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Astronomy. - "The l~m~inosity -af sta1'S of different types of
spect1'um." By Dr. A. PANNEKOEK. (Oomrnunicated by Prof.
H. G. VAN DE SANDE BAKHUYZEN). ~
The investigation of the spectra of stars which showed that, with
a few exceptions, they can be arranged in a reguJar series, has led
to the general opinion that they represent different stages of development gone through byeach star successively. VOGEL'S classification
in three types is considel'ed as a natural system because these types
11
represent the hottest and earliest, the further advanced, and the
coolest stage. This, however, does not hold for the subdivisions:
the difference in aspect of the lines, the stal1dard in this case, does
not correspond to the different stages of developmel1t mentioned above.
Much more artificial is the classification with letters, which PICKERING
has adopted in his Draper Oatalogue; it arose from the practical
want to classify the thousands of stellar spectra photographed with
the objective prism. Aftel' we have allo wed for the indistinctness
of the spectra which, arising fi'om insuf:ficient dispersion and brightness,
influenced this classification, the natural affinity between the spectra
will appeal' and then this classification has the advantage over that of
VOGEr. that the 2uc1 type is subdivided. The natural groups that ean
be distinguished are: class A: the great majority of the white stars
(Sirius type), VOGEL'S Ia; class B: the smaller number of those stars
distinguished by the lines of helium, called Orion stars, VOGEL'S Ib.
In the continuous series tbe latter ougbt to go befol'e the fh'st type
and therefore they are sometimes called type O. Olass F forms the
transition to the second type (Procyon); class G is tbe type of the
sun and Oapella (the E stars are the indistinct representatives of this
elass); -class K contains the redder stars of the 2d type, wbich approach to the 3d type, such as Arctm'us (PICKI~mNG reekons among
them the Hand I as indistinct representatives). The 3d type is
_
called in the Draper Oatalogue class M.
The continuity of the stellar spectra is still more evident in tbe
classification given by Miss A. MAURY. (Annals Harv. 0011. Obs. Bd. 28).
Miss MAURY arranges the.larger number of tIle stellar spectra in 20
consecutive classes, and accepts groups intermediate to these. The
classes I-IV are the Orion stars, VI -VIn eonstitute the first type,
IX-XI the transiLion to the 2d type, XIII-XIV the 2d type
itself sueh as the sun, XV corresponds to the redder Al'ctm'us stars,
XVII-XX consiitute the third type. lf we eonsider that from class
I to UI a gronp of lines is gmdually falling out, namely Ihe hydl'ogen
lines of the oiher DOl'ies, w hie hare chamcterlstic of the Wolf:' Rayet
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stars or the so-called fifth type stars

(VOGEL

IIb), it is obvious that

we must place these stars at the heád of the series, as it has a1so
been done by 'Miss OANNON in her investigation of the southern
spectra (H. 0 .. 0. Ann. Bd. 2R) 1).
Some of these stars show a relative intensity of the metallic
lines different from that of the ordinary stellar spectra; VOGEL and
SCHEINER have found this before in a Oygni and a Persei (Public.
Potsdam Bd. 7, part 2). MAURY found representatives of this group
in almost all the classes from lIL to XIII, and classed them in a
parallel series designated by III c-XIII c, in contradistinrtion to
which the great majority are called a stars.
According to the most widely spread opinion a star goes successiveJy thl'ough all these pl'ogressive stages of development. lt commences as an extremely tenuous )Dass of gas which grows hotter by
contraction, and aftel' having rearhed a maximum temperature decreases in temperature while the contraction goes on. Befare the
maximum temperature is reached, there is a maximum emission of
light; past the maximum temperature the brightness rapidly decreases
owing to the joint rauses: fall of temperature and decrease in volume.
That the first type stars are hotter than the stars of the second type
may be taken for certain on the strength of their white colour;
whether the maximum tempm'ature occurs here or in the Oriol1
stars is however uncertain.
This development of a tenuous mass of gas into a dense and cold
body, of w hich the temperature fh'st increases and then decreases is
in harmony with the laws of physics. In how far, however, tile
different spectraI types correspond to the phases of this evolution is
a rnere hypo thesis, a more Ol' less probable conjecture; for an actual
transition of a star from one type into the oihel' has not yet been
1) According to CAMPBELL'S results (Astronomy and Astrophysics XIII, p. 44ci),
the characteristic lines of the Wolf-Rayet stcll'S must be distinguished in two groups
and according to the relative intem,ity of the two groups thesE' stars must
be lll'ranged in a progressive series. One group consists of the first secondary
series and the first line of the principal series of hydl'ogen: HIJ' 5414, H.)/ 4542,
Hó' 4201, principal line 4686); it is that group which in MAURY'S classes I-lll
occurs as dark lines and vanishes and which in the classes towards the other
side (class Oe-Ob CANNON) is together with the ordinary H lines more and more
l'eversed into emission lines. The other group, wbich as compared with the
hydrogen lines becomes graduaUy stronger from this point, consists of braad
bands of unkuowu origin of which the middle portions according to CANNaN's
measurements of "Velorum have the wavelengths 5807, 5692, 5594, 5470, 4654,
4443. The brightest band is 4654; its relative intel1sity as compared with the
H line 4689 gradually incl'eases in the series: 4, 47, 5, 4R, 42 (CAMPBELL'S
stal' numbers).
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obsel'ved. The hypothesis may be indirectly" tested by investigating
the _brightness of the stars. To answer to a development as sketched
here the brightness of a star must first increase then decrease; the
mean apparent brightness of stars, 1;'educed to the same distances
from our solar system must vary with the spectral rlass in such a
way that a maximum is reaclled where the greatest brigh1ness is
found while the apparent brightness decreases in the following stages
of development.

§ 2. For these investigations we cannot make use of directly measured parallax es as a general measure for (he distance because of the
small mlluher that have been determined. Another measure will
be found in the proper motions of the stars when we assume that
the real linear velocity is the same for different spectral classes. In
1892 W. H. S. MONeK applied this method to the Bradley-stars in
the Draper Catalogue 1). He found that the proper motions of the
B stars were the smallest, then folIoweq those of the A stars; much
larger are the mean proper motions of the F stars~) which also considerably surpasses that of the G, Hand Kstars and that of the
M stars. He thence concluded that these F stars (the 2d type stars
which approach to the l st type) are nearest to us and t11erefore have
a smaller radiating power than the more yellow and redder stars
of the 2d type. "Researches on binary stars seem to establish that
this is not due to ómaUer average mass and it would therefore appeal',
that these stars are of the dullest or least light-giving claEos - more
so not onIy than the Al'cturian stars but than those of the type of
Antares or Beteigeux" (p. 878). This result does not agree with the
CUl'rent opimon that the G, K and .M stars haye successively developed
from the F stars by contraction and rooJing.
_
It is, ho wever, confirmed by a' newly appeared investigation of
EJNAR HF.RTZSPRUNG: ZUl' Strahlung der -Sterne 3), whel'e MAURY's
classification of the spectra has been followed. He finds for the
mean magnitude, reduced to the proper motion 0",01, the values
given in the following table whel'e I have added the corresponding
proper motions belonging to the magnitnde 4.0.
Here also appears that for the magnitude 4,0 the proper motion
is largest and hence the brigh1ness smallest for the classes XII and
1) Astronomy and Astrophysics Xl p. 874.

He constantly calls them incorrectly "Capellan stars" beca~se in the Dr. Cat.
Capella is called 1<', lhough lhis star propeely belongs to the sun and lhe G sl,11'S.
3) Zeitschllft fUl' wissenschaflliche Photographie Bd. III. S. 429.
2)
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I Magn. far

Spectrum
M,mry

I

P. M. far

IDrapC'r c. \ P. M. 01/ 01 I Magn

4.0

I,

JI-IV

B

4. 37

V-VI

B-A

7 25

VII-VIII

A

8,05

IX'-XI

F

9 06

XII-XIII

F-G

11 23

XIII-Xl!?!)

G

7 93

XV

K.

o 38

XJT-XVI

K-M

7 77

o 012
o 015
o 065
o 103
o 279
o OCH
o 1!O
o 057

XVII-XVIII

M

8 28

0.072

XIII that form the tJ'a.nsition from F to G; for the la.tel' sta.ges of
development the brightness a.gain increases.
§ 3. A better measure than the proper motioll forl the mean
ThisI investIgadistance of a group of stars IS the pa.l'a.llactic motion.
,
tion was rendered ea.sy by mea.ns of N°' 9 of the "Publications of
the a.stronomica.l Laboratol'Y at Gronjngen", -where the components
't' and v of the proper motion a.re computed with tIle furthel' anxiliary
quantities for all the Bradley-stars. Lei 't' and v be1the components of
the proper motion at l'ight angles with and in the direction of the
anta.pex, Î. the sphel'ic..'l.l dIstance of the sta.r-a.pex, then
:2 v sin).
q
:2 sin 2 Á

=

is the paralla.ctic motion fol' a. group of sta.rs, i.e. the velocity of the
solar system divided by the mean distal1ce of the gl'oup. The mea.n
of the other component 2:. :2 't' is, a.t a. random distribution of the
n

directions, equal to ha.lf the mea.n. linear velocity divided lJy the
distance.
The mean magnitudes of the different groups are also dIfferent.
Because we here especially wish to del'ive conclusiollS about (he
brightness, and as both the ma.gnitude a.ud the proper motion depend
on the dista.nce the computation was made aftel' the l'edurtion to,
1)

The Roman figures in ilalics in

MAURY'S

io one class higher.

-5-

classificalion desigl1ate the tl'ansition

( 138 )
magnitude 4.0; that is to say, we have imagined that every star'
was l'eplaced by one which in velocity and in brightness was perfectly
identical with the realone, but plared at sueh a distance that its
apparent magnitude was 4.0. If the ratio in which we then increase
the proper motion is
p = 100.2 (m-4)
we have
:2 pv sin 1.
:2 pr
q4.0
and 't'4.0
2
:2 82n ,l
n

=

= --.

.

In this eomputation we have used MAURY'S classes as a basis. We
have excluded 61 Oygni on account of its extraordinary great parallax,
while instead of the whoIe group of U rsa Major (~ y d' ti ;) we have taken
onIy one star (E). In the following table are combined the results
of the two computations.
Spectrum

I

MAURY

IDr Cat. I

I-UI

B

IV-V

B-A

Typical
star

I

,

mean

mean
q

ft

m

'1'4-.0

'I'

e Orioms

33

3 57

"
0.007

VI-VIII

A

Sirius

93

3.92

0.040

o"018
o 030
o 054

./ Orionis

48

4 31

0011

IX-XII

F

Procyon

94

4.14

0.089

0.153

Xm-XIV

G

Capella

69

4 08

0141

0.157

XV

K

Arcturus

101

3 90

0123

0119

XVI-XX

M

Betelgeuze

131

3.85

o 049

0.068

\

//

Q40
//

o 007

00135

0014

0.036

0.038

o 061

o 095
o 160
o 120
o 050

0.136
0199

o 096
0061

In both the series of results the phenomenon found by MONCK and
manifests itself clearly. I have not, howevel', used
these numbers t'40 and q4o, but have modified them first, becnuse it
was not until the computation was eompleted that I became nc~
quainted with HERTZSPRUNG'S remiLrk that the above mentioned estars
show a very special behavioul'; theil' proper motions and parallaxes
are so much smaller than those of the a stars of the same classes
that 'they must be considel'ed as quite a separate gl'OUp of mueh
greater brilliancy and lying at a much larger distanee 1). We have
HERTZSPRUNG

,

\

1) In bis list of parallaxes HERTZSPRUNG puts the question whether perhaps the
bl'lght southern star ct Garinae (Canopus) belongs to tbe estars; but he finds no
indlCation rOl' this except in its immeasurably small parallax aud small prop el'
motion. In her study of the southern spectra Miss CANNON bas paid no regard

I

llt
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11

11

5

0.009

o 022

o8

13

005

009

1.1

14

000

015

0.8

IV

18

014

023

1 2

Ir

16

016

044

o7

11

009

042

0.4

VI

16

030

068

VII

30

040

086/ 09

VIII

41

043

055 ( 1 6

IX

25

050

064

16

X

16

070

171

0.8

22

103

001

33

23

170

282

12

XIII

18

297

XIV

21

192

340
305

20

077

025

62

148

32

105

070

30

I
II

III

V

XI
XII

Xll7

XVA

I

I
I

I

I

I

I

I

26

I

I

294

I

I

I

09

I17
13

XV B

35

xva

40

039

087

14

XVI

10

04D

071

1 .1-

XVII

19

049

032

3 1

XVIII

1G

050

075

13

7

057

Oi8

15

XIX-XX

to the difference bclween the a and the c slal s. Yet all lhe same lhis llllestion
may be answereel in Uw allhmative; on bolh speetrogll\lTIS of this star oeeurring in her work, wc sec very distinetly the line 4053.8, wIuch III Capella anel
Sirius is absent anel WhlCh IS a typlcnl hne fOI [he c slaIs. Hellce follows that
"' Carinae is indeed a c star.
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therefore repeated the computation aftel' exclusion of the c and the

ac stars.
The table (Ree p. 139) contains the results for aU the classes of MAt'RY
separately; class XV is divided into three subdivisions: XV A are
those whose spectra agree with that of a Boötis, XV Care those which
agree with the redder a Oassiopeiae, while XV B embraces all those
that cannot with cel'tainty be classed among one of the other two
groups.
The values for T4.0 and q4.0 differ very little from those of the ,
preceding tabIe. If we take the value of the velocity of the soJar
system = 4.2 earth's distances from the sun, the q's divided by 4.2
yield the mean parallax of stars of different spectral classes for the
magnitude 4.0 ('l'0.4)' Reversely, we derive fl'pm the q's the relative
brightness of these stellar types, for which we have here taken the
number which expresses how many times the brightness exceeds
that of magnitude 4.0 when placed at a distance for which q = 0".10,
henee with the parallax 0".024. Finally the last column 2T/q contains
the relation between the mean linear velocities of the group of stars
and our solar system.
In the following table we have combined these values in the same
way as before.
, Spectrum

I

Typical

L for
n

MAURY

/Dr. Cat. \

star

I-III

B

• Orionis

32

IV-V

B-A

"/ Orionis

45

Q4.0

1'4.0

5I
0.005
/I

"4.0

q=O" .10

/I

o 014 o"0033~ ~ 5'1

o8

0.036

0.0086

7.7

0.7

0.063

o 015

2.5

1.3

o.~\

0.50

1.4

0.20

1.6

1.1

2.5

2.7

1.6

VI-VIII

A

Sirius

87

013
0.
0.040

IX -XII

F

Procyon

86

0.101

0.141

XIII-XIV

G

Cap~ILI.

59

o 182

XV

K

Arcturlls

101

XVI-XX

M

Betelgeuze

61

o 224. 0.053 Y
o 096 0 023
o 061 I 0.015

I
I

0.120
0.050

2"fq

1

j

§ 4. Oonclusions from this tabIe. The numbers of the last column
are not constant but show a systematic variation. Rence the mean
linear velocity is not constant for aU kinds of stars but incl'eases
as further stages of development in the spectral series are reached.
(Whether the decrease fbI' the 3l'd type, class M, is real must fol'
the present be left out of consideration). That the linear speed o{the
Orion stars is small is known and appears moreovel' from the

---------------

-~-
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radial veloeities. While CAMPBEJ,L found 19.9 kilometl'es fol' the
velocity of the solar motion, and 34 kilometres fol' the mean velocity
of all the stars, FROST and ADAMS dcL'ived from the radial veloeities
of 20 Orion stars measured by them; aftel' having applied the correction
101' the solat' motion : 7.0 ldlomeLres as mean vaille 1), hen ce fol' the
actual mean speed in space 14 kilometres, whence follows the ratio
0.7 fol' 2't/q. Hence the Orion stars are the particularly slow ones and
the Arcturian stars (class XV) are those which move with the greatest
speed.

§ 5. When we look at the values of q4,O or those of $~,O or
Lo,lo, derived from them, we find, as we proceed in the series of
development from the earliesi Orion stars to the Capf'lla or s01ar
type G, that the brightness constantly decreases. That q Wtl,s largel' for
the 2d type as a whole than for the th'st (the Orion stars incillded)
has long been known; same time ago KAPTEYN derived fi'om
the éntire Bradley-Draper material that on an average tIle 2d type
stars (F G K) -are 2,7 times as near and hence 7 times as faint as
the 1st type stars (A and B). This result pel'fectly agrees with the
ordinal'y theory of evolution accol'ding to which the 2d type arises
from the 1st type through contraction and cooling.
A look at the subdivisions shows us fil'st of all that the Orion
stars greatly surpass the A stars in brightness, and also that among
the - Orion stars those which represent the earliest stage greatly
SUl'pass again in brightness those of the láter stages. As compared
with the solar type G the Sirius stars are 12 times, the stars which
"form the transition to the Orion stars 38 times and lastly the a Orionis
type 250 times as bright. This result is in good harmony with the
hypothesis that one star goes successively through the different conditions from class 1 to class XIV; we then must accept that the
density becomes less as we come to the lower classes. Whether the
temperature of the Orion stars is higher than that of the Sirius stars
or lowel' cannot. be derived from this result; even in the latter case
it may be that the larger surface more than counterbalances the
effect of smaller radiation. This must be decided by photometl>ic'
measurements of the spectra. As the Wolf-Rayet stars follow next
to c1ass I, an investigation of their proper motion, promised by
KAPTEYN, will be of special interest.
Past the G stars, the sola1' type of' the series, the brightness again
inc1'eases. The vaIues obtained here for q confirm in this respect the
,results of MONCK and HERTZSPRUNG.
1) Publications Yerkes Observatory. Vol. H. p. 105.
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Against the evidence of the q's only one o~jection can be made,~
narnely that these classes K and :M might have a proper motion
in common with the Sl\l1, so th at q would not be a good measure
for the distance. A priori this objection is improbable but it may be
tested by material, which, though otherwise of small vatue, may for
this kind of investigations yield very valuable conclusions on this
point, namely the directly measured paralla:x.es. HERTZSPRUNG gives
mean values of the measured paralla:x.es reduced to magnitude 0,0 j
by the side of these we have given the values for somewhat different
groups del'Îved from our 3l4.0:
Obsel'ved

U-IV
IV -VI
VII-VIII
IX-XI
XII-XIII
XIV
XV
XVI
XVII-XVIII

:lro 0

0".0255 (6)
0 .106 (5)
0.153 (10)
0 .226 1) (6)
0 .442 (2)
0 .567 (5)
0 .:151 (8)
0 .171 (3)
0 .115 (3)

Derived from q no.o

I-III
IV-V
VI-VIII
IX-XII

0".021
0.054
o .094
o .21

XIII-XIV D .33
XV
0.14
XVI-XX 0 .096

In general HERTZSPRUNG'S nllmbers are somewhat larger, tb is can
be easIly explained by the Clrcumsiance that many parallax es measured
in consequence of their large proper motions WIJl probably be above
the mean. It appeal's sufficiently deal' fr om this, at any rate, that
also the directly measured pal'aIIaxes mal'kedly point at an increase
of bl'ightness past class XIV, and that there is not tbe least ground
to assume for the other groups a motlOn 111 common wUh the sun.
It is therefore beyond doubt that the K and M stars have a
greater intrinsIc brilliancy than the F and G stars. MONCK derives
from this fact that they have a greater radiating power, because
about the same value for thc masses is del'ived from the double stars.
That the latter cannot be derived from the double stars wiU
appeal' hereafter. Moreover MONCK'S conclusion of the greater radiating
power of the K and lVI stars is unacceptable. In incandescent bodies
this racliating power clepends on the tempel'ature of the radiating
layers and of tbe atmospheric absorptions. WIth unimpaired radiance
a greater amount of radiatian is aceompanied with bluer light (because
the maximum of radiation is disp1aced towards the smaller wavelengths) as bath are caused by the higher temperature. The general
absorption by an atmosphere is a1so largest fol' the smaller wavelengths, so that wben aftel' absorption the percentage of tbe remain-
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ing light is less, the colour of the radiated light will be redder.
Therefore it is beyond doubt that a redder colour corresponds at
any rate with a less degree of radiance pel' unit of sUl'face.
Then only one explanation remains: the ]( ancl]1 stars (the 1'eclde1'
nd
2 type sta?'s like Al'ctu1'ltS ancl the 3rd type) [Jossess on an average
a rnuch larger surJace and vohtrne titan the otIl el' 2nd type sta?'s oJ
the classes F and G. This result is at variance with the usual
representation of stellar evolution according to which the redder K
and later the M stars are developed fi'om the yellow-white F and G
stars by furthel' contmction ,and cooling.
~

6. A further examination of the constitution of these stars shows
us that it is improbable that they should possess a vel'y small
density; the low temperature, the stl'ongly absorbing vapours point
to a stage of high condensation. These circumstances lead to expect
greater (with regard to the F and G stars) rather than less density.
From the larger volumes it then follows that the ]( ancl ]1 stars
have rnuch lm'ger masser; titan the F's and G's. This result is the
more remarkable in èonnection with the conrlusion derived above
about their greater mean velocity. If the stars of our stellar system
form a group in the sense that their velocities within the group
depend on their mutual attraction, we may expect that on an
average the velocities will he the greater as the mabses are smaller.
No difûculty from this arises for the Orion stars with small speed,'
because the same circumstances which allow us to ascribe to them
a mass equal to that of the A, F and G stars, enable us likewise
to ascribe to them a larger mass. The Kstars which have both
a greater mass and a greater velocity are characterized by this
thesis as belonging to a separate group, which through whatever
reason must orzginally have been endowed with a greater velo city .
Arcturus with its immeasurably srnall parallax and large proper
motion is therefore through its enormously great lineat' velocity and
extraordinary luminosity an exaggerated type of this entil'e class, of
which it is the brightest representative. Therefore it would be worth
while to investigate separately the systematic motions of the Kstars
which hitherto have been classed without distinction with the F aud
G stars as 2nd type.
If this result witq regaI'd to the greater masses of the K and M
stars should not be confirmed, the only remaining possibility is the
supposition that the de12Sity oJ tltese stm' is e.vt?'emely smalt. In this
case their masses might be equal to that of other stars and they
may represent stages of evolution of the same bodies. Where
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they ought io be placed in the series of evolution l'emains a I'iddlé.
Tbere is a l'egulal' continuity in the series F-G-K-M; and according as we suppose tbe cle\'elopment to take place in one direction
or in the otber we find in the transition G-K either cooling accompanied with expan&ion, Ol' heating accompanied with contraction. The
puzzling side of th is hypothesis can also be expressed in the füllowing way: while in thc natural development of the celestial bodies,
as we concei"e it, the temperature has a ma~imum but the density
continuously increases, the values obtained here would according
to this interpretation point ar a maximum density in the spectral
classes F and G.
.
In Vol. Xl of Astronomy and Astrophysics MAUNDER bas drawn
atLention to several circumstances, which indicate that tbe spectral
type rather marlrs a diffe1'ence in constitution than difference in the
stage of dcvelopment. "There seems to me but one way of I'econciling all these different circumstances, viz.: to suppose that spectrum
type does not primarily or usually denote epoch of stellar life, but
rather a fundamental difference of chemical constitution" 1). One of
the most important of these facts is that the various stars of the
Pleiades, which widely differ in brightness and, as they are lying at
the same distance from the sun, also in actual I'olnme show yet
the same spectrum. The result found here confirms his supposition.
One might feel inclined to look fol' a cel'tain relation between
these K and M stars and the estars, which, according to HmRTZSPRUNG,
have also a IDl1ch greater luminosity, hen ce either less density or
greatel' mass than the similar a stars i and the more so as these estars
reach no further than class XIII. Yet to us this seems iIDprob~ble;
the K stars are numerons, they constitute 20 % of all the stars,
while the e stars are rare. Moreover the spectra of all the Kstars
.are with regard to the relative intensity of the metallic lines perfectly
identical with the a stars of pl'eceding classes sncb as the sun. and
Oapella. Therefore it as yet 1'emains undecided to which other
.spectra we have to look for othe1' phases in the K star lives and
to which spectra for those in the e star! l~ves. Tbe estars, except a
few, are all situated in or neal' the l\!Iilky Way: this characteristic feature
they have in common with the W olf-Rayet stars and also with the
4 th type of SECCIiI (Vogel's IJIb), although these. spectra have no lines
in common which would suggest any rel at ion between them.

§ 7. The constitution found here for the A.rcturian stars among
{he third type stars may pel'haps be tested by means of other
_ 1) Star~ of the first and .second. types of spectrum. p. !50.
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data, namely by those derived from the double star!';. The optically
double stars cannot however teach us anything about the masses of
the stars themselves as will appeal' from the following consideration
'(also occurring in "The Stars" by NmvcoMB). Let us suppose that a
binal'Y system is n times as near to us, while all its dimensions
become n times as smalI, but that the density and tlle radiation
remain the same. Then the mass will diminish in the proportion of na to 1, the major axis of the orbit a in the proportion
of n to 1 and hence tl?-e time of revolution remains the same;
the luminosity becomes n 2 times as smalI, therefore the apparent
brightness remains the same as weIl as the apparent dimensions of
ihe or bit, in other words: it will appeal' to us exactly as it was
before. Rence the mass cannot be found independently of the
distance. Let a be the ang~lar semi-major axis, M the mass, P
the. time of revolution, ó the density, }. the radiating power, 3t the
parallax and (! the radius óf the spherical volume of the star, th en
we shall have:

a3

:;r3M

= -;
pz the mass :fl{ is a constant value X

the apparent brightness H is a constant X
this the parallax and the radius, we find
p4
}.3
H3_=e-.
6
2
a

:;r2(2)..

(!3 Ó,

Eliminating from

d

'I'hu$ from the known quantities: elements of orbit and brightness,
- wé derive arelation between the physical quantities: density
and radiating power, independently of the mathematical dimensions. This relation has been derived repeatedly. In the paper

cite~

before

MAU~DER

gives values fol' the density ó

= e (~J/2 ;:

in the supposition of equal values of ).; he found for the Sirius stars
(1 st type) 0,0211, for 1he solar stars (all of the 2nd type) 0,3026,
hence 14 times as large 'on an a"erage; we can also say th at
when we assume the same density the radiatiug power of the
·Sirius stars would be 6 times as large; the exact expres sion would
be that the quotient }.3jlJ2 is 200 times as large for the Sirius stars
as for the solar stars.
In a different form the same calculátion has been made by
Hl!JRTZSPRUNG by meanS of AITKEF's list of binary system elements 1).
Bl' means of - 2,5 log H = 'In he introduces into his formula' the
stellar magnitudes; if we put in the logarithmical form
1) Lick Observatory Bu11etin Nr. 84.

10
Proceedings Royal Acad. Amsterdam. Vol. IX.
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3 log Ii

= const. + 3 log). m ...:::.. Is log P + 5 log a = m r
= const. - 2,5 log). + 5/3 log ó.

+ 4 log P -

6 log a

2 log ó

10

then we have mr
If we arrange the values of 117'1 aftel' the spectra according to the
Draper c.ataloglle (for the Southern stars taking CANNONj according
to the brightest component a Centauri was reckoned to belong to
elass G), we find as mean values:
Class A
- 2.92 (9 stars ~ 4.60 to -1.09)

"F

-1.32 (19

"

- 3.61 "

+ 0.14)
+

"
G and E - 0.49 (11 " -1.60"
1.28)
The 3 stars of the type K (with H) give - 4.88 (y-Leonis),'
-1.05 and
0,87, henee diifer so widely that no valuable result is.
to be derived fi'om them. To the extraordinarily high value for
).3/d 2 given by y Leonis attention has repeatedly been dl'awn.
While fOl' a great numbel' of stars 01 the other classes the extr~me
values of rn r diifer by 3.5 magnitudes we find that y Leonis differs.
by 5 magnitudes from the" mean of the two other values, that is to
say: its radiating power is a hundred times as large, or its density
is a thousand times as smaIl as for these othel' stars. For the classes
A and F we find that ).3/d 2 is 640 and 8 times respectively as large
as for class G; concillsions about class K as a whoie, such a~ are especially
wanted here, cannot be deriyed from it. It may be that an investigation of binal'y systems with partially known OI:bit motion (for which
we should require auxiliary hypotheses) would yield more results.
About the mass itself, howevel', something may be del'ived from
the spectroscopie binary systems. The elements del'ived from observation a sin i--and P directly yield M sin 3i; as it is improbable that
th ere should be any relation between the type of spectrum and the
angle bet ween the Ol'bit and the lille of sight we may accept the
mean of sin ai to be equal for all groups. For systems ofwhich only
one component is" visible, the element derived from' observation
contains another unknown quantity, viz. the relation fJ of the mass.
of the invisible to that, of the visible star. If a is the semi major
axis of the Ol'bit of- !he visible star J rOlmd the common centre of
gravity, we have

+

I,

W

a 3 sin ai

--= .Af. (L+fJ)2 sin Si.
p2
It is not perfectly certain, of course, that on an average f1 is the
same for all classes of spectrUlll; if this is not the case the M's
may behave somewhat different from the values of
here.
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Unfortunately, of the great nl1mber of spectroscopie double stars
discovered as yet (in Lick Observatory Bulletin N°. 79 a numbel'
of j 47 is given) the Ol'bit elements of only very few are knownt
They give, arranged accol'ding to their spectra:
Grollp U-IV (B)
Orion type
o Persei
0.61
2.51
120 rionis
Ó Orionis
0.60
f1Lyrae
7.85
a Virginis
0.33
V Puppis
34.2

Grollp VI-VIII (A)
Sirius type
Ij Al1rigae
056
(3.J1) 1)
~ Ursae
Algol
0.72
a Androm. 0.36 2 )
lt 2 Gemin.
0.002

G).'oup XII-XIV a (F-G)
Solar type
a Aurigae
0.185
X Draconis 0.120
(W Sagittarii 0.005)
(X Sagittarii 0.001)
L Pegasi
0:117
0.234
"I Pegasi

r

Group XII-XIV ac
a,Ur5ae min. 0.00001
~Geminorum 0.0023
12 Aqllilae
0.0029
óCephei
0.0031
Group XV (K)
f1 Hel'culis
0.061

Of the Kstars only oue representative occurs here, so neither
this material offers anything that could help us to test the results
obtained about this stellar type. Bnt all the same, so.me remarkable
conclusions may be del'ived from this tabie. It appears here th at
notwithstanding their smaH number the Orion stars evidently surpass
the othel's in mass, while the Sirius stars seem a1so to have a somewhat greater mass than the sola1' stars. Very striking, howevel',
is the small mass of the estars approaching towal'ds a. Rence tlw'

c sta1'S combine a vel'y great luminosity with a very small rnass, and
consequently tlwil' densitYu1.n?tst be excessively smalt., If it should be
not merely accidental that the th ree regularly variable stars of short
period, occurring in MAURY, all happen to show c characteristies
and a real connection should exist between this particularity of
spectrum and the variability, we may reasonably include into the
1) In the case of ~ Ursae a has been taken equal lo the semi major axis of the
relative orbit; hence this number is proportionally too large by an unknown
" number of times.
'2) Assumed period 100 days, velocity in Ol'bit 32.5 kilometres.
I
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group Wand X Sagittal'ii which also yield smaIl values; as has
been l'ernarked, for the southern stars na distinction is made between
the a and the estars 1).
We may expect that within a few yêars our knowledge of the
orhits of the spectroscopie double stars wIli have augmeITteo'-considerábly. Then it will be possible to derlve cónclusions like th~
found here from much more abundant material, and also to arrive
at same certainty about the mean ma.ss of the Kstars. With regard
to the latter our results show at any rate th at in investigatiolls on
grouping of stars and stellar motions it will be necessarr not to
('onsider the 2nd type as one whoie, but always to consider the
F and G stars apart from the redder K stars.
1) In this conuection may be mentlOned that m 1891 tbe autbor tbought be
detected a variabllity of a Ursae min ons with a perlOd of a httIe less tban 4 days.
Tbe small amplitude and tbe great influence of blased opinions on estimations of
brlgbtness aftel' ARGELANDER'S method m cases of short periods of almost a full
numbel' of days, made it imposslble to ohtain cel'tainty in elthel' a positive or a
negative sense. CAMPBELL'S discovery tbat lt is a spectroscopie binary system with
a perlOd of 3d 23h 14m makes me thmk tbat it bas not been wholly au illusion.

ER RAT A.

In the Proceedmgs of the Meeting of June, 1905, p. 81:
Hlle 7 from) top, read: "cooled by conductlon of heat",
" 16 "
" for: "E'lJh' Plo IV" read: "Exh' PI. VI".
In Plate V belonging to Communication N°. 83 from the physical
laboratory at Leiden, Proceedings of the Meeting of February 1903,
p. 502, the vacuum glass Bo has been drawn 18 cm. toa long.

(August 21, 1906).
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