth mentioning, while on the other hand, periodic comets which have
circled round the Sun for ages appear to possess these appendages whenever they
approach sufficiently near us to afford a test. That comets generally are visitors
from outer space is confirmed by some investigations which I lately made as to
their aphelia and which I hope to publish shortly. But meteor-comets have at all
events heen domiciled with us for a considerable time.

W. H. 8. MONCK.

A Clark Three-inch Telescope in the possession of one of our subscribers can
be purchased at a reasonable price. It is said to be in first-rate condition; eye-
pieces are 32, 80, 136 and 220 diameters respectively; ordinarv and solar diago-
nals, plain equatorial mounting, without circles or tripod. The head has been
used on a fixed wooden stand. A larger instrument has been procured, and hence
this one is offered for sale. :
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NEWS AND NOTES.

It is gratifying to announce that our subscription list. has not fallen off seri-
ously since the advance in price, as we feared it might do, but, on the contrary, it
has gained a little during the last month, so that, at present, the number of ac-
tual subscribers is a little larger than it has been at any previous time during the
ten years of history distinctively belonging to THE MESSENGER.

As usual there is a considerable number of subscribers who are yet delinquent
for a portion of 1891. It is respectfully and urgently asked that every such one
promptly notify the publisher that continuance or discontinuance is desired, so
that the publication under the new form may be sent only to those desiring it. 1f
any names are dropped from our hooks it will be hecause subscriptions have not
been renewed, or continuance of the same ordered.

If it were our custom to print the good things that our many readers say of
us in our new dress and form, we could casily fill considerable space; but it scems
best to adhere to our old plan in this particular; so we most heartily and cor-
dially thank our mauy friends for their well wishes, congratulations, and sub-
stantial help, that so many have already rendered us in promptly renewing
subscriptions, and offering unexpected aid in other ways. ‘

Light Curve of the Eclipse of Japetus. By referring to the figure on page 120
of Mr. Barnard's article it will readily be understood that the vertical column of
figures means the sidereal times of individual estimations, while the horizontal
column above gives the difference of light between Eunceladus and Tethys in steps
of one-tenth each during the eclipse. Beginning with the emergence from shadow
of ball of Saturn the curve indicates the variation of light till the satellite passes
into the shadow of the crape riug, and then it falls off rapidly until entering the
shadow of the bright ring which was fully as dense as the shadow of the ball
itself.

Delicate Refractometer. Mr. J. A. Brashear of Allegheny, Pa., has, very re-
cently, completed the optical surfaces for a new refractometer for Professor A. A.
Michelson, who is to determine the value of the standard meter of the Inter-
national Bureau at Brentueil, in France. These surfaces show work of the most
delicately accurate kind. The limiting error is said to be less than one-millionth
of an inch. Still Mr. Brashear is conscious of very, very small existing errors,
which it seems next to impossible to remove.

Neue Annalen der K. Sternwarte in Bogenhausen bei Munchen. This publica-
tion was prepared under the direction of Hugo Seeliger, Director of the Royal Ob-
servatory, and contains the results of seven different kinds of work. The first is
a catalogue of 13200 stars whose mean places are for the epoch of 1880 and were
observed and reduced by Dr. Julius Buuschinger.

2. Neue Beobachtung und Ausmessung des Sternhaufens 38h Persei, von Dr.
K. Oertel; mit 2 Taflen.

3. Die Vertheilung der in beiden Durchmusterung enthaltenen Sterne am
Himmel von dem Unterzeichnten.

ﬂ4. Ueber die Biegung von Meridianfernrohren von Dr. J. Bauschinger, mit 1
Taflen.
These and other papers are of special value to the astronomer.
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Since our last issue the sad news comes across the water of the death of two
of England’'s great men; Sir George B. Airy, formerly Astronomer Royal, and
Professor J. C. Adams of Cambridge Observatory ; the former occurring Jan. 2 and
the latter Jan. 22. In another issue of this publication will be given brief ac-
counts of the lives of these scholarly men.

A Remarkable Aurora. The Auroral display upon the evening of Tuesday,
Jan. 5,as viewed from a suburb of Boston, was one of exceeding beauty, and often
of marked brilliancy. At 7:30 p. M., an arched bank of auroral light extended
from X.E. to N.W., rising at the north point 20° above the horizon. At this time
there was no other display except in the N. N.E. at an altitude of 30°; here an
wlated bright area, about 15° vertically by 10° horizontally, was fairly per-
mavent, and at times, faintly connected with the underlying bank. The sky was
t observed again until about 10 p. M., at which time the aurora had assumed
esxfmificent proportions. At times the sky was almost completely covered from
& sE. through X. to w. s.w., and when most extended, reached south of the
smth even to the ‘““belt”” of Orion. A variety of tints was very noticeable both
00 the same areas 1n succession, and upon different areas simultaneously. The
colors noted were yellow, pale green, olive green and bluish. At times while one
color extended over an area of distinct boundary, another color would completely
pervade the adjoining regions. There were comparatively few streamers, the dis-
play being mostly in extended sheets and broken waves. There was relatively
Intle smooth upward flow of the waves, but a marked pulsation, the waves rising
ard falling as they advanced toward the zenith. In one instance a wave seemed
t- “see-saw "’ as it ascended; the right and left sides advancing alternately while
tte general form remained that of a parallelogram hinged at each vertex. One
figure which appeared in the zenith was of a character to produce consternation
anong a superstitious people. At a time when the sky near the zenith was essen-
tially clear. the blue presenting a heautiful contrast with the auroral light to the
sorth, east, and west; there suddenly appeared in the midst of this clear area a
urm suggesting at once an immense eagle with spread pinions, flving directly
wothward. The wings were perhaps 15° long, yellow, and exceedingly brilliant.*
This form remained approximately permanent for at least three minntes, and
swu after its appearance, the general display was extended much farther south-
=sard.

There was some haze upon the sky during most of the evening, and there
were a few light, high-running clouds. J-B.C.

Measures of the Faint Double Star (H 2948) between (3! and 4° Capricorni. The
txint pair, H 2948, which lies a little north of the line joining #! and £ Capri-
corni, bas been often referred to in popular articles as a light-test for moderate
apertures.  For this reason, and the further reason that it had never been meas-
wed, [ took occasion to measure it on two nights, after having measured the
close pair, 5! Capricorni, discovered by Barnard in 1883.

As a double star, H 2948 must be regarded a failure. The distance between
the stars is much too great to make any physical connection between stars of
this magnitude in the least probable. It first appears in Herschel's Fifth Cata-
Jgue (1830-31) with a single measure of the angle, and the following note:

A very minute star, forming an obtuse-angled triangle with 8' and 3 Cap-
ncorni.  Pos. from 3' = 63°.4; from §° = 296.°0. It is one of the most minute

* Being as bright as any area observed that evening, and far surpassing in brilliancy
most of the waves and streamers.
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and delicate double stars I have seen; and being so easily found, is an excellent
test-object.”

There is an earlier estimate of the angle, distance and magnitudes in Her-
schel’'s Seventh Catalogue (observations made 1823 to 1828). Concerning this
pair he says in the remarks in the Fifth Catalogue:

“I have sometimes been asked for test-objects to try at once the light and dis-
tinctness of a telescope under high powers. In such cases it is desirable to se-
lect objects which can be certainly found without the possibility of mistake; and
in this view I would point out the small double star accompanying 7' and ;3 Cap-
ricorni, (H 2948), or the small double companion of 3 Equulei (H 2023) as very
well adapted for the purpose. A telescope which will show the former of these
objects distinctly double, I have no hesitation in saying, must be competent to
the most difficult work which any ordinary observer is likely to task it with. No
telescope, I ought to add, can be expected to show the satellites of Uranus (at
least in the present low situation of the planet in the ecliptic) which will not
stand this test.”

This little pair is by no means as difficult as one would be led to expect from
the foregoing remarks, and from the magnitudes (17 and 18) which Herschel
gave to the components. I found it very plain with the 9.4-inch Clark refractor
at Hanover in 1874, and as one star it was always easy enough with my 6-inch,
but that aperture perhaps could not be said to show it fairly double. But at
most it is only a light-test. To form a test for the definition of an objective, the
distance would of course have to be reduced to at least one-fifth of that between
these stars.

I give in tabulated form the observations of Herschel, and my recent meas-
ures with the 36-inch:

1825 + 120° 8” 15....16 H 17
1830 + 322.2 3 = 17...... 18 H 1»
1891.66 322.3 6.42 13...... 134 g 279
I measured also the position of this.pair from the following of the two bright

stars as follows:
A2 Capricorni and H 2948.
1891.655 294°.1 1117.75
673 294 .0 111 .66

1891.66 294°.0 111”.70

Obviously there i3 no evidence of any change either in the compouents of
H 2948, or in their position with reference to §? Capricorni. No change could be
expected except such as might be the result of some proper motion.
Mt. Hamilton, Dec. 21. S. W. BURNIHAM.
Burnham’s Measures of Planetary Nebula. |During his regular double star
work with the 36-inch equatorial of the Lick Observatory, Mr. Burnham has
given some attention to the more interesting nebule, and incidentally to a few of
the Herschel planetary nebulz. On examining the records of the best observers,
he was surprised to find that almost nothing had been done in the way of taking
careful micrometrical measures to determine the places even of the brighter of
the planetary nebule. This seemed to him, very naturally, a most useful field of
work, as a means ot determining whether or not these bodies have proper mo-
tion. There can be no doubt, but that, in time, careful work of this kimr: would
reveal important results. The central star in this class of nebulz is, of course,
used as the point of reference in measurement, and this is so generally found in
lanetary nebula that it is suggested as a criterion for classification of these bod-
ies. Some of these stars are very faint and can only he seen with telescopes of
large aperture, and, in a few instances, the large object-glass of the 36-inch equa-
torial furnishes none too much light for their accurate measurement with the mi-
crometer. Mr. Burnham has used Dreyer’s General Catalogue in making up his
observing lists, and he says he has examined Nos. 934, 2440, 2452, 4107, 5144
and 6210, and found them more or less lacking in the characteristics of planetary
nebule. He thinks they properly belong to a much larger and less interesting
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dass of objects which would be briefly described as small circular patches of neb-
siosits. He also speaks of the so-called *‘stellar” nebule discovered by Picker-
mg, Swift and others. *‘These are all, so far as I have examined them, very
small, bright, round ncbule, which in a small instrument would resemble stars
shghtly out of focus, but do not appear to come within the planetary class.”

In speaking of the central star in this class of nebul®e, Mr. Burnham says
*there can be no doubt that these central stars are, in some way associated with
the nebulze themselves, and that any change in the positions of these stars will
be acompanied by a corresponding drift in space of the nebule. Of the thou-
sands of nebulae now known, these examples of the planetary class, with a few
aceptions possibly among very minute nebulae, are the only ones where any
proper motion could be detected within any reasonable time. For this reason
there is no reliable evidence yet of the change in position of any nebulae in the
beavens.”

It is further claimed that there is no apparent reason why the nebulae should
w:t be distributed in epace as the stars are, nor why they should not have proper
gotion like the stars. A few measures during a brief period of years will cer-
uinly reveal small changes of place, even if these be in the form of slight annual
unation only. The detailed descriptions of thirty or more of these planetary
xbulac recently observed by Mr. Burnham add large and new interest to this
idd of research.

Aurora Observations. We take pleasure in giving the following letter from Mr.
M. A. Veeder of Lyons, N. Y., which bore date January 16.

* The note in ASTRONOMY AND AsTRO-PHYSICS in regard to observing auroras
s being heard from, and I am much obliged for your inserting it.

*In sending out blanks, etc., during December I generally called attention to
the fact that a series of recurrences of the aurora at 27%-day intervals would
probably begin on January 5th. This expectation has been fully realized by the
appearance of an unusually brilliant aurora on that date. It would seem from
ths that the next few months are likely to be especially favorable for observa-
vons of this character. Already interesting results are being secured from the
plan of observation that has been organized. By noting the time of each ob-
srvation and recording the absence as well as the presence of the aurora it has
become evident that an aurora may be piesent at southern stations when absent
at those directly northward. This is something different from what we would
patorally expect, and perhaps its explanation may become apparent in the
cvarse of the research.”

From Dr. Wilson's notes we give the description of the aurora that was seen
1t Goodsell Observatory Jan. §, as follows:

*Remarkable aurora extending from 80° west to 100° east of north point;
at times reaching 10° south of the zenith. Noticed first at 6 o’clock P. M., in
74t of the moon nearly half full. Very few streamers, but large oval, cloud-like
nisses changing rapidly. Motion from east to west. Dark cloud-like arch
about 157 high at 7 o'clock p. M. At 9 p. M. arch 45° high surmounted by fine
arch of short, bright streamers changing rapidly, the whole lasting only a few
pmutes, then changing to the oblong bright clouds.”

Variation of Latitude. Recently various scientific journals have been discus-
sing the question of the variation ol latitude. The articles that have appeared
doning the last two montbs in the Astronomical Journal are especially note-
worthy. In No. 248, Mr. S. C. Chandler, of Cambndge, calls attention to a ser-
ics of observations made with the Almucantar, six vears ago, which “exhibited
a decided and curious progression throughout,” the earlier values of the differ-
ence between computation and observation being positive while the later ones
were pegative. These observations extended irom November, 1884, to April,
1885, and the range was about four-tenths of a second. The observations were
ooatinued to the end of June of the same year, and a negative maximum was
i.and about May 1, while from the previous observations of May to Nov., 1884,
a positive maximnm appeared about Sept. 1, showing a range of about 0”.7,
“with a half period of about seven months.” This discussion was based on the
observations of stars between — 5° and + 5° declination. Another study of
stars between 4 5° and + 50° in declination gave an exactly corresponding vari-
atiop of latitude both in direction and range. In this connection Mr. Chandler
mrotions the fact, that Dr. Kiistner in his determination of aberration from a ser-
s of observations made at the same time and published in 1888, noticed similar

-~
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anomalies, and, tha twork at Berlin, Prague, Potsdam and Pulkowa indicatesa
change in range and period that surprisingly accords with results already named.
In Nos. 249 and 250 of the Astronomical Journal, Mr. Chandler gives a de-
tailed discussion of the observations before referred to, and others similar to
them, from which he reaches a general result in this preliminary discussion, show-
ing *‘ a revolution of the Earth’s pole, in a period ot 427 days, from west to cast
with a radius of 30 feet measured at the Earth's surface. Assuming provision-
ally for the purpose of statement, that this is a motion of the north pole of the
rincipal axis of inertia, about the axis of rotation, the direction of the former
rom the latter lay towards the Greenwich meridian about the beginning of the
year 1890. This, with a period of 427 days, will serve to fix approximatcly the
relative positions of the axes at any other time for any given meridian. It is not
possible at this stage of the investigation to be more precise, as there are facts
which appear to show that the rotation is not a perfectly uniform one, but is sub-
ject to secular change, and perhaps irregularities within brief spaces of time.”
Readers who wish to make a study of the evidence of these important con-
clusions should refer to the papers mentioned above.

Periodic and Secular Variations of the Latitude. Professor George C. Com-
stock, Wasburn Observatory, Madison, Wis., has also published a very sugges
tive paper, in No. 252 of the Astronomical Journal, on the Relation of the Peri-
odic and Secular Variations of the Latitude. In this article he calls attention to
a paper which he published in the American Journal ot Science, December, 1891,
and which gives a discussion of the data furnished by observations at Pulkowa,
Koenigsberg, Washington and Madison, which appears to show a progressive
motion of tie terrestrial pole whose effect on the latitudes of these Observatories
is represcnted by the expression

: @ — @, + 07.044 cos(A — 69°)(t — t,),
in which the longitudes, i, are reckoned from the meridian of Greenwich, and the

unit of ¢ is a year.

Mr. Comstock does not offer any hypothesis for the cause of secular change
of latitudes, but prefers to treat it at present as a phenomenon requiring con-
firmation. Its existence is legitimately assumed, as a working hypothesis, and
its relation to other phenomena may be discussed. He thinks that the existence
of a secular term in the latitudes will necessarily produce a periodic term also,
for by virtue of its progressive motion, the instantaneous axis of rotation of the
Earth is moved away from the principal axis of inertia. ‘' The forces developed
by the separation of these axes will tend to re-adjust the figure of the Earth so
as to bring these axes again into coincidence;"” but this can not be done in-
stantly, ‘‘and the axis of figure will lag behind the axis of rotation, by an
amount depending, in great part, upon the modulus of the Earth’s rigidity, thus
producing the theoretical periodic motion of the pole associated with Euler's
name "

We are sorry we have not before us Professor Newcomb's article on this
theme which was published in the Astronomical Journal, No. 251, so as to refer
to it more fully in this connection. Professor Comstock refers to that paper and
says: ‘‘ Professor Newcomb has indicated that the imperfect rigidity of the Earth
may produce a very appreciable lengthening of this period, and he is inclined to
attribute to this cause alone the total excess of the period found by Mr. Chand-
ler over the value 306 days which would obtain in a rigid Earth.”” But Profes-
sor Comstock thinks that imperfect rigidity of the Earth would not explain the
anomalous variations of amplitude and period of inequality found by Mr.
Chandler, chiefly because we are constrained to regard the rigidity of the Earth
as practically constant, at least, for short periods of time, but he does think that
both can be explained by taking into the account the secular change of the posi-
tion of the pole. The proofs for this position are given and the results are in
striking conformity with the empirical results found by Mr. Chandler. Professor
Comstock further says: * That all the characteristic features of the periodic term
detected by Mr. Chandler seem to admit of explanation through the assumed
nutation and secular variation of the pole. Any secular variation of the position
of the pole will produce a periodic variation of latitudes. If the secular variation
is a uniform motion along a great circle, the periodic term will be of constant am-
plitude and length, but, if the secular variation itself contains periodic terms, they
will manifest their presence through irregularities in the periodic terms of the
latitude.” Plans for further study of this question are saggested.
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GENERAL ASTRONOMY.

TIDAL THEORY OF THE FORMS OF COMETS.*

GEORGE W. COAKLEY.t

In Fig. I let C be the center of a comet, Donati’s for example,
when so far from the Sun, at S, on June 2nd, 1858, that it ap-
peared of a spherical form with a diameter of 3’, according to
Professor Newcomb'’s statement, Popular Astronomy, page 380.

FIG. 1.

Let CS = a = the comet’s radius-vector, or distance from the
Sun; CA = x, AP =y, P being any point at the distance CP =R
from the comet’s center, whether on its surface,or on a concentric
drcle within it. Let the circle, EGHK, represent any section of
the comet, in any direction, made by a plane passing through the
Sun’s center, and that of the comet. Let PS = D = the distance
of the particle, P, from the Sun, and let PB be parallel to CS, and
PT be a tangent to the circle at P, and considered as having a
positive direction when the particle, P, begins to move along it
in a right-handed direction counted around the circle, or from P
towards E. In the opposite direction, from P towards G, or to

* Communicated by the author.
¥ L Professor of Mathematics and Astronomy, University of the City of New
or!
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the left around the circle, it must be counted as negative. PAis
drawn perpendicular to CS, and CPZ is the normal to the circle
at P.

The accelerative attraction of the Sun on P, if his mass is M, is

%lé , omitting the constant factor k used by Professor Watson.
The component of this acceleration, in the direction PB, is
D2 cos ¢. The acceleration of the comet as a whole, at C, is 24
The disturbing force of the Sun, which tends to draw away the
particle, P, from the comet in either of the parallel directions, CS
or PB, is the difference of these two accelerations, or

M

COSs ¢ — “8—2‘.

]
D?
Let this disturbing force be resolved into the two normal and
tangential components, acting in the directions PZ and PT re-
spectively. Denoting them by N and T, they will evidently be:

{ pz Cos e — f] .cos %,* acting along PZ, and

T= [ﬁ cos ¢ — M] sin ¢, acting along PT.

There will also be what may be called a Pressure Component of

the Sun’s acceleration, %lz" acting along PA, whose value is’

DA% sin ¢. If this be resolved in the directions PC and PT, and if
they are denoted respectively by n and t, since they are in the
normal and tangential directions, they will be

n=-— D'«_' sin ¢ sin 8, in the direction PC,

t =+ %[5 sin ¢ cos 3, in the direction PT.

The negative sign belongs to the first of these because it tends to
diminish the radius, R, while the component, N, tends to increase
it, and is therefore positive.

The component N, which tends to remove the particle P in the
direction PZ is resisted, or restrained, by the gravity of the comet
or the attraction of its mass, m, towards C. As this force tends
to diminish the radius, R, it must be considered as negative, and

* 8 =0 of Fig. 1.
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may be represented by — % . Hence the particle, P, will be kept

in equilibrium, so far as the normal forces are concerned, when

m _
—ﬁ+n+N—0,or

m M M —
—Ri Dzsmysma+{ cos ¢ — a§]coso—0.
From Fig. I it is evident that x = R cos 8, y = R sin 8, also

a—x=Dcos ¢, y =Dsin¢.
D2=(a—x)2+y?2=a?—2ax+ x2+ y?
.'.D9=a2—2aRcosﬂ+R3=a3(1—2—§—cos"+§),
~, .. D3 =a2(1 — 28 cos d + £3)

D =a(1—2Bcosd+ f2)%
a—x__ a—Rcos 8 _ 1—pfcoss
D T a(1—2pcoss+p2) ¥ (1—2Fcos s+ f2)%
— Rsin 8 _ fsin 8
Ta(l—2pcoss+ p2) T (1—2pcoss + 62) %
M so=M 1—pBcosd
D2%% %= - T —2pcoss + f2) 1

£[~s.in =M f sin 4
Dz P T g3 (T —2Fcos s + p2)

g
|

g.

SH

_M 1—pfcoss o qe .
N= {(l —2Bcos s+ p2)t T } cos 4, in direction PZ.
(A)] M f 1—fBcos? . e g .
T= @ \(1—2Fcos s ¥ o) 4 — }.sma,mdlrect:onPT.
__ M f sin3 8 . ..
{n == 8—2 . —(372%& 5 _*_—ﬂ,‘,j& , 10 the direction PC.
(B) t=+M £ sin 3 cos # M g sin 28

a? " (1—2fcosd + p2)} 2a2 (1—23cos s+7)4,
in the direction PT.

We shall first discuss the Pressure Components, (B). Of these
the normal component, n, is evidently zero, both at E and at H,
where sin 4 = 0; but at G and K, denoting them by n, and n,,
they are

Mﬂ

o, =n,=

nearly.
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Hence the Sun’s normal pressure is greatest at right-angles to the
line joining the centers of the Sun and comet, and is directed both
at G and K towards the comet’s center. This force tends to
compress the spherical figure of the comet into an ellipsoid of
revolution around the greater axis, which is directed towards the
Sun.

The tangential component, ¢, of the Sun’s pressure is evidently
zero at each of the points E, G, H, K, wheresin 2% = 0. Butit
will have a maximum value at the middle of each of the quad-
rants EG, GH, HK, KE, where sin 29 = + 1. Denoting that at
the middle of the first quadrant by ¢, it will be

tw =+ S (1— A2 + )1,

or nearly t,, =+ 1—;‘% 1+ 352 .

It will diminish both towards E and towards G, but will have
always the positive sign, and will therefore tend to move the
particle, P, along the circle towards the right, or towards E.

The tangential component at the middle of the fourth quad-
rant, which may be represented by ¢z, will be

t, =— Igj (1—B2+ p2)—4 =— 42{:; (1 + 35y2), nearly.

It is negative, as are all the tangential components of the Sun's
pressure in this quadrant, and hence they tend to move the parti-
cle P in the negative, or left handed direction around the circle,
or still towards E.
The tangential component, ¢, at the middle of the second quad-
rant, or
ty=— 2% 1+ A2+ pt =— 301

It is negative like the others in this quadrant, and tends to move
P in the left handed direction, or towards H.
In the middle of the third quadrant it is

(1 — $6y2) nearly.

t; =+ SR (1 + 42+ )t =+ 55 (1—442) nearly.

Like the other tangential components of the Sun’s pressure in
this quadrant, it tends to move P towards the right or back to
H.
Hence the tangential components of the Sun'’s pressure tend al-
ways to transfer the comet’s materials along the surface, for each
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value of R, from the positions G and K towards E, nearest the
Sun, and towards H, farthest from him. This process will also
tend to increase the diameter HE, and to diminish that, GK, at
right-angles to the Sun’s direction. But it should also be noticed
that the maxima and other values in the two quadrants nearest
the Sun have the factor 1 + $3,2, while those in the two quad-
rants, or hemisphere, farthest from the Sun have the factor
1 — $3,2. Hence more matter is conveyed by these tangential
currents into the hemisphere nearest the Sun, than is conveyed by
the feebler currents into the hemisphere farthest from him. The
consequence of this is, that the effect of the tangential compon-
ents of pressure is to transfer the comet’s center of gravity away
from its centerof figure TOWARDS THE SUN.

DiscussioON OF THE NORMAL AND TANGENTIAL COMPONENTS OF
THE DisTURBING FoORCE, N aNp T.

At E, or the beginning of the first quadrant, let these compo-
nents be denoted respectively by N, andT,.

Hence N,—M (1—8 1}:8—1‘—-3{(1-—.9)'2—1}

\(1—25)y
=M . . .
..N,—E.{2ﬁ+3ﬂ2+4ﬁ’+5§‘+etc.}
SN =Y2R (0 4 g5 4 40 4 48 + ete)

and T, = 0, since sin 8 = 0.
Denoting these components at G, by N, and T, they will be found
to be

N, =0, since cos $ =0,

M
T,=2; {(1 + a2)-% — 1} =—1p2 % nearly

T,= —% MI‘@ nearly.

Similarly at H and K, will be found for N,, T, and N,, T,,
_——{(1 + 8)—2— }— _M(_ o+ 3p2_apt5p— etc.}

T,=0.
M.2R
3

N, =

(1—38+ 462 — 56+ etc.)
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N,=0, T,=— l(1+ﬂ2)—,—1}_—1‘i‘-f 16}

az\

2
T,=+3 Mgf; nearly.

2
AtEFig. I, T,=0;atG, T,=— +— nearly; and it is easy

to see that when $>0, and ¥<90°, T must be positive up to some
point on the quadrant EG, where it must again become zero
without sin # = 0, after which it will be negative up to and in-
cluding G. This point on EG will be determined by the condition

1— fcos#
(1 —2Ffcos»+ g2)}

An approximate solution of this equation gives

—1=0.

cos ¥ = §4, nearly.

As f is generally small, hence % will be large, or the required
pointnot far from G. Hence the tangential component of the dis-
turbing force T, in the first quadrant,is positive,or right-handed,
up to near G. Like the tangential component of the Sun’s pres-
sure, it produces a flow of the comet’s fluid material from near G
towards E. Similarly the flow takes place from near K towards
E; and in the second and third quadrants, the flow of material
takes place from near G and K towards H. Hence a further
increase of the diameter HE, at the expense of the diameter GK.

In addition to the increase of the diameter HE, and the diminu-
tion of the diameter GK, by both the normal and tangential com-
ponents of the Sun’s pressure, and also by the tangential com-
ponents of the Sun’s disturbing force proper, or T, there is an
increase of the diameter HE by the normal components, N, and
N, and by similar components, which may be called the Solar
Tidal Forces. These forces tend to raise tides of unequal magni-
tude, in the hemisphere GEK, directly towards the Sun, and in
the hemisphere GHK, away from him, that towards the Sun
being the greater. The type of the tide raised nearest the Sun
may be considered as represented approximately by the disturb-
ing force,

N, =%§ .2R. {1 + 384 482 + 85° + etc.}. (1).
That of the tide in the opposite hemisphere, GHK, by the disturb-
ing force,
M

IV',=33--2R-{1 _4,3+;,92_g,9”+etc.}. Im.
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It will be perceived that the maxima disturbing forces, N, and
N,, on account of the smallness of £, in general, are nearly in pro-
portion directly to the mass of the disturbing body, M, inversely
proportional to the cube of the disturbed body’s distance, a, from
the disturbing body, and directly as the diameter, or radius, R, of
the disturbed body.

But the effect of these disturbing forces in raising these tides
will also depend greatly on the force by which they are resisted,
namely the gravitation toward the center of gravity of the dis-
turbed body, principally at its surface, E and H, but more or less
also at other distances from the center, C. It will be instructive
to compare these forces, and their effects in producing the tides in
the waters of the earth, with what they ought to be, when simi-
larly computed, for a given comet, as Donati’s.

With the Earth’s mean distance from the Sun, considered as
constant, its known mass, compared with that of the Sun,
m = ygly4s, according to Professor Watson’s tables in his Theo-
retical Astronomy, that of the Sun being the unit, and its known
radius, R, the forces N, and N,, for the Earth’s solar tides, are
readily computed. But these forces are so resisted by gravity

at the Earth'’s surface, which may be represented by g = %2- ,that

the highest tides raised on the Earth, at E and H, by the Sun
alone, are about one foot in the open ocean, far away from any
land except a small island. According to Professor Newcomb,
Donati’s comet was first discovered on June 2, 1858, with an ap-
parent diameter of 3. How large was the comet then, and how
far from the Sun was it? From the elements of the comet given
by Professor Watson, No. 248 of his Catalogue of Comets, which
elements were computed by Professor G. W. Hill, it appears that
the comet was then in the part of its orbit 120 days before peri-
helion passage, which was nearly on Sept. 30. With these data
the comet’s radius-vector, or distance from the Sun, computed by
Watson’s formule and tables, both as a parabola and as an
ellipse, was a little more, especially in the ellipse, than two and a
quarter times the Earth’s mean distance from the Sun.

Using the solar parallax, 8”.848, and the Earth’'s equatorial
radius given by Professor Chauvenet (Spherical and Practical
Astronomy), the Earth’s mean distance was found in miles, and
thence that of the comet. Then, from the 3’ apparent diameter
of the comet, its diameter was found to be, on June 2, 1858,
somewhat more than 182,000 miles. Hence the radius of the
comet was at least R = 91,000 miles, or nearly 23 times the
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Earth’s equatorial radius. Professor Newcomb says, (Popular
Astronomy, page 380), ‘“No tail was noticed until the middle of
August, and at the end of that month it was only half a degree
in length, while the comet itself was barely visible to the naked
eye.” About the middle of August would bring the comet to
within 45 or 46 days of its perihelion passage. At that time, by
Watson's formulz, the comet would be a little more distant from
the Sun, than the Earth was. Supposing the comet to have then
the same diameter, HE = 2R = 182,000 miles, or 23 times the
Earth’s diameter, it is evident from (I) and (II), that the Sun's
disturbing forces would tend to raise tides at E and H, 23 times
as great as they would on the Earth at the same distance, or
nearly 23 feet instead of one foot. But the actual heights of the
tides raised by the forces N, and N; would also depend upon the
strength of the forces tending to counteract their effect. On the

Earth the counteracting forces are mainly the gravity g = ,g.,

acting at E and H toward the centre C. To determine what
these counteracting forces are on the comet its mass, m, as well
as its radius, R, must be known. La Place’s limit of a comet’s
mass, to produce no perturbation in the solar system, is ;4 of
the Earth’s mass. It is better perhaps to make the following
supposition. Since it is known that the Earth’s atmosphere is
about ;44450 Of the Earth’s mass, let it be supposed that the
mass of Donati’s comet is equal to 400 times that of the Earth’s
atmosphere. It will then be m = 1,43%,5 = w4}y Of the Earth’s
mass. This is just twice as great as La Place’s limit.

As the comet’s radius is 23 times that of the Earth, hence the
&
2500 X 23
&g = the gravity at the Earth’s surface, and g’, that at the

gravity at its surface, at E or H,is g/ = 4 » Where

comet’s. Hence g7 = 1—?;555—00

As this restraining force of gravity on the comet’s surface is so
much smaller than it is on the Earth, the 23 feet elevation of the
tides at E and H, in the case of the comet, must be increased
1,322,500 times or 30,417,500 feet, or about 5,760 miles, nearly
one-sixteenth the length of its radius.

Without intending this as an absolutely accurate and definite
calculation on the subject, in all its complicated details, it is suf-
ficient perhaps to show how enormous the Sun’s tidal distur-
bance of the comet’s figure of equilibrium must be, even when
it is as far from him as the Earth is, considering how small the
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comet’s mass is, compared with that of the Earth, and how
large its diameter is. But when the comet runs down still nearer
to the Sun, it gains nothing, as a whole, in its restraining power
over the disturbing forces; but these are again enormously in-
creased inversely proportional to the cube of the comet’s distance
from the Sun.

The difference between the tidal forces towards the Sun, and on
the comet's side turned away from him, being greater in the
former case, tends still farther to transfer the comet’s centre of
gravity towards the Sun, in the same direction namely as its
transference by the pressure and tangential components.

That this change of the comet’s centre of gravity is not a small
one may be understood from the following considerations.
When Mr. Croll, the English geologist, first published his views
with regard to a large icecap placed over one of the Earth’s
polar regions, the north pole for example, and the removal of all
ice from the opposite pole, he computed that there would be,
n consequence, a considerable displacement of the Earth’s centre
of gravity towards the pole on which the icecap rested. A scien-
tific friend brought these results to my notice; but I was dis-
posed to doubt, or deny, that the effect of such an ice-cap could
change the Earth’s centre of gravity by any appreciable amount,
because the mass of the supposed icecap may be regarded as al-
most infinitesimal compared with the mass of the Earth.

But, said my friend, try the calculation yourself, and tell me
how great is the change of the centre of gravity, for an icecap at
the north pole, say one mile high, and thinning down to zero
thickness at 45° north latitude. On making the calculation, by
supposing the mass of the Earth, without the cap, with the
mean density of 5.6, to have its centre of gravity, or its weight,
at the centre of a sphere with the Earth’s mean radius, and com-
puting the weight and position of the icecap’s centre of gravity,
with a mean density of 0.92, the place between these two
points,—the earth’s center, and the icecap’s center of gravity,—
where the two weights, on opposite sides of a fulcrum, would
balance each other, was found, to my surprise, at a large frac-
tion of a mile from the Earth’s centre. Then it was easy to see
that while the icecap was really but a small fraction of the
Earth's mass, yet its power of changing the centre of gravity
really depended upon the very great leverage at which it acted;
nearly four thousand miles.

In the same manner, although the mass of the comet that is
transferred towards the Sun, in excess of that transferred to the
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opposite side, may be comparatively small, yet the enormous
leverage at which it acts, in the case of the comet, 23 times as
large as the Earth, and only 4¢3y of the Earth’s mass besides,
would necessarily change its centre of gravity towards the Sun
by a very large amount.

Again Mr. Croll inferred from the displacement of the Earth’s
centre of gravity towards that of the ice-cap, that the moveable
waters of the Earth would be drawn towards the new centre of
gravity, arraying themselves somewhat spherically around this
new centre, and thus throwing a still larger mass of water upon
the hemisphere containing this centre. The effect of this would
be to still farther transfer the centre of gravity in the same di-
rection, until a new equilibrium of all the forces could be estab-
lished.

Exactly in the same way, the transference of the comet’s centre
of gravity towards the Sun, by the forces previously discussed,
would cause an additional portion of its fluid mass to move
towards the Sun, especially at the comet’s surface, and thus still
farther remove its centre of gravity towards the Sun.

The next important consequence, resulting from this change of
the comet’s centre of gravity, is that the radius, R, in the two
formulee, (I.), (II.) on page 182, or in the expressions for the
Sun’s normal disturbing forces at E and H of Fig. I, can not be
the same. For the Rin (I.), counted from the comet’s centre of
gravity, is now diminished, while that of (11.) is increased. Let
the smaller R, in N, be denoted by R,, the greater in N, by R,.
Then the new values of N, and N, are, denoting them by an ac-
cent placed above them,

1,=£;_l {1+ [__] 5 [ ] .[1_:4]'+&c.}. 1.
.,_Al; 2R,. 11 5 [ ]+- [7] —-2-.[5:—]'+&c.}. Ir.)

At the same time the restraining force of the comet’s gravity at
its surface, at E and H respectively, will be g’ = R =m0 and g/= R‘

Thus it is evident that the normal disturbing force, N/’ for rais-
ing the tide at E, nearest the Sun, is now, in consequence of the
displacement of the comet’s centre of gravity, less than the op-
posite normal disturbing force, N/, at H. At the same time, the
comet’s restraining force, at E, g,’ is now greater than that, g,’,
at H. In other words, the comet, by the change of its centre of
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gravity, has gained control over its surface towards the Sun, and
it bas Jost control over that part of its surface turned away from
him.

For a distance, R,, from the new center of gravity, in the di-

rection towards H, away from the Sun, the gravity g," = _Rm_’
1

will be the same as that towards the Sun. Hence the mass of the
comet, at the new center of gravity, will tend to collect a spheri-
cal portion of its fluid materials around this center, in every
direction at the distance R, ; but the more distant portions, out
to the limit R,, will be less attracted, and rarer or less dense, as
long as the attraction -I% is greater than N;’.

The tendency will evidently be to form a dense nucleus at, and
very near the comet’s center of gravity, and a less dense spherical
head or coma around the nucleus, or radius R,. The comet’s
figure will be more or less that of an elongated ellipsoid, with the
longest axis directed towards the Sun, the nucleus and head
being nearest to him.

With the decrease of the comet’s distance from the Sun, the dis-
turbing forces will increase inversely as the cube of the radius-
vector, the two radii, R, and R,, will become more and more
unequal, and the control of the comet’s attraction on its mate-
rials turned away from the Sun, less and less, until finally the
Sun's disturbing force in this direction becomes too great for the
comet’s attraction to control its figure of equilibrium in the di-
rection away from the Sun. The figure will, therefore, be rup-
tared, and the tail of the comet will be formed of a somewhat
paraboloidal form, rather than the previous ellipsoid.

The nucleus and head of the comet will now journey down
towards the perihelion, with accelerated velocity; the more dis-
tant tail following more slowly along nearly the same orbit.

When the nucleus and head of the comet shall have approached
very near the perihelion, their velocity will be exceedingly great,
since it is nearly inversely as the square-root of the distance from
the Sun. But the greater part of the tail will be spread out
backwards along the orbit to such great distances, and will be
moving so much more slowly in consequence, that the nucleus
and head will be forced to break away from all connection with
these portions of the tail. The nucleus and head, containing the
greater part of the comet’s mass, having passed the perihelion,
and now receding from the Sun, his action on them will be ex-
actly the same as before they passed the perihelion. That is, he -
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will still draw the center of gravity nearest to him, and the ac-
tion on the more remote parts will as closely resemble a repulsive
force by which he will seem to drive them away from him, as was
the case before perihelion passage. But, in neither case is there
any real repulsion; only the same difference of attraction by
which the tides in the Earth’s waters are produced.
~ The portions of the tail, separated from the head and nucleus
at perihelion passage, will subsequently, at their proper times,
according to their distance from perihelion, pass around that
point, and move in a somewhat wide track along nearly the
same orbit, spread over a considerable arc of the orbit. Having
reached the perihelion later than the comet’s head, they will
never be able to overtake it, as both are retarded alike in their
journey towards aphelion, if the orbit be a long ellipse. When
the head arrives at aphelion it begins to be accelerated again
towards perihelion, while the separated portions of the tail are
yet climbing with retarded velocity towards the aphelion. Of
course their chance of overtaking the head is diminished still
more. '

At the next and at each return of the comet to perihelion, a like
separation takes place, and thus the materials of the comet be-
come gradually strewn around the orbit, in their patches, form-
ing those nebulous bodies that produce the meteor-swarms when-
ever the orbit of the comet happens to nearly intersect the orbit
of the Earth.

This tidal theory of the forms of comets, and of their disrup-
tions without scattering the fragments into outer space, beyond
the Solar System, as the repulsion theory requires, is the only one,
so far presented, that accounts for the Leonid, the Perseid, and
other swarms of shooting stars, with a recognized comet pursu-
ing the same general orbit as the meteoric bodies themselves.

No claim is hereby made to any originality in this tidal theory
of comets. For it seems obvious that it ought to present itself
naturally to anyone, as it did to me, who should reject, as I al-
ways did, the repulsion theory, on account of its inconsistency
with the abundantly verified Newtonian Law of Gravity.

On speaking to a mathematical friend, more than thirty years
ago, of this tidal theory of comets, he informed me that he had
heard that such a theory had been maintained by one of the
Professors at Hamilton College, New York. Professor Newcomb
mentions that Professor B. Peirce of Harvard maintained that
the nucleus of a comet must possess metallic density to prevent
its being torn to fragments by the Sun’s tidal forces at perihelion.
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Somewhere about 1860 or 1861, I found a statement by M.
Faye, the discoverer of the comet that bears his name, to the ef-
fect that on seeing the great comet of 1843, he said to Arago,
“ There is a magnificent tide produced by the Sun on the comet.”
“No,” said Arago, ‘it cannot be a tide, because, if it were, there
should be a tail of equal length pointing towards the Sun.”

Thereupon M. Faye gave up the idea of the tide, and fell back
upon the repulsion theory. But Arago was not warranted in
pushing so closely the analogy of the small tides on so small a
bodr, and so great a mass, as the Earth, at a great and con-
stant distance moreover from the disturbing body, to the ex-
treme case of the large bodies, small masses, and greatly vary-
ing distances of the comets from the Sun.

OBSERVATIONS OF JUPITER MADE WITH THE I6-INCH EQUA-
TORIAL OF GOODSELL OBSERVATORY.*

H. C. WILSON.

During the fall and winter of 1891, I have observed the planet
Jupiter on quite a number of nights, with the 16-inch equatorial
of Goodsell Observatory. On several nights sketches were made
of the detail which could be seen. Four of these sketches are
given with this paper (Plate VII.). As some of the notes made
may be of interest to amateur astronomers, I give the substance
of them here.

Aung. 31, 1891, 12® 30™ central time.—A sketch (No. 1) shows
eght belts, one of them exceedingly narrow and lying almost ex-
actly on the planet's equator. On the northern edge of the first
northern belt near the meridian are two small dark spots with a
white spot between them. On the southern edge of the next
northern belt are two more small dark spots. All of these dark
spots are slightly elongated parallel to the equator.

Sept. 3, 12" 10™, 12® 20™ central time.—Sketch (No. 2) shows
cght belts, one very narrow one lying close to the planet's
equator. The great red spot has its preceding end on the meri-
dian. Just south of this on the meridian is a small white spot.
Another white spot is on the same parallel nearly half way to
the preceding imb of the planet. Beyond this the belt in which
the white spots Lie is very dark. The belt where it passes the
great red spot seems to be pushed aside, not resuming its orginal

* Commuxmicated by the anthor.
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latitude until it is some distance past the spot. There are three
small dark spots in the second northern belt and two in the third
northern belt. All five are past the meridian.

Sept. 25, 11® central time.—Partial sketch shows the great red
spot on the meridian. The spot encroaches upon the belt just
south, apparently pushing it aside and making it denser, as a
stream of water is made deeper by being forced through a nar-
row channel. Five small white spots are seen in this belt, one in
conjunction with the preceding end of the great red spot, another
near the following end of the red spot. The great southern belt
is very much darkened in the portion opposite the preceding end’
of the great red spot. There are two small dark spots in the
north edge of the first northern belt near the following limb of
the planet. The center of the great red spot was not quite up to
the central meridian at 10:50; on meridian at 10:54; certainly
past meridian at 10:58 central time.

Oct 8.—Long red spot in second southern belt had its center on
the central meridian of Jupiter at 10® 12™ 4+ 2™ central time.
This spot is very prominent, bright crimson in color, almost a
parallelogram in shape.

Oct. 15, 8" 30™.—A white spot south following the great red
spot was on meridian at 8" 30™. The sketch (No. 3) shows the
great red spot half way from the meridian to the left limb of the
planet. The central portions are covered with a white cloud.
The great southern belt is very intense especially near the great
spot, and is curiously narrowed, like a pencil point, toward the
left. On the northern edge of this belt about half way from the
center to the east limb is a curious projection curved to the left
with a white indentation preceding it. The second southern belt
is strangely curved to the south connecting with the next belt.
The narrow belt on the equator is distinctly shown.

Oct. <7.—A round white spot preceded by a very dark shading,
on the lower edge of the great southern belt, was at the central
meridian at 8" 20™. Great red spot a little more than half way
from meridian to left edge of disk.

Oct. 30.—Shadow of Satellite III was noticed beginning transit
at 6" 18™, Satellite I reappearing from eclipse was first noticed
at 7" 08™ 35°; very faint; it had regained its normal brightness
at 7" 11™ 35°,

Nov. 9.—While showing Jupiter to visitors I noticed the three
satellites (I, III and IV) in the form of a small triangle to the
left of (preceding) the planet. The upper one of the three is
much fainter and bluer in color than the other two. [The upper
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one was IV. The transit of its shadow had occurred two or
three hours earlier. A rough sketch indicates that III was
about twice as bright as I and the latter twice as bright as IV].

Nov. 16, 7" central time.—Satellite IV is much fainter than any
of the others and of a darker color. Air hazy. [IV was on left
side of planet. Occultation occurred 13 hours later].

Nov. 17, 7h-8"—Satellite III reappeared from eclipse just
above (south of) IV, while I was examining the latter. I first
noticed it at 7" 28™ 50° when the appearance of the two satel-
lites was that of a very unequal double star. At 7" 29™ 40¢, the
two were equal in brightness and a minute later III was at
least twice as bright as IV. III was perceptibly elongated while
coming out of eclipse, but round afterward. [IV was then on
the right side of the planet, about to be eclipsed an hour later.
No note is made of color and, as I now recollect, it did not differ
much from that of the other satellites].

Nov. 19.—The long red patch in the second belt south of Jupi-
ter’s equator was on the central meridian at 8® 18=.

Nov. 23.—Sky hazy and image fuzzy except at moments. I
was surprised, as I have been several times lately, by the faintness
and bluish color of satellite IV. This satellite was on the left of
the planet, about 38 diameter distant, and approaching. The
satellites on the left of the planet form a descending series as to
their apparent diameters. The one farthest out has double the
diameter of the next and that double the diameter of the one
nearest the planet. These are not the real disks of the satellites
but are enlarged by poor definition. [I find on comparison with
the American Ephemeris that the satellite supposed to be IV in
the above observation was really II. IV was on the right of the
planet and according to the sketch was about equal to I in
brightness. The satellites on the left were in order III, I, II.]

Dec. 12, 7*.—While showing Jupiter to visitors I was surprised
by the faintness and purple color of satellite IV, which had only
a couple hours before passed off from the face of the planet. The
contrast between its light and that of III, which was very near
it, was very striking. IV was very much fainter than I and II.

Dec. 17, 4® 30™.—Sketch (No. 4) shows great red spot east of
central meridian. White spot exactly over its center surrounded
by dark shading. Both spots on meridian at 4" 44™. The great
southern belt seems narrower than usual and on its northern
edge is a series of five projections all curving backward toward
the east limb. The white equatorial belt is far from white, being
filled with dusky details which are seen indistinctly and cannot
be sketched. The narrow dark belt on the equator is not seen./ -

-
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Dec. 18, 7*.—The three visible satellites (IV, I and III) all had a
a reddish yellow tint, darker than the planet, which was very
white between the dark belts. Definition poor.

Jan. 2, 1892, 5 and 7" 30™.—The satellites were all of the
same color, yellowish white, and nearly the same brightness.
The three on the right, III, I and II, were almost exactly equal in
brightness and color. Magnifying power 200 and 300.

Jan. 4, 5 45™.—Definition fair. White spot on central meri-
dian in middle of first dark belt south of equator. A small dark
spot immediately follows and another precedes it by one-fifth di-
ameter of Jupiter's disk on the same parallel of latitude. The
satellites are all of nearly the same color, yellowish white, but
differ greatly in brightness. In order of brightness they are IV,
I, I1, IIL.

Jan. 23, 4® 30™.—Satellites of Jupiter were all of the same
color, yellowish white. Satellite IV was the faintest and possi-
bly a little darker in color than the others. This satellite was on
the right side of the planet, having just reappeared from eclipse.

On every occasion when the great red spot was seen it was con-
spicuous, having a light red or pink color, quite different from
that of the belts on either side. It gave me the impression al-
ways of being at a higher level than the other dark markings.
The permanence of outline of this spot and of the great belt on
its north and the clear white channel between them would sug-
gest a surface of a comparatively solid nature rather than that
of cloud formation. Yet a comparison of the drawings accom-
panying this paper will reveal many marked changes in other
portions of the planet’s surface.

It has been a disputed question whether the portions of the
belt next south of the great red spot, which have the same lati-
tude and a shorter period of rotation than the latter, passed
over or around it. It has seemed to me at each observation that
the dark belt on coming up to the spot was forced aside, there
being nearly always a very narrow line of white between the belt
and spot. Only on one occasion did the belt seem to encroach
upon the spot and that was when the seeing was poor.

The few notes which I have upon the brightness of the satel-
lites go to confirm the view which has been expressed by several,
that the variations of brightness always occur in the same parts
of the orbits about Jupiter. In each case when IV was noted as.
especially faint, it was but a short distance to the left (west) of
the planet having just passed off from the planet’s disk.

1 have not, in any case, been able to see any markings.ugen.the
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satellites. In the best seeing, the disks have always seemed per-
fectly round except in one instance when satellite III was plainly
elongated, the position angle of the elongation being about 30°
less than that of the belts of the planet. The satellite was on
the preceding side of the planet about to disappear by occulta-
tion. Unfortunately no memorandum was made at the time of
this observation so that I cannot now tell the date.

THE OBSERVATION OF SPOTS AND MARKINGS OF THE PLANET
JUPITER,*

G. W. HOUGH .t

In the publications of the Astronomical Society of the Pacific,
No. 5, and more recently in the Monthly Notices of the Royal As-
tronomical Society, November, 1891, Professor Barnard of the
Lick Observatory, has called attention to a statement I made
some years ago in relation to the value of micrometer meas-
ments for fixing the longitude of spots on the planet Jupiter.

Professor Barnard from eleven observations of the Great Red
Spot, made at Lick Observatory in 1891, with a 12-inch object-
glass, as well as from observations made at Nashville in 1880-82
with a 5-inch object-glass, has attempted to prove that eye-
estimates are as exact as micrometer measurements, for deter-
mining the time of passage of the Red Spot over the central
meridian of Jupiter.

From what has already been published by others, regarding
the various sources of error incident to the method of eye-
estimates, I imagined that the subject was no longer open for
serious discussion.

It seems to me that an eye estimate for longitude on Jupiter, in
point of accuracy, holds about the same relation to micrometer
work, as the estimation of the position angle and distance of the
components of a double star does, to direct micrometrical meas-
urement. .

In the Monthly Notices of the Royal Astronomical Society for
May, 1880, Professor Marth, who for so many years has given
us his invaluable ephemerides, has compared with an ephemeris
the observations made by thirteen different observers, on the
Great Red Spot in 1879.

¢ Communicated by the author.
t Director of Dearborn Observatory, Northwestern University.
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He says: “ The discrepancies between the observations of dif-
ferent observers and on different days point to the existence of
some grave source of error.”

A comparison of these observations shows that on some days,
the observers differed as much as eleven minutes in the time of
passage of the center of the Red Spot over the central meridian.

The average ‘““mean’ error may be placed at about + 2.5%.

The observations also indicate a personal equation, for each
observer; the constant difference between two well-known as- .
tronomers amounting to 6.5™.

In the Astronomische Nachrichten, No, 2342, Dr. Schmidt, of
Athens, from the reduction of 180 observations, found a ‘‘mean "’
error of + 2.57™ for the time of passage of the center of the Red
Spot over the central meridian. For good definition he gives the
average error +2™ and for poor definition +5™.

In the Astr. Nach. No. 2410, Dr. Schmidt has determined the
personal equation error for a large number of observers. As
compared with his own observatious, the personal equation of
different observers varies between + 3.6™ and — 5.8™.

He also found a systematic error depending on the hour-angle
of the planet, due to the position of the equator of the planet to
the line of sight. The maximum correction for th’s error was 7™.

With these facts before us, regarding the gross possible errors
incident to the method of eye estimates, it seems to me rather
late to claim for it any great degree of precision.

Professor Barnard’s excellent observations of the passage of
the Red Spot over the central meridian in 1891, are certainly
as good as the best micrometer work, but I think these particu-
lar observations should be regarded as a happy accident rather
than a demonstration of the value of the method of observation.

Professor Barnard is a very careful observer, and the Nashville
observations are excellent for the size of the instrument used, but
when he claims a ‘“mean’’ error of + 0.7™ for observations made
with a 5-inch object-glass and a power 137, I think he has been
too hasty in his conclusions.

He says: ‘“In twenty-three of these transits three estimates
were made of each phase (the ends and middle of the spot) from
these I get for the transit of the middle of the mean of the nine
observations, the error of the transit = + 0.7™.”

I do not quite understand what he means by * three estimates
of each phase.” There is only one instant for the time of transit
and assuming a great number of different times certainly will not
improve its value. A comparison of the observations made dur-



G. W. Hough. 195

ing any opposition with an ephemeris which will best satisfy
them all will indicate the average accidental error on each day,
but may not show the personal equation or other constant
errors.

In order to get a ‘““mean”’ error of '+ 0.7™ on the time of transit
of the Red Spot over the central meridian, one must be able to
bisect the disk of the planet as well as the Red Spot, each wsthin
0”.10 of arc at mean distance; and this degree of accuracy must
be accomplished by a single estimation.

The error in astronomical observations of all kinds greatly ex-
ceeds this limit. The method of transits, owing to the apparent
slow motion of the spots and the absence of a visible meridian, is
not susceptible of great precision. A very good illustration of
the conditions involved is to imagine a clock dial without any
minute hand and all the divisions erased except III and IX.
Under these circumstances the problem is to determine when the
hour hand is midway between III and IX, or when it is 12
o’clock. ’

It appears probable that the determination of noon from a
clock dial arranged in this way would be affected by all the var-
ious sources of error found by Dr. Schmidt for Jupiter observa-
tions. On the other hand if one should make repeated measure-
ments of the position of the hand with reference to III and IX,
the time of noon could be ascertained with any required degree of
precision.

The micrometer method offers the following advantages in the
determination of longitudes on Jupiter:

1st. A great saving of time.

2d. The measures are referred to a visible meridian, viz.: the
limbs of the planet.

3rd. The ability to make numerous repetitions of the same
quantity. _

The longitude of a spot, or the time of passage over the central
meridian of the disk, can be determined with the micrometer at
any distance from the central meridian, provided it is wholly on
the disk. I have occasionally observed spots at 1* 20™ before or
after their passage over the central meridian. Owing, however,
to greater difficulty in seeing objects so far from the center of the
disk as well as to possible errors in the adopted constants for re-
duction, viz.: size of the disk, length and latitude of the ohject
observed, such measures are liable to greater error than when
made nearer the central meridian.
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The following example of the observations of the Great Red
Spot on Nov. 1st, 1880, will illustrate the micrometer method :

Two sets of measures were made when the spot was on the
following side, one set near the middle of the disk, and two more
sets when on the preceding side. .

t = mean of the times when the measures were made.

m = distance from the central meridian, reduced to mean dis-

tance.
Jt = reduction in time.
T = time of transit over the central meridian.

t m 4ae T Diff.

h m ” m h m m
8 23.6 + 3.99 + 22.5 8 46.1 + 0.8
28.8 + 2.99 + 16.8 45.6 + 0.3
42.1 + 0.28 + 15 43.6 - L7

9 19.8 — 5.89 — 33.6 45.2 — o.1
23.7 — 6.59 —37.8 45.9 + 0.6
Mean, 8 45.3 + 0.7

In 1880-82 I made a number of sets of measures on each night
to ascertain what degree of precision could be reached, but usual-
ly the observation consists of a single set of three or four bisec-
tions for each limb. The latitudes are determined in precisely the
same way.

To sum up the whole matter, it seems to be proved from the
observations which have been made by well-known astronomers,
as well as from the theoretical consideration of the problem,
based on our knowledge regarding astronomical observations in
general, that the method of transits for ascertaining the time of
passage of the Red Spot over the central meridian of Jupiter is
necessarily subject to a mean error of at least + 2.5, and a pos-
sible error three or four times as great. Aside from the accidental
error the personal equation of an observer may amount to a
number of minutes.

From what I have said on this subject it is not to be inferred
that I consider eye estimates of no value. All observations of
planetary phenomena are valuable and during the past twelve
years many important contributions in regard to physical phe-
nomena on Jupiter have been made by amateurs and others.

1 wish, however, to state emphatically that when it is neces-
sary to get precise measures either of longitude, latitude or mag-
nitude of objects on the disk of Jupiter, the micrometer is vastly
superior to any system of estimation.
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DISCOVERY OF NEBULZXE.*

LEWIS SWIFT.t

The success of the past year in the discovery of nebule has not
equalled that of the few years previous, or since the assumption
of the directorship of the Warner Observatory, for two reasons,
viz.: first, from the presence of haze, clouds, and moonlight, the
season has been exceptionally unfavorable; and second, from the
sky illumination from the increased number of electric street
lights now in nearly every part of the city. And as this method
of street lighting has come to stay, at least until some indiscreet
individual shall invent one still more damaging to delicate astro-
nomical observation, I thought that perhaps some time might
elapse ere my tenth catalogue of 100 nebulz could be attained, so
I have just sent to the Astronomische Nachrichten a list of 60
nebulee discovered since the publication of my ninth regular cata-
logue, a little more than one and a half years ago.

So detrimental has this sky illumination become that I am
seriously questioning whether I shall not be obliged to altogether
abandon the search for nebule and take up some other branch of
work. Though, like the stars, the nebule are, doubtless, endless
in number, yet there is probably not a single undiscovered bright
one in the heavens, so thoroughly has the sky been searched by
such persistent gleaners as Sirs William and John Herschel,
D’Arrest, Lord Rosse, Stephan, Marsh, Tempel, Stone, Messier
and many others. The entire sky does not, probably, hold a
dozen so bright as Herschel’s Class II, and very few as bright as
his Class III yet remain undiscovered between the pole and 25°
south of the equator. A very large proportidn of the nebule in
my several lists are very much fainter than the faintest of Sir
Wm. Herschel’s Class III, his faintest.

To prosper in their finding henceforth the observer must be the
possessor of a large telescope with a suitable eye-piece made es-
pecially for this work, which quest he should be enthusiastically
in love with, and he must have a keenness of vision not vouch-
safed to everyone, which he has still farther improved and intensi-
fied by long practice in observing what Sir John Herschel declared
to be so faint as to be almost spiritual.

I have been led to these remarks by an exceeding effort of vis-
ion of a few nights since in endeavoring to re-find a nebula dis-
covered on Dec. 23, 1889, but which I could not subsequently re-

* Contributed by the author.
+ Director of Warner Observatory, Rochester, N. Y.
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cover, and, therefore, concluded it must have been a comet. It
is No. 13 of my ninth catalogue where it stands described as
‘“Exceedingly, exceedingly faint, pretty large, round, first of
three. In line with N. G. C. 1417-18. Cometary. Unable to
re-find it. Seeing good. Failed also at Harvard College Obser-
vatory.”

In Monthly Notices of December, 1891, Dr. Dreyer, Compiler of
the N. G. C. and Director of Armagh Observatory, Ireland, says
he several times at Lord Rosse’s Observatory saw all three of
these nebule, and, again, on several occasions could not find
them though looked for. Connecting his own observations with
those of Sir John Herschel’s and with mine, and with D’Ar-
rest’s failure to find it, he suggests that it is, possibly, a variable.
Fortified with these facts, I, on Jan. 31st ult., essayed to find the
missing nebula. The two with which it was in line, were easily
seen, but not even a glimpse of the other, using a power of 132.
Changing the eye-piece to one giving a power of 195, I, after a
prolonged endeavor, gained two glimpses of the object but they
almost instantly vanished.

The suspect was not exactly in line with the other two but a
little north, agreeing with Sir John Herschel’s obserwation. Sir
William Herschel never saw this nebula, as has long been sup-
posed.

I have given some thought to the unraveling of the mystery
hanging over this object, and the following solution is satisfac-
tory to myself, at least; viz.: that its first discovery was by Sir
John Herschel, who recorded it as No. 305 of his own Catalogue,
erroneously considering it as identical with Sir William’s III 569
(New General Catalogue, 1397). In trying to reconcile this dis-
crepancy, D’Arrest was unable to find it. Subsequently, it was
seen, on several occasions, as I have said, by Dr. Dreyer, but was
not again found until picked up by myself as above stated. Sir
John Herschel does not describe it ; he only says, ¢ First of three;
one observation.”

If it be not variable, which I can hardly believe it to be, it
seems strange that, on one occasion, I should have so easily ob-
served it in sweeping, while, ever afterward, I have not been able
to find it even with the most persistent effort, and, with the
knowledge of its exact position relative to the other two in the
same field. That Dr. Dreyer, too, failed, on several occasions, to
find it while well knowing its place, seems unaccountable, if it
maintain a uniform degree of brightness.

WARNER OBSERVATORY,

Rochester, N. Y., Feb. 11, 1892,



ASTRO-PHYSICS.

THE OBJECTIVE PRISM.*

Two methods have been used for photographing the spectra of
the stars. The first of these methods, placing a large prism over
the objective of a telescope, was that employed by Fraunhofer in
observing stellar spectra visually. It was also used by Secchi for
the same purpose. The second method consists in receiving on
the slit of a spectroscope the image of a star formed at the focus
of a telescope. This method was used by Dr. Draper and Dr.
Huggins, and is that nowemployed at the Potsdam Observatory.
The first of these methods has been used at the Harvard College
Observatory during the lagt seven years. It possesses the advan-
tages that the loss of light is very small, the spectra of all stars
contained in the field of the instrument are photographed and
slight errors in the clock driving the telescope are unimportant.
In fact the clock is made to run a little faster or slower than side-
real time, since otherwise the image of each star would be spread
into a narrow line in which the spectral lines could not readily be
distinguished. By the change in rate this line moves over the
plate at right angles to its length, forming a band whose width
depends on the rate of the clock and the duration of the exposure.
If the deviation from sidereal time is small, the image moves
slowly over the plate, and a photograph will be obtained even if
the star is very faint. In this case a long exposure should be
used, otherwise the band will be too narrow. A variation in the
rate of the clock, or other change affecting the right ascension,
will only alter the density and breadth of the spectra. A varia-
tionin the differential refraction or other change affecting the dec-
lination will alter the direction of the spectral lines, rendering
them oblique or curved instead of perpendicular to the direction
of the spectrum. This will not affect the intensity of the image.
With a slit spectroscope, the image of the star must be kept ex-
actly on the slit, the least deviation causing all the light to be
lost. It has, however, the great advantage that a comparison
spectrum may be photographed by the side of the stellar spec-
trum, and the true wave-lengths thus determined directly. This
advantage is, however, apparent rather than real, since the hy-
drogen and other solar lines are present in nearly all the stars,
and the wave-lengths of any additional lines may be determined

¢ Communicated by Professor Edward C. Pickering.




200 The Objective Prism.

differentially from them. When, however, we wish to obtain the
absolute wave-lengths of these lines in order to measure the ap-
proach or recession of the stars, the slit spectroscope has hitherto
alone been used. This seems to be the only portion of this work
for which the objective prism cannot be employed. Experiments
are still in progress (see H. C. O. Annals, Vol. XX VI, Part I, page
xx,) by which it is hoped this difficulty may be overcome. The
success of these experiments would permit a fixed reference line to
be photographed upon the spectrum alwayshaving the same posi-
tion with regard to it. The precision with which measures of
the spectral lines can be made is sufficient to determine the ap-
proach or recession with great accuracy, if only the reference line
can be measured equally well. If this can be done the slit spec-
troscope will possess but few advantages over the objective
prism. By the latter method equally good definition may be ob-
tained, since, as the loss of light is smaller, greater dispersion
may be used. With the brightest stars, however, it is difficult to
obtain a dispersion sufficient to utilize the full advantages of this
method. With a large telescope the prism would, of course, be
heavy, expensive, and from its thickness, would cause consider-
able loss of light. The objective prism has special advantages in
studying the spectra of the fainter stars, since all in the field of
the telescope may be photographed simultaneously. If a photo-
graphic doublet is used for an objective all stars of sufficient
brightness in a region ten degrees square may be photographed
at once. In some cases several hundred spectra appear upon a
single 8 X 10 plate. :

With means furnished by Mrs. Draper the spectra of the
stars have been photographed at the Harvard College Observa-
tory as a memorial to her husband, the late Dr. Henry Draper.
For the brighter stars a telescope having an aperture of eleven
inches, and corrected for the photographic rays, has been em-
ployed. Four large prisms were placed over the objective and
gave spectra about six inches in length. By staining the plate
with erythrosin, the sodium line D was photographed in the
brighter stars, both components being readily shown.

For the fainter stars one or two prisms only were em-
ployed. When the prisms were first attached to the end of the
telescope, as their entire weight was about one hundred
pounds, heavy weights were fastened to the other end of the tube
of the telescope, and also to the end of the declination axis. It
was, consequently, a laborious and perhaps dangerous operation
to remove and replace the prisms. Therefore spectra and chart
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photographs could not readily be taken on the same night. A
great improvement on this process was to remount the prisms in
square boxes, which could be slid, like the drawers in a bureau,
into a large box permanently attached to the cell of the objective.
A series of cast iron rings could be bolted to the tube of the tele-
scope, the weight of each ring being such that it would compen-
sate for the weight of the corresponding prism. As.each prism
was removed a ring was attached, and it thus became unneces-
sary to change the counterpoise at the further end of the tele-
scope and declination axis. It was still difficult for one person
to make the change and much time was lost if frequent changes
were required. The method now employed of attaching the
large prisms to the telescope is shown in the accompanying
engraving (Plate VIII). Two of the prisms only are now
used and they are mounted in a square brass box. This is at-
tached to the end of the telescope by a form of link motion. A
cast iron bar is fastened to a pivot on each side of the cell, the
line connecting the pivots passing through the centre of gravity
of the prisms and box. The bars are also free to turn around
pivots attached near the end of the tube of the telescope. At the
further end of each bar is placed a counterpoise exactly balanc-
ing the prism and box, so that the latter will remain in equili-
brium in any position. Two links, one on each side of the square
box, connect its end with pivots attached to the tube of the tele-
scope. The dimensions are such that in one position the box con-
taining the prisms lies flat against the end of the cell and in
another against the side of the tube. The first of these positions
is shown in the photograph. Accidental movements of the prism
are prevented by small pins attached to the bars by chains. The
prisms can thus be removed and replaced in a few seconds with-
out disturbing the balance of the telescope. About 4,400 photo-
graphs have been obtained with this instrument since January,
1886. They include the spectra of all stars north of — 30° and
sufficiently bright to be photographed in this way. Among
other interesting results this has led to the discovery that ;7 Ursa
Majoris, §# Aurige, and probably 8 Lyra are close binaries. An
expedition has been sent to Peru and similar photographs of the
southern stars are now being taken with a telescope having an
aperture of thirteen inches.

In a second investigation the Bache telescope is used, which has
a photographic doublet for an objective having an aperture of
eight inches. The advantages of this form of instrument for
photographing very faint celestial objects were first recognized
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eclipse of the Sun of that year in Mt. Pleasant, Iowa. As the
usual methods were inadequate to photograph the faint exter-
ior portions of the solar corona, a local photographer, Mr.
Hoover, was requested to take a photograph with a large
portrait lens. The result was very satisfactory (Journal Frank-
lin Institute, Vol. LXII, p. 54) and apparently gave the best pic-
ture of the outer corona obtained up to that time. The advan-
tages of the doublet are first the large angular aperture which
permits very faint stars to be photographed, and secondly, the
extent of the field by which the stars in a large part of the sky
can be taken upon a single plate. Good definition is obtained
over a region five degrees square, while over a region ten degrees
square the definition is sufficiently good for many purposes, such
as the classification of spectra, variability in light, etc.

A prism having a refracting angle of thirteen degrees was
placed over the objective of the Bache telescope and the entire
sky north of — 20° was photographed with this apparatus using
exposures of about ten minutes. About twenty-seven thousand
spectra of more than ten thousand stars were obtained and are
published under the name of The Draper Catalogue (H. C. O.
Annals, Vol. XXVI, Part 1, and Vol. XXVII). Similar photo-
graphs, with exposures of sixty minutes, cover nearly all thenorth-
ern sky and serve to classify the spectra of the fainter stars. By
using a prism of five degrees, of which the dispersion is less, the
spectra of still fainter stars are photographed. This dispersion
is sufficient to show any marked peculiarities. Since July, 1885,
3,300 plates were obtained with this instrument at Cambridge
and in California. It was sent to Peru in the spring of 1889
where it is now in use, and over 3,200 photographs taken there
have already been received. When this instrument was removed
from Cambridge, the want of it was so great that Mrs. Draper
had another instrument constructed to replace it. This is known
as the 8-inch Draper telescope, and with it over 5,300 photo-
graphs have been taken since August, 1889.

It is expected that a still further advance will be made with the
great photographic telescope, the gift of Miss C. W. Bruce. This
instruwent will be three times the size of the Bache telescope
which it will resemble in form. Its aperture will be twenty-four
inches and it should, therefore, photograph stars one or two mag-
nitudes fainter than those obtained with the Bache telescope. It
is hoped that with the Bruce telescope satisfactory photographs
of the spectra of stars of the tenth and eleventh magnitude may
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be obtained. The four glass disks required for the lenses have
been cast and are now ready for grinding. The prism, which has
an aperture of twenty-four inches, is completed.
HARVARD COLLEGE OBSERVATORY,
Cambridge, Mass., Jan. 23, 1892.

ON THE SPECTROGRAPHIC METHOD OF DETERMINING THE VE.
LOCITY OF STARS IN THE LINE OF SIGHT.*

PROFESSOR H. C. VOGEL.

The experiments made at Potsdam in 1887 showed that, as a
result of the extremely sensitive photographic methods employed,
a sufficiently great dispersion could be made use of to readily de-
tect and measure the displacement of the spectral lines produced
by the motion of the stars in the line of sight. It very soon bhe-
came clear that the measurement of the stellar spectra admitted
of a far greater exactness than the direct observations, and that
the disturbances of the atmosphere—the chief cause of the difficul-
ties of the direct method—exert their influence in a lesser degree
on the photograph. The very numerous measurements on more
than two hundred negatives of forty-seven stars, which are now
available, have confirmed this result, and show further that the
exactness of the measurements far surpasses the expectations
based on the first plates taken with a provisional apparatus, and
that the definitive observations have reached a degree of accu-
racy which in some cases is surprising.

This great accuracy has been secured by an advantageous con-
struction of the apparatus, by its very exact adjustment, and
especially by the peculiar methods adopted in measuring the pho-
tographs. I have already published several communications on
this spectrographic method, viz. one in Astr. Nach. No. 2896, a
further one announcing the discovery of the motion of a Virginis
(Astr. Nach. No. 2995), and more recently an article on the em-
ployment of iron as a comparison spectrum in spectrographic
researches (Sitzungsberichte der Akademie zu Berlin, June 4,
1891).1

The reductions of the observations and measurements are at
present nearly completed, but the passing through the press will
still require several months, and therefore I now take the liberty
of presenting a short review of the investigation and its chief

¢ Monthly Notices, Dec. 1891.
+ ASTRONOMY AND ASTRO-PHYsICs, Feb. 1892.
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results, in the hope that this summary, and more especially the
explanation of the method of measuring the plates, may he of
value and interest to many who are employed in similar lines of
work. )

In the construction of the apparatus the following points were
taken into consideration: great stability for the smallest possible
weight; suitable dimensions of prisms, collimator, and camera
objectives, in order to preserve sufficient brightness with the
greatest possible dispersion; accurate adjustment of the photo-
graphic plate in the focal plane of the camera objective; and ex-
act keeping of the star on the slit of the spectrograph. I have
endeavored to satisfy the first two conditions by having the
frame made of cast steel, and by giving it a form which offered
the greatest possible resistance to flexure. The most suitable
dimensions for collimator and camera objective, for the 12-inch
refractor to which the spectrograph was to be applied, were
found to be 408™ focal length for 34™ aperture.

The two Rutherfurd compound prisms have the following
dimensions: Height (length of the refracting edge) 35™; breadth
(perpendicular distance from the refracting edge of the flint-
glass prism) 45™™. They are of the most colorless glass obtain-
able, and the dispersion from F to H amounts for each to about
5°. The camera is constructed of sheet steel; the plate-holders
are of brass and can be rigidly connected with the camera. The
adjustment of the photographic film in the focal plane of the
camera objective is accomplished by a motion of the latter, and
can be effected with an accuracy of a fraction of a millimetre.
In order to facilitate keeping the image of the star exactly
on the slit, a small telescope is so connected with the apparatus
that it receives the light which is reflected from the front side of
the first prism.

The slit, illuminated by the Geissler tube, which furnishes the
comparison spectrum, appears in this telescope as a narrow line
of light with the star in the middle, and may be readily so held
by means of the slow motions of the refractor. A cylindrical lens
is not employed, since, with the slit set parallel to the line of the
diurnal motion, a slight widening of the linear stellar spectrum
can be readily effected by changing the rate of the driving clock.
A very important point in the adjustment of this apparatus is
that the optical axis of the collimator shall fall in the prolonga-
tion of that of the refractor; this is easily and accurately effected
by three screws.

By means of a table giving the proper setting for various de-
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grees of temperature the plane of the slit is, before each obser-
vation, adjusted to lie in the focus for the rays of the wave-length
of Hy, for which the prisms are set at the angle of minimum devia-
tion, and which appear on the middle of the negative. It is of
great importance that the latter be precisely adjusted in the focus
of the camera objective. This is likewise effected before each ob-
servation according to a table with the argument of the ther-
mometer attached to the instrument. This table has been deter-
mined by many experiments, as well as by artificial warming of
the apparatus. A false adjustment, which exerts a great in-
fluence on the sharpness of the images, and hence on the subse-
qaent measurements, can be at once detected by the lack of dis-
tinctness of the image of the artifical hydrogen line, and, simi-
larly, changes of the apparatus which occur during the exposure
reveal themselves in the altered appearance of the comparison
line.

In nearly all the observations hydrogen has been chosen for the
comparison spectrum. The Geissler tube was placed directly in
the cone of rays of the refractor, at a distance of 40cm. from the
slit, and was set at right angles to the optical axis of the refrac-
tor as well as to the slit, aud therefore its light is to be regarded
as dispersed on reaching the slit. The tubes used were very thin,
so that only a comparatively small amount of light (17 per cent)
was lost in passing through them.

A further advantage of this arrangement of the Geissler tube
lies in the fact that an exact adjustment of its position is not
necessary, and any slight changes in its place during the expo-
sure, due to an altered position of the instrument, can exert no
injurious influence; for one can readily see that with an adjust-
ment even several degrees false, the slit would still appear fully
illuminated.

At first the time of exposure was regulated according to the
brightness of the star and to the chosen width of slit, but later
it appeared advantageous to leave the width unchanged at
0.02=» and to give a uniform exposure of one hour. The ob-
server then, however, varied the width of the spectrum to corres-
pond with the brightness of the star. The performance of the

apparatus has been tested on the Sun by direct observations and
by photographs. In the vicinity of Hy, where the spectrum is
sharpest, nearly all the lines are visible which are contained in
Rowland’s large photograph of the solar spectrum, in spite of
the comparatively small dimensions of the apparatus. Of course
very close double lines cannot be separated if the width of the
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slit be greater than that corresponding to the distance between
the lines.

One perceives less detail on the photograph than by direct ob-
servation, since, on account of the extraordinary delicacy of the
lines, some details are lost through the coarseness of the silver
grains. The excellent prisms would admit of a much greater
magnification of the spectrum by the use of a camera objective of
longer focus, and thus make possible the production of still
sharper photographs, if the light power of the refractor were
not too small and the observations therefore necessarily limited
to the brightest stars. I have given in Astr. Nach., No. 2896, a
collection of about fifty lines on one of the solar negatives
which lie between 431.4 and 436.8x4, and may remark further
that my assistant, Dr. Scheiner, has been able to measure 290
lines in the spectrum of e Aurigae between 412.4 and 466.8ux.

In order to decide further as to the correct adjustment of the
apparatus, numerous photographs of the Moon'’s spectrum, with
that of hydrogen for comparison, have been made, and show an
absolute coincidence of the corresponding lines. Two photo-
graphs of Venus are not without interest as showing the accu-
racy of the measures as well as the correctness of the adjustment:

Observed Calculated
Velocity. Velocity.

1889 Jan. 2 —178 — 7.4 English miles.
eb. 10 —74 —178

The measurement of the spectra is accomplished with the aid
of a microscope under the employment of magnifying powers
from 7 to 35.

The table of the microscope carries a sliding apparatus, mov-
able by a fine micrometer screw of 0.25™™ pitch, to which the
negative is firmly clamped. Theperiodic and progressive errors of
this screw have been accurately determined. By means of a large
number of measurements in the solar spectrum it has been found
that one revolution of the screw corresponds to a difference in
wave-length of 0.324u«. With this value can now be com-
puted g, the value in miles per second of velocity of one revolu-

tion of the screw, from the formula g = %iV, where V is the.

velocity of light and 2 the wave-length of Hy, 434.07ux. The re-
sultis g=139.13 miles. This value, strictly speaking, holds good
only for the temperature at which this standard photograph
of the solar spectrum was taken, since the dispersion varies with
the temperature. A small correction has, therefore, been applied
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to all the photographs made at a different temperature. For
stars of the second type, however, a method of measurement has
been chosen which takes for a basis this standard solar negative,
as I shall presently show.

In the case of the spectra of Classes II. and III., containing
numerous lines, it suggested itself, in determining the displace-
ment between the artificial Hy and the star line, to connect the
former by differential measurements with the other neighboring
lines, not only in order to obtain an increased degree of accuracy,
but also indeed from necessity, since, in the generally very small
displacements, it wholly or partly concealed the star line. All
the difficulties which at first arose in the way of direct measure-
ment of the plates, into the details of which I cannot here enter,
were thereby overcome in that I simultaneously with the star
spectrum also measured a standard solar spectrum taken with
the spectrograph. The plate with the solar spectrum is cut off
lengthwise, and so laid upon the star spectrum that the two ap-
pear in the microscope one above the other, and separated only
by a small space.

The solar negative is observed through the glass, since, in
order to avoid parallax, it must be inverted so that the two
gelatine films are in contact. It is therefore cut off in order to
obviate the effect of the unavoidable impurities in its gelatine
film, through which otherwise the star spectrum would have to
be observed. It can then be readily brought about that the lines
of the one spectrum form the prolongation of those of the other.

The setting upon one of the threads of the system in the eye-
piece of the microscope is effected solely by the motion of the
above-mentioned sliding apparatus, to which both negatives are
firmly attached. In the measurements four settings were usually
made on a Sun line, then an equal number on the corresponding
star line, those lines being sought out which, generally three on
each side, lie nearest Hy. The Hy line in the star has only been
measured when it was fully separated from the artificial line;
but generally, instead of upon it, settings were made six or eight
times on the solar Hy, and an equal number on the artificial Hy
on the star plate.

The difference of the readings on the two spectra gives, in the
mean, their displacement as compared with each other as they
were brought together under the microscope; this mean, being
applied to the difference of the settings on Hy in the solar nega-
tive and the artificial Hy due to the Geissler tube, gives the actual
displacement of the star lines referred to the artificial line.

P
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In most cases the star spectra have been photographed at
other temperatures than the Sun, and the differences Sun — star
are unequal and show a rate of progression. Under the assump-
tion of a simple proportional change, which is fully admissible for
the small distances which alone come into question, a reduction
to the dispersion of the solar negative must first be made, which
has been done by the method of least squares.

The great advantage of this method of measurement lies in
the fact that the unavoidable distortions in the sensitive film,
which, owing to the smallness of the quantities to be measured,
might easily. come into consideration, are as much as possible
eliminated, and also, further, that every prejudice of the observer
is entirely eliminated, since the amount of the displacement is
not directly obtained, but only after computation.

Most stars of the first spectral class show, in addition to the
broad and strongly marked hydrogen lines, a great number of
other lines, so fine, however, that they can be distinctly recog-
nized only in the case of the brighter stars. The majority of these
lines belong to the iron spectrum, and can be readily identified
with solar lines; the measurement of the displacement can
therefore either be made by reference to the solar negative, or,
under the precautions which I have already stated in the article
quoted, the iron spectrum may be used for comparison.

In the case of fainter stars of this class, however, one is
restricted to the hydrogen lines, and if the more or less distinctly
pronounced maximum of intensity lies outside of theartificial line,
then the measurement presents no difficulty; but this is seldom
the case, since the breadth of the maximum intensity corresponds
to a difference in wave-length of about 0.03u:, and a displace-
ment of the artificial line only enough to bring its edge into
coincidence with the position of maximum intensity would pre-
suppose a velocity of fourteen miles. This maximum of intensity
is generally not very sharply bounded, and, with this gradual
decrease of the blackening on the negative, it could be accu-
rately observed only in cases of a much greater displacement.
The difficulties of this case were therefore insurmountable until
a special procedure was thought out, which consisted in covering
the Hy star line, along with the artificial line, by a comparatively
broad strip which was brought exactly over the middle of the
Hy line in the star. If, then, the thread of the micrometer be
set on the middle of this strip, and the latter be then removed
and the thread set on the artificial line, the difference in the
readings will give the displacement.
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The accompanying figure will make the procedure clearer.
M\ )M is the intensity curve of the star spectrum in the vicinity of
Hy, K is the artificial Hy, displaced from the middle by the star’s
motion, and S is the strip covering the middle of the position of
maximum intensity and the line K.

S

M N\ . M

With a magnification such that the silver grains are readily
perceptible, the setting of the strip over the middle of the broad
Hy line can, after some practice, be accurately accomplished by
fastening the attention upon the density of the silver precipitate
on the plate to right and left of the strip. From a series of
small glass plates, upon each of which had been photographically
produced a dark strip of differing width (from 0.05 to 0.20™®),
the suitable one was chosen and laid directly upon the star nega-
tive, and fastened by a simple mechanical contrivance which
allowed of its being moved backwards and forwards by a fine
screw.

When the line in the star spectrum has been very broad and
without a distinct position of maximum intensity, I have em-
ploved still another method in the measurement of stars with
large velocities. A number of lines of varying breadth and
blackness, but narrower than the strips just mentioned, were
photographed upon small glass plates, and that one was then
selected which most nearly equalled in breadth and blackness
the artificial Hy on the negative to be measured. The plate was
then laid upon the star negative, and by the fine screw set upon
the broad star line, so as to be symmetrical with the artificial
Hy. In the figure the star line is represented by the dipping of

K 8

the curve MM, K is the line from the Geissler tube, to which is
symmetrically set the line S on the glass plate. The micrometric
measurement of the distance KS gives the double value of the
displacement. By practice much can here be gained in accuracy;
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attention to the silver grains is in this case also important. It
has shown itself to be of advantage to repeat the measurements
on different days, since very soon a certain habit of perception
sets in which gives the measurements on a single day the appear-
ance of an accuracy which is somewhat illusory.

The first result of any importance which the spectrographic
method furnished was the proof of the influence of the Earth’s
motion on the displacement, which the earlier direct observations
had failed to show with certainty. I append here a few
examples :(—

a Aurige. « Tauri.
Vel. of Barth's Starsed.
’ arth’s Star .
Date. Obs. Vel. Ba\}:’f .s::rs'::: Date. Obs. Vel. Vel.  to Sun.
1888 Oct. 6 — 3.5 15.4 + 119 18880ct. 28 4 18.1 — 9.5 27.6

Nov.10 + 249 — 5.9 30.8

T3t IR pes Two + 18 1283
4 8 — 12, .4 . X . X
25 + 3.5 — 12,4 I 15.9 1890Jan. 9 +43.7 +12.3 +314
28 + 3.8 — 118 13.6 a Ophiuchi.
3::‘ ? _""'_ .g’g - 29 :t : "I 1888Sept.30 +27.6 + 14.1 + 13.5
: 13 4 15:6 + 03 + :33 1889June 7 + 9.7 — 10 4107
1889 Jan. 2 +20.2 4 6.6 4 13.6 a Ursz Majoris.
Feb. 5 + 308 4 14.3 4+ 16.5 1888Nov. 7 — 17.0 — I11.9 — 5.1
May 6 -+ 33.2 + 17.0 4 16.» 9 —181 —11.9 — 6.2
Sept.15 — 3.6 --168 + 13., 1889Mayzg -t g.z i ::2 - 1;.6
.4 2 - 7.

A further result of the new method was the discovery of the
changes in the motion of Algol, and thereby the proof of the ex-
istence of a dark satellite, for the determination of which the
most delicate measurements were necessary. The discovery of
the periodic motion of a Virginis then followed.

As an example of the accuracy of the method of symmetrical
setting, which has been applied for stars with broad and ill-
defined lines, and generally in the case of « Virginis, I give here
“the results of the measurements, with the period which I have
deduced from them :—

a Virginis. Velocity in the line of sight — velocity of system

t—t,
= 56.7 sin [ 7 2 ]360°, in miles.

Velocity of system — — 9.2 miles.  Period, p, =— 4.0134 days.
Epoch to, = 1890 May 4, 102.60 Potsdam m. T.
Obs. V Obs. Vel.

less Vel of Calc. less Vel. of Cale.
Date. Translation Vel. O-—C. Date. Translation Vel. o—C.
1889 April 21 — 48.4 —53.5 4 5.1 1890 April 10 6.0 10.6 — 4.6
— 54.3 —§32.1 —232 1 50.7 562 — 5.5
May x + so 7 + 526 — 1.9 13 —5§76 —562 — 1.4
1890 Apnil 4 6.5 — 12.4 5.9 15 62.7 56.2 - 6.5
- 553 —562 +o9 May 1 +53.5 +567 — 32
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Obs. Vel. Obs. Vel.
less Vel. of Calc. less Vel. of Calc.

Date. Translation Vel. o.—C. Date. Translation Vel. 0.—C.
1890 May 4 — 3.7 — 1.8 — 19 May26 + 5.1 4 5.5 —o0.4
7 —61.3 —56.7 — 4.6 27 — 526 —356.2 4 3.6

8 —.05 — 1.4 409 28 — 129 — 88 —g34.1

9 4632 +56.7 + 6.5 31 —56.2 — 56.2 X
17 4+ 61.8 4 56.7 + 5.1 June 4 —49.8 — 558 + 60
18 460 + 5.5 +o0.5 1891 April24 4+ 32 4+ 46 — 1.4
23 — 655 — 562 —9.3 27 +479 +452 +27

24 — 1.4 — 55 +4.1 May 3 — 581 —632 +43§.1

25 +530 +56.2 —3.2 . i

. As an example of the delicacy of the spectrographic negatives,
I remark that in those of S Aurige not only has the periodic
doubling of the lines been perceptible and well measurable in the
magnesium line 4 = 44.8xx, but also on some plates in other very
fine lines in its vicinity. These observations may be found in
Ast. Nach., No. 3017.

In order now to give an illustration of the accuracy which is
attainable by the method of covering Hy by a strip, I add my ob-
servations on « Lyrze and « Canis Majoris :—

a Lyre. a Canis Majoris.

Star's Star’s

Earth's Vel. red. Earth’'s Vel.red.

Obs. Vel. Vel. to Sun. Obs. Vel. Vel to Sun

1888 Sept. 28 — 2.6 + 86 — 11.2 188 Dec. 13 — 141 — 49 —9.2

Nov. 11 — 17 +70 — 87 180Feb. 12 4+ 08 4 94 — 8.6

13 — 1.5 +68 — 83 181Feb. 7 4+ o1 + 83 —8.2

1889 May 31 — 10.7 — 4.8 — 5.9 Mar.21 4+ 44 +13.8 —o9.4

June 6 — 99 —40 — 59 22 + 61 4139 —7.8
Sept.15 — 1.8 4+ 81 — 99
Nov.24 — 4.2 4 57+— 99
25 — 6.7 456 — 123
26 — 7.2 + 54 — 126

I remark, further, that the observations of Sirius by the method
for stars of the second class give 7.3 miles, and with the aid of
the iron comparison spectrum 9.0 miles as the rate of approach
towards the Sun.

In regard to the exactness of the measurements in general I
will state that out of the average of all the observations the re-
sulting probable error of a single negative for stars of Class II.
is + 1.34 mile; for the stars of Class I. + 2.31.

Each star has on the average been observed 3.3 times, and the
measurements have been made independently by myself and by
Dr. Scheiner. It may, therefore, be concluded that the probable
error of the definitive values for both spectral classes will amount
to less than one mile.

Iintend after the definite completion of the measurements to
communicate to the Society a list of the observed velocities, and

will remark in conclusion that the velocities of the stars have

-
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proved to be much smaller than was to be expected from the di-
rect observations. The mean result for forty-seven stars is 10.6
English miles.

Among them six have a velocity less than 2, and ‘five greater
than 20 miles; the greatest is that of « Tauri, about 30 miles.
Fifteen of the stars have a positive and thirty-two a negative
motion.

PoTrspaM,"RoyaL OBSERVATORY,

1891 December.

NOTE ON THE STONYHURST DRAWINGS OF THE SOLAR SPOTS
AND FACULZE."*

REV. WALTER SIDGREAVES.

At the commencement of the series of Sun-spot drawings,
instituted by the late Fr. Perry in November 1880, it was decided
to fill in the faculae, so far as this could be done with certainty.
No small difficulty was experienced in the attempt, for it seemed
impossible to produce a faithful representation of them, and both
the director and the observer were forced to be content with a
skeleton tracing of the brighter parts which could be differen-
tiated from the rest of the photosphere without chance of error.
Experience, however, in the course of time, taught the observer
the magic effect of motion imparted to a faint image; and as he
slowly travelled the image of the Sun across the drawing-sheet,
the patches stood out with a clearness of definition that excluded
all doubt of the border-line between facule and photospheric
glare. The method then adopted, and followed ever since, was
first to outline the brighter parts upon the stationary image, and
then to fill in the picture by sketching the fainter details taken
‘from the image while moving it slowly to and fro across the
paper. By this means a very trustworthy record was obtained;
and it was much improved by adopting the suggestion, made by
Sir G. Stokes in 1883, that the contrast of a red-lead tracing of
the faculee would greatly help the eye in its search through the
drawings for the true relation between the dark spots and their
glowing attendants. This is apparent in following the disturb-
ances through all their changes, and in sifting their evidences
for an answer to the query, Which is the forerunner of the other?

During the entire period of Fr. Perry’s direction of this

* Monthly Notices, December, 1891.
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Observatory no clear instance of facule preceding the birth of a
spot had been detected in the drawings. Facule were always
most abundant after the birth of a spot, and always outlived it,
lingering for weeks and sometimes for months before expiring.
But, on the other hand, the drawings afford no positive evidence
of the birth of a spot before the appearance of facule; while
every spot of importance appears to have been attended from the
beginning with at least a small surrounding of facule. So that,
although it remains true that faculein no extensive form precede
the birth of a spot, but develop and grow to maturity either
along with the spot or after its decline, we must guard our con-
clusions against their extension to the absolute priority of the
spot.

The chances of gaining the positive evidence about the priority
are not favorable. The greater part of the Sun’s surface, on
which a spot may spring into life, offers no possibility of seeing
the faculze. And during the years of greater activity our chances
are greatly reduced by the interlacing of old and new facule. It
is only during the minimum period of spot-life, when the intervals
are greater and old debris get cleared away before new storms
begin, that we can well hope for the evidence we want.

The drawings of the recent minimum period of 1889 have
been under careful study during the past twelve months, and we
find amongst them two cases in which the evidence of first
appearance is unquestionable. And both of these show facule
before any trace of a spot appears.

On June 29, a small patch of facule was sketched near the
eastern limb, in latitude — 40°.5 and in longitude 252°. There
was no trace of a spot in the neighborhood, and neither spot nor
faculee had been seen near the position for years. On the follow-
ing day a small round spot appeared in latitude — 40°.3 and
longitude 252°.2—1. e., in the midst of the facule, the facule on
this day being visible only just close round the spot. Again, on
July 31, another small patch of faculee appeared in latitude — 22°,
longitude 155°, without any spot near it. It was seen again on
the following day, and still without a spot. But on the third
day, August 2, a spot was sketched in latitude — 21°.9, longi-
tude 155°.4.

In both cases the facule were of small area, but bright. And
there can be no doubt either of the facule or of the spots. Both
were new. The facule were not remnants, and the spots were
not revivals of old disturbances. We may not be able yet to
conclude that facule are really forerunners of spots. The two

p | /‘
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spots referred to may have been for the time hidden from our
view by the faculzz. But this has no appearance of probability,
the faculae being seen at a distance from the limb of quite one-
tenth of the solar diameter. So far, therefore, as our drawings at
these dates are witnesses to priority, their evidence stands for
some facule preceding the birth of a spot. And more of the same
class of evidence may be found even in the years of greater spot
frequency, when the records of their spots and facule have been
more fully examined and the history of each group is more ac-
curately written.
STONYHURST OBSERVATORY,
Lancashire.

RESUME OF SOLAR OBSERVATIONS MADE AT THE ROYAL OB-
SERVATORY OF THE ROMAN COLLEGE DURING THE
FOURTH QUARTER OF 1891.*

M. P. TACCHINI, DIRECTOR.

RELATIVE FREQUENCY RELATIVE SIZE
of days with- . No. of groups
No. of days. of spots. out spots. of spots. of facule. per day.
October...... 26 15.54 0.00 54.69 85.77 4.96
November...22 12.50 0.00 61.38 51.50 341
December....28 8.57 0.00 42.18 35.36 2.68

By comparing these data with the results of the preceding
quarter, it is seen that the phenomena of solar spots and faculae
have decreased somewhat during the last quarter of the year.
It must be remarked, however, that in the new series of observa-
tions there is not a single day without spots, and that the fre-
quency of the groups is the same as for the preceding quarter; it
may thus be concluded that we are now in a maximum spot
period.

The season has been less favorable for prominences, especially

in November. The following are the results obtained:
PROMINENCES.

No. of days. Mean number. Mecan height. Mean extent.
October........cccecrveeeecnne 22 9.82 43”.6 1°.7
November.......ccouuuureeeens 15 5.73 35 4 1.6
December ..........cccceeuen.. 21 6.48 40 .2 2.2

The marked frequency in the month of September continued
into October; since then the number of prominences has some-
what diminished, so that for this quarter the phenomena of
solar prominences may be considered as stationary relatively to
the preceding quarter.

* Communicated by the author.
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ON THE INFLUENCE OF PRESSURE ON THE SPECTRA OF
FLAMES.* .

G. D. LIVEING AND J. DEWAR.

We have already described (Phil. Trans., A, 1888) the remark-
able spectrum of the oxy-hydrogen flame burning at the ordinary
atmospheric pressure. Recently we have examined the spectrum
ofthe same flame at various pressures: hydrogen burning in ex-
cess of oxygen up to a pressure of 40 atmospheres, and oxygen in
excess of hydrogen up to a pressure of 25 atmospheres, also that
of the mixed gases burning in carbonic acid gas.

The apparatus employed was an adaptation of one of the tubes
used in our experiments on the absorption spectra of compressed
gases (Phil. Mag., September, 1888, and Roy. Soc. Proc., vol. 46,
p-222). It consisted of a steel cylinder, about 50™™ in internal
diameter and 225™™long, fitted at one end with a quartz stopper,
ain the annexed figure, and with a jet, b, for burning the gas,
adapted by a properly fitting union joint to the opposite end.
There were two tubes, ¢ and d, connected to the cylinder at the
sides, of which one, ¢, served for the introduction of gas, while
the other, d, was fitted with a stopcock, and was used to draw
off the water formed, or to reduce the pressure of the gas in the
cylinder if that was desired.. The flame was observed, nearly end
on, through the quartz stopper. The whole apparatus was kept ’
cool by a stream of cold water running on to a sponge cloth
wrapped around the cylinder. In the course of the tube convey-
ing gas to the jet b was interposed a small cylinder, e, in
which sodium was placed, and by heating this the gas entering
could be charged with sodium vapor.

The gases were supplied from steel cylinders into which they
had been compressed, and the pressure was registered by a gauge
attached to the tube by which the gas entered the experimental
cylinder. Commercial compressed gases were used, containing a
sensible percentage of air.

When hydrogen was the gas forming the burning jet, it was
lighted at the end of the tube b before introducing it into the
experimental cylinder. When it was desired to have a jet of
oxygen burning in hydrogen, this could be managed by introduc-
ing oxygen through the second tube and increasing the supply of
hydrogen until the flame passed over to the oxygen jet. The
same result was sometimes attained by first filling the experi-

* Proceedings Royal Society, No. 298
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mental cylinder by a gentle stream of hydrogen through the side
tube c before the end with the tube b was screwed on; the hydro-
gen as it issued was then lighted, and the jet, with a gentle
stream of oxygen issuing, inserted and screwed down. The stop- .
cock s was kept open until this was done, and then by closing s,
and admitting more gas from the reservoirs, the pressure in the
experimental cylinder could be increased at pleasure.

Hydrogen Burning in Oxyvgen.

The first observations were made with a jet of hydrogen burn-
ing in oxygen. As the pressure rose, the luminosity of the flame
increased, as long ago described by Frankland (* Experimental
Researches,’ p. 905). The color of the flame, viewed end on,
was yellow, as if it contained sodium; but, on examining it with
a spectroscope, it was found to give a continuous spectrum in-
tersected by many shaded bands, and the D lines of sodium were
only faintly present. The shaded bands were faint at a pressure
of 5 atmospheres, but at pressures of 20 atmospheres and up-
wards they came out strongly. They were evidently the absorp-
tion bands of NO,, derived from the residue of atmospheric air
mixed with the condensed gases. We took a photograph of
them, and on comparing this with a photograph of the NO,
bands, we found the two to be identical. Except for the bands,
and the bright lines of sodium, the spectrum appeared to be con-
tinuous, and to extend from about 2 6200 to 2 4150, with the
brightest part about 4 5150. It increased in brilliance as the
pressure increased, as well as in extent, being visible at 3 atmos-
pheres pressure from about 2 6720 to 2 4040. The greater dis-
tinctness of the NO, bands at the higher pressures was due both
to the greater brightness of the continuous spectrum and to the
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greater quantty of NO, formed. A large gnantity of water accn-
.mulated m the experimental tube, and when this was drawn off
by the stop-cock s 1t effervesced with escape of NO, and was found
to be strongly acid. A specimen titrated was found to contain
very nearly 3 per cent of nitric acidd. The observations were con-
tinned wp to a pressure of forty atmospheres. There was no indi-
cation that the continuous spectrum had any connection with the
line spectrum of hydrogen. There was no increase of brilliance in
the neighborhood of the C, F, or G lines of hydrogen. The char-
acters of the spectrum were, howerver, better seen in the absence
of NXO.. and will be described in the next scction.
Oxxgen Burning in Hvdrogen.

In this case the color of the flame was very different from that
of hydrogen burning in oxygen. Instead of being yellow, it ap-
peared, to the unaided eye, to have a lavender hue. In the spec-
troscope it showed a perfectly continuous spectrum, brightest in
the green, about the region of the Fraunhofer line b, and very
gradually fading away on either side. On the red side it could be
Jjust traced up to about 4 6150, and on the violet side to about
~ 4285, at ordinary pressures. The sodium lines were absent,
With increase of pressure it increased very much in brightness,
and at 8 atmosphergs pressure it could be traced as low as
» 6630 and as high as 4 3990.

The dispersion used was that of a direct-vison spectroscope
(such as was described by us, Roy. Soc. Proc., vol. 41, p. 449),
equivalent to three prisms of white flint glass, but the collimator
and-telescope very short, so as to obtain plenty of light. With
less dispersion, perhaps, the continuous spectrum might have
been traced further. Photographs, however, showed that it
scarcely extended into the ultra-violet. There was no indication
that this spectrum was due to an expansion of the lines of cither
the first, or second, spectrum of hydrogen. It is true that the
maximom brightness (which could not be determined with any
great accuracy) was not very far from F, but no indication of
any second maximum in the neighborhood of either C or G, or
anywhere else, could be detected. The pressure was carried up to
12 atmospheres, and at this pressure the visible spectrum waw
brilliant, but, in the ultra-violet, photographs showed that the
spectrum consisted only of what we have called the * water-
spectrum,”” very strong and sharp. The lines of this spectrum
showed no signs of expansion even at a pressure of 12 atmon.
pheres, and, though much more intense than at ordinary pres-
sures, remained clearly definesd



218  The Influence of Pressure on the Spectra of Flames.

Observations were continued with the eye up to 25 atmos-
pheres pressure, but no trace of emission, or absorption, corres.
ponding to either spectrum of hydrogen could be detected, and it
is doubtful if either spectrum can be produced in such a flame.
Since the formation of steam from its component gases is at-
tended with a diminution of volume, increased pressure will in-
crease the stability of the compound, and the flame will contain a
larger proportion of steam, as well as have a higher temperature,
than at ordinary pressures.

The water formed when the flame was a jet of oxygen burning
in hydrogen was found to be alkaline, and to contain ammonia.
But the proportion of ammonia was much less than the propor-
tion of nitric acid formed when the jet was hydrogen burning in
oxygen; a specimen titrated contained 0.004 per cent of am-
monia.

Effects of Pressure on the Sodium Spectrum.

In order to see what effect would be produced by increased
pressure on the spectrum of other substances in the flame, we
charged the hydrogen with sodium vapor by making it pass,
before entering the experimental cylinder, through a small iron
cylinder, e in the figure, containing metallic sodium, heated by a
lamp. As the D lines of sodium are very easily’ expanded and
self-reversed in a flame at ordinary pressure, some care was
needed to discriminate the effects, which were really to be as-
cribed to pressure. The gas was easily charged with sodium
vapor, and when burning in oxygen, not only the D lines, but
the citron and green pairs, and sometimes the blue pair (4467),
and the orange pair (2 616), were well seen; but we could not
find that they were expanded by increase of pressure. A sudden
change of pressure generally produced an expansion, hut it did
not last; the lines fined down again when the pressure was
steady, whether that pressure was high or low. These experi-
continued up to a pressure of forty atmospheres without any
definite effect on the width of the lines which could be ascribed to
the pressure.

It may be said that at the higher pressure the evaporation of
the sodium would be slower, and so the proportion of sodium
vapor to hydrogen be diminished; also when the lines are diffuse
at the edges to begin with, it is extremely difficult to judge
whether there is any expansion. At all events, we may say that
there is no expansion produced by pressure at all comparable
with that produced in a flame at ordinary pressure by increasing
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the quantity of sodium in the flame. We noticed, however, that
the presence of sodium, which produces a feeble continuous spec-
trum in a flame at an ordinary pressure, seemed to increase the
continuous spectrum of the flame under pressure, especially in
the orange and green.

Oxy-Hydrogen Jet in Carbonic Acid Gas.

For this experiment a two-branched tube (the upper one in the
figure) was used. The jet of mixed oxygen and hydrogen was
first lighted and introduced into the experimental cylinder, while
the latter was full of air and the stop-cock s open. The air was
then replaced by CO, entering by the tube ¢. The effect of this
was at once to brighten the flame and change its color from yel-
low to blue. Seen in the spectroscope, the change consisted in an
increase of continuous spectrum, especially towards the more re-
frangible end. When the stop-cock, s, was closed so that the pres-
sure rose in the experimental cylinder, the flame increased in
brightness, but there was no other change in the spectrum. It
remained continuous with no bright or dark lincs, or bands, ex-
cept the D lines of sodium. It resembled an ordinary flame of
CO. The jet would not burn in CO, unless there was some excess
of oxygen, and even with an excess of oxygen we could not get it
to continue to burn in CO, at a pressure higher than two atmos-
pheres.

Ethylene in Oxygen.

A jet of ethylene burning in oxygen gave, when the flame was
small, the usual candle flame spectrum, together with a band in
the indigo (4 431) shading towards the violet; but as the press-
ure was increased the continuous spectrum brightened and com-
pletely overpowered the bands, and at the same time the absorp-
ton spectrum of NO, appeared. We carried the pressure up to 33
atmospheres, and at that pressure the flame seemed to give noth-
mg but a continuous spectrum, intersected by the absorption
bands of NO,. Iu our tube, the flame was viewed almost directly
end on, and it is possible that if we had seen the flame sideways,
we might have detected the hydro-carbon flame spectrum near
the nozzle. At the high pressure much soot separated. We tried
burning a mixture of ethylene and oxygen. The mixed jet burnt
well in air and, when the supply of oxygen was sufficient, gave
the hydrocarbou flame spectrum. In the experimental tube in
oxvgen the jet burnt well at the atmospheric pressure, but we
failed to get it to continue burning when the pressure was in-

el
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creased. The shaded band, commencing with a sharply defined
edge about 4 431, seems to be independent of the pressure, and
has been before observed in a gas flame (Huggins, Roy. Soc. Proc.,
vol. 30, p. 580). In fact the only effect of pressure in this, as in
the former cases, seemed to be the increase of the continuous spec-
trum.

Cyanogen and Oxygen.

As we could not obtain cvanogen at such pressure as we had
used in the case of the other gases, we were obliged to content
ourselves with exploding mixtures of cyanogen and oxygen in an
iron bottle, fitted with a quartz stopper like that of the experi-
mental tube above described. The bottle, having been exhausted
by an air pump, was filled with the mixture of gases, and ex-
ploded by an clectric spark. With less than 3 vols. of oxygen to
1 vol. of cyanogen, there was always a considerable deposit of
carbon, which covered the quartz and impeded vision; but with
3 vols. of oxygen to 1 of cyanogen the carbon was all burnt.
Notwithstanding the brilliant banded spectrum of a flame of cy-
anogen in oxygen at ordinary pressure, nothing but a continuous
spectrum could be seen in the flash of the exploded gases, except
the ubiquitous D lines of sodium. The continuous spectrum was
bright. Photographs showed a continuous spectrum with lines
of iron, calcium, potassium, and sodium, but no cyanogen or car-
bon bands, or carbon lines. When a little hydrogen was added to
the mixture of gases, no trace of the hydrogen red or green line
could be detected in the spectrum of the exploding gas.

In every case, the prominent feature of the light emitted by
flames at high pressure appears to be a strong continuous spec-
trum. There is not the slightest indication that this continuous
spectrum is produced by the widening of the lines, or oblitera-
tion of the inequalities, of the discontinuous spectra produced
by the same gases at lower pressures. On the contrary, it
seems to be developed independently. This is, on the whole,
quite in accordance with what would be expected, counsidering
that under pressure the molecules of the gases have much
less freedom, encounters amongst them are much more frequent,
and they have much less chance of vibrating independently, and
of taking up exclusively, or chiefly, the fundamental rates of vi-
bration which are natural to them when free. Their condition,
during a large part of any given time, approximates to that of
the molecules of a liquid, and their spectra approximate to that
of a liquid to at least a like extent. On the other hand, the
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higher temperature which, in many flames, attends an increased
pressure, ought to give some intensity to the special radiation
which the molecules emit during their time of free motion; and
this we have noticed to occur in the principal sections of the dis-
continuous spectrum of the oxy-hydrogen flame. Whether the
continnous spectrum is due to the mutual action of the molecules
of the compressed gases may perhaps be best determined by some
photometric measures of the rate at which the brilliance increases
with the pressure. Frankland (‘Exp. Researches,’ pp.892 ct seq.)
has made some such measures, but not sufficient to solve the
question. We have made an attempt to measure, not the total
intensity of the light, but that of rays of definite refrangibility.

Photometry of Oxy-Hydrogen Flame under Pressure.

The apparatus used for these measures was a spectro-photo-
meter of the pattern emploved by Crova (Annales de Chimie,
ser. 5, vol. 29, p. 556). In this, the rays of one of the sources of
light to be compared are passed through two Nicol’s prisms,
and then reflected into ome-half of the slit of the spectroscope,
while the light from the other source passes directly into the
other half of the slit. By turning one of the Nicol prisms, the
light from the first source can be reduced at pleasure, and any
small section of the spectrum can be separately observed by cut-
tmg off the rest by means of a shutter in the eye-piece. We
found it by no means easy to get good concordant observations.
Amuch larger vessel was used than for the earlier experiments,
one which contained several litres, and so we may presume a
more uniform pressure was maintained withinit. The results of
the best series of observations on the photometric intensity of
the jet of oxygen burning in hydrogen are given in the following
table. The comparison light was a petroleum lamp.

1. 2. 3. 4.
15 lbs. 3° 274 30X 3= 270
35 7 1485 30 X T'= 1470
35 11 3641 30 X 112—= 3630
75 14 5853 26 X 152 = 5850
95 19 10600 29 X 192 =10469

The first column gives the pressure of the gas, the second the
mean of four to six observations of the angular deviation of the
Nicol's prisms from the position of complete extinction, for each
pressure. The third column gives the squares of the sines of the
angles in the second column multiplied by 100,000.

It will be seen from the last column that the numbers in the
third column, which should be proportional to the photometric

~ -
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intensities at the respective pressures, are approximately propor-
tional to the squares of the pressures.

This may be taken to indicate that the brightness of the contin-
uous spectrum depends mainly on the mutual action of the mole-
cules of gas.

A series of similar observations on hydrogen burning in oxygen
gave somewhat different results, tabulated below :

1. 2. 3.
15 lbs. ' 6° 1093
35 13 5060
55 18 9549
75 22 14033
95 \ 28 17861

The flame was brighter than that of oxygen burning in hydro-
gen at ordinary pressure, but the rate of increase with increased
pressure was not so rapid as in theformer case. It seems as if the
continuous spectrum were made up of two parts, one varying as
the square of the pressure, and another according to some other
law. The flame is evidently not the same in the two cases. The
products of combustion derived from the small quantity of air
are different, and also the hydrogen jet always showed the pres-
ence of sodium, sometimes calcium. The appearance of the flame
was also different; the hydrogen jet being faintly visible and yel-
lowish in the elongated part, whereas the light from the oxygen
jet was concentrated near the base, the point being invisible. The
measures of which the means are tabulated above were also less
concordant than the corresponding measures for the oxygen jet.
We were unable to carry our measures beyond a pressure of 95
pounds, because at higher pressures a cloud was formed in the
apparatus which prevented our seeing the flame directly. We
hope to prosecute these measures with flames of other gases, and,
if possible, at higher pressures.

The conclusions to which our experiments have led seem incon-
sistent with those which have been drawn from Pliicker and Hit-
torf’s well-known observations on the widening of the hydrogen
lines in vacuous tubes with a residue of hydrogen when that resi-
due increases. That the widening of the lines in a Pliicker’s tube
results from increasing the density of the residue of hydrogen in-
the tube cannot be gainsaid, but we are wholly ignorant of the
mechanism by which the gas is lighted up by the electric dis-
charge. It is sometimes assumed, but without any sufficient
reason, that the energy of the electric current is first converted
into heat, and then in turn into radiation; but the electric en-
ergy may equally well be directly converted into the motion of
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radiation. As a fact, we have never yet been able to obtain
either the emission or the absorption spectrum of hydrogen with-
out the aid of an electric current, so that, in reasoning on this
spectrum, we are much more in a region of speculation than
when treating of flames. Whether the hydrogen lines, bright or
dark, in the solar spectrum are produced directly by the high
temperature of the Sun, may even be called in question. And
though we may admit that the density of the hydrogen in the
Sun's atmosphere, outside the photosphere, is but slight, it does
not follow that the total pressure of all the gases forming that
atmosphere is so very small as Messrs. Franklin and Lockyer
('Rov. Soc. Proc.,’ vol. 17, p. 288) have, from the width of the
lines, concluded it to be. After all, it is not so easy to connect
the temperature, even of a flame, with its radiation, for it is only
when the condition of a gas is steady that we can assume that
there is a definite relation between the motion of agitation, on
which temperature depends, and the vibratory motions on which
radiation depends. In speculating on such questions, chemical,
as well as electrical, changes must not be lost sight of although
the latter may be more directly concerned in radiation.

Experiments which we have commenced upon the arc in an at-
mosphere of compressed gas tend to the same conclusion. It
does not appear that the metallic lines in the arc are sensibly af-
fected by a steady pressure up to 15 atmospheres. The details of
these observations, which are complicated by the variation of
resistance with change of pressure, we defer until the experiments
are finished.

ON THE PHYSICAL CHARACTERS OF THE LINES IN THE SPARK
SPECTRA OF THE ELEMENTS.*

PROFESSOR W. N. HARTLEY, F. R. S.

The properties of the atoms are a periodic function of their
masses, and the physical characteristics of the spectra of the ele-
ments appear to be an expression of the properties of the atoms;
for there is undoubtedly an intimate congection between the rays
emitted by the self-luminous vapors of the elements and their
chemical and physical properties.

If we photograph the spark spectra of thirty or forty of
the elements and arrange the spectra in groups following the
periodic law, the arrangement will be seen to be a perfectly nat-

* Proceedings Royal Society, No. 300. -
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ural one. This observation applies not only to the groupings of
the lines, but also to the physical characteristics of the individual
lines. In spark spectra the three most striking characteristics are
(1) an extension of certain lines above and below that part of
the spectrum bounded by the points of the two electrodes; (2)
the nimbus which surrounds the extremities of the lines, even to
some extent those portions which form an extension; and (3)
the continuous spectrum which forms the background to the
lines. :

(1.) On the Extension of the Lines.—The spark discharge, as
shown by Perrot, is composed of two parts, of which the fiery
track, or central portion, is a statical discharge, and the aureole,
or flame, is dynamical, and capable of electrolytic action.

From careful observation of the sparks, and photographs of
spectra, I have come to regard all those spectra with lines ex-
tended as spectra of different discharges taken simultaneously.
The principal lines lying between point and point of the electrodes
are spectra of the fiery path of the spark; the extension of the
principal lines above and below the points of the electrode ap-
pear to be spectra of the aureole. The principal observation
which leads to this conclusion is that the electrodes are seen to
glow silently and continuously above and below the points of the
upper and lower electrodes, and frequently slight roughnesses
present the appearance of brightly but steadily shining dots; par-
ticularly is this the case with those metals which exhibit the most
extended lines, as, for instance, cadmium, thallium, and indium.
The lines in many spectra are free from this extension, and no
glow is observed on the electrodes. A study of about thirty dif-
ferent spectra of the metals and semi-metallic substances has led
to the following observation.

Elements which are difficult to volatilise, and those which are
bad conductors of electricity, do not exhibit spectra with ex-
tended lines; and, conversely, metals which are the best conduct-
ors and the most volatile exhibit spectra with their principal lines
largely extended. ’ ’

The following metals are good conductors, that is to say, sufhi-
ciently good not to impede the spark when broad eletrodes are
used, and they are more or less volatile. They show a large ex-
tension of their principal lines:
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Atomic

Boiling Atomic ! Volatility. Atomi

point. mass.

Magnesium.| 1100°C.! 24.4 |/ Aluminium.| Not volatilised by or- 27.08
i dinary means.

Zinc...cceonnee. 924° to 65.3 ' Indium....... Volatiised at a red | 113.7
954° C. M heat.
Cadmium....| 763° to| 112.1 | Thallium....| Easily Volatilised at a | 204.2
722°C. | red heat.
Atomic mass.
Copper...... ..... Not volatilised by ordinary means.........ccccevevnenses 63.33
Silver.............. Boils about 1570° C. 107.93
Mercaury.......... Boils about 357° C.......covvvinnriininennisssercnscnnseenonans 200.1

In these examples the extension of lines is least in the case of
the least volatile metals, which are also those of least atomic
mass, and it is greatest with those which are most volatile and
of greatest atomic mass.

The continuous spectrum in these examples is very weak, and
the air lines are almost absent from the thallium and mercury
spectra, the air spectra being suppressed by the excess of dense
vapor in the track of the spark. The lines most extended are the
following: In the cadmium spectrum, those with wave-lengths

3611.8, 3609.6 (a pair), 3466.8,3465.4 (apair). These pairs ap-
pear as single lines if the dispersion is insufficient and the defini-
tion imperfect.

The most refrangible line of each pair is the more extended.
The other lines in this spectrum are 3402.9, 2747.7, 2572.2,
2313.6, and 2265.9, all with fine extensions. In the spectrum of
thallium, wave-lengths 3775.6, 3528.8, 3518.6, and 2917.7.

In the spectrum of mercury, the lines with wave-lengths 4358,
4046.5, and 3984 are well extended, but the most important ex-
tensions in this spectrum are the lines with wave-lengths 3662.9,
3654.4, 3632.9; the last of these, which form a well-marked trip-
let, is by far the most extended. The pair of lines 3130.4 and
3124.5 are greatly extended, and the same remark applies to
2966.4 and 2946.6.

The dimensions of the principal lines in the cadmium, thallium,
and mercury spectra were measured on my enlargements. The
principal portion of the lines lying between point and point of
the electrode was 42 mm. in all spectra. The extension of the
lines below was 22 mm. to 25 mm., extension above, 9 mm. to
10 mm. As the extension is always sharp and well-defined, it is
an important feature in these spectra. Even concentrated solu-
tions of the metals, when photographed with graphite elec-

-
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trodes, exhibit this extension in their principal lines. For in-
stance a solution of beryllium chloride shows a very remarkable
extension above and below the points of the upper and lower
electrodes; the dimensions of the principal line, wave-length
3130.2, are as follows: between the ‘points, 42 mm., below,
10.5 mm.; above, 17.5 mm. It is at the upper or positive elec-
trode that the longest extension is observed, but at the lower or
negative electrode that it is strongest. In the case of the cad-
mium lines, the extension is smaller, but strong at the side of the
negative electrode, and very fine and long at that of the posi-
tive.* The appearance of lines due to impurities or traces of
metals in the spectrum of the negative electrode only, I have at-
tributed to the oscillation of the spark discharge, and the fact
that the negative electrode is the hotter.}

(2.) The Nimbus.—The nimbus is not apparently dependent on
the volatility or the oxidisability of the vapor of the elements,
though these properties are connected therewith.

By far the largest nimbus is that of magnesium; those of cad-
mium and mercury stand next in order; the smallest are those of
platinum, gold, copper, and silver. It is thus evident that
neither conductivity nor vapor density controls it, for there is
very little nimbus on the lines of the thallium and iridium spec-
tra; but volatility certainly increases it. There is a considerable
nimbus on some of the lines in the spectra of arsenic, antimony,
and bismuth; also on a few lines of tin and of lead. In the case
of magnesium, the cause of the dense and large nimbus is proba-
bly the intensity of the chemical action of which the rays of the
incandescent vapor are capable, together with the large quan-
tity of metal in the track of the spark, owing to its volatility.

The chemical activity of the zinc rays is less than that of the
rays of magnesium, but the effect of this is overbalanced by the
density of the vapor and the volatility of the metal being both
greater; accordingly the lines of zinc have a large nimbus. The
nimbus is somewhat larger on the lines of cadmium than on
those of zinc, the volatility and the density of the vapor are
both greater.

The nimbus is evidently an expression of the quantity of mat-
ter in the spark, and the intensity of the chemical action which
the rays emitted by its ignited vapor are capable of exerting.

* In a paper published in the ¢ Scientific Proceedings of the Royal Dublin So-
ciety,’ on the constitution of electric sparks, this does not appear in the litho-
graphed illustration, but I have carefully verified the fact by ing to the origi-

nal photographs.
?Loc. cit., p. 373.
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(3.) On the Continuous Spectrum which forms the Background
to the Lines of certain Spectra.—This must be caused by the igni-
tion either of some solid substance or of a vapor which is not
that of an element but an oxide. An examination of the spectra
in which the continuous background of rays is a conspicuous fea-
tare discloses the fact that the metals which are not oxidisable
do not possess it, for instance, gold, silver, and platinum.
Metals of the iron group show it near the points of the elec-
trodes when the non-volatile oxides are formed. The very vola-
tile metals with volatile oxides, such as mercury, iridium, thal-
lium, zinc, and cadmium, do not show it.

Spectra of the metalloids, such as tellurium, arsenic, antimony,
and bismuth, which are not only volatile but which form vola-
tile oxides, show it very strongly. Ordinarily, magnesium does
not show it, because the exposure necessary for photographing
the spectrum of that element is less by one-half the period of the
others, and by one-quarter that of tellurium. When a plate is
long exposed to the rays of magnesium, the continuous spectrum
appears at the points of the electrodes where the non-volatile
oxide would be formed. It may be considered that in the pas-
sage of the spark, the vapor of the element fills the track, and
this vapor, on cooling, forms, for a minute period of time, an in-
candescent oxide, and, the spectrum of this being a continuous
spectrum, its photograph appears as a background to the rays
emitted by the element.

But it is nevertheless the fact that the continuous background
is a very characteristic feature of the metalloids, though why the
vapors of these oxides should produce this action more conspicu-
ously than those of the oxides of the volatile metals, there seems
to be no sufficient or well-understood reason to be advanced at
present. It may be that the vapors of the metalloids in cooling
emit a continuous spectrum for a short period prior to oxida-
tion.

On the Breadth of Lines.—It is well known that under identi-
cal conditions, the principal lines in the spectrum of an element
become stronger and broader as the rays forming the spectrum
proceed from a larger quantity of material, that is to say, form
a denser radiating layer. It is evident, then, that in any series of
three or more elements of similar character, the intensity and the
breadth of the lines in their spectra will depend upon (1) inten-
sity of chemical energy, (2) volatility and vapor density, and (3)
electric conductivity of the metal. In accordance with these con-
ditions, the lines of cadmium are broader than those of zinc, and
the lines of zinc broader than those of magnesium.
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THE NEW STAR IN AURIGA.*

EDWARD C. PICKERING.

The photographs of the Henry Draper Memorial afford a
means of studying the past condition of the portion of the sky in
which the new star in Auriga has recently been discovered.
Eighteen photographs of this region were taken with the 8-inch
photographic telescopes from November 3, 1885 to November 2,
1891.

On none of them was the star visible, although on all but five,
stars of the eleventh magnitude were shown, and on some of
them stars of the thirteenth magnitude were visible. On the
plate taken November 2 spectra of stars ot the eleventh magni-
tude were shown. It is probable that the star was not visible
during these six years. Five plates, on the other hand, taken
from December 16, 1891, to January 31, 1892, show stars of the
twelfth magnitude and the Nova appears as a bright star of the
fifth magnitude. A still closer watch of the sky has been kept for
the past year with an instrument intended to furnish the scale of
stellar magnitudes of the brighter stars to which the stars photo-
graphed with the Bruce 24-inch photographic telescope will be
referred. This instrument is called the transit photometer. It
consists of a telescope having a Voightlinder doublet of five
inches aperture as an objective mounted like a transit instrument
and driven automatically by clockwork in such a way that a
region extending from 30° below the north pole to 30° in declina-
tion and in right ascension over three hours will be photo-
graphed on one plate.

The exposure given to each portion of this region is two
seconds, and in this time stars of the sixth magnitude and
brighter are distinctly shown. Plates were thus obtained on
thirteen nights from October 21 to December 1, 1891. On none
of these was the star visible, although y Aurigee, magnitude 5.00,
was always clearly shown. On twelve nights beginning Decem-
ber 10, 1891, and ending on January 20,1892, similar plates were
obtained, on all of which the new star was clearly seen. Measure-
ments of these images were made by Mrs. M. Fleming who also
made the examination of the photographs described above. The
Nova was compared directly with y Aurige, and the difference in
brightness estimated in grades as in Argelander’s method of ob-
serving variable stars.

* Communicated by the author.



PLATE IX.

The Spectrum of Nova Aungic. Photographed at Harvard College Observatory. Feb. g,

1892, with
the at-meh Draper Telescopue, (Exposure = 123 minutes).
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To secure independence in the measurements an assistant re-
corded the numbers of the plates and the measures, rearranged
their order according to chance, and returned them to Mrs. Flem-
ing to be measured again. A third measure was made in the
same way. On December 10, 11, 18, 28, and 30, 1891, and on
January 5, 8, 9, and 16, two photographic images of the star
were obtained. On December 17 and 18 the first measures were
repeated. The corresponding dates, magnitudes and residuals
expressed in tenths of a magnitude are given in the following
table:

Date Magn. Residuals.

1891 December 10 5.37 0—1—-1 0 0 O
. 11 5.33 0 0 04141 O
o 13 5.22 0 0 041 O0 O
“ 17 4.67 0 0—1—1 0 O
¢ 18 146 —1—1—1+1 041
‘“ ‘ . —2—2—2—1+4+1+2
' 28 4.55 0—1—-1 0 0-—1
. 30 4.60 —-141 0—1+41 0

1892 January 5 458 —1 04+1—1—1+41
- 8 4.72 0 0 0o+4+1 0 0
" 9 467 O0+1—1-1 0—1
‘ 16 4.96 O 0 0 0 o0 O
“ 20 5.23 +1 0 0

The accordance of the measures is shown by the average resid-
ual which equals + .05. From this it appears that the star was
fainter than the eleventh magnitude on November 2, 1891, than
the sixth magnitude on December 1, and that it was increasing
rapidly on December 10. A graphical construction indicates that
it had probably attained the seventh magnitude within a day or
two of December 2, and the sixth magnitude December 7. The
brightness increased rapidly until December 18, attaining its
maximum ahout December 20 when its magnitude was 4.4. It
then began to decrease slowly with slight fluctuations until Jan-
vary 20 when it was somewhat below the fifth magnitude. All
of those changes took place before its discovery, so that it es-
caped observation nearly twuo months. During half of this time
it was probably brighter than the fifth magnitude.

Since the announcement on February 2 of its discovery it has
been closely followed at this Observatory both visually and pho-
tographically. Comparisons by Argelander’s method visually are
made every clear night by Mr. O. C. Wendell and Mr. W. M.
Reed. Comparison stars have been selected so as to form a
sequence having intervals of three or four tenths of a magnitude.
Their numbers, positions for 1855.0 and magnitudes according
to the Durchmusterung are given below when they occur in that
catalogue. In other cases the positions have been determined
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directly. The first of these stars is 16 Aurigz, the second y
Aurige. The faintest star w is of the twelfth magnitude.

Design. D.M. No. R.A. Dec. Magn.
h m s ° :
a + 33° 1000 5 8 39.8 + 33 13.1 5.1
b + 32° 1024 s 23 184 +32 4.8 4.8
c + 33° 1018 s 10 28.7 + 33 48.1 5.9
d + 29° 869 5 Il 59.6 + 29 25.4 6.0
e + 30° 898 § 17 §5U4 + 30 4.2 6.2
f :t 29° 947 5 30 5.9 i 29 7.6 6.2
I's 29° 909 5 20 279 29 39 7.0
h + 27° 806 5 26 s50.0 + 27 33.7 7.1
k + 32° 1003 5 19 52.8 432 4.8 7.4
1 + 31° 1001 5 23 204 4+ 31 55.0 7.6
m + 31° 989 5 20 56.5 + 31 408 7-7
n + 30° o912 5 20 27.2 + 30 28.4 8.5
o 4+ 30° 913 5 20 48.6 + 30 19.8 8.7
p + 30° 918 5 21 556 +30 39 9.3
q + 30° 914 5 20 48.8 + 30 28.0 9.4
r 5 22 36.8 + 30 27.5
s 5 22 43.6 4+ 30 21.2
t 5 22 45.3 <+ 30 26.2
u 5 22 54.7 + 30 18.3
w 5 22 43.6 4-30 29.4
Nova 5 22 40.3 + 30 19.9

The magnitudes of all these stars will be determined photo-
metrically for use in the final reduction. On every clear night
Mr. Wendell also compares the Nova with the star s in the list
given above. These observations are made with the 15-inch
equatorial by means of a polarization photometer (H. C. O.
Annals XI, Jart I). Measures of the Nova and of the brighter
comparison stars are made by Mr. S. I. Bailey and the writer
with the meridian photometer. Five independent series of visual
observations will thus be obtained which will test the reality of
any apparent fluctuation. The position of the Nova with regard
to Weisse 5" 709 which is DM. 4 30° 92, has been determined
by Mr. Wendell with the 15 inch equatorial. The dates, the
resulting differences in right ascension and declination, and the
position for 1900.0 are given below.

Date da 44 « 1900.0 4 1900.0
1892 m 8 ’ ’” hn s © ’ ’
Feb. 4....ccuunennee. —1 48.20 —6 21.2 5 25 33.40 + 30 22 13.2
Feb 6....cocevens — 1 48.29 —6 19.9 5 25 33.31 + 30 22 145
Feb. 9...ccceeeens — 1 48.33 —6 20.3 5 25 33.27 + 30 22 141

Al —1 48.27 —6 20.56 5 25 33.33 <+ 30 22 13.9

Photographic charts are made every clear evening with the
8-inch Draper telescope, and photographs are also taken with
the transit photometer.

An important series of photographs of the spectrum is being
obtained with the 11-inch Draper telescope, and since the star
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will probably soon be too faint to photograph in this way,
spectra are also taken with the 8-inch telescope using a small
dispersion. The spectrum can thus be photographed until the
star is as faint as the eleventh magnitude. With these last pho-
tographs several lines, including F, G, h, K, and «, appear to be
bright. But on closer examination they are shown to be really
dark with the edge of greater wave-length bright. This is con-
firmed with the greater dispersion, the bright lines really consist-
ing of broad bands sharply defined on the edge of smaller wave-
length. The breadth of the bands is not due to poor definition
since numerous fine lines are also visible. Many of the lines,
including the K line and those due to hydrogen are double. The
evidence that this doubling is due to the different velocities of
different portions of this object is not conclusive owing to the
breadth of the bands. The difference in velocity indicated by the
separation of the lines i about 370 kilometers per second. The
apparent separation of the different lines in the photograph in-
creases as the wave-length diminishes, as it should according to
this theory owing to the increasing dispersion of the violet rays.
Two explanations have been offered of the sudden increase in
light of stars of this class—the mechanical theory that it is
caused by approach or collision, and the chemical theory that
it is due to volcanic action. The doubling of the lines strength-
ens the first of the above theories rather than the second.

HARVARD COLLEGE OBSERVATORY,
Cambridge, Mass., February 15, 1892.

ON THE VISIBLE SPECTRUM OF THE NEW STAR IN AURIGA.*

HEXRY CREW.

The following is only a preliminary general description of the
spectrum of Nova Aurigee, whose appearance was announced at
this Observatory on the 6th of February, 1892. The observa-
tions cover two evenings, Feb. 10th and 11th, and were made
with the spectrometer attached to the 36-inch.

The wave-lengths, while in no sense final, will be found much
more accurate than necessary to identify the lines, and will fur-
nish a hint as to the identity of some of them with known lines.
The positions were determined by comparison with the lunar and
spark spectra. The wave-lengths of the principal lines are given

¢ Communicated by the author.



232 The Visible Spectrum of the New Star in Auriga.

in the following table. The values for lines 11 and 14 are more
accurate than the others, these having been measured with a
14,438-line grating in the third order: line No. 11 was compared
with b, of the magnesium spark, and line No. 14 with F of the
hydrogen tube.

The remaining lines were determined by the use of a compound
prism. The numbers of the lines correspond with those in the ac-
companying diagram, which, taken with the light curve under-
neath, will give some idea of what can be seen with the eye.

s .
Sun L

Fave
Aerigee.

Intensit, y
Carre

Line. Wave-length. Description.
1 6565.8 Probably C: very broad and bright in prism: not seen in grating:
more brilliant than C line in Phi Persel, but not so bright or
sharp as C in Gamma Cassiopeia, when this last star is at its

brightest

2 6321. Faint, broad, diffuse.

3 6209. Not quite so bright as 2: but broader: both 2 and 3 may be bright
only in comparison with neighboring absorption bands.

5898, Yellow line, just below D;: intensity diminishes very rapidly on the
side towards the violet: at times this edge appears very sharp:
just above this line there is a rather narrow, dark, absorption
band, suspiciously near D.

7 5265. Three very taint lines: difficult to say whether they are really bright
g ggﬁg lines or simply bright regions bounded by dark spaces.
16,

11 5167.1 Much more brilliant than any of the preceding: quite broad: much
sharper on the upper side than the lower: nearly coincides with
by. he most brilliant part of the continuous spectrum is ter-
minated abruptlg b{ this line. X

12 5009. Of about the same bhrilliancy as 11: and, like it, sharper on the up-
per side. Nebular?

13 4920. Mmil;falnter than either of its neighbors: perhaps half as bright as

14 4861.6 Probai)ly F: very wide: not less than 6 tenth-metres in width:
measures made on center. '
16 4352. Hy ? Wide, and difficult to see: but not doubtful.

It is not an easy matter to describe the intensities of these lines
except by comparison with their immediate neighbors. As seen
with a single prism attached to the 12-inch, the lines 11, 12, and
14 appear intermediate in brilliancy between the two green lines
in the Wolf-Rayet star, Lalande 13412: the continuous part of
the spectrum is, however, much brighter than that of the La-
lande star.

The ordinates of the light curve, given above, are for the prism,
although plotted to a normal scale: that is, the relative values of
the ordinates are approximately correct, but the relative areas of
different portions do not represent the relative amounts of light
which these portions give. The curve was drawn at the eye end
of the telescope.
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The new star thus falls, apparently, into Vogel’s class, II. b,
bright lines being superposed upon an absorption spectrum.

It might be called a typical specimen but for the fact that the
absorption appears to take the form of bands rather than lines.

Photographs may show, however, that these bands, such as
those indicated in the curve between lines 11, 12, 13, and 14, are
really made up of lines which have not been seen, by the writer at
least, on account of the faintness (fifth magnitude) of the star.

Perhaps the general appearance of the spectrum cannot be bet-
ter described than by saying that it has * a ragged look.”

Lick OBSERVATORY,
18th of February, 1892.

ATTRO-PHYSICAL NOTES.

All articles and correspondence relating to spectroscopy and other subjects
properly ircluded in AsTRO-PHYsICs should be addressed to George E. Hale, Ken-
wood Astro-Physical Observatory, Chicago, U. S. A. Authors of papers are
requested to refer to page 256 for information in regard to illustrations, reprint
copics, etc.

A New Star in Auriga.—A telegram received from Professor E. C. Pickering of
the Harvard College Observatory gives the following position for a new star in
Auriga: R. A. 58 25™ 33, Decl. 30° 22’ 14””. On Feb. 15 the star was of the fifth
magnitude. We learn from Professor Holden that all the resources of the Lick
Observatory have been brought into play in a study of the Nova. Photographs
are being taken with the 36-inch telescope for position, and with the Crocker tele-
scope (several times each night) for magnitude; Polaris is used as a standard on
the plates for photometric determinations. The spectrum is also being observed
for relative brightness of lines, and measures of their position will follow. At
the Kenwood Observatory cloudy weather has up to the present time prevented
any observation.

The note below from Nature February 4, tells of the first observations of
the Nova: The followiny circular was issucd from the Royal Observatory, Edin-
burgh, 1892, February 2:

Yesterday an anonymous post-card was received here bearing the following
communication :

**Nova in Auriga. In Milky Way, about two degrees south of x Aurige, pre-
ceding 26 Aurigee. Fifth magnitude, slightly brighter than x.”

At 62 8™ G. M. T. the star was easily found with an opera glass. It wasof a
sellow tint, and of the sixth magnitude, being equal to 26 Aurige. Examined
with a prism between the eye and the eye-piece of the 24-inch reflector, it was
immediately seen to possess a spectrum very like that of the Nova of 1866. The
C line was intensely bright, a yellow line about D fairly visible; four bright lines
or bands were conspicuous in the green; and lastly a bright line in the violet
(probably Hy') was easily seen.

A telegraphic notice was sent to Greenwich in the afternoon, and later on,
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when the true nature of the object was recognized, to Kiel, for general distribu-
tion. The star was photographed last night at Greenwich.

Its place for 1892.0 is 5t 25 3¢ 4 30° 21’. It does not occur in the Bonn
map. RALPH COPELAND.

Dr. Huggins has sent us the following note on his observations of the spec-
trum of the Nova; it was first printed in the London Times, Feb. 8, 1892:

*‘Our observations began on the evening of the 2nd inst., when the star was
not much brighter than the 5th magnitude, less bright than the star of 1866,
which was about the 2nd magnitude, and that of 1876, which was about 31%
magnitude when first observed.

“ The most noticeable feature in the new star’s spectrum—common also to the
stars of 1866 and 1876—and which Dr. Copeland had already seen, was the
very great brilliancy of the red, green, and blue lines of hydrogen. ' The reality of
these lines was made certain by comparison with the corresponding lines of ter-
restrial hydrogen. The bright double line of sodium was conspicuous and its
nature confirmed by a comparison with a flame containing sodium. Very strik-
ing were three brilliant lines in the green on the red side of F, and making with it
a remarkably splendid quartet of bright lines. The first line is distant from F
about one-third of the interval separating it from the second line. The next line
falls, as was shown by the method of direct comparison, very near the position of
the chief nebular line. But it is not possible to say certainly yet whether it is
the nebular line or a line of some other substance accidentally close to it. It is
desirable that the motion in the line of sight of the star should be known, in con-
sequence of which the whole spectrum might be shifted a little towards the red or
the blue. The cloudy state of the sky on Friday night prevented us from at-
tempting the determination of the star’s motion. The probability of the pres-
ence of the chief nebular line would be much greater if the second nebular line
were found in the star, and there are, indeed, three lines, but much fainter rela-
tively, not far from the position of the second line. At present we reserve our
opinion, though we incline to consider no one of them to be the second nebular
line. The third brilliant line from F appears in a small spectroscope to fall near
the beginning of the brightest of the hydro-carbon flutings, but greater resolving
power shows the line or band not to be coincident with this fluting.

‘‘ The spectrum of the star is superb, glittering with lines throughout. There
are bright lines in the red near C; a brilliant line about one third of the distance
from C to D; and there is a bright line on each side of D.

*“If only the weather be propitious, we hope to clear up the points I have
mentioned, as well as many others, and to supplement our eye observations by
photographs of the invisible region of the spectrum.”

We learn from Naturejof Feb. 11 that the spectrum of the Nova was photo-
graphed at South Kensington by Mr. Norman Lockyer on the night of Feb. 3,
employing a 6-inch objective with a prism before it. The approximate positions
of 13 lines were obtained from two photographs, and G, h, H, and K were pres-
ent. No mentionis made, however, of the remarkable characteristics of the
spectrum which are so well brought out in Professor Pickering's photograph.
The visual spectrum was examined with a 3-foot reflector, and of it Mr. Lockyer
remarks: ““C was the brightest line observed. In the green there were several
lines, the brightest of which was in all probability F, the position being estimated
by comparison with the flame of a wax taper. Another line was coincident—
with the dispersion employed—with the radiation at wave-length 500 from burn
ing magnesium wire. A fainter line between the two last named was probably
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near A 495, thus completing the trio of lines which is characteristic of the spectra
of nebulae. There was also a fairly bright line or band coincident with the edge
of the carbon fluting at A 517 given by the flame of the taper. A feeble line in
the yellow was coincident under the conditions employed with the sodium line at
D. The hydrogen line at G was distinctly seen,. as well as a band, or group of
lines. between G and F.”

Nova Aurigre.—Letter from Professor Holden.

Lick OBSERVATORY, February 18, 1892.

My DEAR MR. HALE:

Dr. Crew will send vou to-day or to-morrow a short note on the visible spectrum
of Nova Aurigs. Besides the observations which he gives, others have been made here,
which will be published in due time. They are

L& A series of visual comparisons of the magnitude of the new star with the magni-
tudes of H. F. 1001 and 1033 by Professors Schaberle and Campbell.

15). A series of photographs of the neighborhood of Nova and of Polaris (with the
Crocker portrait-lens on the same plates) for the purpose of determining the photographic
magnitude of the new star. At least one such plate has been taken by Professor Schee-
berle. and at once developed, on every clear night since the afternoon of February 6 (when
we firat heard of the star's appearance). \Whenever desirable (and possible) other plates
have been taken on the same nights. A considerable range of variation in magnitude
has heen manifested in the observations already made, and they appear to fall into a
short period. Further good wcather is rer“nired to decide this point. *

1e). Visual spectroscopic observations have been made by Professor Campbell on sev-
era) nights. The places of some 25 bands and lines have been fixed by measurements.
Ccemparisons show that the hydrogen lines are bright and that D (not D3) is also bright.

1 The spectrum has also been photographed by Professor Campbell with the 36-
inch and the 12-incn equatorials. The photographs fix the place of some 25 other bands
and lines in the spectrum; and they confirm his visual observations with regard to the
nature of the hydrogen lines of the star. Attempts to photograph the D's were not
soxcessful. as our plates were not suitable.

1ither series of observations are planned and will be carried out if the weather per-
ciite, I am. my dear Mr. Hale.

Very sincerely yours,
EpWARD S. HOLDRN.

Progress in Solar Photography at the Kenwood Observatory.—In the last num-
ber of ASTRONOMY AND AsTRO-PHYSICs it was stated in a “ Note on Recent Solar
Investigations'' that photographs had been obtained at the Kenwood Observa-
tory of the regions on the Sun in which the H and K lines are reversed. Since
that time the work has been continued, and it has been found that the reversals
take place 1n the facule, so that we are now in possession of a new method of
photographing the faculee. The great advantage which this method offers lies in
the fact that the facule are as well shown at the center of the Sun’s disc as at the
limh. We shall thus be able to study them more thoroughly than has before been
possible. The spots are shown on the same plates with the faculae, and with a
somewhat slower speed of the clepsydra the prominences are obtained by the
same method. Since the great spot entered the disc on Feb. 4 we have obtained
45 photographs showing the spot and surrounding faculae, and a large number
of its spectrum.

The first photographs showing all the prominences around the Sun's limb
with a single exposure were made here early in February.

Group of Stars of the Fifth Type in Cepheus.—Professor E. C. Pickering com-
municates to A. N. 3070 the fullowing note on this sutject: ‘ The photographic
spectra of the stars DM. + 55°.2721, magn. 8.9, and DM. 4 56°.2818, magn. 8.9,
whose approximate positions for 1900 are in R.A. 22h 15®; Dec. + 53° 37, and
R.A. 228 32%.9; Dec. + 56° 23’, are well shown in a photograph takenat the Har-
vard College Observatory on October 10, 1891. They prove to be of the fifth
type, their spectrum being similar to that of the stars discovered by Wo)f and
Rayxet. On November 2, 1891, a photograph of the same region was taken for
confirmation of this peculiarity, and from this plate another star having a spec-
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trum of the fifth type was discovered. The approximate position of this star
for 1900 is in R.A. 22b 23™.7; Dec. + 55° 46°. The presence of bright lines in the
spectrum of the last named star was confirmed from a plate taken on November
3,1891. This increases the number of known fifth type stars to 38. These three
stars, like all the others of the same class, fall near the central line of the Milky
Way, their galactic latitudes being — 0° 50’, — 1° 25’ and — 1° 20’ respectively.
Their galactic longitudes are 70° 29, 73° 3’ and 71° 38’ respectively.’

Nebulosity about the Wolf-Rayet Stars.—In the January number of Knowledge
there is an interesting letter from Rev. T. E. Espin in regard to Dr. Max Wolf's
photographs of Cygnus. In spite of the bright illumination of the sky by a moon
only three days past the full, the Rev. Espin was able to see every star shown in
Dr. Wolf's beautiful photograph (reproduced in Knowledge, December 1891), in
the three zones which he examined. It is thus regarded as probable that all the
stars on the photograph, which was given an exposure of thirteen hours, are
within the 14.56 magnitude on Argelander's scale.

But another fact is brought out which is very sigunificant. It will be remem-
bered that in Dr. Huggins' paper on the spectrum of the Wolf-Ruyet stars in
Cygnus (Proceedings Royal Society, No. 296) an account is given of some photo-
graphs taken by Mr. Isaac Roberts to ascertain whether any nebulosity were
present in connection with these peculiar bright line stars. With an exposure of
3h 15m Mr. Roberts found no traces of nebulosity. But recent results show that
this negative conclusion was probably due to the too great focal length of the
telescope employed. At the request of the Rev. Espin, Dr. Wolf has photographed
the same region with his short focus portrait lens, and although the exposure
was too short to bring out any definite form, there seems to be no doubt that
the Wolf-Rayet stars, and also the bright line star P Cygni, are directly connected
with nebulous matter. Considering the peculiar type of spectrum which these
stars possess, and the fact that they tend to group themselves in the plane of the
Milky Way, this discovery of nebulous appendages must be regarded as of con-
siderable importance.

Photographic Halation and Its Remedy.—The reflection of light from the back
of the plate during exposure is often very troublesome in astronomical photog-
raphy, and many methods of obviating the difficulty have been proposed. In the
Photographic Times for Feb. 5, 1892, a method which was devised by the well-
known spectroscopist, M. A. Cornu, is described as follows: *‘If we make a mix-
ture of six volumes of essence of clove and one volume of turpentine oil we find
that it possesses the same index of refraction as glass by immersing in it a strip
of glass plate from which the emulsion has been scraped off. In the liquid the
plate is almost entirely invisible, the edges only being apparent by a slight red or
bluish green coloration. The mixture is thickened with lampblack to form a
paste, which is applied on the back of the plate with a brush or a tuft of cotton.
The photo film is exposed in the camera, and, before developing, one wipes off the
black paste, and then develops as usual. These manipulations are not very
agreeable, but it gives one the absolute certainty that the halo will be entirely
avoided.”

In the Year Book of Photography for 1886, Mr. Edgar Clifton recommends a
mixture of burnt sienna ground in water with dextrine and water until the con-
sistency of thick cream is reached. This is applied to the back of the plates with
a soft sponge, and will be dry and ready for use in from fifteen to twenty minutes.



Astro-Physical Notes. 237

A dyed collodion film in contact with the back surface of the plate has also
been proposed, but one of the above methods would probably prove more satis-
factory.

Herr Schumann’s New Vacuum-Spectrograph.—In a letter dated Jan. 15 Herr
Schumann writes us from Leipzig that by diligent work during the holidays he
bas been able to practically complete his new spectrograph, which is to be used
in a vacuum for photographing the extreme ultra-violet of the hydrogen spectrum,
Reference was made to this instrument in our note in the February number on
Herr Schumann’s discoveries, where it was pointed out that the shortest light-
waves are absorbed by air, and must therefore be investigated in a vacuum.

The spectrograph is furnished with a 70° prism and two lenses of 120™™ focal
length (for 41 5890). The material of which they are made is white fluor-spar, ob-
tained for Herr Schumann in a remarkably pure state by the well-known optical
house of Carl Zeiss. Quartz cannot be used in this research, as it exercises consid-
crable absorption above A 1820. In its present improved form the spectrograph
is so constructed that all of the following adjustments can be made when the in-
strument is in a vacuum, or filled with any gas at a pressure up to one atmos-
phere:

1. The width and length of the slit may be changed and measured micromet-
rically.

2. A diaphram of adjustable length may be moved by a micrometer screw
over the slit, so as to allow a large number of spectra to be taken on a single
plate for comparison.

3. The lenses of collimator and camera may be moved in either direction for
focusing.

4. The tubes of both collimator. and camera may be turned in such a way
that the angle between their optical axes varies about 30°.

5. The prism may be set for minimum deviation.

6. The sensitive plate may be turned about its central line so as to make any
angle from 0° to 90° with the optical axis of the camera lens.

7. The photographic plate may also be moved in its own plane in a direction
parallel to the slit, so as to give space for several series of exposures.

The spectrograph is exhausted by a Geissler mercury-pump. It has already
been tested satisfactorily, and we may shortly expect to hear of important results
obtained by its means.

The Aurora of Feb. 13, 1892.—Auroras can rarely be seen from the Kenwood
QObservatory, owing to the illumination of the northern sky by the lights of
Chicago, but the magnificent display of February 13 was easily observed. At
about 6 25™ p. M. (Chicago M. T.) the brilliant red auroral light was first seen
here, extending more than two-thirds the distance from the horizon to the zenith,
and reaching about 45° east and west of north. Local changes in brilliancy and
depth of color were very rapid, and straight, white streamers partook of the
general motion fron\east to west. At about 6 55™ the aurora disappeared.

The spectrum was well seen here with a small direct-vision spectroscope,
using a rather wide slit. Four bands were made out, and their positions were
estimated as follows:

1. Bright; probably same width as slit; in red near C.

2. Bright; probably same width as slit; yellowish green (‘‘ aurora line ")

3. Very faint; broad and hazy; in green, near b.

4. Faint; probably same width as slit; near F.
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The appearance of the electric storm which accompanied the aurora was first
noticed on Feb. 13, about 1 r. M. Between 5 P. M. and 7 P. M. the storm was at
its height, and interfered with the working of the telegraph system over a con-
siderable section of the country. At intervals during the auroral display it was
found possible to send messages between Albany and New York without the aid
of theregular batteries. (Chicago Tribune).

The question naturally arises whether these phenomena were in any way con-
vected with solar disturbances. The regular observations of the Sun were in
progress during the greater part of the day at the Kenwood Observatory, but no
very remarkable outbreaks were observed. At noon, there were evidences of ac-
tivity in'the region of the great spot group, and the distortions of the hydrogen
C line indicated a greater velocity (downrush) than has been noticed before in
this group. A bright prominence on the N. E. limb, following the small spots
which were already well advanced on to the disc, showed in the C line a marked
distortion toward the violet, and at 4® 10™ this had considerably increased in
amount. 14 photographs of prominences, spots and faculae, and 11 of spot and
prominence spectra, were made here between 102 30™ A. M. and 4t 16™ p. .

We wish to call attention, in this connection, to the work of Dr. M. A.
Veeder, of Lyons, N. Y., on the relation between auroras and solar phenomena.
As has been mentioned before in ASTRONOMY AND AsTRO-PHYSICS, Dr. Veeder has
prepared blank forms to be filled out with notes on auroras, and these he is glad
to furnish to anyone who is willing to spend a few minutes each evening on the
work. In another Note we print a report we have received from him on the au-
roras of January. It is to be hoped that many will be ready to offer their assis-
tance in this interesting investigation.

Newspaper dispatches received later show that the aurora was very widely
seen. In Sweden and Russia, earth currents seriously affected the operation of
the telegraph lines.

The following is Dr. Veeder's report of the aurora of Feb. 13, as observed at
Lyouns, N. Y.

Description, Strong scarlet red streamers marking the central portion of the
region in which this feature was prominent and persistent throughout the con-
tinuance of the display, or in other words, from 6.45 P. M. until 8.06. (Eastern
Standard Time).

Time, Special observations were made at 6.59, 7.03, 7.07, and 7.09 p. M.

Azimuth at point of origin, 50° W. of N.

Inclination, Westward at an angle with the horizon of 80°,

Altitude, Varied from 45° to 50°.

Description, Bright red streamers forming the detachment from the preceding
which extended farthest south of any seen during the evening.

Time, 7.55 p. M.

Azimuth of origin on borizon, 65° W. of N,

Inclination, Westward at an angle of 78°.

Altitudf, 35°,

Description, Faint yellowish green streamers which varied in brightness in
sympathy with those described in the following section, but which had the pecu-
liarity of not conforming to the usual lines of magnetic force.

Time, 11.58 p. M.

Azimuth of point of origin on the horizon, 12° E. of N.

Inclination, Westward at an angle of 55°.

Altitude, 35°.
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Description, Yellowish green streamers entirely similar to the preceding, but
conforming to the more usual direction.

Time, 11.59 p. M.

Azrimuth of origin, 19° E. of N.

Inclination, Eastward at an angle with the horizon of 87°.

Altitude, 40°.

Prominent features were noted during the evening as follows:

The time of beginning was almost precisely 6.40 p. M. At that moment a small
patch of greenish streamers was seen about 15° above the horizon at a point due
N. E. At 6.48 a rosy blush was observed in the N. W. in the location of the
prominent and persistent streamers above described. At 6.52 a curtain having
a sinuous lower margin from which short green streamers arose vertically formed
just below the North Star. At 6.56 a faint and irregular streak of luminous haze
extended E. and W. through the zenith. At 6.59 red streamers began to form in
the N. W. and continued to brighten at 7.08, becoming very strong at 7.07. At
this moment faint red patches began for the first to appear in the N. E., in which
location greenish patches and streamers only had appeared hitherto. Generally
the display was less bright east of the meridian, and the colors were mostly of
some hue of green or light yellow, but west of the meridian red was the predomi
nating color throughout, and the streamers were much stronger and more persis-
tent. At 7.08 an irregular band made up of patches and streamers extended E.
and W. across the sky about 20° N. of the zenith. The color of this band was
generally red, hut nearer the horizon, particularly toward the N. E., the colors
were at this moment greenish. At this moment also the maximum extent of sky
covered was attained, the display extending very nearly to the zenith. Generally
throughout the evening the southern margin of the luminous mass did not extend
farther S. than the North Star, but remained persistently at about that point. At
8.05 the aurora was fading rapidly, and at 8.06 had disappeared entirely. At
8.15 a faint red glow appeared for a few minutes about 20° above the northern
horizon. At intervals later in the evening very faint haze was seen overspreading
the sky, from the zenith northward, which might have been auroral in character.
At 11.45 a small patch of bright green streamers was seen in the N. E., at almost
the precise location where the display began at 6.40. At 11.58 and 11.59 the
streamers above described as being seen at that hour were first noticed, but faded
out in about three minutes.

The Auroras of January, 1892. The following results appear to be justified by
the reports of observations thus far received. As was anticipated and an-
nounced in advance to many of those receiving blanks for recording observations,
the finest display of the month, and an aurora of the first magnitude, appeared
on January 5th. Sporadic, and for the most part very faint displays were re-
ported on January 15th, 20th, 21st, 25th, 26th, 27th, 28th and 29th, those on
the last three dates named being the best defined.

The reports from stations along the base line adopted, extending from Wash-
ington northward into Canada, show that the aurora of January 5th had a
probable altitude of 175 miles and perhaps upwards. The amount of skycovered
at different stations shows that the plane of the southern margin of the chief por-
tion of the luminous mass reached the earth at a point on the 77th meridian not
far from 45° north latitude. Comparison with observations on other meridians
shows that the aurora tended to reach its maximum brightness at the same
bours of local time, rather than at the same hours of absolute time. A study of
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the arrangement of the arches and patches of light reported from different sta-
tions reveals the fact that they are very largely of the nature of halos, their
position depending as much upon the position of the observer as upon the general
source of illumination in the auroral mass. As in the case of a rainbow, each ob-
server sees his own arch and consequently the elevation will be approximately
the same at stations not too far apart to prevent the arch from being seen at all.
In this way, also, the differences in the prismatic colors displayed, even at sta-
tions quite close together, may be accounted for. Hence the difficulty of employ-
ing arches or colors for the estimation of altitude. It is suspected that this may
be true of streamers also.

The method of recording the absence as well as the presence of the aurora at
each observation has made it apparent, especially in connection with the lesser
displays of the month, that even well defined auroras may be confined within
quite narrow limits, appearing, for example, at southern stations when absent at
those directly northward. The aurora thus exhibits a tendency to frequent cer-
tain localities, presumably because of some peculiarity of the soil or topography
of the country; but further observations in regard to this point are desirable.

Disturbed, areas upon the Sun, containing both spots and faculae, appeared
by rotation on January Sth, 6th, 15th, 21st, 28th, 29th and 380th. Thus the
dates of auroral display during the month, and the extent of the displays re-
ported, has becn in exact conformity with the relations to solar and associated
conditions described in the paper upon the Zodiacal Light, copies of which have
been distributed generally to observers co-operating, and which may be obtained
from the undersigned, from whom, also, blanks and circulars for auroral observa-
tions may be had. M. A. VEEDER,

Lyons, New York, U. S. A,,

February 8, 1892.

The Eruptive Prominence of July 9, 1891.—In the January number of ASTRON.
OMY AND ASTRO-PHYSICS an account was given in an article on *‘ Recent Results in
Solar Prominence Photography " of a prominence observed simmultaneously at the
Haynald Observatory, Kalocsa, Hungary, and at the Kenwood Observatory,
Chicago. We have recently received a letter from Mr., J. Evershed, Jr., of Kenley,
Surrey, England, in which he writes as follows:

“1 take the liberty of writing you, thinking you may be interested to learn
that the prominence of July 9th last, photographed by you and observed at the
same time at Kalocsa, was also, by an extraordinary chance, well seen by me
here.. I am very rarely at liberty to observe in the afternoon, but happened to be
so on the above date; furthermore, the Sun is hidden in trees from about 4 p. u.
to sunset, but there is a gap in the foliage which allows it to be seen for ahout
‘20 minutes between 5:30 and 6 p. M., and it was during this time my observation
was made. I enclose copies of my drawings made at the time. My observation
of the form of this prominence differs somewhat from M. Fényi's drawing in that
the main stem seemed to me much narrower, and not so inclined. I first observed
the N. F. limb at 5.30 + 2™ G. M. T., at which time the brilliant column had a
‘stranded’ appearance like a partly unravelled rope. Near the highest part a
number of bright filaments like descending rockets gave the impression of matter
falling back on the Sun, but these faded very rapidly, and before any actual mo-
tion could be detected. With a narrow slit C was much distended on each side of
its normal position near the base of the column.

“I may mention in connection with photographic work that I have been
lately experimenting on the F hydrogen line with a view to photographing the
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prominences. I find with an exposure of a little over 1second with rapid isochro-
matic plates a very distinct impression can be obtained of the ordinary quiet
prominences, but of course less detail is visible than in visual observation with C.
1 therefore conclude that for simply registering the forms F is a more promising
line than K, which I understand requires a more prolonged exposure in spite of
the dark background due to the broad absorption shade.”

We were much interested to learn of Mr. Evershed’s observation; there cer-
tainly was a remarkable series of coincidences connected with the eruption re-
ferred to. It lasted but 20 minutes, and was seen in Hungary, England and the
United States. Clouds in Kalocsa and trees in Kenley nearly succeeded in pre-
venting observation, but the view of the Sun was unobstructed at exactly the
rnight time. The drawings which Mr. Evershed kindly sends agree with M.
Fényi's and our own execpt in the inclination to the limb, as has been mentioned.

As to the F line, we are inclined to doubt whether it will prove as usetul for
prominence photography as K, although the use of dyes may give plates a
greater sepsitiveness for this region. Our ordinary time of exposure in the last
experiments with an open slit was about 15 second for K and the broad dark
shade is an advantage of the greatest importance. F was used in some of our
carlier experimeunts, and, though not considered so useful as K, a careful compara-
tive test should be made, in order to settle the matter.

The Spectra of Sun-Spots and the Photosphere. In his important memoir,
*‘ Recherches sur la Rotation du Soleil,” Professor N..C. Dunér not only gives a
most complete discussion of his investigations on the rotation of the Sun, but
also adds a description of the large and powerful diffraction spectroscope em-
ployed, together with some results obtained with this instrument in an examina-
tion of the Sun-spots and photosphere. The large size and special construction
of the spectroscope makes its description particularly interesting, and as soon as
we can procure a suitable photograph or drawing, a translation of Professor
Dunér’s account will appear as one of our series on The Modern Spectroscope.
At present, we wish only to call attention to some of the results secured.

Adopting the wave-lengths of M. Fievez, Professor Dunér first gives a list of
double lines which lie just within the resolving power of his instrument, and cer-
tainly the claim of rare optical qualities for the spectroscope is completely justi-
fied by the extreme closeness of some of these pairs. In speaking of the duplicity
of the two D lines it is stated that a narrow thread of light may be seen without
great difficulty in the center of D,;, and sometimes, though rarely, in Di, when the
fourth order spectrum is employed. In the fifth order the same appearance is
much more easily recognized. The author goes on to add: ‘‘ As to this fine line of
light, 1 am almost convinced that it is only a double reversal, similar to those so
often observedfin the spectra of spots and prominences, and which would be seen
over the entire disc of the Sun with a sufficiently powerful spectroscope. I have
noticed another very curious phenomenon in the b group: a very considerable de-
crease in the intensity of the three wide lines which belong to magnesium. In
the fifth spectrum this decrease of intensity is so marked that the more refrang-
ible component of b, is only recognizable with some difficulty,—with more difficul-
ty, in fact, than in the fourth spectrum; while the less refrangible component of
b,, as well as the two components of by, which are due to nickle and iron, retain
all their sharpness. As is well known, b, is enclosed between two metallic
Binea. With a considerable, though not too great, dispersion b, is seen to be much
stronger than even the more refrangible of these lines; but in the fifth spectrum of
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our spectroscope bz is sensibly fainter than the less refrangible of the lines. b, is
also seen to be very much reduced in intensity. It would seem that these phe-
nomena might be explained by a partial reversal, while the lines of the more re-
fractory metals do not undergo a similar change. One objection might, however,
be raised against such a supposition: ,the line of the solar corona (K 147%)
which presents elsewhere, in general, the same reversal phenomena as the magne-
sium lines, is not in the least enfeebled in the spectrum of the fifth order.”

The discovery recently made at the Kenwood Observatory, and noted in our
last number, that the H and K lines are reversed in regions irregularly distri-
buted over the entire disc of the Sun, should be considered in connection with
Professor Dunér’s observations. In the photographs of H and K, however,
though there is some reason to think that the lines are reversed throughout their
entire length, the reversals can be certainly seen only at intervals along the lines,
while Professor Dunér's account gives the impression that a continuous reversal
was seen in the lines of the b group. In the case of D, it seems that the reversal
was not continuous, for it is remarked that with a sufficiently powerful spectro-
gcope, it would probably be seen over the whole disc. As it has been found here
that the regions in which H and K are most strongly reversed correspond with
the faculae, it is likely that the reversals of magnesium and sodium occur in the
same localities. Considering the relative frequency with which these various
lines are reversed in prominences, it is not at all surprising, but rather to be ex-
pected, that in the faculae they should follow the same order. Thus hydrogen
and calcium are always found to be bright, while magnesium and sodium appear
so with much greater difficulty.

Professor Dunér found no difficulty in confirming Professor Young's resolu-
tion of the dark shade in the spectrum of a spot nucleus into a great number of
fine lines. He remarks: “I have, in fact, seen spot-spectra entirely lose the ap-
pearance of a uniform band, darker than the rest of the solar spectrum, which
they present in a spectroscope of medium dispersion, and showing very numerous
dark lines, projected on a background of the same brilliancy as the general spec-
trum of the solar disc. These lines are not uniformly distributed, however, and
at equal distances from one another like the bars of a grate. On the contrary it
may be seen with perfect certainty, especially when attention is directed to the
spaces which in the solar spectrum are free from all hut faint lines—I mention as
examples the open spaces 5352 . . . §361, and 5287.5 . . . 5292—that they
are grouped in doublets, triplets, etc., separated by interstices wider than those
which separate the lines constituting these groups. All of these interstices, as far
as I could determine, seemed to me to be of the same brilliancy as those which oc-
cur between groups of lines in the solar spectrum. By very carefully examining
the solar spectrum in the prolongation of such a group in the spot spectrum I
sometimes succeeded in discovering an exceedingly faint nebulous line. In a word,
all that I have seen seems to me to prove that there is no fundamental difference
between the general solar spectrum and that of the spots. It is, on the contrary,
very probable that the latter is formed, so to speak, by the exaggeration of the
essential characteristics of the former, the excessively feeble and almost impercept-
ible lines becoming readily visible, and the lines which are strong in the ordinary
solar spectrum becoming broadened and strengthened.

The absorbing layer in the spots having, with slight modifications, the same
chemical composition as that of the photosphere, it isdifficult to imagine any
other kind of spot than that of a cavity filled with metallic vapors, either in
vortices as M. Faye maintains, or at rest as Secchi believed, although the con-
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stancy ot the lines which properly belong to spot spectra, as dectermined by
Professor Young and myself, seems more in accord with Secchi’s theory. But it
can hardly be admitted that the spots are of the nature of a cloud floating in the
solar atmosphere. For clouds as we know them in the terrestrial atmosphere
are partly fluid and partly gaseous, and they are, consequently, but slightly
transparent. It would thus be necessary that the solar clouds should have a
spectrum showing general absorption. A spectrum composed of numerous dark
hnes on a bright background could not be explained on this hypothesis. Profes-
sor Youug has also expressed the same opinion, in the note just mentioned
\American Journal of Science, Third Series, vol. XXV, pp. 333-336). He re-
marks: ‘Of course the resolution of the spot spectrum into lines tends to indi-
cate that the absorption which darkens the center of a Sun-spot is produced, not
by granules of solid or liquid matter, but by matter in the gaseous form." "

We may add that the fine lines in the spectrum of the spot nucleus have been
frequently observed at the Kenwood Obeervatory, the appearance agreeing in all
respects with that described above. In stating his belief that there is no funda-
mental difference between the spot spectrum and that of the general solar sur-
face, we do not understand Professor Dunér to mean that the relative intensities
of the lines is invariable, for of course, in spot spectra, some of the solar lines
are very much more widened than others. What brings about this selective ab-
sorption, and why it varies from one spot to another, and also, probably, with
the Sun-spot period, are some of the most interesting questions of solar physics.

CURRENT CELESTIAL PHENOMENA.

PLANET NOTES FOR APRIL.

Mercury will be visible to the naked eye, a little after sunset, in the first few
days of April. He will then be in the constellation Aries, south of the brightest
star. Mercury, however, will be brighter than the star, so that no doubt will
exist as to the ideatification of the planet. One should look for Mercury about
half an hour after sunset, almost due west and a short distance above the hori-
zon. After the first few days of the month Mercury will move rapidly toward
the west, coming to inferior conjunction with the Sun, April 19.

‘enus cannot fail to catch the eye jof the most unobservant in the early even-
ing, as she is the most brilliant object in the sky with the exception of the Moon.
Even during the day she can easily be seen without a telescope, if one knows just
where to look. During April her brilliancy will be fifty per cent greater than now.
The phase will be gibbous up to the last day of April, when almost exactly half
of the disk will be illuminated. The diameter will increase during the month from
18” to 24’°. April 29, about 11 p. M. central time, there will be an occultation of
Venus by the moon. It will be visible in Mexico, the west coast of South Amer-
ica, and some of the Islands of the Pacific ocean.

Mars during April will rise between one and two o’clock in the morning. He
is in Sagittarius moving eastward. His brilliancy and red color will enable any-
one to distinguish him from the stars of the constellation.

Jupiter rises too late in the morning to be well seen.

Saturn is now a beautiful object in the telescope. The rings are so nearly
edgewise to us that they appear as oue, but the belts and the shadow of the rings
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on the planet show well. For chart of Saturn’s place in the constellation Virgo,
see our January number, p. 81.

Uranus is also in Virgo (see chart, January No., p. 81) near the star A.
Uranus will be at opposition April 23, so that this month will be most favorable
for observations of this planet. We would call especial attention to the occulta-
tion of Uranus by the Moon April 12, beginning, as seen from Washington, at
10t 56™ p. M., and ending at 12® 22™ a. M. central time. For other places the
times of immersion and emersion will vary by several minutes, so that it will be
well for the observer who wishes to observe these phenomena to begin watching
a half hour or more early.

Neptune will set too carly during April to be observed under favorable condi-
tions.

MERCURY.

Date R. A. Decl. Rises. Transits. Sets.

1892. h m o’ h m h m h m

Apr. 5...... 2 01.9 415 43 ~5 56 aA. M. 1 03.7p. M. 8 11 p. M.
15...... 1579 414 38 517 ¢ 12 204 * 7 23 *
25...... 1 37.0 + 9 58 "4 41 ¢ 11 20.3 A. M. 7 00 *

) VENUS.

Apr. 5. 3 50.8 + 22 32 7 12 A M. 2 523 r. M. 10 32 p. M*
15...... 4 368 -+ 24 58 7 06 2 6588 10 62 ¢
25...... 5221 426 26 704 “ 3 046 11 06 “

MARS.
Apr. ‘681 —23 23 1 37a. M. 6 00.1 A.M. 10 24 a. M.
223 — 23 00 120 *“ 5 458 “ 10 10 *
454 —22 29 102 “ 5 296 9 58 *
' JUPITER.
Apr. 184 + 0 48 5 16a. M. 11 214 a. M. 5 28pP. M
27.1 + 1 44 4 41 ¢ 10 50.8 *¢ 501 *
35.7 + 2 39 4 06 10 20.0 *“ 4 3¢
SATURN.

Apr. 5....11 46.5 :‘: 4 11 4 27p. M. 10 46.7A. M. 507A.M
15...... 11 41.1 4 26 3 44 10 04.9 * 4 26
25...... 11 42.0 + 4 38 3 02 ¢« 9 23.6 p. M. 3 45 “

URANUS.

Apr. 5...14 10.7 —12 38 7 58 p. M. 1106p. M. 6 23A.M
15...... 14 09.2 —12 30 717 ¢ 12 29.7 5 43 *
25...... 14 07.5 —-12 21 6 35 * 11 48.7 ¢ 502 ¢

NEPTUNE.

Apr. 65..... 4 21.5 19 58 7 56 A. M. 3 23.0 p. M. 10 50 p. M.
15...... 4 22.7 20 01 717 ¢ 2 448 10 12 =
25...... 4 240 420 04 6 39 “ 2 068 935 *

THE SUN.

Apr. 5. 1005 <4 6 28 5 32aA. M. 12 02.5pr. M. 6 32 p. M.
15...... 1372 <410 08 515 11 59.8A. M 6 45
25...... 2 14.6 + 13 31 459 ¢« 11 57.8 6 57

Phases and Aspects of the Moon.
Central Time.
h m
First Quarter....... erertsesennssentessanisanersanasens Apr. '4 1221 a. M.
Apogee... “ 11 524 p. M.
Full Moon “ 12 12 26 a. M.
Last Quarter “ 19 12 00 midn.
Perigee. “ 26 312 a. M.

New Moon : “ 26 346 p. M.
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Mr. Marth’s Ephemerides of the Satellites of Saturn.

{From Monthly Notices, Nov.1891. ).

In this table the times have been changed from Greenwich Mean Time to Central Stan-
dard Time. The abreviations RA., Te., Di., En., and Mi., stand for the names of the satel-
lites Rhea, Tethys, Dione, Enceladus, and Mimas. The letters a, b, ¢, d, and ¢, stand for
conjuactions of the satellites in order as follows: With the preceding end of the outer
ring; with preceding end of planet's equatorial diameter; with center of planet; with fol-
lowing end of planet's diameter; with following end of ring. The letters n and s signify
that the satellite at the time of conjunction is north or south of the point designated by
the preceding letter; Sh. means that the shadow of a satcllite is near the central meridian
of the planet; Ecl. D. and Ecl. R., the disappearance and reappearance of a satellite at be-
ginning and end of an eclipse.

March 1882, March 1892, - . March 1s92, March 1%92.
5123 am Dien 4.7 Mian 17 121 am Dies 23 12.7 um En an
129 Te Ecl. D 4.8 Eu an 128 Rh an 2.2 Te bs
lLe Mi an 4.9 Te Ecl. D 1.6 Mi as 3.9 pm Mias
4.0 Te dn T8 Te dn 23 Di ds 52 En es
27 pm Enen 9.8 Te en 31 En as .3 Rh es
0 Rh es 10.6 Mi en 3.4 Rh bn EX] Te an
6.2 Mi as 1.2 En en 12.4 pm Te as 8.2 Di an
.5 Rh ds 11 128 Di es 12,9 Mien 9.3 Mi an
»e Te es 1.6 Te es 1.2 Eu an 9.9 Rh ds
9~ En es 23 Titan ds 63 Mi es 10.0 Te bn
16 Mi an 3.0 Di ds 7.6 En en 10 4 Di bu
1.7 Te de 3.3 Mi an 18 122am Mias 1.5 En as
6124 am Rh bs 3.6 Te ds 4.1 Te an 24 129 am Te Ecl. R
1.3 Di es 3.6 En as 2.3 pin Di Eel. D 1.7 Rb bs
26 Te bs 4.6 Titan Sh 2.4 Di dn 1.7 Di Ecl. R
Tao Rh bs 6.3 Di bs 4.6 Di en 2.9 Teen
X7 i ds 6.5 Te bs 4.9 Mi es 3.2 Mien
41 En as 8.2 Titan bs 10.1 En an 3.9 Dien
8 Te as 5 Di as 10.8 Mias 4.3 Rh as
22pm En an 8.5 Te as 19 27um Tees 2.5 pm Mias
IR} Mi as 9.2 Mien 1.4 pm Rh bs 40 En en
>3 Te an 12 12.0am Titan as 25 En es 6.6 Te en
~6 En en 1.7 Eo an 3.5 Mien 7.9 Mian
102 Te Ecl. D 2.6 Mies 4.0 Rh as N6 Te ds
10.2 Mi an 122 pmn Te an 4.1 Titan an 11.5 Te bs
7 1.2am Tedn 125 Rh an 5.7 Di es 25 loam Teas
X2 Teen 1.9 Mf an 8.0 Di ds 18 Mien
41 Mien 22 Te Ecl. D ~0 Titan bn 21 En en
124pm Di Eel. D 3.0 Rh Eel. D LX) En an 12.7 pm Di as
Lo En as 5.1 Te dn .4 Mi as 11 Mi as
14 Mias 6.2 En es 11.2 Di bs 3.3 Te an
as Di do 6.9 Rh dn 2 lLiam Tean 6.5 En an
8.0 Di en T Te en 1.4 Di as 6.5 Mi an
T Te e8 8 Mien 1.9 Titan dn 73 Te bn
(XY Mi an 9.5 Rh en 28 Mi as lo.2 Te Eel. R
v Te dn 9.6 Di an 3.4 Te bn 26 12.2am Teen
11 En an 11.8 Di Ecl. D 3.7 Titan en 124 Mien
1.9 Te bs 13 12.5am En as 1.3 pm Enen 128 En en
s 122am Rh an 1.2 Mies 21 Mi es 15 Rh an
1.9 Te as 31 Di dn N0 Mi as 4.0 Rh bn
8 Rh Ecl. D 3.xpm Te hs 1.4 Enes 1.9 pmn Dian
2% Mi en 4.9 En en 12.0 Te en 39 Te ea
21 pm Mias 5.8 Te as 21 L4am Mian 4.1 Di bn
3.3 En es 14 21 Di as 2.0 Te ds 4.1 Mi an
56 Te an 24 Te dn 2.6 Di an 3.3 Fu as
I8! Di es 4.4 Te en 18 Di bn 59 Te ds
7o Mian 5.0 Mien 4.9 Te bs T4 Di Ecl. R
.6 Te Ecl. D 6.7 Rh es 1.1 pm Rh an NN Te a8
a3 Di da 7.5 En an 3.7 Rh bn 9.6 Di en
ER En as 9.2 Rb ds 3.9 En an 108 Te as
s Te «dn 10.4 Miex w7 Mi an 110 Mien
$123am Teen 15 1.1am Rh bs 7.3 Rh Ecl. R 27 34am Enan
126 Di ba 1.8 Enen 7.6 Rh dn 1.4 Mi es
¥} Mien 3.6 Rh as 10.1 Rhen 5.0 Titan ea
s Di as 1.1 pm Te bs 10.2 Enen 1.9 Titan ds
23pm Enen 3.1 Te an 1.7 Te an 25pm Tean
4.3 Te es 3.3 Di an 22 12.1 am Mian 7 Mian
(3] Mi an a7 Mi en 127 ‘Te bn N Titan Sh
a3 Te ds 83 En as 3.6 Te Ecl. R 3 Te bn
92 Te bs 87 Di dn 1.6 pm Dids 5.7 Titan bs
1n.2 Te an 9.1 Mi es 2.6 En as 7.5 Te Ecl. R
12,0 Mien 1.0 Di en 4.9 Di bs 7.8 En es
10 124am En es 16 30am Mias a3 Mi as 8.5 Te en
40 i an 1.7 pm Teen 71 Di as 95 Titan as
12% pm Rh Ls 23 Micn 9.3 Teen 9.6 Mi en
29 Te an 7.7 Mies 10.7 Mi an 10.7 Di en
33 Rh as 8.8 Enes 1.3 Te da N 129am Dids
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March 1892. April 1892, April 1892,
2.1 Ep as 8.0 Nh 7.1 b,
3.0 Mies 8.1 Mies 8.2 Dt en
4.2 Di bs 9.2 Enen 1.7 Te ea
12pm Tees 105 Rh ds 7 12.5am Mian
2.1 Rh bs 2 20am Mias 1.7 Te ds
23 Mi an 2.4 Rh bs 5.7 pmn Mias
3.2 Te ds 122 pm Dids 6.8 En es
4.6 Rb as 1.4 Mi en 9.3 Dies
6.1 To bs 1.8 Te en 10.8 Te an
6.6 En en 1.7 En as 1.1 Mi an
8.1 Te a8 3.5 Di bs 115 Di ds
82 Mi en 5.7 Di as 8 12.3 am Te bn
20 l.6am Mies 6.7 Mi es 1.2 En as
1.1 pm Df Ecl. R 11.8 En an 2.8 Di bs
1.8 Te bu 8 126 am Mian 34 TeFcel R
3.2 Dien 4.2pm Enes 25 pm Rhan
4.8 Te Ecl. R 5.3 Mies 4.3 Mi as
4.7 Te en 6.8 Di an < 5.0 Rh bn
6.9 Mi en 9.0 Di bn 56 Euen
9.1 Ev an 10.5 En as 9.0 Te en
30 12.3 am Mi es 11.2 Mi as 9.4 kh Ecl. R
3.5 En en 4 125am Di Ecl. R 0.7 Mian
125 pm Te ds 2.1 Rh an 11.0 Te ds
1.6 En es 2.5 Di en 115 Rh en
1.8 Rh an 3.7 Te av 9 lyam Te bs
34 Te ba 1.7 pm Titan an 1.8 pm Dien
4.4 pm Di ea 3.0 En en 29 Mi as
4.4 1th bo 3.9 Mies T4 Te an
5.4 Te as 5.6 Titan bn N2 En an
5.0 Mien 9.9 Mi us 8.3 Mi nn
4.6 Di ds (1.5 Titan dn) 9.6 Te bn
7.9 En as 11.6 Titan Ecl. R 10 127 am Te Ect R.
8.4 Rb Ecl. R 5 Llam Enes 2.2 Mi en
9.8 Di bs 2.4 Te es 25 Te en
10.8 Rh en 1.3 Mian 25 En en
119 Miee 4 Titan en 3.0 pm Dies
12,0 DI as 3.7 Di en 52 Di ds
31 2.2 Te Ecl. R 2.6 pm Mi ee 6.2 Te en
4.0 Te ¢en 5.5 Enan 6.9 En as
4.1 Mien N5 Mias (%] Mian
9.5 Mi en 11.9 Enen 52 Te ds
10.4 En es 6 l.oam Teunn KD Di bs
April 1892 19 Mi an EX Rh es
1 1.2am Dian 3.0 Te Lu 1o.7 Di an
3.4 Di bn 27 pm Dibn 112 Te ba
3.4 Mi as 2.7 Rh b 11.2 Rh ds
2.7 pm Te as 4.3 Fn an 11 129 am M{ en
2.7 Mien 5.3 Rh anr 1.2 Te an
29 En an 6.2 Dt Ect R 3.1 RRh bs
Occultations of Stars by the Planets.
STARS NEAR VENUS.
Central Time Diff. of
Date of Conjunction. Decl. Duration.
m o m
Apr. 1 8 16 p. M. + 70 6.7
4 7 oo — 28 7.0
10 11 18 A M. — 35 7.5
1 9 S3 + 3 7.6
11 10 o3 * + 18 7.6
27 2 27p M + 43 9:4
29 2 44 A M. — 53 9.6
STARS NEAR MARS.
Apr. 6 5 16 p. M. + 24 6.1
9 3 23A.M - 4 6.2
17 1 39 P. M. — 27 7.0
20 9 27 “ + 52 7.3
22 6 46 a. M. - 63 7.5
23 12 §4 A. M. + 21 7:5
26 6 o7 P M. + 42 7-9
STARS NEAR SATURN.
Apr. § 6 30p. M. + 9 1.8h
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Occultations Visible at Washington.

IMMERSION EMERSION
Date Star's Magni- Washing- Angle Washing- Angle
1892, Name. tude. ton M. T. f'm N pt. ton M. T. f'mn X pt Duration.
h m ° h m ° h m
Apr. 1 x Taur......... 6 8 28 13 8 48 338 0 20
4 ®° Cancri.......... 6 9 46 a9 10 56 301 1 10
7 i Leonis........... 6 7 51 164 8 356 260 1 05
10 »! Virginis........ 3 6 5+ 202 7 03 220 0 11
10 38 Virginis........ 6 16 08 173 16 48 247 0 40
12 Uranus.... 11 48 126 13 14 311 1 26
15 235 Scorpii .... 612 16 16 111 17 43 273 1 27
29 125 Taurn........ . 6 9 42 114 10 28 248 0 46
Minima of Variable Stars of the Algol Type.
U CEPHEL . U OPHIUCHI Coxr.
R. Ao Ob 52m 32 § LIBR.E. Apr. 14 midn.
+81°17 R A 142 55™ 06° 19 5 a. ML
2d 11h 50m ..— 8" 03 20 1 *
8 P. M. Period............ 2d 07 51m 24 6 «
- Apr. 1 midn. 25 2 «
" 8 * : 25 10 p. M.
. 15 ‘ 29  TaA.M.
e 22 11 p. M. 30 3Pp. M.
o 29 11 30 11 «
S ANTLI.E. U CORON.E. Y CYGNL
R. Avricenieeens Qb 27m 3(s
Decl....... .— 28° 09’ R.A 152 13m 43 R oA ... 20h 47 40
Period............ 0d 07" 47 e g A + 34° 15
Apr. 1 SP. M. : 3d 10 31™ 1d 11h 56m
2 8 - Apr. 9 4a.wm Apr. 3  6a.\.
3 7« 16 2 6 6 *
10 10 ¢ 22 midn. 9 6 ¢
11 g « 29 9p. M. 12 6 *
12 9 . 15 6 *
13 ] 1§) OPHILCHI. 18 6 -
14 7T R. A 17h 10™ 56¢ 21 6
15 T 1° 20’ 24 5 ¢
21 10 * 0d 20t O8™ 27 5
22 9 2. M. 30 5 *
23 9 ¢ 11 p. M.
24 8 * 3 A M.
235 7P M. 9 11 p. M.
26 7 14 4aA. M

A Total Eclipse of the Sun April 26.—This will be visible as a total eclipse
only in the South Pacific Ocean. Partial phase visible on the western coast of
South America. The conditions of the eclipse render it of practically no scientific
interest.

Two New Nebule. While looking for Winnecke's comet on Feb. 24 and 24 I
came across two nebula which are not given in Dreyer's New General Catalogue.
Both are very faint and can only be seen with large telescopes. Their approxi-
mate positions are:

R. A. Decl.
1 138 03m 20¢ 4 21° 37°.6
2 12 54 +22 26
In the same vicinity is the bright nebula M 64 = N. G. C. 4826, which the
beginner in comet-seeking must not mistake for a comet. H. C. W.

”~
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A Great Sunspot. On Feb. 4, one of the largest sunspots which has been seen
for many years, appeared on the east limb of the Sun. A few days later it was
easily seen without the aid of a

telescope, by protecting the eye é d &
with colored glass. Measures of a a = )

photograph taken Feb. 11 when
the spot was nearest the center of |
the Sun’s disk give for the dimen- - 1

sions of the large single penumbra | & | Feb.rg e
72,000 by 33,000 miles, while the 3. ' ‘(‘;‘.
total disturbed area was 135,000 B /5 1
miles long and 80,000 miles wide. 5

The Sun was photographed at
Goodsell Observatory on the dates
Feb. 5,8, 9,11, 15, 16 and 18, by - " 1

Mr. A. G. Sivaslian, a student in : L . « t
advanced astronomy and mathe-| V3 TN “
matics, who has charge of the i 8 ot |
work of taking daily photographs B 8

of the Sun. On the first of the X 2t}

above dates, the spot was quite | Feb. 5 Feb &

near the east limb of the Sun and

on the last date part of the spot| S} 'E
was actually on the west limb.| S| P >
From measures of these photo- 3 S M
graphs we have calculated the S il Do

latitude and longitude of the two

principal black centers of the spot on the several dates. These are platted in
the diagram, and indicate considerable motion in both centers, both moving
backward in longitude, the one about twice as fast as the other.

A. B.

Central Time. Longitude. Latitt;dc. Longitude. latitude.

m - o o
Feb. 5 12 16 258.7 — 2R.7 258.8 — 30.7
8 4 12 257.1 —27.2 256.0 ~ 30.5
9 12 36 257.7 — 271 256.0 — 30.2
11 12 37 257.5 —27.2 254.0 —29.4
15 12 33 255.4 — 28.8 251.2 - 309
16 12 48 255.4 —29.% 250.4 — 31.0
18 12 24 249.6 —30.9

The photograph of Feb. 16 was overlooked when the diagramn was made.

Relative to a point half way between them the spots in ten days revolved
through an angle of about 75° in the direction of the motion of the hands of a
clock. Itisevident from an inspection of the series of photographs that the large
penumbra revolved with the two umbre, but that the small outlying spots did
not share in the rotary movement.

In the spectrum of the spot the C line was plainly reversed in many portions
of the spot. In the north following portions of the two principal umbre, on
Feb. 15, the C line was very brilliantly reversed. In the D and F lines also the re-
versal was easily noticed. On Feb. 16 a photograph was taken of the H and K
regions of the spot spectrum of the fourth order. This photograph shows H and
K with a fine reversed line in each extending acros$ the whole width of the spot
spectrum.
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In looking over our photographs during January I find that the birth of this
group of spots occurred between Jan. 15 and 18. On the 15th there was a single
round spot in longitude 276°, latitude — 24°, with no others in the vicinity. On
the 18th, a new group of very prominent spots was photographed just east of
this spot. The movement of the new spots is well shown by the following
measures:

Aa. b.
Longitude. Latitude. Longitude. Latitude.
h m o ° o -
Jan. 18 12 05 268.1 —249 260.6 —26.5
19 12 06 267.4 —26.0 259.9 —27.6
20 12 56 265.9 —26.4 258.2 —-279
We may expect the spot to appear again on the cast limb of the Sun about
March 1. H. C. W.

The New Star in Auriga. The most noticeable astronomical event of the past
month was the discovery of a new star of the fifth magnitude in the constellation
Auriga. This discovery appears
to have been made by one who"
was not a professional astronomer,
and who was unwilling to give his
name. For a description of the
new star and its spectrum we refer
the reader to the articles by Messrs.
Pickering, Crew and Hale, pp. 233,
228, and 231. The accompanying
diagram, showing the position of
the new star with reference to the
principal stars of Auriga and the
horns of Taurus, will enable the
amateur to readily identify the
star with an opera glass. It is
about 2° northeast of the second
magnitude star, § Tauri, at the
point marked N in the diagram.

This region of the sky was
photographed at Goodsell Obser-
vatory, Feb. 25, witha cameraand
Darlot projecting lens of 21a-inches
aperture. The exposure was one

hour with a Seed plate No. 26.
On this plate the new star is al-

most exactly equal to y Aurige
and brighter than 26 Aurige.

The Aurora of Feb. 13, 1892.—This was noticed at Northfield at 6:20 p. u,.
and lasted until 7:20. The dark arch was about 40° high. The bright arch ex-
tended to 60° and at times to 85° altitude. The color of the auroral light was a
beautiful pink during most of the time. At first there were streamers converging
toward the zenith but these soon disappeared.

Mr. W. E. Woods, of Washington, D. C., reports spectroscopic observations
of the aurora. He found four bright bands on a faint contintous spectrum. The
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most brilliant was in the red about where C should be, and could be seen with a
very narrow slit. The second was in the beginning of the green and was strong
with a narrow slit. The third was in the blue and the fourth, very faint, in the
violet. . H. C. W,

COMET NOTES.

Tempel’s First Periodic Comet (1867 II). In Astr. Nach., No. 3075, Mr.
R. Gautier gives a search-ephemeris for Tempel’s first periodic comet, which
is due at perihelion about the first of April. We give helow those parts of the
ephemerides which apply to the months of March and April. This comet has
been observed at three apparitions, 1867, 1873 and 1879, but escaped detection
in 18835, because of its very unfavorable position. The time of its perihelion
passage is somewhat uncertain, because of the effect of perturbations by Jupiter
in 1881 and 1882, which according to Gautier increased the period from 5.98 to
6.51 years. In calculating his ephemerides Mr. Gautier has taken account of the
perturbations by Jupiter from 1885 to 1892, obtaining thus corrections to the
elements adopted by him for the apparition of 1885. The elements for 1892 are:

T — 1892 April 3.5 Berlin M. T.

@ = 16R° 58’ 10.8”

f4 = 72 33 42.2 1892.0
i = 10 50 27.8

@ = 23 53 57.0

pn = 545.0”

Because of the uncertainty of the timg of perihelion passage Mr. Gautier has
computedthree ephemerides, adopting as the dates of perihelion March 24.5,
April 3.5 and April 13.5, and giving the preference to the middle date.

The position of the comet is a little more favorable than in 1885. It must
be looked for in the morning in the south-eastern part of Ophiuchus, and north-
western part of Sagittarius. This region is a part of the Milky Way, and the
nebulous back-ground of the sky will doubtless make it difficult to find the comet.

Search Ephemeris for Comet 1867 II (Tempel’s Periodic Comet.)
Perihelion = April 3.5.

1892. hR. A. Decl. log r. log J
m o .
March 11 17 2a.1 —18 58.3 0.3184 0.2605
16~ 17 32.2 19 21§
21 17 39.9 19 44.4 0.3173 0.2333
26 17 47.2 20 07.1
31 17 54.0 20 30.0 0.3169 0.2055
April 5 18 00.3 20 §3.6
10 18 06.1 21 18.1 0.3170 0.1773
15 18 11.2 21 439
20 18 15.6 22 1.3 0.3177 0.1194
25 18 19.6 22 40.7
30 18 22.4 —23 12.3 0.3189 0.1227
Perihelion = Maich 24.5. Penthelion = April 13.5
R.A. Decl. R.A. Decl.
b m h m o -
March 11 17 40.1 — 20 04 17 07.6 — 17 43
21 17 57.0 20 47 17 22.2 18 30
31 18 12,3 21 29 17 35.0 19 18
April 10 18 25.6 22 14 17 45.5 20 o8

20 18 36.8 23 o3 17 53.4 21 03
30 18 45.2 — 24 00 17 58.2 --22 ob6
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Brorsen’s Short Period Comet. Mr. George A. Hill, in the last issue of your
periodical (January 1892), gives some remarks on Brorsen's comet which require
an answer.

Mr. Hill is ** positive " that some errors have inserted themselves into Profes-
sor Schulze's calculation in Astr. Nachr., vol. 93. page 177. But I found, as
carly as 1879 (Astr. Nachr., vol. 95, page 45), that a slight variation of the peri-
helion time brought Schulze's elements very near to the observed path of Bror-
sen’s comet in 1879. Dr. Wittstein in trving the same (Astr. Nachr., vol. 94, page
331), was not even as much successful. Indeed. his ephemeris required, after
some weeks, as great corrections as Professor Schulze's former calculation. You
may judge from the following table of deviations (Obs.—Calc.):

Schulze. Wittstein. Lamp. .

1879 Ja Jdd Ja Jd4é da J4
s ’ s ’ B} ’
April 20 - 1 -39 + 54 -7 +1 o
235 — 28 — 42 + 42 — 25 +1 o
30 - 89— -5 -3 +r -1

May 5 — 199 — 41 — 114 — 41 +1 — 1
10 — 329 — 32 — 302 — 39 -1 —1
15 — 395 — 19 — 462 — 25 -3 -1
20 — 370 — 6 — 501 — 13 —6 -1

Moreover, Dr. Wittstein’s calculation, which is based on two observations,
1879, March 19th, and March 26th, (only seven days apart from each other),
brings the comet in 1873, toto caelo apart from the observed places, whereas
Schulze and Lamp are in conformity to them. Nor was it Dr. Wittstein's pur-
pose to give anyhow definitive elements.

May I ask Mr. George A. Hill to forward the publication of the results of his
own work ? E. LAMP.

KIEL, STERNWARTE, 1892, Feb. 2.

Search Ephemeris for Comet Brooks, 1886 IV.
[From Astr. Nach. 3064, continued from page 169 ]

Perihelion, March 1. Perihelion, March 31.
R.A. Decl. Light. R. A. Decl. Light.
h m o ’ h m -] ’
April 10 20 36.9 — 25 27 0.19 19 13.9 — 24 09 0.51
20 21 06.5 — 25 28 0.19 19 46.5 — 26 o6 0.53
30 21 332 — 25 2§ 0.18 20 16.3 - 27 5§ 0.53
Perihelion, April 30. Perihelion, May 30.
April 10 16 304 — 9 20 1.82 12 24.0 + 24 06 1.11
20 16 500 — 14 30 2.11 12 17.6 “+21 10 1.28
30 17 07.0 — 20 47 2.31 12 15.1 <+ 16 55 1.42

Perihelion, June 29. Perihelion, July 29.
April 10 10 03.8 +33 49 0.31 :
20 10 06.2 4 31 11 0.32 9 00.4 + 34 28 0.12
30 10 13.2 +28 o6 0.34 9 12.0 4+ 31 39 0.12

Epbemeris of Comet ¢ 1891 (Barnard Oct. 2.) As the light of this comet is
diminishing rather slowly and the comet will be well up in northern latitudes in
March, 1 have computed an ephemeris from Campbell’s co-ordinates in hopes it
may be recovered and receive observation.
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G. M. T. App. R. A, App. Dec. Log. r. Log. 4 Br.
h m s vt
Feb. 29.5 16 22 18 —22 2 0.2983 0.2211 0.12
Mar. 1.5 21 53 21 36
2.5 21 2§ 21 10
35 20 54 20 44
4.5 20 22 20 18 0. 3089 0.2155 0.12
5.5 19 46 19 51
6.5 19 8 19 24
7.5 18 29 18 57 R
8.5 17 47 18 30 0.3193 0.2103 0.12
9.5 17 3 18 2
10.5 1617 17 34
1.3 15 28 17 6
1”25 14 37 16 37 0.3204 0.20355 o.11
135 13 44 16 9
14.5 12 48 15 40
13.8 11 50 15 11
16.5 10 50 14 41 0.3392 0.2014 o.11
17.% 9 47 14 12
18.5 8 42 13 42
19.5 7 35 13 12
20.5 6 26 12 42 0.3488 0.1982 0.11
215 5 15 12 12
22.5 4 3 11 41
23.5 2 48 I 10
24.5 1 32 10 40 0.3582 0.1961 o.10
25.5 16 0 14 10 9
26.5 15 58 54 9 38
27-5 57 32 9 7
28.5 56 8 8 36 0.3674 0.1952 o.10
29.5 54 42 8 s
30.5 53 14 7 34
31.5 15 SI 44 - 7 2

0. C. WENDELL.
HaArvARD COLLEGE OBSERVATORY, Feb. 13, 1892.

NEWS AND NOTES.

This number is a few days late because we waited for information concerning
 the new star in Auriga, and for tardy proofs.

In the February number of The Observatory is found a biographical sketch
of Sir George Biddell Airy, accompanied by a beautiful photograph which was
taken on his 90th birthday. It is fittingly made the frontispiece.

Remounting the 26-inch Equatorial at Naval Observatory. Messrs. Warner &
Swasey, Cleveland, Ohio, have been awarded, by government officers, the contract
for re-mounting the 26-inch equatorial, preparatory to its transfer from the vld
to the new Naval Observatory.

An Improvised Chronograph. Being desirous of making some record of occul-
tations during the total eclipse of the Moon Nov. 15,1 used the following ar-
rangement for a chronograph. A good spring telegraph register was put in cir-
cuit with a clock and with a key at the observing telescope. To avoid the fric-
tion of a spring contact a very light strip of platinum foil was attached to the
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lower part of the pendulum bob, and was made to swing through two drops of
mercury which formed the terminals of the battery circuit. A second’s mark was
thus made on the paper about two millimeters long. The paper moved nearly
four centimeters per second. An extra second hand on the axis of the escape
wheel of the clock caused the tilting of a light lever once in a minute, which made
another mercury contact, and this made a minute mark on the paper about 8
mm. long which was easily distinguished from the second’s mark. An attendant
marked with a pencil every five minutes the hour and minute opposite the minute
mark.

The record of observation being made in 6 Morse letters there was no chance
for ambiguity in interpreting the record except a short mark should. have oc-
curred in a minute mark. Even coincidence of a dot with a second’s mark would
bardly ever be so perfect that it could not be separated by careful spacing and
measurement. The motion of the register was found to be quite uniform, so that
a few measurements before and after a record would scarcely show any variation
and the length would serve to decipher a record and fix the instant within one-
fortieth of a second.

Given the exact local time, and a good clock and the personal equation, and
very good work might be done with such apparatus. S. H. BRACKETT.

The Proper Motions of Stars. I recently examined the catalogue of the proper
motions of the stars used by Mr. Dunkin in his computation of the position of
the apex of the Sun’s way (Mr. Main I believe is responsible for the catalogue) in
connection with the Draper Catalogue of Stellar Spectra. Of the stars which I
was able to identify and whose proper motion exceeded 0.2” annually, 113 were
referred in the Draper Catalogue to class 2 (solar stars) and only 32 to class 1
(Sirians). This result confirms generally the conclusions which I mentioned in
vour columns. But while a difference of 1.79 in magnitude would imply that a
solar star was on the average about 214 times as far off as a Sirian of equal mag-
nitude, I do not think the proper motions establish so high a ratio. Many ex-
planations might be given of this circumstance. The solar stars may on the
average have a larger mass (as seems to be the opinion of Mr. Maunder); or
they may, on the average, move more slowly; or finally, there may be such an
absorption of light in transmission as prevents a Sirian star from appearing as
bright as a similar solar star when actually removed to 214 times the distance.
Possibly all these causes may combine. I tried this in the case of the stars of the
second magnitude (1.5 to 2.5 according to the Harvard Photometry) in conse-
quence of the comparative slowness of their motions. I found as I expected that
a majority were Sirians—20 Sirians to 15 Solars, more than one of the latter
being marked with a querv—but I further noticed that most of the Solar stars of
this magnitude had a very slow motion and that their average proper motion did
not exceed that of their Sirian compeers by more than 25 to 30 per cent. This
proportion no doubt increases as we proceed and a faint Sirian star with large
proper motion is almost unknown. Perhaps the broad distinction between Solar
and Sirian stars is insufficient and that we must enter into the minute distinc-
tions drawn in the Draper Catalogue. Indeed there are some startling differences
in the photographic power of certain stars which even that catalogue refers to
the same type. Thus 8 Cassiopeiz is of magnitude 2.42 photometrically but
only 3.63 photographically, whereas I find almost immediately after it a star in
Pegasus (No 20 in the Harvard Photometry) referred to the same type (H) where
the photographic magnitude is 6.58 and the photometric 6.63. And while the

-
4
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average brilliancy of the Sirian binary stars is much above that of the Solar bi-
naries, ¥ Leonis which has a Solar Spectrum figures at the head of the list.

An interesting question is the position of the ‘stars with spectra of the third
type as regards brilliancy. As far as I am at present able to judge, they are more
likely to rank above than below the Solar stars. One of Mr. Gore's double stars,
36 Andromedae, is referred, but doubtfully, to this type in the Draper Catalogue.
Its relative brightness is 6.23 which is above thc average for the Solar stars hut
below that of the Sirians. The same doubt exists as to m Cephei. relative bright-
ness 11.07, though in that case the second type gets the henefit of the doubt.
The average for the Sirians is over 12.0. The proper motions of stars of the
third type, as far as I have examined, average more than those of the Sirians of
equal magnitude but never attain the high figures which occur with some of the
Solars. The evidence of their Intermediate position is indeed by no means conclu.
sive, but it is suggestive of further inquiry. One thing tbat recent researches on
this subject has, I think, rendered evident is that the promiscuous classing to-
gether of stars of nearly equal magnitude in such investigations as that relating
to the Sun’s motion in space is wholly inadmissible. The spectrum is an element
of almost equal importance. W. H. S. MONCK.

DuBLIN, Jan. 9, 1892.

Manning M. Knapp was born in Bergen county, N. J., in 1823, and he was
graduated from Rutgers College. He was admitted to the bar in 1846 and four
years later was commissioned a Counsellor. He rapidly acquired. fame as a
learned lawyer and his knowledge of criminal law was so extensive that he
was, in all important capital cases, assigned by the court to assist in the prosecu-
tion. When Judge Bedle was elected governor, he appointed the lawyer his suc-
cessor on the bench in 1875.

Judge Knapp was re-uppointed by Governor Ludlow, in 1882, and was, for a
third time, appointed in 1889; by Governor Crew. On January 25th, he cele-
brated the seventeenth anniversary of his appointment as a supreme court judge.
He expired suddenly, January 26th, while delivering a charge to the grand jury
of Hudson county.

The dead man was a Democrat in politics but he was never a politician and
never sought or held any elective office. He was one of the most expert judges of
lenses for astronomical instruments in the country. Early in life he developed a
love for the study of astronomy, but so frequently found lenses that did not suit
him that he made them for his own use.

*“ At his home in Hackensack is a most complete workshop for the manufac-
ture of lenses. He never sold any but frequently presented them to scientific so-
cieties. He was for years a close correspondent of Alvan Clark & Sons, the cele-
brated telescope lens makers, and his judgment of the quality of a lens was con-
sidered almost invaluable.”—N. Y. Tribune, Jan. 27.

A Personal Explanation. It has occurred to me that some of your readers
may possibly come across a copy of the morning’s San Francisco Examiner,
February 28,.containing an article over my signature on Astronomical Photog-
raphy, and in this event it would certainly seem strange to find that many ideas,
and even certain paragraphs, are borrowed from a well known lecture by Pro-
fessor Barnard of the Lick Observatory, entirely without credit. By one of those
curious accidents which will sometimes happen, even in 8o admirably managed a
daily newspaper, a line containing the proper acknowledgement was omitted,
even after an insertion in the revised proof.
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Of course Professor Barnard stands in need of no credit, for his work is famil-
iar enough, even to those whose acquaintance with astronomical suhjects is de-
rived from the casual newspaper article. Therefore the present explanation is
principally intended to avoid adverse criticism of the writer, should it happen
that a popular article, written by a layman for the public press, fall into the
bands of those qualified to detect such plagiarism. CHAS. B. HILL.

San Francisco, Cal.

Queries for Brief Answers. The following queries have been sent in by one of
our subscribers. As some of them are of general interest to amateur astronomers
we print them with the request that any who feel competent will send us brief
answers. \We cannot promise to publish all replies that may be given, but will
try to select the best:

1. Has Foucault’s pendulum experiment to prove the rotation of the earth
on its axis ever been tried at, or near the equator, or in south latitude; and if so
with what result?

2. Has the experiment of falling bodies, to prove the rotation of the earth
on its axis, by deviation from a vertical line, ever been tried at the equator or in
south latitude; and if so with what results?

3. How far ahead have eclipses been predicted, and where can I obtain a
list ?

4. Has it been proven or do astronomers generally believe that the planet
Mercury rotates on his axis in the same time that he completes a revolution
around the Sun? .

5. In Chambers’ Astronomy explaining the occurrence of a high tide on that
side of the earth opposite to the Moon, it says: It is only necessary to bear in
mind that not only does the Moon attract the upper mass of water, but also the
solid globe itself, which is consequently compelled to recede from the waters
beneath, leaving them behind, and in a sense heaped together.” This, or words
to the same effect, is the explanation usually given in text-books on Astronomy
and Physical Geography. Can that be explained to pupils in a simple way so
that they, at least, will not be skeptical about it ?

6. Who was it that said, “ The undevout astronomer ismad?”’ . 1. H.

Government Astronomer H. C. Russell at Sydney, Australia, has favored Good

sell Observatory with a number of valuable papers on Astronomical themes as
follows:

On the Nebula and Stars about # Argus, March 1871.

The Colored Stars about Kappa Crucis, May, 1872.

Double Stars Results, 1871—1881.

Some Double Stars and Southern Binaries, June 2, 1880.

Recent Changes in the Surface of Jupiter, December 1, 1880.

Transit of Mercury, Nov. 8, 1881, December 7, 1881.

New Double Stars September 5, 1883.

On the Increasing Magnitude of Eta Argus, June 6, 1888.

On Some Celestial Photographs Recently taken at Sydney Observatory, No-
vember, 1890.

On an Electrical Control for Driving Clocks, November, 1890.

On Some Photographs of the Milky Way, Recently Taken at Sydney Observa-
tory, Aug. 1890.

Results of Double Star Measures, 1891.

Preparations Now Being Made in Sydney Observatory for the Photographic
Chart of the Heavens, July 1, 1891.

Notes on Some Celestial Photographs Recently Taken at the Sydney Observa-
tory, Sept. 26, 1891.

-~
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Camden Astronomical Society. At the regular meetings the Camden Astro-
nomical Society held during last year, the following papers were read—

The Astronomy of the Ancients—Rev. Chas. Bowden.

The Manufacture of Astronomical instruments—A. B. Depuy.

Greenwich Observatory—H. H. Furness, Jr.

Personal Equation in Double Star Observation—Professor F. P. Leaven-
worth.

The Law of the Sun’s Rotation and the Periodicity of Sun Spots—a transia-
tion from the German of Dr. F. Wilsing—Professor E. S. Crawley.

Mr. A. B. Depuy having moved from the city he tendered his resignation as
secretary and Mr. H. H. Furness, Jr., was elected to fill the vacancy. R.

Meeting of the Astronomical Society of the Pacific, Jan. 30, 1893. The first
meeting of the year was held in the lecture hall of the California Academy of Sci-
ences, and was very largely attended. At the meeting of the directors held in the
Society’s rooms immediately before the regular meeting thirty-eight candidates
were duly elected to membership, as follows:

A. B. Alexander, Richard H. Allen, W. 8. Andrews, F. R. Bissell, Miss Mary E. Byrd,»
Miss Caroline A. Clark. Charles A. Crackbon, Frank H. Dickey, Charles R. Bastman, Geo.
Stuart Forbes, Charles Graves, T. P. Gray, Alva J. Grover, Stephen M. Hadley, H. 8. Her
rick, John R. Lewis, J. A. Lighthipe, Marsden Manson, David Miller, James Moore, Chas.
Nordhoff, Miss Clara A. Pcase, Thomas Porter, M. Reimans, George A. Ross, John R.
Ruckstell. Roger Spra*e, Miss Henrietta Strong, Mrs. Wm. Bmerson Strons. C. L.
Taylor, Senor Enrique Toriella, Professor L. W. Underwood, Professor L. G. Weld, James
A. Wilson, Wm. C. Bonsficld, Adolph Lictz, Professor Wm. Lymmons, Joseph C. Sala.

* At the regular meeting President Pierson presided. The thanks of the Society
were voted to the California Academy of Sciences for the free use of the audito-
rium. A number of presents were announced by the secretary, who called atten-
tion to the beautiful colored lithograph of the partially eclipsed moon of Novem-
ber, 1888, drawn by Professor, Weinek, of Prague, who had presented the
society with 1,000 copies for the Publications of the Society.

The following papers were presented :

a. The Rotation of the Sun (translation from the German of Dr. Schmidt)
by A. C. Behr, of Chicago.

; lb.dl’ogson'a Comet and the Bielan Meteors, by W. H. S. Mounck, of Dublin,
reland.

¢. The McKim Observatory, by Professor W. V. Brown, of Greencastle, Ind.

d.c When shall we have Another Glacial Epoch? by Garrett P. Serviss of New
York City.

e. The total Eclipse of the Moon, January 28, 1888, by Professor Weinek, of
Prague (translated by F. R. Ziel, San Francisco).

f. Lantern Slide Exhibition, Lecture by W. W. Campbell of the Lick Observ-
atory.

The President appointed the following committees to report at the annual
meeting March 26th.

A committee to nominate Directors and publication committee: Messrs. José
Costa, F. H. McConnell, Hon. Arthur Rogers, Harry Durbrow and Edward R.
Young.

A committee to audit the accounts of the treasurer: Messrs. M. M. O'Shaugh-
nessy, Otto Von Geldern and F. W. Zeile. The hall was then darkened and
seventy-five lantern slides exhibited by Professor Campbell illustrating the meth-
ods and results of the Lick and other Observatories.

The president announced that a branch of the society was being organized in
Pittsburg similar to the Chicago branch.

The meeting then adjourned.

CHARLES BURCKHALTER, Secretary.
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(GENERAL ASTRONOMY.

ON A SIMPLE MOUNTING FOR A LARGE TELESCOPE IN THE
FIELD DURING ECLIPSE OBSERVATIONS.*

PROFESSOR FRANK H. BIGELOW,

The importance of obtaining suitable observations on the
phenomena exhibited by the solar corona during eclipses is be-
coming more pressing than ever, in the interests of the develop-
ment of some branches of cosmical science. The value of any
photograph of the corona depends upon the amount of struc-
tural detail that can be found on a picture of comparatively
large linear dimensions. Since the diameter of the image of the
Sun on the plate is a direct function of the focal length of the ob-
ject glass of the camera, in order to obtain any picture in which
the Sun’s disk will be represented by a circle one-half inch in ra-
dius, or more, it will be necessarv to mount a large telescope at
the station of observations. Those who have tried it know very
well the difficulty and cost of transporting the heavy mounting,
the clock work and tube to the place, to say nothing of the labor
of setting up the same on any proper foundations.

An attempt was made to solve this problem practically, in the
late eclipse expedition to West Africa, December 22, 1889, and I
propose to give in this paper an outline of the plan, in order that
those preparing for the eclipse of April, 1893, may be able to
avail themselves of the results of such experience. This anticipa-
tion of the regular report of the expedition is with the consent of
the Director, Professor D. P. Todd.

It is not proposed at this time to consider the optical qualifica-
tions of the telescope employed, or the best focal length that
should be adopted, these questions being left to the members of
an expedition. The mounting to be described was applied suc-
cessfully to an object glass having a focal length of nearly forty
feet, and in spite of the weight of the apparatus, which was of
course considerable for so long a tube, it showed that it could be

¢ Communicated by the author.
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controlled to follow the afternoon or descending path of the Sun
with a precision and steadiness seldom excelled in the best fixed
instruments of a regular Observatory.

FIGURE 1.

The accompanying diagram presents the principle of the ap-
paratus, and nearly explains itself. The essential geometrical
idea involved in the equatorial telescope is that of a triangle,
whose base is parallel to the axis of rotation of the earth,
revolving about its base, the hypothenuse being elevated to the
angular polar distance of the object. It is necessary then to
support the sight line of the telescope at the proper angle, and
provide for its rotation about the base fixed at elevation of the
pole, and in the plane of the meridian. The dotted lines represent
such a triangle.

The sight line, AC, is determined by the optical axis of the ob-
ject glass; the base, AB, by the position of the axis of rotation;
and the altitude BC by the value of the angle BAC, the polar dis-
tance of the Sun at the time of observation. The circles A,B,E,
indicate a set of ball and socket joints, allowing free motion in
any direction; C is a plane joint admitting motion only in the
plane of the meridian. A and B are attached by clamp collars to
a cylindrical iron tube, which rests upon cast iron forms holding
the tube and anchor plates. For piers there were used a set of
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oak iron-bound casks, filled with stone and cement,in which were
embedded the anchor plates, suspended at some distance below
the castings by four strong iron bolts. The contraction of the
casks at the top, when once filled with the cemented material,
kept the tops of the foundations in place, whenever subjected to
strong lateral pressure, as was the case when the angle BCD had
a considerable value. The use of casks in the field is recom-
mended for these purposes; they serve in transportation, and
permit the employment of loose stones and dirt mixed with ce-
ment in place of good brick or stone; they are much more
quickly constructed and stand more wear and tear than any
built up pillar piers; and they can be repacked for transporta-
tion, the only expense having been the cement.

Ball joints are needed at the points A,B,E, to preserve free mo-
tion of the sight line; they consist of solid iron spheres, which
receive two sets of abutting screws at right angles. At C, the
joint must be strong and constructed to prevent any rotation of
the telescope about its axis of collimation, or else the position
angles will need a correction. The thrust of the rod DE against
the joint C effectually prevents such motion. We had the rod BC
trussed with three rods running from end to end, elevated at the
middle by three arms. The telescope was also supported against
flexure by five such rods from A to C.

The rod BC, therefore, being stiff, covld not introduce an error
of rotation into the position angles, as the hour angle from the
meridian increased. Near the lower part of this rod was intro-
duced a heavy double threaded turn-buckle, by means of which,
when once the length of the rod had been adjusted to produce the
required angle BAC, small variations in this angle by way of
adjustment could be produced. An assistant was stationed
there, and by direction of the observer raised or lowered the tele-
scope so as to bring the image of the Sun to any parallel of the
photographic plate. The rod, DE, was built up of lengths,
which could be rearranged for the altitudes occurring during the
important phases of the eclipse, the required combination of
parts being ascertained by a little computation, or by trial dur-
ing the preparations for the observations. The parts were
screwed together, and for this purpose it is convenient to have
some bar wrenches adjusted to the size of the rod. The parts of
the apparatus AB, BC, DE are hollow tubes, and ordinary two
and four-inch gas pipes are strong enough for very large instru-
ments, smaller diameters being sufficient for a twenty-foot tube.
It will be observed that the method of support on the piers, by
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which the ends of the tube are immediately secured, instead of
suspending the telescope by the center as in the Fraunhofer
mounting, reduces to a minimum any tendency to vibrations
from the wind, and favors photographic operations in a marked
degree. Omne of the motives in mounting a forty foot telescope
direct, instead of parallel to the horizon, as was done in the case
of observations on the tramsit of Venus, was to avoid all the
questions arising in the use of the mirror, and at the same time
secure rigidity, as was done in this disposition of weights on a
tripod. The distances AB, BD and AD are so great, in respect to
the size of the telescope, as to favor to the utmost stability of
support.

The important problem to he solved was the imparting the
requisite motion in hour angle about the axis AB, without the
employment of a regular clock. A sand piston was substituted
for it, and the success attending its trial gives us a valuable anx-
iliary for all such observations. The end of the rod ED termin-
ates in a flat circular plate, which rests upon sand in a strong
piston, the cap at the top guiding the rod, the low from the
piston being controlled by a valve invented for the purpose, set
into the center of the bottom, and finally the whole piston
resting upon a base that allowed it to move through any conical
angle produced by the action of the rod ED. The use of sand for
such a purpose has given trouble heretofore by the fact its flow
is not steady under ordinary conditions. The tendency is to
move by jumps; the sand congests and then flows spasmodically.
This is due to two causes, first the presence of moisture in the
sand, which gives a viscous sort of friction, and second to the
shape of the orifice which generally has been circular.

The first difficulty was overcome by heating the sand thorough-
ly over the fire, before using it. The moisture once having been
evaporated, the movement of the sand particles becomes perfectly
uniform so far as friction is concerned. The sand was from the
beach, washed free from dirt and carefully screened fine, so that
the grains should be as nearly of the same size as possible.

The valve and form of the orifice which overcame the second
obstacle to uniform flow was constructed as follows. The dia-
gram represents in full size the valve that was used at Cape Ledo.
A brass cylindar screws into the bottom of the sand piston; near
the middle, on the inside, two conical ledges project a short dis-
tance towards the center; from the bottom, carried by a screw,
a longer cone projects upwards, its axis coincident with the axis
of the cylinder, and its sides parallel to the sides of the fixed cone,



Professor Frank H. Bigelow. 261
as shown in the figure, which is a drawing of a section through
the middle. By lowering or raising the cone, which can be done
accurately, the passage through which the sand flows can be
changed to any desired amount, up
to the size of the opening between the
fixed ring, or it can be closed entireiy.
The sand escapes through some holes
into the cone which is hollow, and
drops out at the bottom. It will be
seen that the action of the cone is to
pierce the flowing solid stream of
sand at the center and convert it into
a thin band in theform of an annulus.
This stops the irregular action caused
by congesting and freeing of the sand
at a circular opening, and allows the
flow to become steady and continu-
ous. One other precaution should be
taken with the sand piston, namely,
the diameter must be large, about six
inches, and the piston head must be free round about its edge by
at least one-fourth of an inch. In this way the particles of sand
work up between the piston head and the sides, forming an excel-
lent friction surface, which works smoothly; and by having a
large column of sand, there is no chance to congest under pressure
as it falls away with the load. It was surprising to see how
readily the sand piston carried a varying weight, ranging from
100 to 800 pounds, with apparently no impression upon the rate
of speed as controlled by the valve. This speed was also sensitive
to a half or even a sixteenth of a revolution of the cone, showing
that the sand acts practically like a solid moving column. With
this arrangement the Sun could be maintained tangent to the
reticle threads for a considerable length of time. The pot used
was about 2% feet long and gave an effective flow to the forty-
foot telescope for eighteen minutes, which was ample time to
take all the pictures desired of any phase of the eclipse.
Regarding the adjustment of the polar axis in altitude and azi-
muth, it is to be observed that the long rod of support, BC, lends
itself to this purpose, by reason of the large triangle, ABC, of
which it is a part. Calculating the angle BAC for any date, and
the length of the rod corresponding, it is necessary simply, hav-
ing made the end A fast, to set the telescope on the Sun at noon
by raising the end B over the pier, and again on the same day

/~
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near the horizon for the azimuth. Or if preferred, by following
the Sun during a given hour angle and observing the change in
the length of the rod BC, as shown by the turns in the buckle,
an easy computation will give the resolved part of this change in
altitude and azimuth. For eclipse work, it would be hard to
conceive a more expeditious way to set up accurately and firmly
a large telescope than the one described. Instead of using sand,
it might be, on some accounts, better to have an hydraulic piston
and then by making the rod ED available at two points D and
D’, one for raising and the other for lowering the telescope, it
would be equally useful for forenoon and afternoon observations.
At Cape Ledo the total eclipse occurred at 3 o’clock in the after-
noon.

Fic. 3.

The instrumental corrections were easily obtained by the
method which is indicated briefly at this time. Infig.3 let P repre-
sent the true south celestial pole, P’ the instrumental pole, that is
the intersection of the line AB with the celestial sphere, PZ the
meridian, Z being the point at which the Sun crosses it; let S,
represent the place of the Sun on its true path ZS'S,, at the hour
angle t, or t’ by the instrument; the dotted line ZR is the appar-
_ent path as modified by the action of refraction. Let %, 7, be the
co-ordinates of P’ as referred to P,PS, = 90° — ¢ the true pola
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distance, and P’S, = 90°—d the instrumental polar distance.
The component of refraction resolved from the zenith altitude
into the direction of the pole will give the point S, relatively to
R at the time of an observation. Suppose at any time, t, the Sun
is seen at S, then 90°—¢ is known from the Almanac, and
90° — d by computation from the triangle ABC. It is necessary
ouce for all to measure accurately these linear distances, the great
size of the triangle making it easy to secure the angles very ex-
actly. At another time, ¢, the Sun appears at S,, and the tele-
scope is brought upon it by changing the length of the rod BC.
This variation being found by counting the movement of the
threads at the turn buckle. Hence by means of this variation
and the linear distance AC, we compute the angular change CS,.
Now S,C = (t,—t,) cos 3, S,CS, is a right spherical triangle, and
the angle CS;S, can be found, this being also the angle PS,P’.
Thus three parts of the triangle PS, P’ are known, and we obh-
tain the required y, ¢, which can be readily changed into difference
of altitude and azimuth of the instrumental pole. The linear di- .
mensions of the triangle ABC and the variation of BC between
two observations, are sufficient to determine the position of the
mmstrument. The temperatures may be reduced to a standard
temperature by introducing a coefficient of expansion for the
tubes; it is best to take the two observations about three hours
apart; a standardized steel tape, measuring the distances be-
tween proper marks on the tubes, the marks being referred to the
inaccessible points, A, B, C, by suitable methods, will give us the
linear dimensions at any time with great accuracy.

In the mounting of the telescope for eclipse observations, the
objects aimed at were a minimum ot expense and a maximum of
stability; in the construction of the photographic apparatus it
was attempted to secure invariable actinic conditions and ra-
pidity of exposure during totality. We had an opportunity to
test the same during the phases, but the totality was wholly ob-
scured by clouds. The diagram (Fig. 1), shows the general posi-
tion of the parts. A strongly built finding telescope is firmly at-
tached to the main tube by ring struts, which carry abutting
screws for adjustment. The axes of these telescopes are made
parallel ; the finder is used for viewing the region of the sky oper-
ated upon and for fixing the position of the camera. This con-
sists of a large plate of plane glass, the surfaces being parallel
planes, bound about by a thin brass ring, one-half an inch in
width, one edge carrying a lip flange against which the plate is
cemented with shellac. This plate is pierced at the center, re-
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ceives and is screwed to a hollow axis with wide flange, this axis
fitting and revolving upon the finder, so that the plate itself
turns in front of the large telescope. In this way there is a wide
annular surface of the plate that is available for photographic
purposes in front of the field, successive circular surfaces being
taken by turns, as the plate is moved from step to step. We
used a 22-inch plate which gave ten 4V%-inch circles without over-
lapping. The portion of the plate, on the side opposite to the
objective, was spread over with radii and concentric circles ruled
by a diamond, which referred any portion of this surface to co-
ordinates whose origin is the axis of rotation. It is particularly
to be observed that the focal plane, once secured by adjusting the
finder in its bearings, is maintained constant throughout the ob-
servations, and that the surface of the plate, being perpendicular
to the axis of the finder, is always also perpendicular to the opti-
cal axis of the objective, two conditions of great importance.
Thus far we have described the essential features of the ap-
paratus, the further process of manipulation depending upon the
resources and the tastes of the nbserver.

Our photographic film was spread upon large circular plates,
fitting inside the hrass ring, the reticle lines and the film touch-
ing each other, so that there could be no parallax effect between
them. Thus in one rotation of the plate ten independent pictures
under identical conditions were secured, each image of the field
available being 41%-inches in diameter. It was found practical to
take a complete picture, once every six seconds, or the whole ten
in one minute. If itis not thought best to use so large plates, it
is evident that ten compartments can be constructed into which
small plates can be inserted, and removed in regular order on the
unemployed side, while the exposures are made on the other side
of the plate. There is some trouble in making, handling and
developing large plates, but in many respects, they are superior
to a series of small plates, especially in referring them to the co-
ordinates for measurements.

In conducting the exposures it is necessary to have two screens
also revolving upon the axis of the finder, just in front of the
plate hetween it and the open end of the tube, one to carry the
slit and one opaque; each screen also revolvingin onedirection by
the pressure of a spring. The order of action is (1) movement of
the opaque screen, (2) passage of the slit screen for exposure, (3)
return of the opaque screen in front of the tube, (4) return of the
slit screen to place for a new exposure, and (3) the advance of
plate through one-tenth of the revolution. We employed a rather
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complicated automatic apparatus, acting by means of com-
pressed air, which carried out all these motions automatically, so
that the observer had only to exchange plates after each ten pic-
tures, but a simple contrivance can be made to work by hand,
that will do just as well and will not cost so much. The slit
screen must be a sector covering rather more than twice the
width of the tube, and the opaque screen more than once its
width; they must strike against soft cotton batten for buffers, so
as to impart no vibration to the telescope. It was found that
the rigidity of the end A was such as to permit any necessary
manipulation of the camera without disturbing the image of the
Sun. At Cape Ledo the clouds were passing over the Sun so
rapidly, when it could be seen at all, that it was not possible to
use the automatic apparatus which had been planned, to execute
prearranged intervals of exposure, by control from an electric
dial invented for this purpose; and what we secured was ob-
tained by watching the image on the opaque screen, as could be
done perfectly from the side, there being a free space of about one
half an inch, and letting fly the screens by hand, at any favorable
instants of time. If one could practice with such apparatus I am
sure that the pictures desired could be obtained with the least
loss of time and under the most uniform conditions. It should be
said that a small dark room was erected over the photographic
end of the telescope so that all these operations went on under
ruby light, being fully protected from causes that tend to ruin
such delicate work. Black canton flannel secured over the large
opening and around the telescope admits of all the freedom of
motion needed by the instrument. Such a dark room can be con-
structed cheaply and quickly, and it seems to me that it is an in-
dispensible part of an eclipse outfit.

There is one more problem that it is hoped was successfully at-
tacked, namely the determination of the position angle. The po-
sition angle, or the position of the lines of reference of the plane
of the ecliptic and the Sun’s axis of rotation, is a question of ex-
treme importance in the solution of the location of the coronal
axes, along the lines of investigation described in other papers,
and it is the weakest part of the work hitherto accomplished in
taking coronal photographs. A picture of the corona, with such
lines only roughly indicated, are not worthy the expense and la-
bor otherwise bestowed upon them, and they miss one of the
most important parts of this problem. All observers know the
difficulty of securing this line of reference. What is needed is the
direction of motion of the center of the Sun across the plate, as

4
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the telescope rotates about its axis; or the telescope being fixed
this direction as the Sun passes over the field. If the celestial
and the instrumental poles PP’, coincided on the sphere, these
two directions would be the same.

FIGURE 4.

Hence both of these lines should be determined, as a check and
as a term in the problem of computation. In Fig. 4 let P repre-
sent the axis of rotation of the photographic plate, upon which
are shown their circles and three radii belonging to the rotating
reticle. Let F be the center of one of the fields from the objective,
adjusted to coincide with the axis of collimation by means of a
circular screen at the lower end of the instrument. This screen
should also carry two threads at right angles, the center being
adjusted to the optical axis of the telescope, and one thread
parallel to the equator. S, and S, are the positions of the centers
of the Sun at two exposures on the same field, the first after the
cusp C, has entered and the second C, as the Sun is leaving the
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field, the telescope being fixed and the Sun moving, or the tele-
scope running past the Sun, by a rapid flow from the piston, as
mentioned above. The general light of the sky is always suffi-
cient to throw down the field with clearly defined edges. The
points of the cusps C, and C, are sufficient to determine the direc-
tions FS, and FS, respectively, while the curvature of the edges
of the Cusps serves to fix the positions S, and S,. Hence the line
S;§, is the direction of motion of the Sun over the field, and the
angle S EP refers this to the center of polar co-ordinates P. If
now the thin cusp A, just before Contact II, and the thin Cusp B,
just after contact III, are taken on the same field, one before and
the other after totality, it is obvious that we should have room
for nine pictures of the corona on the same plate, giving time for
some long exposures if desired. The curves of the edges of the
Sun and the moon can respectively be extended to the circum-
ference of the field, and thus the direction of the motion of each of
these bodies be accurately obtained. It is felt to be very unfortu.
nate that our ill luck at Cape Ledo prevented us from carrying
out these plans fully. A number of plates (10) of phases were
obtained, which show all the mathematical lines that have here
been indicated, but they are not as yet measured up and com-
puted.

There is space remaining for only three isolated remarks. The
first is that the evidence is very strong, as shown in a paper on
*Standardizing Photographic Films,” which appeared in the
SIDEREAL MESSENGER of Nov. 1891, that in the present state of
our knowledge regarding the actinic problems of photogra-
phic films, it is quite useless to repeat the process of standard-
izing the films by squares, and comparing with the effects of de-
posit produced under exposure to the corona. The second is
that it is highly important to develop the plates as soon as pos-
sible after the exposure, if it is expected to retain all the impres-
sion produced. There are now several experiences on record that
show that the images do fade out with the lapse of time. Some
of our plates were developed at San Paulo de Loando in a few
days after the eclipse, and others in the United States after the re-
torn of the expedition. The latter had all faded away seriously
as compared with the Loando plates, and there were no precau-
tions spared to prevent this result. In spite of the practical diffi-
culty of developing plates in hot climates, and with insufficient
means, it is better to do so, and if the work is done at nightin a
cool place, the best will have been done that is possible. The
third remark is that from a careful study of the corona pictures

-~
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available, I find that those produced by the old colodion process,
such, for example, as that used by U. S. Naval Observatory par-
ties in 1878, gives a better working picture than any of the gela-
tine dry plates. They are more homogeneous, the lines being
much more continuous in their courses under the microscope, and
they preserve this continuity much better from near the edge of
the Sun where the object is bright, towards the extremities of the
streamers where the corona disappears in the general brightness
of the sky. There is time enough for sufficiently long exposures
to use colodion, since it is a mistake to expose a quick gelatine
film (Seed No. 27) for more than about three seconds.

There are many other processes that were undertaken by the
expediiion, especially in the way of automatic exposures, as con-
ducted by Professor Todd himself, which show that the old
method of hand manipulation ought to be abandoned, in view of
the value of the available minutes. Of course nothing can take
the place of a good observer, but wherever it is proposed to sup-
plement such observations with photographic records, there can
be no doubt that the introduction of mechanical operations has
been a step in the right direction.

NOTE ON THE NEW BINARY, g 612.*

8. W. BURNHAM.

In THE SIDEREAL MESSENGER for August, 1891, I called atten-
tion to the rapid motion of this new system, and gave all the
measures I had any knowledge of at that time. With these ob-
servations, owing to the uncertainty of the quadrant, it was im-
possible to say whether the motion was direct or retrograde,
since the components are very nearly equal, and the several posi-
tions might lie in the same quadrant. The direction of the mo-
tion seemed to depend upon the general accuracy of Engelmann'’s
angle in 1884, and that made the orbital motion in a retrograde
direction. .

Since that paper was written, I have received some very valua-
ble unpublished measures from Schiaparelli, made in 1889, 1890
and 1891, and from Hall in 1891; and in addition to these ob-
servations, | have recently measured it with the 36-inch equa-

* Communicated by the author.
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torial. These observations show beyond question that the
motion is direct,and that the angular motion since 1878 is about
140°. There seems to be a large error in the position-angle of
1884, which it is difficult to explain. The period will be short,
and with the measures of the next two or three years, it can
probably be determined with approximate accuracy. At the
present rate, with a uniform motion of 10° per year, the period
would be only 36 years, but it is not at all unlikely that the an-
gular motion may be accelerated during the remainder of the ap-
parent orbit.

HISTORY OF THE COLOR OF SIRIUS.*

T. J. J. SEE, BERLIX.

In the Philosophical Transactions for 1760 Mr. Thos. Barker
of Lyndon, in Rutland, has a paper ‘‘On the Mutations of
Stars,” in which he calls attention to a supposed change in the
color of Sirius, and cites as a proof that the star was formerly
red the testimony of a number of ancient authors, including
Aratus, Cicero, Horace, Seneca and Ptolemy. The argument ad-
vanced seemed so conclusive that for a long time the change ot
color appears to have been accepted as an item of scientific be-
lief. Recently, however, an effort has been made to discredit be-
Lief in the ancient redness of Sirius by throwing doubt upon some
of the evidence cited by Mr. Barker, especially the weighty testi-
mony of Ptolemy, Seneca, and Cicero. Therefore, to satisfy my
own curiosity, I undertook a critical investigation of all of the
ancient authors hitherto examined, and a great many others,
with a view of deciding definitely whether in antiquity Sirius
was really red. The results of the research seem to establish be-
vond doubt the ancient redness of the star, and therefore, since
the investigation will be interesting to astronomers who are
studying problems of Cosmical Physics, I shall now proceed to
give briefly the evidence of the ancient authors and to review in
the proper place the criticisms hitherto advanced, nearly all of
which happen to be erroneous. We shall proceed usually in chro-
nological order.

HOMER.

The only distinct allusion to Sirius in the Homeric poems is
that m the Ihad (Bk. XXII, 29-32,) where Homer compares

¢ Communicated by tbhe aothor.
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Achilles' shield (of copper, as we know from recent Archzlogical
discoveries) to the star:

v te oy Qpiwvay xixdyay xakéonars
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We have here no distinct record of color, but the association of
“=uerray,”’ meaning ‘ fever” (the same word is used by Hippocra-
tes), with Sirius, indicates that there must have been some reason
tor ascribing the presence of a disease which the Greeks evidently
connected with *‘fire” or ‘‘heat” to Sirius rather than to other
stars. The evil omens attributed to Sirius were perhaps the
natural outcome of astrological superstitions widely spread in
antiquity respecting the “ influences "’ of bodies of a ruddy color,
which were looked upon as ‘“angry” deities. It is well known
that Mars (the god of war) and the sign of Scorpion (owing
without doubt to the ** angry " appearance of the ruddy Antares)
were objects to which astrologers attributed all manner of evil.
It is also well known that the ‘‘influences " of clear bright bodies
like Venus and Jupiter were considered *‘salutary:’” therefore it is
diflicult to imagine why the ancients should have attributed evil
omens to Sirius if it shone with its present *salutary " appear-
aunce. But certain it is, as we shall see in the course of this paper,
that throughout the Greek and Roman world the Dog Star was
regarded as the cause of the intense heat of the *“Dog Days,™ as
the sourvce of the sickness and droughts attending that season of
the yvear, and consequently an object of the greatest superstitiouns
terror. It is easy to see how these evil furebodings would anse
in the minds of the ancients if Sirius were red. so as to present the
appearance of * burning,” but if the star were white (clear and
“salutary ') an explanation of these superstitions seems nearly
mmpossible.

Homer, moreover. by comparing the shining of a copper shield
to the “Dog of Onon™ has wsed language cunsistent with the
idea that Sinus shone with a ruddy light. and it may be that he
has thus unconsciously preserved for us the color of the star 3000
years ago. This suggestion is connrmed by the foliowing com-
panison of the helmet and shield of Diomede to the ** Autumn
Star,” which critics are agreed is Sinions:
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(Iliad, Bk. V. 4-8).

Homer therefore affirms the similarity in the appearance of the
*imperishable fire;” streaming from Diomede’s copper armor to
that coming from the ‘‘Autumn Star;” and the repetition of
“z% ' not only emphasizes the agreement in color, but assures us
that the objects were fiery red. Now Homer’s similes and com-
parisons are admitted by all critics to be in general proverbially
accurate; therefore it is very improbable that he has here com-
mitted so great an error as would be implied by the same com-
parison at the present day—a comparison, indeed, very apgropri-
ate for a red star like Aldebaran or Betelgeux or Antares, but en-
tirely inadmissible for the bluish white Sirius with which we are
all familiar. It must be remembered also that the Greeks of the
Homeric age knew nothing of the white lights and fires resulting
from oil, gas, and electricity, but that their primitive wood fires
presented a ruddy tinge. In remarking that the star ‘ appears
more brilliant when washed by the ocean.” Homer has left us a
record of scintillation—certainly the very earliest that exists—
but his language does not imply that his judgment of the color
has been influenced by atmospheric effects upon the light of the
star. Scintillation, indeed, causes the flashes of a red star like
Aldebaran to appear extraordinarily red, and the flashes of a
bluish white star like the present Sirius to appear extraordinarily
blue; therefore in the present color of Sirius not even scintillation
could justify the comparison with ‘imperishable fire” or the
ruddy glow of burnished copper; whereas, with a color like that
of Antares such a comparison would not only be admissible but
the most natural that could be imagined, whether scintillation
existed or not. Accordingly, although the two foregoing inde-
pendent and very ancient records of Sirius have come down to us
from a poet, Homer is generally very accurate in his descriptions,
and therefore his testimony ought to lay claim to considerable
confidence.
HESIOD.

The name J:ipwos first appears in Hesiod [ Works and Days”’
(415, 585, 607) which probably dates from the 8th century
B. C.,] and seems to mean the ‘“burning one.” For Z:pws is evi-
dently intimately connected with the verb Zepéw (otherwise Zeipio,
or fapaivw) which means to ‘“burn,” “consume,” “dry up’ or
‘“sear.’”” Hesiod says:
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¢ ired xegaldiy xal yoovara Seiptos e’

A general name for Mars among the ancients was nuvpéets, the
‘“fiery one,” which shows that the color of this planet was care-
fully noted. If ¢ zcipcos,”” as we have suggested, means the ‘“ burn-
ing one,” the meaning in the two cases is essentially the same.
Antares seems to be redder than even Mars, and hence it has been
suggested that the name of the star is derived from dvre'4pys, the
“rival of Mars.” The linguistic evidence certainly favors the
idea that these three bodies were formerly of the same color.

EURIPIDES.

The language of poets is always very uncertain, but one pas-
sage in Euripides is given for what it is worth:
¢ Zeiptog Svha mupds phoyéas dpinoy Saawy dvyds.”’
(Hecuba, 1080)
APPOLLONIUS RHODIUS.

This writer has the following remark on Sirius:
Y Huos & odpavélfsy Mivwidas Epleye vijgovs Zeipros.”’
(2, 517).
ARATUS.

In verse 329 of the “ Phenomena  Sirius is called rotxides, which
is susceptible of several translations. The most usual is “highly
colored,” or * various colored,” either of which can be justified by
classic authority. For example, there was a gate at Athens
called ‘H mouxidy (with or without erod) from the circumstance
that Hyron had adorned it with paintings in bright colors (red,
blue and green). Now, since Aratus uses words in their correct
sense, and does not use rouzidos of any other star, it is to be pre-
sumed that the appearance of Sirius was something extraordi-
nary; and in the present case about the only meaning that can
with any probability be assigned to mouélos is * ruddy.”

In 331-2 Aratus continues:

8¢ pa pddiora
6%éa aetpedse xai v xadéovs’ &v0pwroc
Zeipeov;”’
This remark confirms the derivation of the name Sirius just given
in speaking of Hesiod, and shows clearly that Zeiptos means the
“burning one.”*

It may be added that there is an extant commentary on Aratus

by the great astronomer Hipparchus, who points out many

® The derivation of Zeiptos given by Ideler in his *‘Sternnamen"” is certainly
erroneous.
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errors in the celestial geography of his author, but makes no
comment on rouxides. Considering the scrupulous care which
characterized all of Hipparchus’ work, it would seem that he
must have considered =suxidos a correct description of Sirius.

Using Buhle’s edition of Aratus (Leipsic, 1796) we shall now
consider the Roman translations.

(1). THE TRANSLATION BY CICERO.

This appears to be in geuneral a fairly faithful rendering of the
original. In verses 326-7 we read :—

* Namque pedes subter rutilo cum lumine claret
*“ Fervidus ille Canis, stellarum luce refulgens.”

The word =ouxiios is thus rendered “rutilo cum lumine,” appar-
ently because the word had that meaning, or because Cicero
knew from observation that Sirius shone *‘ with a ruddy light.”
In the whole of his writings, as I have found by careful investiga-
tion, Cicero does not use the word * rutilus”’ (or any other word
meaning red) in speaking of any other heavenly body except the
planet Mars, which in the Somnium Scipionis (Cap. IV.) is styled
“rutilus terribilisque terris.”” No foreigner ever understood
Greek better than Cicero, and therefore he can not have been ig-
norant of the meaning of his text, nor is there the slightest
ground for saying that he was a ‘‘ rhetorician rather than a na-
tural philosopher,” as one critic has asserted. For it is a matter
of universal knowledge that Cicero devoted great attention to
the Greek philosophy, consecrated, as it was, in so large a degree,
to theories of the system of the world; it is therefore certain
that he was perfectly familiar with the appearance of all the con-
spicuous heavenly bodies, and especially of so famous and promi-
nent a body as Sirius. Considering the out-door life of the Ro-
mans, we can not doubt that Cicero had observed the Dog Star
hundreds of times; hence when he wrote ‘‘ rutilo cum lumine’’ he
recorded the color with which he had long been made familiar.

(2). THE TRANSLATION BY GERMANICUS CAZSAR.

The fairly good translation left us by this Roman general sin-
gularly contains no rendering of the Aratus’ =maxilos, probably be-
cause the word was accidentally overlooked. However, in the
same passage as xotixios, but 12 verses further on, Germanicus dis-
tinctly implies the redness of Sirius:—

** Urgetur cursu rutili Canis ille per &thram’’
(verse 341).
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““Cursu rutili”’ may therefore be taken as the equivalent of
rowxidos, Germanicus’ use of words throughout the translation is
classic, and I have found by careful examination that ‘‘ rutilus”
is used of no other star, not even Antares, which he evidently al-
luded to when he speaks of the Scorpion as ‘“‘ardenti cum pec-
tore” (653). Therefore, since it is certain that Germanicus was
familiar with the appearance of the conspicuous heavenly bodies,
his testimony for the redness of Sirius ought not lightly to he set
aside.

(3). THE PARAPHRASE BY LUCIUS FESTUS AVIENUS.

This author is supposed to have flourished towards the end of
the 4th century A. D. His translation is only a very rough para-
phrase of the original, and the words are very loosely used.

Therefore but little importance can be attached to what he
says in speaking of the Dog:—

“ Multus rubor imbuit ora.”
(verse 727).
THEON.

This Alexandrian mathematician wrote a commentary on
Aratus about the end of the 4th century A. D., and in explaining
roudidos says the light of certain stars is ‘‘not composed of
one ray, but various colors,” (Buhle's Aratus, vol. 1., p. 291).
Theon thus says that Sirius is =ewides, but his use of words does
not seem very classic. An unknown scholiast has explained
. mouxiles as equivalent to ‘‘mopgupiios’ (Buhle’'s Aratus vol. I,
p. 83) which can be translated ‘‘purple,” but here perhaps the
. rendering should be * ruddy.” '

[To BE CONTINUED.]

A FURTHER NOTE ON COMETS AND METEORS.*

W. H. 8. MONCK.

Besides the four meteor-showers which are usually regarded as
cometary, Professor A. S. Herschel communicated a long list of
supposed accordances to the Royal Astronomical Society in the
year 1876, which was included in the réport of the Council for
that year; and in the Monthly Notices for 1878 appeared a fur-
ther development of this list also by Professor Herschel. No cor-
rection of these lists has, so far as I am aware, hitherto ap

* Communicated by the author.
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peared, and the Royal Astronomical Society decided on not pub-
lishing a criticism by the present writer, I presume because the list
bhad received the imprimatur of the Council. It may not, there-
fore, be amiss to show bhriefly that the great majority of these ac-
cordances are purely imaginary and have not been borne out by
subsequent observation, and especially that they are not to be
found in the great catalogue of Mr. Denning, published in the
Moanthly Notices for May, 1890—a catalogue containing the re-
sults of some twenty years of accurate observation by a most
pains-taking observer.

Professor Herschel’s idea of what constitutes an accordance dif-
fers widely from mine. Take, for instance, the very first comet in
his list, the second cometof 1792. Meteorsattached to thiscomet
would have (according to Weisse ) a radiant at 194° + 24°.5, the
date being January 5th. The supposed accordance is with these
meteor-radiants, one at 183° 4+ 28° from Schiaparelli and Tezioli
on January 11-12, and the others at 180° + 35° and 183° 4 36°
respectively, extending through the greater part of January, one
resting on the authority of Colonel Tupman, and the other of
Grey and Herschel. The two latter evidently represent the same
radiant, but the accordance does not approach within 10° either
in right ascension or in declination, and the shower lasts for at
least three weeks after the earth has passed the cometary node,
the inclination being 49°. Schiaparelli and Tezioli’s radiant ap-
proaches nearer in declination, but its right ascension is wrong by
over 10° and the date erroneous to the extent of a week. If weal-
low ourselves this amount of latitude there is probably not an
observed meteor-radiant for which we could not find a comet, or
a cometary radiant for which we could not find an observed me-
teor-shower. For as both meteor-radiants and (theoretical) com-
etary radiants are reckoned by the hundred and are distributed
over all parts of the sky, such accordances must take place; but I
believe equally good accordances could be obtained for points and
dates selected at random, provided that the selected portion of the
sky was suited for meteor-observation at the time. In this in-
stance Mr. Denning’s observations confirm the discordance. His
nearest shower is from 180° + 24° on the 25th of January and
the column ‘‘ Other nights of observation’ is a blank. Mr. Den-
ning did not observe any meteors from the cometary radiant and
1 am not aware of any one who did.

The table itself is indeed sufficient to show the hap-hazard
manner in which its results have been arrived at. Two supposed
coincidences are introduced into the table in deference to Weiss



D

276 A Further Note on Comets and Meteors.

and Schiaparelli respectively (see Report of the Council for 1876),

though the great distance of the earth from the comet’s orbit
renders Professor Herschel very doubtful as to the connexion;
but the coincidences are quite as good as in the majority of other
cases. Professor Herschel, in computing the radiant for the first
comet of 1870, made a serious arithmetical error, the result be-
ing that an excellent coincidence was detected; but on the error
being corrected, a new coincidence, not quite as good as the
former one, immediately came to light. And no doubt if a sec-
ond correction had become necessary, a third coincidence would
have been discovered; for the whole region of Perseus and An-
dromeda swarms with meteor-radiants about the 12th of Au-
gust when the earth reaches the node of this comet’s orbit. I
may take another example from the early part of Professor Her-
schel’s table—the fourth in his list. The comet of 1746 gives a
radiant at 60° + 40° with the date January 16. The nearest of
Professor Herschel's supposed agreements is wrong by 15° in
declination. Mr. Denning discovered ome of his stationary or
long-enduring radiants near this point, but it so happens thatone
of the months during which the shower appears to be quiescent
is the month of January.

The table as such is, I think, worthless, but it may be worth in-
quiring whether any of the radiants comprised in it are borne
out by Mr. Denning’s and other recent observations. The exam-
ples of this kind are perhaps not more numerous than chance
will account for, but they seem worth giving in detail in order
that further investigation may lead to some definite conclusions
with regard to them.

1. Comet III 1759 has a radiant at 210° — 15°,* date Janu-
ary 19. On January 22 (‘“‘other days of observation’ January
19, 20, 25), Mr. Denning observed a radiant at 210° — 8°. The
difference in declination is considerable but the shower is worth
watching. There are, however, some indications of a stationary
radiant near this point, Mr. Denning having observed meteors
from it in February and April which could not be ascribed to this
comet.

2. Comet 961 is assigned a radiant at 308° + 12° for March
23, and Comet 1857 V a radiant at 302° 4 11° for April 4. Mr.
Denning deduced from Italian observations a radiant at
304° + 12° for the period March 31 to April 12, and observed a

* Professor Herschel's radiants seem to have been arrived at by a graphical
construction and are probably not very accurate. Mr. Corrigan or Mr. Winlock
might find the table worth going over from this point of view.
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radiant at 303° + 13° on April 19. As there are no radiants for
the early part of April in his catalogue an earlier display of this
shower may have escaped his notice. The shower agrees better
with the comet of 1857 than with that of 961. This comet is an
elliptic comet. There are some indications of a stationary ra-
diant near the point.

[One of the next agreements in Professor Herschel's table is be-
tween the Comet I 1847, whose distance is very considerable at
the node, and a meteor-shower in April from nearly the same
point. The date of the cometary shower, however, is April 11,
while Mr. Denning’s observations of the meteor-shower extend
from May 7 to May 18. The identity in this case may therefore
be rejected though the agreement in position is very good. For
similar reasons the comet of 1746 (radiant at 296° + 1°.5 on
March 26) cannot be connected with a stationary radiant ob-
served near the same point by Mr. Denning, the nearest agree-
ment in date being April 15th.]

3. Comet II 1844, radiant at 288°.5 + 5° on April 21st. Mr.
Denning observed meteors from 286° + 5° on April 19 and the
point does not seem to be a stationary radiant. The comet is
supposed to be elliptic.

4+ Comet I 1737 gives a radiant at 235° — 15° for May 8.
Mr. Denning observed meteors from this radiant on April 16-21.
The accordance is very doubtful.

3. Halley’s comet gives a radiant at 337° + 0° for May 4.
Mr. Denning observed meteors from 337° — 2° from April 30 to
May 6.

6. Comet I 1781 gives a radiant at 338° + 57° for June 14.
Mr. Denning observed meteors from 335° + 57° from the 10th to
the 28th of June; but among the stationary or long-enduring ra-
diants enumerated by him is one at 334° + 58° which continues
active from July to January. This throws considerable doubt on
the connexion between the comet and the meteors.

7. Comet I 1850 gives a radiant at 312°.5 + 60°.5 for June
20. More than one of Mr. Denning's radiants are in fair agree-
ment with this; but the question, as in the last instance, is compli-
cated by the existence of a stationary radiant, and the nearest
agreement in date is one of the worst as regards position. Itis
at 302° + 64° on June 14 and 17. On June 13 meteors were
traced to 310° + 61°, and on July 1 to 6, to 313° + 60°, a point
which was also active on June 4. Meteors from pretty near the
same point were observed in August, September and October.
Schiaparelli’s date is July 10 and Mr. Denning obtained the same
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result from Italian observations July 15 to August 2. The comet
is believed to be elliptic.

8. Another doubtful accordance is between Comet IV 1822,
radiant 348°.5 4+ 28° on June 25 and a shower from 344° + 27°
observed by Mr. Denning on July 7. This comet is also elliptic.
There appears to be a shower of some duration from about
333° 4 27° of which Mr. Denning’s radiant on July 7 may be an
outlier.

9. Equally doubtful is theaccordance of Comet 1764 (radiant
at 49° + 45°5 on July 25) with several radiants observed by
Mr. Denning. One of the best established stationary radiants on
his list, which is active from July to January, is situated at about
47° 4+ 44°. Its position for the 25th of July appears to be at
48° 4 43°,

10. The comet II 1877 has a radiant at 32° — 18°.56 on Au-
gust 9. On July 28th, 1878, Mr. Denning met with a shower
from 33° — 20°. The comet is supposed to be elliptic.

11. Comet II 1780 has a radiant at 3°.5 + 38°.5 for August
14. Radiants in tolerable agreement may be found in Mr. Den-
ning’s Catalogue, but there is a well-established stationary radi-
ant, active from June to October, whose mean position is given
by Mr. Denning at 7° + 35°. The declination of the observed
radiants seems to be always less than that of the cometary radi-
ant, while the R. A. is usually greater.

12. Donati’s Comet of 1858 has a radiant at 100° 4 59° for
September 8. Mr. Denning observed metcors from 100° + 58°
on September 5 and 7. The comet is elliptic. There are, how-
ever, some indications of a stationary radiant. Mr. Denning ob-
tained 100° + 60° from Italian observations October 29 to No-
vember 13 and Schiaparelli 100° + 59° for December 9. Mr.
Sawyer obtained meteors exactly corresponding with the comet-
ary radiant.

13. Comet 1769 gives a radiant of 21°.5 + 17°.5 for September
28, this being of the kind which Professor Herschel calls an ap-
pulse. Mr. Denning observed radiants at 20° + 14° on Septem-
ber 19, 23° + 17° on October 5-7, and 21° + 14° on October
13-19. The agreement is not very good but is suggestive of
further inquiry. The comet is believed to be elliptic.

14. Comet VI 1847 has a radiant at 54° + 52°.5 for October
4, Mr. Denning obtained meteors from 56° + 52° on October
5-8. The point however, lies very near to the permanent Perseid
radiant and in particular to Col. Tupman’s radiant for Septem-
ber 7 to 15. -
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15. Comet II 1825 has a radiant at 134° + 77° for October 7.
Mr. Denning observed meteors from 133° 4 79° on that day;
but there seems to be a stationary radiant at this point, as he
obtained meteors from 134° + 78° in July, from 135° + 78° in
August and from 136° + 77° in November and December. The
last observation was confirmed by Italian observations which
gave a radiant at 140° 4 77° in January. This stationary ra-
diant seems to be distinct from another which is situated about
10° farther S.

16. Comet II 1850 has a radiant at 2° 4 54° for October 19.
Mr. Denning traced meteors to 7° + 51° on October 15, 19 and
20. Besides the difference of some degrees in position there seems
to be a stationary radiant near 7° 4 51° which is most actlve in
jn]v and appears also in August and November.

Comet II 1842 has a radiant at 81° 4 57° for October 21,
and Comet I 1848 at 78° + 60° for October 25. Mr. Denning
observed a radiant at 78°+ 57° on October 14-15; but one of the
stationary radiants in his list at 77° 4+ 561%° lasting from Sep-
tember (he might, I believe, have said August) to November.

18 and 19. There is a somewhat similar agreement between
the Comet of 1739, radiant at 157° + 39° on Oct. 22, and Mr.
Denning's stationary radiant at 154° + 401%°, September to De-
cember ; and also between Comet 1582, radiant at 89° 4 36° on
Nov. 9, and a number of radiants situated at about 87° + 34°
observed by Mr. Denning from September to December. The or-
bit of the latter comet is very uncertain and no reliance could, in
any event, be placed on the apparent coincidence.

(As a specimen of Professor Herschel’s powers of identification,
I may mention that he connects both the Orionids of October
and the later Taurids at the end of November with the Comet of
1821, radiant at 86° 4+ 19°.5 on November 11. No one would,
I presume, now identify the two showers or connect the comet
with either.)

20. Comet I 1813 has a radiant at 147° + 0° for Nov. 24.
Mr. Denning observed meteors from 148° + 2° on Nov. 25-28.
These meteors, however, are probably connected with others
from 145° + 7° in December and 146° + 4° in January. Mr.
Denning recognizes a stationary radiant at 145° + 7°, Nov. 26
to Feb. 27.

21. Comet VII 1846 has a radiant at 200°.5 + 4°.5 for Dec.
12-17. Mr. Denning has a radiant at 201° 4 4° for Dec. 21-
28. There seems to be no stationary radiant here. The comet
is elliptic.

e
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22. The great Comet of 1680 has a radiant at 132° 4 21°5
for December 26. Mr. Denning observed meteors from 129° +
19° on Dec. 21, 22 and 24. The comet is elliptic.

If we add to the foregoing list the four comets usually referred
to and Comet I 1870, the corrected radiant of which agrees
pretty fairly with a shower from Andromeda which occurs simul-
taneously with the Perseids, the list will, I think, be found nearly
complete. The weight which should be attached to the agree-
ments is a different' matter. According to a theory still current,
according to which a comet is, in fact, a swarm of meteors, the
weight seems to me to be very small in most cases. If, for in-
stance, the cometary theory supposed such a rapid shifting in the
radiant as Mr. Denning is supposed to have observed in the case
of the Perseids, the mere difference in date would often convert a
supposed accordance into a discordance. Thus an advance of 1°
per diem in the R. A. of the radiant would give a difference of 16°
instead of 4° in R. A. in the case of No. 8. But if, as I have pre-
viously maintained, the chief effect of a cometary node is to ren-
der all stationary radiants in that part of the sky more active,
a connection of this kind may perhaps be traced in several cases.

In some instances, however, the stationary radiant seems to be
unusually quiescent at the time that we reach the comet’s node.
The best coincidences in the list occur with elliptic comets. Those
with the comets of Halley and Donati and Comets II 1844, and
VII 1846, must be regarded as very close. The result with re-
gard to the great comet of 1680 is peculiar. Two observations
made in different years give exactly the same deviation from the
cometary radiant, and the effect of this deviation (according to
the orbits computed by Dr. Kleiber) is that the meteors, instead
of grazing the Sun, will fall into it—some of them almost cen-
trally.. With regard to these computed orbits I may remark
that in almost every case in which an apparent coincidence oc-
curs the perihelion distance of the meteors is greater than that of
the comet (the comet of 1680 is of course an exception), as if the
meteor-train was dragged on after the comet and never ap-
proached the Sun as closely as the comet’s nucleus.

The orbits computed by Dr. Kleiber for Mr. Denning’s radiants
do not exhibit that preference for high inclinations which Pro-
fessor Newton regards as evidence of an origin beyond the limits
of the solar system in the case of the comets. The connection be-
tween the two is therefore perhaps acquired rather than original,
and elliptic comets which remain for ages moving within the
limits of the solar system display this acquired connection most
clearly.
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SOPHIE KOWALEVSKI.*

CHARLOTTE C. BARNUM.

Mme. Sophie Kowalevski (or Sonja Kovalevsky) was born in
Moscow, Dec. }#, 1853. Her father, Gen. Corvin-Krukowsky,
was a man of marked ability and a member of the old aristoc-
racy, being a djrect descendant of Mattias Corvin, king of
Hungary. Her mother belonged to the Schubert family of mathe-
maticians and astronomers, and was herself an unusually gifted
woman. Sophie’s father retired from active service while she was
very voung, and took up his abode at his ancestral castle at Pal-
ibino, a lonely spot which, at certain seasons, was entirely cut off
from the outside world. She began her studies under an English
governess. A little anecdote of her childhood has found a place
in several learned journals, but the moral is slightly obscure.
When she was ten years old, the castle was re-papered, but
when the paper came from St. Petersburg, it was found that
there was none for the nursery. For this room was used a litho-
graphed course of Ostrogradski on mathematical analysis, a
survival of her father’s student days; and, to the despair of her
governess, she was continually reading these mathematical dis-
sertations covered with incomprehensible hieroglyphs. When, at
the age of sixteen, she began to study calculus, her professor was
astonished at the quickness with which she understood him,
**just as if it were a reminiscence of something you knew before, "
he told her. The continual reading of the wall-paper had left
some unconscious traces on the child’s mind.

From eight to fifteen years of age, her tutor was Mr. J. Male-
vitsch a fine teacher who, under the wise supervision of her
mother, devoted himself with zeal and success to her education,
and exerted a marked influence on the rapid development of her
vrilliant powers. Her literary ability was so marked that her
tutor predicted for her a brilliant future as a writer, and he was
not mistaken in his estimate of her powers in this line. Her Rem-
iniscences of Childhood, translated into Swedish and Danish
under the title, The Rajewsky Sisters, is spoken of in Nature as
** one of the finest productions of modern Russian literature,”” and
its publication was welcomed in Russia, Sweden, and Denmark'as
an event in literature, and it was said a new Tolstoi had been
born in Russia.

" ¢ Read before the Mathematical Seminary of Johns Hopkins Umiversity, Jan.
6, 1892. . . . .
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Her special interest in mathematics was awakened by her uncle
Schubert, and she chose that specialty in her fourteenth year.
She had studied by herself a text-book on physics, found among
her father’s books. The author, a friend of her father’s, was once
visiting him at Palibino, when Sophie told him she had studied
his book. He laughed and said it was.impossible,.as she did not
know trigonometry. But it appeared in course of the conversa-
tion that the girl, from the knowledge she then possessed, had
deduced in her own way the fundamental formule of trigonome-
try. Astonished at so remarkable a proof of her intellect, the vis-
itor urged her father to have her talent cultivated in spite of the
aristocratic and conservative view of the education suitable for a
lady of high rank. Her father thinking her passion for the study
was only a caprice, readily consented, and she was allowed to
study a year at St. Petersburg. But when, at the age of fifteen,
she seriously asked permission to study in a foreign university,
there was a terrible scene in the family. Her father could not
have taken it more to heart if she had committed a grave fault.

In order to understand what follows, it is necessary to remem-
ber that at that time in Russia a girl who studied was considered
a nihilist. There was indeed a political and patriotic enthusiasm
in the burning desire for study which had seized the rising genera-
tion. It was ajwish}to impel their beloved country towards the
light of liberty. This enthusiasm had produced a curious phe-
nomenon,—marriages contracted for- the purpose of freeing the
girl from her father’s authority and giving her the chance to
study abroad. For this reason Sophie Korvin-Krukowsky, at
the age of fifteen, married Vladimir Kowalevski, legally, but with
the understanding that both should be free to devote several
yearsitofstudy. With her husband, her sister, and a friend, she
went to Germany, and he entered one university, while the three
girls went to the only German university open to women,—that
at Heidelberg. The University of Berlin was so tightly closed
that when, a few years later, she was a professor at Stockholm,
and wished to attend a course of lectures at Berlin, she was re-
fused permission, and finally obtained admittance only by the
direct intervention of the Minister of Education as a great per-
sonal favor.*

After a year at Heidelberg she went in the autumn of 1870 to

® An American girl, Miss Ruth Gentry, the holder of the Buropean fellowship
of the Association of Collegiate Alumne, is, however, now attending mathemat-
ical lectures at the University of Berlin, where she says she is shown ‘ all the cour-
tesy and kindly consideration '’ she could wish.
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Berlin, and timidly asked Weierstrass for private lessons, as she
could not be admitted to his lectures. He thought at first that
the girl would become only a dilettante in science, and he did not
wish to waste time teaching her. But during the conversation
he discovered in her such wealth of ideas, and so remarkable an
intuitive grasp of the more difficult questions of the science that
it became a pleasure for the great mathematician to instruct her.
Four years she spent as his private pupil, her studies being inter-
rupted only by a visit to her family in Russia and by some other
trips. Being unable to obtain a degree at Berlin, she took the
oral examinations at the University of Go6ttingen, presented a
remarkably original thesis * On the Theory of Partial Differential
Equations,” and obtained the degree of Ph. D., being the second
woman to receive this degree at Gottingen.

Her husband received his degree at the same time, and was ap-
pomnted Professor of Paleontology in the University of Moscow,
where he soon attained a position of distinction among the Pale-
ontologists of the world. She was twenty-one when they re-
turned to Russia, and established their home in Moscow. With
her enthusiastic temperament, she devoted herself completely to
whatever work she undertook. At first her home duties absorbed
nearly all her time and thought. Then she took up her husband’s
specialty with such success that for some time, while he was
otherwise occupied, she wrote his lectures for him. Then, being
in a literary atmosphere, her taste for literature revived, and she
wrote a novel entitled The Private Teacher, dealing with Univer-
sity life in Germany, and published it anonymously in a Russian
journal. Thus passed several years of rare domestic happiness
in their beautiful home in Moscow.

Professor Kowalevski was full of grand ideas and of enthusi-
asm, but exceedingly visionary. He fell under the influence of an
adveunturer, who drew him into dangerous speculations in petrol-
eum wells and other industrial enterprises. She used all her ef-
forts to break the spell of this false friend, but the fever of specu-
lation was too strong, and he risked all his inheritance and his
wife’s and lost. Although he had committed no crime, he felt the
disgrace so keenly that he left his home and position to resume
his solitary studies abroad. Probably his mind had become un-
balanced by their financial ruin. Soon came the startling news
that in a fit of despair hehad committed suicide. Thus the burden
which had proved too heavy for him fell upon her alone, together
with this great additional sorrow. Her parents were dead, her
wealth had been thrown away, and as soon as she recovered
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a little from the shock of the tragedy she found herself for the
first time forced to consider the question of money. She must
support herself and her four-vear-old daughter. In Russia the
bést she could do was to teach arithmetic to one of the lower
classes in a girl's school. Then came in the autumn of 1883 a
signal illustration of the liberal spirit and kindness which mathe-
maticians and astronomers almost invariably show to the
women working in their departments. Mittag-Leffler, who had
also been a pupil of Weierstrass, was at this time organizing the
University of Stockholm, and, although she had published no
mathematical work during the nine years since she had left Ger-
many he invited her to deliver at Stockholm a course of lectures
on partial differential equations. Meanwliile he succeeded in oh-
taining the money necessary to establish and sustain a chair of
higher mathematics, created especially for her. She lectured the
first year in German, afterwards in Swedish. Her clear, inspiring
teaching, her intellectual ability, and her personal popularity at-
tracted to her classes many able students, some of whom were
already professors. In 1885 she was made associate editor of
Acta Mathematica, and later was elected corresponding member
of the Royal Academy of Science of St. Petersburg. The French
Academy proposed as the subject of the Bordin prize in 1888 the
problem “ To complete in an important point the theory of the
motion of a solid body.” The commission not only unanimously
awarded her the prize, but upon their recommendation the
amount was increased from 3.000 to 5,000 francs on account ot
the “ extraordinary service rendered to mathematical physics by
this work.” She traveled in all parts of Europe, making friends
wherever she went, and continued to fill her position at Stock-
holm until February of last year. After only four days’ illness
she died of pleurisy Feb. 10, 1891, at the age of thirty-seven.

Her mathematical works consist of the following papers:—

I. On the Theory of Partial Differential equations (Thesis for
Ph. D.),—published 1875. Joyrnal tur die reine und angewandte
‘Mathematik, Vol. LXXX, p. 1 (32 pp.).

I1. On the Reduction cof a certain class of Abelian Integrals of

the third Rank to Elliptic Integrals,—publishea 1884. Acta
Mathematica, Vol. IV, p. 393 (22 pp.).

II1. On the Propagation of Light ‘n a Crystalline Medium,—
published ‘1884. ‘‘Ofversigt af svenska veterskapsakademiens.
torbandlingar, Vol. XLI, p. 119 (3 pp.).:

IV. On the Propagation .of Light in a Cry stalhne Medium,—
published 1884. Comptes Rendus, Vol. XCVII1I, p. 3566 (2 pp.).
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V. On the Refraction of Light in Crystalline Media,—published
1885. Acta Mathematica, Vol VI, p. 249 (56 pp.).

VI. Remarks and Observations on Laplace’s Researches on the
Form of Saturn’s Rings,—published 1885. Astronomische Nach-
richten, Vol. CXL, p. 37 (12 pp.).

VII. On the Problem of the Rotation of a Solid Body about a
Fixed Point,—published 1889. [Résumé of 1X.] Acta Mathe-
matica, Vol XII, p. 177 (56 pp.).

VIII. On a property of the system of differential equations
which defines the rotation of a solid body about a fixed point,—
published 1890. Acta Mathematica, Vol. XIV, p. 81 (13 pp.).

IX. Memoir on a particular case of the problem of the rotation
of a heavy body about a fixed point, where the integration is
effected by aid of the hyperelliptic function of the time,—published
1898. Recueil des Savants etrangers, Vol. XXX, p. 1 (66 pp.).
[This is the work crowned by the French Academy.]

X. On a theorem of Mr. Bruns. Acta Mathematica, Vol. XV,
p. 45 (19 pp.).

She wrote seven literary works.

I. The Private Teacher, published anonymously as an appendix
in a Russian journal.

II. Reminiscences of Geo. Eliot. Rousskaia Mysl (Russian
Thought), July 1885.

II1. Vae Victis. Novel published in Swedish in the journal Jul
Almanack, 1889.

IV. Recollections of Childhood (in Russian), 1890. Vestnik
Europyv (Messenger of Europe), Vol. 7-3, 1890.

V. The Rajevsky Sisters, 1890. The same as IV, but published
in the form of a novel in Swedish and in Danish.

VI. The Family of the Vorontsoffs. 1890. Novel in Swedish
under the pseudonym of Tanja Rajevsky. It was left complete
in manuscript, and the first chapters had been published in the
Swedish journal, Nordisk Tidskrift.

VII. The Struggle for Happiness. 1890. Under this title two
dramas were written jointly by her and Anna C. Lefller, (wife of
P. de Pezzo, duke of Cajanello, who is professor of higher geom-
etry in the University of Naples).

In her thesis on partial differential equations, Mme. Kowalevski
extended Weierstrass’s method of proving the existence of an in-
tegral of a given system of ordinary differential equations, and
proved the exitsence of an integral of a given partial differential
equation. Also she showed in general that the original functions
can be expressed in a series of integral powers of the independent
variable convergent within a determinate circle, and discussed
carefully the case in which this series becomes divergent.
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The Commission of the French Academy, before they knew the
name of the author, gave the following summary of the memoir
which received the Bordin prize: ‘ This remarkable work con-
tains the discovery of a new case in which we may integrate the
differential equations of the motion of a heavy body fixed by one
of its points. The author is not content wich merely adding a
result of the highest interest to those which we have had trans-
mitted by Euler and by Lagrange. He has made, from the dis-
covery which we owe to him, a profound study, in which are em-
ployed all the resources of the modern theory of functions. The
properties of the theta-functions of two independent variables
permit of giving the complete solution in the most exact and ele-
gant form; and we have thus a new and remarkable example of
a mechanical problem, in which these transcendental functions
occur, whose applications have been hitherto limited to pure
analysis or to geometry.” The President of the Academy, M.
Janssen, in announcing the decision of the commission, said,
“Qur associates of the section of Geometry, after examining the
memoirs presented in competition, have recognized in their work,
not only the proof of a knowledge extensive and profound, but
also the mark of a great inventive mind.”

In Kronecker’s editorial in Crelle we find the following general
estimate of Mme. Kawalevski: ‘ She united with an extraordina-
ry talent, as well for general mathematical speculation as also
for the technical knowledge necessary in special researches, tireless
industry; and, in spite of the most intense activity, in her special-
ty, her mind was always open to other intellectual interests, and
she preserved always therewith her womanliness, and gained and
held also the sympathy of those who stood outside the circle of
her special knowledge. The history of mathematics will have to
speak of her as one of the most noteworthy lights among the
class of original investigators everywhere extremely rare. While
her memory will endure in the entire mathematical world
through her published works (not numerous indeed, but very val-
uable), the memory of her remarkable and charming personality
will live on in the hearts of all those who had the pleasure of
knowing her.”

Nore.—The above paper is founded on the following four sketches, all pub-
lished in 1891 :—Annali di Mathematica, Milano, 1891, Vol. XIX, No. 8, pp. 201-
11. By Anna C. Lefller, Duchess of Cajanello.—Rendiconti del Circolo Mate-
matico di Palermo. Vol.V, No. 3, pp. 121-28. By Mme. E. de Kerbedz.—Jour-
nal fur die reine und angewandete Mathematik, Berlin, 1891. Vol. CVIII, No. 1,
p- 88. Editorial by Kronecker.—Nature, Feb. 19, 1891, pp. 375-6. The follow-
ing are promised :—Sketch with portrait in Acta Mathematica.—Continuation of
Reminiscences of Childhood, from the date of her marriage. Edited by Anna C.
Lefler, Duchess of Cajanello.
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HISTORICAL NOTE RELATING TO THE SEARCH FOR THE PLANET
NEPTUNE IN ENGLAND IN 1845-6.

BY EDWARD S. HOLDEN.

In 1876 I was in England for several months and one of my
greatest privileges was the acquaintance and friendship of Mr.
Lassell, the celebrated astronomer, whom I frequently visited.
During one of my visits to Ray LodgeI learned the following
circumstances from Mrs. Lassell, and they were subsequently
confirmed and explained to me by Mr. Lassell himself.

With the innate delicacy of his character he had taken every
precaution that they should not become known during the life-
time of Professor Adams, and I think he seldom or never alluded
to them. At this time, when the great mathematician has gone
from us, it seems to be right that they should be mentioned and,
with the permission of the Misses Lassell, I reproduce] in what
follows the brief notes I made at the time of Mr. Lassell’s confi-
dences, as a contribution to the history of the great discovery of
Adams and of Le Verrier.

It is known that in October, 1845, Professor Adams, then an
undergraduate of Cambridge, submitted to Sir George Airy,
Astronomer Royal, the results of his computations on the per-
turbations of Uranus and theelements of a new planet—Neptune—
which would account for the observed disturbancesin the orbit of
the former.* The distinguished observer, the Rev. W. R. Dawes,
visited the Royal Observatory about this time, and the letters
and computations of Adams were shown to him by Airy. Itis
known that the Astronomer Royal had, very naturally, grave
doubts as to the sufficiency of these researches; but it appears that
Dawes was much impressed by the letters of Adams, and that he
at once wrote to Lassell to beg him to search for Neptune, in the
region designated by Adams, with his powerful two-foot reflect-
ing telescope (which was then mounted at Starfield, near Liv-
erpool).

There is no doubt whatever if such a search had been made
by such an observer and with such a telescope, that the planet
would have been quickly found aund recognized by its disc. We
have but to remember that to the same telescope and observer
we owe the discovery not only of thesatellite of Neptune but also
that of the two inner and faint satellites of Uranus. .

It chanced that the letter of Mr. Dawes reached Liverpool
when Mr. Lassell was confined to his sofa by a sprained ankle,

® See Gould on the history of the Discovery of Neptune. Washington, 1850.
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and that it was laid on his writing table near by for subsequent
attention. Mr. Lassell, also, was impressed with the importance
of a search for the predicted planet and had fully resolved to make
such a search. .

After his recovery he sought for the letter of Mr. Dawes which
gave the predicted place of the planet. The letter could not be
found as it, together with some other papers, had been removed
and destroyed by a too zealous maid-servant.

I think, though I am not sure, that renewed inquiry was
made by Lassell of Dawes as to the data in question. However
this may have been, they were never recovered, and the mistaken
zeal of the maid-servant had its full effect.

The new planet was never sought for by the most powerful
telescope and the most skilful observer in England. The search
of Challis, at Cambridge, was fruitless, as is well known. The
planet was finally found by Galle and D’Arrest, at Berlin, on
September 23, 1846, after the Berlin Observatory had received
the letter of Le Verrier pointing out its situation.

This was many months after the letter of Dawes to Lassell.

This incident of the history of the search for Neptune is well
worthy of record, as it shows by what a narrow chance Professor
Adams escaped the distinction of being the sole discoverer of
Neptune. '

It is also worthy of remark how this and other accidents
have helped to forward the Science of Astronomy. England had
no higher rewards and opportunities to offer than those which
she has given to Adams. But if Le Verrier had been deprived of
his share in the discovery it is very much to be doubted whether
we should now possess that long series of elegant and laborious
researches which he was able to carry out by the facilities afforded
him in his situation as head of the National Observatory of
France.

The whole relation of Professor Adams to this great discovery
is again called up by this incident and the elevation of his char-
acter and the dignity of his conduct are a%ain brought to mind.

The delicate consideration of Mr. Lassell, who for a long life-
time kept this secret in order that no 'possible shade of regret
should be inspired during the lifetime of Professor Adams, is no
less honorable. Itis a pleasure to be able to link in this way the
name of England’s great mathematical astronomer with the
name of her great observer—worthy successors of Newton and of

Herschel as they were.—Puab. of Astr. Soc. Pacific, No. 21.
Mt. HAMILTON, Jan. 30. 1892,
NoTe: By the great kindness of a friend in England 1 am able to reproduce

here the last picture taken of Professor, Adams, which was made in Cambridge in
September, 1891.
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OBSERVATIONS OF THE NEW STAR IN AURIGA, MADE AT
PRINCETON, N. J.*

PROFESSOR C. A. YOUNG axp TAYLOR REED.

On Saturday, Feb. 6, the spectrum was observed with the 23-
inch telescope and a single-prism Clark spectroscope, without
cylindrical lens. The sky clouded, however, before a set of meas-
ures could be made.

C was vivid; D (?) distinct. There were two knots of luminos-
ity between C and D, and 1 strongly suspected another a short
distance below C. Near b and below it four bright lines or bands
were easily made out, and two more between b and F. F was
conspicuous, and Hy (near G) was obvious. There was a faint
line about one-third of the way from G towards F; and I thought
I could glimpse h (H3). In all thirteen bright lines were fairly
seen between C and F inclusive, and two others were suspected
outside those limits.

Bad weather and other circumstances prevented further obser-
vations until Feb. 12, when a series of measurements was made
with the 9%-inch telescope and the Clark spectroscope, by means
of the scale and occulting bar. The constants of the scale were
determined by reference to the spectrum of the Moon. Ten lines
were measured with the results for wave-length which are given
in the appended table. :

On the 13th, a second set of measures was made with the 23-
inch, and a single reflecting prism of Hastings’ design, on the
Brashear spectroscope. The prism is moved by a tangent-screw
which carries a vernier over a graduated circle, and the measures
were made by bringing the lines to the faintly illuminated cross
wires of the micrometer and reading the circle, the reference
points being obtained from the spectrum of the Moon as before.
The method proved rather unsatisfactory, the graduation of the
circle not being fine enough to correspond with the optical power
of the apparatus: the results for the eight lines measured are
given in the table.

Before the Hastings’ prism was put in place, the brightest part
of the star spectrum was examined with the Rowland grating of
20,000 lines to the inch, in order to determine whether the lines

¢ Communicated by the author.
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290 Observations of the New Star in Auriga.

were true lines, or whether they were bands, sharply defined on
the more refrangible edge, and fading away towards the red. An
impression of this sort had been received from some of the obser-
vations with the small spectroscope, but it was found to be in-
correct. The lines were diffuse indeed, like C and F from hydro-
gen under some pressure; but the shading was sensibly sym-
metrical each way from the middle of the line. The two lines
nearest F (4922 and 5015) made the impression of being multi-
ple; but they were not bright enough to permit a narrowing of
the slit sufficient to settle the question.

On Feb. 15th, the same instruments were used as upon the
13th, but a different plan of work was adopted, by limiting the
measures to a single field of view, extending from F to some dis-
tance below ; the special purpose being to determine whether or
not the two principal nebula lines (415004 and 4957) were present
in the star spectrum. The prism was firmly clamped, and the
measures were made wholly by the micrometer, the reference
points being derived from the nebula of Orion and the Moon.
The results for the six lines measured are given in the table, and
may, I think, be depended upon with an error not to exceed one,
or possibly two, in the last figure. It was intended to extend the -
measures to other parts of the spectrum, but clouds prevented.

I regret extremely that the non-completion of the prism-train
for the Brashear spectroscope made it impossible to attempt
photographs of the spectrum.

As regards the identification of the lines, C, F and H; are be-
yond doubt. One would expect to find D,, but the measures seem
to indicate a lower position for the bright line observed, not far
from the sodium lines themselves. It may be worth noting that
the red line at 632 and the yellow one at 559 (according to the
measures) are near the positions of the two aurora lines at 557.1
and 630", possibly within the limits of error. The line at 449
may perhaps be the always present chromosphere lineknown as f,
(4 4472), or, perhaps more probably may correspond to the three
lines at 4490 and 4501 ; indeed, it is not unlikely that all four ot
the lines named might be confounded into a single diffuse band in
observing that faint part of the spectrum with (necessarily)
rather widely opened slit.

As regards the lines in the green the micrometer readings seem
to be irreconcilable with the presence of the two brightest nebula
lines. The lines at 5015 and 4957 are more probably identical

'_My own observation of the wave-length of this line on Feb. 13th made it
633.5.
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with two rather remarkable groups of lines frequently present in
the chromosphere spectrum at 5015-18, and 4918-23 respec-
tively. The line at 5165 is almost coincident with b, (5167), but
the absence of the other magnesium lines makes the identity im-
probable. The line at 5304 is not far from the corona line
(5316), but the difference appears to be quite beyond the possible
limit of error. The line at 5260 was very faint and its posi-
tion is not so well determined as the other four figure places. It
falls very near E.

On Feb. 6th the star was easily visible to the naked eye, and
was estimated as about a quarter of a magnitude brighter than
7z Aurigee; by the 15th it had fallen off very sensibly, and was
about a quarter of a magnitude fainter than .

From six meridian circle observations of the star in connection
with g Tauri, Mr. Reed has found for its mean place, Jan. 1,1892,
« = 5% 25™ 3°.30, ¢ = + 30° 21’ 49”.2.

Bright lines in the Spectrum of Nova Auri a 5t 25m 30.30; 4 30° 21’ 49”.2.

(1892.0].

Date 1 2 3 4 5 6
Feb. 12 434 (Hy) 449 486 (F) 493 501 516
“T18 486 492 502 515

L S 4861 4922 5015 . 5165
Date 7 8 9 10 11 12
Feb. 531 559 588, D? faint 656 (C)
. faint 630 ... 591 631 656

5260 5304 e e e

PRINCETON, Feb. <v, '92.

THE TEMPORARY STAR IN AURIGA.*

G. RAYET.

The temporary star in Auriga, the existence of which was au-
nounced by a telegram from Mr. Copeland dated February 1st,
and which was discovered by an anonymous amateur, has been
observed twice with the instruments of the Bordeaux Observa-
tory, on the 10th and 11th of February.

The position of the new star for 1892.0 is: R. A. 5" 25™ 3".47,
P.D. 59° 38" 9”.5.

The new star is not given in Argelander’s zones, and it is there-
fore probable that its previous magnitude was less than the 9th.
"¢ Translated from Comptes rendus (Paris), Feb. 15, 1892, -
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292 The Temporary Star in Auriga.

On the 10th and 11th, the star was about 5th magnitude, com-
parable with 26 Aurigee: its color was noted as yellow orange
or straw yellow.

The spectrum of the star, which I have examined twice with a
spectroscope having a single prism of heavy flint, and mounted
on the 14-inch Bordeaux equatorial, consists of a continuous
spectrum, in which the red and violet seem very brilliant, with
four bright lines or bands in the green. My measures give the
following wave-lengths for these lines:

First lne....o..ooiininniiniiiiiniinicnicnecsseeeesneeeesaecns 518 pupu near b; probably b.
Second Hne.........oovveue vevienniiiininen s 501
Third Hne....ooviiiiicininicinnccserescesaesasees 493
Fourth line......cccvviiiiiiiniiiniiiciiiiiesnnensensseaveenee 487 near F; very probably F.

The second and third lines are the brightest; they have, as is
always the case, a banded appearance.

The spectrum of the new star in Auriga differs very sensibly
from that of the new star in Corona (May, 1866) observed by
Huggins, M. Wolf and myself; from that of the star in Cygnus
(November, 1876) described by Vogel, Cornu, Copeland and
Backhouse; and, finally, from that of the star in Andromeda
(August, 1885) studied by Vogel, Maunder and Perry. The light
of all these stars showed bright lines in the red and violet, par-
ticularly the lines H« and H3 of hydrogen; the lines of the pres-
ent star are all four comprised between b and F. It must be re-
marked, however, that in the case of the star in Cygnus, the
outer lines of hydrogen disappeared before F and the line 501 ;
this, perhaps, explains why the Hp line is the only one visible in
the light of the star in Auriga.

P. S. A new observation, made on the night of February 14-15,
allows me to add to the four preceding lines the bright line Ha of
hydrogen in the red, and that of sodium.

THE MODERN SPECTROSCOPE,

IV,
The New Spectroscope of the Halsted Observatory.*

PROFESSOR C. A. YOUNG.

Through the liberality of one of the best friends of Princeton
College the Halsted Observatory has lately received a powerful

* Princeton College Bulletin, November, 1891.
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spectroscope, which in several respects is more perfect and com-
plete than any other before constructed. It has been designed as
a sort of universal instrument, to cover, as nearly as possible
with a single apparatus, all the ground of Astronomical Spec-
troscopy. It is arranged for solar work, either in the study of
Sun-spot or chromosphere spectra, or for the observation of the
prominences; also for the study of stellar spectra with high dis-
persion in order to follow up the work of Vogel and others upon
the motion of stars in the line of sight; and it has a low-disper-
sion prism which makes it available for observations upon the
spectra of comets or other faint objects. Moreover, the construc-
tion is such that the observations can be made either visually or
photographically.

Naturally, the attempt to cover so much ground with a single
instrument renders it somewhat complicated; but it has not been
necessary to sacrifice, nor even seriously to compromise, any one
object in order to attain others.

The instrument has been’counstructed by Mr. Brashear of Al-
legheny, the same optician who made the spectroscope for the
Lick Observatory; and great credit is due him and his foreman,
Mr. Klages, for the great skill and ingenuity with which they
have carried out the general plan, and for the admirable accuracy
and finish of the workmanship.

A stiff but light framework of four steel tubes carries the spec-
troscope, and is attached to the great telescope by two rings
which slip over the seven-inch brass tube that forms its tail-
piece. This mode of attachment permits the spectroscope to be
rotated freely around the optical axis of the great telescope, and
to be clamped firmly in any position. The collimator is mounted
centrally in this framework in such a way that it can be ad-
Jjusted with respect to the optical axis, and also can be moved
longitudinally a distance of about four inches in order to bring
the slit-plate accurately into the focal plane for rays of any color.
{The focus of the 23-inch object-glass for the violet portion of
the spectrum near the lines H and K is more than three inches be-
yond the focus for the green rays).

The slit-plate is an elaborate and beautiful piece of workman-
ship; the jaws of the slit are most carefully finished, and there
are arrangements for varying the opening from zero to half an
inch in width, and from zero to an inch in length, as well as for
moving it sideways. The plate carries a set of colored screens
which can be interposed at pleasure; also (when needed) a *‘ com-
parison reflector”” for throwing into the slit the light of an elec-
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tric spark, the electrodes between which the spark is formed be-
ing carried by a holder attached to the steel tubes of the support-
ing frame. There is also a *‘rotation prism,” which can be at-
tached at pleasure, and enables the observer to make any portion
of the Sun’'s limb parallel to the slit without having to rotate the
spectroscope into uncomfortable positions.

The collimator has an object-glass two and a half inches in di-
ameter, with a focal length of thirty inches, and the same is true
of the view telescope. This is supported by a pair of light but
stiff arms which are firmly attached to the steel tubes, and it is
held by these arms in such a position that it receives centrally the
rays from the grating or from the prism-train as the case may be.
When the grating is in use a short pair of arms is used which
holds the view-telescope in a rigidly fixed position; when the
grating is replaced by the train of four prisms used in stellar
work, a second and longer pair of supports is substituted, so ar-
ranged. as to permit the necessary motion of the view-telescope
over a considerable arc, but with the means of clamping it firmly
in any position. The necessity of making such a change is of
course objectionable, but it is unavoidable, and Mr. Brashear
has ingeniously reduced the inconvenience to a minimum with-
out sacrificing the indispensable firmness.

The collimator and view-telescope are each provided with two
separate object-glasses, one pair to be used for all visual ohserva-
tions, the other for photography. It was originally intended to
have but one pair, with the component lenses made of the new
Jena glass, giving a practically perfect color-correction through
the whole range of the spectrum. But Mr. Brashear, after con-
siderable experience in the matter, has reluctantly come to the
conclusion that it is not yet practicable to construct such lenses,
or rather that such lenses when constructed cannot he relied on
to keep their polish for any great length of time; the glass soon
“rusts.”

The tube of the view-telescope is made in two sections, so that
the eye-piece end with its micrometer can be easily removed and
replaced with a camera tube carrying a 4 X 5 plate-holder.

In focussing the spectroscope the two ohject-glasses of the colli-
mator and view-telescope are moved simultaneously and equally
by a very ingenious arrangement which couples them together
and still leaves the view-telescope all the necessary freedom of
motion. It may be stated here that all the instrumental adjust-
ments of every kind are managed by milled heads easily accessi-
ble by the ohserver without removing his eyve from the eye-piece
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also that there are graduated scales to each important adjust-
ment, so that a record can be made of the precise state of the in-
strument at any observation.

For solar work the ‘ dispersion piece” is a magnificent five-inch
Rowland grating of 20,000 lines to the inch ruled on a speculum
metal plane. The definition of this grating is superb, and its
spectra are remarkably free from *‘ghosts,” though not abso-
lutely so. At present, through the kindness of Mr. Brashear, we
have also on loan a second, smaller but very fine grating of 14,-
400 lines to the inch, which can be at any time substituted for
the other, and used for verifications. The grating is so mounted
that itcan be rotated by the observer in the plane of dispersion as
usual, and also so that it can be slightly adjusted in a plane at
right angles to this, as is sometimes necessary, and this, as has
been said, without taking the eye from the instrument.

The prism for comet work has faces about 315 inches by 3. with
a refracting angle of about 25°; it is silvered on the back, and
when substituted for the grating furnishes by reflection a short
but brilliant spectrum, without requiring any other change of
adjustment or arrangement.

For observation of stellar spectra there is a train of four large
compound prisms of Jena glass faced with wedges of crown
glass. The faces of the prisms measure about two and a half
inches by three, the back of the prism being fully four inches
long. The angles are calculated to transmit the H and K lines
of the spectrum with a minimum deviation of about 165°. The
prisms are mounted in a metal box, and connected with each
other in such a way that the adjustment for minimum deviation
is casily made for all four at once by simply moving a sliding rod
at the eye end of the view-telescope. \When this prism is used the
grating-hox with its appendages is removed and the prism-box
substituted ; the view-telescope also has to be taken off and re-
placed with the proper supporting framework. The whole oper-
ation can be performed in less than ten minutes.

The optician has encountered considerable difficulty in connec-
tion with these prisms; one of the four originally sent proved to
be unsatisfactory on account of unequal density in the glass, and
the prisms are now in the maker's hands to have the faulty one
replaced.. Nothing, therefore, has yet been done with the instru-
ment used as a prismatic spectroscope.

With the grating some preliminary work has been done, both
in the way of visual observations and by photography. About
fifty plates have been exposed, more or less successfully, and a
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296 Limit of Visibility of the Rays of the Spectrum.

considerable number of good negatives have been obtained,
mostly relating to the ultra-violet portion of the spectra of the
chromosphere and prominences, with a few spectra of Sun-spots.

The plates confirm entirely the results first photographically
reached by Hale of Chicago early last summer, and since then by
Deslandres in Paris, as to the constant and brilliant reversibility
of the H and K lines in the spectra of Sun-spots, and of the chro-
mosphere and prominences. (The fact of this reversibility had
heen known ever since 1872 as the result of the visual observa-
tions made by the writer at Sherman, Wyoming.) The photo-
graphs also show, as do those of Hale and Deslandres, in the
spectrum of the solar chromosphere, the remarkable ultra-violet
series of bright Hydrogen lines which are so conspicuous and
characteristic as dark lines in the spectra of the stars of the first
or Sirian type, but are hardly visible in the spectrum of the pho-
tosphere of the Sun, and in the spectra of the Sun’'s stellar con-
geners.

A partially successful attempt has also heen made to phato-
graph the spectrum of a star with a grating; in the negative of
the spectrum of Vega, made with an exposure of half an hour, the
principal lines are unmistakably visible; but the impression is ex-
tremely faint, and the result is interesting only as being, so far as
I know, the first instance in which any impression at all has been
obtained of a star-spectrum by means of a grating.

As a first fruit of visual observations with the new instrument
may be mentioned the discovery that the bright red line, which
often appears in the active prominences at 6679 of Angstrom’s
scale, (No. 2 of the catalogue of chromosphere lines), is distinctly
less refrangible than the Iron line of which it has hitherto been
supposed to be the reversal. The behavior of this line has al-
ways been a mystery, since there was no obvious reason why it
should behave so differently from the other Iron lines of the spec-
trum near it. It is now certain, however, that, whatever may be
the substance to which this line is due, it is not lron.

ON THE LIMIT OF VISIBILITY OF THE DIFFERENT RAYS OF THE
SPECTRUM.*

CAPTAIN W. nE W. ABNEY.

In certain photometric experiments it became necessary to find
the limit of visibility of the different parts of the spectrum, and

* Proceedings Royal Society, No. 301.
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also to ascertain what ratio this limit would bear to some fixed
hrminosity. It should be borne in mind that this question is to-
tally different from acuteness of vision, which some have con.-
founded with it. The two are independent one of the other, and
can scarcely be compared.

The instrument used in these experiments was similar to that
described in the note on the examination of a case of Tobacco
Scotoma, &c.. but the dimensions were modified :—A square tube,
3 feet long, had an aperture of 2 inches cut in its side at 2 feet
6 inches from one end, and covered over with ground glass.
Within the tube, and close to the ground glass, was a mirror,
which reflected the light coming through the ground glass on to
the end of the tube, and if the ground glass was illuminated by
any light the reflection illuminated a card placed at the end of
the tube. The illumination of the card could be viewed through
a circular hole at the other end of the tube, in which was fixed a
smaller tube, fitting closely into the eye. If a color patch from
the spectrum was thrown on to the ground glass, evidently the
card at the end of the tube would be illuminated by the color
used, and its disappearance could be effected by means of rotat-
ing sectors closing and opening at will, placed in front of the
patch. This simple piece of apparatus answered its purpose
most effectively.

The first point to ascertain was the ratio of illumination of
the card to that of the patch thrown on the ground glass. The
following arrangement™was made to effect this:~ The end of the .
tube, against which the card was placed, was removed, and a
card with a square hole, of 34-inch side, was inserted instead.
This was covered on the side away from the tube with a piece
of Saxe paper, and when viewed from the outside, and when il-
laominated by the light from the ground glass, showed as a
square patch of light. Outside of this, and of double the width,
but of the same height, a mask of black paper, with an oblong
aperture, was placed so that the illuminated square occupied one-
half of the oblong, and the other half showed no white paper.
An amyl acetate laggp (0.8 of standard candle), placed at a fixed
distance from this oblong, and in a line with the axis of the tube,
illuminated both squares; but a rod placed in proper position
cast a shadow on the translucent square, allowing only the
opaque white half to be illuminated. When the sectors above al-
luded to were placed in front of the lamp, the two brightnesses
could be equalized, and the intensities of the light transmitted
passing through the paper estimated.
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Now there is a ray very near D in the spectrum, whose color is
very closely, if not quite, identical with the color of the light
emitted by the burning amyl acetate, and for making the meas-
ures this ray was used. When the measure had been made, the
screen, with the square aperture, was placed in the position of
the ground glass, and the amyl acetate lamp placed on the side
of the screen, away from the color patch, and the rod placed in
position to cast the shadow necessary. The rotating sectors
were then placed between the spectrum and the screen, and the
light reduced so that the illumination of the translucent and
opaque white square, viewed from the side of the lamp, was
equalized. Knowing the distance of the lamp in the two cases,
and the aperture of the sectors, the relative illumination of the
two surfaces was ascertained. For convenience, the aperture of
the ground glass was limited by means of a diaphragm, or by
placing a diaphragm in front of the first prism.

Two sets of measures showed that if the illumination of the
ground glass he represented by 1, the illumination of the card at
the end of the tube was .},; that is, any light falling on the
ground glass was diminished to that extent.

The actual measures were )}, and .],, but we may take .}, as
sufficiently close to the truth.

The color-patch apparatus to which reference is made is des-
cribed in the Bakerian Lecture, 1886 (Abney and Festing, * Color
Photometry”). The only addition to it that was made was to
use an adjustable slit to move through the spectrum. There was
thus a treble means of altering the intensity of the light, viz., by
altering the aperture of the slit of the collimator, by altering
that of the slit of the slide, which was shifted at will into dif-
ferent parts of the spectrum, and by the rotating sectors placed
in front of the spectrum. The mode of proceeding to measure
the luminosity at which light disappeared was as follows :—The
dullest part of that portion of the spectrum which it was desired
to extinguish was allowed to pass through the slit in the spec-
trum, and a patch was formed on the ground glass, which, it
may be remarked, had a tube fitted ovegit, to prevent any
chance of extraneous light reaching it. The card at the end of
the square hox was viewed, and the slits closed till all trace of
light disappeared. (It may be as well to call to mind what is
well known, that faint light of all colors appears as white). In
some sets of experiments the sectors were set at fixed angles, and
rotated in front of the patch, and the slit in the spectrum moved
from a position in which faint light appeared to one in which it
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just disappeared, the position in the spectrum being noted by the
scale at the back of the moving slide carrying the slit. In other
cases the slit was placed at different positions in the spectrum,
and the rotating sectors closed till all light had vanished, when
the aperture was noted. The firs<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>