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OBSERVATIONS OF LONG PERIOD VARIABLE STARS AT THRE

- LEANDER McCORMICK OBSERVATORY,

I. INTRODUC. JN.
(a) Number and Nature of the Observations,

During the years 1201 - 1912 one of the principal lines
of - investigation st the Leander MceCormick Observatory was the observation
of varieble stars of long period, In that time nearly four thousand
estimates of brightness were made on one hundred and twenty-five variables;
From July 1915 to Ap%i151917 twenﬁy-three hundred additional observetions

have been made on this interesting class of variable stars, sixteen -

- hundred of which'wefe on ninety-two of the stars previously observed.

Nona of the results from these measures hade ever been published. The
purpose of this paper is to describe briefly the data, methods of observation,
instruments, observers, etc ;nd make a beginning in randering'available
to astronomers the valuable date thaf has sccumulated here. As soon
as possible all the observations to date will be published. |

- The observationé are of considerable value becauss the
>1arge aperture of the MeCormick télescbpe'anables the variables to be
observed when they are very faint and when they are beyond the reach of

observers with small instruments. The original purposé vas to observe

these atars only at and near minimum, Vhile this plan was not strictly

adhered to, much informetion can be derived'from the observations

CAr Minimum

regarding the light-curves 66 the sf%r;v thus adding greatly to the

history of the 1ight-ivariation of the stars observed,




The value of the data is somewhaf impaired by fhe faot
that ‘so many sevarate observers were engaged in making the obseﬁvations
and by the'comparative inexperience of most of these observeré when first
undertaking this line‘of'fesearch. The latter diffioculty applies only
to limited portions of the observations and as two men frequéntly worked
together at the telescope the mean of the two estimétes would not be
vefy discordant. Tarthermore slith a large number of observers personal
equ&tions would average out, giving in general better determinationas of
the mean curves of the variebles and better values of the magnitudes of
the cbmparison stars,

Most of the variables on the observing list become fainter
at minimum than comparisonAstars whose magnitudes are deternined on some
well definéd'scale. ,’éhé;;bservations supply the data neceésary for
determining the relative brightness pf faint stars used as comparison
stars end will thus enable the.adopted scale to he materially extended,

It id to be regretted that on many of the whmiablbs the
observations are scattering and fragmentary.' 0f the one.hundred and
twenty~-five stars observed prior to 19182,

25 have 10 observations

18 v 10-24 -

48 ": 2b = 49 "

23 " b0 - 74 n

6 " 75 =100 "

Since 1915 the observations have accumulated more rapidly,
averaging over s hndred a month, The average for the last five months
has been two hundred and fifty ner month, a maximum of three hundredand twenty-five

being recorded for Decenber 1916. - Unfortunately thg denands of the




phbtographio parallax progrem are éuch that the telescope is available
for variable star observatione only during limited hours of the night
and hence tho choioe.of the stars to be observed on a givenhnight is !
somewhat restricted.

The greatest. value of the HeCormick observations will
undouﬁtedly be in combination with results obtained elsewhere, the data

secured here supplyin%;asabefore stataq,important'information,regarding

.the 1ight—Variationslénd limiting magnitudes of the variables when faint,

" (b) Observers.

The earlier observations were made by Professor Ormond Sténe,
at thet time director df’the Observatory, and under his direction by
graduate students of the University of Virginia who were hglders of the
Vanderbilt Fellowsﬁips. Since 1915 the work has been under the supervision
of Professor 3.A.Mitchell, the present director., All members of the
Observatory staff have taken part in making the observations,

The folloving list gives the name of each observer
together with hic present location, the period during which he obaervgd
and the. letter or letters by which he is designated in the tebles of

observations that follow. - The names are given in the order in which

"they appear in the observing records.
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ObserVers.

Name "~ Present location Observed Designation
.Stone, Menassas,Va., 1908-1911 8
.F.Paddock, Lick Observatory,Cal, : 1903-1906 P
.P,0livier, - MeCormick Observatory. 1908- =~ 0
«V.Reed, " © *University of Illihois, 1905-1907 R
.E.Wllson, Lick Obs. Stetion,Chili, _ l1907-19010 . = ¥
«N.Neff, " Y M,C.A.,University of Virginia., 1907-1909 N
J.B,Smith, Hampden~Sidney College,Va. 1909-1911 ‘B
¢ . N, Wider, Georgetown College,Texas, 1909-1912 = Wn
.1,Gaver, Instructor, University of Virginia 1910-1911 . Ga
«H,Grahan, Agnes Bcott Collegs,Ga. 1911-1918 =~ Gr
.P,Guthrie, " Charleston,S,.C, . 1911-1912 Gu
.LeAlden, McCormick Observatory. 1915~ - A
+C . Lamd, MoeCormick Observatory. ‘ 1916~ = L
.A.Mitchell, MeCGormick Observatory. 1916- - M

(¢) Instrument,
The observations were made with the twenby-six inch Clark
‘refractor of this Observatory. Vhen the varisbles were bright, estimates

were ocoasiénﬁlly mede with the five inch finde? attached to the large
telgsgope. ‘

1The theoretical limit of the twenty-six inch telescope
being in the neigﬂborhood-of the sixtaenth.magni£u49, under average con-

ditions of seeing and transparency variable stars can be followed down

"to the fifteenth magnitude, ‘Only when the moon is near full and the

seeingvvery_podr does the limit of visibility become higher than magnitude
thirteen.
For the’earlier obéervations a low power eyepiece

magnifying about eighty dianeters wes usually employed This eyepiece

has the advantage og giving a comparatively large field but on the other

‘ hand difrwculty is experieneed in distinguishing the variable from
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neighboring starq when ver& faint sn account §f the small scale.

In 1918 a phbtographic plate;holder attachment replaced
tﬁg:forﬁer tail-piece of the teiescbpe-and, since 1915, pfaotiéally all of
tﬁetobservafione heve been'made with a ﬂfiﬁding ayepiece" having a
mAgnifying power of two.hundfed dnd eighty.. This eyepisce cah either
bé dlamped.to the telescope in place of thé piate-holder or'held ageinst

the;plate-holder attachment by the observer. The latter method is

‘preferred by most of the present observers on account of its convenience

and the facility with which the field of the variable oan be located.
Bstliding the eyepiece around while holding it firmly against the
plate-holder attachment, a region of the aky co?ering the five by seven
ineh photographlc plate or an extent of one degree in rlght ascension
and forty—three mlnutes in declination can readily be examined and stars
can be brought to any desired position in the field’of the eyepiece

without affecting the focus or necessitating the use of.the slow motions,

II, METHOD OF OBSERVING.
(a) Observing List,

The stars sslected fof observaﬁion were those contained
in the first three series of Hagen's AtlaskStellaﬁum Variabilium, Eight
stars from the sixth series were inciuded‘but woere oliserved only.a fow
times.i Most of the variables which did not become as faint as the

thirteenth magnitude were later dropped from the observxng list. This

‘accounts for the fact that on a.number of the regions oompa:atively :ew

ovservations have been made.




During the past year the number of stars‘undér.obéervation
has been nearly doubled by the addition $6 the observing list'o%'other
stars with faint minima. This paﬁer ié concernad however’only with
those variables on which obseryations were.beéun priorktp 1912, Detaila'
concerning mefhods of observation, reduction, derivation of magnitudes
of the comparison stars, etc given here do‘not necessarily apply to the

stars recently addsd to the progran,
(b) Charts.

Hagen's charts were used for all the stars under‘disc;ssion,
these charts being occasionally supplemented by photographs obtained
ffom Yerkeé Observatory; Recently rhotographs of a few of the regions
have been raceivedlﬁiom;Harvard College Observatory. >In all cases
the‘origiﬁal'Hagen chart is stili used at the telescope,;'

In addifion to the stars printed on the Hagen charts,

faint stars were necessary to identify:fhe variables when faint and to

serve as comparison stars. These were marked on the charts in pencil

by the various observers,
(o) Comparison Stars.

No systematic sqéuenées of comparison stars were adopted
in dny of the fiélda, each observe? following his own judgment in.
selecting his comparison stars;for a éiven observation, if any.star
selécted was not already on the chart, it was inserted and a deéignation
assigned to it."  Such methods insured the indepgndencg of each separate

observation but,in too many ocases, stars saieoted thus at réndom have -

' 5een-observed 80 gseldom that 1o reliable values of their magnitudes can

bé derived, thus deprebiatiﬁg mafefially the value of such observationg,
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Originally the comparison stars on the charts were

designated only by letiters or numbers, In September 1904 a system was

adopted whereby a double check was established on the identity of each

comparison star used. As a result the errors in recording -can be

readily racogmized and corrected., The system was as follows:~

Bach star within one of the small squarses on the H
Hagen chart was assigned a number or letter to distinguish it
from the other stars in the same squere, this designation heing
given only to those stars used as comparison stars, The square
in whioh a given star was located was then designated by a
namber of two figures. The first figure gave the nmuiber of
the horizontal row and the second that of the vertical column
of small squares within the lerger thirty minute square bounded
by the heavy line, counting in each case from the upper left-
hand corner of the large square,

In recording, the number of the square is first
given and the designation of the star within the square is
appendediaisia subadriptcn ofhhe:34;-mewhs’thetatar marked
& in the square which is in the third row down from the top

- and the foubth column from the left-hand side of the large

square, In otber words & is in the square 1nmediately above
and to the right of the variable.

A sketoh of a lHagen chart is given to better illustrate
the system, . The numbers assignad to the different squeres
are written within themn,

Outslde of the thirty minute square only bright stars

were needed and thsse were designated by letters only-" either oapltals

or Greek. ‘

The comparison stars given in Harvard Annals,’ 37 were

marked on the charts with the Harvard letter and a subscript H, Thus

84

8H

signified that the star was located as desoribed above and that it

was star a in the Harvard sequence for that field,

As tbasmagnitudes of none of the comparison stars were

derived until the present reductions,‘the details concerning them will

be reserved for a lafer section,
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(d) Observations and Records.:

-

‘The observations were made according to a modified
Arpelander method, Three or QOre stars were arranged with the variable
in the order of brightness and steps inserted to show the relative
differences batween the successive stars., These short sequences were
expected to provide the data necessary for deriving the magnitudes of

all the comparison stars used, after whioch the magnitude of the variable

- itself could be determined,

The method is entirely independent since the observer
héd no knowledge regarding the finalAadopted magnitudes of any-of the
comparison stars, It is_subjeot however to two objections, In the
first place , there is no check as the work proceeds on the possible
variations in the b;ighiness;of some of the comparison stars, Secondly,
the final reduction of the observations on a given star mﬁst be postponed
until sufficient observations have accumulated in the course of several
years to enable the magnitudes of the compqrisoﬁ stars of all br?éhtnesses
to be accurately determined. '

The method in use at present of spcuring provisional values
of the magnitudes of a selected sequence of comparison stars as soon as

possible after a star has been put upon the observing list'proves much

{ more aatisfactory without affecting to any appreciable extent: the

'E independence of the observations,

The steps used by the different observers varied greatly,

| Stone's intervals were approximately the same as the grades of Hagen,
| while other observers employedbsteps ranging from one or two hundredths

{ to half a magnitude in extreme cases, The idaal step id@ a tenth of a

megnitude but since Shecmagnitudes of none of the comparison stars
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other than those contained in the sequences given in Volume 87 of the

 Harvard Annals were known to. the observers, little opportunity was

given for standardizing the steps.

The manner of keeping the‘repords was in general as follows,
For each night's work the date is recorded at the top of the page in the
record book. For each observation is given the name of the variable

together with.the Chandler number given on the Hagen chart, the time of

~ the observation (either the hour in Easterh Standard Time or the hour

‘angle from which the time can be cémputed if necessary), the observation

itself with any remarks that may be necessary, a rough estimate of the
sxuars nagnitude of the variable, and finally the observers. initiala,
The observations were recorded by all the observers in

the same record book’iﬁfthe order in which they were made. A list of

the observations of a given star was:kept on the back of the chart,

giving the date, observer end the brightness of the variable,estimated
to the nearest whole magnitude, The approximate magnitudes were merely

for the purpose of showing whether the variable was faint enough to

| make further observations worth while and mot'to.giva the observer any.

information as to the change to be expscted in the variable since the

last observation,




. III, MAGNITUDES OF (G OMPARISON STARS,

As already stated the observations were made in such a
manner that the relative brightness of all the comparison étaﬁs could -
be determined after suffioient observations on stars of aell magnitudes .
had been obtained, These differences of brightness mustvbe reduced to
sone recognized scale and zero point, Since so much data is to be

found in the Harvard Annals (87,57,68,74 et al,) regarding the magnitudes

_of comparison stars for long period variables, the Harvard photometric

scale has been adopted and the Harvard magnitudes of all comparison

i stars,wherever known, used to form the basis for extending this scale

to the fainter stars, The extension of the scale was effected by.

means of the observations themselves and by photometric measures made

{ here, The 1atterféésﬁ1ts willmnot necessarily ocoinocide with the .

Harvard scale extended but in the relatively small Tangs covered, i.e,
twelfth to fifteenth magnitudes, the departure will not be very great.

The photometer results will be discussed soparately as they were mude

?_independent of the observing program and only deal with certain fields.

For the brighter comparison sters which were not ineluded
in the Harvard sequences, magnitudes were obtained by interpolation

between known stars from the data provided by the observations, If

) necessary to fit the observations better the Harvard nagnitudes were

} adjusted slightly. This was seldom necessary though occasional large

differences were found among the fainter stars. The mean of half a
dozen ohservations usually gave‘a sufficiently accurste value of the
magnitudes of the brighter stare.

The magnitudes of the fainter stars were obtained by

extrapolation beyond the limits of the Harvard sequences or by interpolation
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between the Harvard ﬁagnitudea and the photométer maénitudes in the .

_fields where these wépe available, The latter method proved quite

satisfactory but the results obtained by extrapolation pro&ed“very~

discordent and the mean of a dozen or mors observations was needed-to'

‘insure values of the magnitudes which were sufficiently acourate,

In many cases it has seemed best to postpone the reductions until new

end independent estimates could be made of the megnitudes of all of the

.faint oompé.rison stars.

Ag no detailed description concerning the derivation of

the magnitudes of comparison stars will apply to all the fields which

| have been observed here and which are now being.reduced, all necessary

particulars will be given in connection with the results for a given i;;;ﬂ.

varieble. e

IV, PHOTOMETER RESULTS,
(a) Description of Photometer and Calibration Curve.

The photometer employed here was qhe of the equalizing
wedge photometers constructed at Harvard College Observatory under the
Runford appropriation and sent out to various observatories'inulsoo.

The instrument has been so well desoribed by Parkhurst ( Astrophysical

| Journal,l3, 249, May 1901,) that details need not be repeated here.

Thé incandescent lamp whioch served as the source of light
vas. supplied with ourrent from wet cell batteries in the basement of the

Observatory. No rheostat was used to maintain a constant burrent, the

f series of observations being always repsated in reverse order so as to
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average out the effects of progressive ohahges in thbxbfagh¥n333 of'the
artifioial star.
~ The use of a photographic wedge to out down the light of

an artificial star to matoh that of a real star in the'field of the

telescope is attended by many diffioculties. The areatest of these is

the calibration of the wedge, or in other words the determination of the

‘relative absorption of the different portions of the wedge expressed in

stellar magnitudes, (See Harvard Annals, gl, 2387-247,and also
72, 79 ot seq.) ' The various methods of effecting this calibration
are syfficiently wedld known that they need not be described in detail,

The data for deriving the calibration curve of the

| MoCormick wodge consists of two groups:-

1, Obserfgtiops made in the years 1900 - 19086,

2. Observétions made since 1913,

4 No reductions of the earlier data were available so all of the original

observations have been reduced by the writer. ~As each group consisted

i of a muber of independent series, it seemed best, in order to combine

the separate results, to determine from each the slope (") of -the
callbratlon ourve at a number of points along the wedge and then take

/a)bww'-
the meen of these\slopes at;& glven point on the wedge. The slope,d

| at any scale-reading along the wedge is defined as the ohange in

2 absorptlon,(expressed in atellar magnitudes) per scale division at th

given scale-roading, Having derived mean values of the slopa-for

every five scale divisions these values were plotted as ordinates ageinst

the scale-readinga as absoissae, A smooth curve drawn through those
! points then shows the manner in which the value of the slope va:igs with

f the scale reading, The .calibration curve by whioh soale-readinga are




'60nvertéd into differences of magnitude is then obtained by integration
frdm the known values of the quantity oy This is represented by

- ' A Mag. = si'?d" 6s (85 = r)
where 8 stands for soale-reading,{} Mag. represents the absorption of
the wedge in magnitudes for a given scale-readégévg as compered with

the absorption at S equal to zero.
‘1, Earlier calibration date,

- The first group of observations contains seven independent
§ series for determining the form of the calibration ourve, three of whiéh
| were made in the laboratory and four at the telescope., Briefly they

are as follows:~

.

A, Observé%ioﬂs in the laboratopy with a Lummer~ Brodhun photometer.
(1) The distances of the light-sources were varied £o produce equality
? of brightness for different settings of the wedge placed in front-of one
: of thé iight-souroes. Some of the observétioné were made with artifiocial
atars and some with illuminated surfaces as light-sources. The latter
: raquiréd the use of the rdtio of the fourth powers of the distances to
{ reduce the dbsorption‘to stellar mﬁknitudes since the absorption of the
wedge for a point-source iq the square of that for an illuninated area.
3 (Astrénomiahé Nechrichten, 323.514 and references given there.)
E Settiﬁgs were made for every five diﬁisions‘on the socale and the average
(slope between these voints was assumed to be the élope for the mean
é ecalé-reading. A total of approximately twelve hundred settings were
j made by stone, Paddook, Reed and T,MdN. Simpson(now of the Universlty

| of Chicago. ' .
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(2) The light-sources were kept fixed afd the wegfle setting varied

so as to matoh the two artificlal stars, before one of vhich a shade-

-glass of known‘magnitude absorption was placed for the alternate settings,

Two shede-glasses were used, designated by & and b or I and II respectively,

From more than two hundred accordant settings by H.D.Curtis (now of the

Lick Observatory) on the Lummer-Brodhun photometer, the absorption of

‘these shades was found to he o

.006 p,8,
.003 p.o.

‘The two shades together therefore gave a magnitude interval of 1,696,

By varying the relative positioné of the light-sources, data‘regarding

‘the various portions of the wedge was obtained, Nine hundred settings

were made by Stone, Paddock and Olivier,

(8) Polarizing prisms were used to give known magnitude intervais
but as the zero-points from which to count the angles are uncertain,.
the observations were not reduced. Several hundred settings wore

made by this method.

B, Obhservations at the telescope.

(4) ‘Uaing the sane shade-glaeses‘as in (2), settings were made on
real stars with aﬁd without therﬁade-glass placed in front of the sfaff
image. ~ The absorption of the shade divided by the‘diffefenbe in the
scale-readihgs gave the average slope as before. Extra weight wdsv;f '

assigned to these observations in the final combination of results

! boéaﬁaéethey_iere_made ﬁnder-thé éame'oonditions ag actual measures.

8ix hundred settings by Stone, Paddook and Reed ware available.




(6) This series was made in a manner similar to the previous one
but the results are entitled to less weight., . Instead of neasuring the
the same star alternately with and without the shade-glass; a rumber of

stare in the Pleiades were neasured without and then with the‘shade-giass

DPlaced in Pront of the real stars, As of necessity some time elapsed

between the two sets of measures on a given star, the results could be

affected by changes of different sorts. Hence the decrease in weight,

. There are eight hundred settings by the same observers as in the rreceding

series,

| (6) The same shade-glasses were used b& Curtis during some'of ﬁis
photoneter measures on the Rumford fields to bé descriﬁéd later, the
settings being made approximately as in (4). ~There are about a thousand

settings available,bhtdﬁnfortunately they fall for the most part on a

'limited portion of the scale between séttings 156 and 36,

(7) The aperture of the lens was partially linmited by placing -over
the objeotive a'ouftain in which sectors had been cut, The Ffatio of
the area of the seotors to thet of the objeotive gives a known magnitude
interval, Professor S%one's desoription of the sectors end their use
may be of iﬂterest The following is takén from an unpublished mamuseript.

" In order to determine, in terms of stellar magnitudea,'
the values of the scale-readings of the wedge of the Rumford
photomater attached to the 26-inch equatorial of the Leander
MeCormiok Observatory, a shutter was construoted having three
equal apertures (A) in the formpf sectors of a cirele having
the same diameter as that of the uncovered -objsct-glass (0).
The ratio of the absorption of the light of a star passing
through A to that passing through 0 was thus equal to the ratio

. of the area of A to that of 0. These apertures were. arranged
“at equal distances from one another like the spokes of a wheel,
their apexes meeting at a common point, The arce of the
sectors were made of such lenghth as to reduce the light of a
star as nearly as possible two magnitudes, or in a ratio the
logarithm of whioh is 0,800, A% the center of the oirols of
whioh the sectors formed a part, a circular area two inches
in diemeter was left{ covered in order to give strength, As a




reault the actual reduction when the shutter wes olo=ed wes
2,008456 megnitudes, The shutter was arranged to close by ©
rulling a sord from the eye-end of the telesoopeyoand to open
(leaving the full aperture of the telescope unobstruoted) by
. Tmmeans of a Hartshorn shade roller.
¢y the ratio of 2,00845 divided by the difference
of the readings "closed" minus "open", i,e, reduced mimis full

 aperture, is the observed value of a soale division in terms
of stellar magnitudes, "

The magnitude interval is somewhat large so that the average

value of <r'obtainod may not oorrespond exactly with that at the mean

of.the scale-readinss. Nevertheless the results were given extre weight,

‘About six hundred settings were made by Stone and Paddock.

Table I gives the results of ai; of the seven series,

The neadings of the various columns are self-explanatory. One‘disoordant

value for scale-roading 12,5 has been included, Its weight however is

so low that it doea'notwheriously affect thé results, The weights of

the dlfferent series have been assigned arbitrarily by tha writer aocording

to his idea of the reliability of the separate results. The weights

of the values of ¢ are such that,in a series of unit wgight, unit‘weight

{was given to ten settings, to five settings in a series ofvdouble weight,

to twenty settings in a series of half weight and so on,

At thé fobét of the appropriate columns are given the sums

jof the weights, the weighted means of the scale-readings and values of g,

e ™ . o .L oy 'l-
or L thoaverore doviations of tha Iatier “nluan

tand the average deviations of the lgttgr teken without regard tolwelght.‘

(Table io )

The full line in Figure I. ghows the mean values of G~

'éobtained from Table I plotted against the scale-readzngs. JIf a smooth
| ourve wore drawg through,the points shown, it would 1nd;oat9 the manmner

| in whioh (" varied along the scale and give'the‘informatioﬁ necessary

| to construct the calibratiop ourve,

5 (Figure I.)
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2. lLater calibration data.

'During the summer and fall of 1915 the photometer wedge
was recalibrated in the laboratory by Dr. Mitchell and thé writer. Two
independent methods were employed. Known magnitude intervals were
obtained (A) by polarizing prisms,'fhé zero-angle or point of extinotion

being oarefully determined each time a set.of measures was made, and (B)

by a rotating sector.

In each case the entire photometer was used exactly as
it is employed ét the telescopa, A second artificial star was projected
into the eye-piece of the photometer by a lens properly arranged and
foocussed, Storage hatteries furnished the ocurrent for the lamps for

the two artificial stars. These lamps were comnected in series so

that changes in ou%%éﬂf’would affect both in the eame manner,

The rotating sector was cut from a piece of heavy tin
with two seis of steps designed to give a magnitude range extending over
the whole usable lenghth of the wedge. An outline of the sector is
given to show its form. ~The angles were meésuréd vary carefully on
the oircle of a spectrometer and the relative absorption of the various
éteps computed from the formula
- A éag. = 2.5 log -37?3
ﬁhere 9 represents.the angular opening of the sector expressed in degtees.
The meaaures,eaoh of which is the mean of several settings, together

with the resulting a mags are giveh in Table II.

(Table II.)




Table II, -

Opening of Seetor

Right Loft Sum A nag,

- - 860°00' 0.000

108° 17’ ~108°02' 216 20 0,553

72 04 72 06 144 089 0.994
44 13 44 11 88 24 1.526
28 42 28 40 57 22 1,994
6 18 80 18 18 36 48 2,476
7 11 00 11 08 22 08 8,028
8 6 00 6 07 12 07 3,683
9 4 15 4 26 8 41 4,044
10 ~& 09 8 09 6 18 4,417
11 111 1 87 2 48 5,273




"Rotating Sector.




The sector was m&unted on.the shaft of'aﬁ Qlectrio motor
vhich in turn was mouhted on a sorew bése so that eny desired step of
the sector could be brought accurately in front of the artificial star.

Four independent series, each consisting of a number of

separate sets of measures made on different days, were obtained as follows:-

A, Polarizing prisems, ' Settings Weight
(1) Mitohell : 300 1
(2) Alden 1100 3

~ B, Rotating sector,

1 (8) Mitchell . 800 2

r (4) Alden 500 8

The results of these four series are giﬁen in Table III

; in the same form as in Table I, the observations being weighted as above,
Prior to the reduction of the earlier calibration data a mean celibration
curve had been dérived from the recent observations by direct combination
of the curves obtained for the separate series, weighted the same as in

‘fhe above list, | Mean valucs of g~ teken from this mean ourve are

entitled to the same weight as those obtained directly from the original

sariesisi-Hancerthey havécheen entered in Table III and the mean of the
| two valuas‘of O~ taken for each portion of the wedge, The‘final values
thus obtained are plotted in Figure I,(dotted line).

The two curves in Figure I show a marked difference in
~'slope between the sca1e-readings 15 and 26, Since the wedge was placed
ina ﬁew carrier prior to the 191G measures, éhe soale-readings do not

" necessarily dorreepond but the zero-points are probably not greatly
diffe;ent. The agreement between the curves would he "improved
© slightly if tﬁe zero of the present scale coincided with soale-reading

3 or 4 of the earlier scale . Unfortunately there is no direoct
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method of determining this relation. A marked difference would still

remain between the slopes even if this adjustment were made, The

offeot of this difference on the calibration curve itgself is shown by
Figure II, vhich gives the curves obtained by integration from smooth

ourves drawn through the points shown in Figure I, (Scala-readings

- are used as ordinates and A mags as abscissae so that the slope O as

defined is the slope with respest to the vertical axis and not the
cohventipnal " slope of the curve ",)
(Figure II,)

In the most used portion of the wedge between scale-readings

- 20 and 45 the two curves are rracticnlly identical, the greatest difference

-being 6.055magnitude. Above 45 on the scale the observations for

determining the fgrm,of the curves are relatively few in number, Below

— P

20 the inoreasing difference in the ourves is probably reel, There is

further evidenoe on this point.

In the winter of 1914-1915 the wedge was sent to Yerkes
Observatory and there caslibrated by Parkhurst acoording to methods that

he has described, (Researches in Stellar Rhotometry. Published by the

_Carnegie Institution of VWashington,) The results of all three

-

oalibfétions aro given in Table Ivffdr every five scale divisions,

The columns of differences show that the Yorkes results agres very

‘éatiéfactorily with the MeCormick ourves between the points R85 and 45

on the scale but in the thinner portions of the wedge the deviation : 7
from the eérly Mocbrmickkcurve is even greatér than for the recent
MoCormick results. (Table IV,)

To what shall we attribute this differenoé‘betweep the

- two MoCormick peduction ourvob?~' Parkhurst has found that hingedgefﬁ
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Table IV,

CALIBRATION CURVES.

Mocérmiok.

. VSOAIQ‘} Yerkes llocqr.miok McCO., New
' Réad,ixzng. Bad New | Parkhurst,| New - 01d,| minus Park,
10 0,00 0,20 0,30 + 0,20 | - 0,10
15 0.70 | 0.88 0,98 | 40,18 |- 0,10
20 146 | 151 | 162 | #0.5 |- 0.1
25 2,14 2,10 2.08 - 0.04 | & 0.02
80 2,70 2,66 2.66 ~ 0,04 0,00
86 / 3:25 8.26 |  8.30 0,00 | =~ 0,05
40 | ses | a8 8.84 - 0,08 | - 0,02
.45 \4.38 4,32 4,32 - 0,08 | :,0400
50 5,00 | 4,88 4,79 - 017 |+ o.og |




P e e L

‘~has not ohanged eppreoiably in ten yeareoeinoe a reoent oalibration
\ ",reproduoed his former reduction. ourve. (Popular Aetronomy, 22, 1914, 635.)
_His wedge however hes been kept in its original oerrier and oarefully

: preeerved.;- Thie has not been triie of the Mocormiok wedge. It was

plaoed in the new carrier about 1907 and at some eubeeqpent date the oover=

glaee was removed and the’ film exposed to the deteriorating influences

~of moieture, dust, ot6 until the cover-glass was replaoed in the fall

of51914;* -fparkhurst's1experieﬁoe'thereforejin no;aréﬁmeﬁt'ageinet en.

'vaotual ohange in’ the Mocormiok wedge.’

Any deterioration of the wedge would probably ‘tend to
make it less"oontrasty" and thus deorease the slope of the calibration 42
ourve. Such a change would be most effective in the thinner portions

of the wedge. Thio ie in accord with what hes actually taken place 80

:that ‘the evidence for eﬂreal deterioration of the £ilm of the wedge ie '

vary strong. |

|  Gonsequently all photometer measures maae.in'fhe:yeare‘
1900 = 1905 heve been reduced by means of the ourve‘derived from.ihe'”'
calibration data obtained in the same period,  Measures made since 1914

have been reducsd with the later‘Mocormiok curve.

(b);Pthometer Magnitudee.gr-,r:

| The photometer measures with whioh this paper ie moet

oonoerned were those made on falnt stare in certain reglons knowr as

| the Rumford fielde and. in twenty other fielde eeleoted here. Theee

wlll be ooneidered in the order in whioh the measuree vere made.




J—

l. Rumford fields,

By means of appropriations from the Fumford fund of the

A Ameriocan Acedemy of Arts and Sciences several observatories were provided

" with wedge photometers in order that they might cooperate in the

determination of standards forfaint stellar magnitudes in certain
selected variable ster fields. To each observatory was assigned stars

near the limit of visibility for its telescope. The McCormick Observatory

- undertook the measurement ofithe fifteenth mognitude standards and later

a complete set of measures was also mads on the fourteenth megnitude

stars selected at Princeton Observatory. The results are here published

for the first time.

The Rumford fields inecluded twelve regions from eaéh of
the first three series of Hagen's Atlas, Five stars of the twelfth
magnitude (designdf€d5a,b,o,d,and e) wore selected at the Harvard College

Observatory and the magnitudes determined on the Harvard rhotometric

- poale, These stars were to be used for determining the "zero-point”

for the measures made on the fainter starsf Teble V gives the positions
§f these twelfth magnitude standerds as giveh in Hagen's catalog.
.(Table Vo)
Table VI gives the Hagen nﬁmberg end the Harvard magnitudes
for these same sters. The stars are arranged according to brightness

and not scoording to their designation as in Table V, The designations

'follow the order of the Hagen numbers.

(Table VI,)

In each of the Rumford fields five stars were selected

_here o serve as fifteenth magnitude standards and designated by the

letters l,m,n,0 and p. The positiond of these stars are given in

Table VII as determined here. ~ (Table VII,)
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The measures‘of both twelfth and fifteenth magnitude stars
were carried out by Curtis in the years 1901 ;'1903.’ Each night three
series of four settings each were made on the faint stars and two series
of the same number of settings on tﬂe brighter twelfth magﬁitﬁde standards,

These were taken in the order faint, Wright, faint,bright, faint so as

%o teke care of progressive changes in seeing, transparency of the sky,

brightness of the photometerblamp and to some extent accidental errors
of observation,
| In reductng the obserwvations, the mean of all the settings
was taken for each star, The scale~readings thus obtained were converted
into A mags by means of a table constructed from the earlier calibratién
curve shown in Figure II. The nagnitude of any star is themgiven by
the formula | |

“aghitude = Mo + A nag. |
where.Mo is‘the magnitude oorrespondiné to the scale-reading for which

A mag is"equal to zero., =My was obtained by subtracting from the

: Harvard ﬁagnitudes of the twelfth magnitude standards the corresponding

A mags derived from the observations. The mean of the five values

thus obteined waes then added to the A mag of eech star to givé its

nagnitude, This was done for each nights‘obsarvations separately and

the results for the different qighta combined to give the final megnitude

of each star. A sample reduction beginning with the mean scale-resdings

\

is given for the region 8 Ceti to show the form of reduction and the '<>
genaral agreement of the results. (Sample reduction.) |

Each field wes observed on at least three nighte and the
resulting meén magnitudes are given in Table VIII. As thc'a‘ magnitudes

of the twelfth magnitude stenderds were also obkained they are included
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'T in'tho tablo. Their mean magnitude>will necossafily be the same as

thaf of the Harvard magnitudes for the same stars.
Avoerage residuals are also given for each star so as to
give“an idea of the consistency of the measures on separate nights

without publishing 8ll the details of the measures, The average

M

residual for the twelfth magnitude stars is 0{10 and for the fainter

sterse 0?16. These values are not large considering the faintnese of
the stars measured.

(Table VIII,)
Remarks on Table VIII, '

measures made near end of scale,thefefore magnitude doubtful,

observed on two nights only.

Hagen 30 obgerved instead of Harvard 4, mag, 13.08.

Hagen 50 probably observed by misteke for d on one night, 12M92.

misidentified’on one night, theroefore two nlghts only.

not a but Hagen 6, mag, 9.76, @ not measured,:

12-th mabe nean of five nights, 15~th mean of four,

4 misidentified on one night, therefore mean of three, All
others mean of four. Low weight assigne® to faint stars
on one night because near end of scale,

Tour nights on each, some incomplete,

10- not ster a, mag 11l.46,

This field was measured completsly on six nights, All of
the stars have the meah of six independent values
except o and p which were changed for the last three,
The position of (the flrst)o ig po™#7* —14ls mag. ,/3.7’7

p is.40 42 —146 nag, /41.

t

m-Q@UI:FCDNH

el
D
1

1=
=
!

12,~ Not e but”Hagen 20, Meg 11.24, '

Sixteenth magnitude standardé“in the same fields were

selected at the Lick and Yerkes Observatories. Those selected at Yorkes

Observatory are in a number of cases the same &s the fifteenth magnitude

vstandards selected here, ‘Parkhurst's measures of the séxteenth .

magnitude stars are now in press. Aé soon as they appear, a comparison
of the common sters will throw interostlng light on the reliabillty of
measures uade with the wedge photometer.

A novement is oR foot to publinh charts of tbe Rumford
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fields showing the positions of all the standaRd stars from the twelfth
© 40 the sixtaeenth magnitude. Owing to the large number of faint stars,

identirications will be diffioult without these charts.

The fourteenth magnitude standards were measured in 1908 =

i 5‘1904 by Reed and Simpson in the same manner as the fifteenth magnitude

. ;getare.' The tvo obcervere measured each field on two separate nights

; thue giving four independent determinatione of the magnitude of each star.
;}The positions of the fourteenth magnitude standards dre given in Table IX,
| (Table IX.)

The resulting magnitudee for the tkelfth and fourteenth

;iffflmagnitude etandarde are given in Table X in the same formras in Table VIII,

<"nTh° avarage residual for all the twvelfth magnitude stars is OMlO as before,

.”itFor the fourteenth magnitude etars it is 0M17. 1In eaoh case however
“;the probable errox would be smaller than for the fifteenth magnitude stars
fbeoauee of the extra night'e obeervation.

| | (Table X.)

vBoiarkelon Table x

‘;.- meaeured on three nights only.

- 8, discordant value dieoarded.,
f“"f“S’i identification doubtful

{125 otnerffielde.

In 1904 - 1905‘meaeuree were made by Reed and Simpson én
tweive stars in eaoh‘of twentyﬂcthit,variable star fields, The‘meaaures
VWFWere made\on two nights each in the . same manner as the preceding except
thet all etare received the éame mumber of settings, The original
records are lost, The oharte-ueed and a liet'of the mean soale-readinge-

 for each ster are preeerved‘so that the stars oan be identified and their

o
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magnitudes determined nevertholess, Five of these fields .were also

in the provious lists.' Additional stars have been observed in each of

L4

them however,

A 1ist of the stars observed is given in Table XI. The
nunbers of the stars to be found in Hagén’s catalog are given in red

beneath the star's position, Positions are teken from the catalog for

the Hagen stars. Positions of the others have been read off from the
Ha en chart on whioh they had been plotted by the observers and are
therefore liable to some error,

(Table XI,)

Some diffioulty was experienced in securing enough
standerd stars in some of the fields to permit a satiéfactory reduction,
Harvard Annalslgz, B7, and 74 furnished the data for standards except
in the field of R Coﬁé;.&; For this region magnitudes were taken from
Parkhurst'sbResearches in Stellar Photometry. Table XII gives then

‘magnitudes of the standardsstars in red on the upper line and the
- MeCormick magnitégggggtgﬁg lower line,together with the average residual.
| o (Teble XII)
Remarks on Table XII,(a iy
| 1.~ identification doubtful,
2.- misidentified on one or more nighte (?).

- 3,~ measured on three nights only.
4.~ measured on two nights only.

The photometer megnitudes here given provide good standard
- magnitudes for faint stars in the fields»seleCted. Additional measures
willbbe7ﬁade on other fields as the reduction of the variablé star

- observations progresses and the need becomes epparent,
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{ was resumed,

V., THE OBSFRVATIONS,

The reductioniof the variable star observations &escribed |
in this peper was begun in the fall of 1916, As the observations of
S Ceti had,been partially reduced by a number of different methods, this
field was seleﬁted for éxperimentation as to the best method of obtaining
the mﬁgnitudes of the comparison stars and deriviné the magnitude of
variable. Tne result_was that further reduction was held up until

on additional series of photometer measures could be made on faint

comparison stars to check up the values obtained from the observeations.

These measures gave added confidence in the magnitudes ebtained by the

methods desciibéd in the earlier part of this paper and the reduetion

£8.)! Method of Reduction.

Having obtained the magnitudes of the'comparison stars,

/\L{Luc«/{_
the observations were at first made by means of a least square golution

- whenever & comparison of the varisble hed been made with more than two

stars, The magnitudes of the comparison stars were used to two

decimal places. It soon becems evident that thig method of reduction

was a great deal more rigorous and lasborious then the accuracy of the
observations %oa%d werrantzd It was decided therofore to drop the second
declmnl place in the magnitudes of the comparison sters, since it has

no reel significance, and to use the least square method of reduction

only when (1) more than four comparison sters were used, (2) the
oomparison stars in the sequence of observatlons were unequally distributed
in brightness with respect to tbe variable, or (8) when the steps uged

did not approximate the same fraqtion of a magnltude in all parts of,the

observation,




'For all other observetions the method of reduction in use
at Harvard College Observatory and elsewhere wés adopfed, with the
modifioetion that any eppropriate value suggested by the observation
was used for each step instead of afbitrarily assuming it tolbe a tenth
of a magnitude, The observation was then reduced as though the
assuned value of a step were the true value., The differences resulting
from the use of values differing not too greatly from the true values
of the~steﬁs were well within the limits of aooﬁracy of the observations,

An example taken at random wll illustrate this point,

The first observation by Olivier on V Geminorum for 1906 February 23-rd is
83,-8 - V=~ 2 - 43;- 2 - 84y

Since the interval between the brightest and faintest star is 0,7 mag, and

seven steps are inserted, agsume each step equal to 0,1 mag, The result.is

#,

'-'-‘ 13 44,3 = 18,7 =
48] = 14,0-,2 = 13,8 *
3, = 14.1-,4 =.18,7

Meann =~ 18,73

The correctness of this value is confirmed by a least
square solution. Let x be equal %o the maghitude of the variable and

¥ be the value of a step in fractions of a magnitude. Then the. equations

are
x=-8y = 13,4 = 18,0+0.4
x#2y = 14,0 = 138,0+1,0
x+4y 14,1 = 18,0+1,1

Ueing only.the axcess above. 18,0 mag, on the right hand side of the
equation the normal eqnationn becoms

8x + 3y = 2.5
3% +29y = bg2

the solution of which is 0,73+18.0 =18,78 mag,
. : 0.

X=
"y=0,104 mag.
In this case the value ghosen for the step was the true _

one and the results are identical. If 0,15,uag, had been:used as the




valuejofla etep‘the resulting magnitude of the variable would have been
18,68, The Small-differenoe of only 0,056 mag. from the'previoua,resﬁlt

is due to the‘fact that spproximately the same number of steps were placed
between the stars of the sequence and the steps were all ofidbout the

same size,

After deriving the magnitudes for the variablesy they were
plotted as ordinates with the Julian Days es abscissae giving the light-
curve'in the usual manner, In general'the observetions are not
ocontinuous enough to allow an analysis of any degree of refinement to
be made of the light-variations, In only one or two cases could a
meanrlight curve bhe derivedlin the customary menner with any great

accuracy.

o (0 List of Variables,
As shé#n:iﬁ the introduction eighty-two stars had twenty-
fivétor mors observations prévious to 1912, Most of these stars are
now on the obgerving list and additional observations are being made;
‘Fot-each one of these stars the data will prpbably be sufficient to give
sbme infotmntion concerning magnitudes at nminimun,. _For.fifst reduetion
about thirty of these stars were selected for which Hartwig's Katalog und

Ephemerlden ver&nderllcher Sterne (1914) gave the time of minimmn or the

magnitude at ninimm as uncertaln. From this number the following stars

: were taken nore or less at random, S Ceti belng also inocluded for reasons

ment ioned above and R Comae for similar reasons.

Table XIII oontains a list of these variables with the
Harvétd’dasignation of each, its poaition for 1900, magnltudes at maximdm
and minimun end ite peridd in days. ' This date ic taken from Harvard

Annals 63, 191-206.

- ‘..,.




Table XIII.

Designation.

Star, Position,1900, Megnitude. |Period,
.R.A,_ Dec, Maxs Min. Days,

001909 | § Ceti 00 12,0 |-—9 53 7,9 | 14.5 | 820.2
042200 | R Tauri 4 22.8 | +9 56 8,0 | 14,0 | 825
042209 | § Teuri 4 88,7 |+9 44 9.5 14,6 | 365
050008 | V Orionis 6 0.8 | +3 68 8.4 |&14.5°| 267
071718 | V Geminorum | 7 17.6 [+18 17 8.0 | 14.5 | eove

115919 | B Comae Ber. | 11 59.1 [+19 20 8,0 | 15,0 | s61,8
200614 | R Capricorni | 20 5.7 |-1¢ 84 9.0 |4 12, 344
216717 | U Aquarit 21 57,9 |17 6 10, | 14, | =08

Undersqdiing'denotes southern declination,




(¢) Results.:

1. 001909 § Ceti, .

n | Position 1900:~ R,A, O 18™ 5gs
' Dec, =~ 9° 53{0

The. variability of this star was first detected by Borell&_
in 1871 and announced in the Monthly Notices of tho Royal Astronomical
Soctety,82,248, Its period has been found to be variable with a difference

of a pproximately twenty-four days between the longest and shortest periods

and a period for this vapimidon,vhich is fairly regular, of about twehty-
six and one-third vears, ‘The elements for predicting the time of &
: maiimum are given in Hartwig's-19l4 Katalog as:- .

Maximum = J,D. 2405165 + 320,6E + 12 sin(12°E + 315°)
‘where E is the given epoch after the maximum on the Julian Bay given;

Magritudes for comperison stars for this varioble were

takeh from Harverd Annals 37 and 74, This is one of the Rumford fielda
s0 that fourteenth and fifteentlh magnitude standards are available as
ﬁ well as an extended series of photometer measures in the fell of 1816
ia by Mitchell, Olivier and‘the writer. 'The'lQiG measures seemed to

indicate a correction of - 0,19 mag, to the twelftih magnitude standards

and this change of "zero-point" was applied to the»fourteenth‘and
fifteenth magnitude stars. Teble XIV gives the dafa for the comparison
stars. . The first‘column gives the designation on the oﬁservdng chart,
the secénd the Hagén number & the third and fourth columns the position
of the star with respect to the variable, The other columns give the
magnitudes obtained by thé various methods, the adqpted magnitude being
the mean of the other columns weighted according to the writeris best

judgment in each case,




e e e

The'positions are taken from Hagen's catalog, from Tables
VII and 1X of this paper or read directly from the chart. In the latter
case they are qpproximate only and fhe decimal of a minute of arc is
oﬁ&fted. The star 33; (Hégen 33) vhich is x in the Harverd list proved
to‘Se brighter than the Harverd negnitude and may be slightly variable,
(Table XIV)

‘Pable XV gives the observations on this star. The first

column contains the Julian Day, the second the date, the third the

' observation as copied from the record book, the next the designation of

the observer as given in the list of observers, and finally the magnitude

deriVed from the observetion.Observations made with the finder have been

marked (:). Ococasional chunges have been made in the comparison stars
where it seemed evi@ent.that mistakes in identification had’ been mada.‘
The photometer medgaré;:of the variable in 1916 are of no_ﬁalue since
the atar was too bright for measurement with the photometer of the
R6-inch refractor. Breaks are inserted to show when the observations
were interrupted by the star coming to conjunction with the sun.
(Table XV.)l |

The magnitudes from Table XV are plotted in Figure I1I.
‘At no tine was the variable followed through a ninimum far enough.to
determine the time of minimum very accurately. One minimum is indicated
neai J. D 2417200 with & prbbable value for the magnitude ofr the variable
of about 14.,2. The minimum value given in Table XIII is probably corract.

Three mexima are shown by the observations but tﬁo variable

isitob bright at meximum for good comparisons with the large telescopo.

N

 Ohservations with the finder-are apt to be rather uncertain because 80

little practice has been gained by any of the observers'in‘the gée of




thé eméller instrument, Comparison with the computed times of maximum
would mean little. N

(Figure III.)
At present the minimum of thés ster ocours near conjunction,
and cannot be observed, This field should be put on the observing list
again in two or three years when it could be followed along both descending:

and ascending branches of its light-curve and thus determine wmore

accurately the time and magnitude at minimum.

2. 042209 R Tauri,

Poaluon 1900:~ R.A, 40! po® 498
Dec, +9 56, 24

This star was discovered by Hind in 1849 to De variable.
An observation in 1798 ftogether with the observations of the last sixty-
five years should’giv;aa good determination of t%:agerlod eycept for
the uncertainty regarding the epoch of the earlier observation. Its
period is given in Hartwig's Katelog only to the nearest whole day. His
elements are:-.

Maximm £ J.D, 2401262 + 325E.

Table XVI contains the data for the comparison sters for
this field in the same form as Table XIV, except'that a column giving
the- Hﬁgen grades is also ineluded and also the magnitudes obteined from
these grades for stars not in the Harvard lists.”

R and § Teuri are near togetner and have many comparlson
stars. in common, One chart for both stars is now used in observing to
void needless multiplication 6f comparison sters. For ieasons which
will be given later a newss Tauri chart replaced the old one qn Tebruary

1~-gt 1917 and this has been used for the observations on R Tauri also




since ﬁebruary 20-th, Owing to the sma11 number of obsarvatioﬁs sincé“
that date it did not séemwneoessary to indicate the changes in the
designations of comparison stars on the new chart.

- Observatiqns for both R and § Tauri are givén in Table XVII.
The columns are the mame as in TabléXV. The magnitude of the varisble
is usuvally given only to the nearest itenthiof .a maénitude. ‘A fewr of the
observations have been made by the Harverd method of estimating the
- magnitude of the varible directly to the tenth of a magnitude from the
_ knovm magnitudes of the comnparison stars.

(Table XVII,)
The magnifudes for R Tauri are plotted in Figure IV, To

mexime are recorded. The earlier observations give onedeterminationit
of the time of minimum and seem to show that the megnitude at minimum
varien at the othergmiﬁéma vhere the light curve iz not continuous
enough to Betermine the time. This range is from 1345 to'14¥5. In the
last two years two minima have heen observed with magnitudes of 14,0 &and
14,6 respectively, Using the Julian Day given for the initial epoch
the three minima give for the méan.period;(assuming that the minimm
ocours 140 days before the maximum. Astronomical Journal, XXIV,2.)
| 324,3, 823.9 and 324.0 days respectively. The mean of . these is 824.1 days,
The correctionito the times of'minimum computed from Hartwig's olemends
are -39, =69 and ~b9 days, showing that the value of the megn period
één bé impfoved.

(Pigure IV.).




Jd. 042309 8 Tauri.

Position 1900:~ R,A, 4D 237 438
Dec, +9° 435

Hartwig gives as the elements of this star:-
Maximm = J.D, 2400465 + 280.0 B - 0,15 L°
which gives d value of the period agreeing with that of Harvard for the
epoch occurring in 1910,
j ' The observing chart used for § Tauri vas almost unintelligible,
the gtars being poorly plotted and misidentifications consaqueﬁtly being
nanerous, The variable itself wvas misidentifie® when fainter than the
1 .magnitude 13.5 and hence the results for the field are of very little
| value for determining the light-curve at minimm, Fortunately one of
?q the-compariaon stars was suspected of variabllity and was observed pari

of the time as a vgyigPle. In order to clear up the confused state of
this region a newlchart vas inserted on which the comparison stars vere
cofrectly plotied, The’oomparison star which wes suspected of variability ‘
proved to be the variable and some order has been brought out of the
previous confusion. The star which qu'observed for the varisble

, ) ovar a S
when it was faint sliows a witée range og\magnitude and it may have a

snall pesgesssivariation. ' The faint comparison sters used however
are so poofl& identified that the variation nay bé more apparent than
real, |
- Table XVIII contains détd for the comparison starg and
the observatiéns themselves are given-in Table XVII with those of R Tauri,
" (Table XVIII.)
Figure V shows tﬁe results obtainadvin Tdblé XVII, The
.rise of the varisble to near maximunm is shown for five oonsecutiye periods.

The mean interval between successive passages of the curve through the




/
twolfth magnibude indicates a period of about 270 days, - Wherever the

ster 8; was specified in the observations the points in Figure V have

‘been enclosed in a small red circle,

This star will be kept on the observing list until better

determinations of its minimum can be made.

4, 050008, V Orionis.

Position for 1900:- R.,A, 52 00™ 478
Dec. +3* 6870

V Orionis was discovered by Boss in 1887, Hartwig gives
tﬁe same periocd as that in Table XIII, the date of the initial epoch
being J,D, 2411773, Since the period is only 267 days the star can be
followed through nearly all of its light-curve between opposifions. As
a result several maiima’and minime. have been obsérved.

Tables XIX andXX are the sahe as for the preceding stars.

Figure VI shows the observed variations of the star. Four maxima and

the same mumber of minima can be determined though the times and magnitudes

at maximum ere uncertain, The first three maxima are the 26-th, 27-th

and 34-th epochs. Comparing their times with that of the initial epoch

the mean veriods coms out 266.5, 266.3 and 267.7 doys recpectively. The

~mean of thesé is 266.8 days which is in excelloent agreement with the

value previously given,
Assuming tndat the interval between minimum and meximum to
be 92 days (A,J.XXIV, 2) the times of minimum give for the mean period

264,7, 264,8, 266,1 and 266,7 respectively. The mean of these is

266,3 days,,aavalue somewhat smaller than that obtained from the maxima,

The residuals obtained from the use of the 267-day period are given in
Table XXIX at the end of thés paper, As will be seen the magnitude

at minimw varies from 14,28 to 14.6,

o




-be 071713, V Geminorun,

Position 1900:= R,A, 70 17M g48
Dec, +138° 1720

. The variability of this star was discovered by Baxendsll
in 1880 and confirmed by Knott and Chandler, The period as given by
Hartwig is the salne as that in Table XIII, His date for fhe initial

epoch however is 81 epochs later than that given in Hgrverd Annals 57, 218,

. The latter gives J.D.P407754, Tables XXI and XXII and Pigure VII contain

the data for this star.

From the light-curve one maximum can be determined with
a. fair degree of accuracy. The approximate date of another is shown.
Only once was the varilable followed commletely througﬁ a. ninimum, Dates
can be assigned to four»minima-however, the‘magnitude in each case being
about 14,0, Adégﬁigg 122 days as the interval between a minimum and
& maximum, the times of minimum are predicted. The differences are given
in Teble XXIX and gseem to indicate that a slightly longer perio@ would

satisfy the observations better, The period may be lengthening slightly,

6, 115919 R Comae.

Position 1900:= 117 597 7

+19° 20!3

S

Schénfeld discovered this variable in 1858 and it has its

period well determined as a result of the long time that it has been under
obervation, The period being nearly a year, observetions at successive
oppositions ere made in the same portion of the light-carve, This star

14

is inéluded in the list of those for which Parkhurst's observations are

given in his Researcheé in Stellar Photometry.  His observations extend

over a period of eleven years to 1905, The observations made here bégan

in 1908 and will form a valuable gontinuation of Parkhurst's work,




The elements of the light-curve of this star are:-

Maximum=J,D, 28993804 + 361,8 E, Max, -~ nin.= 119 days,

;‘Aé'will be seen from Figure VIII the variable was observed at or near

Ewélve ninima, ’ The observations however furnish magnitudes and times

for only four of these minira, The dates are approximaté"only owing

to the flatness of th: light-curve at minimui and to its assymetry.

The comparison of the observed minima with those computed from the

elements giyen"ahows a positive residual in each cass which is fairly
©

constant in amount. This is of the same magnitude and sign as the

‘res;ﬁuals given by Parkhurst for his observations. Therefore it seems

to show that the period is correct but that the initial date may be in

neéd of a slight correction, provided the assumption is made that the

period has not changed.

e 1hé magnitude at minimum is fainter in general then the

values found by Parkhurst, + varies from magnitude 13.8 to 14,.3.

No mexinma were observed since they occurred too near conjunction. This

'stqr willrbe kept on the observing list for some time.

Some unsertainty exists regardlng the 1dent1float10n of
several comparison sters, Wherever thisg affected materlally the
_ﬁagnitude ¢f the variable the result was bracketed in the table and a
fing'put eround the obserwation on the plotted curve, It nmay be tQat
"fhe stars 43p and Eaé'are-variabie. The observatiops do not answer .
tﬁe question.satisfactorily. The disagreement between Parkhurst's
photometer magnitude for 434 and the value 6btained here is so large
tnat it ocan be explalned only on the grounds of varlabllltv or nisident-

ifioation. This star will be observed occasionally.




7. 200514 R Capricorni,

Position 1900:~ R,A, 2001 pM 428
Dec., - 14°3378

R Capricorni was discovered by Hind in 1848, 'Its poeriod
however only to the nearest whole day. The period given in HRartwig!'s
Katglog is the same as that in Table XIII. The dJdulian day of the
initial epoch is+2400891, Tables XXV and XXVI give the comparison stars
and the‘observations. The results from the latter are plotied in
Figure IX,

This star is so far south that it can be observed for &
linited time only each year, No mexina or minima are given by fhe
observations, A ﬁean light curve could not be constructed in the usual
way so the following method was resorted to. lagnitudes were read of
the curves drawm fﬁroﬁéh the observations plotted in the‘figure for
- twenty-five day intervals before and after the ster passed through the
twelfth magnitude on both tﬁe descending and ascending branches of its
curve, Assuning the period of 344 days it was found that the mean
interval between successive passages. of the curve througn the twélfﬁ£
magiiitude on its descending and ascending wortions vas 210 d&ys. Por the
thirteenth magnitude the inferval was 110 days, . With this information
the two parts of the curve were fitted together and the mean curve
obtained as shown.in Figure X, This mean curve has veen drawn in on
‘Figuré IX(in pencil) and Fite the observations fairly well. The star
seems to be fairly regular with a minimunm magnitude of approximately 13.7.

Observations will be continued until a complete minimum can be observed.




8, 215717, U Aquarii,
Position 1900:i- R.A. 217 57™ 52®
Dec. =~ 17%6{5
The variebility of U fquarii was discovered in 1881 hy

Poters.and confirmed by H.M,Parkhurst, The tines of maximum are given as

{

Maximum = J,D1, 2406105 4 258 E,
The reduction of this field proved disappointing,since the curve showed
Practically no varistion of the star over long periods of time., I%

remained between the ragnitudes 11,0 and 12,9 except for the minimum

observed recently, It meems impossible to account for this lack of

- variation on the grounds of misidentification as the same chart has alvays

been employed, The commensurability of the period with the year
requires of course that the observations in succescive years be made in

approximately the-name wart of the light-curve. This explaine the

situation in part but does not account for the small changes noted in

periods of continuous obsefvation extending over intervals of from fifty
to one hundred days, | |

The minimm magnitude shown by the single minimum observed
was 14,1, No comparison can be made with predicted time of minimum,
This star will be kept oﬁ the bbserﬁing list for some time.

Tables XXVII and XXVIII and Figure XI give the data for

this variabhle.
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VI. CONCLUSION,

Table XXIX contains a summary of the mexima and minima

determined from the observations given in this paper., The columns

'-are»self4explanatory.' In the column for the Julian Déy the

.number 2,400,000 has been subtracted in every ocase,

¥hile fhe observations do not in general provide sufficient
data to show the continuous light-curve forbany of the stars, a
glance at the above table serves to show that definite information
is given regarding all of these stars at minimun, For example
Table XIII gives the minimum magnitude of R Capricorni as412.0.
The observations seem to fix the magnitude at epproxinately 13.7,

As previously mentioned in this paper the observations
will have thei’r gfeatést usefulness in supplementing observations
made when the stars are bright. Owing to the officient cooperation
of members of the Variable Ster Section of the British Astronomical
Agsociation in England end of the American Association of Variable

Star Observers in Amerioca, the long period variableg'are under

‘oontinuous observation as long as their positions are favorable,

lost of the observers however have telescopes of small aperture and
henoe the observations do not extend to the fainter magnitudes.

Few of the\largef telescopes in the world are available for sontimous
bbéervatione of the vaeriebles vhen faint, So the results obtained

at fhia Ovservatory, of which those Here given’are quitg representative,

will prove very valuable in supplyingainformation to_supplemant that

obtained from the observetions with the smallervinstruments.

The knowledge of the cpmpleie light-curves.of long period

vafiables is essential for the study of these'intefesfing objectso,
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No satisfectory explanation has yet been given as to the

- real causo of the peculier veriations in brightness that these

sfars undefgo. Some pfogrees is being made however in this direction.

In his sddress essretiring president of the British Astronomioai

Association in October 1916, Rev. T.E.R.Phillips, in discussing the
elements of the light-curves of variables of this type, announced
the discovery of some interesting relations existing between the
phases and coefficients of‘the harmonic terms uéed to represent

the 1light- curves mathematically. (Jéurnal of B.AA, 27, 2.) The

stars examined fall in%o two groups[in.one of which the sun takes

its rightful place as a varible star) vhen the phases of the second

plotted as

and third harmonic terms arqagbscissae and ordinates respectively,

Statist;gaxfinvestigations of this sort depend upon the
light-curves of igdi;;dual stars just as ggisoussion of the distribution
df stars in space depends upon the parallaxes of individual stars.
Theref;re‘the MeCormick observations will not only help to determine
the ﬁinima'of the light=curves of individual stears but will assist also

in providing more accurate date as a basie for the étgtistical

investigations of the future into the problem of long period variation.




