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mittes of the Royal and the Roval Astronomical Socisties wers
gj'nnugtﬂm:ﬂlyflhaﬂﬂm. The weather in Norway was
tinctly uncertain, and so they t to seatter.

Mr, E. W. Maunder said Mr. and himself had been
talking over the work which amateur astronomers could do ina
m without any elsborate instruments, N .

ic plates were so |dth:t1tmbj::‘%ﬁ

that the telescopes nhmﬂﬂ be squatorially mounted
elock-driven ; short exposures with a fized telescope could
qmtngmdrmulha cha[m:]langﬂ:ufthumm
5o times the mperture, than half a second’s ex
am hmﬂ;nﬂm Ophw,mdwﬂh pﬂmmm.
heuhnuuthmknﬁmth a svcond’s exposure would be
to pet the prominences, If the observer wished to get a
mﬂnfthnmmnn,hnlf—t—mamﬂue ure would be:
but the focal length should be only g L ad

The President said the rtmuhratiayhndpnt about the
eclipse were very valuable and interesting. The conditions of this
eclipse a to be mather more favoursble than when -
went to Norway before. Their thanks were due to Dr. L
ﬁmthhnnhhhuhdmk—mgmnglnmthﬂmmrandqp

it to them.

Myr. P. J, Malotte exhibited a slide of the region around the two
Nebul= H.V.14and H.V. 15 Cygni [Hﬂrﬂ 699z, Go6o) as an
uamphuiwh:tnnuldlmdunawnh:nmaﬂ

The President snid he thought the rhwumﬁltmmul;
interesting one, and the gquestion which would probably oceur to

many mings was, what must be the magnitude of that nebula,
Mr. Melotte® said the mebula extended over three degrees of
nugnhrmmnmntudthamfnm.mhmrﬁm?:mlh:

webuls in
would rival those just mentioned by Mr. Holmes, He was _
they had no time to finish their papers, and the me-
etand adjourned until October 29, when the Annual
Meeating wounld be held.

“Giant” and “ Dwarf” Stars*.

Wlmwwkmgl.tl'rmmhmﬂmgmwnlhnu—mth
graphic determination of the position of the Moon, T
aemng variables—both uhmnﬂmnlﬂymﬂthmrmﬂﬂ] 'Ill‘i%
hhwtﬂmmtmaﬂnmm;upmm :

with the relation between the spectral B~
nfmam:nrlthﬂﬂml htness, [Blide shown on screen.]
This slide represents graphi ;thamhhmhtmﬁaw_

* An address given at the Meeting of the Boyal Astronomical Bociedy,
1913, June 13. i
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magnitude and spectrom of all the stars for which fairly reliable
have so far been obtained. 1 have sdded a number of
recent determinations to those given in Kapteyn and Weersma's
list, and have been pretty liberal in my definition of a * reliable
parallax.” For determinations of many of the spectra Lam grestly
indebted to Prof. Pickering and Miss Capnon. The verticel co-
ordinntes give the m:d the horizontal the absolute
tude mg to Kapteyn's definition, 1. e. the magnitude m‘:rﬁ‘h
the star would appear to have if moved to such o distance that its
lax wns 0" 10,

It is immediately conspicuous that one corner of the di is
vacant (except for ome star whose spectrum is W;{aedmm“]]
Thers do not seem to be any faint white stars. All the very faint
stars (say those more than fifty times fainter than the Sun) are

e%reﬂ,at]uﬁu red as Class K while most of them are K g
or M, and all the stars of Classes A and B, especially the latter,
are many times brighter than the Sun.

On the other hand, the converse propositions are not true;
there*is no doubt st all that there oxist many Mryhmghtrad;ms
(such ns Arcturns, Aldebarun, Aniares, &c.). These are so bright
that we can see them at anurmnmdmtl.um and 50 we get a lot
of thew among the stars of the first three mgmtudm. with small
proper motions. The parallaxes of a good many of these have
been observed with rother Jow individual accuracy ; but by
mean magnitudes and parallaxes for the stars of each
class, we can get pretty pood mean values for their real
Thpmrmpnmlmgpmntalmphﬁadﬂhlgﬂﬂirﬂﬂmtha
diagram, and show that these stars are of about the same average
brightness (say 8o times that of the S8un) whatever their type of

speptrum.

The range in the real brightness of the stars of s given spectral
dmmmnhn&ﬂ]mthmmmgﬁdmfmmﬂmﬂ by
about two magnitudes for each class.

More than this, among the reddest stars (K and there is a
distinct separation into two groops. Thers seem to be no stars
of ﬁﬂlﬂ%ﬂhﬂﬂlﬂﬂ; eomparnble with the Sun in bright-
ness—they are either much brighter or mach fainter. More than
1oc stars of l:u'ga per motion have been investigated for
parallax without Enuwh&gu of their epectra, and it has later
hnaufnnnﬂ,whu spectra were investigated, that all those of
phout the Sun's brightness were foirly similor to the Bun in
mﬁmm,mthﬂﬂmnpﬁtﬁsmrmu that the pheenee of stars
of mﬂ,nmilum brightness to the Bun, eannot be a
result of the p s of selection, but must be & real phenomenon.
There seem, the tnbatwnnermnfntnh,unewrrhngr:h
and of almost 'ﬁl aame bng}i:ﬂhr. wlntarﬁr
other diminishing rapidly in brightness with i _

The stars of Class B may be regarded squally well as be Lungmgm
gither series, nnd the two groups inte for class A and sre
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probably not really separated in Class F. These sories wors first
noticed by Dr. Hertasprung, of Potsdam, mﬂm]lal‘hjhiu‘
“ginnt 7 and * dwarf™ stars. All I have done in this d
to use more extensive observational material. The dm
on the mange, are o little over two magnilodes fainter fm' iy
trfabhnnfutthﬂnnpmmdm g it in the Harvard clasy
fication (the Sun being very nearly typical of Class G rom
this relation alone we find (allowing for the uncerlain u! he
ﬂﬁmrwﬂpmﬂuﬂ}ﬂmtunﬂmlmd--ﬂthumn!hnghtm T
dwarf star from a knowledge of its spectrum alone, withap e
error of only about three-quarters of a magnitude. We
find the eorresponding amount for the giant sturs ; their pu-ﬂl.uﬁ*
n.rﬂ too Small,
To get a cheek on all this, the seeond dmgﬂmahnwntherm
hela-.ruu absolute mlgmtndﬂ and spectrum for all the stars be-
to the four moving clusters whose distances have sa far l—'
Eﬁermmed by eompa ﬂl-un of radinl veloeities and ﬁnnﬂl-w" _
muimnhutha Hm'ﬂdﬂs, the Urza H_n or group, M B
gni group, and the conspieucus Edp m Beorpins dlmahisr
ndmt.ljr b}r Kapteyn, Hoss, :mﬁm din The etars ﬂl
the different groups are d::ntu:gmahad by di it signs in t!u
diagram. It ia clear that most of the stars in all the grnupu are
“ dwarf stars,” and that exactly the same relation between real
brightness and spectrum Lolds here as in the previous ecase. L‘
few aberrant red stars of great brightnees, such as y and § Touri
in the Hyades and Antares in 10 (which is 2500 times as
hrﬁz as the Bun), clearly belong to the series of miant stars.
circles and erosses represent the results of Boss,
Campbell, and Kapteyn, derived from the parallactie motions and
radial velocities of large numbers of naked-eye stars, You see
thers appears to be & good desl of discordancs, 1 have not time
to go into this as 1 would like, but T may say that Boss uamt-%"
all " i

the small proper motions, Campbell the umnﬁ and midd
ones, and Kapteyn all, ineluding the liggest. For Class M .
dwarf{ stars are mmlhlutulhn naked eye (though one of them 18
the second pearest star in the heavens), and so nll the resulis refer
to the giant stars alone, and agree very well. For Class K, a few
dwarf stars very near us are visible, but they all have hig proper
motions, and are excloded by both Bm and Campbell, whe
results again agree, representing the piant stars, Fm-ﬂ[";.ﬁ*'
good many dwarf stars are visible to the naked eye (since we ¢
see them farther off). Some of these hnvahgmdmuﬂdﬁu
sized proper motions, but practically nane have small ones. "', ' |
Boss gatlghmt stars alone, Ehm;:hall:mutumuf‘th
averaging famter, and ]Iuptavn a mixture with more dwarf s
in it, averaging still fainter.
But 1 must go on to the next slide, for there is not nearl

enutﬂfﬂrthﬁﬂphnmmd thﬁutmmwhﬁlwau{i
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We have now to explain the existence of these two kinds of red
stars. The absolule¢ magnitnde of any star may be regarded as a
funetion of its mass, density, and surfnce-brishiness,

We can eliminate the mass in the case of double stars. If we
know the parallax we can, of eourse, fnd the nctusl mass, 1t is
worth remarking that the masses of those visual binaries whose

are well determined show a remarkably small range
(from about 8 times the San's mass to abeut oy, including all the
effect of errore of parallax). The spectroscopic binaries give us'a
few instances of systems of mass 20, or 4t most 35 times that of
the Sun, but I have never been able to fud reliable evidencs of the
existence of a lucid star with mass less than about one-quarter that
of the Sun. The apparent excephions, when investigated, have
always been found due to bad parallaxes or other ervors, some-
pwnes very enrious,  Finally, Ludendorf has shown that the stars
of Cliss B sre undonbtedly considerably more massive than the
general ran of the others.

More important for onr immediate ia the Tact that, Tor
any visual binary for which we know lg orhift, we can assume the
mass to be that of the Ban, and compute s bypothetical paraliax
(as Doberck has done), swhich will usually be preity near the trath,
Bat for us st preseut this hypothetieal parallax is better than the
real one, for if we caleulate the apparent brightness with its mid
we get o sel of data similar to our previons ongs but with the dil-
ferences of masa, whatever they may be, eliminaled, so that the
results now depend on surface-brightness and density alone. The
nrember of systems for which orbits have beem compuited is small,
but by & statistical process it is possible to use all 'lgeduuhlarﬂln'
known to bs physically eennected, however slow their relative
motion, If we saw the orbit in plan, and it was o eircle, we
would only hive to lnow the distance and relative velodity of the
stars Lo compute all we wanted. The netual distances and velo-
citios are diminished by foreshortening by different amoants for
different stars. But it is an easy piece of analyeis to find the
sverage effect of this (nnd of the probable eccentrivity of the
orbits), and also to find ont how many cases there will be ont of
a theusand in which our assumption of the averags relation will
lead to an error of given magnitude. We thus find that the
statistical process gives the absolute magnitnde with a probakle
error of only about balf n magnitude. We can now uss many
systems whose periods must be many thousands of vears, so that
we get in all lully 530 stars For oor diagram, in which all the dats
refer to the I;;Etﬂ' component of each pair.

The next slids shows the same old series of giant and dwarf
stars even more clearly than before, on aceount of the greater
number of stars, All the previous relations are reproduced with
remarkable exactness,

We may therefore conclode that the differences between the
giant and dwarf etars do not arise from differences of mass. The

T
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t stars must either have low demaity or great surface-hright
mmdthﬁmmmmmnufthadwnfm

To procead further, we must study the eclipsing variables—the
only stars whose densities can be directly determined. In the last
year or two Mr, Ehapla;rmdlhﬂﬂ“u:hadnuturhhfnrﬂrn&-'
these gtars. The next slide shows what distribution of absolute
magnitudes we wonld get among these slars due to the differences
in density alome, if they all had the same mass and surface-

hnﬁmmmmﬁﬂm
ost of these stars are of Clasa A, though there are a fair
number of B's, and about as many ranging from F to M.

The first type stars are much alike in density, while those of
the second. type show a much wider range, and sppear 1o avoid
just those densities (between o'oz and o2 times of the Bun)
which the first tj pe stars strongly favour.

]E:{.:.mpnuﬁ dingram with the Jast we find that the stars
of A if ﬂ:nmtmumdlmﬁm brightness as the Sun,
wm]ﬂhnnflhnmw El:l,whllﬁl[ﬂlm of t-hnmu
mass a8 the Sun, but with their own surface-
waould be of sbsalute magnitude 1-o. Hmmmmiw
surface, average two magnitudes brighter than the Sun.
we find that the surfmrhnghtnﬂﬂa of stars of Class B EIE'Bﬂd:I
t.hnt.nfﬁ Son by 31 magnitudes, and that of Class F by one
magnitu

he great brightness of the giant stars of Classes G and K can
bﬂ m}mplﬂtalj Inined by assuming that they have densities like
Eﬁr of the eclipsing varishles of similar spectra,

wﬂh mrhm—hﬂghtumnmulmthln that of the SBun.

The very Inint stars of spectra K 5 and M, even if as dense as
platinum, musi be abmost three magmrndﬂ fainter, surface for
surﬁm than the Sun, Wﬂmtbmthtthamnuwﬁdwﬁm
is one of slowly increasing density from B to M, while among the
giant stars the density must decrease very rapidly from B to M,
or increase from M to B.

As alost everybody will agres that a star contracts as it grows
older, this leads us to suppose that the piant stars of Class

Ea very early stage of evolution, the other gisut stars
Inter stages according to whitences, Class B o stage near ths
middle of evolution, and the dwarf stars Jater stages, ending with
the laintest sud reddest among them,

All this is in enfire accordanee with the theories of Lane and
Ritter, and with 8ir Norman Lockyer’s conception of stars of in-

and decreasing temperature (though the criteria for dis-
tmguﬁﬁmg the two are quite different from Lockyer's). :—n
of gas in equilibriom its own gravitation and radiation, must,
ns is well known, gru?huﬁ&rultmmm,.mhtgﬂlim

mimple “gas laws ™ to hold, At higher densities the mass becomes
Jess compressible, the hmmhﬁ?mamﬂuh.mhu#.

-2
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maximum, and finslly falls off. Lord Kelvin some years ago esti-
mated thai the maximnm temperature would be resched when the
central density was about one-tenth that of water.

Ehhﬂﬂeﬂkﬁﬁmhn:eqmll]Mmem,M ths mora
massive the body of gas is, the higher will be its maximum
tewn peralure.
niSMhﬂ mass of gas, when it began to shine, would be red and

low surface-brightness, but of very low density and groat
surface, 80 that ite total light-emission would be large, As it
confracted it would grow smaller, hotter, whiter, and incrense in
uriis ightness, =0 that its light-emission would not change
mooch. But after reaching its maximnm temperature it would
grow colder, redder, and duoller ae it grew smaller, und then ib
would full off in Brightuess vory b Fhoan:chatanbdrisiics
are exactly those of the dwarf stars, while the giant stars match
equally well the theoretionl beboviour of stars of rising tempera-
tare. A erucial test of the theory is that the sclusl densities of
the stars of Classes A and B, whirh sre almost certainly the
bottest, are quite of the order of itude ot whieh Lord Kelvin
predicted that the h_mpn:;lmm *glh:uhmba 4 maximum.

As one mere example how this theory explains apparently un-
related facts, take wasses of the stars. l'.hrlgl ih-ur.hg; of
unnsually large mass should reach the very highest temperatures,
#0 it is not surprising to find that the hottest stars (Class B) are
actually unusually massive. Again, 8 bedy of very small mass
woulil be & very poor  salf-heating * affsir (as one of my students
onee put it); and this gives a resson for the rarity (indeed the
apparent nbsence) of stars of very small mass—such bodiss never
get hot enough to shine of any aceount.

The fmct that Jupiter and Saturn, though comparable in
density with & number of the stars, are dark bodies confirms this
ex tion. ;

eonclusion, let me say that I hope anyone who has any
eriticisins to make will do me the favour of telling me of them,
and thank you for your attention to this hurried sccount of things,
which I hope to get in print next year. 1i. N. BusssLy,

The Origin of the Constellations.

Bo faw persona take an interest in this subject that it wasa b
leasure to =s8e in H}u April number the %ﬂﬂryﬁ
Eim Evershed was wrifing upon it and was raising such perti
questions —questions which, so far as [ mlhh,lm
lighted to answer if the Editors can accord me the for it is
nntpﬁ!ﬁﬂnhphlﬁburﬂpllaumhﬁaﬂguthumqm

- I should say that Prolemy, not Aratus, is,in the nmin, our only
real anthori w the posifions of the ancient constellations, for
he alone enables us to identify the actusl places on the sphere of



