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JISTER VACATION WORK AT
| PORT ERIN.

) Easter vacation party at the Port Erin Bio-
jeical Station has this year been larger than
ffore, and has carried out a longer programme
k& both in the laboratory and on the seashore,
bthe last few weeks (March and April) the
¢ of researchers and senior students enrolled in
gks of the station has reached the record total
t-five, including half a dozen professors and
‘university lecturers and demonstrators, while
of the total number were post-graduate
Altogether twelve universitigs or univer-
blleges have been represented. Practically all
jior students and post-graduate workers of the
4l and zoological departments of the Univer-
{ Liverpool, under Profs. Harvey Gibson and
an, migrated to the Port Erin laboratory for
ation. Prof. Cole brought a considerable con-
‘from the University College of Reading, and
sart Thomson a number from Manchester ; Mr.
g came with some students from University
g, Nottingham, and smaller groups came from
gham, Cambridge, Oxford, Bristol, Bangor,
. London, and Meibourne. In addition to the
fory work of the students and their collecting
fions on the seashore, the activities of the bio-
| station at this time of year are threefold :
he flat-fish hatching (seen at its best during
'and April); secondly, the plankton investiga-
bing on at sea from the s.y. Runa; and thirdly,
pecial investigations of the post-graduate re-

spawning of the mature plaice in the open-air
nds started at the beginning of February this
at least a fortnight earlier than usual, and it is
means finished yet.  Already more than eight
8 of eggs have been skimmed from the ponds,
out seven ‘millions of young fish have been set
y the sea round the south end of the Isle of

: at sea was much hampered by bad weather
f the earlier part of the time, and it was some-
difficult to get the periodic plankton hauls taken.
& now the eighth year of Prof. Herdman’s
¢ of intensive study of the nature and distribu-
f the plankton, of which it is hoped to com-
én years’ statistics before winding up the inves-
m Up to the present the phytoplankton this
 has been characterised by the prevalence of
ddition to the collecting and recording of rare
e both of animals and sea-weeds, which has
n very much as in former years, there has
large amount of special investigation both at
d in the laboratory on the part of those who
aged in the preparation of L.M.B.C. Memoirs,
0 of others who are at various researches. For
¢ Mr. R. D. Laurie has been making observa-
g the movements of Amphidinium in the sand,
T. Burfield has been working at Sagitta, Miss
bat Archidoris, Mr. . G. Jackson on Decapod
in the plankton, and Prof. B. Moore and Mr.
tley on the nutrition of marine animals and
dations in the alkalinity of the sea-water. The
r on Echinoderm larvze which Mr. Chadwick
gn engag=d on for some years is now in the
% hands, and will be published at an early
' The pressure on the laboratory accom-
on has been very great during this vacation,
¢ need of further extension of the building is
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RELATIONS BETWEEN THE SPECTRA AND
OTHER CHARACTERISTICS OF THE

STARS. *
I
Historical.
NVESTIGATIONS into the nature of the stars
must necessarily be very largely based upon the
average characteristics of groups of stars selected in
various ways—as by brightness, proper motion, and
the like. The publication within the last few years
of a great wealth of accumulated observational mate-
rial makes the compilation of such data an easy pro-
cess: but some methods of grouping appear to bring
out much more definite and interesting relations than
others, and, of all the principles of division, that
which separates the stars according to their spectral
types has revealed the most remarkable differences,
and those which most stimulate attempls at a
theoretical explanation.

In the present discussion, 1 shall attempt to review
very rapidly the principal results reached by other
investigators, and shall then ask your indulgence for
an account of certain researches in which I have been
engaged during the past few years.

Thanks to the possibility of obtaining with the
the spectra of hundreds
of stars the
spectra of which have been observed and classified
now exceeds one hundred thousand, and probably as
many more are within the reach of existing instru-

' ments. The vast majority of these spectra show only

dark lines, indicating that absorption in the outer and
least dense layers of the stellar atmospheres is the
main cause of their production. Even if we could not
identify a single line as arising from some known
constituent of these atmospheres, we could nevertheless
draw from a study of the spectra, considered merely
as line-patterns, a conclusion of fundamental import-
ance.

The spectra of the stars show remarkably few
radical differences in type. More than gg per cent. of
them fall into one or other of the six great groups
which, during the classic work of the Harvard Col-
lege Observatory, were recognised as of fundamental
importance, and received as designations, by the pro-
cess of ‘‘survival of the fittest,”” the rather arbitrary
series of letters B, A, F, G, K, and M. That there
should be so few types is noteworthy; but much more
remarkable is the fact that they form a continuous
series. Everv degree of gradation, for example, be-
tween the typical spectra denoted by B and A may
be found in different stars, and the same is true to
the end of the series, a fact recognised in the familiar
decimal classification, in which Bg, for example,
denotes a spectrum half-way between the typical
and A. This series is not merely con-
tinuous; it is linear. There exist indeed slight differ-
ences between the spectra of different stars of the
same spectral class, such as AO; but these relate to
minor details, which usually require a trained eye for
their detection, while the difference between successive
classes, such as A and F, are conspicuous 10 the
novice. Almost all the stars of the small outstanding
minority fall into three other classes, denoted by the
letters O, N, and R. Of these O undoubtedly pre-
cedes B at the head of the series, while R and N,
which grade into one another, come probably at its
other end, though in this case the transition stages,
if they exist, are not yet clearly worked out.

From these facts it may be concluded that the prin-

* An address delivered before a joint meeting of the Astronomical and
Astrophysical Society of America and Section A of the American Association
for the Advancement of Science, at Atlanta, Georgia, December 30, 1913,
with a few additions, by Prof. H, N. Rus-ell.
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cipal differences in stellar spectra, however they may
originate, arise in the main f{rom variations in a
single physical condition in the stellar atmospheres.
This follows at once from the linearity of the series.
If the spectra depended, to a comparable degree, on
two independently variable conditions, we should
expect that we would be obliged to represent their
relations, not by points on a line, but by points scat-
tered over an area. The minor differences which are
usually described as ‘‘peculiarities” may well repre-
sent the eflects of other physical conditions than the
controlling one.

The first great problem of stellar spectroscopy is
the identification of this predominant cause of the
spectral differences. The hypothesis which suggested
itself immediately upon the first studies of stellar
spectra was that the differences arose from variations
in the chemical! composition of the stars. Our know-
ledge of this composition is now very extensive.
Almost every line in the spectra of all the principal
classes can be produced in the laboratory, and the
evidence so secured regarding the uniformity of nature
is probably the most impressive in existence. The
lines of certain elements are indeed characteristic
of particular spectral classes; those of helium, for
instance, appear only in Class B, and form its most
distinctive characteristic.  But negative conclusions
are proverbially unsafe. The integrated spectrum of
the sun shows no evidence whatever of helium, but
in that of the chromosphere it is exceedingly con-
spicuous. Were it not for the fact that we are near
this one star of Class G, and can study it in detail,
we might have erroneously concluded that helium was
confined to the ‘‘helium stars.”  There are other
cogent arguments against this hypothesis. For
example, the members of a star-cluster, which are all
moving together, and presumably have a common
origin, and even the physicallv connected components
of many double stars, may have spectra of very
different types, and it is very hard to see how, in
such a case, all the helium and most of the hydrogen
could have collected in one star, and practically all
the metals in the other. A further argument—and
to the speaker a very convincing one—is that it is
almost unbelievable that differences of chemical com-
position should reduce to a function of a single vari-
able, and give rise to the observed linear series of
spectral types.

I need not detain you with the recital of the steps
by which astrophysicists have become generally con-
vinced that the main cause of the differences of the
spectral classes is difference of temperature of the
stellar atmospheres. There is time only to review
some of the most important evidence which, converg-
ing from several quarters, affords apparently a secure
basis for this belief. .

The first argument is based upon the behaviour of
the spectral lines themselves. To appreciate its full
force, one must familiarise himself with a multitude
of details. A typica' instance is that of the heavy
bands in the region of longer wave-length, which are
the most characteristic feature of spectra of Class M,
appear faintly in Class K3, and are absent in Class K
and all those higher in the series. Fowler has shown’
that these bands are perfectly reproduced in the spec-
trum of the outer flame of an electric arc charged
with some compound of titanium, while the spectrum
of the core of the arc, though showing conspicuously
the bright lines of titanium, does not contain the
bands. Here we are evidently dealing with some
compound—perhaps titanium oxide—the vapour of
which is present in the relatively cool flame of the
arc, and emits a spectrum of the banded type, char-

1 Proc. Roy. Foc., vol. lxxii., pp. 219-225, 1904,
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acteristic of compounds, while in the hotter cored
dissociated, and only the lines of the metal are 8
There seems then to be no escape from the concl
that the atmospheres of stars of Class M are
enough to permit the existence of this compound,
hence cooler than the core of the arc, and that
temperature of its dissociation is approached
Class Kg, and surpassed in Class K. In ges
those metallic lines which are relatively strong i
spectra produced in the oxyhydrogen flame or
electric furnace are also strong in spectra of Cla
M and K ; the lines most prominent in Class G arel
typical arc lines; and the relatively few metallic’l
which persist into Classes A and B are those Wi
appear exclusively, or with greatly enhanced intens
in the spark spectra of the laboratory. i

The second line of evidence is alforded by thel
tribution of intensity ih the continuous backgr
of the spectra, the differences of which from type
type are obvious to the eye as differences in the cok
of the stars. This characteristic is fortunately cap
of accurate measurement. For the brighter st
spectro-photometric comparisons may be made wil
terrestrial light-source the energy curve of which
known, as has been done visuallv by Wilsing @
Scheiner,? and photographically bv Rosenberg.’ M
fainter stars may be reached by the comparison
their brightness as measured visually (or on
chromatic plates with a suitable colour-screen), &
photographically on ordinary plates. The *colo
index " so obtained, which expresses, in stellar mé
nitudes, the relative photographic brightness of §
of equal visual brightness, is found to be veryi
mately related to the spectral type, the differen
within each spectral class being scarcely greater th
the errors of observation, The results of King,* Pa
hurst,® and Schwarzschild,® working with diffes
instruments and on stars of very different brightng
are in excellent agreement, as is shown in Tabie
The near approach to equality among*the differen
in colour-index from class to class is very remarkal
when it is considered that these types were pid
out somewhat arbitrarily according to the gent
appearance of the photographic spectra. The jud
ment of the Harvard observers in selecting the rea
important points of difference was evidently very got

Tasre 1.
T Colour-index Temperaimm
iy King  Parkhurst Schwarzschild
Bo —0132 20,000
Bj — 017 — 021 —0-20 14,000
Ao 000 0-00 0-00 11,000
Asg 019 023 020 0,000
Fo 030 043 0-40 7,500
Fs 042 0-65 o0-60 6,000
Go 0572 0-86 0-84 00
Gg 0-98 107 110
Ko 1-10 1-30 I-35
Ks 1-62 15T 1-80
M 1-62 1-68
N 2:5

If the spectral sensitiveness of the plates used
such investigations has been determined (as Pad
hurst has done) it is possible to calculate the tempen
ture at which a black-body would emit light of {
same colour as that observed; and similar calculatios
can be made, with greater accuracy, from the spects
photometric data. The last column of Table I. g
the effective temperatures thus derived (based main
on the work of Wilsing and Scheiner). The absolu

2 Potsdam Publications, vol. xix., part 1. 5 A.N., 4628, 1913,

4 Harvard Annals, vol. lix., p. 179.
5 Astrophys. Jour,, vol. xxxvl.,ﬁ. 218, 1912,
6 Gottingen Aktinometrie, T'eil B, p. 10.
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core it is fues of the temperatures herc given may be con-
are seen, prably in error, cspecially at the top of the scale
onclusion fact, Rosenberg’s work indicates a much greater
are coo wee), but there can be no doubt about the relative
und, anc fer.

that the 0f a third independent confirmation of the tempera-
ached in w hypothesis, based on the determination of the
- general, irlace brightness of the stars, I shall have occasion
ng in th speak later.
e or the It should be expressly stated that the ™ tcmpera-
f Classes tes" here spoken of are the effective ‘* black-body ™’
G are the mperatures corresponding to the spectral distribu-
allic lines m of the radiation. Unless the surfaces of the stars

sess decided selective emissivity for certain wave-
gths, these effective temperatures should also indi-
% with tolerable accuracy the energy-densily of
e flux of radiation which escapes from them. This
s us little about the temperature of the decper
wions: but it must be the main, if not the only,
glor in determining the temperature of those outer
i nearly transparent layers of the atmospheres in
hich the characteristic line absorption takes place.
L we further assume, in accordance with Abbot’s
dies of the solar atmosphere,” that the absorption
pearly complete in so small a thickness of the
z. Lch mosphere that wide variations in its depth and
i ssity would modify its total absorption but little,
becomes easy to see how the influence of its tem-
pature (which presu. _bly determines the relative
rength of absorption in different lines) may pre-
minate so greatly over all that of all other factors

s of p determining the spectral type.
very We may now review rapidly some of the relations
liffer: ich have been brought to light between other

wracteristics of the stars and their spectral types.
irst, as regards the relative numbers of stars of the
flerent classes, we have in Table [I. some results
‘oounts made at Harvard.®

; Taere I1.

~ Spectrum B - Bk - g R

0, above 3.25m. 3.6~ 42 T36 ‘20 " 3RCI2ET0
re i . b2sm. 20 696 1885 720 609 1719 457 8
= grcentage in

Galactic region 100 82 66 57 58 56 54 87

Olasses A and K make up more than half of all the
ars brighter than 625 m—that is, of the stars visible
 the naked eye. The remaining stars are divided
ﬂ,, evenly among the other four principal classes,
jile only one star in 300 is of Class O, and only one
(800 of Class N. The relative proportions of the
‘t. classes are, however, different in different
its of the heavens, as is indicated by the last line
| the table, which give the percentage of stars of
ich class which lie in a belt covering one-half of the
jestial sphere, and extending for 30° each side of the
jlky Way. All the stars of Class O are close to the
atral line of the Galaxy (except for a few in the
ggellanic Clouds). The stars of Class B are very
ongly concentrated in the galactic region ; those of
fass A are considerably so; those of the following
sses very little, except in the case of Class N (for
fich the tabular percentage is derived, not from the
ight brightest stars of this class alone, but from a
gh lar~er number of fainter ones).’

The relative proportions of the different classes vary
o with the apparent brightness of the stars. Among
 stars brighter than 3-25m., as the table shows,
s B has more representatives than any other; but
 percentage of this type steadily diminishes as
e pass to fainter stars. The percentage of stars of
gs A at first increases with diminishing visual

7 Abhot, ** The Sun,” p. 252, 1911,
8 Harvard Annals, vol. Ixiv., p. 134.
% Harvard Annals, vol: lxv1., p. 213
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| Table III.

brightness; but there is good reason to believe that,
at least in regions remote from the Galaxy, the rela-
tive proportion of these too falls off rapidly in the
neighbourhood of the ninth magnitude'; and Fath’s
work on the integrated spectrum of the Milky Way **
shows that, even there, the bulk of the very faint
stars which form the galactic clouds must be of
Secchi’s second type (F, G, or*K).

Counts of-the stars down to any given magnitude
may, however, be very misleading unless we bear in
mind the cnormous preference which this method of
observation gives to the stars of great actual
luminosity, which can be seen afar off, and hence are
being sought in a much greater volume of space than
those of small luminosity. A difference of but five
magnitudes in the real brightness of two groups of
stars oives the brighter kind (if both are uniformly
distributed in space) a thousand-fold better chance of
getting into our catalogues; and this example under-
states the actual conditions in some cases. Mere
counts of stars need therefore to be supplemented by
such knowledge as we can obtain concerning their
distances,

Much information can be obtained from the average
proper-motions of the stars of the various classes, and
still more by deriving their average parallaxes from
the mean parallactic drift due to the motion of the
solar system in space. Studies of this character have
been made by severa! investigators of the first rank.
Their results, which are summarised in Table IIL.,
show certain apparent discrepancies, which, however,
arise principally from differences in the methods
according to which the various workers have selected

| the groups of stars for investigation.

, Taere III.

Mean certennial proper-

o2

Mean parallax

ﬁ,ﬁ Kapteyn "ﬁ::;:“x rejected Kapteyn Boss Campbell rej.
i i i ]
o) R 0-004
B 26 24 ©0 0007 o007 ©o0b o
A B8 45 -3 o010  ©00I0 0016 3
F 148 77 28 0012 0035 3
G 2.0 5§52 20 } 0022 o008 0022 8
K 130 57 6 o-olo 0015 9
M g.g 50 6 0011 0008 0011 3
N 32 00007

Kapteyn’s data *? represent the mean proper motions
and parallaxes of all the stars of the fifth magnitude
of each class, except for Class N, in which, to get
enough stars, it was necessary to include faint objects,
so that the average magnitude is here 8-3. His results
show a conspicuous maximum of average proper-motion
and parallax for Class G, with a rapid fall on both
sides of it. The stars of Class N would have to be
brought about five times nearer to appear as bright as
the others, but even then they would have the smallest
mean parallax of all.

Boss,' in his investigation of the solar motion, had
at his disposal very accurate proper-motions of all

' the stars down to §~m., and about half as many more

between this and the seventh magnitude. The average
magnitude of his stars is therefore nearly the same
as that of Kapteyn’s. But, for very cood reasons, he
excluded from his main solution all stars with proper-
motions exceeding 20" per century. The percentage
of stars thus excluded (which differs greatly from
class to class) is given in the fourth column of
It is natural that this often drastic rejec-
tion of the large proper-motions, and hence in general
W0 Astronomical Journal, vol. XX¥iey P 153 IQIO,

11 Astrophys. Jowrnal, vol. xxxvi., pp. 362-367, 1912

12 A4 st phys. fournal, vol. xxx., p. 295 : vol. xxxil., p. g1, 1909-10.

18 Astyomomical Jowrnal, vol. xxvi.. pp. 187-2c1, 1911, The mean proper-

motions of the few stars of Classes O and N which appear in Boss's Cata-
logue have been added by the writer,
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of the nearer stars, should greatly diminish his mean
values. Among the classes in which the mean proper-
motion is small, the percentage of exclusion is also
small, and the results are but little modified. But it
is .noteworthy that the exclusion of 6 per cent. of the
stars of Class K has reduced the mean proper-motion
in a greater ratio than that of 28 per cent. of those
of Class F, and also that the removal of one-fifth of
the stars of Class G decreases the mean for the
remainder to less than one-fifth of its initial value.
It apvears from these results that a large majority of
the stars of Classes F, G, and K have nearly, if not
quite, as small parallaxes and proper-motions as those
of Classes A and M, though they are not quite so
remote as the stars of Class B. The large mean
values obtained for all the stars of these classes are
due to the presence of a relatively small proportion of
near and apparently rapidly moving stars, of which
the percentage decreases, but the mean proper-motion
and parallax increase, from F to K.

Campbell’s results '* are derived from a comparison
of the radial velocities and proper-motions of nearly
1200 stars, mostly brighter than the fifth magnitude,
and averaging about a magnitude brighter than Boss’s
stars, which would lead us to expect that their mean
parallaxes should be 40 or 50 per cent. greater. In
his work, “a few stars having proper-motions ab-
normally large for their classes were omitted in
accordance with definitely set limits™ (which unfor-
tunately are not described more specifically). The
approximate percentage of exclusion is given in the last
column of the table. It appears on inspection that the
differences between Campbell’s and Boss’s results for
stars of Classes A, K, and M arise mainly from the
greater brightness of Campbell's stars: those for
Classes F and G are due mainly to the different per-
centages of exclusion, and that the only significant
difference is that Campbell’s B stars, though averag-
ing much brighter to the eye than Boss’s, have a
slightly smaller mean parallax, and therefore must be,
on the average, of greater real brightness.

Closely allied with these investigations is the deter-
mination of the mean peculiar velocity of the stars of
each spectral class. The results of Boss and Campbell,
reached almost simultaneously, and from quite in-
dependent data—proper-motions in one case and radial
velocities in the other—are in extraordinary agree-
mient. The values found for the average component
of motion in any arbitrary direction are (in kilometres
per second) :—

Spectrum B A F G K M
Campbell 65 105 144 159 168 171
Boss 63 102 162 186 151 I

The rapid increase of the mean velocity from B to
F is very remarkable. The slow further gain from
F to M would attract little attention if it were not in
the same direction.

It should here be added that the phenomenon known
as preferential motion, or “star-streaming "—the ex-
cess of the average peculiar velocity of the stars in a
certain direction above these in the perpendicular
directions—is almost absent in Class B, vervy con-
spicuous in Class A, and somewhat less so in the
following classes, being partially concealed bv the
greater average magnitude of the velocities,

Another notable difference between the various
spectral classes may be found in the number of binary
stars, both visual and spectroscopic, among them.
We may distinguish two classes of visual double stars
binary stars for which orbits have been computed
(with periods rarely exceeding two centuries), *and
physical pairs, the real connection of which is proved

14 Lick Observatory Bulletin, vol. vi., P 134, IQIT.
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' by common proper-motion, but the relative mofi
| ot which are slow, and periods long—probably of
thousands of years., The counts of the two di
here given are from a list prepared in the cours
my work, and include all stars for which the g
sary data could be obtained, including many &
for which unpublished observations of specira
been generously furnished me from Harvard, |
the spectroscopic binaries, Campbell’s counts
been taken from his catalogue of 1910.* Thep}
clude all the systems the periods of which were th
known, and are divided into two groups, one includig
all the periods of which are less than ten days, &
also all those the periods of which, though not exa
known, are described as short; the other all}
known periods exceeding ten days, and those whi
though not precisely determined, are known o

long.

TasrLe 1TV,

Seorum e i Shon e g
B O i 52 %R 33 o Is'
A 14 152 S 1y
F 33 o R 0
G = 7 T 8 14
K O 62 o 13
M . o en I 0

It appears that, in Campbell's picturesque pha
visual double stars of relatively short period “ahh
Classes B and M, the greatest number being of Ol
F, with G a good second. Among the physical pai
of long period, the most favoured class is A, Clas
is abundantly represented, and Class M very sparing

The percentage of stars which are found fo}
spectroscopic binaries is very probably greater amos
Classes B and A than lower down the list. As
goes on, indeed, more and more of the stars of the
‘*later " types arc found to be spectroscopically doul
but of long period; but among these classes the dels
tion of such systems, where the range of velocity!
small, is much easier than among the stars of the fi
type, the iines of which are diffuse. In any case it}
certain that short periods are almost confined |
Classes B, A, and F, and are especially abundant§
the first of these. The few short-period stars§
Class G which appear in the table are all Cephd
variables, most of which were selected for observatiy
on this account, and would not otherwise have @
into the list.

Finally, we may note that, among variable sta
those of the eclipsing type, such as Algol or B
Lyree, are for the most part of Classes A and
though there are a number of Classes F and G, a
one at least of Class K; that the Cepheid variahl
are almost all of classes F and G, with a few A%
K’s; and that almost all the irregular variables, a
all the variables of long period, are of Classes M ar §
Stars of Class M the spectra of which show hrigh
hydrogen lines are without exception variable, a
almost all the stars of Class N are also subjectd
changes in brightness.

(To be continued.)

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

CAMBRIDGE.—Dr. James Ward, professor of mens
philosophy and logic, has been nominated to represe
the University on the occasion of the celebration @
Oxford on June 10 of the seventh centenary of the
birth of Roger Bacon, and Dr. Sorley, Knightbridg
professor of moral philosophy, to represent the Univer

13 Lick Observatory Bulletin, vol. vi., p. 38, 1910,
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RELATIONS BETWEEN THE SPECTRA AND
OTHER CHARACTERISTICS OF THE
STARS.*

I1.

Brightness and Spectral Class.

AVING thus made a rapid survey of the general
field, I shall now ask your attention in greater
detail to certain relations which have been the more
special objects of my study.
Let us begin with the rela-

~ parallaxes of which depend on the mean of

dots, representing the results derived from the}
parallaxes, should scarcely be used as a basis i
argument. The solid black dots represent st

more determinations; the open circles, those obe
but once. In the latter case, only the results off
observers whose work appears to be nearly free§
systematic error have been included, and in alla
the observed parallaxes have been corrected fi
probable mean parallax of the comparison st

F G K M

tions between the spectra and
the real brightness of the
stars. These have been dis-

cussed by many investigators
—notably by Kapteyn and
Hertzsprung—and many of
the facts which will be
brought before you are not

new; but the observational
material here presented is, [
believe, much more extensive
than has  hitherto been
assembled. We can only

determine the real brightness
of o star when we know its
distance; but the recent
accumulation of direct
measures of parallax, and the

discovery of several moving
clusters of stars the distances
of which can be determined,
put at our disposal far more
extensive data than were
available a few years ago.

Fig. 1 shows graphically
the results derived from all
the direct measures of
parallax available in the
spring of 1913 (when the

diagram was constructed).
The spectral class appears as
the horizontal coordinate,
while the vertical one is the
absolute magnitude, accord-

ing to Kapteyn’s definition— +3
that is, the visual magnitude
which each star would appear
to have if it should be
brought up to a standard dis-
tance, corresponding to a .,

parallax of o-1" (ne account
being taken of any possible
absorption of light in space). T
The absolute magnitude, —3,
at the top of the diagram,

. . U
corresponds to a luminosity

7500 times that of the sun,
the absolute magnitude of
which is 4. The absolute
magnitude 14, at the bottom,

corresponds to 1/s000 of the _—————i —

sun’s luminosity. The larger

dots denote the stars for

which the computed probable error of the
parallax is less than 42 per cent. of the parallax itself,
so that the probable error of the resulting absolute
magnitude is less than +1om. This is a fairly
tolerant criterion for a “ good parallax,” and the small

* An address delivered before a joint meeting of the Astronomical and
Astrophysical Society of America and Section A of the American Association <
for the Advancement of Science, at Atlanta, Georgia, December 30, 1913,
with a few additions, by Prof. H. N. Rus-ell. Continued from p. 230.
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Fic. 1.

which they were referred. The large open circs
the upper part of the diagram represent mean res
for numerous bright stars of small proper-mli
(about 120 altogether) the observed parallaxes of i
scarcely exceed their probable errors. In this casef
best thing to do is to take means of the obsm
parallaxes and magnitudes for suitable groups of s
and then calculate the absolute magnitudes of |
typical stars thus defined. These will not exas
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mespond to the mean of the individual absolute
des which we could obtain if we knew all
allaxes exactly, but they are pretty certainly
i enough for our purpose.

Upon studying Fig. 1 several things can be observed.
i) All the white stars, of Classes B and A, are
wht, far exceeding the sun; and all the very faint
rs—for example, those less than 1/50 as bright as
psun—are red, and of Classes K and M. We may
gke this statement more specific by saying, as
rtzsprung  does,'® that there is a certain limit of
hiness for each spectral class, below which stars
this class are very rare, if they occur at all. Our
seram shows that this limit varies by rather more
n two magnitudes from class to class. The single
arent exception is the faint double companion to
Eridani, concerning the parallax and brightness of
bich there can be no doubt, but the spectrum of
ich, though apparently of Class A, is rendered very
ficalt of observation by the proximity of its far
ghter primary.

3l On the other hand, there are many red stars of
gt brightness, such as Arcturus, Aldebaran, and
flares, and these are as bright, on the average, as
stars of Class A, though probably fainter than
e of Class B. Direct measures of parallax are
suited to furnish even an estimate of the upper limit
brightness to which these stars attain, but it is clear
t some stars of all the principal classes must be
g bright. The range of actual brightness among
i stars of each spectral class therefore increases
adily with increasing redness. -
3 But it is further noteworthy that all the stars of
ises Kz and M which appear on our diagram are
er very bright or very faint; there are none com-
@hle with the sun in brightness. We must be
¥ careful here not to be misled by the results of the
thods of selection employed by observers of stellar
allax. They have for the most part observed either
stars which appear brightest to the naked eye, or
s of large proper-motion. In the first case, the
thod of selection gives an enormous preference to
s of great luminosity, and, in the second, to the
est and most rapidly moving stars, without much
ard to their actual brightness. It is not surprising,
gefore, that the stars picked out in the first way
d represented by the large circles in Fig. 1) should
much brighter than those picked out by the second
fod (and represented by the smaller dots). But if
tonsider the lower half of the diagram alone, in

. 9 a
" T

fion, we find that there are no very faint stars of
8 (6, and no relatively bright ones of Class M.
these stars were selected for observation entirely
hout consideration of their spectra (most of which
% then unknown) it seems clear that this differ-
g at least is real, and that there is a real
¢ of red stars comparable in brightness with the
, relatively to the number of those 100 times
e appearance of Fig. 1 therefore suggests the
pthesis that, if we could put on it some thousands
dars instead of the 300 now available, and plot
absolute magnitudes without uncertainty arising
D observational error, we would find the points
gesenting them clustered principally close to two
% one descending sharply along the diagonal, from
to M, the other starting also at B, but running
st horizontally. The individual points, though
thest near the diagonal lines, would scatter above
{ below it to a wvertical distance corresponding to
lkast two magnitudes, and similarly would be

16 4. N., 4422, 1910,
NO. 2323, VOL. 93]

th all the stars have been picked out for proper- | :
' Fig. 2 represent the absolute magnitudes calculated

thickest near the horizontal line, but scatter above and
below it to a distance which cannot so far be definitely
specified, so that there would be two fairly broad bands
in which most of the points lay. For Classes A and
F these two zones would overlap, while their outliers
would still intermingle in Class G, and probably even
in Class K. There would, however, be left a tri-
angular space between the two zones, at the right-
hand edge of the diagram, where very few (if any)
points appeared, and the lower left-hand corner would
be still more nearly vacant.

We may express this hypothesis in another form
by saying that there are two great classes of stars,
one of great brightness (averaging, perhaps, a.
hundred times as bright as the sunjg, and varying
very little in brightness from one class of spectrum to
another; the other of smaller brightness, which falls
off very rapidly with increasing redness. These two
classes of stars were first noticed by Hertzsprung,'’
who has applied to them the excellent names of
giant and dwarf stars. The two groups, on account
of the considerable internal differences in each, are
only distinctly separated among the stars of Class K
or redder. In Class F they are partially, and in.
Class A thoroughly, intermingled, while the stars of
Class B may be regarded equally well as belonging
to either series.

In addition to the stars of directly measured
parallax, represented in Fig. 1, we know with high
accuracy the distances and real brightness of about
150 stars which are members of the four moving
clusters the convergent points of which are known,
namely, the Hyades, the Ursa Major group, the
61 Cygni group, and ‘*he large group in Scorpius,
discovered independently by Kapteyn, Eddington, and
Benjamin Boss, the motion of which appears to be
almost entirely parallactic. The data for the stars of
these four groups are plotted in Fig, 2, on the same
system as in Fig. 1. The solid black dots denote the
members of the Hyades; the open circles, those of
the group in Scorpius; the crosses, the Ursa Major
group; and the triang'es, the 61 Cygni group. Our
lists of the members of each group are probably very
nearly complete down to a certain limiting (visual)
magnitude, but fail at this point, owing to lack of
knowledge regarding the proper motions of the
fainter stars. The apparently abrupt termination of
the Hyades near the absolute magnitude 70, and of
the Scorpius group at 1-5, arises from this observa-
tional limitation.

The large circles and crosses in the upper part of

from the mean parallaxes and magnitudes of the
groups of stars investigated by Kapteyn, Campbell,

'and Boss, concerning which data were given in

Table 111. The larger circles represent Bosg’s results,
the smaller circles Kapteyn's, and the large crosses °
Campbell’s.

It is evident that the conclusions previously drawn
from Fig. 1 are completely corroborated by these
new and independent data. Most of the members of
these clusters are dwarf stars, and it deserves par-
ticular notice that the stars of different clusters, which
are presumably of different origin, are similar in
absolute magnitude. But there are also a few giant
stars, epecially of Class K (among which are the
well-known bright stars of this type in the Hyades);
and most remarkable of all is Antares, which, though
of Class M, shares the proper motion and radial
velocity of the adjacent stars of Class B, and is the
brightest star in the group, giving out about two
thousand times the light of the sun.

17 Zeitschrift fiivr Wissenschajftlicke Photographie, vol. iii., p. 442, 1905.
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It is also clear that the naked-eye stars, studied
by Boss, Campbell, and Kapteyn, are, for the most
part, giants, With this in mind, we are now in a
position to explain more fully the differences between
the results of these investigators.

All the stars of Class B are giants, and, so far as
we may judge from the Scorpius cluster, they do not
differ from one another very greatly in absolute

brightness. It is therefore natural that the results |

of all three investigators are
in this case fairly similar, B A
though Campbell, in em-
loying stars that averaged v
righter to the eye than

is, however, smaller than for the dwarfs of Class
and K, and hence the mean proper-motion
parallax of all the stars of this+class is less th
for Class G. Campbeil’s criterion here excludes
few stars, and even Boss’s admits a good many
the remoter and slower moving dwarfs, causing
mean parallax and proper-motion to be consid
greater for this class than for any other,

It should finally be added that Kaptevn's disc

3 G K M

did the others, has evidently
been working with stars o
that are really brighter. In
Class A the giants and

dwarfs differ so little, and I

are so thoroughly inter- <2 Balias
mingled, that the situation
is about ‘the same. In
Class M, even the nearest
and brightest of the dwarf b
stars are invisible to the \
iaked eye: hence the
stars of this class studied
by the three investigators
are all giants, and once
more their results agree. s
A number of the dwarf
stars of Class K are visible
to the naked eye; but
these "all' lie very near us,
and - have such large proper

motions ~that they are ex-
cluded as ‘‘abnormal’™ by
both Campbell and Boss.
The results of the two agree
in indicating that the stars

studied by them are typical +é
giants. The few dwarfs,
however, have such large
parallaxes and proper-motions
that their inclusion more
than doubles the mean g

L ]

proper-motion, and presum-
ably, also, the mean parallax
of the whole, as shown by
Kapteyn's figures in Table
11t - Per - Class G, - the

+1d
dwarf stars average much

brighter, and a much greater
number of them is visible
to the naked eye. These
havé large parallaxes and

proper-motions, and raise the *" I‘
average for all the stars

of this class to greater
values than for any other.
But Boss's rigorous limita-
tion to small proper-motions
weeds them practically all
out, - leaving giant stars
once  more. Campbell’s less drastic procedure
omits only the nearer of the dwarfs (to be
precise, those with the larger proper-motions),
and his result lies about half-way between the others.
In the case of Class F, the dwarf stars are still
brighter—intermingling, in fact, with the giants.
We can therefore see them farther off, and we get

more of them in our catalogues, in proportion to the |

giants, than in any other class. Their mean parallax
NO. 2323, VOL. 93]

Fic. z.

shows that the siars of Class N are exceed
bright, possibly surpassing any of the other
stars.

We are now in a position to define more pr
the brightness of a typical giant or dwarf star
given class of spectrum, and also to obtain a m
of the degree of divergence of the individual
from this typical brightness. Taking first the &
of Class B and~the dwarf stars of the other ¢
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12 find, for the mean absolute magnitudes of all the
urs of each class, the following values : —

TasLe V.
Mean Absolute Magnitudes.

Stars of measured parallax Stars in clusters

mm'ﬂﬂ. Abs.mag. Fermula O-C No. Abs.mag. Formula O-C

m. M.
e — — — — 21 -1I'2 —-I'I -0
B — — — = "R 40 403 10
Ao 6 414 +1.4 0'0 13 0§ 06 -0°1
a7 2°5 23 +0'2 26 G I1'§ 402
o — — — —  I5 2°4 27 - 03
| ) 3 42 317 +0'§ — — —— —_
R e e Tl e 1 i i ET i 5
s 9 43 e ot i M = Ty o
A 3 5°1 52 -1 § 4'2 4'4 —0°2
o 29 57 56 +o'1 15 5°0 48 +02
O TR RS LY (R N ) PR S
ko 28 i | 77 —0%6 9 6°4 6'g -0°g
Kg 19 g2 86 406 T +70 +77 {(-07)
Ma 10 +99 +68 +o0o1 — — — =

The rate of decrease of brightness with increasing
winess is very nearly the same for the stars with

drectly measured parallaxes and the stars in clusters,
wt the latter appear, with remarkable consistency,

b be about o0-8m. brighter than the former, This
gems at first sight very puzziing, but it is un-
loubtedly due to the way in which the stars observed
or parallax were selected. Most observers, in pre-
mring their working lists, have included mainly those
dars which were brighter than a given magnitude
ud had proper-motions exceeding some definite limit.

on the average,

tinse of small luminosity, und selection bv proper-
mtion favours the latter.,  The limitation of our

Eisent lists to stars the parallaxes of which have

en determined with a probable error not exceeding
¢ per cent. of their own amounts, though necessary
0 diminish the effects of casual errors of observation,
uwirks in the same direction, for, among the stars of
my given visual magnitude, those of greatest
uminosity have the smallest parallaxes, and are least
. The difference shown in our
lable need not therefore alarm us, but it is clear that

e stars in clusters, rather than the others, should
e taken as typical of the dwarf stars as a whole.

for both sets of stars the absolute magnitude appears

i be very nearly a linear function of the spectral

tdass (if B is regarded as 1, A as 2, ete.) The

wlumns headed *‘formula’ in Table V. give the

values calculated from the expressions M=r14m.+
am. (Sp.—A) for the stars of directly measured
prrallax, and M =o0-6m. +2-1m. (Sp.—A) for the stars
The residuals from these empirical

ibserved stars of different classes, average +o0-33m.

i the first case and +o-2gm. in the second. They
dppear to be accidental in character, though in some

uses (notably in Class Gg) the residuals for the stars
of the two sets are similar in sign and magnitude.
The large negative residuals for Classes K and Kg
i the clusters arise from the fact that in the Hyades,
which contribute most of these stars, only the brighter

‘oes have had their proper-motions determined, and
‘get into our lists, as is clear from examination of
' Fig. 2.

Among the dwarf stars, therefore, a typical star
of any spectral class is about seven times fainter than
ae of the preceding class, and seven times brighter
than one of the following class.

The giant stars of all the spectral classes appear
{0 be of about the same mean brightness, averaging

1 little above absolute magnitude zero, that is, about |
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U the stars above this limiting magnitude, those of |
geater actual luminosity  will be,
Hirther away, and have smaller proper-motions, than

|
|
|
|

il
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a hundred times as bright as the sun. - Since the
stars of this series which appear in Fig. 2 have been
selected by apparent brightness, which gives a strong
preference to those of the greatest luminosity, the
average brightness of all the giant stars in a given
region of space must be less than this, perhaps con-
siderably so.

By tabulating the residual differences between the
absolute magnitudes of the individual dwarf stars and
the values given by the formul® just described, we
find that the average difference, regardless of sign,
for the stars of measured parallax is +0-88m. for
spectra A to F8, +102m. for spectra G and Gs, #nd
+1-15m. for K and M. For the stars in clusters, the
average differences are zo-yom. for spectra BO to
Bg, +066m. for A and A3, +o-56m. for spectra I
to F8, and +o-8om. for G and Gs3s.

These differences are larger for the stars of
measured parallax than for the others (probably on
account of the greater average uncertainty of the
individual parallaxes and spectra in this case), but
show no marked systematic variation with the class
of spectrum. Their distribution follows very approxi-
mately the law of accidental errors, as is shown by
Table VI., in which the observed numbers lying
between certain limits are compared with those given
by this law

TaeLe VI.

Distribution of Differences from the Typical Absolute
Magnitudes.,
Stars with measured parallax
+ Limits Observed Theory

111, m.
+00to +0°'8 65 61
+0'8to +1°6 41 44
+1:6to *2'¢ 21 23
+2°4to =32 10 9
+3210 £40 3 3

Stars in clusters
Limits Observed Theory
i, m

+ootoxos 59 58
o't to +1'0 42 42
+10to £1°5 21 24
+1°5to +2°0 10 8
+20to +2°5 4 4

The theoretical distribution for the stars in clusters
corresponds to a probable error of to-61m., and that
for the others to one of +o-g4m. Correction for the
known influence of uncertainties of the parallaxes and
spectra would reduce the latter to about to7sm. It
appears, therefore, that the absolute magnitude of a
dwarf star can be predicted with surprising accuracy
from a mere knowledge of its spectrum. Half of all
the dwarf stars are not more than twice as bright
or as faint as the typical stars of their spectral classes.
The corresponding uncertainty in the estimated
parallax would be about one-third of its amount.

The parallaxes of the giant stars are so small, In
comparison with the errors of even the best present
methods of observation, that direct observations are
not well adapted to determine to what degree they
differ in brightness among themselves. An indirect
method of determining this is, however, practicable,
among those classes in which all the naked-eye stars
are giants, by comparing the parallactic motions of
those stars the proper-motions of which at right
angles to the direction of the parallactic drift are
large and small. A discussion by this method of the
typical case of Class M (the Ycrails of which will be
given elsewhere) shows that, if the distribution of
the absolute magnitudes of these stars also {ollows
the “law of errors,” the probable error correspond-
ing to it is approximately +o-6m.—almost exactly the
same as has already been found for the dwarf stars.
The mean absolute magnitude of all the stars of this
class which are visible to the naked eye is —o-5, and
that of all the stars in a given region of space is

| +0-6. This method can scarcely be applied to the

naked-eye stars of the other spectral classes (unless
some way can be devised for weeding out the dwart

: stars from among the giants); but it seems probable



