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lects nothing! To her the infinitely large 
and the infinitely small on the boundaries 
of which we live are alike finite among her 
infinities. Touch her at  any point and 
your contact is with the eternal. 

To contemplate the prolific labors of Pro- 
fessor Pacliard is to stand face to face with 
the attributes of genius. I do not wish to 
make an over-statement. True, there is 
an order of genius among the geniuses, but 
there is none in whose heart the sacred fire 
does not burn. There can be no holier joy 
than the joy of creative work, and yet it is 
a joy akin to terror. What is it which pos- 
sesses a man even in early youth, which 
impels him despite all obstacles and re-
straint to strive evermore, intellectually 
alone, without approval, profitlessly after 
an unattainable ideal; whose spell grows 
more potent as his years ripen, as his toil 
increases, as the world grows caustic in its 
rebuke; and that leaves him only with 
death? Do not suppose that the poet or 
the sculptor or the martyr alone have it. 
I t  burns to-day with subdued passion but 
with all its pristine and unmitigated fierce- 
ness in the life of every true student of 
nature. 

What is i t  that can sustain a man when 
every new avenue of thought discovered is 
but the approach to countless avenues be- 
yond; when to finish, be it after years of 
labor, is only to be ready to begin; what 
encourages him when the unknown looms 
with greater vastness as the known is more 
profoundly mastered; when the very pin- 
nacle of attainment is the sublime coil- 
sciousness of ignorance, and when to be 
most renonned is to be niost devoutly 
humble? I t  is the inspiration which il- 
lumined the life of our friend, our col-
leagne, our teacher. Long may his ideals 
guide us at Brown ! 

CARLBARUS. 
BROWNUKIVERSITY. 

TIIE ASTRONOMICAL AATD ASTROPH17SICAL 
SOCIEl 'Y O F  AJfERICA. 

THE sixth meeting of the society was 
held December 27-30, 1904, at  Philadel-
phia, Pa., during convocation week, in 
affiliation with the American Association 
for the Advancement of Science. 

Three sessions of the society for the read- 
ing and discussion of papers and the trans- 
action of business were held in room 106, 
College Hall, University of Pennsylvania, 
on Wednesday, Thursday and Friday 
afternoons. The number of members pres- 
ent at  some time during the meeting 11~as 
thirty-six and the average attendance was 
about fifty. 

A pleasant social feature connected with 
the meeting was an informal dinner at the 
IIotel JValton, Thursday evening, at  which 
twenty-six members and friends were pres- 
ent. Through the courtesy of Director 
Doolittle, a number of the members had the 
pleasure of examining the equipment of 
the Flower Observatory of the University 
of I'ennsylvania at Upper Darby, and by 
the courtesy of Professor Snyder the ex- 
tensive astronomical equipment of the 
Philadelphia Observatory was inspected by 
a considerable party. 

During the meeting five new niembers 
were elected. 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  1905: 
P~esident-Simon Kerncomb. 
P ivst Vice-P~esident-George E. Hale. 
Second Vice-P~esident-IT. W. Campbell. 
T Je a s z ~ ~ e ~ - C .L. Doolittle. 

F o r  1905-6 : 
Coicncilors-W. S.Eichelberger, Ormond Stone. 

On account of the contemplated absence 
from the country of G. C. Comstock for the 
greater part of the year 1905, W. S. Eichel- 
berger was elected by the council as acting 
secretary. 
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C4'. 8. Eichelberger and C. IJ.Doolittle 
represented the society in the council of 
the American Association for the Advance-
ment of Science. 

By recluest of a committee of the Na-
tional Academy of Sciences appointed to 
secure international cooperation in solar re-
search, a committee from this society was 
appointed by the president during the 
preceding summer to cooperate with the 
committee of the National Academy. The 
council has made this a standing committee 
of the society. 

PAPERS PRESENTED. 

C. L. DOOLITTLE:'The Constant of Aberration.' 
JOHN El. HAYFORD:' A  Test of The Transit 

Micrometer.' 
ERICDOOI~ITTLE: 'Remeasurement of the dough 

Double Stars.' 
D. P. TODD:'Novel Design for Rotating Dome 

Track.' 
EDWARDS. KING: ' A  Study of the Driving 

Worms of Photographic Telescopes.' 
C. L. DOOLITTLE:'The Reflex Zenith Tube.' 
AKNIE J. CANNON:'Variations of the Bright 

Hydrogen Lines in Stellar Spectra.' 
HENRIETTAS. LEAVITT: 'Variable Stars in 

Large Nebulous Regions.' 
PERCIVALLOWELL: 'Planetary Spectrograms, 

the Work of V. M. Slipher and C. 0. Lampland.' 
PERCIVALLOWELL:'The Canals of Mars: An 

Inrestigation of Their Objectivity.' 
FRANKH. BIGELOW:'Note on Three Solar 

Periods.' 

ABSTRACTS O F  PAPERS. 

The Coqzstant of Aberration; C .  L. DOO-
LITTLE. 

The systematic observation for variation 
of latitude was begun by the author De-
cember 1, 1889. This work has been kept 
up with some interruptions since that time. 
I n  1896 was begun a t  the Flower Observa-
tory a series which i t  was proposed to con-
tinue on a uniform plan for a period of 
seven years. This design was carried out 
with but little departure from the original 
program. Observation on this series was 
terminated December, 1906. 

Worlr is now in progress on a more com-
prehensive plan, two instruments being em-
ployed, viz., the 5+-inch zenith telescope 
and the %inch Wharton yeflex zenith tube. 

The close of the former series seems to 
mark the proper time for bringing together 
the values of aberration constant which 
have been obtained, and for combining 
them to form a mean which may be con-
sidered final so Par as may be shown by# 

these observations. 
The differe~tvalues found are as fol-

lows : 

SAYREOBSERVATORY,SOU TI^ BETHLEHE~~I. 
---A 

Date. Aberration. I No. Pairs. 1 W t. ----.--- - -- -

1889 Dec 1-1890 Dec 13 20t1.448*d14 1479 : 0 

1892 Oct. 10-1893 Dec: 27 1 20 551a009 2900 1 1 

-1894 ... - Jau. .... 19-1895 May 16 I 20 :537*014 1 1989 I .. 

JOIINA. PARKHURST:'The Coordination of 
Visual and Photographic Star Magnitudes.' 

HEBERD. CURTIS: 'The Quadruple System of 
Alpha Geminorum.' 

HAROLDJACOBY: the Method of Least'Use of 
Squares to decide between Conflicting Hypotheses.' 

HAROLDJACOBY: of'Tables for the Reduction 
Astronomical Photographs.' 

EDWARDC. PICICERING: 'Recent Researches of 
the Henry Draper Memorial.' 

ORMONDSTONE:' Calibration of a Photographic 
Photometer Wedge.' 

J. G. HAGEN: 'Note on Two Variable Star Cata-
logues. 

'Useful Work for a Small Equatorial.' A 
proposed discussion. To be opened by Edward C. 
Pickeking. 

FLOWEROBSERVATORY, PIIIL.~DELPHIA. 
.. .. - --

1896 Oct. 19-1898 Aug. 16 2OU.580*008 / 2009 ( 1 
1898 O c t  8-1899 N o u  27 20 .540=010 1103 2 
1900 May 5-1901 Aug. 30 r 20 .561*008 1994 2 
1901 Oct. 3-1902 Dec. 1 20 ,5136009 1935 2 
1903 Jan. 22-1903 Dec. 7 20 .524*009 I 1554 2 

The reasons which have led to assigning 
the wt. 0 to the first determination will be 
found fully set forth in connection with 
the published results of this series.* For 
various reasons which are fully explained 
elsewhere the first series a t  the Flower Ob-
servatory is not thought to be as reliable 

" T~,ansnctionsof the Anzel.icalz Philosophicat 
Society, Vol. XX., p. 318. 
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as the following ones. I t  has accordingly 
been assigned the ~v t .  1, the four remaining 
values being given the ~ v t .  2. Combining 
according to these weights, we find for the 
mean, 

20N.540 -L.0056 

I wish this to be regarded as the defini- 
ti$ve value of this constant as derived fEom 
the zenith telescope observations extending 
froin December, 1889, to December, 1903. 

Repsold, the well-known instrument-
malrer, was the first to suggest in print, in 
1889, that no clockwork is required. I-Ie 
constructed a hand-driven transit microm- 
eter with which excellent results were se-
cured. 

The l'russian Geodetic Institute put the 
Repsold hand-driven transit micrometer 
into use on portable instruments in making 
teleqraphic longitude determinations in 
1691, and has continued its use to the pres- 

Tlte Test o f  a Transit Micrometer: JOHN*ent time. In all, it has been used in ten 
F.HAYFORD. 
\Vhen, in connection with an astronom- 

ical transit as used for time observations, 
a transit nlicrometer and chronograph are 
substituted for a system of fixed lines in 
the diaphragm, a telegraphic liey and a 
chronograph, the observer is relieved of 
the necessity of operating the key at, or as 
.soon as possible after, each of the several 
instailts of transit of the star across the 
&xed lines. Instead, he is required simply 
to keep the star image bisected continuously 
by the movable micrometer line during its 
progress across the field of view. In  the 
new process of thought the element of time 
enters only in an indirect manner. Hence, 
n i th  a transit micrometer the personal 
equation becomes so nearly zero, and its 
variation so nearly zero, that i t  is difficult 
to prove that they are not both absolutely 
zero. The personal equation is one of the 
most serious sources of error in all time 
determinations and determinations of right 
ascension. The deqtiny of the transit 
micrometer is to produce a decided increase 
in accuracy in this class of observations 
rvithout increase of effort o r  cost. 

The observation of star transits by means 
of a movable transit line was first suggested 
in 1865 by Director Carl Braun of the 
Kalocsa Observatory. He believed that 
i t  was necessary to have the movable line 
&driven by clockwork. He failed to con-
*s tn~c ta satisfactory apparatus. 

longitude determinations. 
Utilizing the published past experience 

with transit micrometers Mr. E. G. Fischer, 
chief of the Instrument Division, Coast 
and Geodetic Survey, designecl and con-
structed in the winter of 1903-4 the tran- 
sit micro~neter which is before you, and 
which is adapted for use on the transits 
ordinarily used in longitude detemina-
tions. 

I t  is a hand-driven transit micrometer. 
It is so well designed and constructed 

that in the extensive tests, to which I mill 
refer in a moment, i t  never required the 
slightest change in adjustment, not even of 
the pressure of the contact spring, and not 
a single record was ever lost on account of 
any failure of the transit micrometer to 
operate properly. 

A peculiar and important feature of 
this transit micrometer is an automatic 
sn-itch which operates. without the slight- 
cst attention from the observer, in such a 
manner that a record is made on the 
chronograph for the middle four turns of 
the field, and for those turns only. Thiq 
poqitively identifies those four turns. Beeps 
the chronograph sheet clear, and enables the 
observer t o  practise following the star dur- 
ins  the earlier part of its transit without 
affecting the chronograph sheet in any 
way. 

In  Xarch, April and May. 1904, this in- 
strument was tested by 75 time sets on 18 
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nights at the Coast and Geodetic Survey 
office. Sixteen observers took part in this 
test. The observers were purposely se-
lected so as to include some with little or 
no cxperience in any kind of observation, 
some with long experience in astronomic 
observations and in handling various in- 
struments of precision, and some of various 
grades between these two extremes. Two 
observers worked at the same time, observ- 
ing alternate stars, and thus obtaining a 
determination of their relative personal 
equation. One of the sixteen observers 
was in the test continuously, became thor- 
oughly accustomed to the instrument and 
method of observation, and served as an 
intermediary through which all the other 
observers could be compared with each 
other. 

The tests show that for a practised ob- 
server with such a transit micrometer, the 
total error for a star, including errors 
which are constant for all the records as 
well as the accidental errors of bisection. 

' is nearly the same for stars of all declina- 
tions if expressed in angular measurement. 
hi^ is lvhat should be expected if the 

errors concerned are of the nature as 
if tile object pointed upon Miere stationary 
instead of moving. 

The accidental errors of bisection are 
nearly the same expressed in angular meas- 
ure for stars of all declinations uu to 5g0, 
and are probably somewhat leas for stars 
of greater declination. This is an indi-
caticn that the accidental errors of bisec- 
tion'are of the same nature as if the image 
pointed upon were stationary, the indica- 
tion being partly contradicted by the 
sinaller errors for stars of declination 
greater than 58". 

Good observations can be secured at once 
with the transit micrometer without pre- 
vious practise. Practise simply reduces the 
accidental errors by about 25 per cent. 
I feel that I may speak with assurance on 

this topic, for each of the sixteen observers 
~vasforced to begin observing on the first 
star that appeared in his field of view, 
with no previous experience whatever. 
This point is emphasized for the reason 
that I had been led to expect that long 
practise would be necessary before an ob- 
server could be sent to the field with a 
transit, micrometer. The accidental error 
of a single record with the transit inicrom- 
eter is about the same as that of a single 
recud with a key. 

During the first half of the tests the 
driving heads were geared to make one 
turn in P.4, when observing an equatorial 
star. During the last half of the tests the 
driving heads were geared to turn one half 
as fast, namely, one turn in 49.8. This ex- 
trelne change in speed produced surpris- 
ingly little effect on the accuracy of the 
result. With this instrument the speed of 
4S.8 per turn, or possibly a slightly slower 
speed, is believed to be most favorable t.o 
accuracy. 

Tlic tests sllow that the relative personal 
equation between any two observers with 
thetransit micrometer is so small as to be 
masked by the accidental errors of observa- 
tion. This is equivalent to saying that it 
1s probably less in every case than '.05, and 
is, "3 a rule, much smaller than this. The 
relative p~rsonal  equation with a transit 
micrometer is certainly not more than one 
tenth as large, upon an average, as with a 
key. This conclusion as to the relative 
personal equation applies to inexperienced 
as ~vell as experienced observers. 

7'he literature of ,the transit micrometer 
shows abundant corroboration of these con- 
clusions as to the relative personal equa- 
tion. 

I t  is diflicult to detect constant or sys-
tematic errors of any kind in transit mi- 
crometer observations. All the errors 
seem to belong to the accidental class. 
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This is fa r  froin being true of lrey observa- 
tinas. 

The transit micrometer is about to be 
put into use in the regular longitude work 
of the Coast and Geodetic Survey. 

I predict, basing illy prediction upon the 
general experience with transit inicrometers 
as well as on these particular tests, that 
with a transit inicronleter three nights of 
observations without an exchange of ob-
servers \<-ill give as great accuracy as has 
bwn secured in the past from ten nights 
of observations with a key, including an 
exchange of observers. This is a predic- 
tion of which the truth or falsity can only 
be proved conclusively by field experience. 
I rely upon such experience to be gained 
within the next five years to verify the 
prediction. 

I venture to predict also that the evi- 
dence in favor of the transit iliicrometer 
will accumulate to such an extent in the 
next ten years in fixed observatories, as 
well as with portable instruments, that the 
astronomer who uses a key in 1914 for 
accnrale time determinations or determina- 
tions of right ascension will have difficulty 
in furnishing adequate explanation of his 
conduct. 

Ail illustrated description of the Coast 
and Geodetic Survey transit micrometer, 
with a full report of the tests referred to 
above, and a brief rksuink of a part of the 
literature of the transit micrometer, is now 
being printed as an appendix to the Coast 
ancl Geodetic Survey Report for 1904. 

Re?nens~weme?zf  of t h e  H o u y h  DoubZe 
S t n ~ s:ERICDOOLITTI.E. 
The catalogues of new double stars pub- 

lished by Professor Hough comprise 622 
pairs, of which '77 are closer than 4" and 
143 closer than 1";in those pairs in which 
the distance is greater than 5" the com-
panion is nsaally excessively faint; in fact, 
there are fen. of the stars which ~vould not 

bc difficult with a telrscope of much less 
than 18 inches aperture. 

The measurement of this fine series of 
doubles seems to have been strangely 
neglected. On a few of them, which are 
of the type of close pairs of equal iliagni- 
tude, as Be, 260 ancl 296, there are a num- 
ber of rather discordant ilieasures, but the 
great majority have received no attention 
except froin the ~liseoverer himself. Thus 
there are but 87 pairs which have been 
measured in tvo  tllflerent years, and on 
no ltxss than 358 there is but a single prior 
measure. 

The entire list was, therefore, added to 
the observing llst for the 18-inch refractor 
of the F l o ~ ~ e r  Thus far, 360Observatory. 
pairs have been ]measured on three or more 
nights and inany of the remaining 262 are 
partially measured : a single night's ilieas- 
ure consists in each case of a t  least four 
measures of position angle and foul. of the 
tionble distance. 

Change has been found in 1 6  of the close 
pairs, and among the wider ones there is in 
33 instances indication of proper motion. 

I t  is the intention, when the work is com- 
pleted, to publish a catalogue of these stars, 
including about twenty new pairs which 
Professor Hough has discovered since his 
last list was issued. 

A Study o f  the Drivi?zg-worms of Seuel-a1 
Pkotograpltic Telescopes: EDWARD S. 
KING. 
In  following a star with a photographic 

telescope nTe inust have for the period of 
the exposure a clock the hour hand of 
which will indicate the elapsed time on a 
scale graduated to seconds or less. We 
must have the equivalent of being able to 
determine the time by measuring the posi- 
tion of the hour hand with a micrometer. 
Tf any periodic error occurs in the train 
of the driving mechanism, causing the tele- 
scope to be first in aclvance of, and then 
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behind, its proper position, the stellar im- 
ages will be elongated into lines having a 
length dependent upon the amount of the 
oscillation. If the telescope follows the 
star only a t  one extremity of the oscilla- 
tion, we shall have a series of images sepa- 
rated by trails, or, if the rate of the tele- 
scope is changed more, we shall have a trail 
with dark knots appearing at  regular inter- 
vals. The number of the knots determines 
the frequency of the oscillation, and almost 
invariably indicates the driving-worm or 
endless screw as the offending member. 

Such a periodic error, as shown by slide 
1, is present in nearly all telescopes driven 
in this manner. This fact is not allything 
new, b~zt has been recognized for years. 
The first example that I know of personally 
occurred in 1858 with the Boyden thirteen- 
inch telescope. I n  ,1896 the director 
asked me to determine the periodic error 
of two of our photographic telescopes. 
Several series of measures were made of 
the eight-inch and the eleven-inch Draper 
telescopes. The method was to view a 
point of the tail-piece through a fixed mi- 
croscope fitted with a micrometer. After 
each release of the detent by means of the 
signals given by hand, the position of the 
point was read and recorded. The reduc- 
tion of these measures shows that the oscil- 
lation for the eight-inch Draper telescope 
was about 1second, and for the eleven-inch 
Draper telescope about 0.2 second. These 
figures correspond to trails of less than 
0.01 cni. on the plate. Within a few years 
Dr. Hartman has studied the periodic 
error of the Potsdam refractor and pro- 
vided a very ingenious method of correc-
tion. A full account of his work will be 
found in the Astro?zo.mische Nachrichte~, 
No. 3,769, page 2. 

Nothing further was done here until the 
present year, when one of the small 
cameras was provided with a new mount- 
ing. The images proved to be lines lying in 

the direction of the clock's motion, and 
might, therefore, be affected by a periodic 
error. I proceeded to investigate the dif- 
ficulty by a photographic method. The 
polar axis of the instrument was displaced 
in azimuth by a large amount. Such a 
displacement would cause equAtoria1 stars, 
particularly when near the meridian, to 
move over the plate in declination. If 
an oscillation occurred, i t  would appear in 
the sinuous character of the trail. Slide 
2, which is enlarged ten times from the 
originaL plate, shows the result, permit- 
ting no doubt as to the nature of the error. 
The numerous elongated objects are im-
ages of stars obtained on the same plate in 
the ordinary way. It is seen that the 
elongation of the images corresponds to 
the amplitude of the oscillation as exhibited 
by the vertical trail. The number of the 
oscillations was fifteen per hour, which 
fixes the responsibility upon the worm. A 
similar experiment made with a worm 
which had given satisfactory images is 
shown in slide 3. A slight irregularity is 
seen, but does not prove injurious. The 
same experiment made with the eleven-inch 
Draper telescope did not show anything 
definite, due probably to the smallness of 
the error. It is possible that i t  could be 
brought out by attaching an enlarging ap- 
paratus to the instrument and this will be 
tried soon. 

The defective worm and several others 
were also tested visually. A telescope of 
about four feet focal length and having 
an eye-piece provided with a crosswire, 
was lashed to the camera and directed 
to a scale graduated to millimeters and 
placed a t  a distance. I was thus able 
to record the position of the telescope ac- 
curately. After every ten beats given by 
hand to the driving mechanism, the posi- 
tion was read for a period covering more 
than a revolution of the worm, which 00-

curred in 240 seconds. The readings a t  
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the beginning and the end of the revolution 
determined the average rate from which 
were found the positions which the tele- 
scope should have occupied for the inter- 
mediate times. comparison with the ob- 
served positions gave the periodic error. 
I t  was possible for the worm to be defective 
either in the thread itself or in the mount- 
ing. Rowland makes the remark that the 
correct mounting of a screw is more diffi- 
cult than making the screw. I t  seemed 
to be so in the present case. If the screw 
was mounted eccentrically, we might ex-
pect a great improvement if it were allowed 
to engage only lightly with the R. A. wheel, 
being held in position by a strong spring. 
Slide 4 exhibits the resulting curves. It 
is seen that when the worm was adjusted 
to engage only lightly with the R. A. wheel, 
the oscillation extended through nearly 
eight seconds, but that, when brought into 
contact, the range was hardly two seconds. 
Thus the error of this particular worm was 
eccentricity. 

A further test was made to determine 
if any intermediate adjustment of the 
worm with respect to the R. A. wheel would 
be advantageous. Slide 5 gives a set of 
curves for the various settings, beginning 
with the position in contact and ending 
with the worm very lightly engaged. Curve 
1is best and curve 3 is ~ c r s t .  That the 
position in contact is not always best is 
shown by slide 6, giving results for thc 
worn1 that proved satisfactory. In  this 
case the actioll vras quite erratic when the 
morn1 was in contact. 

A further test was made of the eleven- 
inch Draper telescope to determine the 
best adjustment of the worm with respect 
to the R. A. or sector wheel. Slide 1, 
xrhich has already been seen, shows the ap- 
pearance of the trails a t  what may be cou- 
4dered an average adjustment. I n  slide 
8 we have the result when the worm is in 
contact, and in slide 9 when the position is 

adjusted to give the least error, found by 
trial. Probably in all instruments, one 
may, ~vithout any process of reconstruc-
tion, find by experiment where the periodic 
error is much decreased. 

l'he foregoing has been in the nature of 
an abstract of an investigation in progress 
rather than a detailed account of work 
complete. I t  is possible that a careful 
study of curves representative of the ac-
tion of the driving-worm will suggest an 
improvement in cutting the thread. As 
the experiments are easily made, I hope 
that other observers will test their instru- 
ments. A comparison of the results ob- 
tained with a greater variety of instru-
ments ~ilould be of interest and might lead 
to a better understanding of the entire 
subject. 
The Rejlex Zenitli Tube: C. L. DOOLITTLE. 

In  1851, or thereabout, the instrument 
having this d.esignation was installed at  
Greenwich. The malrer was Mr. Simons, 
the designer Mr. J. B. Airy. The immedi- 
ate object in view was the observation of 
y Draconis, a star which has been followed 
at  Greenwich with some kind of zenith in-
strument since the time of Bradley. 

The principle is briefly as follows: The 
telescope is fixed permanently, with its 
axis vertical as nearly as may be. Below 
the objective at  a distance nearly half 
that of the focal length is placed a basin of 
mercury. The rays from a star a t  the 
zenith after passing through the objective, 
are reflected from the mercury surface 
and brought to a focus immediately in 
front of this objective. By means of a 
micrometer, the frame of which is firmly 
attached to the cell of the objective, with 
the plane of the reticule passing through 
the focus, the zenith distance of a star 
culminating within ten or fifteen minutes 
of the zenith may be measured. Finally 
a diagonal reflector brings the ray to the 
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ocular, ~ h i c h  is at right angles to the axis 
of the objective. 

Iq practise the observation is made by 
bisecting the star, then quickly reversing by 
turning the objective with the micrometer 
attached through 180°, then making a see- 
ond bisection. One half the difference of 
the micrometer readings will evidently be 
the measure of the star's zenith distance. 
Obviously both bisections can not be made 
with the star on the meridian. This makes 
necessary a small correction easily deter- 
mined. 

An instrument involving these principles 
has recently been installed a t  the Flower 
Observatory. So far as I am aware this 
is the second to be constructed. In  detail, 
it differs in a number of particulars from 
the Greenwich instrument. The optical 
parts are by Brashear, and the instrumental 
p@rts by Warner and Swasey. The aper- 
ture of the objective is eight inches, the 
focal length one hundred inches. In  the 
Greenwich instrument this cone of light 
after reflection passes a second time 
through the glass of the objective. In 
this case a hole one and one half inches in 
diameter is bored through the objective; 
through this hole a short tube passes, at- 
tached above to the micrometer box. When 
not in use this tube is closed by a shutter 
which prwses up against its lower end, 
thus protecting the reticule from dust and 
moisture as completely as in the ordinary 
form of telescope. The construction may 
be likened to that of an ordinary telescope 
with the tube cut in two near the ocular, 
this end being passed through a hole 
through the middle of the objective. 

Another matter of importance is this. 
It is evident that unless the plane of the 
reticule passes through one of the principal 
points of the objective, any change in the 
inclination of the apparatus will shift the 
zero point of the micrometer with respect 
to the vertical. This makes necessary a cor- 

rection depending on the level readings- 
the very thing which we wish to avoid. For 
this purpose Dr. Hastings, who computed 
the curves of this objective, so designed i t  
as to bring the first principal point in 
front of the upper surface, 0.155 inch. It 
was a simple matter to place the plane of 
the reticule at  this same distance. These 
peculiarities introduced into the problem 
some technical and mechanical difficulties, 
all of which were successfully overcome, 
the optical performance being entirely 
satisfactory. 

A solid cast-iron pillar, weighing several 
hundred pounds, formed' the tube of the 
telescope. The focal adjustment is made 
by raising or lowering the mercury sur-
face, this arrangement offering no diffi-
culties. 

As is usually the case with a new design, 
in part experimental, various unforeseen 
delays have occurred. All previous diffi- 
culties have apparently been overcome, 
and regular observations are now in prog- 
ress. At present observations are carrieg 
on simultaneoasly with this instrument and 
the zenith telescope; four groups are em-
ployed as heyetofore. I n  this progrm 
each group contains eight zenith stars to 
be observed with the reflex tube, and ten 
latitude pairs for the zenith telescope, with 
one wide pair for temperature investiga- 
tion; the time required for these nineteen 
observations being on the average approxi- 
mately two and one half hgurs. It is 
hoped that in the course of two or three 
years these observations may furnish data 
tending to throw light on a number of ob- 
scure problems. 

The star y Cygni, magnitude 2.5, cul-
minates within less than one minute of 
the zenith of the instrument. Although 
at present it differs in right ascension from 
the sun by only lh30m, it is an easy ob- 
ject to observe. There will be no diffi-
culty in following i t  during the greater 
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part of the year. As an indication of the 
performance of the instrument the latitudes 
resulting from a preliminary reduction of 
the observations made on this star are here 
given. 

6, 
7, 
8, 
9, 

13, 
14, 
16, 
18, 
31, 

1, 

O ' // 

0 = 39 58 1.83 
1.95 
1.85 
1.86 
1.81 
1.79 
1.84 
1.92 
1.79 
2.00 

Variations of the Bright Hydrogen Lines 
in Stellar Spectra: ANNIE J.-CANNON. 

Stars whose spectra are of the Orion 
type, having also one or more bright hydro­
gen lines, form a most interesting peculiar 
class whose position in the scheme of stellar 
evolution is enigmatical. The Harvard 
photographs show that the bright hydrogen 
lines are variables in the following six 
of these stars, ?? Centauri, K Apodis, v 
Sagittarii, e Capricorni, 3 Velorum and 27 
Canis Majoris. So far as known, no varia­
tion in the light of any of these stars has 
ever been observed, although the changes 
in their spectra point either to great at­
mospheric upheavals or to movements of 
two or more revolving bodies. 

The most important changes in the 
spectrum of rj Centauri may be summarized 
as follows: In 1897 all lines were dark and 
Tift was nearly as intense as Hy. In 1898 
and 1899 Tift was very faint and appeared 
as a dark line superposed on a faint bright 
band. In 1901 a most striking change had 
taken place, for Tift had become a strong 
bright line, having considerable shift 
towards the violet when compared with the 
dark Tift present in 1897. Hy was dark 
with a bright band towards the violet. 
Photographs taken in 1902 recorded the re­
appearance of the dark line on the edge of 

greater wave-length of bright Tift, and both 
lines were of moderate intensity. In 1903 
the spectrum was similar to that of 1898. 
The period of these changes is probably 
several years in length. 

The changes in the spectrum of K Apodis 
are somewhat similar to those of rj Centauri. 
I t appears that both these stars are spectro­
scopic binaries, one component of each be­
ing a bright line star. The spectrum of v 
Sagittarii presents another difficult spectro­
scopic problem, perhaps on the order of 
ft Lyrce. The spectrum of v Sagittarii 
always appears to be composite. The prin­
cipal lines seem to be due to two bodies, one 
having a spectrum like ft Orionis and the 
other like e Aurigce. The spectrum of ft 
Orionis was strongly predominant on seven 
photographs, but frequently the two spectra 
seemed to be equally intermingled. Per­
haps the most curious phenomenon is that 
on twenty-three photographs, on which the 
helium lines were very strong, those of 
hydrogen were unusually weak, lift was 
invisible, appearing neither as a line of 
emission nor of absorption, while line 4,922 
was clearly seen. Hy and HS were respect­
ively much less intense than the adjacent 
helium lines at 4,387.8 and 4,120.5. It is 
possible that a third body, having bright 
hydrogen lines, might explain these ap­
pearances. 

Eleven photographs of the spectrum of 
e Capricorni, taken in 1903, showed Tift 
to be a faint but distinct bright line lying 
on the edge of greater wave-length of an 
equally faint dark line. On earlier photo­
graphs, Tift was dark and of varying in­
tensity. Some faint lines, including sev­
eral due to iron, are also subject to change 
in this spectrum. 

It is possible that varying atmospheric 
conditions may account for the changes in 
the spectra of J Velorum and 27 Canis 
Majoris. On June 2, 1893, the dark Uft 
and Hy in J Velorum had a fine bright line 
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superposed. In the spectrum of 27 Canis 
iVu,joris, bright hydrogen was present in 
Blarch, 1890, April, 1895 and October, 
1897. Numerous photographs of both 
these spectra on other dates showed all the 
lines to be wholly dark. 

I t  is evident that a large field of investi- 
gation lies open to the spectroscopist among 
these bright-line stars. 

Va9*iuble Stars in Large Nebz~lozcs Regions: 
HENRIETTAS. LEAVITT. 
Since last March a special study of the 

distribution of groups of variable stars has 
been in progress a t  the Harvard College 
Obscrvatory. As one result of this investi- 
gation, four hundred and fourteen new 
variables have been discovered and an-
nounced. Seventy-three of these are in 
Orion, one hundred and fifty-two in the 
Large Magellanic Cloud, fifty-seven in the 
Small Magellanic Cloud, one hundred and 
five in Scorpius, ten in Carina and seven- 
teen in Sagittarius. The results of this 
study up to the present time may be sum- 
marized as follows : 

First, as regards distribution, i t  has be- 
come evident that groups of variable stars 
are strongly localized. Of the ninety-nine 
confirmed variables a t  present known in the 
constellation of Orion, south of the equator, 
eighty-nine are within the limits of Bond's 
map of the region surrounding the Nebula 
of Orion, and of these all but four are 
found in less than half this area. The en- 
tire region thus finally limited is nebulous. 
The large number of variables discovered 
in the two Nagellanic Clouds is in marked 
contrast with the small 1:umber found in 
the surrounding regions. The neighbor- 
hood of the Trifid Nebula in Sagittarius is 
noticeably poor in variable stars, and so 
also is the neighborhood of the nebula 
about r Ca~ince. Yet these are two of the 
most densely crowded regions of the Milky 
Way. In  Scorpius, after subtracting 

thirty-three variables which were found in 
the cluster Messier 4, there are still left 
more than four times as many variables as 
were found in an area in Sagittarius ap- 
proximately equal in extent and far  richer 
in stars. 

Secondly, a certain order of brightness 
appears, on the whole, to prevail among the 
variable stars of each group, those in the 
central condensation of the Large Magel- 
lanic Cloud being the faintest, and those 
in Scorpius the brightest. 

Elinally, i t  is probable that different 
types of variability prevail in different re- 
gions. In  both of the Magellanic Clouds, 
a large proportion of the variables appear 
to have very short peribds, while in 
Scorpius the reverse may prove to be the 
case. Many of the variables in the Nebula 
of Orion remain faint during the greater 
part of the time, but occasionally show a 
striking increase of brightness. Whether 
these flashes of brilliancy occur regularly 
is not yet known. 

The researches here described supple-
ment the remarkable discovery by Professor 
Bailey, of large numbers of variable stars 
in clusters. They are similar to thcse car- 
ried on by Professor Wolf, of Heidelberg, 
who has announced lists of new variables 
in Orion, Aquila and Vulpecula. Evi-
dently a further study of the distribution 
of groups of variable stars will be intenseiy 
interesting in its bearing upon the problems 
of stellar evolution. 

Plunetary R p e c t r o p m s  :PERCIVALLOWELL. 
These spectrograms were made by Mr. 

V. 11. Slipher and the lantern slides of 
thein by Mr. C. 0. Lampland, both of the 
Lowc.11 Observatory staff, and were pre-
sented by the director, Professor Lowell. 

1. Solar spectrum, photographed Novem- 
ber 30, 1903-59 dark lines can easily be 
counted between (2 and Hy. 

2. Spectrum of E photographedP ~ g a s ~ ,  
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Septei~ibcr 20, 1904-expcsure 2h Ern. 
Iron and chrcmiui~l coniparison spectrum. 
About 39 dark lines can be counte 1 between 
G and H-,. 

3. Spectrum of Venus, photoqraphed 
March 9, 1903. This is one of the set from 
~vhich AIr. Slipher determined the rotation 
of the planet not to be of tn-enty-four 
hours o r  thereaboutr, but very lcny-iron 
ccrnparison spectrum. 

4. Spectrum of Mars, photographed 
March 7, 1903-iron comparison spectrum. 
One of the plates of the set made on Mars 
by Blr. Slipher to test the measure of pre- 
cision of the Venus set. The Jlars plates 
gave 25h lom f.for the planet's rotation. 
The true value js 24h 37m. As the pre- 
cision posslble on Mars is only half that 
possible for Venus the results speak for 
the decisiveness of the Venus set. 

5. Spectrum of Jupiter, photographed 
Noverriber 21, 1903--iron cornparism spec- 
trum. The tilt of the lines shorw a rotation 
in gh 50" +,nhich is exactly the true rota- 
tion periocl as deterniined by Spots. 

6. Spectrum of Saturn, ball a,nd rings, 
photographed September 7, 1904, on a 
Cramer 'cro~vn' plate-iron coniparison 
spectrum. The tilt of the lines of the ball 
in one direction and that of the lines of the 
rings in the other are well shown, demon- 
strating that the rings are formed of dis-
crete particles, as proved mathematically 
by Peirce in part and Clerk-?llaxwell in 
whole and first sho\~-n spectrosccpically by 
Keeler. 

The spectroscope used in these researches 
was coastructed by Brashear as powerful 
as possible, especially for the determination 
spectroscopically of the rotation period of 
Venus. 

Tits Cn7tal.s of Xa?*s .  An Iwu~s! ig ( t t iou  of 
l ' lteir 011jccfivit y : PERCIVALLOTVEI,I,. 
A new aad striking proof of the objcctiv- 

ity of the double canals of Alars has re-

cently come to me in a coniparison of 
the width of the doubles obtained by 
Schiaparelli in 1888 and by nie in 1903. 
The unintentional character of the cor-
roboration is one of its strongest points. 
Not only at the iiine of my observatitns 
mas his ~vorli not in lily mind, bat not 
even after the fact had I proposed to com- 
pare it. 

The following table sunilnarizes the re-
sults obtained in 1588 and in the May-June 
presentation of 1903. 

CANALS DRATF'N DOCBLE BY SCHIAPAREI,LI, 188'3. 
Tilrlrs Peen. Wid th .  

Euphrates . . . . . . . . . . . . . . . 4 5.1 
Phison . . . . . . . . . . . . . . . . . .4 3.0 
Astahoras . . . . . . . . . . . . . . .  3 2.9 
Protonilus . . . . . . . . . . . . . . .4 2.2 
Pierus . . . . . . . . . . . . . . . . . . 4 2.4 

Canals drawn single by Schiaparelli : 
Astusslpes, Python, Xenius, Rhysius, Apis, 
Typhon, Hiddeliel, Callirrhoe, Deuteronilus. 

T~vo canals, hrnon and Kison, were 
clran-n convergent to the north. 

CANALS URAJJ-5 DOUBLE BY LOWELL, 7803. 

Times Seen. Wid th .  
O 


Euphrates . . . . . . . . . . . . . . 11 4 0 

Pliison . . . . . . . . . . . . . . . . . 12 3.7 

Astahoras . . . . . . . . . . . . . .  9 3.2 

Protonilns . . . . . . . . . . . . . .  8 2.8 


J'ierus . . . . . . . . . . . . . . . . .  2 2.1 

Sitacns ( f a in t ) . .  . . . . . . . .  12 3.6 


Canals drawn single by Lowell: Astu- 
sapes, Python, Rhysius, Aroeris, Cadmus, 
&gyptus. Hiddekel generally single, Cal- 
lirrhoe generally a broad line. 

Arnon sometimes convergent to the 
north, sometimes double. Kison suspicious 
of convergence to the north. 

For both observers the direction of the 
canal liad nothing to do with its single or 
double appearance. 

The conspicuous doubles are the same in 
the, drawings of both observers. 
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The conspicuous singles are the same in 
the drawings of both observers. 

The Arnon and Kison are convergent in 
both and in the same direction. 

Only the faint or very close doubles show 
differences at  the two presentations. 

The double canals, then, declare their 
own objectivity on three counts, each more 
compelling than the one before: (1) The 
fact of showing double, (2) the relative 
width of the double, (3 )  the absolute width 
of the double; and they do this precisely 
as a real object would, the certainty in- 
creasing with the ease of observation. The 
determination of the absolute width is very 
clificult, and here we find the probability 
for reality strong but not expressible; the 
relative width is easier to determine and 
the probability for reality is 24 to 1; lastly 
thc determination of the fact of being 
ciouble, the easiest observation of all, shows 
the probability that it is real to be 128 to 1. 

Note  09% Three XoZar Periods: FRANK H .  
BIGELOW. 
The mean period of rotation of the solar 

photosphere a t  the equator is about 26.68 
days, as determined by solar observations. 
There is a mean period of about 25.98 days 
indicated by terrestrial, ~ a g n e t i c  and 
meteorological observations, which has been 
regarded as a period of solar rotation. The 
relative frequency of the solar pmminencei 
and the annual variations in the earth's 
atmosphere show that there is a short 
cycle of about 1,004 days. These are ap- 
parently related together by the equation, 

1 + 1 (
approximately).

26.68 1004 25.98 

Some discussion is given of a possible 
physical cause for this condition, as found 
in thc interior circulation of the sun's mass. 

l ' l t e  Coordi?tatio?? of T~isual and Plzoto-
g ~ n p h i c  Xtar Nayni tudes:  JOHNA. 
PARKHURST. 

T l ~ cimportancr of stellar photcnie ry 
among the departments cf modern astron- 
omy arises from the fact that the magni- 
tude of a star bears immediately cn the 
star's physical condition and changes. 
That this is of growing importance is wit- 
nessed, among other things, by the numer- 
ous discoveries of new variable stars, over 
three hundred in the present year; show-' 
ing that variability must be reckcned with 
as a factor in stellar evolution to an extent 
that ~ v o ~ ~ l d  net have been imagined a de- 
cade ago. Tlze relation lately shown to 
exist between stellar variability and sun-
spct phenomena adds at once to the inter- 
est of the problem and the possibility of its 
solution. 

The photometric catalogues pitblished 
within the last few years by the Harvard 
ancl f'otsdam obst.rvatories furnish a se-
cure basis for visual photometry, their re- 
sults agreeing reasonably well except the 
discordances arising from differences in the 
star colors. No such basis for photo-
graphic magnitudes now exists, therefore 
to be useful and intelligible, magnitudes 
must be reduced or reducible to the visual 
system. Hut the extension of photometric 
work demanded by the present needs of 
astronomy is possible only by photographic 
means; hence the pressing need of finding 
somp method of harmonizing visual and 
photographic results for stars differing in 
type of spectrum and, therefore, in color. 
The usefulness of such a method will vary 
somewhat in proportion as it enables us to 
utilize the photographic magnitudes al-
ready obtained. 

That the great accuracy of photcgraphic 
methods applied to the astronomy cf posi- 
tion has as yet no counterpart in the astron- 
omy of magnitudes, is due to the one dis- 
turbing factor of star color. I t  is well 
linown that a colored star mill affect dif- 
ferently the eye and the photographic plate, 
but it is not so well appreciated that equal 
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diffei-ences arise in the visual estimates of 
colored stars by different observers or by 
the use of telescopes of different apertures. 
The 'color correction' amounting to one or 
two magnitudes for a red star in the photo- 
graph, is no greater than the difference be- 
tween the simultaneous Harvard and 
Rousdon visual estimates of the brightness 
of such stars. I n  fact, n e  find discrep- 
ancies of the same kind and similar in 
amount bet-c~een different observers, dif-
ferent telescopes, visual and photographic 
results, and different brands of plates in 
photography. If the statement is made 
that no known relation exists between 
visual and photographic magnitudes, the 
retort can be made that a normal visual 
scale does net exist. 

The advantages arising from the use of 
orthochromatic plates have long been rec- 
ognized, but Scheiner dismisses them with 
the statement that they can never yield 
visual magnitudes. The suggestion was first 
(as far  as I am aware) tnacie by Schmarzs- 
child that the difference between the inagni- 
tudes of a colored star on ordinary a_nd 
orthochromatic plates can be talien as a 
measure of the star's color. If this dif- 
ference is a function of the color it only 
remains to find the form of the function, 
and then complete allo~~iance can be made 
for the effect of color and that troublesome 
factor can be eliminated, making possible 
the rednction of photographic magnitudes 
to visual, or vice versa. Two methods are 
available for finding the form of the func- 
tion. First, by trial on known stars of 
diff'erent color (spectral type). To fix our 
ideas, suppose, for example, that a star of 
color 5 on Chandler's decimal scale was 
7.0 niagnitude s~isually, but photographed 
8.0 magnitnde on an orthochromatic plate 
and 9.0 magnitude on an ordinary plate. 
For such a star the orthochromatic plate 
gives half the color correction. I t  is evident 
that by such experiments with standard 

stars of known magnitude and color, the 
form of the function can be found. This 
work is being done by the writer, under a 
grant from the Carnegie Institution, using 
Cramer isochromatic plates in connection 
with ordinary plates, on the 24-inch re-
flecting telescope of the Yerkes Observa- 
tory. Provisional results thus far obtained 
are very promising. An independent 
method which will also be used for finding 
the form of the function, consists in com- 
paring the intensity curves of the spectra 
of stars of different types with the in-
tensity curves of the solar spectrum on the 
two kinds of plates used. I t  is evident 
that the photographic effect is the integral 
of the product of these two curves. 

If the objection is urged that the diffi- 
culty of coordinating the results obtained 
with different brands of ordinary and or- 
thochromalic plates, will be equal to the 
difficulty of harmonizing the visual and 
photographic systc~ms, it may be inet by 
the suggestion that any brands of plates 
used should be calibrated by observations 
of a carefully selected list of standard 
stars, including cach spectral type. 

KO less important than the choice of 
plates is the kind of telescope to be used. 
It seems to the writer that the reflector is 
the only telescope suited for this work, since 
by i t  the rays of all wave-lengths are 
brought to the same focus. 

Emphasis is needed on t~vo further 
points in regard to the adaptability of the 
reflector to this work. When evtrenie 
ratios of aperture to focal length arc 
avoided, first, the field is very nearly flat; 
second, the action is very rapid, so that 
the xork can bc extended to faint stars. 
This flatness 01field has been denied, both 
from theoretical reasons and froin so-called 
measures of reflector plates; but i t  should 
be stated that the theory is incomplete, not 
taking proper account of the distribution 
of linht in the 'blurred' image; also that 
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the measures published by Plummer and 
Poor were not made on the original nega- 
tives, and can not, therefore, be properly 
called measures. The only real measures 
so far  published, to my knowledge, have 
been those of the Eros plates taken with 
the Crossley reflector, and measured at  Co- 
lumbia and Lick. A few of these measures 
discussed by Hinks showed distortions 
giving anomalous results near the edge of 
the plate, but these anomalies are matched 
on the plates taken a t  Algiers with the 
standard photographic refractor, and no-
ticed on the following page of Hinks's 
paper. I t  should also be stated that the 
aperture ratio of the Crossley was large, 
about 1to 6. 

For this work a diaphragm twelve inches 
in diameter has been used on the 24-inch 
reflector, and as the focal length is 93 
inches, the ratio is a little greater than 1to 
8. Allowing for the area cut out by the 
flat, the clear aperture of the mirror is 
equivalent to 104 inches. The exposures 
have been timed to give good measurable 
images of all the stars on Hagen's charts 
which extend to twelfth or thirteenth 
magnitude; in good seeing this requires 
ten minutes with ordinary plates and fif- 
teen minutes on the isochromatic plates. 
The nlagnitudes have been deduced by 
measurements of disk diameters, the in-
crease per magnitude being nearly uniform 
and amounting to about 0.025 mm. As the 
diameters are measurable with a probable 
error of 0.001 mm., corresponding to 0.04 
of a magnitude, the results are comparable 
with the best visual measures. 

This work has some siniilarity to the 
photometry of the Draper cats-

logue, each taking account of the intensity 
curve of the spectrum; but differs from it 
in t''-o It is not confined to the 
brig11t stars, but can reach the faintest 
visible; also, taking account of the entire 

spectrum, its results will harmonize with 
visual magnitudes. 
T h e  Quadruple Sys tem of  Alpha Gemi-

norum :HEBERD. CURTIS. 
The well-known binary star a Geminorurn 

was pronounced by Sir John Herschel to 
be the largest and finest of the double stars 
in the northern portion of the sky. Mew-
ures, of a very rude character, were made 
of this pair as early as 1718 by Bradley 
and Pond, so that this system has been un- 
der observation for nearly two hundred 
years. I n  spite of this fact some of the 
elements of the orbit are still quite uncer- 
tain, particularly the eccentricity and the 
period. Values of the eccentricity have 
been derived, ranging from 0.32 to 0.80, 
with corresponding periods of 1,001 to 232 
years. I n  recent years the distance be- 
tween the two components has commenced 
to decrease, with the result that the ele- 
ments have become rather more deter-
minate, and Doberck (A. N., 3970) has re- 
cently expressed the hope that through this 
decrease in the distance it will be possible 
to fix the orbit with considerable accuracy 
within the next ten or twenty years. 

Doberck has derived the following sets 
of elements, of which he regards the sec- 
ond as the most probable and most in agree- 
ment with recent measures. 

Retro~rade. 

Elements of Castor. 
0 29' 29' 33O 56' 42' 34' 
X 84 44 82 26 118 11 
1 73 3 63 37 61 56 
e 0.7513 0.4409 0.2321 

Period 268 years 347 years 502 years 
2' 1,936.65 1,969.82 1,963.30 
CL 7".326 5".756 GU.4G7 

-
I n  January, 1896, Belopolsky a t  Pulkova 

discovered that the fainter of the two stars 
forming this system is itself a rapid 
spectroscopic binary.* The period of this 

*Bul l .  Acrid, St.  Peleysbuyg, December, 1896. 
Astrophysical  Jozhmal, January, 1897. V e m .  
Acad. St. Pe1ersbu1-g, XI., 4, January, 1900. 
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component is very well determined, being 
close to 2.934 days. Belopolsky finds, how- 
ever, certain irregularities in the observa- 
tions of successive years which are best ex- 
plained by the assumption that the line of 
apsides rotates in about 1,400 days. 

liecent spectrograms taken with the re- 
mounted Mills spectrograph show that the 
brighter component is also a spectroscopic 
binary, and that the system of a Geminorusn 
is in reality a quadruple one. Since the 
discovery of this interesting fact in Novem- 
ber of this year a number of plates of both 
stars have been secured. At present four- 
teen plates are available for a rough pre- 
liminary determination of the period, which 
se&s to be about 27 days. Two early 
plates of the bright component are rather 
poor, so that their value in determining the 
period is somewhat impaired and more 
plates will be necessary before a more ac- 
curate determination of the period can be 
derived. 

Both stars are given in the Draper 
Catalogue as of type A, and in the later 
Harvard classification as type VIIIa. H 
Ga~nnzais rather broad and has not been 
used in the measures. The line at  X 4,481 
due to magnesium is very good and there 
are quite a number of other metallic lines, 
rather broad ancl quite faint in the spec- 
trum of the brighter component, and some- 
what easier of measurement in the fainter. 
Helium is apparently absent. There are a 
number of lines clue to titanium and iron, 
most of the latter being enhanced lines; 
two lines seem to be due to chromium. 
With proper exposure (about sixteen min- 
utes) from fifteen to twenty-five measur- 
able lilies are found. The total range in 
the radial velocity is about twenty-one 
kilometers, and the preliminary determina- 
tion of the velocity of the center of mass 
of the systern is approximately $ 5 km. 
pcr second. The corresponding constant 
for the fainter coniponent is given by Belo- 

polsky in his latest paper as - 4.1 km. per 
second. It is well known that where the 
elenlents of the visual orbit of a binary and 
the relative radial velocities of its com-
ponents are both known i t  is possible to 
derive an accurate value of its parallax. 
Assuming the relative radial velocity to be 
nine kilometers and using the period of 
347 years and the corresponding elements 
which Doberck regards as the most prob- 
able, Itre find a parallax of 0".03. Using 
the other orbits given above, however, we 
should get values differing widely from 
this. I t  is evident that such results are 
meaningless till the elements of the visual 
orbit are known more definitely. 

I n  the star a Gernifiort~rnwe have a mell- 
established quadruple system, and i t  is 
hoped that the more detailed investigation 
which the writer has in progress will give 
a definite determination of the relative 
radial velocity of the two sysltems, so that 
with the improvement of the visual orbit 
we may in time have a relatively very ex- 
act knowledge of the distance, mass and 
orbital dimensions of this complex star. 

Use of the Metl?od of Least Sqztnres to de- 
cide hetzueen Conflicting IIypotlteses: 
HAROLDJACOBP. 
I n  1901 the writer published* a theorem 

concerning the application of least squares 
when i t  is necessary to choo~e between two 
different methods of reducing observations. 
The theorern was doubtless well known, 
but the writer was unable to find i t  in 
print. Since then, Mr. Midzuhara, of the 
Tokyo Astronomical Observatory, has writ- 
ten three interesting articlest in  which, 
among other things, he gives a different 
proof of the xritsr's theorem, and also ob- 
tains another analogous one. The object 
of the present note is to point out a very 
important divergence between Mr. Midzu- 



PIARCH 17, 1905.1 SOI ENCE. 4 2 1 

hara ' s  conclusions and the writer's ; and 
also to show how one of the former's most 
interesting results can be obtained in a 
manner different from that used by him. 

The writer's theorem is: "Let there be 
given two series' of observation equations 
as f o l l o ~ s :  

a,%+ bly + c,z + ... $ n, == 0, 

a ,x+b ,y+c , z+  ...+n,=0, ] ( I )  


a ,%+b ,y f  e,z f ... t p,zu+ ... $ n 0 

a,?:+ b,y + c,z t ...+ p,zu + ..: + n, -=0, j (2)  


the equations being identical in the two 
series except for the addition of one or 
more new unknowns w, ... in ( 2 ) .  Let 
each of these series of equations be solved 
by the niethod of least squares, and let: 
[vv],, be the sum of the squares of the 
residuals resulting from the solution of 
equations (1); [ t ~ ]  sum the,, be the of 
squares of the residuals resulting from the 
solution of equations (2)  ; then, no matter 
what may be the law of the coefficients 
p,, p2,  . . ;, and even if these coefficients are 
assigned a t  random, [vv],, is always 
larger than [vv] ,. " 

The conclusion drawn by the writer from 
this theorem is as follows: 

"The method of least squares is used 
ordinarily to adjust series of observation 
equations so as to obtain the most probable 
values of the unknowns. But  there is a 
subtler, and perhaps more important use 
of the method; when i t  is employed to 
decide which of two hypothetical theories 
has the greater probability of really being 
a law of nature; or to decide between two 
methods of reducing observations. In  
such cases, astronomers not infrequently 
give preference to the solution which brings 
out the smallest value of [vv], the sum of 
the squared residuals. But in the light of 
the above theorein, i t  becomes clear that 
the mere diminution of [vv] alone is in- 
sufficient to decide between two so1utions7 

when one involves more unknowns than 
the other. To give preference to the sec- 
ond solution, it is necessary that the dim- 
inution of [vv] be quite large, and that 
the additional unknowns possess a decided 
a priori probability of having a real ex-
istence. " 

111his paper in Astr. Jour., 521, Mr. 
Nidzuhara says : "This conclusion, per-
haps, depends on the author's misappre- 
hension of the principle of probability. 
For I believe that to compare the prob- 
abilities of the two solutions we must neces- 
sarily take 

I a n  [ ~ I . L ~ I Z  
nb--p1 m-p2  

\&ere m expresses the number of observa- 
tions, and p1 and p, are the numbers of 
the unknown quantities in the first and 
second solutions, respectively. ' ' 

In  other words, Mr. Midzuhara takes as 
the criterion for deciding between the two 
solutions the quantity ordinarily called 
'mean error of one equation,' instead of 
the sum of the squared residuals. When 
the number of unknowm in the two solu- 
tions is different, these two criteria may 
give opposite results; the one indicating the 
first solutions as the more probable, the 
other, the second solution. 

It is evident that practise of astronomers 
varies in this matter. Mr. Midzuhara, for 
instance, and doubtless other astronomers, 
too, use [vv]/ m  - p as the criterion. On 
the other hand, Bessel was in the habit of 
using [vz?] . A good example is to be found 
in his classic paper on the parallax of 6 1  
Cygni. He there" reduces his observations 
with parallax terms, and again without 
them. He decides in favor of the reality 
of his parallax terms solely on account of. 
the diminution of [vv] ; and not until after 
this is decided does he compute the mean 

' _______ 
error 4[vv]/m  - p. This quantity he 
calculates for the parallax solution only, 

* ilstr. Nach.,  No. 366, p. 87. 
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not for both solutions. So far  is he from 
using i t  as a criterion. 

I t  would, indeed, appear that very sim- 
ple reasoning indicates [vv] as the right 
criterion. If we consider observation 
equations of the general form: 

9( " ,  Y, 2, ...,n, )=0, 

the ordinary solution determines x, y,X. ..., 
so as to make [vwl a minimum. If there 
exists a doubt as to whether the form of 
the function rp should be either 4, or 4,, 
this fact simply transfers 4 to the list 
of unlinowns, and we must so determine 
+, x, y,X, ., as to make [vu] a minimum. 
We shall do this if we make two ordinary 
least squares solutions for 4, and +,, the 
only possible values of +, and prefer that 
solution vhich gives the smaller [vv]. 
Since the other criterion may give an op- 
posite result, that other criterion must .be 
wrong. 

I t  inay be of interest to add to the above 
a re~nark concerning the attractive result 
obtained by Mr. Midzuhara in his equa- 
tion (13).* This result is: 

[vu],- [ 2 v I 2  =102P'~, (13)  

where ti: is the value of the new unknown, 
obtained in the solution of our equations 
( 2 )  and P, its weight from the same solu- 
tion. Mr. Jlidzuhara gives a somewhat 
extended demonstration of this equation 
(13) ; it may, however, be obtained almost 
directly from a principle demonstrated by 
Gauss in 'Elementis Ellipticis Palladis.'+ 
I t  is there shown that if p be the number 
of unlinowns, and if the normal equations 
are solved by the Gaussian method of 
elimination : 

[cv] = [nn. p ] ,  

where [n92'pl denotes the usual Gaussian 
auxiliary. I n  the present case, if there 
are p. in (11, andunl~no~~ 'ns  equations 

p. $- 1 in equations ( 2 ) , we shall have, at  
the end of our Gaussian elimination : 

But, according to Gauss's principle : 

and! as usual: 

[p a 2 12 .[nn (~+l)l=[nn.pI- 

[PP ,PI 

Therefore : 

[ pp .p]=PzO--I+-eightof I?, 
so that : 

[c1)I1- [v?!]~-- ~ L ' ~ P ~ , .  

This is Mr. Midzuhara's equation (13). 

l 'nbles for the Iieductiofi of Astronomical 
Photographs :HAROI,DJacosu. 
In  1895 the writer published a paper en- 

titled 'On the Reduction of Stellar Photo- 
graphs, vi th Special Reference to the 
Astro-Photographic Catalogue Plates.'" As 
indicated in the title, the method there de- 
scribed was intended primarily for the re- 
duction of large series of plates made at 
the same declination. But ordinary stellar 
photographs intended for star-cluster cata- 
logues, solar or stellar parallax, etc., usu-
ally involve so few plates of a single 
declination that it is not economical to pre- 
pare the kind of special tables suitable for 
a photographic catalogue of the whole 
heavens. 11oreover. Contribution 10 of the 
Columbia observatory has long been out 

print, so that i t  is now impossible to 
supply copies to those asking for them. 

"Contl ib,  froin the Obs of Colu~llbia Coll.' S o .  
10;  and in French, Bz~ll .C'om. Pwn~, Tome 111. 
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For these reasons, the writer has pre- 
pared the present modification of his 
method, and has added tables suitable for 
the reduction of isolated groups of plates 
made a t  any declination distant more than 
15" from the pole. ' 

The tables will appear in a short time as 
one of the Columbia 'Contributions. ' 
Ileccnt IZesearc7te.s of t he  H e n r y  Draper 

Msrnorirrl: EDWARDC.  PICKERING. 
A photograph was shown of the spectrum 

of X Ceplzei, which has a spectrum closely 
resembling that of [ Pupp i s  and contains 
the second series of lines probably due to 
hydrogen. A method of observing occulta- 
tions photographically was explained and 
a printed enlargement of a photograph of 
the emersion of 7 Virg in i s ,  on December 
28, 1904, \vas shown, which had been taken 
by Mr. Edward S. King. A rotary motion 
mas given to the plate-holder so that the 
star gave a continuous trail, the time being 
indicated by a motion given to the plate a t  
regular intervals. I t  appeared that the 
star increased in light during emersion for 
about a third of a second. The principal 
portion of the paper was devoted to the 
stncly of the distribution of the stars ac- 
cording to their spectra. The results were 
based upon an examination of the Draper 
plates by Alrs. Fleming. About 6,000 
plates have been inspected, each showing 
on the average the spectra of a thousand 
stars, with small dispersion, and on these 
all that were peculiar were noted. Using 
a larger dispersion, about thirty thousand 
stars have been classified and catalogued. 
Visual counts of the number of stars in 
different parts of the sliy have little value 
o~vingto the uncertainty of the magnitudes. 
The same might be said of a classification 
of photometric magnitudes of the stars 
taken as a whole. I t  mas shown that stars 
of each class of spectrum should be con-
sidered by themselves, as the distribution 
differs ~videly. Thus, the Milky Way ap- 

pears to consist wholly of stars of the first 
type. The helium or Orion stars have a 
different distribution, foming  a Milky 
Way of their mvn, mainly in Orion and 
Argus. It was shown that the classifica- 
tion of the variable stars, proposed by the 
writer in 1880, was confirmed by their 
spectra, and that the lat,ter formed a means 
of determining the class, in some cases, 
even better than the light curve. 

Note on  Two Variable S t a r  Catalogues: 
J. G. HAGEN. 
Father Hagen presented to the meeting 

some specimen pages of two Catalogues of 
Variable Stars, now in preparation, one by 
the Astronomische Gesellschaft and the 
other by Professor E. C. Pickering. Of 
the former catalogue seven pages had been 
printed for presentation at  the astronom- 
ical congress in Lund, last September. A 
copy had been sent to Father Hagen in time 
for the Philadelphia meeting, but Dr. 
AIueller's report at  Lund came, unfortu- 
nately, too late. For this reason only those 
features of the catalogue could be men-
tioned that presented themselves to the 
reader of these seven pages. 

More definite explanations could be given 
on the other catalogue, since Professor 
Pickering was himself present, and had 
shown one specimen page previously to 
sweral friends. His catalogue will be a 
'Bibliography of the Variable Stars,' with 
the lists of the known maxima and minima, 
and the, sources from which they were 
taken. Father Hagen brought out the 
fact that the two catalogues will supple- 
ment one another. The cata10,gue of the 
Astronomische Gesellschaft will give exact 
positions and elements of light variations, 
with very condensed references to all ac-
cessible publications, on each variable star. 
Professor Pickering's 'Ribliography' will 
give fuller details of the spectra of the 
variables stars from the rich material a t  
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the Harvard College Observatory, and will 
put  the lists of known maxima and minima 
in tile convenient shape of tables. While 
the former catalogue will lna,ke a volume 
of 590 pages (warto size), the latter 

have One of this Both
catalogues mill be a very valuable accession 
t,o our literature on this subject. 

Useful Work  for a Snzall Eqtcatorial-A 
P~oposed Discussio?~. 
The discussion was opened by Professor 

Edward C. Pickering. I-Ie stated that 
~neasurelnents of wide double stars might 
be useful, but that the positions of stars 
much niore than 5" apart could be better 
determined by photography, while closer 
stars required a large telescope. The 
brightness of stars can now be readily and 
inexpensively deterniined with a wedge 
photometer, and the relative light of the 
components of close doubles by a polarizing 
photometer. The Herschel-Argelander 
method could be usefully applied to faint 
stars, especially to the components of coarse 
clusters, and to Durcllmusterung zones, 
inserting all stars brighter than a fixed 
magnitude. Variable stars of long period 
can be usefully followed by inexperienced 
observers, since the range is large. Obser-
vations of suspected variables, of Algol, 
and other short period variables, are likely 
to be of little value, except when made by 
observers having long experience. But  
little useful work could be done with 
spectroscopes attached to small telescopes. 
A search for new stars in the Milky Way, 
and an examination of linown nebuh to see 
if they are gaseous, as was, perhaps, first 
done by Col. John Herschel, might prove 
of value. Observations of Jupiter's satel- 
lites, comets, sunspots and solar promi-
nences were also mentioned as useful fields 
of worli for instruments of this class. 

FRANKB. LITTELL, 
Por t h e  Cozcflcil. 

S 'CIESTIFIC BOOKS. 

Die J foore  d e ~,SYc7~weix,mit B e r ~ c E s i c h t i g u l z ~  
der geccc17zienr?foorfrage. Von Dr.J. F ~ i i ~ r  
und Dr. C. SGI%RO~ER.(Beitrage zur Geol- 
Ogie der Schweiz, herausgegeben van der 
geologischen I<ommission der Schweiz, na-
turforschenden Gekel~chaft, geotechnische 
Serie, DI Lieferung.) Bern, 1904. 4", 
pp. xviii +751. 45 text-cuts, 4 plates and 
a map. 
Probably every person seriously interested 

in peat-bogs (or, as we may better call them, 
peat-moors), whether it be from a geological, 
a phyto-ecological or an economic standlpoint, 
has known that the present work was in prep- 
aration and has eagerly anticipated its appear- 
ance. The authors are well known as anlong 
the foremost authorities upon the subject, and 
their worB now before us fnlly satisfies our 
high expectations. While primarily dcvoteil 
to the study of the Swiss moors, the authors 
ne~-ertheless discuss every question also from 
the general or world standpoint, so that the 
worB as a whole is in reality .a study of peat- 
moors b a d  upon those of Switzerland as 
tjprs.  I t  is divided into two parts, a first 
clevotccl to Jloor-questions in general (43; 
pages), and a second given to a systeinatic 
description of those of Swit~srlancl (310 
pages). TJnder the first part is discussed, the 
general nature and place of moors, peat-build- 
illy plant-groups (a modern ecological study), 
peat and its nature, geology of moors, geo-
graphical distribution of moors, a geomorpho- 
logical classification of the moors of the wo~ld, 
nomenclature in relation to physical features, 
agricultural conditions of the Swiss moors, 
post-glacial vegetation history and its recon-
struction through moors. Every chapter is 
characterized by exhaustive but clear treat-
ment, by copious citation of literature, in-
cluding that of this country, and by appro- 
prlate illustration. Among the illustrations 
are 111any of those diagrammatic vegetation 
cuts now coming into vogue in ecological 
~irorks, while the p l a t ~ s  include two typicaal 
~hotographic moor-scenes, of which we could 
wish there were many more. I t  is impossible 
here to particularize farther, and it must suf-
fice to say that this work is incomparably the 


