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CELESTIAL PHYSICS.!
(Continued from p. 215.)

THE spectra of the stars are almost infinitely diversified,
yet they can be arranged, with some exceptions, in a series
in which the adjacent spectra, especially in the photographic
region, are scarcely distinguishable, passing from the bluish-
white stars like Sirius, through stars more or less solar in
character, to stars with banded spectra, which divide them-
selves into two apparently independent groups, according as
the stronger edge of the bands is towards the red or the blue.
In such an arrangement the sun’s place is towards the mid-
dle of the series.

At present a difference of opinion exists as to the direc-
tion in the series in which evolution is proceeding, whether
by further condensation white stars pass into the orange and
red stages, or whether these more colored stars are younger
and will become white by increasing age. The latter view
was suggested by Johnstone Stoney in 1867.

About ten years ago Ritter, in a series of papers, discussed
the behavior of gaseous masses during condensation, and the
probable resulting counstitution of the heavenly bodies. Ac-
cording to him, a star passes through the orange and red
stages twice; first during a comparatively short period of
increasing temperature, which culminates in the white stage,
and a second time during a more prolonged stage of gradual
cooling. He suggested that the two groups of banded stars
may correspond to these different periods, the young stars
being those in which the stronger edge of the dark band
is towards the blue, the other banded stars, which are rela-
tively less luminous and few in number, being those which
are approaching extinction through age.

Recently a similar evolutional order has been suggested,
which 1s based upon the hypothesis that the nebulze and stars
consist of colliding meteoric stones in different stages of
condensation.

1 Inaugural address at the meeting of the British Association for the Ad-

vancement of Science, at Cardiff, August, 1891, by William Huggins, president
of the association (Nature, Aug. 20).
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More receuntly the view has been put forward that the di-
versified spectra of the stars do not represent the stages of
an evolutional progress, but are due for the most part to
differences of original constitution.

The few minutes which can be given to this part of the
address are insufficient for a discussion of these different
views. I purpose, therefore, to state briefly, and with re-
serve, as the subject is obscure, some of the considerations
from the characters of their spectra which appeared to me to
be in favor of the evolutional order in which I arranged the
stars from their photographic spectra in 1879. This order is
essentially the same as Vogel had previously proposed in his
classification of the stars in 1874, in which the white stars,
which are most numerous, represent the early adult and
most persistent stage of stellar life, the solar condition that
of full maturity and of commencing age, while in the orange
and red stars with banded spectra we see the setting in and
advance of old age. But this statement must be taken
broadly, and not as asserting that all stars, however differ-
ent in mass and possibly to some small extent in original
constitution, exhibit one invariable succession of spectra.

In the spectra of the white stars the dark metallic lines
are relatively inconspicuous, and occasionally absent, at the
same time that the dark lines of hydrogen are usually strong,
and more or less broad, upon a continuous spectrum, which
is remarkable for its brilliuncy at the blue end. In some of
these stars the hydrogen and some other lines are bright, and
souietimes variable.

As the greater or less prominence of the hydrogen lines,
dark or bright, is characteristic of the white stars as a class,
and diminishes gradually with the incoming and increase in
strength of the other lines, we are probably justified in re-
garding it as due to some conditions which occur naturally
during the progress of stellar life, and not to a peculiarity
of original coustitution.

To produce a strong absorption-spectrum a substance must
be at the particular temperature at which it is notably ab-
sorptive; and, further, this temperature must be sufficiently
below ‘that of the region behind from which the light comes
for the gas to appear, so far as its special rays are concerned,
as darkness upon it. Considering the high' temperature to
which hydrogen must be raised before it can show its char-
acteristic emission and absorption, we shall probably be
right in attributing the relative feebleness or absence of the
other lines, not to the paucity of the metallic vapors, but
rather to their being so hot relatively to the substances be-
hind them as to show feebly, if at all, by reversion. Such
a state of things would more probably be found, it seems to
me, in conditions anterior to the solar stage. A considera-
ble cooling of the sun would probably give rise to banded
spectra due to compounds, or to more complex molecules,
which might form near the condensing points of the vapors.

The sun and stars are generally regarded as consisting of
glowing vapors surrounded by a photosphere where conden-
sation is taking place, the temperature of the photospheric
layer from which the greater part of the radiation comes be-
ing constantly renewed from the hotter matter within.

At the surface the convection currents would be strong,
producing a considerable commuotion, by which the different
gases would be mixed and not allowed to retain the inequal-
ity of proportions at different levels due to their vapor den-
sities.

Now the conditions of the radiating photosphere and those
of the gases above it, on which the character of the spectrum
of a star depends, will be determined, not alone by tempera-
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ture, but also by the force of gravity in these regions: this
force will be fixed by the star’s mass and its stage of con-
densation, and will become greater as the star continues to
condense.

In the case of the sun the force of gravity bas already be-
come so great at the surface that the decrease of the density
of the gases must be extremely rapid, passing in the space of
a few miles from atmospheric pressure to a density infinites-
imally small; consequently the temperature-gradient at the

surface, if determined solely by expansion, must be ex-

tremely rapid. The gases here, however, are exposed to the
fierce radiation of the sun, and unless wholly transparent
would take up heat, especially if any solid or liquid parti-
cles were present from condensation or convection currents.

From these causes, within a very small extent of space at
the surface of the sun, all bodies with which we are ac-
quainted should fall to a condition in which the extremely
tenuous gas could no longer give a visible spectrum. The
insignificance of the angle subtended by this space as seen
from the earth should cause the boundary of the solar at-
mosphere to appear defined. If the boundary which we see
be that of the sun proper, the matter above it will have to
be regarded as in an essentially dynamical condition — an
assemblage, so to speak, of gaseous projectiles for the most
part falling back upon the sun after a greater or less range
of flight. Dut in any case it is within a space of relatively
small extent in the sun, anc probably in the other solar
stars, that the reversion which is manifested by dark lines is
to be regarded as taking place. °

Passing backward in the star’s life, we should find a grad-
ual weakening of gravity at the surface, a reduction of the
temperature-gradient so far as it was determined by expan-
sion, and convection currents of less violence producing less
interference with the proportional quantities of gases due to
their vapor densities, while the effects of eruptions would be
more extensive.

At last we might come to a state of things in which, if the
star were hot enough, only hydrogen might be sufficiently
cool relatively to the radiation behind to produce a strong
absorption. The lower vapors would be protected, and might
continue to be relatively too hot for their lines to appear
very dark upon the continuous spectrum; besides, theirlines
might be possibly to some extent effaced by the coming in
under such conditions in the vapors themselves of a continu-
ous spectrum.

In such a star the light radiated towards the upper part of
the atmosphere may have come from portions lower down of
the atmosphere itself, or at least from parts not greatly hot-
ter. There may be no such great difference of temperature
of the low and less low portions of the star’s atmosphere as
to make the darkening effect of absorption of the protected
metallic vapors to prevail over the illuminating effect of
their emission.

It is only by a vibratory motion corresponding to a very
high temperature that the bright lines of the first spectrum
of hydrogen can be brought out, and by the equivalence of
absorbing and emitting power that the corresponding spec-
trum of absorption should be produced; yet for a strong ab-
sorption to show itself, the hydrogen must be cool relatively
to the source of radiation behind it, whether this be con-
deosed particles or gas. Such conditions, it seems to me,
should occur in the earlier rather than in the more advanced
stages of condensation.

The subject is obscure, and we may go wrong in our mode
of conceiving of the probable progress of events, but there
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can be no doubt that in one remarkable instance the white-
star spectrum is associated with an early stage of condensa-
tion.

Sirius is one of the most conspicuous examples of one type
of this class of stars. Photometric observations combined
with its ascertained parallax show that this star emits from
forty to sixty times the light of our sun, even to the eye,
which is insensible to ultra-violet light, in which Sirius is
very rich, while we learn from the motion of its companion
that its mass is not much more than double that of our sun.
It follows that, unless we attribute to this star an improba-
bly great emissive power, it must be of immense size, and in
a much more diffuse and therefore an earlier condition than
our sun; though probably at a later stage than those white
stars in which the hydrogen lines are bright.

A direct determination of the relative temperature of the
photospheres of the stars might possibly be obtained in some
cases from the relative position of maximum radiation of
their continuous spectra. Langley has shown that through
the whole range of temperature on which we can experi-
ment, and presumably at temperatures beyond, the maxi-
mum of radiation-power in solid bodies gradually shifts
upwards in the spectrum from the infra red through the red
and orange, and that in the sun it has reached the blue.

The.defined character, as a rule, of the stellar lines of ab-
sorption suggests that the vapors producing them do not at
the same time exert any strong power of general absorption.
Consequently, we should probably not go far wrong, when
the photosphere consists of liquid or solid particles, if we
could compare select parts of the continuous spectrum be-
tween the stronger lines, or where they are fewest. It is
obvious that, if extended portions of different stellar spectra
were compared, their true relation would be obscured by the
line-absorption. :

The increase of temperature, as shown by the rise in the
spectrum of the maximum of radiation, may not always be
accompanied by a corresponding greater brightness of a star
as estimated by the eye, which is an extremely imperfect
photometric instrument. Not only is the eye blind to large

regions of radiation, but even for the small range of light

that we can see the visual effect varies enormously with its
color. According to Professor Langley, the same amount
of energy which just enables us to perceive light
in the crimson at A would in the green produce a visual
effect 100,000 times greater. In the violet the proportional
effect would be 1,600, in the blue 62,000, in the yellow 28,-
000, in the orange 14,000, and in the red 1,200. Captain
Abney’s recent experiments make the sensitiveness of the
eye for the green near F to be 750 times greater than for the
red about C. It is for this reason, at least in part, that I
suggested in 1864, and have since shown by direct observa-
tion, that the spectrum of the nebula in Andromeda, and
presumably of similar nebuls, is, in appearance, only want-
ing in the red.

The.stage at which the maximum radiation is in the green,
corresponding to the eye’s greatest sensitiveness, would be
that in which it could be most favorably measured by eye-
photometry. As the maximum rose into the violet and be-
yond, the star would increase in visual brightress, but not
in proportion to the increase of energy radiated by it.

The brightness of a star would be affected by the nature
of the substance by which the light was chiefly emitted. In
the laboratory, solid carbon exhibits the highest emissive
power. A stellar stage in which radiation comes, to a large
extent, from a photosphere of the solid particles of this sub-
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stance, would be favorable for great brilliancy. Though the
stars are built up of watter essentially similar to that of the
sun, it does not follow that the proportion of the different
elements is everywhere the same. Tt may be that the sub-
stances condensed in the photospheres of different stars may
differ in their emissive powers, but probably not to a great
extent. '

All the heaveuly bodies are seen by us through the tinted
medinm of our atmosphere. According to Langley, the so-
lar stage of stars is not really yellow, but, even as gauged
by our imperfect eyes, would appear bluish-white if we could
free ourselves from the deceptive influence of our sarround-
ings.

From these considerations it follows that we can scarcely
infer the evolutional stages of the stars from a simple com-
parison of their eye-magnitudes. We should expect the
white stars to be, as a class, less dense than the stars in the
solar stage. As great mass might bring in the solar type of
spectrum at'a relatively earlier time, some of the brightest
of these stars may be very massive, and brighter than the
sun — for example, the brilliant star Arcturus. For these
reasons the solar stars should not only be denser than the
white stars, but perhaps, as a class, surpass them in mass
and eye-brightness.

It has been shown by Lane that, so long as a condensing
gaseous mass remains subject to the laws of a purely gaseous
body, its temperature will continue to rise.

The greater or less breadth of the lines of absorption of
hydrogen in the white stars may be due to variations of the
depth of the hydrogen in the line of sight, arising from the
causes which have been discussed. Ad the sides of the lines
the absorption and emission are feebler than in the middle,
and would come out more strongly with a greater thickness
of gas.

The diversities among the white stars are nearly as nu-
merous as the individuals of the class, Time does not per-
mit me to do more than record that, in addition to the three
sub-classes into which they have been divided by Vogel,
Scheiner has recently investigated minor differences as sug-
gested by the character of the third line of hydrogen near
G. He has pointed out, too, that so far as his observations
go the white stars in the constellation of Orion stand alone,
with the exception of Algol, in possessing a dark line in the
blue which has apparently the same position as a bright line
in the great nebula of the same constellation; and Pickering
finds in his photographs of the spectra of these stars dark
lines corresponding to the principal lines of the bright-line
stars, and the planetary nebulse with the exception of the
chief nebular lines. The association of white stars with
nebular matter in Orion, in the Pleiades, in the region of the
Milky Way, and in other parts of the heavens, may be re-
garded as falling in with the view that I have taken.

In the stars possibly further removed from the white class
than our sun, belonging to the first division of Vogel’s third
class, which are distinguished by absorption bands with their
stronger edge towards the blue, the hydrogen lines are nar-
rower than in the solar spectrum. In these stars the den-
sity-gradient is probably still more rapid, the depths of hy-
drogen may be less, and possibly the hydrogen molecules
may be affected by a larger number of encounters with dis-
similar molecules. Insome red stars with dark hydrocarbon
bands, the hydrogen lines have not been certainly observed;
if they are really absent, it may be because the temperature
has fallen below the point at which hydrogen can exert its
characteristic absorption; besides, some hydrogen will have
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united with the carbon. The coming in of the hydrocarbon
bands may indicate a later evolutional stage, but the tem-
perature may still be high, as acetylene can exist in the
electric arc.

A number of small stars more or less similar to those
which are known by the names of their discoverers, Wolf
and Rayet, have been found by Pickering in his photographs.
These are remarkable for several brilliant groups of bright
lines, including frequently the hydrogen lines and the line
Dg, upon a continuous spectrum strong in blue and violet
rays, in which are also dark lines of absorption. As some
of the bright groups appear in his photographs to agree in
position with corresponding bright lines in the planetary
nebulee, Pickering suggests that these stars should be placed
in one class with them, but the brightest nebular line is ab-
sent from these stars. The simplest conception of their na-
ture would be that each star is surrounded by a uebula, the
bright groups being due to the gaseous matter outside the
star. Mr. Roberts, however, has not been able to bring out
any indication of nebulosity by prolonged exposure. The
remarkable star 7 Argus may belong to this class of the
heavenly bodies. '

In the nebule, the elder Herschel saw portions of the fiery
mist or ‘‘ shining fluid ” out of which the heavens and the
earth had been slowly fashioned. For a time this view of
the nebule gave place to that which regarded the:mn as exter-
nal galaxies, cosmical ‘‘ sand-heaps,” too remote to be re-
solved into separate stars; though indeed, in 1858, Mr. Her-
bert Spencer showed that the observations of nebulse up to
that time were really in favor of an evolutional progress.

In 1864 I brought the spectroscope to bear upon them: the
bright lines which flashed upon the eye showed the source
of the light to be glowing gas, and so restored these bodies
to what is probably their true place, as an early stage of si-
dereal life.

At that early time our knowledge of stellar spectra was
small. For this reason partly, and probably also under the
undue influence of theological opinions then widely preva-
lent, T unwisely wrote in my original paper in 1864, ‘‘ that
in these objects we no longer have to do with a special mod-
ification of our own type of sun, but find ourselves in pres-
ence of objects possessing a distinet and peculiar plan of
structure.” Two years later, however, in a lecture before
this association, I took a truer position. *‘‘ Qur views of the
universe,” I said, ‘‘ are undergoing important changes: let
us wait for more facts, with minds unfettered by any dog-
matic theory, and therefore free to receive their teaching,
whatever it may be, of new observations.”

Let us turn aside for a moment from the nebule in the sky
to the conclusions to which philosophers had been irresisti-
bly led by a consideration of the features of the solar system.
We have before us in the sun and planets obviously not ‘a
haphazard aggregation of bodies, but a system resting upon
a multitude of relations pointing to a common physical
cause. From these considerations Kant and Laplace formu-
lated the nebular hypothesis, resting it on gravitation alone,
for at that time the science of the conservation of energy
was practically unknown. These philosophers showed how,
on the supposition that the space now occupied by the solar
system was once filled by a vaporous mass, the formation of
the sun and planets could be reasonably accounted for.

By a totally different method of reasoning, modern science
traces the solar system backward step by step to a similar
state of things at the beginning. According to Helmholtz,
the sun’s heat is maintained by the contraction of his mass,
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at the rate of about 220 feet a year. 'Whether at the present
time the sun is getting hotter or colder we do not certainly
know. We can reason back to the time when the sun was
sufficiently expanded to fill the whole space occupied by the

solar system, and was reduced to a great glowing nebula.,

‘Though man’s life, the life of the race perhaps, is too short
to give us direct evidence of any distinct stages of so august
a process, still the probability is great that the nebular hy-
pothesis, especially in the more precise form given to it by
Roche, does represent broadly, notwithstanding some diffi-
culties, the succession of events through which the sun and
planets have passed.

The nebular hypothesis of Laplace requires a rotating
mass of fluid which at successive epochs became unstable
from excess of motion, and left behind rings, or more
probably perhaps lumps, of matter from the equatorial
regions.

The difficulties to which I have referred have suggested to
some thinkers a different view of things, according to which
it is not necessary to suppose that one part of the system
gravitationally supports another. The whole may consist of
a congeries of discrete bodies, even if these bodies be the
ultimate molecules of matter. The planets may have been
formed by the gradual accretion of such discrete bodies. On
the view that the material of the condensing solar system
consisted of separate particles or masses, we have no longer
the fluid pressure which is an essential part of Laplace’s the-
ory. -Faye, in his theory of evolution from meteorites, has
to throw over this fundamental idea of the nebular hypothe-
sis, and he formulates instead a different succession of events,
in which the outer planets were formed last, a theory which
has difficulties of its own.

Professor George Darwin has recently shown, from an 1n-
vestigation of the mechanical conditions of a swarm of me-
teorites, that on certain assumptions a meteoric swarm might
behave as a coarse gas, and in this way bring back the fluid
pressure exercised by one part of the system on the other,
which is required by Laplace’s theory. One chief assump-
tion consists in supposing that such inelastic bodies as mete-
oric stones might attain the effective elasticity of a high or-
der which is necessary to the theory through the sudden
volatilization of a part of their mass at an encounter, by
which what is virtually a violent explosive is introduced be-
tween the two colliding stones. Professor Darwin is careful
to point out that it must necessarily be obscure as to how a
small mass of solid matter can take up a very large amount
of energy in a small fraction of a second.

Any direct indications from the heavens themselves, how-
ever slight, are of so great value, that I should perhaps in
this connection call attention to a recent remarkable photo-
graph, by Mr, Roberts, of the great nebula in Andromeda.
On this plate we seem to have presented to us some stage of
cosmical evolution on a gigantic scale. The photograph
shows a sort of whirlpool disturbance of the luminous mat-
ter which is distributed in a plane inclined to the line of
sight, in which a series of rings of bright matter separated
by dark space, greatly foreshortened by perspective, sur-
round a large undefined central mass. We are ignorant of
the parallax of this nebula, but there can be little doubt that
we are looking upon a system very remote, and therefore. of
a magnitude greatly beyond our power of adequate compre-
hension. The matter of this nebula, in whatever state it
may be, appears to be distributed, as in so many other neb-
ulee, in rings or spiral streams, and to suggest a stage in a
succession of evolutional events not inconsistent with that
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which the nebular hypothesis requires. To liken this object
more directly to any particular stage in the formation of the
solar system would be ‘‘ to compare things great with small,”
and might be indeed to introduce a. false' analogy; but, on
the other hand, we should err through an excess of caution
if we did not accept the remarkable features brought to light
by this photograph as a presumptive indication of a progress
of events in cosmical history following broadly upon the
lines of Laplace’s theory.

The old v1eW of the original matter of the nebulee, that it
counsisted of a ‘* fiery mist,"”

‘¢ a tumultuous cloud
Instinet with fire and nitre,’’

fell at once with the rise of the science of thermodynamics.
In 1854 Helmholtz showed that the supposition of an original

- fiery condition of the nebulous stuff was unnecessary, since

in the mutual gravitation of widely separated matter we
have a store of potential energy sufficient to generate the
high temperature of the sun and stars. 'We can scarcely go
wrong in attributing the light of the nebulae to the conver-
sion of the gravitational energy of shrinkag: into molecular
motion.

The idea that the light of comets and of nebule may be
due to a succession of ignited flashes of gas from the encoun-
ters of meteoric stones was suggested by Professor Tait, and
was brought to the notice of this association in 1871 by Sir
William Thomson in bis presidential address.

The spectrum of the bright-line nebulse is certainly not
such a spectrum as we should expect from the flashing by
collisions of meteorites similar to those which have been an-
alyzed in our laboratories. The strongest lines of the sub-
stances which in the case of such meteorites would first show
themselves, iron, sodium, magnesium, nickel, etc., are not
those which distinguish the nebular speétrum. On the con-
trary, this spectrum is chiefly remarkable for a few brilliant
lines, very narrow and defined, upon a background of a
faint continuous spectrum, which contains numerous bright
lines, and probably some lines of absorption. _

The two most conspicuous lines have not been interpreted,
for though the second line falls near, it is not coincident
with a strong double line of iron. 1t is hardly necessary to
say that though the near position of the brightest line to the
bright double line of nitrogen, as seen in a small spectro-
scope in 1864, naturally suggested at that early time the pos-
sibility of the presence of this element in the nebulae, T have
been careful to point out, to prevent misapprehension, that
in more recent years the nitrogen line and subsequently a
lead line have been employed by me solely as fiducial points
of reference in the spectrum.

The third line we know to be the second line of the first
spectrum of hydrogen. Mr. Keeler has seen the first hydro-
gen spectrum in the red, and photographs show that this
hydrogen spectrum is probably present in its complete form,
or nearly so, as we first learned to know it in the absorption
spectrum of the white stars.

We are not surprised to find associated with it the line D,
near the position of the absent sodium lines, probably due to
the atom of some unknown gas, which in the sun can only
show itself in the outbursts of highest temperature, and for
this reason does not reveal itself by absorptlon in the solar
spectrum.

It is not unreasonable to assume that the two brightest
lines, which are of the same order, are produced by sub-
stances of a similar nature, in which a vibratory motion
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corresponding to a very high temperature is also necessary.
These substances, as well as that represented by the line Dy,
may be possibly some of the unknown elements which are
wanting in our terrestrial chewmistry between hydrogen and
lithium, unless indeed D4 be on the lighter side of hydro-
gen.

In the laboratory we must have recourse to the electric
discharge to bring out the spectrum of hydrogen; but in a
vacuum-tube, though the radiation may be great, from the
relative fewness of the luminous atoms or molecules or from
some other cause, the temperature of the gas as S a whole may
be low.

On account of the large extent of the nebulz, a compara-

tively small number of luminous molecules or atoms would
probably be sufficient to make the nebulae as bright as they
appear to us. On such an assumption the average tempera-
ture may be low, but the individual particles, which by
their encounters are luminous, must have motions corre-
sponding to a very high temperature, and in this sense be
extremely hot.
- In such diffuse masses, from the great mean length of free
path, the encounters would be rare but correspondingly vio-
lent, and tend to bring about vibrations of comparatively
short period, as appears to be the case if we may judge by
the great relative brightness of the more refrangible lines of
the nebular spectrum.

Such a view may perhaps reconcile the high temperature
which the nebular spectrum undoubtedly suggests with the
much lower mean temperature of the gaseous wass, which
we should expect at so early a stage of condensation, unless
we assume a very enormous mass, or that the matter coming
together had previously considerable motion, or considerable
molecular agitation.

The inquisitiveness of the human mind does not allow us
to remain content with the interpretation of the present state
of the cosmical masses, but suggests the question,

‘¢ What see’st thou else
In the dark backward and abysm of time? *’

‘What was the original state of things? How has it come
about that by the side of ageing worlds we have nebul® in a
relatively younger stage? Have any of them received their
birth from dark suns, which bave collided into new life,
and so belong to a second or later geueration of the heav-
enly bodies?

During the short historic period, indeed, there is no record
of such an event; still it would seem to be only through the
collision of dark suns, of which the number must be increas-
ing, that a temporary rejuvenescence of the heavens is pos-
sible, and by such ebbings and flowings of stellar life that
the inevitable end to which evolution in its apparently un-
compensated progress is carrying us can, even for a little,
be delayed

We cannot refuse to admit as possible such an origin for
nebulae. ,

In considering, however, the formation of the existing
nebulae we must bear in mind that, in the part of the heav-
ens within our ken, the stars still in the early and middle
stages of evolution exceed greatly in number those which
appear to be in an advanced condition of condensation. In-
deed, we find some stars which may be regarded as not far
advanced beyond the nebular condition.

It may be that the cosmical bodies which are still nebulous
owe their later development to some conditions of the part of
space where they occur, such as, conceivably, a greater
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original homogeneity, in consequence of which condensation
began less early. Tn other parts of space, condensation may
bave been still further delayed, or even have not yet begun.
It is worthy of remark that these nebulze group themselves
about the Milky Way, where we find a preponderance of the
white-star type of stars, and almost exclusively the bright-
line stars which Pickering associates with the planetary
nebule. Further, Dr. Gill concludes, from the rapidity
with which they impress themselves upon the plate, that the
fainter stars of the Milky Way also, to a large extent, belong
to this early type of stars. At the same time other types of
stars occur also over this region, and the red hydrocarbon
stars are found in certain parts; but possibly these stars may
be before or behind the Milky Way, and not physically
connected with 1t.

If light matter be suggested by the spectrum of these neb-
ulae, it may be asked further, as a pure speculation, whether
in them we are witnessing possibly a later condensation of
the light matter which had been left behind, at least in a
relatively greater proportion, after the first growth of worlds
into which the heavier matter condensed, though not with-
out some entanglement of the lighter substances. The wide
extent and great diffuseness of this bright-line nebulosity
over a large part of the constellation of Orion may be re-
garded perhaps as pointing in this direction. The diffuse
nebulous matter streaming round the Pleiades may possibly
be another instance, though the character of its spectrum has
not yet been ascertained.

In the planetary nebulee, as a rule, there is a sensible in-
crease of the faint continuous spectrum, as well as a slight
thickening of the bright lines towards the centre of the neb-
ula, appearances which are in favor of the view that these
bodies are condensing gaseous masses.

Professor George Darwin, in his investigation of the
equilibrium of a rotating mass of fluid, found, in accordance
with the independent researcues of Poincaré, that when a
portion of the central body becomes detached through in-
creasing angular velocity, the portion should bear a far
larger ratio to the remainder than is observed in the planets
and satellites of the solar system, even taking into ac-
count he terogeneity from the condensation of the parent
mass.

Now this state of things, in which the masses, though not
equal, are of the same order, does seem to prevail in many
nebulse, and to have given birth to a large number of binary
stars. Mr. See has recently investigated the evolution of
bodies of this class, and points out their radical differences
from the solar system in the relatively large mass-ratios of
the component bodies, as well as in the high eccentricities
of their orbits brought about by tidal friction, which would
play a more important part in the evoluhon of such sys-
tews.

Considering the large number of these bodies, he suggests
that the solar system should perhaps no longer be regarded
as representing celestial evolution in its normal form —

¢“ A goodly Paterne to whose perfect mould
He fashioned them . . .”’—

but rather as modified by conditions which are exceptional.
Tt may well be that in the very early stages condensing
masses are subject to very different conditions, and that con-
densation may not always begin at one or two centres, but
sometimes set in at a large number of points, and proceed
in the different cases along very different lines of evolution.

(To be continued.)



