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1. Introduction.

The present paper is the result of a preliminary investiga-
tion regarding the applicability of Tikhoff’s method!) to the
determination of colour-indices. The method consists in a utili-
zation of the chromatic aberration of the objective for purposes
of separating radiation of different wave-lengths. In front of
the objective is placed a circular diaphragm which screens the
central portion of the objective, leaving free a ring-shaped zone.
An extrafocal photograph, obtained with such a diaphragm,
will consist of the following two principal elements: a ring,
corresponding to the radiation for which the objective is achro-
matized, and a central condensation, or a more or less sharply
defined point, corresponding to the radiation which has its
focus in the plane of the plate. The photographic intensity of
the ring and the point may be determined separately, and the
difference will then give the colour-equivalent. A very important
particular of the method is the circumstance that the point
represents the combined effect of two different kinds of radiation,
one of a shorter, the other of a longer wave-length than the
wave-length of achromatization. A substantial feature of the
present investigation consists in taking account of this effect of
blending, without using a colour-filter.

Some considerations regarding the relation of colour to
absolute magnitude and spectrum are added; the material consist-
ing of only 104 stars is small, and the conclusions arrived at
are of a preliminary character; an investigation relating to the
same subject is to be carried on here on a much larger scale.

1) Hspberia Pycck. O6m, J106. MipoBbabmia 1. VN 3
(1916), p. 119; Astr. Nachr. B. 218, p. 145 (1923). Alsoby Tamm, Astr.
Nachr. B. 216 p. 331 (1922). An investigation on the same subject, carried
on at the same time as our investigation, appeared lately: Verdff. Berlin-
Babelsberg, B. VY H. 2, by B. Sternberk. ‘
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Nevertheless, even our small material is sufficient to show the
principal features of the relation of colour to absolute magnitude,
confirming thus the results of F. H. Seares 1) ; this is due chiefly
to the fact that the said relation is of an individual character;
few stars are sufficient to show the phenomenon, if the colour-
equivalents are determined accurately enough.

2. Method of Observation and Reduction.

The photographs were obtained chiefly in spring, 1923,
with the 160 mm Petzval camera, focal length 792 mm.

For photometric purposes the dispersion of the “longitudi-
nal spectrograph,“ i. e. the chromatic aberration ought to be
the smallest possible, as otherwise there will arise unnecessary
loss of light; from the standpoint of smallness of the chromatic
aberration the Petzval system of objectives may be regarded as
very satisfactory; the objective being achromatized for the
photographically most efficient wave-length, the focus of yellow
radiation differs by 1.4 mm from the photographic focus. It
may be remarked that the size of the objective is of. little
importance in Tikhoff’s method, as with the increasing aperture
and length of focus the linear measure of the chromatic aber-
ration increases also, and the light will thus be distributed over
a larger surface; therefore, little gain in the limiting magnitude
may be expected from the increase of linear aperture of the
objective. On the other hand, very promising appears the method
if used with a large reflector, where an additional lens, placed
near the focus, artificially introduces chromatic aberration; the
amount of the latter may in this case be varied to desire.

The photographs were taken partly on Hauff Ultra Rapid
(UR), partly on Hauff Flavin (F7) plates, all of the same
emulsion. The F7 are ortochromatic plates, and the long-wave
radiation which produces the point on these plates at 1.40 mm
out of focus is estimated to correspond approximately to effective
A =630 uw. The UR are ordinary plates, with an effective wave-
length of photographic radiation perhaps slightly greater than
430 up, and practically non-sensitive for “visual“ radiation; the

1) Mt. Wilson Obs.,, Comm. to Nation. Acad. N 59 (1919). The
phenomenon was first noted by W. S. Adams and by Van Rhijn.
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point on the UR plates proved to be due exclusively to short-
wave radiation, with an effective wave-length about 865 uu at
150 mm out of focus. The plates were developed during 6
minutes in Methol-Hydrochinon, at a practically constant tempe-
rature.

The rotating plale-holder allowed of obtaining many photo-
graphs on the same plate. From 2 to 16 different stars or
fields were photographed on the same plate. Of the bright
stars ordinarily 4 exposures of varying time (e. g. from 4° to 20%)
were obtained on the same plate, whereas of the faintest stars
which require long exposures only one photograph was made.
The atmospheric absorption was determined on each day sepa-
rately from several low stars photographed specially for this
purpose.

In all 84 plates with over 1000 exposures, ranging from
0.5 to 1 hour, were obtained. As the intention was to study
the influence of the distance from focus upon the intensity of the
images, the photographs were taken at different distances from
the focus; an additional correction for distance was thus introduced,
which, however, did not affect perceptibly the accuracy of the colour-
equivalents derived; only the extreme values of distance could
not be used for determining the colour-equivalents.

The photometric estimates were made with the aid of scales
superposed on the plate, film against film. The scales were
similar to the images compared with them, and the point of
the star was compared with the point of the scale, the ring
of the star — with the ring of the scale; such a method of
comparison practically eliminates the photographic Purkinje
effect. Each estimate was repeated with the scale turned by
180% When only one image was obtained on a plate, the
number of estimates was doubled. The total number of estimates
exceeds 4000. .

All UR images were compared with a single scale, formed
by a series of exposures of * Bootis, the exposures increasing
in the ratio 1:2.

The F! images showed a considerable variety of shape,
according to spectral type and distance from focus, and therefore
it appeared difficult to compare them with a single scale. In
fact the following 9 scales were used, each scale consisting of
a series of exposures increasing in the ratio 1:2.
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Scal (1. 0 Andromedae, Sp. K, (H.D.)
| dcf % )9, @ Andromedae, Sp. Fy ( , )
. =0.363 3. © Al'ietiS, Sp Bb' ( » )
Seal (1.
Scales B, 9. (Same stars as above)
d=0.800 . 3
Seal 1. : ‘
cales 7, ]9 (Same stars as above)
d=0.226 3 .

Here d denotes the diameter of the ring as determined on
a Repsold measuring machine; the distance from focus equals 5 d.

Each star was compared with the scale which had images
most similar to the image of the star. About one-half of the
Fl images were compared with two scales. Such stars common
to two scales, as well as a direct comparison of the scales inter
se furnished a means for determining the systematic differences
of the scales.

As the images of a scale, especially the points, may be
subject to accidental variation, produced by changes of atmo-
spheric transparency or by a non-uniformity of the plate, the
scales required some kind of calibration. The calibration was
executed with the aid of a great number of photographs with
varying time of exposure. In fact, all fields, where 3 or 4 exposures
of the same star were obtained, were used for calibration. The
rings and the points of each scale were calibrated separately,
and to the different F7 scales systematic corrections were added to
reduce them to a uniform scale. In this way each scale reading could
be converted into an effective logarithm of exposure of
an ideal scale. It may be remarked that this proceeding takes
account of real irregularitiss of the scales as well as of the
subjective decimal equation of the observer.

The rings of all FI scales, and the points of 8 KU
scales could thus be reduced to a uniform scale of rings, or of
points respectively. As to scale a, 1 (6 Andromedae), the cent-
ral image had not the shape of .a point, but of a small ring, the
secondary ring, and could not therefore be put aside with
the other scales. Generally, when the diameter of the ring ex-
ceeded 0.340 mm, late type stars (from Gy and later) showed the
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secondary ring, with a faint point at the centre. The se-
condary rings, practically due to purely long-wave radiation,
were treated separately; in fact, only the colour-equivalent of
one star (Bo 7493) was determined independently from the se-
condary ring, whereas other 6 cases were used to determine the
effect of distance from the focus.

The estimates were thus expressed in one of the following
scales of ideal exposure-logarithms:

1) Scale UR of rings;

2) Scale UR of points;

3) Scale F7 of rings;

4) Scale Fl of points;

5) Scale Fl of secondary rings (for late-type stars and
d™> 0.340). The diameters of the rings were determmed on a
Repsold measuring machine.

So far no assumption regarding the laws of photographic
photometry were made. As to these laws, the choice must be
made between Kron’s or Halm’s exact formulae, and their parti-
cular case — Schwarzschild’s law. A discussion of the photo-
graphic magnitudes derived from the rings indicated that no
perceptible deviation from constancy of Schwarzschild’s exponent
p exists for the entire range of magnitudes covered by the ob-
servations, i. e. from m=2 to_m=9. Schwarzschild’s formula
was therefore adopted. From stars with known photographic
magnitudes') the most probable values of p for photographic
radiation (ring) were found as follows:

Fl, p=0.80840.004 (p. e.)
UR, p=0.816 +0.006 (p. e.)

In using photographic magnitudes of different sources, they
were reduced conventionally to King’s scale with the aid of
corrections given by Hertzsprung?); to King’s magnitudes a
constant correction of —0.03 was added which represents the
residual correction of the particular group of stars here con-
sidered.

1) Determined by Hertzsprung (Bulletin Astr. Inst. Neth, Ne35),
King (Harv. Ann. 76 Ne6) and Schwarzschild(G6ttingen Aktinomet-
rie). Only directly determined photographic magnitudes were used, except in
the case of some stars of spectrum 4, (109 Virginis, 2 Ophluchl)

2) Loc. cit. _
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By multiplying the effective exposure-logarithms by _ 04

the scale readings were converted into stellar magnitudes. Tt
was assumed that p is the same for the three kinds of radiation
here considered; this assumption is justified by the general
character of the present observational data, and is confirmed by
some investigations made elsewhere ), though others have found a
variation of p with wave-length. The same value of p was there-
fore used for the point and the ring?. The difference of
magnitude between the point and the ring gives the colour-
equivalent, which for the UR plates may be used directly as
the colour-equivalent of 865 uyu — 430 uu ; the F7 colour-equivalents
need a correction for superposed short-wave radiation.

Besides the colour-equivalents, photographic magnitudes
could also be determined; for this purpose a plate constant, ¢,
was added to the preliminary magnitudes; this constant was
also derived from the stars with known photographic magnitude
mentioned above. The colour-equation of the FI rings
proved to be the same as the colour-equation of King’s magni-
tudes, whereas the UR rings showed a slightly greater effective
wave-length ; therefore, on UR only stars of spectrum @, or
earlier were used for the determination of the constant ¢, and
the following correction for colour-equation was added to the
UR photographic magnitudes:

COIT. _ —I_ 0-07 (mphtgr e mvis_) - 00030

The F1 colour-equivalents, except those derived from the
secondary ring, were corrected for short-wave radiation on
the assumption of an additive effect of the two kinds of radiation;
of course, the existence of the Purkinje phenomenon indicates
that this assumption is not generally acceptable; bul in our
particular case of a blend of radiation at 865 uu and 630 uu the
assumption proved valid; no perceptible difference of gradation
was revealed by the point of the B and the K stars, the for-

1) H. Rosenberg. Photogr. Untersuchung der Intensitéats-
verteilung in Sternspektren (Halle 1914), p. 77.

2) In determining the colour-equivalents the round value of p = 0.80
was used throughout, whereas the photographic magnitudes were derived
with the exact values of » given above.
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mer containing about 2/;, the latter less than 10°/, of short-wave
radiation 1). :

Let x and y be the colour-equivalents corresponding to the
difference of intensity in the spectral regions violet — blue (photo-
graphic) and blue — yellow respectively ; let « be determined from
an UR plate, and let the uncorrected (blended) colour-equivalent
of the F! plate be F. Assuming the photographic intensity of
blue radiation equal to 1, the photographic intensity in the other
two spectral regions on a FU plate will equal a—=+? for the
violet, and atv¥ for the yellow, where a =2.512. The constant
shift between the UR and the FI colour-equivalents is here
denoted by b&.

On the assumption of the additive properties of the blend
we have: :
atf=qtv4aq—=t> . . . . (1),
whence y may be determined, if ¥, « and b are given.

The constant b was derived from the mean data of observation
for two groups of stars, for which both # and x were determined,
and for which the difference in y was assumed equal to the
difference of colour-index as determined from other sources.
These groups were: 1) 4 stars of spectrum B,—B; (¢ Leonis,
v Herculis, 90 Leonis, n Ursae Majoris); 2) 9 stars of spectrum
A,—A; (38 Lyncis, 0, ® Leonis, y, 6 Ursae Maj., ¢ Virginis,
{ Bootis, y Coronae, # Serpentis).

The average data for these stars were:

Mean colour-index

x F (Harv. Scale)
30—35 + 0.44 — 0.06 —0.14
Ao—As —0.30 —0.40 —|— 0.08

Let y, and y, be the FI corrected colour-equivalents of
the two groups; owing to the smallness of the difference in
colour-index, we assume the same difference for y; thus,

Yo=1y,+022 . . . . (a)

The data for the two groups give two equations of the
form (1), which together with (a) furnish three equations for the

1) As the measure of radiation the photographic effect produced on
F plates is here assumed.
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determination of the three unknowns, ¥, ¥, and b.

The groups of stars chosen are especially fit for the deter-
mination of b, as, with a small range in the visual colour-index,
the UR colour-equivalent shows a considerable range, produced
by the intense hydrogen absorption in the violet spectral region
of the A stars. , '

In this way the value of b= —0.89 was found; the round
value, b =—0.90, was finally adopted and used in the computa-
tion of y, according to formula (1), for stars of spectrum A4, or
later?). For earlier spectra the short-wave radiation prevails,
and the correction becomes uncertain; therefore, for stars of
spectrum B, to By, as well as for a Coronae and 12 Canum Ve-
naticorum, the problem was inverted, and the UR colour-equiva-
lent was also derived from the FU plates, assuming the colour-
index as given by the difference of photographic and visual mag-
nitude. The UR colour-equivalents derived from the FU plates
required a residual correction of - 0.17.

The different determinations of atmospherical ab-
sorption are summarized in table 1.

The data of this table indicate that, according to the trans-
parency, the days were not of equal quality. The results of one
day, April 8, are not included in the table; on this day haze
was present all during the observations; the apparent brightness
of stars seemed diminished by 0.5—1.0 magnitudes, as esti-
mated by the eye, and varied considerably ; some photographs were
nevertheless obtained on this day, with the purpose to determine
the influence of haze upon the colour-equivalents. The interest-
ing conclusion was arrived at that, although the apparent photo-
graphic magnitude as indicated by the intensity of the ring va-
ried within a range from 0.0 to 1.8 magnitudes below the nor-
mal value, the colour-equivalents showed no systematic deviation
from the values determined on other days. Thus haze on this
day exerted -absorption equally upon all wave-lengths. It was
therefore assumed that the differential absorption remained the
same during the whole series of photographs. On the contrary,
the absolute absorption for blue radiation showed perceptible
variation, evidently related to the remarks concerning the quality

1) For some stars no UR photographs were obtained; in such cases the
mean UR colour-equivalent of the corresponding spectrum was assumed.



11

T.P.263

Colour-Equivalents of 104 Stars

(yu8tey
09 O T[iem
Azey) tmos .
SpPIeMm0) 9Z8Y
J9j8] pue
"L'Su¥1Inoqe Spnopo
gsnoy) ‘A10) Surystuiy uol)®BA
_— — — — |-o®jsipes L[qe Jeye anoy 4/ — — ‘Ays -19sqo-3urInp oprw
-qoad Aouea] Ayrenb |inqg ¢gueded 18010 AJoA £Ays 91} JO UOI}IPUOD
-edsuel], [Juo[[eoxe JQ| -suwd} AYS “UOOI TINg "WOOIY 97} U0 SHJBWIY
Stoud] g Cetpriom
; SIu0eT g °f Sump
SI[NOJOY 2 ‘ovu0J0) § ‘v poyd
$9BUOIOD @ ‘[ey owvsan & ¢ synoaey 4 2190
‘srjoog 3| "UISIIA GOT[oBUOIO) @ ‘D] orvUOIO) §| ‘snpoog @| ovuUOIO) A ‘sypoog 2 4 ot a. c._wa
“ue A "ue) gl ‘e1poog 9| fepy ovsap 3 ¢fey ovsan 4| ‘sui8aip g -umpyeesan 4 e Su m.Lw 8 1e)
$sTH09rT O6|¢ (RN 9BSIN 9|$STU0STT €6 ‘Q | STUOIT 06 ‘Q|  “UIN 007 ZF|-STUOLr] g6 ‘P| SIOUAT gg |ovsan ¢ 4 7 U=t ¥ u%mz
fA10) ¢ sav}S
- ¢ suegeI) £
srpuadaeg 7 orIqI] §| ovIqIT % ‘snpuedaeg 77 MO
‘oBIqIT %0| orvIqIT %0 ‘1ad0p 4 ‘1a000 4| eraqry % orIqI] ¢ ‘owvaqry &
$1AI0) @ {1A10) \h_ {srejea) 4| ¢ sueyed) 4 ¢ suoyea) A4 $1A100) 4£|evIpAH 0g ¢ 9BIPAH 08D
ssew-Ire Jjo jmun Jod
eg0 €60 6€°0 1€°0 19°0 680 €€0 820 ‘8w ys ‘worpdaosqy
gg ady g1 udy gl mdy o1 (udy 9 [udy 1§ YoIBW | 93 UoIBN €261 ‘eyeq

gg udy

(i oy =Y ynoqe) busy Jo womduosqy (e

‘posn eaom wnpoads owres oY) Apejewrxorddy jo siwys L[uo uostredwoo I04

‘uondaosqy worydsouwyy ‘T 91q e



12 E. OPIK and R. LIVLANDER T.P. 262

Table 1. Continued.

b) Differential Absorption of UR Colour-Equivalent, Point — Ring (violet —
blue). As no differences produced by the haziness of the sky could be
detected the data are grouped according to the absorption star:

Differential -
: . - . Coefficient of
Absorption . Absorption |Difference| Number |1 :
Star  |Comparison Stars’) pointRing | in Sec s [of Nights| brorenia
st. mg. P
g Virgin. ;
y Crateris 42 Leo Min.; +0.74 2.79 2 -+0.26
B Serpentis
O, ¢ Leonis;
y Corvi y Ursae Maj.; +0.36 » 2.79 2 -+0.13
_ ¥, B Coronae :
6, J Leonis;
4, ¢ U('}rsae Maj.;
: B, vy Coronae ;
ay Librae v, £ Bootis —+-0.67 2.37 3 —+4-0.28
109 Virgin.;
x Serpentis
. 42 Leo Min.;
u Ser?entls 50 Bootis +-0.14 1.00 2 -+0.14
Sum +1.91 \ 8.95 9 _ — —
Mean | — — — | — — —| ———| 40213

c) Differential Absorption of Fl colour-equivalent, Ring — Point 2) (blue —
yellow). Stars of Sp. By or earlier not used. The data were corrected tor dif-
ference in colour-index of absorption star and comparison stars.

Di :
iameter of Ring Mean
0270 | 0330
Mean Coeff. of :
0.12 0.15 0.13
Differ. Absorption + T +
Nights . . . .. 3 3 — - —

of the day; it appears that on April 10 and 13 some haze was
present, whereas the remaining nights were perfectly clear?®).

1) Nearly of the same spectrum and distance from focus as the
absorption star.

2) Freed from short-wave radiation.

3) During the last hour on March 26 (second half of Neg. 107) haze ap-
peared also, which, however, was not noted by the observer; the photographic
brightness appeared to be suddenly decreased by 0.5 —0.8 st. mg., and for
photographic magnitudes these observations could not be used.
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In the reduction of photographic magnitudes the following coeffi-
cients of absorption were used. .
26, 31 III;

Mean Absorption, st. mg.
per unit of air-mass 0.31 0.61 0.39

(A about 430 wu)

The low value of the coefficient of absorption of the first
group is remarkable; in fact, these days were exceptionally clear.

For the differential absorption the average vaiues given in
sections b) and c) of table 1 were used. |

The corrections for diameter of the ring, i. e. for distance from
the focus, are given in table 2.

All plates of the same sort showed practically the same
colour-sensitiveness, and no correction was applied to the colour-
equivalents derived from single plates!). On the contrary, as
stated above, the photographic magnitudes required a correction
¢ varying from one plate to another. Of course, the range of
variation of ¢ was small. In determining ¢, plates which gave
similar values of the constant were joined together. Table 8
contains a summary of the adopted values of ¢ together with
some other data.

3. Results.

Table 4 contains a summary of the results. The table is
self-explanatory.

The F! colour-equivalent proved to be closely related to the
Harvard colour-index (mpngr. — mvis); our colour-equivalents are
systematically greater, which apparently is explained by the
greater interval of effective wave-length. A perfect radiator should
give a linear relation between both sets of colour:equivaleunts;
in our case the relation could be represented, instead of one, by
two straight lines:

J;=0.667 FI . . . . for FI<1.50, and}(2

J;=1.00-40.860 (F1—1.50) . for F7>1.50

Here J; denotes the colour-index on the Harvard Scale (King’s
photogr. magn. — H. R.), Fl — the colour-equivalent as given

1) In this respect our method seems to be more convenient and more
free from systematic errors than the method of exposure-ratios devised by
Fr. H. Seares.
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-

graphic magnltudes from 4 catalogues and - visual - magmtudes
from 2 catalogues wére used, all reduced -to the Harvard Scale.

© The duality of formula (2) is probably produced by instru-
mental causes, or by the method of reduction; either the variety
of the F7 scales used, or some residual effect of the blend of
short-and long-wave radiation is respons1ble for the duality. For .
this reason it is advisable to use, instead of FI, the reduced co-
-lour-indices J; as -given by formulae (2). The objection that
‘there may be lost the advantage of a great inferval in wave-
length is not valid, as in this case the numerical value of the .
probable error is changed in the same proportion as the colour-
equivalent itself.

As to the UR colour- equlvalents neither of the possible
sources of error mentioned above could influence them, and there-
fore they may be used without alteration.

From the internal agreement of the data, as well as from
a comparison with other sources, the values of the true pro-
bable errors given in table 5 were derived. The probable errors
include 1) errors of the estimates, 2) local errors of the single
images, 3) systematic errors of the plates.

Table 5. Piobable Errors.

a) UR colour-equivalent (vio- b) J¢, derived from F? according
let — photographyc). to formulae (2) (photographi¢ — visual).
Number of Plates Number of Plates
1| 2 | 3 4 1 2 | 3 | 4
. 3 p. e., st. mg. ¥ p. e. st. mg.
85, 1]4+010]+0.07|+0.06|+0.05 E%O 1 140.07 | £0.05 | +0.04 | 40.03
w0 =2 . ~2
222 5| 7000|2006 1005 [+004 g EF 2 |10.06|T0.04| 4004|003
&0 8 -
S35 3 [1008/1006| 1004|004 S5 5 3 [£006|+004|40.03|4003
[}
28 4|10.08|10.05|10.04|+0.04 28 4|£0.05|+004|+0.03|+0.03

¢) Photographic Magnitude, derived from estimates of the ring.
Number of Plates 1 2 >3
p. e. st. mg. +0.05 +0.04 +0.03
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4. Discussion of Results.

o Table 6 contains a summary of the data relating to our
selected list of stars. The magnitudes and the colour-equivalents
were derived not only from the observatlons made at Tdrtu, but
'other sources were also used. N
- The 1 column (the column of No not counted) glves thes.
name of the star; the order is the same as in table 4. o
- The 2% column gives the visual magnitude on the Harvard
Scale; this is the mean of the values given by the Harvard and -
the Potsdam authorities, the following systematlc correctlons be-~
ing added to the Potsdam magmtudes .
H.D. Sp.  By—A,3 A Fy F2 R N |
Correction —0.26 - —0.22 —0.19 —0.17 —0.15 —0.12
H.D. Sp. @G, G K, K, K K M
Correction —0.10 —0.06 — 0.02 0.00 ~+0.06 —-0.08 +o. 10 .
In parentheses is given the number of catalogues used. .

The 3% column gives the concluded photographm magmtude
the letters indicate the catalogues used: :

L = Leiden, by E. Hertzsprung (loc cit ),
‘K=E. S. King (loc. cit);

G = Gottingen Actinometrie; .
'T=Tartu (table 4 of the present publieation).

The magnitudes were reduced to a uniform scale w1th“th{:>'
aid of the following corrections, assumed according to E. Hertz-
sprung (except the correction of K):

correction of L=—0.08—0.084}0.038 mz;

3 » G=—013—0.08i-0.061m,;
» » K = —0.08.

Here ¢ denotes the preliminary value of the colour-index,
which need not be known with great precision. To T no cor-
rection was applied, as the system of magnitudes is already based
on the corrected magnitudes of the three preceding catalogues.

The relative weights of the catalogues were assumed as
follows: : |
Catalogue L K G T, T,

1 plate  2or more plates
Weight of }1 11 ' -'1 ..
photogr. magn. | LA



22 “Be OPIK' dnd:- R EIWLANDER: * T.P. 26%
z\ﬂ'?f‘w% {6 'ts m W"‘hﬁ . Table 6.
1 2 i | 5 6 -7
, DITRSTENY ERNEER PN O ST TR T RTRUR LS 2 A UR
.Moyis, . m r. . L ay .

Ne N-am. e ;;{nm; Wb ptg Lo mp-merp. el Jeipde. f conéluded:} ‘viol.-blue
1|g Caneri .- i . | 8.75:(2) | 529 1,G,T| :.1.54+0.05: | 1.54+0.05 Ce

2 |oUrsae Maj. . . . .|3.40 (2)| 4.37 LKT| . 097, .05 “099-1-006 0.98.  .041
3|dCancri. . . . . L1410 (2)] 521 L,GT| 111 05| 111 .06 111" ' .04

4 |4 Canmeri Acv ] o . [1416:(2)} 5:14 LT ;| 098 .05/::0.95: -.06] 0.97 . .04

5 |¢ Hydrae . . . 1331 (9) 436 GT | 1.05 .05 1.06 .06f 1,05;- 04

6 | . Ursae Maj." 3.15 (2)| 337 LK) "0.22" .05 0.I14 .06 019" .04 7 ...

7 |38 Lyngis- comb 11377 (2) |- '8.96 L,T: . .0.19-.:.05| -0.05 .04 -0.11 03] :0.29+0.08
8 140 Lyncis . . . . . 13.37 (2)| 5.03 LKT| 166 04| 1.60 .04 163 ..03] 124 .08
9|6 Ursae Maj. . . .|332 (2)| 3.75 LLK,T|' 043" '.04| 044 .06] 043 .03 006 .08
10 |11 Leo Min. . . . . 556 (2)|- 628 T ! 0.72 .06| 0.83 .06 078 :.04f: 0.12 .09
11 o Leonis. . . . . J|3.74 (21| 423 L,GT| 049 ".04 053 .04 051 .03} 0.27 .08
12 |& Leonis . ' -. . .- {312 (2).| 4.02 L,T *| 090 - 05| 0.74 " 04| 080 .03} ...
13 |u Leonis.. . . . ...[4.08 (2)| 5.42-L,T 1.3¢ .05| 132 .04 133  .03}.. ...
14 |20 Leo Min. . . .. | 557 (2| 6.07-T 0.50 .06 051 .06] 0.50 .04/ 0.05 .09
15 | 4 Leonis:. . . ..-.:.[85742)| 3.62 L,T . 0.05 .05 0.25 - .04] 017 03|+ " ...
16 |a Leonis . . . . . . 140 (2)| 1.25 LKT|—0.15 .04 .. |-0.15 .04-0.27 .06
17 ;Grb. 1616 719 (2)| 754 T -7 035 .06 [—O0. 05 o7l 018" -.05-# 10.02 .10
18 |Bo 7493 . . . . . .|6.74 (2)| 819-T. | 145 . .06( 126 .07 1.37 .05 0.87 .10
19 |35 Leonis *. . . % .[[6.02 (2) 6.67°T | 065 .06 046 ".05] 0.54 ".04f 0.16 .09
20 |g Leomnis . . . . . . 3.60 (2)| 3.86 L,K,T| - 026 .04|. 038 .03 0.32 ; .03] .0.54 .08
21 |39 Leonis . . . . . 586 (2)| 639 T 053 .06| 040 .06] 0.46 .04/—0.08 .08
22 |Boss 2750 . . . . . 584 (2)-633T | 049 06| '049 .04 049 .03] 0.07 .09
23 |« Ursae Maj. . . . .[328 (2); 497 LK,T| 169 .04, 1.61 - .04 1.65 .03] 1.72 .08
24 |Bo 7627 . . . . . . 650 (2)| 7.11 T 0.61 .07 046,_ .06] 0.52 .05 Ce
25 o Leonis. . . . . . 3.78 (2)| 3.78 L,T: 0.00 .05 | ..} 000 .05]—0.70 .05
26 |38 Leo Min. . . . .[5.94 (2).| 646 T .052 - .06 0,.83 -.06] 0.68 .04 024 .06
27 |42 Leo Min. . . . . 535 (2)| 521 T —0.14 .06 ... |—-0.14 .06] 0.18 .06
28 | # Ursae Maj. .. . . ..[240 (2)| 2.34 LKT —0.06: .05 0.11 .06 0.01 ' .04 c.
29 |22 HCamel. . . . . 764 (2)| 896 T 132 .06| 164 .07 145 .05 0.78 .07
30 |y Ursae Maj. . 3.20 (2)| 4.37 L,T 1.17- .05| 1.28 .06] 1.22 .04 ...

31 |6 Leonis. . . . . . 2.62 (2)| 2.73 LLK,T| .0.11. .04| 0.26- .06} 0.16 .03] 0:35 .08
32 |OLeonis. . . . . . 3.36 (2)| 3.40 L,KT 0.04 .04| 0.10 .06] 0.06 .03} 036 .06
33 | & Ursae Maj. comb. .| 3.84 (2)| 4.43 L,KT - 059 .04 066 .06 0.61 .03] 0.04 .08
34 | » Ursae Maj. . . . .||3.66 (2)| 5.17 L,LT | 151 .05) 150 .06] 151 .04] 1.10 .08
35 90 Leonis comb. . .(5.82 (2)| 582 G, T | 000 .05| .. 1 0.00 .051—0.28 .06
36 | Boss 3078 . . . . . 578 (2)| 6.18 T © 040 .08 029 .06 034 .04 —011 .08
37 |» Virginis . . . . . 4.25 (2) | 5.82 L,G,T| 157 ,04| 170 .06] 1.61 .03 1.32 .08
38 |93 Leonis . . . . . 458 (2)| 511 L, '| 053 .05 048 .06] 0.51 .04 0.31 .08
39 | g Leonis. .2.30 (2)| 2.28 L,K,T|,—0.02. .05| 040 .06 0.16.:. .04 .~ ... |
40 | g Virgin. . . . . . 3.77 (2)|. 4.19 GKT| . 042 .04| 048 .06] 0.44 .03 0.15 .08
41 | Lund 5297 . . . . . 648 2)| 719 T 071 .06| 0.75 .06] 0.73 .04 0.00 .09
42 |y Ursae Maj. . ., .|2.48 (2){ 241 LKT| —0.07 .04 « .o |—0.07, .04] 027 .08
43 |Nic. 3352 . .. .. v 913 T | cee 0.67 .07 0.67 .07 ..
44 | 8 Urs. Maj. 3.35 (2)| 845 LK, T| 0.10 .04| 0.01 ".06] 0.07 .03] O. 13 .08
45 |Bo 8468 . . . . . . ce 1096 T ce 1.25 .07 J 1.25 .07 -0.68 .10
46 |Ci 1553 . . . . . . . 10.26 T ... | 044 10| 0.44 .10|—042 .10
47 |p Can. Ven. . . . . 434 (2)| 491 LKT| 057 .04| 059 .06 058 ~.03] 0.01 .08
48 |Boss 32904 . . ... .|[5.87 (2)| 756 G,T | 1.69 .05| 144 .06] 1.58 .04] 1.08 .10
49 |y Virg. comb. 290 (1)| 3.14 K,T | 0.24 .06| 0.46: .06] 035 .04 ..
50 | ¢ Ursae Maj. . . . .|1.79(2)| 179 L,KT| -0.00: .04 0.0 .06 000 .03 022 .08
51 |6 Virgin. . . . . .[3.70 (2)| 5.19 G,K,T| '149 .04| 1.58 ‘.04 154 .08]: 1.32 .08
52 |12 Can. Ven. A . . .[292 (2)| 2.78 LK,T| —0.14 .04 . |—0.14 .04]—0.07 .04
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| 8 |9 L 10 1| 12 .1 18 ]‘. 14| 15 ] 16
N . Spe(,trum ; Absol. Cla§'$1:f1catlon‘ of ‘Abs. Magn ‘from . :
N it magn. . L | “ b a+b R .l ur and { ¥
- HD * Mt' W' : gpectrosc COIO%.aSn: Mt i u ’ '1—‘42_ a.ggloﬁltr)’ gp o(l:'o(())olour ox{ll;r
: i
1. K Ky o [-.00@) 774 ©5) 01.] 04] 02| 07 g| 03, BE
2l G | Gy | —06(2) 16. | (—0.6) —1:5 | 1.2 |02 | —0.8 g | —0.3 . 8Ge
3] Ky, | Gy 05(4)| 24. | . @©8) 06 | 24] 15| 1.0 g| .08 .. gGy
il G | @ |'—12@)| 54|-(504) —09 | 02]-04|—04 g| —03 &G
5] K, | Gy . [ —08(2)| 10. | (—04) —19 | .05 |07 1.0 g| 04 gG
6 A5 A.4nr e 2.2.(3)~ 50- < e e e B 2.6 | ..o 22 d|. 2.2 ] dA.5
7| A, Bn | - 0.6(1)] 14 e o ral L | s dln L7 dA,
- 8 Ky Ky 0.7(3)| 2l. 04) 09 | -1.7]| .13 04 g| 04 . gKy
9] Fp .| F; 3.0 (2) | 109. 32) 28 | 39| 34| 36 d|. 32 dF;
10 K, K, . 53(3)| 75. (6.1) 66 | 47| 5.6 60 d| 60 4K,
11| FebA, | Fp H—14()| 15 | (1) —10 | 14| 02 |—1 g | —L. . - BF;
121 . Ggp G, —0.92)| 4.6] (—08) —04 |-—0.7 |—0.6 | —08 g | —08 . gGy
13| . K, K 09(4)| 24. 0.6) 06:| 241 15 1.0 g| 06 gKg
14| -Gy Gy - 52(2)| 68. (5.0) 60 | ‘46| 53| 44 d| 36 dFg
]5 Aop A2 1) o« o 0 1.2 o1 e e e -—2-2 ..o . —2. g _2. . 'gA
16] = Bg Bgn 04(1)| 2. | . ... " |07 |...| 05 d|—05 dBs
17 F2 o s . . e oo 10. S 3.0 « oo 3.1 d 2.7 . ‘ dF@
18 Ks;p K . 8.1(2)| 145. - (82) 75 | .64 7.0 76 d| 10. . :dM
19 G, G, . 33(1)| 21 - (40) 40 | 33| 36| 39 d 44 dGs
20| F, F, 012)| 25| (=1) —03 |—12|—08|—1 g | —1, . gF;
21| Py Fg 3.7(1)| 47. (36) 49 | 42| 46| 32 d| 33. dF,
22| F, F, 35(1)| 19. (38) 43 | 31| 37| 32 d| 36 dFg
23] K; K; 0.7 (3) 8.2 (0.4) —1.1 02—04) 04 g, 01 &M
24 Gy G, 56(1)| 90. . (41) 41 | 56| 48 39 d 38. dFy
25| Byp —29(1)| 10} - . —23 ... |—2 ...|—1. .. . B
26 Gsp Fy . 22(1)| 23. | (—0.8) 0.6 | -34 2.0 44 d | 44  dGy
27 B,y Bgn 08(1)| 438 | 09 ... 0.7 d 0.5 dBg
28] A A8 1.0(1)| 88 .. —01|...| 10 d| 12 dA
29| Mb Ma 10.5 (1) | 478. (10) 80 | 87| 84! 102 d| 10.  dM
30| K, K, 13(3)| 6.9 (1.0) 05 |—02| 02| 10 g| 07 gk,
31 Ay A,n 14 (2)| 21 . 1.2 ) ... 1.7 d| 20 dA,
321 A A,8 0.8(2)| 10. . : 06 |... 10 d 1.5 dA,
33 Gy Fo+G, | 2 50(2)| 73. | 2) (38) 34 3.6 3.5 39 d| 39 dG,
34| - K K, 0.3 (2) 2.7 (04) 0.1 |[—09 |—04 10 g 0.5 gK,
35 . Ba ""18 (1) 1.2 : e o o —0.8 o« v ""‘1. —'0.,5_ . B5
36| Fy F, 3.7(2)| 8. | (1) 37 | 39 3.8 3.2 d 3.1-  dFy
37| Ma Ma 0.0(3)| 19. 01 02 | 21| 12| 01 g| 01 gM
381 . Fg F 26(2)| 16. | (—1) —L7 19 01 |—1. g | —1. gFy
39] A, A,n 1.5(2)| 51. Ce 20 | ... 15 d| 20 dA,
40 Fg n 35(2)| 79. - (34) 43 38| 40| 36 d|. 32 dFy
41 Gy G, 6.0 (1)| 705. (53) 58 | 84| 71 44 d|. 60 dK,
42| A, Agn 09(1)| 94| . 00]...| 10 d|. 07 dByg
43| Gy Gg 6.4 (1)| 53. . 3) 53 | 61| 57| 44 d| 53  dGg
441 A Agn 09(1)| 11. . 06 1|... 1.5 d |, 07  dByg
45 K, Ma 85(1)| 57. ..(10.) 10.6 7.0 8.8 76 dK;l 7.6 dKy
46 Gy .o 30. “ e | 641... 44 d .t blue dwart (Fe)
471 Gy Gy 4.4(2)| 76, 3.9 3.9 40 | 4.0 39 d 3.9 dG,
48 Ma | Mb 0.7 (1 9.0 0.1) 21 20| 20 01 g| 04 gKs
49| Fo+F, | Fo+F; | 2)2.6(2)| 56. e 2.6 ‘o 27 d| 382 dF,.
511 Agp Af)s 0.6 (2)| 11. ces -1 —0.3 - 1.0 d| 1.0. dA,
51 f:3 M 0.3(3)| 48. (o1 13 | 30| 22 0.1 04  gKg
521 Aop A8 - 0.6(1)| .23 e : 140, .. 1.0 g - 00 . dB;

1) c-characteristic 61 Miss Maury. 2) Mean.
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Table 6. Continued.
PN RO UL TR PTG W SO 8 T
Lot Y : : . J b UR.
] Name | Hm; mwter mp-My P. e, Jt p.e. | concluded | viol.-blne:
: ; o sources - - e i 'p.e.| c’i. p.e.
53|e Virgin. . . . . .|I8.02 (2){3.93 LKT | -0.91+0.04| 0.9740.03] 0.95+0.02| 0.3340.06
54114 Can. Ven.. . . .[5.14 (2)|5.12 T —0.02 .06 ... |—0.02 .06/ 0.16 .06
55| BD.4230 2537 . . .|6.74 (2)|7.16 T 042 .06| 020 .04/ 0.27 .03] 0.11 .10
561Boss 3398 . . . . .|5.92 (2)|7.62 T 1.70 . 06| 1.50 .04] 157 .03| 1.11 .10
57143 Comae . . . . . 434 (2)|492 LKT | 058 .04| 055 .06/ 057 .03 0.08 .08
58|Be A 4874 ., . . ., 6.53 (2)|762 GT - |- 1.09: 05| 088 .06 1.00 .04 047 .08
59164 Virgin, . ... . . 5.86 (2)|6.18 GT - |- 032  .05| 0.14 .06 024 .04 027 .08
60|z U. Maj. A. 2.38 (2)-|2.27 LK, T |—0.11 = .04 w. . 011 .04 024 .08
61]g Ursae Ma.J . .[38.99 (2)[4.20 L,T 021 .05 R 0.21 .05/ 0.28 .08
62170 Virgin. . . . . .[5.16 (2)|5.86 G,T 0.70 © .05 0.51 - .06] 0.62 .04 0.16 .06
63|g Virgin. . . . . . 3.37 (2)[3.54 KT 0.17 .05 013 .06; 0.15 .04 047 .08
64|Be A 5003 . . . . .f... 9.86 T ce .34 .07] 134 .07] 089 .10
65|z Bootis . . . . . . 4.55 (2) |5.00L,G,K,T| 045 ' .04 S 045 .04/ 0.09 .06
66| Ursae Maj. . «[1.96 (2)|1.66 LKT | —0.30 - .04 .. |—030 .04/—0.36 " .05
67|v Bootis . . . . . .[4.20 (2)|583 L,G,T | 1.63 . 04| 158 .03 1.60 .02 1.25 .06
68| Bootis . . . . .. 2.89 (2)|3.29 LK, T | 040 04| 052 .03] 048 .02 0.20 .04
691a Bootis . . . . .. 0.23 (2)|1.26 LK, T 1.03 .04 1.34 .06] 1.13 .03 0.70 ..06
70|Lal. 26294. . . . .|[... |983T c e 128 ~ .07} 1.28 .07 .
7116 Bootis. . . . . . 4.16 (2) 459 L,T 043 05| 044 06| 043 .04| 006 .08
72]0 Bootis . . . . . .|[3.76 (2)|5.06 L,T 1.30 .05| 111 - .04/ 1.19 .03 0.82 .04
73|y Bootis . . . . . .|I3.08 (2);3.22 LLK,T | 0.14 .04| 021 .03 0.19 .02 0.34 .04
7415 Bootis . . . . . . 3.82 (2)3.92 L,T 0.10 .05/ 0.08 -.03] 009 .02 0.3¢4 .06
75| & Boot.1) comb. .12.50 (2) 1344 LKT | 094 .04 0.96 .03] 095 .02 042 .08
761109 Virg. . . . . . 3.75 (2)|3.86 T 0.11 06| 001 .03} 0.03 .03 0.30 .05
7718 Bootis . . . . . . 3.64 (2)|4.55 LLK,T | 091 .04 097 .03] 095 .02 050 .06
78| Boss 3867 . . . . . 595 (2)|7.64 G.T 169 05| 1.17 06| 147 .04 118 .10
79|BD.4190 2937 . . .|7.38 (2)]9.05 (@),T 1.67 .06 ... | 167 06 111 .10
80|BD.—00 2943 . . . .|... 8.85 T .. R 030 .10
81 | Nic. 3891 comb. . .;6.66 (1)|7.36 T 070 07| 081 06| 077 .05 026 .10
8216 Bootis . . . . . . 3.56 (2)|4.45 L,T 089 .05 . 0.89 .05 0.41 .04
83150 Bootis . . . . .[5.37 (2)|528 T —0.09 .07 . —0.09 .07 0.16 .08
84| 7n Coronae comb. . . |5.10 {(2)|5.60 T 0.50 .07 ... | 050 .07 001 .08
85|y Ursae Min. . . . .|3.11 (2)|3.14 LK,T| 003 .05| 0.01 .06 0.02 .04 .
8618 Coronae . . . . . 3.72 (2)|3.93 L,T 021 .05 019 .03] 020 .03/ 017 .04
87160 Coronae. . . . . 418 (2) |3.97 L,LT = |—021 .05 ... |—021 .05|—0.19 .06
88|« Coronae . . . . . 232 (2)|2.15 LKT | —0.17 .04 —0.17 04 033 .04
89 | x Serpentis . 1525 (2)|5.51 G,T 0.26 .05 ce 0.26 .05/ 0.28 .08
90|y Coronae . . . . .|[3.82 (2)|3.82 L,T 0.00 .05(—0.15 .06]—0.06 .04 0.11 .08
91| p Serpentis 3.66 (2)|3.66 L,T 0.00 .05|—0.01 .03]—0.01 .03 0.37 .05
92 | » Serpentis 422 (2) |6.06 L,G,T 1.84 .04 .. 1.84 .04 152 .08
93 | u Serpentis 363 (1)|... ... |—001 .06;—0.01 .06 ..
94 | ¢ Serpentis 3.72 (2)]. .. NP R .. 031 .08
951 x Herculis . . . . . 4.64 (2)[5.25 L,T 0.61 .06 N 061 .06/—0.02 .08
96 {,Serpentls 3.89 (2)|4.31 L,G,T 042 04| 039 .04] 0.40 .03 0.06 .04
97| Lal. 29307 . . . . .[7.18 (2)|7.82 T 064 06| 092 0] 075 .05 051 .10
981z Herculis . . . . . 891 (2)|3.64 LLT |—027 .05 ... |—027 .05—0.36 .06
991y Herculis . . . . . 8.78 (2) |3.97 L,T 019 05| 0.17 .04 018 .03] 044 .04
100|2 Ophiuchi. . . . . 8,78 (2)|3.88 T 010 .06| 0.11 .06] 010 .04 033 .08
101 | 8 Herculis . . . . . 290 (2)|38.81 LKT | 091 .05 .. 091 .05 0.17 .08
102112 Ophiuchi . . . .[5.87 ?1) 6.38 T 051 .07| 0.73 .06] 0.64 .05 045 .10
10315 Herculis . . . . .[3.08 (2)|8.50 L,K,T| 047 .05 L. 047 .05|—0.01 08
104 | Herculis . . . . .[8.68 (2)|455 LKT | 087 .05| 084 .08 086 .04 .

1) Difference of magnitude 2.4 vis..
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Table 6. Continued, = ... - ...

8 | 9 .| 10 11 . 12 | 18 | 14 | 15 | . 16
Spectrum Absol - |- | - Classification of Abs. Magn. from
magn. & P ’ a+tb ; dand »
HD. Mt. W. SPec_t?Osc- COIOI%‘., aénp? Mt u T2 a?xgloll{llg’. ‘lS‘p. o(z'og?il;ur on{ity
K, Gs 02@)] 27| (—02) 04 | 18| 11| 10g | —04 gG
gg Bgn 06(1)| 26| . —01| ... 9).'; g 0.7 dB,
0 e e o .« o . ° & . Ve e . e a o o ¢ o .

Mb Me —10(1)| 65| (1) 21 | 14| 18| 01g | 05 gK,
G, Gy 47(2)] 118. | (4.0) 40 4.7 4.4 39d 42 dG;
K, K, 64(1)] 69. | (64) 64 | 51| 58| 61dK,| 64 dK,
A, Ags 1.2 (2) 8.0 c e 1.8 ... 1.0 d 2.3 dA,
Ap A,8 1.1(1)| 15 04| ...| 15d | 07 dB,
As ... 2.7...] 15. ol 18] .. ] 22d | 22 dag
G, G | .40 63| @2 82 | 42| 87| 39.d | 50 dG,
vAz e e e P - 29, : e v e 2.1 SRR 1.5 d . 2.0 d.A4
K, Mb 102(1)| 230. | (10) 88 | 83| 86| 7.6dK; 10. dM
F, F, 3.0(2)| 47. (34) 38 | 35| 36| 32d | 33 dF;
B, | —08 ()| 12 o 00| ...|—1. d | =07 B,
Ky 10. 1.1 ] ... 04 g 0.1 gM
Gy Fy 2.6(2)| 3. 68 29 | 20| 24| 39d | 34 dF,
K, K, 1.0 (4)| 228. (10) 10 | 29| 20| 1.0g. | 1.0 gk,
K, 84 (1)| 73. 82 89 | 66| 78| ... 76 dK,
Fy F, 30(1)| 48. | (33) 39 | 33| 36| 36d | 32 dFs
K, K, 04(3)| 15| (©6) 02 | 17| 10| 10g | 07 gk,
F, A, 1.8(2)| 18. . 12 ... 22da)] 22 dag
A, AgD 09(1)] 6.1 L 02| ...| 15d | L5 da,
Ky+A, | GgbAmn —08(2)! 49| (—=1) 19 |—10| 04 |—1. sg| —04 gGs
cee 0.6 (1) 11. e 1.1 | ... 1.0d | 1.2 dA;
G G —06(2)| 63| (—05) —19 | 00 |—08|—04g | —03 gG,
M Mb 02(1)| 05| (1) 40 |—20| 10| 01g | 05 gK,
K, ce ce 80| . ... 2.9 .. 07 g’ 04 gK;
K, ... | 32 52| ...| 60d | 60 dK,
K, K, | 58(1)] 138. 60) 55 | 64! 60| 60d | 60 d&,
K, Gs —0.6(1)| 18. (—0.43 —04 | 13| 04 |—04gGs —06 gGy
B, Aon 07(1)| 50 S 10| ...| 07d | 05 dBg
Gy G, 42(2)| 24 (39) 45 | 30| 38| 39d | 36 dF,
A, 12(1)| L7 e —21| ...|—=2 g |—2 gA
Fop F, —0.3(1)] 19. @n 13 | L7| 15|—1. g | 22 dA,
B, AU B 3.7 . —03|...|—05d | —05 B
Aq Agn 09(2)| 16. .. 05 ...| 104 | 07 dB,
Agp A,ns 1.1(2)| 44 . 05| ... 10d | 24 dA,
Ao Agn 1.1(1)| 10. . 09| ...| 10d | 05 dBg
A, n LI 91 C 07 ... 154 | 10 dA,
K; a 01(2)| 1L (01) =58 | 12|—23| 04g | 01 gM
A, Agsn 0.4 51) 9.5 . 07 ...] 10d | 10 da,
A, Ags 1.8 (1) 13. FoL. 1.2 | ... 1.5 d 1.7 dA,
G, ¥, 412)| 8. 34) 25 | 41| 33| 39d | 39 dG,
Fy Fs 4.2 (2)| 133. 3.2) 3.2 4.5 3.8 3.2.d 3.2 dF;
Go K 57(1)| 86. | }6.0) 45 | 60| 52| 60dK, 6.1 dK,
Bs ... | —05(1) 32 . —07|...|—05d | —07 dB,
F, A, 14(2)| 62 : 02| ...| 22dA] 20 da,
A An 12(2)| 97 e 0.9 | ...| 104 | 17 dA
K | @& | —08@2)| 1. | (—04) 08 | 03| 04| 10g | —07 gG,
K, K, 56(1)| 54 (6.0) 6.0 45 52| 6.0d 5.6 dG,
G, G, 2.7 2; 6e. (4.0) 4.9 2.8 38| ‘39d 33 dFg
K, Gy 1.0(2)| 10. | (—04) 08 | 08| 07 |—04gG,| —08 g6,

2) c-characteristic of Miss Maury.
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The 4 column gives the difference: photographic — visual
=~~magn1t,ude, or. the colour-index, with .its probable error;. the pro-
bable error is given by the followmg table: oy

- Table 7. Probable error of colour-indes.

: Number of i)hotogre,phi,c:catalogues

Y. | 1 | 1/p--21fy | >3

, L ' S P o. P
1 visual catalogue | +0.08 | +0.07 | 4006 | +0.06
2 ., »' +0.07 +0. 06 +OO5 ~+0. 04

A comparlson with section b).of table 5 suggests the superi-
-ority of Tikhoff’s method, as compared with the ordinary me-
‘thod of determining colour-indices: one image on a single plate
gives with Tikhoff’s method the colour-index with the same ac-
curacy as the visual and photographlc magnltudes de,rlved each
from 1 ‘catalogue.

The 5™ column gives J;, the colour-index derived from the
F1 plates according to Tikhoff’s method; J; was computed accord
ing to formulae (2) from the data of the last column of table
4 ; the probable error is taken'from table 5, section. b).

The 6% column gives the concluded value of the colour-in-
dex, J= photographic — visual magm‘tud,e and its probable error;
‘this value is the mean of the dafa given in the two preceding
‘columns; in computing the mean the weights were aSsumed in
accordance with the probable errors. . A

The 7%* column gives the UR: colour- equlvalent——vzolet —
photographic magnitude, and the correspondlng probable error. -

‘Next follows the spectrum, according to the Henry Draper
Catalogue (8% column) and accordmg to the Mount Wzlson class1-
fication (9** column). :
| The 10% column gives the spectroscopic absolute magnltude
‘the data of this column are taken from different sources; mean
values of the data of different catalogues are simply assumed, the
‘number of catalogues used being given in' parentheses. The ab-
solute magnitudes used were from the Mount Wilson Observatory?),

1) A magnitude derived at Tartu from only 1 plate is assumed equl-

‘valent to 1/, a catalogue.
'2) By W.S. Adams and his co]laborators :
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the Victoria Astrophyszcal Observatory 1), the Norman Lockyer Ob-
servatory?), and the Areetri Observatory?).

The 11* column gives u, the centenmal proper motion.

The last 5 columns (12 to 16). contain the result of an at-
tempt to classify the stars according to absolute magnitude, using
the colour-equivalents together with the spectrum or the proper
motion. The classification is of an exploratory character; the
small number of stars does not allow of determining the precise
character of the relation of colour to absolute magnitude and
spectrum. Nevertheless, even the results of our rough classifica-
tion indicate that the colour of the stars may be used with
success in determining their absolute magnitude, with an accu-
racy sufficient at least for statistical purposes. The principles
of the classification will be briefly explained below.

a) Colour, absolute magnitude and spectrum. Table 8 contains
mean values of the colour-equivalents of the stars of table e,
grouped according to absolute magnitude and spectrum.

The data of table 8 are represented graphically on fig. 1, 2
and 8. The curves for the giants and the dwarfs are clearly
separated : on fig. 1 (colour-index and spectrum) from Fy to M;
on fig. 2 (UR colour-equivalent and spectrum) from #, to M,
data for giants (supergiants) earlier than F, being not available;
on fig. 3 (colour-index and UR colour-equivalent) from c. i+ 0.25
to -0.60. The data, though scarce, are of such a character that
single stars agree well with the mean of the groups. The curve
for UR (fig. 2 and 3) is of an irregular character, due to the
absorption in the violet region of the spectrum; the absorption
changes with spectral type and is especially strong for 4,— 4;.

Our results are in general agreement with the results of
Seares (Mt. Wilson Comm. to Nat. Acad., N&59, 1919), except for
the M-stars. For this class we find a perceptible difference in
colour of giants and dwarfs, whereas Seares does not find such
a difference. It may be remarked that Seares applied systematic
corrections to the colour derived from single plates; also the Pur-
kinje effect must have been a troublesome source of error in the me-
thod of exposure-ratios, especially in the case of the faint M-dwarfs.
In our method no systematic differences of colour were found for

1) By R. K. Young and W. E. Harper.

2) By W. J. S. Lockyer, D. L. Edwards and W B. Rimmer.
3) By G. Abettl. -
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the single plates, and the Purkinje phenomenon plays no partin
the reduction; we therefore feel confident "of our results.. Of
course, the number of M-dwarfs used in both cases is very small;
4 by Seares, and 3 in the present investigation; but the small-
ness of the number does hardly account for the different results
obtained. . |

b) Flg 1 and 2 may be used for determmmg absolute mag-
nstudes from the colour and spectrum, or the colour and proper
motion. The absolute magnitudes may be derived in two diffe-
rent ways: a) by attempting to determine the luminosity of each
star individually; g) by discerning only between the giant and
the dwarf branches of stellar luminosities, and by assigning to
stars of a given branch and spectrum the same mean absolute
magnitude. These two methods we shall aftewards denote briefly
by @ and B. Which method is to be preferred depends upon
whether the mean error of a is greater or smaller than the dis-
persion of the true luminosities of stars around their mean va-
lue assumed in S.

1) Colour and Mount Wilson spectrum. Method a was at-
tempted by simply assuming a linear relation between colour
and absolute magnitude. Both colour-equivalents were used, with
weights depending upon the ratio of the probable error to the
distance between the curves on fig. 1 or 2 respectively. Only
spectra from F (colour-index) or F;, (UR colour-equivalent) and
later have been classified, as for the earlier spectra the data re-
garding the colour of giants are not available, and the absolute
magnitudes would represent simply a repetition of the Mount
Wilson absolute magnitudes. The result is contained in the 12t
column of table 6. For comparison are given in parentheses
in the same column absolute magnitudes derived from the same
data, but according to method B.

2) Colour, Mount Wilson spectrum and proper motion. The
absolute magnitude determined from the proper motion and appa-
rent magnitude according to Kapteyn’s formula

M ips, = Mois. 4 5+ 5 log m,
log # = —0.690 — 0.0713m - 0.645 log u?)

is given in the 13% column of table 6. As the sets of absolute

1) Mount Wilson Oontributions 188, For large u and m  the formula.
gives too small values of =. -
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magnitudes :in: the 12% ‘and: 13" icolamns ‘are approxintately of
equal -weight, their 'simple ‘mean: is-given’ in-the 14%: .¢olumn.
The: absolute magnitudes in - this::column .are:individiial, i. e:
correspond to-:method a. ‘With: “method:3::the ‘absolute- magni-
tudes become éxactly the same ag: those 'given ‘in‘column.-12 in
parentheses, except 88 Leo Minoris, for which the absolute magm-
tude becomes ‘8.8, instead of —0.8." Colra -

'8) Colour and” HD spectrum.. “The - results are bad whwh
must be attributed to the.smaller accuracy 'of ‘the HD olass1flca-
tion ; ‘abouit 20°/, of the giants are olass1f1ed as- dwarfs; ‘and oice
versa ; the results as - be1ng of l1ttle use are not 1noluded 1n
table 6. : - S ‘
o 4) Colour, HD spectrum and proper ‘motion. Only method B
was applied. * The results are given 1n the 15th column of table
6 the meamng of the letters is - '

L d= dwarf g—glant

the corresponding absolute magnitude precedes the letter “In a
few cases the HD required some correction; in these cases the
new adopted spectrum is given after the letter dorg; the new
spectrum was chosen as near as possible to the spectrum of~
"HD, but so that the colour would not conflict with the dwarf
or giant. elass1t1catlon adopted.

5)  Colour and proper motion only, method ,3 The subd1v1s1on
into giants and dwarfs is made from the proper motion, in a few
cases checked by the colour; the effective spectral type is derived
from the two colour-equivalents.. The method gives, besides a
mean value of the absolute magnitude, an independent spectral
classification, the accuracy of which depends .upon the slope of
the curve representing the colour-equivalent as a function of the
spectrum. The result.is given in the 16 (last) column of table
6; in this column the concluded spectrum is preceded .by the
letters d (dwarf) or g (giant) and the corresponding. adopted
absolute magnitude.

The probable errors of - the - absolute magnltudes derived
according to the different methods are given below. These pro-
bable errors require some correction for the probable error of
the .spectroscopic luminosities which were used .as a standard of
comparison; the correction is, however, small and may be neglected.
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~Probable. Errors: of :dbsolute Magnitude, derived. from: ;-
method a, colour and-Mt. W. spéctrum, * p. e.= =+ 1.04 st mg
© 5, Kapteyn’s formula (m ‘and .u), Piei= 1080 iy
» » colour, Mt. W. sp., proper ©~ . ' o AR U

motion and m, p. e.=-=10.
method B, colour and Mt. W. spectrum p. e.=4-0.63 ,
" » colour, Mt. W. sp., proper o L T
motion and m, : - . p.e.=71059 ,
", , colour, proper motion, =, R S
o - -and H. D. sp. - p. e.=-4061 , -,

I “colour, proper motion and m only p- .= +062 ,

Method g leads thus to better results; ‘this indicates that
the dispersion of luminosities of stars of a given spectrum and
branch is smaller than the errors of method a?).

One of the possible causes, and probably the chief one which
affects the accuracy of colour-parallaxes is the existence of com-
posite spectra; double stars were not excluded from our observ-
ing list, because the intention. was to obtain such a material as
may be assumed representative of a statrstreal investigation re-
lating to faint stars. ; :

c) Effective tempemtures Fig. 4 represents the ‘values of

2 according to W11s1ng2), plotted against the colour-indices of

T
column 6, table 6. There are 1n all 55 stars 1n common to our

table and Wllsmgs list. The relation between ‘17 and;J is well

represented by the following linear relation :
 E=149418897 .. (3).‘ -

It may be -assumed that the effectlve temperatures of 1nd1-
vidual stars derived from the colour-index are ‘more aceurate
than the temperatures given by Wilsing. | S

On the other hand, the TR .colour- equlvalents eannot be;
used for deriving effectlve temperatures on account of the variable
absorption in the violet region of the spectrum, a circumstance
already pointed out by Wilsing. Table 9 gives the effective

1) The failure of method o« may also be partly due to the non-linear
relation of colour to absolute magnitude; such a non-linear relation was found
by Seares , and it also seems to be coufirmed by some of our data.

2) [Potsdam Publ, Ne 76 (1919).
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temperature for ‘different groups of stars of our list, together
with . the - surface brightness and thé hypothetical density,
deriving ‘the densities the masses were aSSUmed accordlng to
A. S. Eddington’s theory 1, . |

Table 9.

Dwartis ’ ‘ Giants

Sp. | Visual sur- Hypothetica]_ ] 1 Vis. Hypothet.
(Mt W)™ Typs.2)|tace bright- | Density, - | Sp. |ln|T,, 2)surf. br., | Density,

ness, st. mg.| (O=1 ) st. mg. | O =1
M | 3| 36400 +3.12 6.3 M | 6] 3300°| <+3.93 | 0.00007
Ke | 238730 | 294 1.40 Ky || 5 3310 | 43.89 | 0.0001
K; | 1] 4380 +1.80 0.87 K; || 2| 3830 | -+2.72 | 0.0004
K, | 6| 5180 -+40.80 1.52 K, | 3/ 4060 | 42.32 | 0.0009
Gy 2| 5790 -+0.22 0.53 - Gy || 7| 4530 | +1.58 | 0.0005
G, [10| 5890'|  4-0.14 0.35 G, || 2| 4670 | 41.41 | 0.0004
Fy 8| 6240 —0.14 0.22 | Fs | 1/ 6010 | -+0.04 | 0.0014
F, || 3] 7230 —0.77 0.45 F, || 2] 7410 | —0.87 | 0.016
Ag | 5| 7850 —1.09. 0.18
A, | 98960 | —156 0.13 :
4, [10] 9930 | —1.89 0.16
B, | 3[10100 —1.93 0.15
B, | 5/12800 | —255 0.07

5. Summary.

1. Two kinds of colour-equivalents derived from photometric
observations in three different spectral regions are determined
for a selected list of stars.

2. The colour-equivalents, used together with the proper
motion and apparent magnitude, determine the absolute magni-
tude with a probable error of less than +0.6 st. mg. The accu-
racy may probably be increased when a larger material will be
available, i. e. when it will be possible to determine more
precisely the relation of colour to absolute magnitude and spectrum.

1) Monthly Notices 84 p. 308—332 (1924)
2) ¢y = 14600.
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