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T H E  BATROL\'OMICAL AND ASTROPHYSICAL 
SOCIETY OF AiVERICA. 

THE second winter meeting of this society 

was held in Washington, D. C., during con- 
vocation week, in affiliation with the Amer- 
ican Association for the Advancement of . 
Science. 

On Monday, December 29, at  4 P.M., over 
two hundred persons assembled in the lec- 
ture room on the first floor of the Law 
Building of the Columbian University to 
hear the address of the president of the 
society, Professor Simon Newcomb. This 
address has already appeared in SCIENCE. 

l'hree sespions of the society for the 
reading of papers and trans'action of busi- 
ness were held in the Assembly Hall of the 
Cosmos Club, Tuesday, Wednesday and 
Thursday afternoons, the average attend- 
ance being about seventy-five. 

Tuesday evening the annual dinner was 
given at  Maison Raucher. Among the 
forty-three present were a number of ladies 
and, as guests, His Excellency, the Im-
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perial German Ambassador; I-Ion. J. T. 
Morgan, U. S. Senate; the Assistant Sec- 
retary of State; and the Superintendent 
of the Naval Observatory. A most en-
joyable evening was spent together, among 
the good things being addresses by the 
guests, by Professor Newcomb, and by Pro- 
fessor Hale. 

On Wednesday afternoon the session was 
adjourned shortly before 4 o'clock, to en-
able the members of the society to attend a 
reception given them by the Superintendent 
of the Naval Observatory and Mrs. Chester. 
After a most pleasant social gathering for 
an hour or more, all present were invited 
to spend as much of the evening as they 
chose inspecting the observatory and its 
instrumental equipment. 

At  the final session resolutions were 
adopted tendering the thanlis of the society 
to Captain Chester, the Superintendent of 
the Naval Observatory, for his courteous 
invitation to visit the observatory, and his 
kind attentions during the meeting of the 
society; also tendering the thanlis of the 
society to the Cosmos Club, for the use of 
the club house and of all its facilities so 
courteously accorded to the society and its 
members. 

During the meeting seventeen new mem- 
bers were elected, and the selection of a 
time and place for the next meeting was 
left open for future action by the council. 

The officers elected were: 
For 1903. 

I'resident-Simon Newcomb. 
Zi'irst Vice-President-Geo. E. Hale. 
rYecond Vice-President-W. W. Campbell. 
Treas~~rer-C. L. Doolittle. 

For 1903-4. 
Councilors, Ormond Stone, W. S. Eichelberger. 

For 1903-4-5. 
Secretary-Geo. C. Comstock. 

PAPERS PRESENTED. 

HAROLDJACOBY:Comparison of Astronomical' 
Photographic Melsures made with the riseau and 
without it.' 

GEORGEE. HALE, FERDINAND ELLERMANand 
J. A. PARKHURST: 'The Spectra of Stars of 
Seechi's Fourth Type.' 

W. J. HUMPEREYS:'On Certain Matters Con- 
nected with Spectroscopic Methods.' 

E. B. FROST and W. S. ADAMS : 'Radial Veloci- 
ties of Twenty Stars having Spectra of the Orion 
Type.' 

E. B. FROST and W. S. ADAMS: 'New Spectro-
scopic Binaries.' 

E. B. FROST and W. S. ADAMS: 'The Wave-
lengths of Rydberg's First Line of Hydrogen 
(h4686) and Others.' 

W. S. ADAMS: 'The Orbit of the Spectroscopic 
Binary 7/ Orionis.' 

E. 0. LOVETT:'Periodic Solutions of the Prob- 
lem of Four Bodies.' 

E. 0. LOVETT:' On the Integrals of the Problem 
of n. Bodies.' 
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F. W. VERY: 'Form and Structure of the 
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S. A. MITCHELL: 'The New Gases, Neon, Kryp- 
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G. C. COMSTOCK:'Preliminary Account of an 

Investigation of the Proper Motions of Faint 
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SARAH F. WHITING : 'Astronomical Laboratory 
Work for Large Classes.' 

F. W. VERY : 'An Inquiry into the Cause of the 
Nebulosity Around Nora Persei.' 

G. W. HOUGH: 'Improvement in the Mounting 
of Fixed Meridian Instruments.' 

J. A. PARKHURST:'Photometric and Photo-
graphic Obserrations of Faint Variable Stars.' 

S. C. CHANDLER: 'The Probable Value of the 
Aberration Constant.' 

C. L. DOOLITTLE:'Constant of Aberration from 
Zenith Telescope Observations, 1901-1902.' 

E. F. NICIIOLS and G. T. HULL: 'The Pressure 
of Light and its Illustration in the Construction 
of a Laboratory Comet's Tail.' 

E. E. BARNARD:'On the Micrometrical Tri-
angulation of the Stars in the Great Globular 
Clusters, AI. 3, M. 5, M. 13 and M. 92.' 

E. E. BARNARD:'Observations and Light Curves 
of some of the Small Variable Stars found in the 
Globular Clusters.' 

A. 0. LEUSCHNER:'Notes on the Short Method 
of Determining Orbits from Three Observations.' 

A. 0. LEUSCHNER:' A  Method of Computing 
Orbits in Rectangular Coordinates.' 

A. 0. LEUSCHNER:' The Solution of the Orbit 
Irrespective of Parallax and Aberration.' 

A. 0. LEUSCHR'ER:' The Orbit of Comet 1902 a.' 
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G. H. PETERS: 'The Photoheliograph of the 
U. S. Naval Observatory; its Use and Defects in  
Solar Photography.' 

SIMON NEWCOMB: 'Statement of the Progress 
made by the Watson Trustees in Computing 
Tables of the Asteroids discovered by James C. 
Watson.' 

A. S. FLINT: 'Results of Meridian Observations 
for Stellar Parallax made a t  the Washburn Ob-
servatory.' 

L. A. BAUER: 'Preliminary Summary of Mag-
netic Results obtained during the Recent Erup-
tion in Martinique.' 

S. D. TOWNLEY:' The Light of the Stars.' 

ABSTRACTS OF PAPERS. 

Comparison of Astronomical Photographic 
Measures Made wi th  the R b e a u  and 
without it: HAROLDJACOBY. 
The re'seau method of measuring stellar 

photographs, as considered in the present 
note, is similar toathat in use by the ob- 
servatories participating in the photo-
graphic survey of the heavens now in prog- 
ress. The most important advantage of 
this method of measurement is that it 
avoids almost altogether the effects of pos- 
sible contractions or expansions of the sen- 
sitive film during development ; and to this 
advantage has been joined another of a 
practical character which was perhaps not 
foreseen by the originators of the re'seau 
method. It is found most confusing to 
measure, plates having nothing on their 
surfaces but stars-images; in fact, in the 
case of close clusters, i t  is well-nigh impos- 
sible on such plates to make sure that the 
two coordinates assigned to any star really 
belong to the same object. All this pos- 
sibility of confusion disappears, however, 
with re'seau plates, as i t  is easy to keep all 
measures in order by considering each little 
square by itself. 

As usual, there are compensating disad- 
vantages connected with the re'seau. It is 
necessary, for instance, to make c e r t a i ~  as-
sumptions, such as the following: 

1. That the division errors of the orig- 
inal rdseau can be determined as accurately 
as those of a scale. 

2. That the photographic copy of the 
rdseau, as i t  appears on the star-plate, 
really reproduces exactly the division 
errors of the original. 

3. That the bisection of the photo-
graphed rc'seau lines on the star-plate can 
be made with a microscope as accurately 
as the lines of a scale can be bisected. 

I t  is of course possible to discuss each of 
these assumptions separately; but in the 
present note I shall consider one simple 
experiment only. This consisted in meas- 
uring a couple of Pleiades photographs 
twice, once by the re'seau method, and once 
with a metallic scale. A simple compari- 
son ought then to show how far the two 
methods of measurement differ in their re- 
sults. Seventy-five stars were observed in 
each case, and the same stars were used. 
The first plate was made at Paris, January 
14, 1901, and the 'probable discordance' 
between the two methods of measurement 
was =t OU.11. No corrections were applied 
for possible division errors of the Paris 
rdseau, as none have been published, 
though the MM. Henry have satisfied 
themselves that the Paris re'seau errors are 
inappreciable. The second plate was 
made at  Helsingfors, December 12, 1900, 
and gave a probable discordance of 
f0".22. In  this case, the measures were 
corrected with Donner's division errors, 
but these are not large enough to affect the 
result appreciably. In  both cases, meas- 
ures made with the metallic scale were 
corrected for the division errors deter-
mined at Columbia University. The larger 
discordance in the case of the Helsingfors 
plate is probably due to the less well de- 
fined character of the photographed rdseau 
lines. I n  many cases i t  is impossible to 
bisect these lines under the microscope any- 
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where except at  the corners of the squares, 
where two lines cross and forin a point. 

But when we consider that the above dis- 
cordances involve the errors of both meas- 
urements, they do not appear unduly large. 
Divided by ~ / j ; r they give for the probable 
error of a measurement by one method 
only =t 0".08 for Paris, and =t0".16 for 
Helsingfors; and there is no evidence of 
a systeniatic arrangement of signs in the 
differences between the two methods. We 
may conclude, therefore, that plates meas- 
ured by the re'seuu method and without it 
give identical results within a very narrow 
margin; nor does irregular distortion of 
the film appear to have affected appre-
ciably the measures made without the 
re'seuu. 

T h e  Xpectra of Sturs of Secchi? Fourth  

lengths of several hundred bright and 
dark lines have been measured. The pres- 
ence of bright lines, though suspected by 
Secchi, was denied by subsequent observers, 
but has been abundantly confirmed by the 
present photographs. Hitherto i t  has not 
been possible to. identify these lines. A 
large part of the dark lines, however, have 
been found to be due to iron, titanium and 
various other substances. By the aid of 
these lines the radial velocities of the 
eight stars have been determined. The 
photographs bring out a marked resem-
blance between the spectra of the two 
classes of red stars, so far  as the dark lines 
are concerned. Cyanogen is present in 
both classes, but carbon, either alone or in 
combination with oxygen, is absent from 
stars of Secchi's third type, while very 
conspicuous in stars of the fourth type. 
I n  both classes of stars the relative inten- T y p e :  GEORGEE.  HALE, FERDINAND 

ELLERMANand J. A. PARKHURST. 
I n  his early surveys of stellar spectra, 

Secchi divided the red stars into two great 
classes (his third and fourth types), whose 
spectra differ very markedly in their gen- 
eral characteristics. Subsequent investi-
gations by Vogel and Dun& confirmed 
Secchi's conclusion with regard to the pres- 
ence of carbon bands in the spectra of stars 
of the fourth type, but in view of the in- 
strumental means employed i t  was impos- 
sible for these investigators to distinguish 
the individual lines in the spectra. An 
investigation of these stars was accordingly 
undertaken with a three-prism spectro-
graph, used in conjunction with the forty- 
inch refractor and the two-foot reflector 
of the Yerkes Observatory. Some 250 
photographs, ranging in exposure-time 
from a few minutes up to twenty-five hours, 
were made. They include the yellow and 
green as well as the blue regions of the 
spectra. A special study has been made of 
eight stars, in whose spectra the wave-

sities of the dark lines in the spectrum of 
a given element seem to differ considerably 
from the corresponding intensities in the 
solar spectixm. This led to a comparison 
of the stellar lines with the widened lines 
in the spectra of sun-spots. So far  as can 
be judged from the present photographs, 
there is a marked similarity of these 
spectra, but this can not be made the basis 
of any theoretical conclusions before fur- 
ther investigations with higher dispersion 
have been made. I n  general, the investi- 
gation tends to confirm the opinion of 
Vogel and Dun& that the two classes of red 
stars have developed from solar stars. Full 
details of the work, with tables of wave-
lengths and reproductions of photographs, 
will appear soon in the Pzcblicntions of the 
Perlces Observato~y.  

Radial Velocities o f  Tzuer~ty Stars having 
~Ypectra o f  the Orion T y p e :  EDWINB. 
FROST S. ADAMS.and WALTER 
This paper represents a part of the work 

done during the past year with the new 
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Bruce spectrograph of the Yerkes Observa- 
tory. Stars with spectra of this interest- 
ing type, which seems certainly to char-
acterize an early stage of stellar develop- 
ment, have not hitherto received much at- 
tention in respect to motion in the line of 
sight. These spectra are not adapted to 
measurements of any such degree of accu-
racy as is possible for the solar stars, be- 
cause of the colnparative fewness and the 
generally hazy and ill-defined character df 
their lines. The results have, however, 
proved more accordant than was antici-
pated. The general good adjustment and 
trustworthiness of the spectrograph are at- 
tested by the measures of the moon's radial 
velocity. The twelve lunar spectra pho- 
tographed during the year gave a mean 
difference of 0.2 km. per see. betweei the 
observed and the computed radial velocity, 
the largest difference being 0.7 km. per 
sec. The titanium spark was chiefly used 
for furnishing the comparison spectrum, 
but the iron and the chromium spark and 
a helium tube were also employed at  times. 
A perfectly definite amount of self-induc- 
tion and capacity was always maintained 
in the secondary circuit. 

The lines coinmonly present and meas-
ured in the stellar spectra were those due 
to one or more of the following elements: 
helium, oxygen, silicon, nitrogen, hydro- 
gen, magnesium. The observing list in- 
cluded about 150 stars of this type brighter 
than the sixth magnitude. The present 
paper included only those of which three 
or more plates have been obtained and 
measured. Those found to vary in their 
radial velocity, six in number, were not 
included in the discussion. The stars of 
the Orion type are peculiarly distributed 
in the sky, being for the most part grouped 
in or near the Milky Way. As many of 
the twenty are near the apex or anti-apex 
of the sun's way, the observed velocities 
clearly show the effect of the solar motion. 

If a correction were applied for this mo- 
tion, the resulting absolute radial velocities 
would be small. The angular proper mo- 
tions of these stars are also small, and sug- 
gest a relatively great distance from our 
sun, as well as a 'community of interest' 
of these stars. The radial velocities ob- 
served, expressed in kilometers per second, 
are as follows: 

y Peynsi + 5 E Can. maj. +97 
i Cassiopeia + 3 ?I Leonis +, 4 
E Cassiopeire - 6 y Corvi - 7 
5 Persei +22 r Herculis -13 
p Orionis + 21 iDraconis -14 
y Orionis + 18 L Herculis -16 
E Orionis +26 67 Opi~iuchi- 4 
i Orionis + 17 102 Hwculis -11 
K Orionis + 17 37 Lyrz  - 9 
p Can. maj. +33 F Delphini -96 

(Paper will appear in full in the 'De- 
cennial Publications of the University of 
Chicago. ') 

hTew Xpectroscopic Binaries: EDWINB. 
FROST S. ADAMS.and WALTER 
During the observations described above, 

six stars of the Orion type were found 
whose radial velocity varied. Preliminary 
statements have already been published as 
to three of these ( ri Orionis, o Persei, P 
Ceplzei). The others are 8 Ceti, C Tauri  
and r Eridani. Of 8 Ceti  we have obtained 
eleven plates since November 1, 1901, which 
give a range from + 6 to + 16 km. per 
see. The period is short, but observations 
on consecutive nights will be necessary for 
its establishment. 

The plates of 5 Tauri  available are ten 
in number (from November 8, 1901, to 
December 18, 1902), and give a range from 
+ 7 to + 34 km. The period can not get 
be given, but may, perhaps, be about four- 
teen days. The spectrum is rather unique 
in respect to its very sharp and strong y 
and lines of hydrogen, with the other 
lines (some of them metallic) very faint. 
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One plate of v Eridani  was obtained in 
the autumn of 1901, and four a year later. 
The range of velocity so far observed is 
from +3 to + 26 km. per sec. 

We regard two or three other stars with 
spectra of the Orio9z type ax suspicious of 
variable radial velocities, but the number 
of plates so far  obtained is insufficient to 
establish the variation. The proportion of 
spectroscopic binaries, found by us in this 
special class of stars, to the numbe~  of 
which we have obtained three plates is 
about 1:5. 

T h e  Orbit  of the Xpectroscopic Binary 7 
Orionis:WALTERS. ~ D ~ M S .  

The variation in the radial velocity of 
7 Orionis was discovered at: the Yerkes Ob- 
servatory in December, 1901, by Professor 
E. B. Frost and the writer. Since that 
time twenty-eight spectrograms have been 
secured, covering an  interval of very nearly 
a year, and in the present paper the star's 
orbit is computed from them by the method 
of Lehmann-FilliBs. The greatest range 
found is about 285 km., and is the largest 
which has hitherto been discovered among 
binaries which like this have one component 
dark. The spectrum is of the Orion type, 
but contains several silicon, oxygen and 
nitrogen lines as well. 

The period used in plotting the observa- 
tions is 7.9896 days, and the following ele- 
ments are found: 

Velocity of systern V =+ 35.5 km. 
u,=90' 41'.6 
la =42' 16' 
e =0.016 
p =  45O.059 
T =1901, December 1.821 

a sin i=16,901.000 km. 

An ephemeris is coinputed with these ele- 
ments, and the greatest difference between 
the observed and computed velocities is 
found to be less than 3 km. 

l'lze illasses in 85 Peyasi: GEORGEC .  COM-
STOCK. 

85 Pegasi is a sixth magnitude star with 
an eleventh magnitude companion distant 
less than a second of arc. Burnham, who 
discovered the pair in 1878, has published 
an orbit with a periodic time of 25.7 years. 
The bright star of the pair has been fre- 
quently compared with a neighboring ninth 
magnitude star, and from a discussion of 
these measures covering a period of fifty 
years I find for the masses of the sixth 
and twelfth magnitude stars the ratio, 2 :3, 
the faint star having the greater mass, al- 
though its light is only a hundredth part 
that of the brighter star. 

This result is directly opposed to the 
common view that regards the fainter com- 
ponent of a binary star as m0r.e nearly 
extinct than its companion, because a 
smaller mass has caused it to traverse more 
rapidly the stages of development that lead 
to extinction. 

Xtellar Revolzctions w i th in  the Galaxy:  
F R A ~Mr.VERY. 
Independent estimates of the parallax of 

Nova Pcrsei give 

TT =ON.052, and .ir =OU.049, 

whence it is concluded that the distance of 
this presumably galactic object is about 
600,000,000,000,000 km. I t  is proposed to 
adopt this distance as a first approximation 
to the sun's distance from the Milliy Way. 

The first-type stars, of which the galactic 
stream is mainly composed, probably have 
rather small linear velocities, and are the 
result of agglomerative tendencies; but 
around the central condensations there is 
a great sphere of stars, mostly in advanced 
stages of development, which seeins to have 
been produced by stellar dispersal. These 
outlying stars may have been thrown off 
from the central condensations by explo- 
sions of great magnitude; and if the ve- 
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locity of recession is not too great, these 
stars thenceforth revolve around control- 
ling centers, consisting of densely clustering 
stars, in periods embracing many millions 
of years. 

The attraction of a spherical mass of 
stars, equivalent to 10,000,000 such suns as 
ours, the aggregate extending to ten times 
the assumed solar distance from the Gal- 
axy, is sufficient to produce the present 
solar velocity (20 lini. per sec.) in moving 
from rest at  the outer limit, and to give 
an oscillation from one extreme to the op- 
posite boundary in a little over 40,000,000 
years. With a central galactic condensa- 
tion sufficient to turn the movement into 
an eccentric orbital revolution, if apogalac- 
teum is ten times as far  away and peri- 
galacteum one tenth as far from the center 
of motion as the assumed galactic distance, 
the period of revolution will be shortened, 
but oan not be less than about 6,000,000 
years for a circular orbit around a central 
cluster. The general stellac sphere con-
trols the movement in an elongated orbit 
at the greater distances, but the massive 
central agglomerations exercise directive 
power at  the closer approach. 

There are certainly more than 10,000,000 
stars. Hence, either their attractions are 
largely mutually annulled through sym-
metrical external position, or else most of 
the stars have masses very much less than 
that of the sun, which must be above the 
average mass. 

As the true proper motions of the stars 
show little preference for particular direc- 
tions, the dispersals have occurred indis- 
criminately in all directions. 

The diverse regions of space traversed 
by the sun in its progression from peri- 
galacteum to apogalacteum may have very 
different meteoric contents whose reception 
produces secular changes in the planetary 
atmospheres, and may influence the de-
velopment of living forms indirectly. 

The apex of the sun's way is now about 
20" from the axis of the galactic stream. 
At perigalacteum the apex will recede to 
the galactic pole, and the direction of mo- 
tion of the apex in the interim will deter- 
mine the axis of the solar orbit. 

Preliminary Annoulzcement with regard to 
the Proper Motions of Certain Faint 
Stars: GEORGE C. COMSTOCK. 
The author has measured micrometrically 

the positions of 45 faint stars (ninth to 
twelfth magnitudes) referred to brighter 
neighboring stars whose proper motions 
were accurately linown. From a compari- 
son of these observations with older data 
of a similar kind, principally the measure- 
ments made by the Struves, he has derived 
proper motions of the faint stars, which in 
respect of precision are quite comparable 
with the proper motions of the fainter fun- 
damental stars, c .  g., those of the fifth and 
sixth magnitudes. 

These proper motions, although relatively 
few in number, furnish a determination of 
the sun's motion in space entirely independ- 
ent of all previous data, and based upon 
stars whose average distance from the solar 
system is much greater .than any hitherto 
employed. The resulting solar motion is 
in substantial agreement with previous de- 
terminations, and when combined with 
spectroscopic determinations of the velocity 
of the sun's motion i t  furnishes as the mean 
parallax of the stars observed (magnitude 
10.5) the value On.005 (40,000,000 radii of 
the earth's orbit) which is in substantial 
accord with the extrapolated value fur-
nished by Kapteyn7s researches upon the 
brighter stars. 

Other results of the present investiga- 
tion are : (1)  That the proper motions of 
the fainter half of this list of stars do not 
seem to be materially less than those of the 
brighter half, i. e., the eleventh and twelfth 
magnitude stars are not more distant than 
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those of the ninth and tenth magnitudes; 
(2) that the average linear velocity with 
which these faint stars move through space 
is of the same order of magnitnde as that 
of the brighter stars and about fifty per 
cent. greater than the velocity of the sun. 

AN I1~q1~ii .y  Ihe Nebulos- ii)lto the  Cuuse of 
i t y  nrouqad hTovu Persei: FRANK IT1. 
VERY. 
Lockyer's hypothesis of colliding meteor 

swarms would require spherical swarms of 
enormous dimensions, and in other re-
spects i t  does not fit the facts. Radiation 
hypotheses do not explain the duplicity, or 
possible triplicity, of the nebulons ring, 
nor the double ratio of the radii of the two 
principal rings; neither is the retardation 
of the expansion satisfactorily accounted 
for. Reflection hypotheses are absolutely 
barred. because they denland an impossible 
albecio in the nebnla. 

The suppcsition that the motion is a real 
one involves the further hypotheses that it 
is due to particles of corpuscnlar dimen- 
sions, expelled from great masses of in-
tensely heated gas, snrrounding the nova, 
in moments of powerfnl electric oscillatory 
discharges; that these discharges assist to 
ionize the material and start a series of 
instantaneous magneto-electric impulses 
which guide the moving particles along 
lines of magnetic force; that the material 
is probably diamagnetic and will finally 
come to rest in loci of least magnetic 
potential ; that the velocity imparted 
depends on the masses of the ions which 
appear to be in the ratio 1:2 :4; that 
the velocity is accelerated out to a radius 
at  which magnetic repulsion and gravita- 
tional attraction are equal for particles of 
the given dimensions, and that at greater 
distances the velocity is retarded. An 
estimate of the mass and diameter of the 
nova indicates that, a t  the surface of the 
star, the ratio of magnetic force to gravity 

may be as great as 100,000 to 1 for these 
minute particles; and as such a force would 
be capable of generating in a corpuscle a 
velocity of 100,000 km. per see. in one sec- 
ond, if it were possible fnlly to utilize i t  
for this purpose, the only objection which 
can be urged against the hypothesis is the 
difficulty of imagining a process by which 
this force can be economically applied. 

I n  favor of the hypothesis it can be 
stated that the theoretical variation in the 
rate of expansion of the nebula has been 
observed, that the observed motions of 
nebulous forms agree well with those to be 
expected if the phenomenon is a species of 
magnetic phantom; that there are curved 
and diverging streamers on the south-south- 
west side, resembling the sheaves of diverg- 
ing coronal fiIaments about the sun's poles; 
that the absence of a corresponding sheaf 
on the north-northeast side may be ex-
plained on Doppler's principle; that the 
disappearances of certain forrns in the 
outer of the two principal rings after 
reaching a radius of 14' to lGf, and the 
phenomenal and sudden appearance of 
bright forms at  abont the same positions, 
are to be explained on the same principle; 
that such appearances and disappearances 
are demanded on the magnetic hypothesis, 
and are extraordinary anomalies on any 
other. 

I t  is concluded, therefore, that the neb- 
ula resembles a gigantic corona; that its 
axis is inclined 40" to the line of sight on 
the south-southwest side; and that the ex- 
pansion of the nebula is approaching its 
limit. 

Tlte Mou?tti?ty of Pixed JIeridia?t Iqzstrtc- 
nzents: G. W. HOUGH. 
The variation in level and azimuth in 

fixed meridian instruments is due to the 
effect of temperature: (1)  On the metal 
outside the piers, (2) on the metal in the 
piers, 13) on the supporting piers, and (4 )  
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to the motion of the base of the pier. In  
order to understand how the temperature 
acts on meridian instruments, we need 
some physical constants. If we assume 
the conductivity of iron as one, or unity, 
mercury is 1/10, stone, brick and wood 
1/130 to 1/180. It will be readily under- 
stood that the iron outside of the pier will 
act quickly as a thermometer, the iron in- 
side the pier will act more slowly, and the 
supporting piers will act very slowly in 
taking the temperature of the external air. 

The piers acting as a thermometer may 
lag one month or more, and this is the ex- 
planation of the phenomenon observed at  
Edinburgh. Hence we conclude that vari- 
ation of level and azimuth during a night 
of observation is almost entirely due to 
the effect of temperature on t.he metal 
parts of the instrument. The covering of 
piers with cloth and wood is of no use. 

Many instrumen'ts in use change their 
level and azimuth by jumps, and not in 
any regular manner. If the expansion of 
iron is taken as unity, brass is 2, sandstone 
and granite 0.8 to 0.9, and bricks from 0.3 
to 0.5. I t  is readily seen that the differ- 
ence of expansion between brick and iron 
is so great that the instrument will always 
be loose on the piers. Hence i t  is free to 
jump in both level and azimuth. 

I n  the Pistor & Martin's meridian circle 
the brass cylinder for holding the Y should 
be replaced with iron. 

The modern Repsold is defective in its 
mechanical construction, for the reason 
that the Y-piece and the counterpoise 
weight are all supported on one frame, and 
when the instrument is reversed i t  is liable 
to be disturbed in level and azimuth. The 
Dearborn Observatory old pattern Repsold 
meridian circle is mounted on sandstone 
piers, and the lugs for holding the Y-pieces 
are set in with lead. The instrument is 
absolutely stable in level and in azimuth. 

The computed monthly level for two years, 
when corrected for temperature and the 
motion of the pier, agrees with the ob-
served level within a fraction of a second 
of arc. 

T l ~ e  Probable Va lue  of t h ~Constant o f  
Aberratio?~:S .  C .  CHANDLER. 
The number of determinalions of this 

constant is now so considerable that even 
wide differences of judgment as to the 
weights to be assigned them can have but 
little influence on the mean result. Forty-
three determinations are combined with the 
following weights : 
Talcott's method..  . . . . . . . . . .20.523 Weight, 151 
Meridian declinations . . . . . . .  .514 22 
Prime vertical t rans i t s . .  . . . .  3 2 5  24 
Right ascensions.. . . . . . . . . .  .53 6 
Prismatic apparatus.  . . . . . . . .  .48 5-

Mean . . . . . . . . . . . . . . . .20.521 203 


The  Constant o f  Aberration f ronz Observa- 
tions with the Zeni th  Telescope, 1901-
1902: C. L. DOOI~ITTLE. 
A preliminary reduction of the series of 

zenith telescope observations covering the 
period from October 1, 1901, to October 
1, 1902, gives for this constant the value 
2OU.510. 

'Phis is preliminary in the sense that 
some of the work of reduction has not been 
fully verified and that it is proposed to 
include in deriving the final result some 
additional data, viz., about four hundred 
observations between October 1, 1902, and 
January 1,1903. 

The values derived from the different 
series of observations at  the Sayre and 
Flower Observatories are as follows : 

(1) 1889-1890 20y448 _c 014 Weight 4 
( 2 )  1892-1893 20.551 & 009 1 
( 3 )  1894-1895 20.537 f 014 1 
( 4 )  1896-1898 20.580 + 008 4 
( 5 )  1898-1899 20.540 -1- 010 1 
( 6 )  1900-1901 20.561 Jr 008 1 
( i )  1001-1902 20.510 1 
Weighted iilean. . . . . . . . . . . . . . . . .20".539 
17nweighted mean. . . . . . . . . . . . . ..20 .532 
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I have elsewhere given reasons for suspect- 
ing the genuineness of result (1) .  There 
are also reasons for the small weight as-
signed to result (4)  aside from the some- 
what larger value given. 

I t  is proposed to continue this series for 
another year. I t  will then be terminated 
unless means Can be had for giving the 
investigation a wider scope. For a number 
of years I have been hoping that I might 
be able to set up an instr,ument of different 
construction and have a second series of 
observations carried on simultaneously with 
my own for a period of at least two or three 
years. At present the necessary means 
are not available, but I have not entirely 
abandoned this project. 

Micrometrical iMeasures of Individzcal Stars 
in the Great Globular Clusters: E. E. 
BARNARD. 
The great power of the forty-inch re-

fractor of the Yerkes Observatory has been 
utilized in a systematic micrometrical sur-
vey of between 600 and 700 small stars in 
the globular clusters M 3, iM 5 ,  M 13 and 
M 92. 

The paper deals mainly with the meas- 
ures of stars in $1 13 Herculis and a com- 
parison of these with measures made by 
Dr. Schriner, of Potsdam, in 1891, of pho- 
tographs of the cluster. This comparison 
shows a generally close agreement between 
the photographic and visual measures. 
Ther,e are a few discordances amounting 
to one or more seconds of arc. There does 
not seem to be any proof that these are 
due to motion in these stars, but rather 
due to the difficulty of making the photo- 
graphic measures. In  the ten years7 inter- 
val there does not appear to be any certain 
proof of motion in any of the stars under 
observation. I n  the work with the large 
telescope the stars are referred to .a stand-
ard star in each cluster. This star is ac- 
curately measured with reference to known 

stars, and its absolute position given, 
from which the exact place of any one of 
the small stars observed can be easily de- 
duced. The measures were made by the 
method of position angle and double dis- 
tances, though the relative position of the 
stars to the standard stars are given in 
the order of d a  and Ad.  

012  Some of the Variable Xtars in the 
Cluster M 5 ,  Librm: E. E. BARNAID. 
These are observations of some cf the 

variable stars discovered in this cluster by 
Professor S. I.  Bailey. 

The smaller stars all have periods of 
nearly half a day, but there are three 
bright stars-the brightest in the cluster- 
which have relatively long periods. These 
periods are : 

Star No. Period. Days. Light R I  :.-
42 25.7739 I* m.  
84 26.5760 12 m. 
50 106.17 1 m. 

The first two rise rapidly to maximum 
and decline slowly to minimum. No. 50, 
which seems to have the longest period in 
the cluster, differs markedly from the other 
two in that its rise and decline are both 
slow and uniform. All three are slightly 
yellowish at maximum. 

Several of the small, quick-period vari- 
ables were under observation. The best 
observed of these was No. 33, whose period 
is O"2h 2m P . 6 ,  and whose light range is 
about one magnitude (1m.l). The light 
curve for this star is rather remarkable. 

The normal condition is faint at  about 
144 mag. At about one hour before 
maximum it  begins to rise. Its light in- 
creases rapidly, and the duration of maxi- 
mum is very short. The star then declines 
about as rapidly as i t  rose, for about forty 
minutes. I t  then seems to halt in the de- 
cline, and from this on sinks very slowly 
to minimum, not reaching its faintest or 
normal condition until seven or eight 
hours after maximum. 



FEBRUARY27, 1903.1 SCIENCE. 331 

Notes 012 the  Shol-t Method of Determiniqzg 
Orbits  from Three  Observations: A. 0. 
LEUSCHNER. 
In  order further to simplify the compu- 

tation of preliminary orbits, the author 
proposes several modifications in the appli- 
cation of his 'Short Method, etc.' (Publics-
tioqts L. O., Vol. VII., part 1 )  : 

1. The accuracy of p, is increased by 
eliminating the parallax from the second 
observation through simple corrections ap- 
plied to the corresponding solar coordi-
nates in group I .  

2. When the parallax factors for the 
three observations differ materially, the 
accuracy of the geocentric velocities is 
increased by applying the parallax corre-
sponding to the unit of distance to all three 
observations in the formule of group 11. 

3. No correction for parallax is to be 
applied to the middle observation on the 
basis of the successive approximations for 
p, (cf. groups V., VII.),  but instead the 
parallax is to be eliminated once for all 
by correcting the rectangular equatorial 
solar coordinates for the normal date as 
follows : 

AX= (papo)sin a, cos Jo F,+ (pap,) cos a, sin Jol 

A Y  =-(papo)cos a, cos do+ (pcp,) sin a, sin do, 

A Z  =- (psp,) COS do. 

4. By replacing the A and B by 

respectively, in the differential formula3 
(group VII.'), terms depending on the 
parallax factors are introduced which will 
minimize the effect, on the residuals, of 
changes in parallax, and the convergence is 
increased. 

5. The sufficiency of the differential 
formula3 should be tested by checking the 
new residuals obtained in group VII. by 
means of the corresponding formula3 of 
group VI. 

6. Simple formula: involving the squares 
of the corrections have been derived for 
those rare cases in which the linear rela- 
tions are found to be insufficient. 

7. The new values of so,yo, z, (group 
VII.) may be found rigidly in all cases by 
changing the former values by 

8% =cos a. cos Joapol ay, =sin a, cos a o a p 0 ,  

az, =sin Joapo . 
8. The method may be applied to longer 

arcs by using closed expressions in place 
of the series in group VI. 

A Method of Comput ing  Orbits  in Recta?&-
gzclar Coordinates: A. 0. LEUSCHNER. 
From 

~a = +gaa0 (a =X,Y, Z )  

(P~cblicntioutsL. O., Vol. VII., part 1 )  the 
author derives the three fundamental equa- 
tions : 

Introducing 
p cos a cos d =x +(X) 

in the first of these three equations, i t  be- 
comes 

S1 
pill cos all, cos dill -P, cos a, cos do 

fig111 -flllgl 

-tI X ) , - g1,1(X)1+ g,(X)111=O 

where the (X) (similarly the (Y)  and ( 2 )  
in the remaining two equations) are the 
solar coordinates, corrected, to eliminate 
parallax, by the f o r m u l ~  given in 3 of 
the foregoing 'Notes.' These coordinates 
are referred to the beginning. of the year 
and apply to the a.ctually observed dates. 

The solution of the fundamental equa- 
tions gives a t  once 

c,D' 4-c,D" + c,D"/
Po = D 
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where the D are simple functions of the 	 segregating the first powers of the 8's as 
uncorrected observations, and 	 factors from cz, cy, cz and then replacing 

them by expressions involving the differ- 
ences of aberration, e. g.,c, = i y ) , - f i ~  	 . 111(gj+ I 

fig111 -flllgl figill -f,ug1 

81 =HI0 -ka( PI, ,  -P I ) .  

or otherwise The fundamental equations then tale  the 
CZ = -C~11~1111 -M

1 1 1 form 
[r11.1111 [r1r1111 

flPl+ bpo + cPlll+ d + k a e ~ l l l ~ l +kafP111~o 

and where o",, cp are 
pressions. If not previously available, a 
first approximation to the triangular ratios 
may be obtained by the 'Short Method, 
etc.' Next p,, p,,,, x,', y,' and z,' are oh-
tained by simple expressions. The accuracy 
of the initial values of the ratios of the 
triangles is now tested by recomputing 
them from closed expressions or by the 
series. Any disagreement between the 
initial and final values is removed by means 
of differential formula:. The elements are 
computed by formula: VIII .  of the 'Short 
14ethod.' The use of rectangular coordi- 
nates as outlined in the paper presents 
many advantages and is applicable to long 
arcs. 

T h e  Solut ion of an, Orbit ,  Irrespectiue of 
Parallax a.lzcl Aberratiow,: A. 0 .  
LEUSCHNER. 
I n  the 'Method of Computing Orbits in 

Rectangular Coordinates' the effects of 
parallax and aberration are fully elimi-
nated, except in the expressions for the 
ratios of the triangles, in which the 8's 
are affected by the difference of planetary 
aberration ( e .  g., 8,, = k ( tlll- t, ) ) . In  
certain rare cases, particularly for very 
short intervals, the cz, cg. g become so 
small that the solution will become indeter- 
minate unless the accurate differences in 
planetary aberration can be introduced at  
the start. I n  a first orbit, therefore, re-
course is had to eliminating the first 
powers of the differences in aberration, by 

given by similar ex--., + k a g ~ o p ,=0, 


where a is the aberration factor. 
The solution of these equations is re-

duced to the solution of two equations of 
the form 

po = j ( ~ ~ ~ ~and P ~ ~ ~ - - P ~ - - - S ( ? ~ )- - I J ~ )  

from which (p, , ,  - p, )  and p, are obtained. 

T h e  Orbit  of Cornet 1902 a :  A. 0. 
LEUSCHNER. 
The paper contains a preliminary re-

port on the investigation of the orbit of 
comet 1902 a. A preliminary orbit based 
on three observations, of which the third 
represented a single micrometric measure 
in a and 8 was published shortly after the 
appearance of the comet. The elements, 
which were computed by the 'Short 
Method,' indicated an unusually short 
period. A comparison of the sum of the 
squares of the residuals from the elliptic 
with those from a parabolic orbit computed 
at  Kiel gave the following results for the 
first nine observations ; 

[vv] parabolic orbit 2988 

[XT] elliptic orbit 711 

For further investigation the observations 
were grouped into six places, three of 
which represent single observations, one 
was based on two, one on three, and 
one on five observations. The best 
three of these were selectecl for the 
improvement of both the parabolic and 
elliptic orbits. The final parabolic orbit 
is completed and does not represent the 
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observations so well as the preliminary 
elliptic orbit. I n  determining the final 
elliptic orbit many difficulties were en-
countered which led to the theoretical re- 
sults given in the foregoing papers. The 
calculation of an orbit irrespective of 
parallax and aberration has just been un- 
dertaken. A preliminary improvement of 
the orbit gave evidence lhat  the first re-
sults concerning a very short period will 
be substantiated. The following students 
and assistants have taken part in the com- 
putations: Dr. R. T. Crawford; Messrs. 
H. K. Palmer, Joel Stebbins, Ralph Curtiss, 
C. A. G. MTeymouth, Fellows in the Lick 
Observatory; and Miss A. M. Hobe. 

T h e  Photoheliograph of the U .  S .  Naval 
Observatory; I t s  Use and Defects  i?z 
Solar Pltotography: G. H .  PETERS. 
This paper dealt with the changes made 

in the instrument during the past four 
years. A considerable variation of focal 
length has been found, amounting to about 
one half inch, between the temperature of 
summer and winter. I n  a proposed new 
and larger instrument, some defects due 
to the attached building are to be avoided. 

The use of Jena glass No. 0.2164 com- 
bined with No. 0.2001, with an alternative 
of No. 0.164, is suggested for this lens, to 
reduce the secondary spectrum to a mini- 
mum. 

Attention was called to the necessity of 
a study of the thermo-focal changes in long 
focus lenses, to be used in eclipse work. 

Reszclls of Meridian Observatioms for ~Ytel- 
lar Parallax made at the Wasltbzcwt Ob- 
servatory, Uwiversity of Wiscofisin: 
ALBERTS. FLINT. 
Results were presented for a list of 

ninety-six stars whose distances from the 
solar system were to be determined. This 
list consists mainly of stars whose proper 
motion, or drift across the heavens, is com- 

paratively large; and these results shotv 
that, on the average, the larger this ap- 
parent motion, the nearer the star. These 
observations were forwarded to Professor 
Kapteyn, of Groningen, Holland, who 
made use of them in an  important investi- 
gation of the structure of the heavens. 

Preliminary Statemefit of the  Jlagnetic 
Disturbances Coincident w i th  tlte Re-
ceqzt Erupt ion  in Martiwique: L. A. 
BAUER. 
The disturbances of the magnetic needle 

coincident with the volcanic eruption of 
May 8 and 20 were felt practically simul- 
taneously a t  the four Coast and Geodetic 
Survey magnetic observatories situated 
respectively a t  Cheltenharn (Maryland), 
Baldwin (Kansas), Sitka (Alaska) and 
Honolulu (Hawaiian Islands). 

I n  response to a circular sent by the 
Superintendent of the Coast and Geodetic 
Survey records have been received from 
the principal foreign observatories. A 
cursory examination of these records shows 
the disturbances and that they occurred 
practically simultaneously a t  all of the 
observatories thus far  heard from. An ex- 
amination of the records indicates that ap- 
parently there were premonitory symptoms 
a month before the actual outbreak. The 
records will be subjected to a critical dis- 
cussion, with the view of settling definitely 
whether the cause of these remarkable dis- 
turbances had its source within or outside 
of the earth's crust. 

A comparison of these effects was made 
with that which had revealed itself during 
the total solar eclipse of May 28, 1900, and 
also the more recent one of May 18, 1901. 
I t  was shown that t he  eclipse effect is not 
in any sense to be classed as a magnetic dis- 
turbance, but that it is of the periodic 
variation kind and is precisely similar in 
character to the solar diurnal variation. 



Prelinzinary hrote 017, the Total Light of the 
Stars: SIDNEYD. TOWNLEY. 
While engaged in photometric work at  

the Lick Observatory during the past sum- 
mer a few experiments were made to de- 
termine the amount of light received from 
the sky at night when the moon is not shin- 
ing. This work mas undertaken at the 
request of Director Campbell, to whom the 
problem was suggested by Professor New- 
comb. 

Both visual and photographic methods 
are applicable to the solution of this prob- 
lem, and Professor Kewcomb has already 
employed some of the visual methods, the 
results of which were printed in the Astro-
pltysical Journal, December, 1901. My 
efforts were directed almost exclusively to 
perfecting a photographic method. The 
results thus fa r  obtained are meager, but 
i t  is believed that a reliable method has 
been found. 

The method adopted is, indeed, very 
simple. Both lenses were removed from 
the Crocker photographic telescope and a 
cardboard cap of three centimeters diam- 
eter attached to the end of the telescope 
tube. An exposure of one hour was made 
upon a bright star and the result was, of 
course, an impression on the plate of the 
size and shape of the aperture. Exposures 
were then made upon the sky by means of 
four camera boxes, consisting simply of 
aperture and plate, attached to a polar 
axis made of a piece of 4 x 4. The angular 
apertures used varied from five to ten de- 
grees. The five plates were developed at  
the same time in a large tray, and their 
relative intensities measured by means of 
a Lummer-Brodhun photometer. 
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the one the camera boxes were directed to 
the sky about half way between y Pegasi 
and Ceti, in the other to the Milky Way 
nearest Vega. 

The results are, from the first, that the 
light of Vega is equivalent in actinic in- 
tensity to the light received from an area 
of rather vacant non-galactic sky 7" 16'.4 
in diameter, from the second, that the light 
of Vega is equivalent to the light received 
from an area of galactic sky 5" 19'.8 in 
diameter. This gives galactic sky to be 
1.9 times brighter than non-galactic sky. 
If we take the magnitude of Vega to be 
0.2, then from the first result we find that 
the light received from an area of non-
galactic sky one degree in diameter is 
equal to the light of a 4.5 magnitude star, 
which is not fa r  from the result obtained 
by Professor Newcomb, namely, that the 
light received from an area of non-galactic 
sky one degree in diameter is equal to 0.9 
the light of 5.0 magnitude star. 

Plzotometric and Pltotographic Observa-
tions of Paiwt Variable Stars: J .  A. 
PARKHURST. 
In  the course of this work at the Yerkes 

Observatory several stars have been found 
whose brightness at minimum is at or be- 
low the limit of the 40-inch refractor. To 
illustrate three specimen fields, lantern 
slides were prepared from negatives taken 
with the 24-inch reflector, covering a field 
of 30' around the variable, corresponding 
to the inner square of Hagen's charts. 

7220 8 Cygni.-Plate taken November 
24, 1902, exposure 61 minutes. The vari- 
able is about 11th magnitude; its greatest 
range of variation is from the 8th to the 
16th magnitude, being approximately equal 

I n  the very limited length of time ~vhich at  maximum to the star 1' north, and at  
I had to devote to this work i t  was possible minimum to the star 0'.5 preceding. 
to obtain only a few sets of plates. Two 7458 V De1pltini.-Plate taken Septem- 
of these sets give reliable results. In  each ber 7, 1902, exposure 68 minutes. This 
Vega was the comparison star used. In  star has perhaps the greatest range of any 
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known variable. At the maximum of 1899 
i t  reached nearly the 7th magnitude, at  
minimum it  is about the 17th magnitude. 
As shown on the slide it is 10th magni- 
tude, at its faintest i t  is equal to the small 
star 0'.2 south. 

7582 X Cephei.-Plate taken March 13, 
1902, when the variable was photographic- 
ally fainter than 17th magnitude, and 
visually below the limit of the 40-inch 
when using the eyepiece of the photometer, 
power 237. The magnitude at maximum 
is 9.7, equal to the star 4' south, 1' fol-
lowing. 

The work in progress includes determ- 
ination of the photometric magnitudes of 
comparison stars for 25 faint variables, 
using the equalizing wedge photometer de- 
vised by Professor E. C. Pickering, in 
connection with telescopes of 6, 12 and140 
inches aperture; connecting the corripari- 
son stars with Harvard and Potsdam 
standards in the neighborhood; also visual 
comparisons by Argelander's method, and 
photographs of the fields for the purpose 
of certain identification of the comparison 
stars, and for determining the brightness 
of the variable when below the visual limit 
of the telescopes used. 

W. S. EICHELBERGER, 
Por the Council. 

THE AB~OCIATION OF AMERICAN 

ANATOMISTS. 


THE sixteenth session of the Association 
of American Anatomists, meeting in con-
junction with the American Society of 
Naturalists and other affiliated societies, 
was held in Washington, D. C., December 
30 and 31, 1902. The association met in 
the Columbian University Medical School. 

The association gave consideration, at  
its general business session, to the follow- 
ing recommendations made by the execu-
tive committee : 

1.They accepted the invitation tendered 

by the American Association for the Ad-
vancement of Science, to form an affiliation 
with this association, agreeing to elect a 
delegate to the council of the American 
Association for the Advancement of Sci-
ence. Such affiliation impairs in no de-
gree the integrity of the Association of 
American Anatomists and does not bind 
this association to meet with the American 
Association for the Advancement of Sci-
ence, unless i t  deems i t  expedient. 

2. I n  view of the fact that the regular 
annual meeting of this association was held 
this year in Washington, it was deemed 
inadvisable to arrange for a second meet- 
ing at  this place in May of the present 
year, in conjunction with the other Amer- 
ican associations and societies participating 
in the Congress of American Physicians 
and Surgeons. This association, therefore, 
imoved that the meeting in connection with 
the Congress of American Physicians and 
Surgeons in May, 1903, be omitted, 

3. I t  was moved to omit from the pro- 
gram the abstracts of papers presented at  
the meetings. 

4. The following addition was made to 
the by-laws of the association: 'Newly 
elected members must qualify by payment 
of dues for one year within thirty days 
after election. ' 

5. It was voted that any change in the 
constitution of this association must be 
presented in writing at  one meeting in 
order to receive consideration and be acted 
upon at the next meeting; due notice of 
the proposed change to be sent to each 
member at  least one month in advance of 
the meeting at  which such action is to be 
taken. 

6. The following amendment to Article 
V. of the constitution was proposed at  this 
meeting and will receive consideration a t  
the next annual meeting : 

"Candidates for membership must be 
persons engaged in the investigation of 


