























PREFACE TU THE ORIGINAL EDITION.

_—— —

THE contents of this little volume have within the last
few years seen the light in various periodicals. Chapters
I—vil and XV-—XVII appeared in Good Words; VII—X
in the Girl's Own Paper; X1, XIV, XVIII, XIX in various
newspapers; XIL XII in 4 1; xXI in Macmillan’s Maga-
zine,; XXII in the Contemporary Review; XXiI in Long-
man's Magazine ; while XX was a presidential address
delivered at the Midland Institute, Birmingham.,

A few alterations have been found necessary in gather-
ing them into a consecutive whole, and each chapter has
been carefully revised.

With respect to the illustrations, several of which did
not accompany the papers in their original form, I am
indebted to the kindness of Mr. A. Cowper Ranyard, the
editor of Knowledge, for permission to reproduce the
photograph of the Moon, taken with the Great Refractor
of the Lick Observatory (Frontispiece), Mr. Lassell's
picture of the Great Nebula in Orion, and drawings of
the Rev. F. Howlett's photographs of sun-spots of
1882-3. To the Council of the Royal Society I owe
thanks for a similar favour in regard to the Krakatoa
diagrams.

The object of the book is to give the general reader
some sketches of specially interesting matters relating
to the different heavenly bodies. They may be regarded
as supplementary to a treatise on elementary astronomy
such as my little volume, “ Starland.”

I am indebted to my friends, Rev. Maxwell Close,
Dr. A. Rambaut, and Mr. L. Steele, for their aid in
revising the work.

ROBERT 8. BALL.
OBSERVATORY, Co. DUBLIN,
A’zﬁn'l, 1893,
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CHAPTER L
THE HEAT OF THE SUN.

THeRE is not in the whole range of modern science a more
fruitful subject for discussion than the sun and his con-
nection with the earth. In the first place it is the fune-
tion of the sun’s attracting power to constrain the earth
to follow that orbit in which she performs her annual
revolution. The same office is also filled by the sun in
the guidance of the several planets which, like our earth,
are controlled by the one great central power. There are
other functions in which the sun appears to be more
obviously our benefactor by contributing several of the
necessaries for our welfare. Chief among these is his
provision of the heat by which life is sustained. The
study of the benefits conferred on us by the sun in this
particular opens up most interesting questions. As the
great dispenser of l4ight to the surrounding worlds, the
functions of the sun illustrate other branches of science.
Indications of the sun’s interference in terrestrial affairs of
somewhat minor moment are not wanting. The swing of
the magnetic needle is connected in some occult manner
with sunbeams, and phenomena of this class seem destined,
B
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at a time now perhaps not far distant, to become of greav
scientific interest. I propose to devote this and the few
following chapters to the more important relations of the
sun to the earth. I shall strive to illustrate the different
functions which the sun has to perform, and I shall point
out how it is that he is enabled to send down his benefits
upon the dwellers on this earth with a profuseness that
shows no signs of exhaustion.

Let us begin by considering the extent to which we are
indebted to the sun for maintaining the earth in the same
orbit year after year. It would almost seem as if our
globe were always trying to escape from the thraldom of
the sun. If the sun were to withhold that attractive
power by which the earth is maintained in the course that
it at present follows, dire calamity must immediately result.
This globe of ours is hurrying along at a pace of eighteen
miles a second, and if the sun’s attraction no longer re-
strained it the globe would not continue to revolve in a
circle, but would at once start off in a straight line on a
voyage through space. Every minute would take us more
than a thousand miles, and by the time a hundred days had
elapsed we should be twice as far from the sun as we are
at present. His light and his heat would be reduced to
one-fourth part of what we now enjoy. With every suc-
cessive minute the sun’s influence would still further abate,
and it is almost needless to add that all known forms of
life would have to vanish from the globe. It is, therefore,
satisfactory to know that we possess sufficient grounds for
our belief that the sun’s attraction will never decline from
what it is at this moment, and therefore that there is
po cause for apprehension that life may be chased from
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this globe by a dissolution of the bond of attraction
between the earth and sun.

There is, however, another aspect of the earth’s relation
to the sun which requires such close attention that it must
necessarily form the chief subject with which we have to
deal. For the preservation of life on this earth it is not
only necessary that the distance of our globe from the sun
shall never greatly alter from what it is at present, but also
that the present amount of the radiation from the source
of heat shall continue without perceptible variation. These
considerations introduce questions which do not admit of
being summarily disposed of. They involve some problems
that are not at all simple. Indeed, it is only in modern
times that the subject has become properly understood.
We have here to consider not alone some matters of
primary significance as regards the continuarce of life on
this earth, but also various scientific problems of the
highest interest and importance. I therefore propose to
discuss how it comes to pass that the sun’s power to radiate
heat to the earth is maintained at a rate which appears to
be constant.

There seems to be sufficient reason for the belief that
the heat at present emitted from the sun is neither greater
nor less to any sensible extent than that which our lumi-
nary used to dispense ages ago. Where the vine and the
olive now grow, the vine and the olive were growing
twenty centuries back. We must not, however, place too
strong a reliance on what seems an obvious deduction from
such a fact. Darwin has taught us how by natural selec-
tion an organism can continue to preserve its adaptation
to the environment notwithstanding the gradual change
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of the surrounding conditions. The facts, so far as they
are known to us, fail to show any grounds for supposing
that there have been any important changes in the climates
of the earth within historic times. We have geological
evidence far earlier than any historical testimony as to the
character of the climates which prevailed at various epochs
of remote antiquity. The records of the rocks demon-
strate unquestionably that our globe has passed through
many striking vicissitudes so far as heat and cold are con-
cerned. Those records prove that there have been periods
during which some of the fairest regions of this globe
were desolated by a frost so intense that they became
thickly cased with solid ice. There have also been periods
when conditions of an opposite character have prevailed.
The polar regions which now seem the perennial abode
of impenetrable ice once enjoyed a succession of long
and delightful summers, diversified by winters remarkable
alike for their brevity and their mildness. The Arctic
solitudes, now so dismal and so barren, then nourished
plants and animals that can only thrive under genial con-
ditions of climate.

No doubt the question as to the origin of these great
climatic changes, which have so frequently occurred in
the course of geological time, presents many difficulties.
Opinion is divided as to what the cause of these changes
may have been. I do not now enter into this subject,
because for our present purpose it suffices to note one
very important conclusion. Those who are competent to
pronounce on the question of the cause of the geological
variations of climate are in substantial accordance with
the view that several changes have not been due to any
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actual variations in the amount of heat radiated from the
sun. In other words, there is not the slightest reason for
the belief that the sun has been during geological times
either appreciably hotter or appreciably colder than at the
present moment.

One of the indications of the existence of sunbeams
throughout geological times is afforded by the eyes of
certain fossil animals. It may, for instance, be specially
noted that the great fish-like reptile, the Ichthyosaurus,
which lived during a remote period of this earth’s history,
possessed an eye apparently unequalled in size and com-
plexity by the eye of any other animal living or extinct.

There is no reason for being surprised that the sun
should have attracted the earth by the force of gravi-
tation a million years ago with just the same intensity
as it does at present. The gravitation between two
masses does not necessarily involve anything in the
nature of expenditure. Two cannon balls, for instance,
placed at a certain distance apart attract each other with
a certain force, and that force remains the same after any
lapse of time, provided the masses of the cannon balls
and the distance between them continue unchanged. The
case is, however, totally different, if it be radiation of
heat and not attraction of gravitation that is the pheno-
menon in question. For example, let us regard one of
the cannon balls as a red-hot body dispensing heat around
s0 as to warm the objects in its vicinity. Here, evidently,
the question of #ime enters as an important element. The
hot body will, in general, be able to impart heat to a cold
one, so long as the one retains an excess of temperature
over the other. It is, however, in the nature of a heated
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object to pour forth its heat by radiation, and ultimately
to cool down to the temperature of the bodies which sur-
round it. It thus appears that the dispensing of heat
from a body at a high temperature, being essentially of
the nature of expenditure, cannot be maintained without
the source being in some manner replenished. Even the
greatest body, if also the hottest body, only contains a
limited and perfectly definite quantity of heat. In the
process of cooling a heated object gradually pays out from
its stores of heat, until, at last, its temperature approxi-
mates to that of the surrounding objects. From that
time the radiation ceases to have appreciable amount, or,
to speak more accurately, the heat which the body loses is
restored by the heat which it receives by the radiation
of other objects. No matter how magnificent be the
dimensions of the radiating mass, or how exalted be its
temperature, it cannot escape from the application of these
principles. It must ultimately cool down and cease to
operate as a source of heat to the other objects around.
Itis unavoidable that the sun himself must run his course
in accordance with the doctrines we have been here con-
sidering. The great source of light and heat cannot escape
from the legitimate consequences of continuous expendi-
ture. Unless there is some process of restoration by
which the results of solar extravagance are neutralised,
impoverishment and ultimate exhaustion are inevitable.
If, therefore, the sun receives no supply of heat, or of
what is equivalent to heat, the time must ultimately arrive
when his stores of radiant energy shall have been all ex-
pended, and the great globe can then no longer remain
as a source of life and light to the worlds which circulate
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around him. We know that the fire which gladdens our
hearth requires occasional renewal by fuel else it will go
out; 80 too that glowing globe in the heavens which glad-
dens and beautifies the earth must also go out,unless its
energies be recuperated from some source or other.

The amount of heat squandered by the sun is truly pro-
digious. The earth intercepts only an extremely small
proportion of the total radiation of sunbeams. It would be
eagy to show that the sun distributes sufficient light and
heat to maintain two thousand million planets in the same
comfortable circumstances as those in which our earth is
placed. The greater part of that radiation-is entirely
lost, or, at least, lost in so far as any of the planets are
concerned. Our fellow-worlds—Jupiter, Saturn, Venus,
Mercury, and Mars—do, no doubt, intercept a little of the
heat that would otherwise depart altogether from our
system, but the total amount of radiant solar energy that
all the planets together can utilise is utterly inappreciable
when compared with that which streams away into space,
and has gone from us for ever. The quantity of heat
radiated from the sun is one of the most astounding facts
in nature. Let us consider with the help of a few illus-
trations the wealth of radiation which our great central
hearth pours forth. We shall make use of some of the
facts collected in Professor Young’s well-known treatise
on the sun.

When an engineer is designing the furnaces to supply
a steam engine he has to arrange that the heating surfaces
of the boilers shall have an extent duly proportioned to
the work which the engine has to do. Kach square foot
of boiler exposed to the flame is capable of generating so

s
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much steam per hour, and may thus be regarded as the
equivalent of so much horse-power. Let us consider an
area of a single squaré foot on the sun’s surface, and sup-
pose that all the heat which passes through it on its way
to outer space could be collected and applied to the gene-
ration of steam in a boiler. The generation of steam in
that boiler would be so copious that a mighty engine of ten
thousand horse-power might be maintained in continuous
action. Indeed a great Atlantic liner could be driven at
full speed at a heat expenditure not larger than that
which flows out through each square foot of the sun. It
would be easy to show that if the heat from an area on the
sun of an acre or two in extent could all be utilised by a
system of boilers, they would generate as much steam as
would suffice to sustain in full work every steam engine in
the world.

We may exhibit the quantity of heat radiated from the
sun in another way. Let us suppose that it is to be
entirely applied to the melting of ice, and that this ice
is disposed in a shell closely enveloping the whole sun.
Even if the ice had a thickness of 48} feet the radiation
would be sufficient to reduce it all to water in one minute.
Statements like this give some conception of the profuse
expenditure with which the sun pours forth its stores of
heat ; they also raise a desire to study the method by
which the exhaustion that would seem the obvious con-
sequence of such monstrous extravagance can be avoided.

In the first place it should be noticed that the enor-
mous size of the sun is a very important element in the
inquiry. A large body cools much more slowly than a
small one. The loss of heat by radiation takes place
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chiefly, if not wholly, from the surface of the heated
body, and the heat from those parts which are not on the
surface can only be dispersed by radiation after it has
travelled by conduction from the interior to the exterior.
Such at least would be the case if the body were a solid
one: if, however, it were either wholly or partly in a
liquid ¢r in a gaseous condition, as the sun appears to be,
then the mode by which the heat would pass from the
interior to the exterior would be correspondingly modified.
There would, doubtless, be currents of convection in the
solar materials just as there are currents of convection
which distribute, throughout the bulk of the liquid, the
water that has been heated at the bottom of a kettle
placed on the fire. This does not contradict the statement
" that we have made as to the necessity for the arrival of
the heat from the interior at the surface before it could be
dispersed by radiation. The mode of conveyance of the
heat must be different in a fluid from what it is in a solid,
but the general principle remains unaltered. The spots
on the sun are doubtless connected with the circulation of
the heat between the interior and the surface. The
character of these remarkable features on our great lumi-
nary is well shown by the reproductions of the Rev. F.
Howlett’s photographs of spots in 1882, 1883.

The extraordinary profusion with which heat is poured
forth from every square foot of the sun’s surface may
perhaps be explained by the following illustration. Sup-
pose there are two concert-halls, built from like designs,
but with every dimension in one of the buildings double
that corresponding in the other. The area, for instance,
in one hall is twice as long and twice as wide as in the



IN STARRY REALMS.

10

]
o 2
0~
£ g
gz

o
23
£ &
P
5

square miles,

, 1883,

. 1.—June 29,



THE HEAT OF THE SUN, n

lesser hall. There will be twice as many rows of seats in
it, and each row will contain twice as many chairs.
Accordingly four times as many people can be accommo-
dated in the large hall as in the small one. The buildings
being after the same design the number of exit doors will
be of course the same in both halls. Each door of the large
hall will, in conformity with our supposition, be double as
wide and double as high as the corresponding door in the
small one. Let us now suppose that both these halls are
filled to their utmost capacity, and that in each of them
a panic breaks out among the audience from an alarm of
fire, or from some similar cause. Would the facilities of
escape be equal from the two buildings, and if not, which
of them would have the advantage? Considering that
the two buildings have been erected from the same
designs, it might at first appear that the facilities for
a rapid emptying of the buildings should be equal in
both; but this is not the case. No doubt the larger
building has double the width of door exit possessed by
the small one, but, on the other hand, four times as many
people have to push through these doors, and consequently
the crowding at the exits of the large room would be
double as great as at those of the small one. In a pre-
cisely similar way it would appear that if one of the
buildings had ten times the linear dimensions of the
other, it would have ten times as many rows, and each
row would have ten times as many seats, so that the whole
audience contained in the large hall would be a hundred-
fold that contained in the small one. The width of door
exit would, however, be only ten times as great, and
consequently the crushing and crowding and the diffi-
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culty of exit would be ten times more perilous in the
larger building than it would be in the smaller one.

This illustration will show the contrast between the
escape of heat from a large body and the escape of heat
from a small one. For the purpose of our argument, the

Fig. 2.—The Solar Prominences.

sun’s diameter may be represented as one hundred times
that of the earth. The surface of the sun will exceed
the surface of the earth in the proportion of 10,000 to 1,
and the volumes of the two bodies will be in the propor-
tion of 1,000,000 to 1. If the two bodies possessed
sriginally the same temperature, and were composed of
the same materials, the sun would possess a million times
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as much heat as the earth. If this heat is to be lost it
must be by passing out through the surfaces of the bodies.
The sun’s surface is no doubt ten thou-and times that of
the earth ; but, on the other hand, there is a million times
as much heat to pass through the sun’s surface as through
the earth’s surface. Hence it follows that one hundred
times as much heat must emerge through every square
foot on the sun’s surface as through every square foot on
the earth if the two bodies remain at equal temperatures.

The surface of the sun is in a state of the most tremen-
dous agitation. Look, for example, at Fig. 2, which
exhibits, on a small part of the sun’s margin, some of the
glowing flames that leap from its surface. These out-
bursts are often tens of thousands of miles high, and they
indicate the fearful tempests with which the fiery globe is
convulsed. Such objects are known as the “prominences,”
but the surroundings of the great luminary include also
the corona. This is a faint pearly light extending to a
vast distance round the sun, and rendered visible when
the moon intrudes between the earth and the sun, so as to
form a total eclipse.



CHAPTER 1L
EXPENDITURE AND SUPPLY.

NoTwITHSTANDING the sun’s great mass and immense store
of heat, it cannot escape from the application of those
familiar laws of cooling that would be observed in a red-
hot poker when taken from the fire, or in a freshly-run
casting when drawn from its mould in the foundry. The
larger the body the longer is the time it will require
before it becomes cold. A knitting needle heated red-hot
and withdrawn from the fire will become cold in a few
minutes. An iron rail, after it has been drawn red-hot
through the rolling-mill, may remain hot for an hour.

Our first surmise might be that the luminary is
simply a vast white-hot body, glowing with incandescence
and parting with its heat in accordance with the ordinary
laws of cooling. On this supposition the fact that the
abatement in sun heat was not perceptible in historic
times might be accounted for in consequence of the
immense size of the body. Suppose, for instance, the sun
were merely a globe of white-hot iron pouring forth its
heat, could we then explain the maintenance of its radia-
tion for so many thousand years at the same rute as st
present P
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This is a question which cannot be decided by mere off-
hand reasoning ; we must submit it to the test of actual
calculation. As a foundation for this calculation, we
know the quantity of heat that would be contained m a
globe of white-hot iron of the same dimensions as the sun.
We also know the quantity of heat which represents the
sun’s daily expenditure. It is therefore a simple matter
of arithmetic to find the number of days’ supply which a
white-hot sun could contain. The result is not a little
startling ; it demonstrates that to supply the current
expenditure of solar radiation at its present rate the
temperature of the sun would have to decline through
some degrees every year if the constitution of the body
were what we have supposed. It seems that if the sun’s
temperature were suffering an abatement at a rate any-
thing like so fast as this supposition would involve, then
the effects of cooling would be perceptible in a continuous
fall of the sun’s efficiency as a radiator. It is therefore
obvious that our first notion, which suggests that the
sun is merely a white-hot globe cooling down, must be
abandoned.

Another conceivable origin of the sun’s heat must also
be considered for a moment before receiving its dismissal
as utterly incapable of affording a solution of the problem.
As heat is generated by the consumption of fuel, it might
seem not unreasonable to suppose that there may be some
process analogous to combustion at present in progress in
the sun on a scale of sufficient magnitude. But there are
insuperable difficulties about such a view, which will be-
come apparent when we call to mind the actual nature
of combustion. The coal which is glowing so cheerfully
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in the fireplace is the seat of a vehement chemical action.
The carbon which constitutes a great part of the coal is
uniting with the oxygeun of the air, and as an incident
of the chemical union between these two substances
heat in large quantities is evolved. ~ Hydrogen is
another important ingredient in the composition of
ordinary coal. When ignited hydrogen combines with
the oxygen which the air so plenteously supplies, the
union of the two gases produces the vapour of water, and
the process is accompanied by the liberation of large quan-
tities of heat. Thus the radiation of warmth from the
fireplace is the direct comsequence of a chemical union
between different elements. It is, therefore, proper to
inquire whether the heat of the sun may not be sustained
by a somewhat similar action. Can it be that there is
some mighty combustion of fuel perennially in progress in
the sun, and that continuous radiation of heat is the con-
sequence ? This is a question which it is difficult to,
answer in a simple manner. There can be no doubt that
chemical activities of the highest order must be in inces-
sant operation in the sun, but it seems impossible that any
appreciable proportion of the sun’s radiation can be main-
tained by chemical action.

Indeed we can show conclusively that no attainable
amount of chemical action could be adequate for the main-
tenance of the sun’s expenditure at the rate which has
been current for so many centuries. In the first place it
is necessary that the two elementary bodies should be
both present in sufficient abundance, and that their
combination should take place with such uniformity
that the daily radiation shall be preserved at a nearly

c
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constant rate. We are aware that ingenious machinery
is often applied for the purpose of stoking the fires under
steam boilers. It is claimed for these machines that they
administer the coal to the fire so regularly that the pro-
duction of steam is carried on with all desired uniformity.
If there were sufficient fuel in the sun for the mainte-
nance of its radiation, and if there were gas or other mate-
rial suitable for union with that fuel in sufficient quantity
to generate the necessary heat, it seems difficult to ima-
gine by what arrangements the combustion of the two
elements eager for union could be so controlled that the
supply of heat produced should remain practically con-
stant. How are we to suppose that the gas and the fuel
can be continuously brought together in the duly regulated
quantities? These considerations alone suffice to render
it highly improbable that chemical union could afford an
effective explanation of sun heat.

There is a still more insuperable objection. Careful
experiments have taught us the precise quantity of heat
that can be extracted from a ton of coal when combined
with the requisite quantity of oxygen for combustion at
the best possible advantage. We are, therefore, able to
compute how much coal would have to be consumed every
day to generate enough heat for the maintenance of solar
radiation. We can show that the sun’s daily expenditure
is 80 enormous that the supply of fuel that would be neces-
sary places this view of the origin of the sun’s heat alto-
gether out of the question. Suppose that the whole sun
from its surface to its centre were a solid globe of coal
Suppose that from some source or other a supply of oxygen
were available which was adequate for the combustion of
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this globe. Suppose that enough of this coal were to be
burned every day to supply a quantity of heat equal to
that poured forth by the sun in the same time. It is then
a matter of simple calculation to find how long a sun so
constituted could last as a source of light and heat. It can
be easily shown that on this supposition and at the present
rate of expenditure all power of radiation would be totally
exhausted in about three thousand years. We have, how-
ever, the best reasons for knowing that the sun has already
dispensed his beams for a far longer period than that just
stated. Hence we learn that the supply of the sun’s heat
cannot be due to the combustion of any substance with a
composition similar to coal.

It is, however, a reasonable question whether there
may not be some extraordinary, and to us unknown,
elements present in the sun which in the course of their
chemical union generate far more heat than those elements
with which we are acquainted, so that by the combustion
of these materials the solar energies might be recuperated.
From all we know of the composition of the celestial
bodies, it does not seem in the least degree probable that
any materials exist which possess the necessary qualities.
In fact, it is one of the triumphs of modern science to have
identified to a considerable extent the materials of which
the sun is composed with the familiar elements in our
earth. By the aid of spectrum analysis it has been dis-
covered that upwards of thirty of the elements on the
earth are present also in the sun. Among these we may
specially draw attention to iron, which appears to be one
of the most widely distributed of all the elementary bodies.
Some hundreds of lincs in the solar spectrum have been
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Jdemonstrated to be connected with this element. I should,
however, say that it has by no means been proved that
there may not be some elements in the sun of a different
kind from those we find on the earth. There are indeed
many lines in the solar spectrum which have not up to the
present been identified with those arising from any terres-
trial element. There are, however, so many difficulties
attending the identification of lines under widely varying
conditions that it would be rash to pronounce emphatically
as to whether all the ingredients in the sun may be in some
shape or other known to us on the earth. The constitu-
tion of the great luminary does not, however, give any
encouragement to the suggestion that the source of his
heat may be attributed to combustion in the ordinary
meaning of the word. Indeed, the difficulties attending
such a view seem 8o overwhelming that we may withdraw
this doctrine from any further consideration.

We have thus shown not only that the sun’s heat would
be insufficiently explained by supposing the great globe to
be a cooling body, but also that the phenomena of combus-
tion offer no adequate suggestion towards the explanation
of the difficulty.

Our search for the source of sun heat must therefore be
conducted in some other direction, and, strange to say, we
shall find that source to be not in any immediately avail-
able heat, but rather in the transformation into heat of
something which was originally of a mechanical nature.

When a shooting star dashes into our atmosphere its
course is attended with an evolution of light and heat
owing to its friction through the air. We are thus able
to account for the enormous quantity of heat, or of what is
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equivalent to heat, which exists in virtue of the rapid
motion of these little bodies. It is true that we only see
meteors at that supreme moment of their dissolution when
they dash into our atmosphere. It is, however, impossible
to doubt that, besides the meteoric streams with which we
are acquainted, there must be many shoals of meteors
which never collide with our earth. The other great
globes in our system must, like our globe, absorb multi-
tudes of meteors which they chance to encounter in their
roamings. The numbers of meteors gathered by a globe
will be doubtless greater the larger and more massive the
globe is, and this for a double reason. In the first place,
the dimensions of the atmospheric net which the globe
extends to entrap the meteors will, when other things are
equal, increase with the size of the globe. But thereis also
another reason—the more massive the globe the more vehe-
ment will be its power of attraction, and the greater will be
the number of the meteors that are drawn into destruction
in its atmosphere. Of course this reasoning applies in a
special degree to the sun. We shall probably be correct
in the assertion that for every meteor that descends upon
this earth, thousands, if not millions of meteors will plunge
into the sun. As these objects pierce their way through
the sun’s atmosphere light and heat will of course be
evolved. It has been conjectured that the friction of the
meteors which are incessantly rushing into the sun may
produce light and heat in sufficient quantity to aid in the
maintenance of the sun’s ordinary expenditure by radia-
tion. It has been even supposed that the quantity of
energy thus generated may supply all that is wanted to
explain the extraordinary circumstance that from age to
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age no visible decline has taken place in the intensity of
the solar radiation. Here again is a question which we
may submit to calculation. We have first of all to deter-
mine the heat which could be generated by a body of, let
us say, one pound in weight, falling into the sun after
having been attracted thither from a very great distance.
The result is not a little startling; it shows us that sucha
body in the course of its friction through the sun’s atmo-
sphere might generate as much heat as could be produced
by the combustion of many times its own weight of coal
consumed under the most favourable conditions.

The stern rules of arithmetic enable us to pronounce
decisively on the issue as to whether the influx of meteors
can be entertained as an adequate source for the supply of
sun heat. We can estimate the quantity of heat whick
would be contributed by a single meteor a pound in mass.
This determines the total mass of meteors that would
have to be entrapped in the sun’s atmosphere every day
if the current expenditure of sun heat had to be defrayed
from this source alone. We are able to avoid expressing
the answer in millions of tons by the fortunate circum-
stance that the moon happens to present a unit of suitable
magnitude for the purpose.

Suppose that the moon were to be entirely crushed into
fragments, which were permitted to rain down upon the
sun after the manner of meteors, then it can be shown
that the total quantity of heat generated by this influx
would be sufficient to maintain the sun’s expenditure at
the present rate for about a year. Stated in this way, we
are enabled to decide at once as to the plausibility of the
supposition that the meteoric source of supply is sufficient
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for the sun’s wants. If every year the sun devoured a
quantity of meteors whose collective mass would form a
globe equal to our moon, then the quantity of meteoric
matter roaming about our system must be enormously
greater than seems likely to be the case. Indeed, it can
be shown that if so mighty a mass of material is absorbed
into the sun in the course of twelve months, the dynamical
conditions of the solar system would be widely different
from what we find them. A quantity of matter so distri-
buted that the sun could daily abstract a supply sufficient
for its wants would undoubtedly affect the movements of
the other heavenly bodies. Were there such an abundance
of substance in the vicinity of the sun, the perturbations
of Mercury and of the other planets arising from this
cause would be assuredly appreciable. As we do not find
that the movements of the planets are so affected to the
necessary extent, it is incumbent on us to conclude that
the quantity of loose material in our system cannot be
nearly so great as this doctrine of sun heat would require.
We are hence forced to take a modified view of the capa-
city of meteors to supply the solar radiation. It may
possibly be true, nay, doubtless must be true, that the
meteors do contribute, to some small extent, to neutralize
the sun’s perennial losses; but it is wholly impossible that
they can contribute in any substantial degree to the solu-
tion of the problem as to how the loss of heat by the sun
does not become apparent.

Three suggested sources for the sun’s heat have been
tested and found wanting. We have first considered it as
a mere glowing globe, gradually cooling and dispensing
its heat by radiation. This will not answer, for the sun
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would have become cold and dark ages ago if it had no
further heat than this supposition implies. We then
investigated whether there could be any sufficient supply
of something analogous to fire, so that the sun’s heat
could be maintained by combustion. This, again, will
not stand the necessary test : it is wholly impossible that
material of the required character should be forthcoming
in sufficient abundance. Finally, we have examined the
notion that the sun’s heat may be produced by the frie-
tion of meteors which dash into his atmosphere. This
source of supply may be a small rate-in-aid of the sun’s
current expenditure, but cannot explain how the bulk of
that expenditure has to be provided for.

We have now to set forth the true explanation, which
has been universally adopted whenever the evidence in its
favour has been duly considered. The question is by no
means an easy one, but I shall strive to make it as clear
as circumstances will permit. A multitude of observations
point irresistibly to the conclusion that the sun is not a
s0lid body. In this respect we may contrast the sun with
the moon. Our satellite is eminently a solid as opposed
to a gaseous object ; every feature on the moon is perma-
nent and definitely marked, and can be observed from
year to year in the same place and with the same sur-
roundings. But there seems to be no permanent object
whatever visible on the sun. In fact, it would be a great
convenience to astronomers if there were some solid moun-
tain peak which would mark one definite locality on the
sun’s globe. We are sadly in want of some such definite
feature to serve as an origin from which the longitude of
spots or other objects on the sun’s globe could generall'y
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be estimated. Nothing of the kind can, however, be dis-
cerned. We are obviously only looking at vast masses of
glowing cloud suspended in gaseous matter. The solar
vapours have but little more permanence than the unstable
clouds of our own atmosphere.

Our knowledge of the interior of the sun is necessarily
very imperfect, but there seems no reason to think that
the luminary is, even in any part, what may be regarded
as a solid body. There is, in fact, a strong presumption
in the opposite direction. To explain this it is necessary
to contrast certain characteristics of our earth with the
corresponding characteristics of the sun. Our globe, for
instance, is constituted from materials which are on the
whole so heavy that the earth weighs over five times as
much as would a globe of water of the same size; whereas
the sun is hardly one and a half times as heavy as a globe
of water of equal \olume. Thus we learn that the sun
is composed of materials which have about one-fourth of
the density of those of the earth. This points to the con-
clusion that the materials of the sun are much less closely
compressed, and that even the sun’s interior can hardly
be regarded as consisting of solid substance.

‘When, therefore, we discuss the loss of heat from the
sun by radiation we ought not to compare it with that of
radiation from a solid globe; we must rather take it to
resemble radiation from a gaseous globe. At first, per-
haps, the profound difference between the two cases may
escape attention. Indeed it is only in comparatively
recent times that the remarkable laws by which a globe
of gaseous matter parts with its heat have been thoroughly»

explained.



CITAPTER III.
HOW THE HEAT I8 KEPT UP.

It will be necessary for me, at this part of my subject, to
recall to mind a few points in the doctrine of heat. In
ordinary language we occasionally employ the words heat
and temperature indifferently, but when we are considering
such a question as that now before us we must be more
particular about our words. The heat contained in a
body is one thing, and the temperature shown by that
body is a different thing; in fact, it may well be that of
two bodies, the one with the higher temperature contains
less heat than that which shows the lower temperature.
You might take a pound of iron and a pound of water,
each at the same temperature, and then give them both
equal additions of heat. The iron will rise to a tempera-
ture far higher than the water. A foot-warmer filled with
hot water will give out far more heat than if it contained
merely the same weight of iron heated to the same tem-
perature. A pound of mercury and a pound of water at
the same temperature, as shown by a thermometer, would
contain very different quantities of heat, the difference being
very much in favour of the water. If equal weights of
mercury and water had very unequal temperatures, and
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you stirred the two together, the mixture would assume
nearly the temperature of the water, whatever that of the
mercury may have been. If the pound of water was cold
and the pound of mercury hot the mixture would be nearly
cold. If it were the other way, and the pound of water
was hot and the pound of mercury cold, the mixture would
be nearly as hot as the water.

These illustrations suffice to show that the quantity of
heat in a body and the temperature which that body
exhibits are not related in any very obvious manner.
Especially is this true in the case of gaseous bodies;
indeed, the connection between the temperature of a gas
and the heat it contains presents sometimes the startling
anomaly that while the gas is losing its heat it may be,
nevertheless, gaining in temperature. Once we take into
view that the sun is, to a large extent at all events, com-
posed of gaseous material, the difficulties as to the supply
of the heat necessary for its daily radiation vanish.

The other suggested sources of sun heat which we have
already discussed had to be rejected, for the very simple
reason that they failed to explain why the sun did not
seem to get colder. Now we shall be able to account for
the fact—the strange fact, some may certainly think—
that the loss of heat does not necessarily involve a fall of
temperature. Indeed, it seems just as likely that if the
sun’s temperature is changing at all at the present time it
may be rising instead of falling, though no doubt the
alteration must be extremely slow.

A fundamental doctrine in the theory of heat tells us
that when heat is imparted to a body it expands. There
are no doubt certain exceptions, but they need not here
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detain us. We have also the correlative truth that if a
body loses heat by radiation it follows as a necessary con-
sequence that it must be contracting in dimensions; of
course it may usually be added that the body is also losing
temperature, but this is not invariably the case. After
heat has been lost by radiation without being compensated
by an accession of heat from some external source, the
total supply of heat, or of what is equivalent to heat, is of
course lessened. Owing, however, to the shrinking of
material which has taken place the quantity of heat which
remains in the body is distributed over a lessened volume.
It may therefore conceivably happen that though a body
is losing heat, and therefore contracting, yet that, as the
heat which remains is concentrated within a diminished
bulk, it may actually show a higher temperature than the
body had before the heat was lost.

The point I am here trying to explain may be illus-
trated as follows. Suppose that a man maintains a very
large establishment in town, with troops of servants and a
stable full of horses, a yacht, a place in the country, a
shooting-lodge in the Highlands, and a villa in the south
of Europe. He must have a very large income to main-
tain his position in this fashion, and the income is pro-
vided by a fine estate. Suppose that by some reverse of
fortune the man loses a part of his property, his income is
diminished in corresponding proportion, and he at once
begins to curtail his expenses. He sells his yacht, lets his
Highland shooting, throws up his villa, reduces his hun-
ters, dismisses half his servants, and curtails his establish-
ment in many other directions. He so lessens the area of
his expenses that he has brought them into conformity
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with his income. If, indeed, he be a wise man he will
take the opportunity of carrying on his retrenchments to
such a point that his expenses shall be even more conveni-
ently within his income than they were in the original
days of high living. With his moderate establishment,
and with an income which is abundant in comparison with
that establishment, the owner may feel a comfort and
enjoy a genuine prosperity which he never knew in those
bygone days that seemed more splendid. He may actu-
ally have more money in his pocket and be in a more
satisfactory financial condition.

In like manner when a great amount of sun heat has
been radiated into space and lost for ever, the sun accom-
modates itself to the altered circumstances by shrinking
inwards. Like the prudent man who has suffered a
reverse of fortune, the sun when it does shrink takes the
opportunity of so far reducing its bulk that, even though
it has less heat than it originally possessed, yet that heat
so shows itself on the reduced bulk that the orb of day
may be a more genial body than ever it was, notwith-
standing its apparent losses.

Matter in the solid state undergoes only a compara-
tively small diminution of its volume by its loss of heat.
For example, when a cannon-ball heated to redness cools
down through 100 degrees of temperature, the shrinking
of its volume amounts to but little more than a thousandth
part of the whole. No doubt in some small degree the
quantity of heat left in the cannon-ball does show to
slightly better advantage in the reduced bulk than it
would have done had the body remained at its original
dimensions. The gain, however, in temperature from this
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source is not at all sufficient to counteract the direct loss
from radiation, and consequently the temperature falls and
the cooling of the body progresses.

But now let us suppose the case of the cooling of a
globe of gas. No doubt the condition supposed is one
that we can hardly reproduce in our laboratories, but we
can imagine a globe of gas in space not enclosed in any
envelope, but merely taking the shape that is given by
the mutnal attraction of its particles. We can indeed
see bodies apparently of this description in our telescopes,
and we call them planetary nebulz. Imagine a globe of
this kind to be dispensing its heat by radiation. In con-
formity with the general law, the loss of heat must be
accompanied by contraction. It is in the nature of a gas
to contract for a given fall of heat, through a much greater
range than that through which a solid contracts. The
consequence is that though the globe has undoubtedly
parted with some heat by radiation, yet the diminished
bulk of the contracted gas displays to such advantage the
heat still remaining, that the temperature of the mass
actually rises instead of falls !

This seems a proposition so remarkable that one may well
hesitate before accepting it. There can, however, be no
doubt of its truth, and it leads to a very remarkable result.
Suppose a great volume of gas were permitted to part
with what heat it had by radiation. If the volume were
large enough, and if the gaseous bodies of which it was
composed were of a nature that would admit of their
condensation, then the following is the course which
events would take. I am first supposing that the tempera-
ture of the gas is but little above that of the surround-
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ing space. The loss of heat will therefore be at first a
very slow process, each loss involves a corresponding con-
traction of the volume, and as we have already pointed
out, this contraction must be attended with a rise of tem-
perature. As the temperature of the mass increases the
rate at which it parts with its heat will increase also; it
follows that the contraction of the volume will proceed at
an accelerated pace, and that consequently the rising of
temperature will go on with increasing rapidity. We
thus find that though the temperature of the gas may
have been at first extremely low, yet, that as the loss of
heat proceeds the temperature may gradually ascend,
until at last it becomes sufficiently high to render the gas
visible by actual incandescence. As the process advances
still further the body may pass from a mere nebula into
a starlike object. With the increase of contraction the
pressure also increases, and materials which were origin-
ally gaseous will assume more and more a density resem-
bling that of solid bodies.

Here is indeed an astonishing result. We have found
that a nebula which may have been originally only a
single degree of temperature above the surrounding
medinm has by the mere fact that it is losing heat grown
to the lustre of a star, and may have acquired the heat-
diffusing power of a sun. Of course, the capacity for
radiation depends on temperature rather than on amount
of heat.

The limit to this remarkable evolution has, however
to be stated. When the condensation has progressed
sufficiently for the body to have become transformed from
the gaseous state into a condition resembling that of a
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liquid or a solid, the foundation of our argument slips
from us. It only applies to bodies so long as they remain
in the gaseous state, or, at all events, so long as they
conform to the laws which gaseous bodies follow, in so far
as the present matter is concerned. Once the condensa-
tion has brought the bodies originally gaseous into a solid
form, then the ordinary laws of cooling for a solid regulate
the further changes. Loss of heat will then entail a loss
of temperature, consequently the ultimate future of sucha
body would be that after ages of perhaps nearly stationary
splendour fzhe brilliance would begin to wane, the vivid
white would be succeeded by hues that indicated a lesser
temperature, and ultimately the globe would subside into
one of those dark masses with which we know that space
is largely tenanted.

This explanation will have prepared the way for the
reception of the true theory of the source of solar heat.
There can be no doubt that the sun is still largely, if
not wholly, of the gaseous or vaporous character. It
follows that the process of cooling is still guided by the
general principle, that though there may be loss of heat by
radiation, yet the temperature of the body, ever lessening
by contraction, may show no perceptible abatement. Thus
we explain how the sun continues, from age to age, to
diffuse a warmth around which shows no evident symptoms
of decline. It is unquestionable that the sun must be
parting unceasingly with its capital of heat, but by the
operation of the laws we have set forth the inevitable loss
of heat need not at present involve the loss of tempera-
ture.

We can submit this doctrine to the same numerical
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test that we have applied to the other explanations which
have been offered of the source of sun heat. When we do
so the figures supply abundant confirmation of its truth.
Suppose that the sun were to pass by loss of heat and
consequent contraction into a globe which was less than
its present size by one ten-thousandth part of its diameter.
Such a change would, no doubt, be considerable if we
merely regarded its absolute dimension in miles. It
would amount to a shrinkage in the sun’s diameter of
87 miles. But on so mighty a globe this alteration is
relatively insignificant ; indeed no measurements that
could be made at our observatories would be sufficiently
delicate to detect a change of this magnitude. Helmholtz
has, however, shown that if the sun were to u.ndergd even
this small diminution of volume the quantity of heat that
would be thereby liberated for the purposes of radiation
would supply the sun’s current rate of expenditure for
nearly two thousand years.

This point is so important, that for the sake of further
illustration, I shall present it from a somewhat different
point of view. Imagine two suns of similar materials and
of equal temperature, but so that the diameter of one was
a ten-thousandth part greater than that of the other,
which latter was as big as ours. Then, although these
two suns would be practically the same as far as sensible
warmth was concerned, and although the difference
between their dimensions would be too insignificant to be
appreciable to measurements, conducted from such a dis-
tance us that at which we are placed, yet, nevertheless,
the larger of these two suns would possess an excess of
heat, or its equivalent, over that contained in the smaller,

D
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sufficient to supply its entire radiation for two thousand
years.

If it be the case that the sun’s temperature does remain
absolutely constant, then it would seem to follow that the
diminution of one ten-thousandth part of its diameter
takes place every two thousand years. We have no means
of knowing at present whether the actual contraction of
the sun takes place at this rate or at any other rate, either
somewhat higher or somewhat lower. If the contraction
goes on faster than we have stated, then the temperature
of the sun must berising ; if slower, then the temperature
must be falling.

Here, then, we have a completely satisfactory explana-
tion as to how the sun is able to continue from age to age
its beneficent radiation. So long as the body is sufficiently
gaseous, so long will it obey the laws of cooling we have
indicated, and so long may the amount of its radiation be
undiminished. We have seen, however, that there must
be some limit to this process. As the contraction of
the sun’s volume proceeds, the density of the body will
increase to such a degree that the luminary is less and
less to be regarded as a gaseous mass. At length the
time will come when the sun shall have parted with so
much heat that it passes to a large extent into the solid
condition. There can be no doubt that when this
state of things has arrived the heat-dispensing power of
the sun will be seriously impaired. The radiation from
a solid, as we have already had occasion to show, could
not be protracted with sensible uniformity from age to
age. We thus have no assurance of the ultimate perma-
nence sf the sun as a source of heat to our system. Indeed
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we may rather anticipate that the character of the sun as
a dispenser of heat cannot be eternal. Doubtless the orb
of day contains a magnificent supply of either actual heat
or potential heat adequate for all the requirements of life
for a cycle of ages that must be reckoned by millions of
years, It is, however, impossible to overlook the fact that
this excessive expenditure must at length produce its
natural consequences, and that a bankruptey of sunbeams
is the inevitable destiny of our system. I say inevitable
of course with this proviso, that the ordinary conditions
of nature as we now find them shall continue to exist.

Seeing that the sun must ultimately become a dark
globe, with no higher temperature than that of the sur-
rounding space, it is needless to add that life must ulti-
mately vanish from this earth. We, therefore, learn as a
simple consequence from the laws of science as we now
find them, that the duration of our earth as the abode of
organized beings has a term beyond which it cannot
extend.

It would be interesting to inquire whether some con-
firmation of these views may not be obtained from other
parts of space. We remember that cardinal doctrine of
astronomy which asserts that our sun is only a star ; and
- as there are millions of stars, it is natural to compare the
present phase of our sun with the phases through which
other suns are passing. We may for the moment liken
the development of a sun to the growth of a tree, which,
after passing through every grade of youth, of maturity,
and of decrepitude, is finally overthrown to return to the
dust from whence it came. In a similar way our sun,
which is at present at the height of maturity, is destined
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to pass into the decrepit state when its powers of radiat-
ing heat and light have become greatly impaired before it
passes finally into the death-like condition in which it will
have no longer any stores of light and heat to dispense.
When we look at a forest we see there are a multitude of
trees in every stage of development. There are some
which are still only young seedlings; there are others
which are vigorous saplings; there are a few splendid
trees of ample dimensions, and there are others whose
mighty trunks show symptoms of decay, while some have
already succumbed and are found prostrate and lifeless.
These several stages can be witnessed in a glance through
a forest glade. In a similar way when we look up at the
starry heavens we see a vast multitude of suns in every
phase of development; there are some still in the entirely
gaseous state, they merely appear as stains of light on the
sky; they are what we call the nebule. There are others
again in which the gradual condensation of the gas has so
far advanced that a central and brighter part can be dis-
tinguished. In other nebule this brighter part has
become starlike, and in yet others the transformation has
proceeded so far that the nebula seems merely a glow of
gaseous atmosphere around a brilliant star. In continuing
our search we find others in-which the nebula has entirely
vanished, while the brilliant star which remains is a
striking illustration of the doctrine that the intense fer-
vour of sunlike bodies is due to their contraction from an
original gaseous form.

Thus we find the stars furnish us with many excellent
illustrations of epochs in the sun’s history up to the
present time in which the sun has assumed the definite
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form of a star without being surrounded by a nebula to
any considerable extent. The aspect of the heavens will
also offer us many suggestions as to the future course of
the evolution through which the sun appears destined to
pass. There are many stars whose lustre seems declining
from what it must once have been. We are acquainted
with some stars which radiate quantities of light and
heat quite inconsiderable in proportion to their masses.
Such bodies as these have evidently advanced towards the
conditions of mere red-hot globes of solid matter, and
their further decline and ultimate extinction appear to be
impending. Unfortunately, however, our observations of
stars in stages still further advanced must necessarily be
of a very incomplete nature. Once a star has parted with
its lustre and become a mere mass of non-luminous
matter we are unable to see it. Of course I am speaking
here of stars properly so called and not of planets, which
are visible not from any light of their own, but in conse-
quence of the sun’s light which falls upon them. The
stars are, however, usually speaking, millions of times as
far from us as are the planets. The beams of our sun are
utterly incapable of penetrating to the depths of space
with an intensity which would be sufficient to render dark
bodies visible. Our sun would, in fact, shed no more light
on a dark globe near the star Vega than Vega now sheds
on us. To see the dark stars is, therefore, impossible, but
we are not left entirely destitute of information in respect
to them. The dark stars, though invisible, are often very
massive ; they have the power of attracting objects in
their vicinity. It sometimes happens that the movements
of a bright star are influenced by the attraction of a dark
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star which lies near it. When, therefore, we find a
difference between the place of a bright star, and the place
in which it ought to lie in conformity with calculation, we
can attribute the discrepancy to the attraction of some dark
star. We are thus able to learn something about these
dark stars, which, though never themselves seen, are felt,
so to speak, by their action on stars that can be observed.
The more we meditate on this subject the more probable
does it become not only that dark extinguished suns
exist, but that they abound in immense numbers; in fact
it might be fairly argued that these dead stars vastly
exceed in number the bright and living ones. Matter only
becomes visible to us across the abyss of stellar distance
during those episodes in its career, be they few or many, in
which it happens to be at a temperature of incandescence.
‘When the temperature has waned, so that the globe ceases
to glow, it may reasonably be held that the body has
“joined the majority.”

I have been stating merely the results of calculations,
and I have made little or no attempt to indicate the pro-
cesses by which those calculations must be conducted. It
is therefore only right that I should refer the inquiring
student to some reliable work where he may be able to
find the principles on which such researches are made
fully set forth. The book I would suggest is Williamson
and Tarleton’s “ Dynamics,” at the end of which will be
found an instructive chapter on this subject. I shall here
extract an interesting numerical fact, for the proof of
which reference to this book may be made. Let us sup-
pose that the materials of the sun were originally distri-
buted in 3 nebulous form, throughout the length, breadth,
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and depth of space. If these materials were drawn close
together in virtue of their mutual attraction, a quantity
of heat would be developed in accordance with the laws
we have already explained. It is this quantity of heat
for which we desire to find an illustration. Imagine a
globe of water so vast that its mass shall be equal to that
of the sun. We can attach a perfectly definite idea to the
quantity of heat which would be required to raise this
globe of water from the temperature of ice to that of
boiling water. It can be shown that the quantity of heat
generated in the contraction of the nebula from dimen-
sions infinitely great down to the dimensions of a sun
would be not less than two hundred and seventy thousand
times as great as that which would be required to raise to
boiling heat an equal mass of water. The result is a
remarkable one. It clearly demonstrates that in the
transposition of the materials so large a quantity of heat
is liberated as to amount to several thousand times as
much as the sun now contains. Need we wonder that
this mechanical explanation of the source of the sun’s
heat now finds almost universal acceptance ?



CHAPTER 1V,
WHAT WE OWE TO THE SUN.

SomE of my readers may think that the subject on which
we have been engaged is rather abstruse, and they will
perhaps be willing to meditate a little on the simpler
matter as to what the sun actually does for us.

A few years ago it was my privilege to deliver at the
Royal Institution of Great Britain a Christmas course of
lectures addressed to an audience consisting mainly of
juveniles. In discoursing of the sun I endeavoured to
set before them the many indirect benefits which we de-
rive from his beams, and as an illustration taken from
domestic affairs I dwelt on the kindly providence with
which the sun ministers to our tea-table. I showed how
the heat of the fire came ultimately from sunbeams, how
the tea was wafted from China by the sun, how the water
for the kettle was brought into our house by solar rays,
how the flour was grown and ground by the same agency.
T even pointed out that it was the sun which gave white-
ness to the tablecloth and bright colours for the ladies’
dresses. I do not now refer further to these matters, for
they have been recently set forth in my little book called
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“Star-Land,” in which these lectures have been pub-
lished. There are, however, one or two points which
seemed more advanced than would have been suitable for
the readers of *Star-Land,”” and which I did not accord-
ingly there enter upon. These are of such importance
that I am glad to take this opportunity of alluding to
them.

It will be remembered that in Gulliver’s renowned
Travels he visited the Grand Academy of Lagado. The first
professor into whose laboratory Gulliver was conducted
had been engaged for eight years upon “a project for
extracting sunbeams out of cucumbers, which were to be
put in phials, hermetically sealed, and let out to warm
the air in raw inclement summers. He did not doubt
that in eight years more he should be able to supply the
governor’s gardens with sunshine at a reasonable rate.”
This is not the only occasion on which Dean Swift has,
consciously or unconsciously, given us profound scientific
truth under a guise of absurdity. Within a page or two
of the passage we have quoted is the announcement of the
discovery of the two satellites of Mars by astronomers on
the flying island of Laputa. To this we shall return in a
later part of this book. The myth of the Lagado pro-
fessor about sunbeams and cucumbers is allied to a truth
still more remarkable.

It is perfectly certain that in the growth of the cu-
cumber plant the leaves do lay hold of the sunbeams,
extract the heat from them, and lay up that heat or its
equivalent in the fruit which is produced. It is equally
certain that the heat of the sunbeams could be extracted
again, could even be stored in phials hermetically sealed,
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and be utilised when occasion might require. There is in
fact only one weak point in the scheme of the Lagado pro-
fessor: its economical aspect is unsatisfactory. The heat
of the sunbeams could only be recovered from cucumbers
at an utterly prohibitive cost. Nevertheless, the heat is
there, and in plants of other growths it becomes quite
possible not only to extract the latent sunbeams, but even
to do so with the highest profit and advantage. Sunbeams
may shine on a tree for a few decades, the leaves may each
summer garner the sunbeams which fall on them and
incorporate those sunbeams in the solid trunk of the tree.
In due time the tree is felled, logs of it are thrown on the
fire, and pleasant light and warmth radiate from the
hearth. It is not a mere flight of poetical fancy to regard
the light and heat from a fireplace as the sunbeams re-
transformed to the active state from a condition of inert-
ness. It is an undoubted scientific truth.

Let us ponder on the character of the process by which
the leaves of a plant contribute so largely to the building
up of its solid stem. Wood consists chiefly of the element
carbon in association with small quantities of mineral ingre-
dients. The growing tree draws its supplies of the neces-
sary material partly from the earth and partly from the
air. The earth provides, speaking gencrally, the mineral
sonstituents; but carbon, which is the essential charac-
teristic of wood, and which is the principal source of the
heat-giving qualities of a log fire, is chiefly obtained from
the air.

The atmosphere contains a certain proportion of car-
bonic acid gas, which is composed of the element carbon
in combination with oxygen. To understand what takeg
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place by the action of the growing plant on the carbonic
acid of the air, we should note the circumstances under
which this gas is ordinarily produced in the combination
of oxygen and carbon. In the act of formation quantities
of heat are evolved ; in fact the production of heat in an
ordinary fireplace is the immediate consequence of the
combination between the carbon in the coal with the
oxygen of the air. The difference, then, between a quan-
tity of oxygen and carbon separately and the same quan-
tity of the two substances united in the form of carbonic
acid, simply is that the separate materials have the power
of producing not alone the carbonic acid, but of evolving
a quantity of heat during the process of combination. If
it be required to separate the carbon and the oxygen
already united in carbonic acid, then heat must be applied
during the process exactly in the same amount as would
be given out during the combination of the two elements.
The leaves of the tree have to extract carbon from the
carbonic acid in the atmosphere around them; to do this
they require heat and light, and these they find supplied
by the beams from the sun. Each leaf of the plant is a
chemical laboratory in which sun heat is applied to the
splitting asunder of the atoms of carbon and oxygen held
so tightly in combination. It is the carbon that the leaves
want ; this material is transmitted to the growing trunk
in which the results of the operation are accumulated.
The oxygen not being required by the necessities of the
plant is returned to the atmosphere. It is well known
that the operation I have here indicated is a beneficent one,
not only to the plant which requires air for its growth,
but also to the animals, including man himself, to whom
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respiration is a necessity. Animals absorb the oxygen
and give off carbonic acid, while plants remove this gas,
which is pernicious to animal life, abstract from it the
carbon they want, and restore the invigorating oxygen.
Thus the growing tree absorbs heat from the sunbeams,
and is enabled to acquire from the air that quantity of
carbon which is essential for its increase. Afterwards,
when the tree is burned in the fire, the carbon returns
again to carbonic acid, and in doing so radiates forth again
the heat which had been absorbed in its manufacture.
This process becomes particularly interesting when
viewed in connection with our supply of fuel in the form
of coal. It is well known that coal is the remains of a
splendid vegetation, which from time to time has been
permitted to clothe large tracts on our globe. No one can
venture to express the thousands of years or the millions
of years that have elapsed since the last coal forests
flourished. Certain it is that the period was long ere man
came on this globe. The sun must have shone in those
ancient days as he does at present. His genial beams
were not, however, lost even so far as man was concerned.
The leaves on the great carboniferous forests captured
those beams, utilised them on a stupendous scale for the
production of carbon, and thus manufactured mighty seams
of coal. 'When we now put this coal on our fires, the heat
which it discharges is none other than that sun heat which
was laid by in the time of those primeval forests. The
light from our gas-burners is of course directly derived
from coal, but we may speak of it really as well as figura-
tively as artificial sunshine; indeed, we might even go
further, and show that almost every source of heat and
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every source of light may ultimately be traced back to
sunbeams in one form or another.

Let us take as a splendid example the electric light,
which as ordinarily produced is ultimately due to sun-
beams. No doubt it is immediately derived from a pair of
carbon points, but the current necessary for the purpose is
obtained from a dynamo, which must be driven by some
source of power, usually a steam-engine. It follows that
the power of the steam-engine is the source of the electric
light ; but the steam-engine is driven by steam, and the
steam is made from water, and the water is heated by
coal : thus it is coal which actually generates the electric
light—the boiler, the water, the steam-engine, the dynamo,
the wires, and the carbon points are merely appliances by
which something which has been stored in the coal is
applied to the particular purpose of generating light.
The coal, as we have seen, has derived its potency from
the sunbeams which shone on the ancient forests at the
time of the formation of the coal measures. Our electric
lights to-night may be regarded as a resuscitation on a
feeble scale of sunbeams emitted from the orb of day
millions of years ago.

In such a case as that just considered, we seem to be
drawing on an accumulated hoard of sunbeams stored
away in the earth’s interior ; but we can also utilise what
we may describe as the present radiation of the sun from
day to day for the production of artificial illumination.
For the prodigious energy of modern civilisation the Falls
of Niagara have to be rendered serviceable, even though
the process involves a lamentable sacrifice of their beauty.
The power of those Falls suitably applied to water-wheels
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could be made to turn dynamos to generate electricity
enough for the wants of a mighty people. It is easy to
show that even in such a case also sunbeams would be un-
questionably the effective agents. Niagara is supplied by
the rain which falls over a vast tract of country ; that rain
is brought thither by the action of warm sunbeams, which
beat down on the ocesns, evaporate the water, and raise it
aloft ; then the winds waft the vapour over the globe until
it again descends in the form of rain. Thus welearn that
the power of Niagara, no less than the efficiency of the
coal-fields in the production of heat and light, is to be
attributed to the sun, the difference being that in the one
case we are utilising the sun’s ancient beams, and in the
other the power is provided from the radiation of the sun
at the present time.

One more question may be briefly discussed. It will
be remembered that in what we have here said we are
merely discussing the natural consequences of those
laws of nature which are in operation around us. We
are tempted to push the inquiries back a stage earlier,
and examine how the materials of the sun came into the
nebulous state from which they have gradually become
transformed to the sun that we now have. It is quite
evident that the nebula cannot have existed from all time,
for were this so the sun must necessarily have long since
passed into that cold and inert condition which at present
is looked forward to in the dim future. It is, therefore,
interesting to inquire whether by the operation of natural
laws a vast glowing nebula could have been caled into
being at some period not infinitely remote from the present

. day. There is a possible, indeed a highly probable, ex-



WHAT WE OWE TO THE SUN. 47

planation of such an occurrence. Suppose that two bodies,
each dark and cold, were to strike together in space with
such velocities as are ordinarily possessed by celestial
bodies, then a vast generation of heat would be a conse-
quence of the collision. Each of the bodies possesses a
certain quantity of energy in virtue of its motion; but
an important law of mechanics tells us that, though the
motion may seem partly or wholly annihilated by the
collision, yet the energy is not lost; it must reappear
in one of the other garbs which energy can so rapidly
assume. In such a case as this it will immediately take
the form of heat, and the two bodies will be heated by
the blow. Other things being equal the quantity of
heat that will be produced depends upon the speed with
which the two colliding objects rush together. With
high speeds the heat that can be thus generated is much
greater than when the speeds are low. Thus, for in-
stance, if the speed be doubled the heat that would be
generated by the collision is increased fourfold ; or if
the speed of approach be iné¢reased tenfold, then the
consequent production of heat is made ten times ten, that
is, one hundredfold. Speaking generally, we might say
that the heat generated by the collision is proportional to
the square of the relative velocity with which the two
bodies fly together.

Considering the enormously high velocities with which
the heavenly bodies are animated, it is obvious that in
the possibility of collision we have a source of heat
adequate for the production of the most gigantic phe-
nomena. For example, let us take our own earth, which
has at present a speed of eighteen miles a second. Sup-
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pose that in the depths of space it should happen that
two globes, each as large as our earth and each having
a velocity of eighteen miles a second, rushed into direct
collision ; it can be shown that the energy which would
be transformed by the shock would be adequate, when
converted into heat, to raise the two bodies not merely
to incandescence but even to transmute them into a
gaseous nebula. Here then we have a possible explana-
tion as to how the nebula from which our sun has been
developed was originally formed. It may have been
produced, and most likely was produced, by the collision
between two other bodies. In the same way it may yet
conceivably happen that after the sun shall have grown
condensed and cold, and is journeying on with enormous
velocity through space, it may again come into collision
with some other body, and the transformation of the
energy from motion into heat may again generate another
nebula, and set in progress yet another evolution like that
through which we are at present passing.



CHAPTER V,
THE CONSTANT FACE OF THE MOON.

Tue myriad bodies that adorn the skies are of varied
degrees of brilliancy and of the widest range in dimensions.
It seems a reasonable question to ask which of all the
celestial bodies is the smallest. I speak not now of
telescopic objects, I am only alluding to those which can
be seen by unaided vision. Many of the stars which lie
on the verge of visibility seem extremely minute, but then
we have the best reasons for believing that this apparent
smallness is merely a delusion. The stars, so far as they
are known to us, are found to be bodies far exceeding the
earth in size, so much so that many of them are comparable
with our sun itself. The planets are smaller than the
more important stars, notwithstanding the fact that the
apparent lustre of Venus or of Jupiter under favourable
circumstances exceeds that of any star. It is, however,
somewhat surprising to learn that, so far as is at present
known, the very smallest of all the orbs visible to the
unaided eye is our satellite, the moon. Seeing that the
illumination dispensed by the moon is greatly in excess of
that sent to us by all the other heavenly bodies put together,
E
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the sun alone excepted, we may well pause before admit-
ting the truth of the somewhat startling fact that each
of these stars and planets, dim though they admittedly
are, must still be intrinsically larger and heavier than the
moon.

No doubt the telescope discloses to us multitudes of
celestial objects many of which do not possess one ten-
thousandth part of the bulk of the moon. But those
objects are all so faint that good instruments are required
to make them discernible. Asto the real dimensions of
the moon I may as well mention, once for all, the few facts
that will be important for us. The diameter of our satellite
is rather more than one-fourth the diameter of the earth.,
To express it a little more precisely, we may say that the
moon’s diameter is two thousand one hundred and sixty
miles, that is to say about as far as from London tc
the Caspian Sea, or from the Straits of Gibraltar to the
Crimea.

It is instructive to open a map of Europe and then draw
with a pair of compasses a circle representing the size of
the moon on the same scale as that of the map. This
circle will enable the dimensions of our satellite to be
properly appreciated. The British Islands are of compara-
tively insignificant extent if placed in the centre of the
figure.

In the figure on the opposite page we have indicated
the circle so as to include the larger part of Europe.
From the Ural Mountains the circumference passes north
into Sweden and Norway, then traversing the North Sea
it just touches the eastern parts of England. There it
crosses the Channel, and after passing through the centre
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Fig. 4—The Lunar Disc shown against the Map ot Europe.

of France enters the Mediterranean. Bisecting Sardinia
and grazing the south of Sicily the circle then keeps well
to the south of the Grecian Archipelago, shoots beneath
Asia Minor, and touches land again in Palestine. Here
it rises towards the north, including the Black Sea in its
ample interior, and just cutting off a corner of the
Caspian.  Finally, the curve bends towards the Ural
Mountains, and completes its circuit of the Continent.
This little sketch will also show that when we look at the
full moon the objects there so conspicuous must be as
large, say, as Spain or the Black Sea.

The distance of the moon from the earth is, in round
numbers, two hundred and forty thousand miles; how-
ever, it varies somewhat, so that in extreme cases the
moon’s distance may be twenty thousand miles more
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or twenty thousand times less than its mean value. It
may be observed that a circle as large as the orbit of the
moon could be entirely included within the sun. This is
illustrated in Fig. 5. If we desire to find a convenient
standard of comparison between the distance of the moon

Fig. 5.—To compare the orbit of the moon with the size of the sun.

and the size of the earth, let us think of a cord wrapped
ten times round the earth at the equator, this would be
long enough to extend from the earth to the moon.

One of the earliest facts that any observer will notice,
is that the moon always turns the same face towards us.
The simplest observations suffice to give assurance on this
point. There are large and conspicuous marks on our
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satellite which have been observed from all antiquity, and
whenever the surface of the moon can be seen, the same
marks are always discernible. I ought, however, to qualify
this remark by saying that the face of the moon is some-
times tilted a little, so that the objects found close to the
edge are not always unchanged. Speaking generally,
however, there is hardly a more striking fact in the celes-
tial movements than the constant face of our satellite. We
have little doubt that the moon, like the other heavenly
bodies, is globular in its form, but we have never been
actually able to see that the opposite side of the moon has
the hemispherical shape that we find possessed by the side
which is presented to us. As we have not the means of
holding up a looking-glass behind the moon there seems to
be no possibility of learning what is at the other side.

‘We may perhaps emphasize the remarkable attitude of
the moon towards the earth, by contrasting it with that of
some of the other celestial bodies. Consider, for instance,
the corresponding circumstances with regard to the sun.
It is true that our great luminary exhibits to us no per-
manent features like those which are engraved on the
moon’s face, but the spots on the sun, transient though
they doubtless are, still endure long enough to testify con
clusively that the sun rotates on itsaxis. We learn in fact
from a vast accumulation of observations specially directed
to this one point that the period of the rotation of the
sun is certainly more than three weeks, and certainly less
than four. Hence that side of the great luminary which
is directed towards the earth must be constantly changing.
If we look on one hemisphere of the sun te-day, then a
fortnight ago it was the opposite hemisphere that was
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turned towards us, and in about another fortnight we shali
have the original hemisphere restored. Each side of the
sun is thus equally accessible to our observations ; there is
no region withheld from our scrutiny as is the case in the
moon.

Similar language may be used with regard to the
attitude of the planets towards the earth. Mars is so much
farther from us than the moon that we cannot scrutinize
his ruddy globe so minutely as we are able to do that of
our own satellite ; but Mars turns round on his axis once
every twenty-four hours and a half, so that we are able to
form maps of his entire surface, and whatever incomplete-
ness those maps may possess arises from such causes as the
imperfection of our instruments or the distance of Mars;
for we cannot assert that the movements of the planet are
such as to prevent our examination from being extended
over the whole of his globe. The giant orb of Jupiter
revolves with rapidity on its axis. Supposean astronomer
looks at the great planet at eight o’clock in the evening,
observes the belts and other configurations of its surface,
and turns to other work until about one o’clock in the
morning ; if he now directs his telescope again to Jupiter
the panorama is entirely changed. The belts and marks
which he saw in the earlier observations have vanished, they
have in fact retired to the opposite side of the globe, while
all the objects that he sees in his second observation were
on the distant side of the globe at the time of the first
observation and were consequently invisible. Should his
ardour be equal to that of some famous astronomers, as,
for instance, to that of Sir William Herschel, whose
hours of observing were from dusk to dawn, our observer
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might then, if the season were suitable, look at Jupiter
again at six o’clock ; in this case the hemisphere he last
saw would have vanished, while that presented to him at
eight o’clock on the previous evening would have been
restored. He would again find the same belts and marks
as those he saw on the first occasion, altered only by such
intrinsic changes as may have actually taken place on the
planet in the interval. These illustrations will suffice to
indicate how different are the circumstances of the moon’s
motion from those that we find in the other celestial bodies.

If I were asked to offer a conjecture as to what the
other side of the moon may be like, I should not hesitate
to reply that in all probability it would present features of
a similar character to those on that side of our satellite
with which we are so familiar. The study of tke sun and
planets shows that they are, generally speaking, symmet-
rical in form, and the circumstance that we happen to be
prevented from viewing one side of the moon does not
impair the analogy between it and the other orbs of heaven.
We should therefore expect to find on that distant side
of the moon iundications of the same volcanic and other
phenomena that our telescopes show on that surface which
we actually see.

We have mentioned the case of other globes which
revolve on their axes, the revolution being conducted in
such a manner that the entire surface is more or less
known to us. The moon also revolves on its axis, the
peculiarity, however, consisting in the circumstance that
the time taken for the rotation about its axis is equal to
that of its revolution round the earth. An old paradox is
connected with this question, for as the moon does not
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change its aspect towards us, it has been sometimes
argued that it cannot be turning round. The difficulty,
such as it is, resolves itself more into a matter of words
than of actual fact. Let me try to explain it as follows.
Suppose a horse is galloping round a circular course,
then a spectator at the centre of the course will have one
side of the horse turned towards him, while the other side
of the horse is invariably turned away. To this extent
therefore the movement of the horse round the course is
analogous to the movement of the moon around the earth.
‘When the horse has completed his circuit it will be found
that he has not only performed a revolution around the
course, but he has also rotated once in the same period.
It is obvious that the horse mustat one moment or another
of his journey have faced every part of the horizon suc-
cessively. No matter how the course be placed there must
have been one point so situated that while passing it the
horse was going directly towards the north, while when he
has reached the opposite point of the circle he is galloping
towards the south. At oneintermediate point he is for the
moment bound towards the east, but at the point diametri-
cally opposite his flight is towards the west. It is clearly
impossible that the horse can have faced north, south, east,
and west, without performing a movement of rotation.
Unless he rotated he would necessarily be always journey-
ing towards the same point of the compass. Suppose that,
at the moment when he was facing due north, his right
side being turned towards the spectator in the middle, we
bring him to the opposite side of the course, and again
place him facing due north. It is clear that the left side
of the animal will now be towards the spectator. In such
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a case it is plain that the movement has not been at all
like that of the moon, the characteristic feature of which is
that the same face is always directed towards the earth.

It will not be a sufficient explanation to say that if the
moon rotated on an axis at all it must rotate in some
definite period, and if so, why should not that period be
identical with the revolution of the moon round the earth P
Would it not be, it might be urged, as likely to be that period
as any other ? This will not satisfy the student of nature ;
the coincidence between these periods is so perfect that the
chances are many millions to one against its occurrence if
there were no physical reason for its existence. It is now
well known that there is such a reason, and as it affords an
instructive illustration of the mutual relations between the
earth and her satellite, I propose to enter into the matter
with some little detail.

I must ask you to think of a very ancient epoch; how
ancient it is to be I cannot express by the use of ordinary
chronology ; it must have been hundreds of thousands of
years ago, probably, many millions of years ago. At this
period, however, the moon was not like the object that we
know so well. Her surface now seems to be composed
of rocks or stone, or at all events of materials which are
hard and solid. But this was not always so. There are
abundant traces of the remains of past volcanoes on the
moon ; their craters are no longer active, but some of
them once had dimensions and energy transcending any of
the volcanoes on the earth that are now known to us. It
is thus certain that at some former time the moon must
have possessed stores of internal heat by which these
voleanic eruptions were produced. It therefore follows
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that even if the moon be now entirely cold, it must once
have been heated. No one is likely to dispute this, but
yet the full consequences of such an admission are not
always readily perceived. For if the moon were once hot
it is plain that earlier still it must have been yet hotter,
and therefore the farther we look back into the depths of
time past, the hotter and hotter do we see that the moon
must have been. At last we discover an epoch, how
remote I do not pretend to say, when our neighbouring
globe, instead of being the quiescent object that we now
see must have contained many active volcanoes indicative
of an interior containing volumes of molten lava. Earlier
still we perceive the moon ever hotter and hotter, until
at last we seem to discern a time when it must have
consisted of a globe, partly, or even wholly, molten. This
seems an inevitable deduction from the fact that the moon
bears traces of having once possessed internal heat. Such
a view of the early condition of our satellite will explain
many of its characteristic features. At present, however
I am only concerned to account for the fact that the moon
now always turns the same face towards the earth.

Every one is familiar with the fact that the moon raises
tides on the earth; these tides ebb and flow along our
coasts, and in virtue of them the satellite exercises a cer-
tain control on the movements of our globe. If the moon
had liquid oceans on its surface there cannot be a doubt
that the attraction of the earth would generate tides in the
oceans on the moon just as the attraction of the moon gene-
rates tides in the oceans of the earth. But there would be
a fundamental difference between the two cases ; the shores
of the lunar seas would be periodically inundated by tides
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far vaster than any tides which the moon can create on the
earth. But it may be said that as the moon contains no
water it seems idle to talk of the tides that might have
been produced in oceans if they had existed. It is mno
doubt true that the moon contains no visible liquid water
on its surface at the present time; it is, however, by no
means cerfain that our satellite was always void of water ;
it is not at all impossible that spreading oceans may have
once occupied a large part of that surface now an arid
wilderness. The waters from those oceans have vanished,
but the basins they presumably filled are still left as
characteristic features on our satellite. For our present
argument, however, it is really not material that the moon
should ever have had oceans as we understand them. Have
we not seen that there was a time when the very mass of
the moon itself appears to have been largely, if not wholly,
liquefied ? The water at those remote periods must have
been suspended in the form of vapour around the more
solid parts of the glowing globe. But tides can be
manifested in other liquids besides that which forms our
seas. In fact if the basins of our great oceans were filled
with oil or with mercury, or even with molten iron instead
of water, the moon would still cause tides to ebb and flow,
no matter what the material might be, so long as it pos-
sessed to some extent the properties of a liquid. It need
not be a perfect liquid, for any material which is in some
degree viscous, like honey or treacle, would still respond
to tidal influence, though not, it may be well believed, with
the same alacrity and freedom of movement as would a
fluid of a more perfect character. In the molten moon
itself, throughout the very body of our satellite, the tidal
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influence of the earth must have been experienced in these
primitive ages.

We can hardly describe the tides in such a case
as producing actual currents like those which our sailors
know so well; they must rather be regarded as throb-
bings or heavings throughout the mass of the moon
which would originate deformations of its constitution.
‘Whenever movements of this kind are produced friction
must inevitably result, and it is characteristic of friction
to-act in such a way as tends to check the movement by
which it is caused. The effect of the tides in the wholly
or partially fluid moon would therefore incessantly tend
to adjust the moon’s movement in such a manner that the
tides should not further disturb it. There would, no
doubt, be a high tide on two opposite meridians of the
moon and low tide in the intermediate regions, but those
conditions would be permanent. To take the simplest
supposition we may regard the high tide as present on the
central meridian on that side of the moon turned towards
the earth, and as that side remains constantly directed to-
wards the earth during the moon’s monthly movements,
the high tide remains always at the same lunar locality
There is no ebb and flow, there is no distraction of the
material of the globe, which, having become once adjusted
to this condition, remains without future tidal change.

There cannot be a doubt that in ancient days when the
moon was sufficiently fluid, the action of the tides tended
without ceasing to the establishment of such an adjustment
between the rotation of the moon around its axis and the
revolution of the moon around the earth, that the two
should be brought to have equal periods. Friction would
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incessantly operate until this adjustment had been effected,
and owing to the preponderating mass .of the earth such
strenuous tides must have been evoked in the moon that
our satellite was brought under tidal control with compa-
rative facility. Hence it arose that in those early days
the habit of bending the same face incessantly towards
the earth around which it revolved was established on
our satellite.

Time passed on, the moon gradually dispensed its
excessive heat by radiation into space, and it gradually
became transformed from a molten globe to a globe with
a solid crust. [t may be that the water was condensed
from vapour and then collected together into oceans on the
newly formed surface ; if so, these oceans would not have
any ebbing tide or flowing tide, for it would be constant
high tide at some places and constant low tide at others.
Such a state of things would at all events endure so long
as the adjustment of equality between the moon’s rotation
and its revolution continued. In fact, should any depar-
ture from this adjustment have manifested itself corre-
sponding tides would have begun to throb in the lunar
oceans, and their tendency would be to restore the adjust-
ment which was disturbed. This arrangement between
the two movements was necessarily stable when tidal con-
trol was always at hand to check any tendency to depart
from it.

It may be that the moon has now cooled so thoroughly
that not only is it hard and congealed on the exterior
as we see, but it seems highly probable that the heat
may have so entirely forsaken even the interior that
shere is no longer any fluid in the globe of our satellite to






CHAPTER VI
THE MOON’S HISTORY.

Trr doctrine which I shall here endeavour to set forth is
mainly due to the labours of Sir George IH. Darwin of
Cambridge. I have mentioned how the tendency of the
tides on a tide-disturbed globe is to adjust the movements
of that globe in such a way that the tides shall no longer
ebb or flow, but that permanent high tide shall be estab-
lished in some places and permanent low tide in others.
If the rotation of the body be not fast enough the tide will
pull the body round in order to effect this object. If the
rotation of the body be too rapid then the influence of the
tide will tend to check the movement and bring down the
speed of rotation until the desired adjustment is obtained.
At present the earth is spinning too fast to permit the
high tides to remain at permanent localities, and con-
sequently tides are applied with the effect of checking the
rotation. The earth is, however, so vast, and the tides
generated by so small a body as the moon are relatively
so impotent, that their effects in reducing the speed of
the earth’s rotation are insignificant. Nevertheless, small
though they are, they nnquestionably exist, and there can-
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not be a doubt that to some extent the earth is affected by
the unremitting action of the tides; the consequence is
that the rapidity with which the earth rotates upon its
axis is gradually declining.

One result of this can be stated in a very simple
manner. The length of the day must be increasing
It is true that this gradual stretching of the dav
is very slow; it is indeed quite inappreciable in so far
as our ordinary use of the day as a measure of time is
concerned. The alteration almost eludes any means of
measurement at our disposal. Even in a thousand years
the change is so small that the diminution in the length of
the day is only a fraction of a second. We can doubtless
afford to disregard so trifling a variation in our standard
of time so far as the period contemplated in mere human
affairs is concerned. In fact the change is absolutely devoid
of significance within such periods as are contemplated
since the erection of the Pyramids, or indeed since any other
human monument has been reared. We must not, how-
ever, conclude that the change in the length of the day has
no significance in earth history. Of late years it has be-
come known that this alteration in the day is connected
with an important chapter in the remote history of
this globe. In fact there is hardly a more interesting
doctrine in modern science than that which deals with this
subject. I have explained the phenomena somewhat fully
in my little volume entitled ““Time and Tide,” in which I
have endeavoured to sketch the remarkable evolution
through which the earth seems to have passed. I must,
however, here give a few of the leading features in the
story, for it would be quite impossible to exclude it alto-



THE MOON’S HISTORY. 6§

gether when the subject of our satellite is under discus-
sion.

The significance of the gradual elongation of the day by
the tides arises from the circumstance that the change
always takes place in one direction. In this form of effect
the tide differs from other more familiar astronomical
phenomena which sometimes advance in one direction and
then after the lapse of suitable periods return in the
opposite direction, and thus restore again the initial state
of things. But the alteration of the length of the day is
not of this character, it is not periodic, its motion is never
reversed, is never even arrested. Only one condition is
therefore necessary to enable it to obtain tremendous dimen
sions, and that is sufficient time in which it can operate.

There are many lines of reasoning which show the ex-
treme antiquity of our globe : the disclosures of geology are
specially instructive on this head. Think, for instance, of
that mighty reptile the Atlantosaurus, which once roamed
over the regions now known as Colorado. The bones of
this vast creature indicate an unimal surpassing in propor-
tions the greatest elephant ever known. No one can count
the zons of years that have elapsed since the Atlantosaurus,
whose bones are now to be seen in the museum at Yale
College, breathed its last. A still more striking concep-
tion of time than even the antiquity of this creature
affords is derived from the consideration that his mighty
form was itself the product of a long and immeasurable line
of ancestry, extending to a depth in the remote past far
beyond the limits of computation. I have mentioned this
illustration of the antiquity of the earth for the purpose of
showing the ample allowance of time that is available for

F
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tides to accomplish great work in earlier stages of our globe’s
history.

As the evidence of the earth’s crust proves that
our globe has lasted for incalculable ages, it becomes of
interest to think how far the gradual elongation of the day
may have attained significant proportions since very early
time. It may be that even in a thousand years the effect
of the tides is not sufficient to alter the length of the day
by so much as a single second. But the effect may be very
appreciable or even large in a million years, or ten million
years. We have the best reasons for knowing that in
intervals of time comparable with those I have mentioned,
the change in the length of the day may have amounted
not merely to seconds or minutes, but even to hours.
Looking into the remote past, there was a time at which
this globe spun round in twenty-three hours instead of
twenty-four ; at a still earlier period the rate must have
been twenty hours, and the further we look back the more
and more rapidly does the earth appear to be spinning.
At last, a8 we strain our gaze to some epoch so excessively
remote that it must have been long anterior to those
changes which geology recognises, we see that our globe
was spinning round in a period of six hours or five hours,
or possibly even less. Here then is a lesson which the
tides have taught us : they hiave shown that if the causes
at present in operation have subsisted without interruption
for a sufficiently long period in the past, the day must
have gradually grown to its present length from an initial
condition in which the earth seems to have spun round
about four times as quickly as it does at present.

We should, however, receive a very inadequate im-
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pression of what tides are able to accomplish if we
merely contemplated this change in thelength of the day,
striking and significant though it doubtless is. The
student of natural philosophy is well aware that there is
no action without a corresponding reaction, and it is
instructive to examine in this case the form which the re-
action assumes. Our reasoning has been founded on the
supposition that it is the attraction of the moon on the
waters of our globe that gives rise to the tides. It is,
therefore, the influence of the moon which checks the
speed of the earth’s rotatiou and adds to the length of the
day.

As the moon acts in this fashion on the earth, so, by
the general law that I have mentioned, the earth reacts
upon the moon. The form which this reaction assumes
expresses itself in a tendency to allow the moon gradually
to move farther and farther away from the earth than
the earth’s attraction would permit if our globe were
a solid mass void of all liquid capable of being dis-
tracted by tides. It is, therefore, certain that the distance
of the moon, which is at present about two hundred and
forty thousand miles, must be gradually increasing; but
we need not look for any appreciable change in the moon’s
distance arising from this cause when only an interval of
a few centuries is considered. We need not expect to
measure the difference due to tides between the size of the
moon’s orbit this month and the size of the orbit last
month. In fact, there are so many periodic causes of
change in the dimensions of the- moon’s orbit, that it
becomes impossible to detect the tidal influence even in the
course of centuries. Here, again, we have to remember



68 IN STARRY REALMS.

that in dealing with the history of our earth, as such
history is contemplated by the astronomer, we are to con-
sider not merely the thousands of years that include the
human period, not merely the millions of years that are
required by the necessities of geology, but also those un-
known periods anterior to geological phenomena to which
we have already referred.

In the course of such vast ages the reaction of the
earth on the moon’s orbit has not only become per-
ceptible, it has become conspicuous; it has not only
become conspicuous, but it has become the chief deter-
mining agent in making the moon’s orbit as we find it
at the present day. We have seen that as we look into
the past the length of the day seems ever shorter and
shorter ; and concurrent with this decline in the day is
the diminution in the moon’s distance from the earth.
There was a time when the moon, instead of revolving at
a distance of two hundred and forty thousand miles, as it
does at present, revolved at a distance of only two hundred
thousand miles. As we think of epochs still earlier we
discern the moon ever closer and closer to the earth, until
at last, at that critical time in the history of the earth-
moon system, when the earth was quickly revolving in a
period of a few hours, our satellite secems to have been
quite close to the earth; in fact, the two bodies were
almost in contact.

The study of the tides has therefore conducted us
to the knowledge of a remarkable configuration ex-
hibited in the primitive earth-moon system. The earth
was then spinning round rapidly in a day which was
only a few hours long, whilst ~lose to the earth, or almost
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in contact with it, the moon coursed around our globe, the
period of its revolution being shorter to such an extent
that the satellite completed its circuit in the same time as
the earth required for one turn round its axis. We cannot
indeed say that the earth and the moon in this wonderful
condition bore much resemblance to the earth and the
moon as we now know them. Even if the bodies had by
that time assumed the globular form, it seems certain that
they must have been composed of wholly or partially
molten material, very unlike the rigid globes that the
earth and moon now appear to be.

Up to this point our reasoning has been based on the
results of mathematical investigation. It is characteristic
of such investigations that they leave no loop-hole for
error when the conditions have been properly stated. We
are naturally anxious to push the research one step farther
and to learn how it was that the moon happened to
be found in such a remarkable situation in the immediate
vicinity of the earth. At this critical stage mathe-
matics seems to withhold its guidance, but at the same
time does not forbid an attempt to penetrate the mystery
of the moon’s origin. The reasoning that has hitherto
guided our inquiries becomes no longer available, and any-
thing which we can add to the sketch already given of
earth-moon history must therefore be received on authority
possessing a different value from that which has charac-
terized the former stages of the inquiry. It is, how-
ever, almost impossible to resist the conjecture which
naturally arises when we endeavour to form a mental
picture of the condition of the earth and moon at this
most interesting epoch.
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We must remember that the materials destined to
form the pair of allied planets did not then form
two solid bodies as they do at present; they were both,
in all probability, incandescent masses glowing with
fervour, and soft, if not actually molten, or incohe-
rent, or even gaseous. These aggregations were close
together, and one of them was whirling around the other
in a period of a few hours, the duration of that period
being equal to the time in which the larger mass revolved
on its axis. In fact, the two objects, even though distinet,
seem to have revolved the one around the other as if they
had been bound together by rigid bonds. The rapid rota-
tion with which they were animated suggests a cause for
this state of things. It is well known that a fly-wheel,
when driven at an unduly high speeed, is liable to break
asunder in consequence of its rapid motion. Ifa grind-
stone be urged around with excessive velocity the force
tending to rend the stone into fragments may overcome
its cohesion, and it will fly into pieces, often projected with
such violence that fearful accidents have been the conse-
quence.

Viewing the earth as a rotating body, it must be sub-
ject to the law that there is a speed which cannot be ex-
ceeded with safety. With the present period of rotation
of once in every twenty-four hours the tendency to dis-
ruption is but small and consequently the earth retains its
integrity, though no doubt the protuberance at the equator
is the result of the accommodation of the shape of the globe
to the circumstances attending its revolution. But let us
suppose that the length of the day was greatly diminished,
or, what comes to the same ‘hing, that the speed with
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which the earth rotates on its axis was greatly increased ;
it is then conceivable that the tension thus arising might
be too great for the coherence of the material to with-
stand. We believe that the earth could turn round with
double the speed that it has at present before this tension
approached the point at which disruption would ensue.
But supposing the day were to be so much shortened that
the period of rotation was only a very few hours instead
of twenty-four, there is then good reason to know that
the tension in the earth arising from this rapid rotation
would be so great that a rupture of the globe would be
imminent. .

Provided with this conception, let us think of the initial
stage when the moon was quite close to the earth. Our
globe was then, as we know, spinning round so rapidly
that its materials were almost on the point of breaking
up in consequence of the strain produced by the rotation.
It is interesting to note that the tidal action of the sun
would also conduce to the rupture of our globe in the
critical circumstances we have supposed. It seems hardly
possible to doubt that such a separation of the glowing
mass did actually take place, a small fragment was dis-
carded, and gradually drew itself by the mutual attraction
of its particles into a globular form and thus became
the moon.

Such is the view of the origin of the moon which is -
suggested by tidal evolution. Similar deductions from the
theory of the tides will enable us to offer a forecast of the
future career of the earth-moon system. Let us transfer
our attention from the remote past and endeavour to think
of the distant future., So long as the solar system shall
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last without the intervention of other agents than those
known to us by the law of gravitation, it seems certain
that the progress of the earth-moon system must be in
substantial accordance with the principles here laid down.

‘We have seen that at the present moment the day is
becoming gradually longer and the moon is steadily
receding farther aud farther from the earth. At present
these changes take place with extreme slowness, but in the
primitive periods of which we have already spoken, the
changes in the length of the day, and the changes in the
distance of the moon, proceeded at a rate far more rapid
than at present. As the moon has receded farther from
the earth its efficiency as a tide-producer has declined, and
consequently the rate at which the consequences of tidal
action have proceeded is continually lessening. It must
therefore be expected that the progress of tidal evolution
in the future will be ever getting slower and slower, so
that the periods of time required for the further develop-
ment of the phenomena far exceed those which have
elapsed in thé course of the history already given. We
can, however, foreshadow what is to happen in the follow-
ing manner. The length of the day will slowly increase ;
and we can indicate a state of things in the excessively
remote future towards which it may be said the system
is tending. The day will grow until it becomes not merely
twenty-five or twenty-six hours, but until it becomes
as long as two or throe of our present days. In fact, as
we stretch our imagination through ages so inconceivable
that I forbear to specify any figures which might charac-
terize them, we seem to discern that the length of the day
may go on ever getting longer and longer until at last a
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stage is reached when the day is about fifty or sixty
times as long as our present day.

All this time, in accordance with the general law of action
and reaction, the moon must be gradually retreating ; the
orbit of the moon is destined to grow ever wider and wider ;
the distance of our satellite from the earth becoming ever
greater and greater until at last the period is reached to
which we have already referred, when the day is some
fourteen hundred hours long. As the orbit of the moon
is gradually enlarging, the time that the moon takes to
revolve around the earth must be continually on the
increase; from the vresent month of twenty-seven days
the length of the month will gradually augment as the
ages roll by until at last when the moon has reached a
certain distance the period of its rotation will have
become double what it is at present, or indeed rather more
than double, and we shall have the day and the month
equal, each being about fourteen hundred hours long.
When this state of things is reached, the earth will always
turn the same face towards the moon, just as the moon
at present always turns the same face towards the earth.

We have already explained how the constant face of the
moon can be accounted for by the action of tides raised
in the moon by the attraction of the earth. Owing to the
small size of the moon the tides have already wrought
all that they were capable of doing, and have compelled
the moon to succumb to the conditions they imposed.
Owing to the great mass of the earth and the compara-
tively small mass of the moon the tides on the earth
raised by the moon have required a much longer period
wherein to accomplish their effects than was the case
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when the earth raised tides on the moon. But small
though our satellite may be, yet the tides raised on the
earth have incessantly tended to wear down the speed of
our globe and reduce it to conformity with the law that
the two bodies shall bear the same face towards each
other. At present the earth turns round twenty-seven
times while the moon goes round once, so the tides have
still a gigantic task to accomplish. With unflagging
energy, however, they are incessantly engaged at the work,
and they are constantly tending to bring down the speed
of the earth; constantly tending towards that ultimate
condition of things in which the earth and moon are des-
tined to revolve in a period of fourteen hundred hours as
if they were connected with invisible bonds.

If such a state of things as this were established then
it is plain that tides would no longer ebb and flow,
that is, at least, if we exclude from our consideration
the intervention of any other body. High tides must
prevail at some parts of the earth, and low tides at
other parts, but the position of these tides will remain
fixed. Where it is high tide it will always be high
tide; where it is low tide it will always be low tide.
When this state of things is reached, the moon will be
constantly visible in the same part of the sky from one
half of our globe, while the other half of our globe will
never be turned towards the moon. In fact, the
moon would always appear to us in a fixed position as
the earth would always appear to be if viewed by an
observer stationed on the moon. If there were any Luna-
rians whose residence was confined to the opposite side
of the moon, they could never see this earth at all, while
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those who lived on this side of our satellite would always
be able to see the earth apparently fixed in the same part
of the sky. An observatory located at the middle of the
moon’s disc, say near the crater Ptolemy, would always
have the earth in its zenith or very near thereto, while the
astronomer, let us say, in the Mare Crisium, would always
find the earth low down near his horizon.

In order to facilitate our reasoning I have assumed that
the moon is the only tide-producing agent; this is, how-
ever, not the case. No doubt the ebb and the flow
around our coasts is generated mainly by the attraction
of the moon. It must not, however, be forgotten that a
portion of the tide is originated by the attraction of the
sun. These solar tides will still continue to ebb and flow
quite independently of the lunar tides, so that even if
the accommodation between the earth and the moon had
been completed some further tidal disturbance would not
be wanting. The effect of the solar tides will be to abate
still further the velocity with which the earth turns
round on its axis, and consequently a time must ultimately
arrive when the length of the day will be longer than
the time which the moon takes to revolve around our
earth. i

It is here interesting to note that an adaptation of
a somewhat similar kind has already been detected in
another part of the solar system. Our neighbouring
planet Mars is attended in its revolution around the sun by
a pair of small satellites. The inner of these little moons
presents features unlike those to be seen in any other part
of our system at present, but resembling in a marked
degree the future which we may venture to proguosticqte
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for our earth-moon system when sufficient ages have
elapsed. Mars rotates on its axis in about half an hour
longer than our present day. The interior satellite to
which we have referred courses around the planet so
quickly that it completes a circuit in about seven hours
and a half, so that the Martial moon revolves three times
round its primary in the same time that Mars requires for
a single rotation. In the case of this planet and his
satellite the dimensions and the masses involved are much
smaller than are those in the case of the earth-moon sys-
tem. It seems, therefore, that we have in the adjustment
of Mars and his moon a sort of miniature representation
of the state of things to which the earth-moon systemw
tends in the excessively remote future.



CITAPTER VII.
THE LUNAR WORLD.

THE genuine man of science can never approach the study
of the moon without recalling that the orbit of our satellite
is a precinct specially associated with the name of Newton.
It was obvious to the clear vision of the great philosopher,
that some power resided in the earth by which the famous
apple was pulled down. The existence of this power was,
however, not Newton’s discovery ; many a previous in-
vestigator, while pondering on the fact that bodies fall
downwards to the earth, perceived the obvious analogy to
the attraction of a piece of iron by a magnet. To demon-
strate the mere existence of that force which we call the
attraction of gravitation did not require the intellect of a
Newton. One of the discoveries which have given im-
mortality to the name of the great philosopher was con-
nected with the moon. He soared in thought far above
the apple-tree, and he asked himself whether the motion
of the moon may not be due to the same force as the fall of
the apple. 'When he had solved that problem, the scheme
of the universe lay open before him.

Let us consider this question of falling. Objects dropped
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from a balloon which has ascended two or three miles into
the air will duly fall to the earth. A meteorite, which is
often a lump of solid iron, may tumble down here from an
altitude of unknown miles. The tendency to fall to the
earth certainly exists at a height of ten miles, or fifty
miles, or hundreds of thousands of miles. Why, then,
does not the moon fall? There is assuredly no material
structure to keep it up, no scaffolding to enable the moon
to resist the earth’s attraction; why, then, does it not
tumble down? We feel pretty confident that it is not
falling down, for the moon is not nearer to the earth now
than it was a twelvemonth ago; for hundreds of years, or
thousands of years, our satellite has approached no nearer
to the earth. In fact, we have already seen that in so far
as there is any difference at all, the moon is getting
farther away from us instead of coming nearer. Nor can
we suppose that at the great distance of the moon, the
tendency to fall earthwards ceases to operate. No doubt
our satellite is a quarter of a million miles away, but
it is not that circumstance which preserves its position.
If a stone or a world or anything else were taken up a
quarter of a million of miles and simply let go, it would
unquestionably tumble down on the earth. In the fall of
a body from the height of the moon to the earth, it would
move very slowly at first; so slowly indeed that the
movement performed in the first minute would not exceed
that fallen in the first second, where the body was let
drop near the earth. As the journey proceeded, the pace
would gradually mend, would gradually become rapid and
ever increusing ; the body would at last crash down on the
earth, after a journey lasting altogether about five days.
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But why does not the moon do this? Orrather why has
not the moon done it agesage ? By what spell is that body
poised aloft in seeming defiance of the attraction by which
mother earth seeks to gather together all exterior objects
into her bosom ? We have read how the coffin of Mahomet
was poised without support in the mosque of the faithful,
from which all unbelievers were so rigidly excluded ; no
material support was necessary to sustain the remains of
the prophet, the body itself seemed ever on the point of
following the departed spirit to the realms of bliss. A
perennial miracle was indeed necessary to sustain the
revered sarcophagus in space. The infidel, no doubt, is
somewhat sceptical about this marvellous phenomenon, but
now, as ever, truth is stranger than fiction. Far over our
heads there is a vast globe larger and heavier than
millions of sarcophagi; no material support is rendered to
that globe, yet there it is sustained from day to day, from
year to year, from century to century. What is it that
prevents the moon from falling? That is the question
which now lies before us.

It is assuredly the case that the earth continually attracts
the moon. The effect of the attraction is mnot, however,
shown in actually drawing the moon closer to the earth, for
this, as we have seen, does not happen, but the attraction of
the earth keeps the moon from going farther away from
the earth than it would otherwise do. Suppose, for instance,
that the attraction of the earth were suspended, the moon
would no longer follow its orbit but would start off in a
straight line in continuation of the direction in which it
was moving at the moment when the earth’s action was
intercepted. What Newton did was to show, from the
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circumstances, the moon’s distance and movement, that 1
was attracted by the earth with a force of the same
description as that by which the same globe attracted the
apple; the difference being that the intensity of the force
becomes weaker the greater the distance of the attracted
body from the earth. In fact, the attraction of the earth
on a ton of matter at the distance of the moon would be
withstood by an exertion not greater than that which
would suffice to sustain about three-quarters of a pound at
the surface of the earth. I do not, however, now enter
further into the subject, but in my little volume of lectures
entitled “ Star Land,” I have endeavoured to explain the
movement of the moon under the action of gravitation in
as simple a manner as possible.

The moon is entirely dependent upon the light from the
gun for her illumination. This is now well known, but
the ancients seem to have had the impression that the
moon must be self-luminous, at all events to a certain
extent. Nor can it be denied that a plausible reason for
such a supposition may be offered. The simplest con-
siderations suffice to show that the phases of the moon,
those interesting changes by which its light increases from
the faint crescent up to the half moon and then to the full
moon, are due to the aspects under which the sun-illu-
minated hemisphere is turned towards us. There is,
however, one condition in which the moon seems to present
a justification for the belief that it contains some intrinsic
light. In the early stages, while our satellite is still a
crescent, the larger part of its disc can be seen to glimmer
with a pale ashy light. Thiscould not have come directly
from the sum, and hence it was supposed that it was
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Fig. 6.—View from the Snrface of the Moon,
(Y
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provided by the moon itself, and that therefore our satel-
lite could not be a wholly non-luminous object. But this
inference is not a correct one, and to prove this to be so, it
is only necessary to imagine yourself for a moment an
inhabitant of the moon at the time when this phenomenon
is witnessed. To the Lunarian the earth would then
present much the same aspect as the full moon does to us.
There would, however, be one important difference, for the
full earth would present to the moon a disc thirteen times
as large as the full moon exposes to us. The intrinsic
brilliancy of the two lighted surfaces being the same, it
therefore follows that the Lunarian illuminated by a
“full” earth would find the country around him thirteen
times as brilliant as this earth is at night, when the full
moon is above the horizon. Here then lies the explanation
of that phenomenon which is often spoken of as the old
moon in the new moon’s arms. It is indeed produced by
sunlight, only that sunlight has not shone directly on
the moon, but has been reflected there from the earth.
We have, in fact, sufficient reasons for knowing that the
moon exhibits no light of her own, and would necessarily
be wholly invisible were it not that light is provided from
another source.

There is perhaps no more interesting question sug-
gested by the results of astronomical research than that as
to whether the other worlds around us are inhabited.
These worlds exist in teeming myriads, they are of all sizes,
and in every stage of development. Some of them are no
doubt smaller than our own, but many of them are far
greater and more splendid. As our globe is clothed with
verdure, and swarming witk living creatures, it is surely of
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much interest to inquire whether some of these other globes
may not also be tenanted by organic life. To solve this
question we naturally turn first to the globe which is most
easily accessible to our instruments ; of course, this is the
moon, which is always at a distance of less than a hundredth
part of that of any other globein the sky. The resultsof a
telescopic investigation, conducted from this point of view,
are, however, somewhat disappointing to those who would
expect to find inhabitants elsewhere. We cannot detect
on our satellite the slightest trace of organic life. Further
reflection will, however, show that little more could have
been expected. Even if the moon had contained living
objects resembling those on the earth, no telescope could
reveal them, for though it is no doubt true that the moon
is our closest neighbour in the celestial host, yet we must
recollect that it is still two hundred and forty thousand
miles away.

A moderate telescope will show the moon as if its
distance were only a tenth part of its actual amount. A
good telescope might reduce the apparent distance to about
one hundredth part, while when we employ one of the
greatest instruments to scrutinise our satellite we are able
to see it as if it were brought within a thousandth part of
that distance, by which it is actually separated from us.
An instrument capable of achieving so much lends greatly
augmented power to human vision. Each thousand miles
seems thus reduced to one mile, but as there are two
hundred and forty of these thousands in the distance of the
moon, the fact still remains that the utmost efforts of the
most potent lenses known to the astronomer can only
reduce the apparent distance of the moon to about two
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hundred and forty miles. It follows that no ohject can be
visible on the moon even from our greatest observatories
unless it be large enough and distinct enough to be visible
with the unaided eye at that same distance of two hundred
and forty miles.

This at once shows that we need not expect to see
any objects on the moon, even with our best telescopes,
unless those objects have dimensions that must be veri-
tably colossal. An elephant could hardly be seen, even
under the most favourable circumstances, at a distance
of more than a couple of miles, so that the biggest ele-
phant would be utterly invisible on the moon, unless
our telescopes were a hundred times more powerful than
any instrument that has ever yet been constructed. In
fact, with our present appliances, no object would be
visible on our satellite unless it were as large as some great
building like a cathedral or town-hall. The loftiest trees
could not be discerned if they grew on the moon, though
it must be admitted that were there vast forests on our
satellite, which shed their leaves periodically, the varying
hues in the different seasons would doubtless be detected.
But phenomena of this kind have never been fully estab-
lished, and hence we are obliged to conclude that, so far
as direct telescopic observation goes, the evidence as to
the existence of organic life on our satellite must be
esteemed entirely negative,

There is, however, another way in which the question
can be studied, and which will suffice to show that, in all
probability, life of every type with which we are ac-
quainted must be almost certainly absent from the moon.
Every kiud of life, whether animal or vegetable, requires



THE LUNAR WORLD. 85

both the presence of air and the presence of water; we
do not of course say that in other parts of the universe
there may not be types of life for which neither air ner
water is essential; nothing is, however, more clear than
the evidence which we are able to produce with reference
to the presence on, or absence from, the moon, of the sub-
stances we have named. First, with regard to water. I
have already had occasion incidentally te allude to this
subject; there are, no ‘doubt, some reasons for thinking
that there may have been at one time water on the moon,
but it is now certain that there is no liquid on its surface,
nor indeed can I find much reason to believe that there is
even frozen water there, as has been sometimes supposed.
It is certainly a singular fact that two constituents which
are 80 abundant here should seem to be entirely wanting
in the moon, and it is an interesting speculation to con-
sider what has happened to the water on the moon if it
once existed there.

It is generally believed that as our satellite cooled down
the water penetrated into the interior, and was there
seized upon by the minerals which required water in
order that they might assume their appropriate crystalline
forms. The water on the moon has therefore, accord-
ing to this view, become transformed into a solid and
incorporated with the bodily texture of the globe. It
has even been surmised that a similar destiny awaits the
oceans on our own globe; broad and deep though they
are, they yet may be inadequate to quench the thirst for
water possessed by so vast a mass of crystallizing mine-
rals as must exist in the interior of the globe. But
whether thisbe the explanation of the absence of liquid
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water from the moon or not, the fact of that absence cannot
be questioned. The moon has been subjected to careful
scrutiny for centuries, yet no one has ever seen any
genuine ocean or sea, no one has ever seen any indication
of the present existence of water, and we are entitled to
assert that water, in a liquid form, is absent from the
surface of our satellite.

On the allied question as to the existence of air around
the moon something must now be said, and here let us
understand distinetly the problem which awaits solution.
I do not here enter on the vexed question as to the nature
of the boundary which separates the higher limits of our
atmosphere from the emptiness of space ; it is quite suffi-
cient for our present purpose to remark that the great
mass of the encompassing air lies within a few miles of
the earth’s surface, though no doubt the more attenuated
portions extend with ever-declining density to a distance
above the surface which appears at present indeterminate.
It is, however, certainly known that an atmosphere is
found in the vicinity of many of the other globes in the
universe besides our earth, though there is the widest
difference both in its density and extent, as well as in its
material composition. The sun, for instance, is encom-
passed by a stupendous atmosphere comparable in depth
and density with his tremendous mass. Similarly the
other planets have gaseous envelopes. There is Mars,
the world that seems most like our own in other re-
spects, and it too is encompassed with an atmosphere of
some sort, though we have no reason to think it re-
sembles in any degree the atmosphere which is suitable
for our respiration. Nor are Venus and Jupiter void of
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that gaseous vestment which seems appropriate to every
planet.

Here again our satellite the moon stands in striking
contrast with the other globes that are accessible to our
observation. If the moon ever possessed an atmosphere,
and this is a point on which we cannot feel any certainty,
it has at least now vanished. I should perhaps qualify
this statement with the remark that acute observers have
detected occasional indications of some gaseous material
on the moon in extremely limited quantity confined to
certain valleys or depressions. At first sight it may
perhaps seem difficult to imagine that the telescope could
be invoked to study the question as to whether there was
atmosphere on the moon ; for atmosphere seems so trans-
parent, and is indeed so invisible, that we might naturally
ask, how is it to be observed? No doubt if there were
water on the moon, we might reasonably expect to see
clouds or vapours if air existed in which those vapours
could be suspended. But the air itself we could not ex-
pect to see; how then can its absence be demonstrated by
the telescope? It may be true that we never could
observe material quite translucent, but what we might
expect to see are certain indications that would be per-
ceived if the atmosphere were present, and as we do not
find them we infer that the atmosphere does not exist.

The simplest method of demonstrating the absence of
atmosphere of sensible amount surrounding the moon is
by observing the phenomenon presented in what is called
the occultation of a star. As the moon wends its way
over the starry heavens it sometimes passes between the
earth and a star, and the phenomenon is often one of
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considerable interest. With the aid of a good telescope
the moon is observed to approach close to the star, and
then to pass in front of it, whereupon instantly the star is
extinguished. The sudden character of this phenomenon
is that which generally strikes the observer, for he can,
in fact, observe with accuracy the second of time when
the extinction of the star takes place. This partioular
class of observation can be made with such definiteness
and with such precision that it becomes of much value for
the determination of the position of the moon itself. If,
however, the moon were surrounded by an atmosphere, it is
quite clear that the phenomenon attending the occultation
of a star would be something wholly different from that
which we actually find it to be. In proof of this we need
only refer to the circumstances which can be observed
here when a star is in process of setting. As the star
gets lower and lower it gradually becomes fainter and
then passes to extinetion. Indeed, though we talk of the
star “setting,” no one has ever yet seen a star “set,”
the fact being that the star has become quite invisible long
before it apparently reaches the horizon. If there were
an atmosphere surrounding the moon at all comparable
with that surrounding our earth, the occulted star would
gradually decline in lustre and be extinguished long
before it reached the edge of the moon. Even with a
lesser degree of atmosphere the place of the star as well
as its appearance would be largely affected by refraction,
and this could not fail to be noticed by the diserepancies
it would produce in the position of the star.

From these various considerations it becomes certain
that there is no atmosphere surrounding the moon, which



THE LUNAR WORLD, &

SCALE oF ENCLSK MILES.
y ‘ »

SchE O CEOCAAICAL WILES.
©_29 30 e0 &

- . " = )

Fig. 7.—Lunar Craters compared with area of England.

Ptolemmus, diameter 116 miles; Alphonsus, diameter 83 miles; Arzachel,
diameter 65 miles.



90 IN STARRY REALMS.

is even a thousandth part so copious as the atmosphere
surrounding the earth. Seeing then that air and water
may, for all practical purposes, be said to be absent from
our satellite, it becomes at once plain that those forms in
which life is manifested here must be absent from our
neighbour. Strange indeed to us would seem the con-
ditions of a globe without air and without water. Let us
try for a moment to realise what we should find such a
a world to be like if we could procure the means of getting
there, and if we were able to dispense for once with such a
primal necessity as air to breathe. The surface of the
moon would appear to be an utter desert, at least in so far
as the absence of organic life is concerned ; we should see
around in every direction huge craters, the remains of
ancient volcanoes that are now mever in eruption, but
which in the days of their activity sculptured the moon
into the form in which we now see it. Some of these vast
craters (Fig. 7) would be many miles in diameter, the
larger of them, in fact, upwards of a hundred miles across.
They would be generally surrounded by a range of lofty
cliffs, a mile or more in height, though on account of their
large size relatively to the comparatively small globe of
the moon, these bounding cliffs or “ramparts ” as they
are generally called, would be often below the horizon
of the observer who was standing in the middle of the
crater. Then, too, we should occasionally see great ranges
of lofty mountains comparable with our Alps in altitude ;
they would, however, like all other lunar features,
possess a ruggedness and a sharpness transcending any-
thing to be found in the wildest regions on our globe.

All over this earth there are agents in operation
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tending to wear down and reduce the asperities on its
surface. Water in its varied forms is constantly acting
in this way; the rains trickle down the slopes of the
mountains wearing down the materials and gradually
tending to smooth away irregularities. Frost is also a
potent disintegrator of rocks. It finds its way into their
crevices and with irresistible power the rocks are riven
asunder by the expansion which the water undergoes when
it passes into the form of ice; thus great blocks of rock
are loosened from their sites, and the other agents effect
their complete disruption. The inveterate action of streams
and rivers is gradually transforming the appearance of
our globe, and in the course of ages a stream will cut a
deep valley through the hardest rocks. In fact, there is
scarcely a spot on our globe in which the features of the
landscape have not been largely affected by water and
weather in some of the numerous ways in which they
operate. Of course all such agents are absent from the
moon, and hence it is impossible for us to see on our own
earth any tracts of country really resembling the lunar
surface.

It is true that we have volcanic districts and we have
rainless districts, but we should require a district not only
entirely voleanic, not only entirely rainless, but even devoid
of air itself, to reproduce the phenomena that we find in
the moon. There are no doubt some localities on our
globe which seem to suggest the mode in which some of
the characteristic lunar features may have arisen. We
have, for instance, in the Sandwich Islands the great
crater of Kilanea: at this wonderful spot the traveller
will see a large basin of molten lavasurrounded by a range
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of glowing cliffs; if we could extinguish the internal fires,
by which at present this mighty cauldron is kept incande-
scent, the floor of lava would become congealed, and we
should then have a plain surrounded by a ring of cliffs,
and offering a resemblance to those objects which are seen
by hundreds on the moon. There are other localities in
the Sandwich Islands in which the fires have apparently
ceased, and where the craters now look as little liable to
eruption as are the extinet volcanoes in the moon. The
absence of air and water has had a distinctly preservative
effect so far as the features of lunar scenery are concerned.
As the volcanoes sculptured our satellite into form count-
less ages ago, so it has retained that form to the present
day.

If a building were once erected on the moon, it hardly
seems conceivable that it should ultimately fall into ruins,
if purely volcanic agents are wanting. Without atmo-
sphere and without water, what harm can time do to the
fabric? In fact, with the exception of the expansion and
the contraction by the alternation of heat and cold, it does
not seem thatany agent of destruction can exist. We find
it difficult to realise the circumstances of an airless globe.
Fires could not burn, for there is no air to support the
flame ; winds could not blow, for of course wind is only
the passage of air from one place to another; there need
be no windows in the building, for there is no air to keep
out; there need be no roof, in so far at least as a roof is
required as a protection against rain. Two out of the five
organs of sense with which we are endowed operate solely
by utilising certain properties which air possesses. Our
ears are exquisite contrivances bv which we are enabled to
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teceive and to interpret the undulations which are trans-
mitted through the air. On an airless globe our ears
would be almost useless; we could hear no sound trans-
mitted as those sounds are which usually reach us. Iought,
however, to add that certain audible waves admit of being
transmitted through other materials besides air, and con-
sequently in some exceedingly imperfect and indirect
method a sense analogous to that possessed by our ears
might be rendered available on an airless globe. The
other sense which would be useless to any inhabitants who
might dwell on our satellite or other airless globe would
be that of smell. Although much lees is known about
this sense than about either the sense of vision or that
of hearing, yet it seems certain that our nasal organs
receive extremely minute particles, and when these come
in contact with our olfactory nerves the sensation appro-
priate to those nerves is occasioned. Whatever may
be the mechanism of this process, it can hardly be doubted
that air is the vehicle by which these particles, so minute
und so imponderable as to elude entirely all our other
senses, are wafted from their source. The sense of smell
would apparently be impossible on an airless globe like
the moon.

There is, however, another wholly different class of sen-
sations which would be experienced by a denizen of this
earth if he were translated to a small globe like the moon.
We must remember that in every fibre of our constitution
we have been specially adapted to the life on this
particular sphere. We have already seen how our senses
are adjusted in harmony with the particular atmosphere
with which the earth is surrounded: we have now to



9% ~ IN STARRY REALMS.

notice another poiut, in which the texture of our bodies is
arranged to suit the material contents of this globe on
which we dwell.

It may seem strange to learn that the strength of
our bones and muscles has been adjusted not solely
with regard to the size of our bodies or the quantity of
matter they may contain, but with reference to the dimen-
sions and mass of the earth. Even though on another
globe there was an atmosphere exactly like our own
both in density and in composition, even though it
was supplied with water as ours is, even though it
provided us with abundance of suiteble food and had a
climate agreeable to our constitution, yet it might be
wholly impossible for us to exist there by reason of an
incompatibility between the strength of our frames and
the mass of the globe on which we stood. Thus, to take
the case of the moon, which only weighs about one-
eightieth part of the earth; the gravitation with which
the moon would draw all bodies towards it would be much
less than the similar gravitation on the earth. The weights
of all objects would be reduced to about one-sixth part of
that which wefind them to possess here. Thebuoyaney of our
bodies would be so great that athletic feats would be easy
on a body the size of the moon, which could never be
attempted on this globe by beings with muscles like ours.
If a man of twelve stone were to be transferred to the
moon, the weight of his body would be reduced to about
two stone. If his muscles and his frame remained the
same it would seem as if he would be able to jump over
a wall twelve feet high on the small globe without any
greater exertion than would be required to clear a wall
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two feet high on the earth. Looked at from every point
of view, it seems hardly possible that there can be any
life on the moon resembling the life that we know of on
the earth.

But though the want of atmosphere surrounding the
moon may deprive it of some features of interest, yet to
the user of atelescope on this earth the airless nature of
the moon is & distinct advantage. Suppose, for example,
that a Lunarian were to endeavour to study our earth with
the telescope, he would see little, comparatively speaking,
of the actual surface, for our atmosphere itself, so closely
enveloping the earth, would obstruct his vision, while the
clouds with which so large a part of our atmosphere is
often charged would form an impenetrable screen. It would
be only in a very imperfect fashion that the dweller on the
moon would be able to make out the features of the globe
to which the moon is a satellite. But the terrestrial
astronomer experiences no such difficulties. It is true that
our own atmosphere often interferes with us in a manner
with which every astronomer is only too painfully fami-
liar, but by suitable choice of opportunities these dis-
advantages may be largely obviated and beautiful pictures
of our satellite may be obtained. The want of atmosphere
on the moon enables us to see its features with exquisite
clearness and sharpness, and the shadows are cast with a
definition which we never find in terrestrial scenery.

There is another circumstance which makes the moon
an attractive and easy subject for the telescopic inquirer.
Owing to the constant face of the moon, healways finds the
craters in nearly the same position, and as our satellite
courses through her monthly vicissitudes the observer






CHAPTER V111
A VISIT TO AN OBSERVATORY.

It is well known that in the United States there are many
more opportunities for educated women to gain useful
and remunerative employment than are found in Great
Britain. I was particularly struck with this when I saw
American ladies employed in doing work in the astro-
nomical observatories of their country, which on this side
would be almost exclusively performed by men. The
work they had to do was eminently suited to ladies; it
required neatness and care, and a conscientious determi-
nation to perform it with unremitting accuracy and atten-
tion. How successful they have been is known to all
astronomers who have made themselves acquainted with
the great volume of excellent astronomical research that
flows from the American observatories.

I was much interested and entertained lately by reading
a paper written by one of the American astronomers to
whom T have referred. Two years ago a new astronomical
observatory was opened at Carleton College, Northfield,
Minnesota, and at the laying of the foundation-stone an
appropriate—a most appropriate—address was delivered

:
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in celebration of the auspicious event. When I add that
this address was given by a lady it will, I think, show
that America, in respect to such performances, is much in
advance of the countries on this side of the Atlantic.

The address was published in the Sidereal Messenger,
and has been copied into the Observatory for December,
1886. It is signed Mary ‘E. Byrd, and is well worth
reading. It admirably expresses the wide divergence that
there often is between the presumed nature of the work
that is performed in an observatory in the popular imagi-
nation, and the routine of somewhat prosaic detail that is
the actual fact.

I cannot resist quoting a passage from this address as
the best introduction to our present subject.

“It is commonly fancied that there is a great deal of
poetry and romance within the walls of an observatory.
All have read the ancient legend of Tycho Brahe, how he
went to the observatory in robes of state, as if the presence
of the stars was the presence of princes. And people
fancy that here at midnight, in starlit domes, you almost
hear the music of the spheres. They picture to them-
selves the observer seated at his telescope hour after hour
looking down, down, into deep lunar craters, feasting on
delicate nebule and swift-flying comets, or revelling in
gorgeous star clusters. Here, they think, night after night
before his rapt vision there passes all the panorama of the
heavens multiplied and glorified a thousandfold by his
powerful lenses. I have sometimes wished that it were
80; but it is work that goes on in an observatory, work as
stern as that of the factory.”

The actual fact is, indeed, widely different from that
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supposed view of the duties of the astromomer which
are here so humorously portrayed. The popular notion
of the way in which astronomical discoveries are made is
often very wide of the truth. It seems sometimes to be
thought that the astronomer in search of some crowning
triumph sits gazing with ecstatic rapture through the
tube until suddenly some majestic, and hitherto utterly
unheard of, celestial body soars into his view, and he
immediately records an immortal discovery. The fact is
that when an astronomer goes into his observatory for
his night’s work he finds it usually convenient to leave
all the ecstatic and ‘most of the poetic portions of his
constitution outside. He arrays himself in costume, not
with a view to the sublimity of the universe, but to
the effectual keeping out of the cold. It is not the
stupendous size of the celestial bodies that so often
appals him; he is rather straining his attention to the
effort of hiding a tiny star behind the spider web of
his micrometer.

But though it may be generally true that the work of
the observatory is essentially a routine almost of a prosaic
character, yet the astronomer must indeed be of a callous
nature who does not feel the noble character of the occu-
pation to which his nights are devoted. I propose in these
pages to give a sketch of what the visitor to the obser-
vatory may reasonably expect to see, if his or her visit
be appropriately timed. It must be remembered that the
celestial objects are not always to be observed. It is no
doubt true that Saturn or the great nebula in Orion are
like the Matterhorn or the Falls of Niagara, always to be
seen if the visitor could only go to the right place. But
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very often no terrestrial observatory can be the right place
for seeing either of the objects named, and this for various
reasons. In the first place, it may be that the season of
the year is wrong. There is, for instance, no use in going
to look for the great nebula in Orion in summer, nor is
there any possibility of seeing Saturn when, as happens
every year, he is situated near the sun on the surface of
the heavens.

Then, too, it must be remembered that some objects
never rise at all in our latitudes. You need never expect
to see the Magellanic clouds by going to any observatory
in England. Nor can the astronomers in Australia ever
observe the companion to the pole star through the great
reflector at Melbourne. Even when the body you want to
see is “up,” it may be in a very unfavourable condition
for making observations. If it be the moon that you wish
to see, and even if it be up, and high up, it may be quite
unsuited for telescopic scrutiny from the simple fact that it
is “full ”; a condition in which the varieties of light and
shade which give to the moon-pictures their beauty and
their instructiveness are altogether wanting.

The planets, too, will often be accessible to the tele-
scope, but still be very unfavourably placed for disclosing
their real beauty as compared with the seasons when they
can be observed to advantage. The ring of Saturn may
be presented under an aspect in which it is too much
foreshortened, or the opposition of Mars may be one in
which his distance from the earth is too great to admit
of a truly effective telescopic picture being produced.
It will thus be obvious that to observe any of the celestial
bodies effectively not only must good instruments be
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available, but a careful forethought must be exercised
in choosing the appropriate times for each object. But
even when the best moment for observation has arrived,
and we are quite ready to secure the examination of the
celestial body under the most favourable auspices, there is
still the very important consideration of the weather. For
astronomical work a clear sky is indispensable. When we
find that a cloud or two can obscure from us the direct
image of the sun, we need hardly expect that stars or
planets or objects still fainter and more delicate will be
perceived through a dense curtain of watery vapour.
Fogs and mists, no less than more extensive clouds, must
be absent, and even nights that seem tolerably clear to the
ordinary spectator may, from atmospheric causes alone, be
very ill-adapted for any careful astronomical work.

From all these reasons it will be seen that the hours in
which really excellent work can be done in an observatory
are but few in comparison with the whole number of hours
in the year. When such hours do arrive astronomers
greatly prize them, and it may be readily believed that
during the time for which they have waited so long
they are often not too well pleased to be disturbed by
visitors who come on a star-gazing expedition.

Of all the impediments to astronomical work those pro-
duced by the atmosphere are the most vexatious, because
they do not admit of being predicted. The astronomer
may sometimes have even gone to the other side of the
earth to observe some rare phenomenon like a total eclipse
of the sun, or the still more occasional transit of Venus
across the sun. The time when such an event will occur
admits of actual prediction ; all may be in readiness, when
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the incalculable clouds overcast the sky, and the whole
object of the enterprise is frustrated.

But even when not charged with clouds the atmosphere
is baneful to the practical astronomer, for air when clear-
est and purest still obstructs a great deal of light. Tt
makes the stars appear fainter than they would otherwise
be, while rays from very small stars are extinguished by
it, though those rays would have been quite sufficient to
render their source perceptible in our telescopes if we
could observe without the intervention of the atmosphere.

An airless globe like the moon would, for merely tele-
scopic purposes, present the most favourable condition
conceivable, though how it would fare with the astro-
nomers involves questions of a different character. We
have not only the imperfect transparency of even the
purest skies to contend with, but there are other diffi-
culties. Even under the stillest and clearest sky it is
of the essence of the atmosphere to distort the places
of the celestial bodies. To see a star we have to
point the telescope, not at the real position of the star,
but in a somewhat different direction. Astronomers
speak of this derangement as refraction ; they are obliged
continually to bear it in mind, and their observations have
to be corrected for it so as to place the star in its true
instead of its apparent position. The amount of the dis-
placement of a celestial object depends, among other
things, upon the temperature of the air. If the tempera-
ture changes the amount of the displacement will change.
While, therefore, there is any fluctuation of temperature
the place of the star will appear to be continually dis-
turbed. The astronomer will say that “the stars are
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very unsteady to-night.”” As long as this lasts the value
of his observations is appreciably impaired; sometimes
the unsteadiness is so great that he must desist from
working altogether.

To escape from the pernicious influences of the atmo-
sphere is at present the pressing need of practical
astronomy. In this respect of course there will be great
differences between one climate and another. But the
best method of evading the severe tax which the atmo-
sphere imposes on every astronomer’s time and the injury
that it inflicts upon his measurements is to carry his
observatory to the top of a lofty mountain.

The ocean of air that lies over our heads is perhaps one
hundred miles or more in thickness. It is, however, in
the lowest mile or so that most of the mischief is done of
which the astronomer so sadly complains. A lofty mountain
peak which reared its head a mile above the earth’s surface
would protrude through the most troublesome portion of the
atmosphere. An observatory perched on the summit of
this mountain will therefore be in a position to observe the
stars almost free from the atmospheric anxieties of the
astronomer at the bottom of that turbid atmospheric
ocean on which the mountain astronomer can now look
down.

At the present moment the attention of the astro-
nomical world is largely fixed on the bold experiment
which has been made in America to locate a telescope of
perhaps unsurpassed optical perfection on the top of a
mountain in one of the most exquisite climates on the
globe.

Mr. Lick, a Californian millionaire, committed to the
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care of the Lick Trust a great sum of money, and directed
them “ to erect a powerful telescope, superior to and mor¢
powerful than any telescope ever yet made, with all
the machinery appertaining thereto, and also a suitable
observatory.”

To carry out this trust a careful search was made to
obtain the most suitable locality, and an expedition was
sent to the top of Mount Hamilton, near San José, in
California. The observations showed that the air was
remarkably steady, and that there was a continued
succession of perfect nights. Then, too, it was found
that observations of objects very low down in the sky
were practicable to a far greater extent than in other
observatories in similar latitudes. Mr. Burnham, a dis-
tinguished American astronomer, who conducted these
preliminary tests of the capabilities of Mount Hamilton,
made many valuable discoveries of new double stars, many
of them being exquisitely beautiful and delicate objects,
during the six months that his stay lasted. These trials
having proved eminently satisfactory, Mount Hamilton was
decided upon as the seat of the Lick Observatory. Then
commenced the arduous task of constructing and equipping
a vast astronomical establishment on the summit of a
mountain four thousand feet in height, and twenty-six
miles distant from the nearest town. With true American
energy these difficulties have been severally vanquished.
The county of Santa Clara provided, and now maintains, a
magnificent road, which runs by a gentle slope the whole
way from San José to the top of Mount Hamilton. Then
the top of the mountain had to be cut off to make a level
Piatform large enough for the buildings. To do this no
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less than seventy thousand tons of material had to be re-
moved. When the question arose as to the ersction of
the telescope, the first point to be settled was whether it
should be a reflecting telescope or be a refractor,—that
is, whether it should, like the great telescope of Lord
Rosse at Parsonstown in Ireland, consist of a large and
brilliant mirror at the end of a long tube, from which the
rays of light from the stars were to be reflected; or
whether it should be founded on the more familiar prin-
ciple of refraction, in which powerful glass lenses are
made use of to concentrate the light and render faint
objects visible. There was much to be said on both sides,
but finally the trustees, after taking counsel with the
wisest astronomers all over the world, decided to erect a
great refractor.

The preparation of the object-glass was the next great
work to be accomplished. It was to consist of two pieces,
one of crown glass and the other of flint glass, and it
was to have a diameter of the unparalleled length of
thirty-six inches. The fabrication of the actual pieces of
glass on which the ‘opticians could work was a matter of
the greatest difficulty, and sorely tried the patience of all
concerned ; to obtain the rough discs of glass alone no less
than six years were required, and they were only finally
adopted after twenty unsuccessful trials. At last, how-
ever, when Messrs. Alvan Clark, of Cambridgeport,
Massachusetts, did obtain suitable pieces of glass whereon
to employ their optical skill, another year of assiduous
work was necessary to give to the glasses the exact shapes
that would render the vision through them perfect. For
the execution of this great object-glass the Lick trustees



106 IN STARRY REALMS.

paid to Messrs, Alvan Clark a sum exceeding £10,000.
The length of the tube in which this pair of lenses
had to be mounted was adapted for a focus of fifty-six
feet two inches. On the 1st June, 1888, the celebrated
Lick Observatory was formally pronounced ready for
work, and handed over to the charge of the regents of the
University of California. '

T take these particulars from the first volume of the
publications of the Lick Observatory. The charges of the
future publications will be generously provided by the
State of California, while the United States has pre-
sented the site. With consummate astronomical equip-
ment, with a staff of practical astronomers that cannot
be surpassed in the world, we may confidently hope that
the Lick Observatory will fulfil the generous intention
of its founder ; indeed, we have already in some exqui-
site photographs and in other ways received earnest of
its success.

T have entered thus fully into the account of the Lick
Observatory, partly on account of its novelty and its
importance, but also because in one aspect of its work
it suitably illustrates the title at the head of this
chapter. Professor Campbell, the accomplished astro-
nomer who presides over the Lick Observatory, has
arranged that the resources of the great telescopes shall,
under suitable regulations, be available to those visitors
who may spend an evening at the Lick Observatory.

I propose to mention some of the objects which a visitor
to an astronomical observatory should specially wish to
see. He will first of all desire to learn by actual examina-
tion something of those marvellous instruments by which
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the astronomer has detected the movements and learned
the actual character of the heavenly bodies. He will see
the fundamental weapon with which inaccuracy is driven

Fig. 8.—The Meridian Circle.

from the field of astronomy. That weapon is the transit
instrument, or.rather the more complete apparatus which
is found in all our modern observatories, and is known as
the meridian circle. This consists of a telescope of cop-
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siderable but not of the largest dimensions, mounted in a
particular way for a particular purpose. A view of the
meridian circle at Dunsink Observatory is given in the
adjoining sketch. The telescope is attached to an axis
about which it can revolve, just as a cannon can be
turned up or down in its bearings. The axis carries
two large circles. On these the utmost refinements
of mechanical skill must be exercised. The circles
in the instrument at Dunsink Observatory, the estab-
lishment over which I have had the honour to preside, are
about three feet in diameter. There is a rim of silver
let into the margin of the wheel; this silver is graduated
by fine marks—marks indeed so fine that they require a
microscope for their detection. When the telescope is
pointed to a star, the position of the marks shows the
elevation of the instrument, and thus the height of the
star above the horizon is determined. The telescope is
carefully adjusted so as to move in the plane of the
meridian. It can be pointed to the due north, then it
can be raised up to the point of the heavens vertically
overhead, then it can be turned downwards to the south.
But it is of the essence of the meridian circle that it
admits of no other movements; it cannot be turned to the
east or to the west in the slightest degree.

A star or a planet, the sun or the moon, can there-
fore only be observed with the meridian circle at the
very instant of crossing the meridian. In fact, one of
the purposes of observing with the meridian circle is
to determine the time at which the celestial body is
on the meridian. To obtain the requisite accuracy, it
will not be sufficient merely to observe the star in
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the field of view of the telescope—we must have some
means of readily indicating the precise line down the
field which represents the meridian ; a thread or wire
has to be stretched across for this purpose. The magnify-
ing power of a large meridian circle is, however, so con-
siderable that any ordinary thread would look like a
coarse rope, and would be utterly unsuited for work
requiring nicety of observation. We must therefore
employ some fibre which shall be extremely fine, and
which shall yet be strong enough to admit of being
stretched into a perfect straight line, while a certain
degree of elasticity is also requisite in order to preserve
the straightness of the line with any permanence. These
various conditions are most completely complied with by
the beautiful thread of the spider. It is a somewhat
delicate task to stretch one of these exquisite filaments
properly over the little circular framework at the eye-end
of the telescope, but when it has once been done the web
of the spider is sufficiently durable to fulfil many years of
service.

The method of observing the transit of a star will con-
sist of noting the time by the astronomical clock when it
passes behind the spider web. The due estimation of this
time taxes the skill of the practical astronomer; it de-
pendson the appreciation of the fractional part of a second
at which the transit takes place. Here, as in so many
other departments of science and of the arts, the aid of
slectricity is invoked to give a subtleness to the work that
cannot otherwise be obtained. As the star passes behind
the spider web the astronomer taps a key which closes the
current, and impresses a mark on a revolving cylinder.
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Thus a record is obtained which makes the closest ap-
proach to absolute precision.

But for the purposes of the continuous observation of a
celestial body the meridian instrument is quite unfitted.
It merely gives us a flying glimpse of the object as it
hurries through the field; a glimpse sufficient for the
determination of the place of the object, but quite inade-
quate to enable us to examine the object with any close
attention. A totally different form of mounting for our
telescope is now required, which shall enable us to follow
the object persistently for hours together. Of course the
facility of movement in the telescope which this implies
can only be obtained by the sacrifice of some other
qualities. The equatorial—for so this form of mounting
is termed—is quite unsuited for the rigidly accurate pur-
poses of measurement, which it is the sole object of the
meridian circle to obtain. In the stand of the equatorial
clockwork is placed, by which the instrument, after it has
been once pointed to the star, is constrained to move so
that the object under examination shall continue steadily
in the field of the observer’s.view.

It is the equatorial that we are to visit when we come
to spend our evening at the observatory. We shall find
ourselves usually in a circular room covered by a dome.
This dome reposes on wheel work, so that it can be made
to revolve. In it is a shutter, which can be opened so as
to allow the telescope to be pointed to the sky. There is,
of course, no glass window in the opening ; even the most
transparent plate glass would impair the perfection of
the image. Nor will it be allowable to have the building
warmed by artificial heat. If the temperature inside
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were raised appreciably above that which is found out-
side, the heated air from the interior would pour out
through the opening, and the disturbance thence arising
would produce a mixture of air of Qifferent degrees of
density, which would be quite sufficient to impair the
delicacy of the telescopic images. Wind, if unattended
with clouds, is, as a rule, not if]j urious to good .seeing,
though the comfort of observatory work is greatly promoted
by a tranquil atmosphere.

And now as to the objects which the visitor to the obser-
vatory should specially ask to see. It must be borne in
mind that many of the most interesting objects to the
astronomer are almost completely devoid of effectiveness
from the merely spectacular point of view. A grand
nebula, for instance, will often have portions so faint, that
however we may find it necessary to represent them in
drawings, they are in the field of the telescope only to be
seen by most assiduous attention with an eye especially
trained for such work. The visitor will hardly feel con-
tented if he be desired to look at something which he
may only have a chance of seeing after he has steadily
gazed for several minutes at one place. There are, how-
ever, some splendid objects in the sky against which no
objections of the kind can be alleged, and it is to these
that we specially commend the attention of a visitor who
is anxious to see some of the wonders of the heavens.

The celestial objects which I have now specially in view
are three : they are the planet Saturn, the star cluster in
Perseus, and the great nebula in Orion. Any one who
has had the gratification of witnessing these objects
on a cloudless sky, and through a telescope of adequate






CHAPTER IX.
AN EVENING WITH THE TELESCOPE.

THE opportunities for observing the planet Saturn are not
nearly so frequent as those in which the moon may be
advantageously observed. We must choose the time when
Saturn comes nearest to the earth. This will take place
when the earth lies nearly between Saturn and the sun.
Supposing that such an occurrence is now taking place,
the earth will in a short time have moved away from the
best position, and the distance from the earth to the
planet will be on the increase. When a year has elapsed
the earth will have returned to its original position, but
it will not then be exactly between Saturn and the sun,
for the great planet has moved. Like the earth, Saturn
also revolves round the sun, but the magnitude of his orbit
is much greater than that of the earth, and consequently
the time that Saturn requires to complete a single revo-
lution is about twenty-nine and a half of our years.
Hence it follows that Saturn will have moved in the
course of the year, so that the earth must pursue its
journey for another twelve or thirteen days before it will
again have resumed its position between the planet and
the sun.
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Saturn, like our earth and like the moon, is entirely
indebted to the sun for its supply of light. Bright as the
planet may seem, it has no intrinsic luminosity—all we
see is merely the reflected solar beams. Its globe is of
noble proportions. Were that globe divided into six
hundred equal parts, and were each of those parts rolled

Fig. 9.—The Sun and its Attendant Worlds.

into a globe, it would be a larger ball than this earth of
ours, eight thousand miles in diameter. A view of this
orbit of Saturn, as well as of some of the other planets, is
shown in the adjoining figure.

This mighty globe also revolves on its axis, but its day
is much shorter than ours, as each revolution of Saturn is
accomplished in ten hours and fourteen minutes. Owing
to its higher speed of rotation, the bulging out at the
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equator of Saturn is much larger than in our earth; in
fact the elliptical form of Saturn is so evident as to be
at once detected without any delicate telescopic measure-
ments. The surface of the globe presents but few
features of interest, and indeed there is little on it which
can be depicted in a drawing. It is of a nearly uniform
whitish yellow colour, occasionally, however, marked over
with faint bands. It is obvious that what we see is merely
the outside of a great casing of cloud, in which the entire
planet is shrouded. In fact it seems very doubtful
whether Saturn bears any resemblance to a solid body at
all. Our first impression might perhaps be that the
planet was a sort of rigid globe like our earth, covered by
a coating of cloud, much deeper and denser, and more
uniformly distributed than the somewhat intermittent
clouds of which we on the earth have so often to complain.
But it is not easy to see how far the interior of Saturn
can, with propriety, be likened to a dense globe like ours,
and for the following reason :—our earth is composed of
rocks and metals, and the entire weight of the globe is
above five times the weight that a globe of equal bulk of
water would have. It may seem a very difficult problem
to weigh the planet Saturn, and so to compare its mass
with that of an equal globe of water, but the task is not
beyond the resources of the practical astronomer. When-
ever a planet is provided with satellites, or little attendant
moons, it is possible to put the great globe into the weigh-
ing scales and to determine how heavy itis. I cannot
here delay to explain fully the details of the process; suf-
fice it to say that it can be done with great accuracy,
and the result in the case of Saturn is truly astonishing.
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We learn that the globe has so little resemblance to our
earth that it is actually lighter than a vast globe of water
would be were its dimensions the same as those of Saturn
itself. Indeed, if we could imagine a model of the planet
just as large and just as heavy as the planet actually is,
and if that globe were cast into a great ocean of water of
suitable dimensions, the mighty planet would float buoy-
antly on the surface. It seems hard to reconcile these
facts with the belief that there can be much solid matter
in the interior of the planet.

It is impossible in any picture to represent the exquisite
delicacy of Saturn as revealed in a great telescope, but
to make our description plain we have to present a
sketch which will at least give a general notion of the
ving system, and may perhaps stimulate the reader to
secure some opportunity for observing these objects in a
telescope.

‘We must notice that the rings are not fastened to the
globe. There is a tendency for them to fall down on the
globe of the planet, but that tendency is neutralised by
their rapid rotation around the globe. The rings are
shown slightly turned towards us in the picture. Were
we able to look squarely at them they would be circles ;
when we view them edgewise they are found to be so
extremely thin that they elude our vision almost entirely,
except in powerful instruments. We speak of them as
rings in the plural, becanse it will be seen that they are
threefold. The two outer are separated by a broad line
of demarcation which can be traced the entire way round.
These two outer rings are apparently of the same general
nature, and there are some other dark lines or divisions
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of a somewhat fainter description, of which one at least,
1n the outer ring, is a permanent feature of the system.

To see the most delicate part of this beautiful structure
requires a telescope of considerable power ; it has only been
discovered in comparatively recent years, and is the third
ring of the system. It extends from the inner margin
of the second ring, half-way in towards the globe of
the planet. The name assigned to this mysterious but
lovely object is the crape ring, and the appropriateness
of the designation will be apparent when the hue of
the object as well as its curious semi-transparency is
noticed.

The structure of the rings of Saturn suggests problems
that have exercised the profoundest mathematicians. It
was speedily seen that the rings could not be thin plates
of solid material. No doubt a superficial glance at their
appearance will suggest that such is their nature. How-
ever, it can be demonstrated by mechanical principles that
the very existence of the rings would be impossible if
they were what this notion implies. In this instance,
as in many others, the pen of the mathematician has
proved a more potent instrument than the telescope.
What the astronomer could hardly expect to find out in
his observatory has been demonstrated by actual calcula-
tion made by pen and paper. It has been proved that
this wondrous set of rings consists of a multitude of small
objects, each pursuing its own voyage round the planet
like a littie moon. These bodies are so numerous and so
close together that the most powerful telescope can hardly
be said to recognise their individual existence, though
ocrasionally no doubt the rings do seem subdivided in a
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way which renders to the true view of their nature some
degree of telescopic confirmation.

It is only in this way that we can offer any reasonable
account of the semi-transparency of the crape ring. The
little moonlets (if I may for the moment coin a word)
which go to make up the rings are, in the outer of the
structures, so close together that they reflect what is
generally seen as a continuous sheet of light ; but in the
crape ring the moonlets are either not so numerous or not
8o large as in the outer rings: the consequence is they do
not appear as a continuous sheet of light ; we are able in
some degree to see between them, and this is how we explain
the semi-transparency of the crape ring.

Nor is the Saturnian system wanting in other attractions
which would render it of great interest, even were the
supreme feature of the ring system absent. The planet is
attended by no fewer than eight moons, some of which are
easily visible in the most modest telescope, while others
demand the employment of exceptionally powerful instru-
ments.

T hope that every one of my readers will obtain some
opportunity of observing Saturn at a suitable time and
with a telescope of sufficient power; assuredly they will
be delighted and fascinated with the spectacle. But I
sught also to add a word of warning. I have before now
met with people who were woefully disappointed with the
planet, even when the circumstances were most favourable.

I remember many years ago taking a bright little boy
of six to the Dublin Zoological Gardens. It was his first
visit, and all the way he prattled to me delightfully of
what he expected to see ; the principal object of his desires
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being an eagle. Perhaps he had been duly instructed in
the semi-fabulous stories of children being borne away by
eagles; probably he was also acquainted with the adven-
tures of Sinbad the Sailor and the Roc ; at all events,
we made our way to where there was a large cage con-

Fig. 10.—Saturn and his Rings.

taining several fine sea eagles. I awaited his rapturous
delight, but in vain. I saw the poor little fellow assume
a crestfallen aspect. ¢ They are so small,” was all he
said, but I could easily divine that he had expected to
see something about twenty feet high, and that one of
his pretty childish idols had been smashed to pieces.
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On a more recent occasion I visited the Falls of Niagara.
When we reached the station in the middle of the night,
one of my fellow-passengers, who was not by any means a
child, remonstrated with the conductor, who came round to
tell us that we were at Niagara Falls. “ That cannot be,”
said the individual in question, “for I know two things—
first, that the station is not two miles from the falls; and
secondly, that the noise of the falls can be easily heard
twenty miles away, and as I hear nothing I know that
this cannot be the station.” But it was nevertheless.
The conception of the thunders of Niagara in the mind of
the tourist bore no more relation to the actual fact than
did the Roc which the boy expected to the actual eagle
which was all I could show him. Nor did I fail to observe
the utterly disgusted and disappointed demeanour of my
unhappy fellow-traveller the next day, when he perceived
the contrast between the wretched trickle of the real Nia-
gara and the splendour of that ideal cataract which all this
journey had been taken in the hope of seeing. Had the
Atlantic Ocean been seen pouring down from the moon it
would not have done more than realise the expectations
of volume and altitude which so ruthlessly collapsed
before the fact.

1t is obvious that properly to appreciate natural scenery
persons must either be naturally gifted with intuitive
taste, or else they must wait until experience bas taught
them what to see, and what it is reasonable to expect to
see. Let not any one, therefore, be disappointed if their first
glimpse of Saturn falls far short of what they anticipated,
the beauties of it are not so glaring that they can be dis-
cerned without nice and careful observation. Remember
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that the crape ring is so subtle an object that multitudes
of astronomers gazed at Saturn for ages and never saw it
atall. Even the immortal William Herschel, with his ex-
cellent instruments and with his indefatigable perseverance,
never noticed the crape ring. Let the casual visitor bear
this in mind, and not expect to see Saturn exhibited as a
vast panorama which he that runsean read; let him rather
expect to find an exquisitely wrought miniature, which
will demand the closest attention, but which will reveal
ever new beauties to those who know how to woo the real
loveliness of nature in the only way in which it can be
won.

Widely different, indeed, are the attractions of the next
object we have to mention from those of which we have
just been speaking. Saturn is a planet lighted by a sun,
while the globular cluster of stars in the constellation of
Perseus is itself a group of suns.

Girdling the entire heaven is that beautiful but some-
what irregular band of light, the Milky Way. It is com-
posed of myriads of stars, too small and too faint, by
reason of their vast distance, to be severally visible; but
their different rays unite to give us the beautiful “Via
Lactea.” This is a star cluster on the grandest scale, but
the several components are too much scattered to furnish
us with a brilliant or effective telescopic picture.

In the sword handle of Perseus there are two densely-
packed groups of stars, which form the two celebrated
clusters. They are visible to the unaided eye as faintly
luminous spots, but in a grand telescope they unfold into
spectacles of the most gorgeous sublimity. Each of the
two clusters—and they lie close together—is sufficient to
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orowd the field of view with a multitude of brilliant stars,
in which the curious eye will find charming configura-
tions; in one of these clusters notably a horseshoe, in the
other a beautiful system of triangles. Many of the stars
are of a ruddy hue, and as contrasted with other clusters
the smaller and inconspicuous stars are comparatively
absent. We can, as it were, see right through the
entire group at every part to the space beyond. Such
a collection of gems, and so exquisitely set, will extort
admiration from everybody; I do not remember to have
seen any one disappointed at this spectacle. But it requires
some previous acquaintance with a few facts in astronomy
to fully realise all that the picture represents. Unhappily
we are not able to supply the most important piece of
information which will naturally be asked: we are not
able to give the actual dimensions of this system. The
case is in this respect very different from that of the moon
or of Saturn. There the arts of the astronomer have been
successful in the attempt to measure and even to weigh ;
but in the stellar regions proper our knowledge of the
weights and the distance is always scanty, and not infre-
quently entirely wanting. This is so in the case of the
cluster in Perseus. We do not know the distance by
which it is separated from us. The methods which astro-
nomers are in the habit of using in such investigations
have, I believe, never been yet applied to the cluster in
Perseus. The belief no doubt exists that the only methods
available would be inapplicable to such an object.

In seeking the distance of a fixed star, the ordinary
method is to select some other star in the neighbourhood
apparently, but which is really very much farther behind,
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though in the same line of sight. By a careful series of
measures made in the course of an entire year, there is an
apparent displacement of one of these stars relatively to
the other, caused by the fact that the earth has been ever
changing its position in the course of its annual revolution
around the sun. The method fails if the star’s distance be
beyond a certain limit, as it actually is with the great
majority of the bodies to which the method has been ap-
plied. The difficulty of applying this process to the
cluster in Perseus is, that we have no clue to guide us in
the choice of the pair of stars which would be suitable ;
one of them must lie in the cluster, the other must be far
behind it. If we had any means of identifying a pair of
stars which were certainly so situated, the inquiry would
be certainly undertaken; but it would not improbably
happen, if a pair of stars were chosen at random, that they
~would be both in the cluster, and thus the attempt would
be abortive. It is doubtless this feeling which has pre-
vented astronomers from devoting their attention to an
arduous and protracted series of observations, of which
the result would not improbably be futile.



CHAPTER X.
NOTES ON NEBULZ.

I am attempting in these pages to give a conception of
the varied nature of the objects which the skies offer to
our contemplation. In the moon we have a body of the
most solid description, evidently cold and hard. We
then saw that Saturn was entirely destitute of those rigid
features which gave the moon its beauty. The charms of
Saturn lie in quite another direction. Then we passed
from these sun-illuminated bodies to a group of suns
themselves in the glorious star cluster. Now we look
to an entirely different class of objects.

The telescope, ever an ally in the study of the heavens,
is in this part’ of the science absolutely indispensable. 1In
other branches of astronomy we can learn something with-
out its aid. Indeed, many great astronomical discoveries
were made long before the telescope was invented. But
ere this memorable event in the history of science it was
impossible for us to know anything of the existence of the
nebule. It is indeed true that there is one of these ab-
jects which can be just detected by the naked eye. It
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lies in the constellation of Andromeda, where, on a clear
and dark night, a faint spot of light can just be discerned
by a good eye. But a mere glimpse gives us really no
adequate notion of the true character of the object. It
might only, so far as the naked eye discloses its nature, be
a cluster of stars like that we have already discerned in
Perseus, or like the similar group that, under the name of
the Beehive, is comparatively familiar in the constellation
of Cancer. With the single exception of the nebula in
Andromeda, all the objects so called are entirely telescopic,
yet how important a constituent the nebule form in the
contents of the heavens will be shown by a look at some of
the lists of these objects. There are now several thousands
of nebulee known, and their positions in the sky, as
well as the details of their appearances, are set forth in
the catalogues.

It will therefore be proper that during our evenings at
the observatory more opportunity should be taken to
examine these mysterious nebul®. An exceptionally fine
night should be chosen for this purpose. The sky should
be clear and bright, and the moon should be absent. In-
deed, when the moon is present the light it scatters over
the sky issufficient entirely to extinguish the faint nebulz,
and greatly to impair the lustre and the beauty of the
brighter ones. A good test of the suitability of a night
for such purposes is found in the visibility of the Milky
Way. If it be seen clearly spanning the sky, then the
night will usually be favourable for such observations.
From the same considerations we may infer that it will
not do to choose nights in the middle of summer. Then
the twilight glow over the sky in our northern latitudes
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Fig. 11.—The Great Nebula in Orion.

has a similar effect to the moonbeams, in so far as it
greatly detracts from the telescopic effectiveness of the
nebulee. In fact, these objects are most of them so faint
that the caution I have already given as to the liability to
disappointment must be especially remembered. Many
of them can only be made out by careful watching, and
for the fainter ones an eye specially trained to such work is
required. It isfor nebule that the leviathan reflectors have
been chiefly constructed. The great mirrors are specially
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adapted to grasp all the feeble rays of light that these ob-
jects diffuse, and concentrate them so as to produce an
image bright enough to admit of being observed.

The most glorious constellation of stars in the firmament
is undoubtedly that of Orion. This splendid group is seen
in the south during the winter months, and towards the
close of January it is situated in a very convenient posi-
tion for observing early in the evening. The group is
specially characterized by the number of unusually bright
stars which it includes, and the three stars in the centre,
forming the so-called Belt of Orion, is as well known a
celestial figure as the sky contains. Directly under the
belt are three much smaller stars nearly in a line, which
points straight upwards to the middle star of the belt.
These three lower stars are usually known as the sword
handle of Orion, this being the position which they occu-
pied in the fanciful old sketches of the constellation. The
three stars of the sword handle of Orion are plunged in
the Great Nebula. This object cannot be seen by the un-
assisted eye, though doubtless around the central star a little
haziness is perceptible, and even the slightest telescopic
aid will suffice to indicate that the central star of the
sword handle is attended by a surrounding glow of light,
which renders it quite unlike other stars. This can indeed
be sufficiently shown with an ordinary opera-glass, one
glance through which will awaken in the beholder a keen
desire to study the object under more favourable condi-
tions. But to do justice to the object, telescopes of large
power are desirable.

To realise fully the magnificence of the Great Nebula,
the observer who is being introduced to the object for the
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first time should not, strange to say, direct the telescope
at the nebula ; the instrument should rather be pointed at
the heavens, just a little to the west of the nebula. The
clock driving the equatorial should not be started, and the
observer should take his seat and look through the eye-
piece before the nebula has entered the field. He will
see, no doubt, a few stars on the black background, which
gradually pass in procession across his field of view.
This is merely the ordinary diurnal journey of the heavens,
by which all the objects move slowly from east to west; I
ought rather to say appear to move, for of course the
motion on the heavens is only apparent, the fact being
that it is the earth which is turning around.

After the observer’s eye for a minute or so has become
familiarised with the dark aspect of the heavens under
ordinary circumstances, he will begin to perceive on the
eastern side (it will appear in the telescope no doubt as on
the western side) a faint dawn of light. Gradually there
will steal across his field of view a sort of ghostlike lumi-
nosity that is in marked contrast to the darkness in the
rest of the field ; as the seconds move on, this object will
disclose itself until the full splendour of the Great Nebula
comes into view ; then the entire field will be filled with
the light, and then it will gradually advance and gradu-
ally pass away again to emphasize the contrast between
the brilliance of the nebula and the darkness of the sky.
Unless this method is adopted, the full interest of a tele-
scopic view of the Great Nebula is not attained, for when
the entire field is full of the glow the beginner will hardly
recognise the nebula. He will be apt to think that the
fainter part of the field he sees is the ordinary ground-
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work of the sky, and this illusion can only be dispelled by
enabling him to witness the actual contrast in the way I
have described. The central portions of the nebula are,
however, so brilliant and so wonderfully marked with
interesting detail, that even a small instrument will suffice
to reveal much of its beauties.

In the centre of the nebula is the star known to astro-
nomers as Theta Orionis, the most prominent star of
the sword handle. To the eye this looks like an ordinary
star, but the telescope speedily dispels that notion. Theta
Orionis is found to consist of four, or rather six, stars
all so close together that the unaided eye fails to
distinguish them separately. A structure so complex
gives to this star quite a special, indeed a unique,
interest, wholly apart from the marvellous nebula of
which it is the focus. We must dwell a little on the
peculiarities of this star. We are familiar with stars
which are called double ; there are indeed some ten thou-
sand objects so designated known to astronomers and
duly registered in catalogues. Some of these are no
doubt only casual doubles. It happens that two stars lie
nearly in the same line of vision : they are thus found to
be very close together in the heavens. Such objects are
merely said to be optically double, and so far as their
physical nature is concerned they are of comparatively
little interest, though their practical utility in facilitating
the discovery of the distance of the nearer of the pair
ought not to be overlooked. It will, however, often hap-
pen that two stars are mot merely apparently near each
other on the sky, but are actually quite close together, in
comparison, that is, to the immense distance at which they

K
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are both separated from our system. This we know
because we often see the stars actually revolving one
around the other, mot, it is true, with any very rapid
motion, in the ordinary acceptation of the word. One of
the stars may require many years to complete a revolution
around the other, but the fact that such revolution has
been noticed is sufficient in the cases where it occurs to
prove the connection existing between these stars. We
must also, of course, remember that these stars are suns of
stupendous magnitude, and from a view of our own system,
in which the great planets take many years to complete
one of their mighty journeys around the central orb, it is
not in the least to be wondered at that the periods of
revolution of these double stars should demand no less
intervals of time.

Many of these double stars are objects of extreme tele-
scopic beauty ; sometimes they offer to our admiration a
delightful contrast of colours; perhaps one will be topaz
colour and the other bluish, or on rare occasions a pair of
emerald gems will be seen with an invisible band of mutual
sonnection. Sometimes triple stars are found, in which
three stars are obviously in alliance; but multiple stars
of greater complexity are comparatively rare; and so
marvellous a spectacle as Theta Orionis, in which no
fewer than six stars are obviously an allied group, is
almost unique. It is not a little remarkable that we
find the most exquisite multiple star which the sky
can show, beautifully framed or set in the centre of
the grandest of the nebul®. Of course it might conceiv-
ably happen that the apparent concourse of these objects
was fortuitous. The actual phenomenon could be accounted
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for by the belief that the Great Nebula was either very
much nearer or very much farther than the multiple star,
and that they chanced to lie in the same line of sight,
and had no other connection. But to me it appears that
this view is quite at variance with every reasomable pro-
bability ; that the most wondrous multiple star should
have happened to lie in line with the very centre of the
most wondrous nebula, would have been a coincidence,
against the occurrence of which the probabilities were
almost infinite. There can scarcely be any doubt that the
multiple star and the Great Nebula are part of the same
system, and that the star is, in truth, placed in the middle
of the nebula, as it actually appears to be.

And now as to the composition of this mysterious object.
Here, indeed, the terrestrial analogies seem to render us
but little assistance. While we were discoursing about
the moon, we could appeal to the volcanoes, both active
and extinet, on the globe, as offering some clues to the
nature of the lunar craters. So also when we were
speaking of Saturn we were able to derive some assistance
in our attempt to understand the appearance of its globe
from the analogy of terrestrial clouds. No similar re-
source is open when we study. the nebulee; we look in
vain for natural phenomena on this globe which shall
render the needful clue.

The word nebula means, of course, a little cloud, but
the expression is apt to be a misleading one. In a sense
no doubt they are little, inasmuch as the patch of the sky
which a nebula covers would be small compared with one
of our ordinary clouds. Indeed, a nebula which covered
a8 large an apparent part of the sky as the size of the
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moon would be ranked as a large object of its class, while
even the greatest of them is perhaps not more than ten or
twelve times as great. Nor is the word cloud, as applied
to nebula, an appropriate one. What we mean by a
cloud is only a vast mass of watery vapour raised by
the sun from the sea, and poised aloft until such time as
it shall be again dispersed into invisible water, or until it
shall descend to the earth as rain. Such clouds are of
course within the limits of our atmosphere, and are rarely
more than a few miles above the earth’s surface. The
light which renders clouds visible only comes from -
reflected sunbeams, and consequently at night clouds be-
come invisible, though the astronomer is often only too
unpleasantly made acquainted with their presence by the
opacity with which they shut out the stars from his
view.

TUtterly different in all respects are the nebule. They
are not masses of watery vapour. It may no doubt pos-
sibly be that water in some form is there, but it is not
water which we see. We are looking at some gaseous
material of & bluish hue. The light with which it glows
is no reflected sunlight. The nebula is indeed indebted
to no foreign source for that weird—I had almost said
ghost-like—radiance which it gives forth. The light
comes from the nebula itself. But how, it may well be
asked, should a purely gaseous substance be able to radiate
forth light? It is easy for us to comprehend how stars
or suns or comparatively solid bodies can, in virtue of their
tremendous temperature, glow with heat like red-hot or
white-hot iron. It is true that flame is gas in an incan-
descent state, but in flame a vehement chemical union of
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oxygen with some other substance is in progress, and this
is the source of the heat and the light that flame gives
forth. We cannot regard the Great Nebula in Orion as
originating in anything resembling flame.

We can, however, in our physical laboratories arrange
an experiment which seems to throw some light on the
composition of the nebula. Into a glass tube a small
quantity of hydrogen gas is admitted, the air having been
previously extracted. Then, by means of two wires, one
at each end of the tube, an electric current is transmitted
through the gas. Here there is no combustion ; the gas
is merely the vehicle by which the electricity flows from
one pole to the other. In doing so the gasinstantly begins
to glow with an intense bluish light, and a very beautiful
effect is produced, which can be renewed or terminated at
will by simply making or breaking the electric current.
It would seem as if the gas we see in the nebula were in a
condition somewhat analogous to the gas in the tube. I
do not mean that the passage of electricity through the
nebula is the source of its luminosity. There is, indeed,
no ground for such a supposition. It is the property of
electricity when passing through a conductor to warm
that conductor ; thus we know that if a powerful current
be transmitted through a wire of the most infusible of all
metals, platinum, the wire will not only get warm, but it
may become red hot, white hot, and even melt under the
influence of the heat which is generated. In those beau-
tiful incandescent electric lamps which are now happily
coming into such extensive use a current of electricity
flows through a filament of carbon, and kindles that exqui-
site incandescence which is maintained while the current
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fiows. It would appear that so long as the electricity i
flowing through the glass tube its action on the gas is to
impart a very high temperature. It is in consequence of
this temperature that the gas glows. Now we can offer a
reasonable account of the luminosity of the Great Nebula
in Orion. The particles of gaseous or vaporous material
of which it is formed are of an extremely high tempera-
ture, sufficient to enable them to glow with the brilliancy
which renders them visible.

It is now almost twenty years since a marvellous acces-
sion to our knowledge of such objects as the Great Nebula
in Orion was made by Sir William Huggins. I have used
hydrogen as an illustration in describing the character of
the nebula, but I have now to add that the presence of
hydrogen is no mere fiction but a substantial verity. Truly
we here open up one of the most marvellous chapters
which science has to disclose. The chemist can analyse
the different substances on the earth with his test tubes,
and he can tell the elements of which they are composed.
But in this old-fashioned chemistry it was at least reason-
able for the chemist to demand a portion of the substance
he was expected to analyse. Unless he were provided
with a sample, how could it be possible for him to grind
it up or submit it to the various operations of his labora-
tory? In these modern days the chemist can perform
operations of which his predecessors never even dreamed.
No doubt the old method is still used—nay, is indeed at this
moment cultivated with greater skill and means than in
any previous age—but side by side with the old method,
and as an invaluable supplement thereto, the new method
of chemical research, called spectrum analysis, has been
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created, and has already conducted to many profoundly
interesting discoveries in the most varied branches of
science.

In the application of the spectroscopic method it is not
indispensably necessary that we actually have a fragment
of the substance ; all we require is a beam of light which
that substance can be made to yield when heated to a suf-
ficiently high temperature, No doubt this statement
should receive some more precise qualifications, but for
our present purpose it will indicate the nature of spectrum
analysis with sufficient accuracy. ’

To begin with a simple case, the colour of a light will
often afford an indication of its character. Thus the red
light seen in displays of fireworks is due to the presence
of the element strontium. The ghastly yellow hue pro-
duced by burning common salt with spirits of wine is
equally characteristic of sodium. Rarely, however, in
nature is a simple unmixed light presented to us, as it is
no doubt in the two cases I have mentioned. Suppose
that a number of distinct hues are blended into a single
beam, we could hardly expect to recognise the combina-
tion they produce. We must have some method for disen-
tangling the several ingredients so that they can be tested
separately.

The spectroscope gives the means of effecting the required
decomposition. A beam of light is passed through a
wedge-shaped piece of glass called a prism, or more fre-
quently through a whole series of prisms. If the light
under examination be a sunbeam, then the prism unfolds
a beautiful series of hues : the red, orange, yellow, green,
blue, indigo, and violet forming all the colours of the rain-
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bow. Thus we demonstrate the highly composite charac-
ter of a sunbeam; but the light from the nebula in Orion,
with which we are at present concerned, is of a much
more simple character.

When & beam of the nebular light is transmitted
through the prisms, it declares at once that the object
from which that light has come is totally different from a
star like the sun. Instead of the beautifully coloured
band, decked in all the glowing hues of the rainbow,
the nebular beam is seen to be composed simply of six
or seven widely separated strips. It is important to ‘test
the character of the light in these strips. Fortunately
this can be done in a way that is completely satis-
factory. We can produce artificial lights from known
sources, and observe them through the spectroscope simul-
taneously with the light of the nebula.

There are in the composition of this globe some sixty
or seventy different elementary substances, and under
suitable conditions each one of these substances can afford a
perfectly characteristic spectrum. Thus the way of making
the comparison with the nebula is to try the different ele-
ments one after another, until one can be discovered which
pours forth a light that behaves under the prism as
does the light from the nebula. Pursuing this inquiry,
Sir W. Huggins found that when hydrogen gas was ignited
to incandescence by the passage of electricity, it emitted
light which, after passage through the prisms, came to
coincidence with one of the lines in the spectrum of
nebula; and the hydrogen character of two of the other
lines has been since demonstrated. It was thus established
that hydrogen is one of the constituents of the Great
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Nebula in Orion. Further confirmation of this important
discovery was forthcoming when the photographs of the
spectrum of the Great Nebula were subsequently obtained.
On those photographs lines were present which are con-
stituted by light of such a nature as to be wholly invisible
to the eye, though perceptible on the photographic plate.
It is of the greatest interest to discover that these invi-
sible rays from the nebula are also indicative of the pre-
sence of hydrogen. Thus we obtain a beautiful confirmation
of the fact that the nebula is partly composed of glowing
hydrogen.

There are, however, some remaining lines, the character
of which has not yet been ascertained.

It would be a little premature to assert that there must
be some substance in the Great Nebula not at present
known to us on the earth. This would be, no doubt, one
interpretation of the facts. We must, however, admit the
possibility of another explanation. It is frequently found
that the lines yielded by an incandescent material vary to
some extent when the physical conditions of temperature
and of pressure are modified. It is, therefore, not impos-
sible that the unknown lines in the spectrum of the Great
Nebula may be due to some element known to us, but
which has not yet been tested under the conditions which
would makeit yield the particular rays we are speaking of.

The composition of a nebula as disclosed to us by these
researches is very instructive. Here we are looking at
an object which seems to lie at the very limits of the
visible universe—an object so remote that our attempts to
fathom its distance are quite unsuccessful; yet in this
inconceivably distant part of our system we find at least
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one ingredient which we know well on the eurth. FPre-
vious to actual trial no one would have expected, I think,
to find the Great Nebula largely constituted from such a
familiar element as hydrogen. This gas enters into the
composition of water, and is thus an element of extreme
abundance on the earth. Thatan element so common with
us here should also be abundant in these awfully distant
regions of the universe is one of the most astonishing
facts that modern science has revealed.

As the eye follows these ramifications of the Great
Nebula, ever fading away in brightness until it dissolves
in the blackness of the sky; as we look at the multitudes
of bright stars which sparkle out from the depths of the
great glowing gas; as we ponder on the marvellous out-
lines of a portion of the nebula, we are tempted to
ask what the true magnitude of this object must really be.
Here, again, we have to confess that science is unable to
satisfy this very legitimate curiosity. The only means
of learning the true length and breadth of a celestial
object depends upon our first having discovered the dis-
tance from us at which the object is situated. Unhappily
we are, as I have said, entirely ignorant of what this
distance may be in the case of the Great Nebula in Orion.
Our ordinary methods of conducting such an inquiry are
hardly applicable to such an object, and its position so
near the equator introduces fresh difficulties into the
problem. We shall, however, certainly not err on the side
of exaggeration if we assert that the Great Nebula must
be many millions of times larger than that group of bodies
which we call the solar system.

There are many other nebule which would be well
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CHAPTER XI.
VENUS AND MERCURY.

Amone the planets of our system Venus is one which has
always been most tantalizing to astronomers. Notwith-
standing the fact that when this beautiful globe is seen at
its best it is far brighter than any star or any other planet,
yet as a telescopic object Venus is often disappointing. It
shows, no doubt, the beautiful crescent which charmed
Galileo, when he first directed the newly invented tube
towards it, and the crescent of the evening star is still one
of the most pleasing telescopic spectacles, which speci-
ally delights the beginner who for the first time finds
himself in the possession of a telescope. But it is the
very brilliancy of Venus which often leads to disappoint-
ment. We see a radiant object, a beautiful gem of light,
but the brightness tends to prevent us from seeing the
actual features on the planet. In this respect we can
contrast Venus with another globe, namely, the planet
Mars. This body is our next neighbour on the outside,
just as Venus is the next neighbour on the inside. It is,
therefore, of particular interest for us to learn all we can
about the two bodies which are similarly situated with
regard to the benefits which the sun dispenses so liberally
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It is well known that we are far better acquainted with
the aspect of Mars, in so far as the topographical features
of its surface are concerned, than we are with Venus, not-
withstanding that Mars is a smaller globe than Venus, and,
generally speaking, much farther away. We can even
study the surface of Jupiter, with considerable detail,
though under every combination of circumstances this
great planet is never less than twice as far from the earth as
is Venus. It is, however, only proper to add that it is the
vast bulk of Jupiter and the correspondingly great size of
his features which render him so discernible in spite of his
vast distance. We are able to speak of the belts of Jupiter,
to talk of the oceans and continents on Mars, and even
the “canals” on the latter globe are duly set down on
our maps. Many of the features on these two globes can
be represented with perfect confidence, and have conveyed
to us much valuable information with regard to our neigh-
bours in the solar system.

The case is very different with regard to Venus. The
reflected sunbeams which radiate so charmingly from
this planet bear to us but little information with re-
gard to the actual details of that globe from which
they come. Kew astronomers have that confidence in
the perfection of their instruments and the accuracy of
their eyesight which will enable them to make out recog-
nisable features in the Evening Star. It is true that
certain of the older astronomers did indicate the exist-
ence of certain discernible marks on the planet. It was
sometime thought that darker patches could be ob-
served which were permanent features of the globe. It
was also thought that when Venus appeared as s narrow
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crescent of light, the irregularities near the horns of the
crescent could be attributed to mountains on the surface;
while some astronomers had the hardihood to attempt to
calculate the elevation of the mountains which would give
rise to the features that were noticed. It can hardly be
said at any time that these observations and inferences com-
manded any very large degree of credence among those
competent to judge. From the facts which have recently
come to light, and which form the subject of this sketch, it
seems certain that even the small amount of belief which
was accorded to these researches must now be almost
entirely withheld.

There are many reasons why it should be of special
interest to learn all that we can of the topography of this
planet, which lies so near us. It so happens that Venus
has a bulk which is very nearly the same as that of the
earth. It seems also to be quite certain that Venus is
clothed with an atmosphere, for it would be otherwise im-
possible to explain the girdle of light which surrounds
the planet when she is in front of the sun’s disc. The
measures of heat and light from the great luminary which
are received by Venus are, no doubt, in excess of those
which fall to the earth’s share ; but still it seems that Venus
is a world o like our own in many respects that every
element of intellectual curiosity excites us to learn all
we can about another world to which we are linked by so
many affinities. There seems no prospect that we shall
ever perceive the features of the planet as fully and as
minutely as we shall learn those of Mars. However, one
step has now been taken, and the results are pregnant with
interest. i
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Viewed as a world, there is no more important point
for consideration than the length of the day as it would
appear to an inhabitant of Venus. This has long been a
matter of much uncertainty. The only means we have of
determining the period of rotation of a distant globe on
its axis is by watching some mark or object on the globe,
which we can recognise with certainty, and then observ-
ing the time which it requires to go round to the oppo-
site side, and back to where it was originally situated.

On Mars this process presents but little difficulty. There
are many features on that globe which possess the desired
attributes of definiteness and sharpness; and accordingly
the period of rotation of Mars on its axis, or the day of
that planet, is known with all desirable accuracy. It is
known even to the fraction of a second, and it happens by
a curious coincidence not to be very different from the
length of our own day. A similar method can be applied
to some of the other celestial bodies, though there are
individual peculiarities which often give rise to difficulties.
For instance, we know that the sun turns on its axis in
about twenty-five of our days. This is learned by the
observations of those spots by which the surface is fre-
quently marked. As, however, the sun is not a solid
body, and as the spots are merely apertures through a
covering of luminous clouds, they do not possess either
the definiteness or the permanence which would enable us
to rely on them for any very minute accuracy. Each spot
is also too transient to enable any large number of conse-
cutive rotations to be watched by its aid; and unless a
large number of rotations can be included in the observa-
tions as in the case of Mars, any very great precision in
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the determination of the period of rotation is impossible.
Indeed, it may be remarked that the sun does not rotate
in the same manner as a solid globe would necessarily
have to do.

The difficulty about finding the length of the day of
Venus simply arose from the fact that the marks on the
planet seemed too vague and faint to be relied upon for
the purpose. It is true that certain observations of this
kind had been made in former years, and it had been con-
jectured that the length of the day on Venus was about
equal to that of the earth. The question would be, of
course, settled if there were some great mountains stand-
ing out from Venus which every one could see through
their telescopes; or if there were any black spot or other
unmistakable mark, it would answer the purpose. Unfor-
tunately, there are no such features discernible—none, at
least, that are perceptible to ordinary eyes furnished with
ordinary telescopes and used in those latitudes on the
earth where astronomical observations are most abundant.
Much of what we have said with regard to Venus may be
applied to the planet Mercury, which lies still nearer to
the sun. The period of rotation of both these planets
has been until lately a matter of much uncertainty.

We are, however, recently indebted to the keen eyes of
Professor Schiaparelli, of Milan, for a minute serutiny
of Mercury, on which he has discerned features suffi-
ciently recognisable to enable him to solve the great
problem of the length of the day on our neighbouring
world. He has shown that the earlier notions are appa-
rently erroneous. It would have been something to have
learned even thus much ; but the positive results at which

L
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Schiaparelli has arrived are so striking and full of inte-
rest that they constitute one of the most important addi-
tions to our knowledge of the solar system that has been
brought to light for many a long day. It ought, however,
to be added that some competent observers are unable to
convince themselves of the accuracy of Schiaparelli’s in-
vestigation.

Now, however, Schiaparelli has shown that the constant
face which the moon turns to the earth seems to have a
parallel in the revolution of Mercury around the sun. It
is not that Mercury always directs the same face to the
earth. That would be utterly inconceivable on any
rational hypothesis, and would not be at all analogous
to the behaviour of the moon. It is to be remembered
that Mercury revolves around the sun. This planet, there-
fore, stands in the same relation to the sun that the moon
stands to the earth. The singular fact to which I desire
to call attention is that Schiaparelli’s researches show
that Mercury constantly keeps the same face directed to-
wards the sun. The period of rotation of Mercury on its
axis is, accordingly, of the same length as the period of its
revolution around the sun. We never see the other side of
the moon, because the moon always moves so as to keep the
same face towards us. In a similar manner, only one
side of Mercury is ever visible from the sun. The other
side is sedulously averted from that luminary.

The side of Mercury which is turned away from the sun
is, therefore, eternally in dark night, while the favoured
side is perennially suffused with the glory of an uninter-
mittent day, much brighter and hotter than any day we
know, inasmuch as Mercury is a planet so much nearer ‘a
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the sun than weare. Schiaparelli’s attention has also been
given to Venus. He has certainly shown that the period
of rotation of this planet is very much longer than has
been hitherto supposed. However, the difficulties of the
observations are so great that the results are not so defi-
nite as in the case of Mercury. It seems, however, hard
to resist the conclusion that Venus, like Mercury, revolves
80 as always to show the same face to the sun.

But to my mind the significance of Schiaparelli’s
investigation does not lie so much in the mere perception
of certain features in the planetary movements. It is the
interpretation of these phenomena which offers the chief
points of interest. Indeed, there has never been any
time at which these discoveries would have been more
acceptable in the scientific world than at the present
moment. They furnish us with a vivid and unexpected
illustration of the doctrine of tidal evolution, to which we
have elsewhere (p. 60) given attention.

We revert to the case of the moon for a suggestion as
to the cause of the remarkable peculiarities shown in the
movement of Mercury, and presumably true in the case
of Venus. We have explained that the constant face of
the moon is a monument of tidal action. It would be
an infinitely improbable coincidence if there were no
physical cause to account for it, and the tides afford a
perfectly satisfactory explanation.

In a precisely similar way we can account for the fact
that Mercury always bends the same face to the sun.
The matter is fortunately not a little simplified by the
fact that Mercury is certainly devoid of any comsider-
able satellite, and very likely has no eatellite what-
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ever. The sun is the only tide-raising globe that can
affect Mercury. We, of course, also experience sun-
raised tides on this earth, but to us they seem of com-
paratively little importance, because they are much less
than the tides raised by the moon. There is, however,
a double reason for regarding the sun.raised tides on
Mercury as of special importance to that globe. In the
first place, as there are no perceptible satellite-raised tides,
there the solar tides are the determining agents in tidal
phenomena, and, secondly, as Mercury is closer to the sun
than we are, the sun-raised tides will be much larger and
stronger than those which we experience. It seems, there-
fore, certain that the constant face which Mercury directs
towards the sun is a consequence of tidal action. In fact,
it might almost have been anticipated from tidal pheno-
mena alone that Mercury would have been found to move
in this manner. The solar tidal control on Mercury must
be much more vigorous than that on Venus, but any
attempt on either planet to escape from the thraldom that
requires it to keep the same face constantly to the sun
would be checked with exemplary energy.

It will thus be seen that the results of the delicate
observations of an Italian astronomer seem to illustrate in
a striking manner one of the most interesting of modern
astronomical doctrinea.



CHAPTER XI1.
MARS AS A WORLD.

It is rather curious that the planets should so closely
simulate the guise of the fixed stars. Saturn and Mars,
two of the most celebrated planets, have often a superficial
resemblance to Aldebaran or Betelgeuse. Yet it is diffi-
cult to emphasize sufficiently how wide is the actual
difference between them. The planets are not self-lumi-
nous bodies like the stars; they are merely orbs revolving
around the sun, and indebted, like our earth, to the sun
for the benefit of his light and heat. These planets are
bodies which must be generally, if not always, smaller
than the fixed stars; and their apparent brilliancy, not-
withstanding their small size and the fact that they
exhibit only reflected light, is simply a consequence of
their comparative nearness.

The apparent resemblance between planets and stars is
quickly dispelled when a telescope is directed towards
them. The star, as we have stated, shows merely a
bright point of light. It is far otherwise when we look
at the planets. Each of them exhibits in any instrument,
even of moderate power, a characteristic appearance by
which the planet is at once distinguished from the stars,
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while the several planets can each be discriminated from
the others.

There is, however, a crucial test which will detect every
object of a planetary nature. The very word planet means
a wanderer; and the term is appropriately employed to
designate the wandering stars which move about over the
surface of the heavens. These bodies pass from one con-
stellation to another in the course of their circuits around
the sky, and they are thus widely distinet from the so-
called fixed stars by which the constellations are them-
selves formed. In the course of a few weeks, or even less,
it will be easy to observe, even without telescopie aid, the
actual changes in the positions of the planets; while, with
the assistance of a good equatorial telescope, a single hour
is usually sufficient to disclose enough movement in a
planet to show that the object is something quite different
from a star. .

It is my object in this chapter to convey a sketch of
what is known, or can be reasonably conjectured, with
regard to Mars as a world. This globe is of particular
interest to us; for it is natural to feel curious with regard
to the neighbouring globe, which is in many respects
placed in much the same conditions as is our earth. It
would seem that our globe occupies an intermediate posi-
tion, so to speak, in the general system of the planets.
I do not now refer only to the fact that there are some
planets which are nearer the sun than we are, and that
there are others more distant.” This is undoubtedly true;
but there are other circumstances of a still more signi-
ficant character. This world is a good deal larger than
some of the Planets, while it is a good deal smaller than

.
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others. We are attended by a single moon ; and if in
this respect we are disposed to envy the superior endow-
ments of a planet which has_two moons, like Mars, four
moons, like Juyiter, or eight, like Saturn, we should be
consoled by the reflection that though Venus is a globe as
large as we are, yet she has no attendant moons at all,
and that Mercury is in a similar solitary condition.
In physical constitution, also, it will shortly appear how
our earth is more solid than this planet or less solid than
that; how it has more air and clouds than some of these
bodies, and less air and clouds than others; how the earth,
viewed as a habitable world, seems to be in the meridian
of life, while there are other globes still in the phase of
early youth, or in a more advanced old age. All these
various circumstances give to the study of the worlds
which form the sun’s family a quite exceptional interest
tous. We may expect to learn from this study some
facts which will throw light on that question so pregnant
with interest, as to the possible habitability of the other
globes in space.

Of all the planets the one that comes into the most
favourable position for telescopic scrutiny from the earth
is unquestionably that globe known to the ancients by the
name of Mars.

Mars revolves around the sun, and accomplishes its
journey in a period of 687 days. It moves in a path
which we shall not greatly misrepresent if we describe it as
a circle with a radius of about one hundred and fifty-one
millions of miles. The true shape of the path is, however,
oval or elliptical, so that the planet is sometimes about
one-tenth of the distance just stated nearer to the sun, and

/‘21','6 ‘r.'

VY iaA%4



152 IN STARRY REALMS.

as often the same distance farther from the sun. The
orbit of this planet is thus farther out from the sun than
is that of our earth; and in the annexed figure (Fig. 13)
we have drawn the relative sizes of the two orbits, both
represented in their actual form. It will thus be seen
how similarly the two bodies are circumstanced, in so far
as their relations with the sun are concerned. It is, how-
ever, obvious that the earth occupies a more favoured

Fig. 13.—Orbits of Earth and Mars,

position for the enjoyment of the light and heat dispensed
from the common source.

In another respect also the resemblance between this
planet and the earth is very notable. Our globe rotates
on its axis, and accomplishes each complete rotation in
one sidereal day; that is, in 23 hrs. 56 min. 4 sec. of
solar time. In like manner does Mars revolve on ite
exis. By assiduous watching of the varied points on its
surface, which are seen gradually to turn round, to become
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invisible, and then to reappear, it has been possible to
discover the period of his rotation with much accuracy.
This period is singularly close to that of our earth; there
is not three-quarters of an hour’s difference, the duration
of the rotation of Mars being the greater, or stated exactly,
24 hrs. 37 min. 23 sec.

It is, however, the telescopic aspect of the planet itself
which is especially interesting. With the single excep-
tion of the moon, there is no other body in the universe
that our telescopes can investigate so closely as they can
the planet Mars. It is now more than two hundred and
fifty years since it began to receive that assiduous atten-
tion from astronomers which has been continued to the
present hour. Among the earliest observations we have
are those of Fontana, at Naples. His feeble telescope was
sufficient to show that on the ruddy face of the planet were
certain more or less definite markings.

The nature of these marks on the globe has been now
so carefully studied that there can be no doubt that the
chief of them indicate permanent features on the planet.
In fact, astronomers have prepared several charts or actual
maps of the continents and oceans, or rather of the dark
regions which are presumably oceanic, and of the more
ruddy or often orange-coloured portions which seem to be
land.

The entire surface of the planet is in some degree known
tous; in this respect there is a notable difference between
Mars and the moon. Of the moon we are only acquainted
with that face of it which is turned towards the earth,
and the other side is eternally secluded. But as Mars
rotates, we see now one side of it and now another, and
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the various features of it are disclosed under every variety
of aspect and foreshortening as they advance from the
margin, and then cross its surface to recede again from
view by the progress of its perpetual rotation. We have
not, however, to rely solely on the rotation of the planet
to present us with a view of its different aspects. It
fortunately happens that sometimes the north pole
of the planet and sometimes the south pole is tilted to-
wards us.

To understand the different circumstances under which
the planet is thus presented, it will be necessary to enter
a little into the nature of its movements as represented in
Fig. 13. This drawing shows two orbits which, at a
superficial glance, appear to be circles, but which, on a
more careful examination, are found to be ellipses. The
inner of the two represents the path of the earth, the
outer shows the orbit of Mars. At the centre the sun is
placed. The earth completes its motion round the sun in
365 days, while Mars requires 687 days for its journey.
It will therefore happen, sometimes, that the earth, as it
were, overtakes Mars, and comes between the planet and
the sun. This phenomenon is called the opposition of
Mars; and it is on the occasion of an opposition of the
planet that the greatest facilities for making a telescopic
serutiny of its surface are enjoyed. This will be obvious
from a glance at the figure, which shows that at the
moment of opposition the earth must be closer to Mars
than the bodies can generally be at other times. Remem-
bering also that our point of view is on the earth, which,
in such a case, lies between Mars and the sun, it follows
that at the best hours of observation, in the middle of the
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aight, the planet must be on the meridian, and at its
highest in the sky.

The oppositions of Mars succeed each other at intervals
of 780 days. It therefore follows that about every two
years and two months the planet occupies a favourable
position for being observed. It must, however, be noticed
that all oppositions are not equally advantageous. Owing

Fig. 14.—View of Mars, Sept. 10th, 11h. 20m., 1887.

to the high eccentricity in the shape of the orbit of
Mars it lies in one region of its path much closer to
the earth’s circuit than it is when elsewhere. To ex-
press the results with numerical accuracy, we may take
the average distance from the earth to the sun to be
about ninety-three millions of miles. Then the distance
between Mars and the earth at opposition may some-
times be as much as sixty-three millions of miles, aud
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sometimes may be as low as thirty-four millions of
miles. It will thus appear that the best oppositions
will exhibit the planet at a distance which is but little
more than half that of the unfavourable oppositions. The
most convenient method for expressing any particular
point of the earth’s orbit is by the day at which the earth
is annually due there. On August 26th the earth is in
that part of its path which lies nearest to the orbit of
Mars. If, therefore, an opposition of the planet should
oceur on or near to that date, the earth and tho planet
will then be separated by the least distance possible.
On the other hand, when the earth is passing through
that part of its path which it traverses every February
22nd, the conditions are reversed. Should an opposition of
the planet then occur, the distance between the two bodies
will attain a greater value than is possible when the
opposition occurs at any other date in the course of the
year. It therefore follows that the nearer the oppositions
are to August 26th, the better they are, and the nearer
they are to February 22nd, the worse they are.

It is a noteworthy fact that the relations between the
periodic times of Mars and the earth are such that seven-
teen revolutions of Mars are accomplished in nearly thirty-
two years. There is a still more approximate relation
expressed in the fact that twenty-five revolutions of the
planet are almost exactly completed in forty-seven revolu-
tions of the earth. Hence it follows that the relative
positions which Mars and the earth occupy to-day they
will again regain in forty-seven years. Thus we see
that any favourable opposition of Mars will be suceeeded
at intervals of thirt_y-two years and fort_y-seven years by
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oppositions which are also favourable. As an illustration
of the use that may be made of these numbers, we shall
predict the occurrence of an approaching favourable oppo-
sition. There was one in 1877, there must, therefore,
have been a good opposition thirty-two years previously,
that is, in 1845. It must similarly be followed in
forty-seven years by another good opposition, which
brings us to 1892. We may therefore anticipate in the
autumn of 1892 another good view of our neighbouring
planet.

We have already spoken of the rotation of Mars, and it
follows that this planet has an axis about which that rota-
tion is performed ; the planet being in this respect, as in so.
many others, a body analogous to our earth. The plane of
the orbit of Mars is inclined at a small angle to that of the
earth. This angle is under two degrees. It varies slightly,
and is at present decreasing with extreme slowness. The
value for the year 1890 is 1° 51’/ 1”, and the decline in its
value is at the rate of two or three seconds per century.
So far as the mere aspect of Mars from our earth is con-
cerned, this small angle of inclination possesses an inap-
preciable influence. The case would be very different,
however, from the point of view of an inhabitant of Mars.
If there were absolutely no inclination between the two
orbits, then, whenever an opposition of Mars took place,
it would happen that the earth would, of course, be seen
actually projected on the disc of the sun when viewed
from Mars. As, however, there is some inclination, it
will usually happen that the Martial inhabitant will not
see the earth in front of the sun during opposition, for
the same reason that we do not see Venus on the sun’s
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face every time that she is in conjunction. ~She is usually
either over the sun or under the sun, and only on rare
occasions have we the pleasing spectacle of a transit of
Venus. So rare, indeed are the transits of Venus, that
though the present generation has witnessed two, namely
in 1874 and 1882, there can be no recurrence of the
phenomenon until the years 2004 and 2012 have come
round. The Martial inhabitant will also find that a
transit of the earth in front of the sun is an occasional
and noteworthy spectacle. It has been pointed out by
Mr. Marth that such an occurrence might have been
witnessed from Mars on the 12th of November, 1879.

We may, however, for the present purpose ignore this
slight inclination of Mars® orbit to our own. But we
have now to consider the very different matter of the incli-
nation of the axis about which Mars’ rotation is performed
to that of its actual orbit. We may here again advan-
tageously refer to the parallel case of our own globe.
The earth, in its annual progress round the sun, turns
now one pole and now another towards the sun, thus
producing the vicissitudes of the seasons. In a similar
manner the equator of Mars is inclined to the plane of its
orbit, and thus we sometimes are enabled to see one pole
of the planet and sometimes another. It happens that
when the planet is in opposition in our autumn, the
southern hemisphere is turned towards the earth. The
planet is then seen under the most favourable conditions,
in so far as its apparent dimensions are concerned ; for, as
we have already pointed out, it is under such circum-
stances at its least distance from the earth. Tt thus follows
that the most complete series of telescopic pictures of the
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planet which we possess are those in which the south pole
is exhibited.

Many astronomers have given to us carefully finished
sketches of the appearance of the planet on such occasions.
Among these I now specially invite attention to the
remarkable series of drawings obtained in the opposition
in September, 1877, by Mr. N. E. Green, who enjoyed the
privilege of observing Mars under singularly favourable
conditions in the beautiful skies of Madeira. The tele-
scope he employed was a reflector of the Newtonian form,
with a mirror thirteen inches in diameter, figured by Mr.
With, of Hereford. The magnifying power he most
usually employed was one of about 250 diameters. In
Mr. Green’s memoirs he gives us representations of twelve
of his drawings selected from a much larger number. The
pictures have been chosen to show the planet at intervals
of two hours. This arrangement secures that the plane
shall be displayed under every different aspect, for after
twelve views at intervals of two hours have been depicted,
the thirteenth would merely be a repetition of the first, as
the rotation of the planet on its axis is so nearly twenty-
four hours. Mr. Green also suggests the caution with
which all drawings of planets, and, indeed, all drawings
of celestial objects generally, should be received. He
truly remarks that ‘they are necessarily exaggerations.
When the eye has been taxed to the utmost to observe
the form of some delicate marking, any shade which the
hand could apply to a drawing, and which could be
trusted to remain as a memento of the observation, would
be far beyond the strength of the reality. But the value
of the representation need not thereby be unduly depre-
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ciated, for if a proportionate amount of force be given to
all the details, it is still useful as expressing the general
character of the object, and valuable as exhibiting a fair
relation between its several parts.”

As soon as the prominent features on the planet came
to be recognised, it was found necessary to devise means
by which their positions on the globe could be conve-
niently indicated. The analogy of our own earth showed
that the proper method of accomplishing this was to
adapt to Mars a system of latitudes and longitudes. As
to the former, there was but little difficulty. Once the
rotation of the planet was sufficiently observed, its axis
became known, and also its equator. The latitude of an
object on Mars is, of course, its angular distance from the
equator. But the longitude presents a difficulty as to the
zero from which it should be measured. This difficulty
is not exclusively found on Mars. We have it on our own
globe. Englishmen naturally measure all longitudes from
the meridian of Greenwich ; but national susceptibilities
arise, which prevent us from actually asserting that all ter-
restrial longitudes are measured in the same manner that
we use.

On Mars the difficulty is of a somewhat different nature.
The first essential for the zero of longitude is that it shall
be at all events a mark so clearly defined that there shall
be no ambiguity. This is the point about which there
has been some difference of opinion among astromomers.
But I think there can be little doubt that the proposition
made by Mr. Knobel, in 1884, is the correct one. He
points out that there is on the face of the planet one spot
so very clearly defined and so very easily observed with
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moderate telescopes, that it should obviously be adopted
as the zero from which all longitudes should be measured.
The nomenclature of the different objects is a little con-
fusing. The zero of the longitudes was called the Oculus
by Médler, the Terby Sea by Green, and the Lacus Solis
by Schiaparelli. The zero now mentioned is not that
which Mr. Green had employed. Professor Schiaparelli,
in his charts of the appearance of Mars in 1881-83, places
the meridian of 90° through what he has called the Lacus
Solis, and which, following Mr. Knobel, is the zero of
longitudes. The Oculus or the Lacus Solis, or the Terby
Sea, whichever name be adopted, is to be regarded as the
Greenwich on the planet Mars. In my * Atlas of Astro-
nomy "’ I have given a map of Mars, in which the nomen-
clature has been determined from a careful comparison
of the different authorities.

Mr. Green has provided us with an excellent reason for
referring to his picture of Mars on September 10th. He
tells us that it * was without comparison the grandest
obtained at Madeira. This drawing also, of all the series,
most effectually recalls the impression made at the tele-
scope ; this sight of Mars was felt at the time to be a rich
reward for every effort, and will remain, while memory
lasts, a constant delight and satisfaction.”

The interpretation of the various marks which pictures
of the planet exhibit involves questions that must still
be regarded as of a somewhat speculative character. It is
8o natural for us to conjecture that the objects on the
planet may be of identical nature with the objects on the
earth, that we are accustomed to employ language on the
subject that is apt to express more than the extent of our

b3
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information will actually warrant. In the first place, the
most striking feature presented in Mr. Green’s drawings,
as well as in every similar series of pictures, is the remark-
able white region near the pole of the planet. In the case be-
fore us it is the southern pole that is exposed to view. It
does not, however, appear that the white region is situated
quite centrally with reference to the axis. Mr. Green gives
good reasons for believing that the true south of the end
axis of rotation of Mars lies just within the eastern edge
of the white cap, as it appeared in September, 1877. The
phenomena of our own poles at once suggest an explana-
tion of the presence of these white regions on Mars. Can
it be that this planet, which resembles our earth in so
many other respects, resembles it also in the possession
of polar regions crowned with solid masses of peren-
nial snow and ice? Apart from the argument founded
on analogy, the strongest evidence that can be adduced in
support of the ice explanation of the white region arises
from the undoubted variability of size of the region over
which the white fields extend, corresponding with the
Martial season.

The existence of an atmosphere surrounding the planet
has also been asserted, perhaps I might say demonstrated.
It is, however, certainly very much less ample than the
atmosphere enveloping this earth in its density and
extent. The most reliable indications of air around Mars
are afforded by the indistinctness of the planetary features
as they approach the margin by the gradual rotation of
the planet. In fact, Mr. Green speaks of the atmospheric
ring of bluish white surrounding the interior edge of the
disc. The atmosphere also sometimes contains masses of
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cloud, though here, again, the thickest clouds ever seen
on Mars fall very far short of the dense cloud masses with
which our globe is so frequently shrouded. There can
be no doubt that portions of the permanent features on
the planet are temporarily obscured by the intervention
of clouds. Perhaps it would be more correct to regard
these objects in the atmosphere of Mars as rather in the
natare of mists or fogs than of clouds in the ordinary
sense of the word.

Still greater caution must be used in the attempt to
interpret the varied hues of the different permanent
features of the face of the planet. The general appear-
ance of the surface of the disc, as represented in Mr.
Green’s drawings, is of “a warm yellow, heightening into
orange”’ in some of the regions. With these are strongly
contrasted the dark portions which Mr. Green well de-
scribes as being of “a greenish grey, partly due to con-
trast with the orange.”

It is customary to speak of these latter portions as lakes,
or seas, or oceans, according to their size and surround-
ings ; while the yellow and warmer portions generally are
spoken of as islands or as continents. There can be no
inconvenience in using this language so long as we clearly
remember that the distinetion between land and water on
the planet is purely of a conjectural character.

Those oppositions of Mars in which the northern hemi-
sphere of the planet is turned towards the earth, are, as
already explained, of a disadvantageous character for a
minute scrutiny of the planet’s surface. It is then at an
exceptionally great distance from the earth. Mr. Knobel
has well observed that, as the planet is then near its
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perihelion and receiving a larger supply of sun heat, the
meteorological condition of its surface may be very dif-
ferent from what is found when the opposition occurs at
a different part of the planet’s orbit. Still, it is so im-
portant to study the aspect of Mars when the north pole
is tilted into view, that, notwithstanding the small appa-
rent size of the planet when near its aphelion, such oppo-
sitions merit careful attention.

A careful study of Mars was made during the opposition
of the planet, in 1884, by Mr. E. B. Knobel, and his
drawings are given in Vol. xlviii. of the Memoirs of
the Royal Astromomical Society. Although I do not
reproduce Mr. Knobel’s careful examination of many
isolated features on Mars, I give here an abstract of
the more general remarks on the planet to which his
researches have conducted him. It is impossible to look
with care at any of the good drawings of the planet and
not be struck with the fact that there is a wide discrepancy
between the appearances of the northern and of the
southern hemispheres. The various dark markings, the
so-called seas, which are so conspicuous and so well
marked in the southern hemisphere, become replaced in
the northern hemisphere by objects of a much more ambi-
guous character. Indeed, the only object in the northern
hemisphere which can be regarded as thoroughly marked
and identified is that portion of the so-called ‘“Kaiser Sea”
which extends north of the equator. This remarkable
Martial feature is by far the most conspicuous and well-
defined marking that its globe presents. Even in quite
small telescopes the Kaiser Sea is well seen when hardly
any other object of the planet admits of being recognised.
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It is shown in Fig. 14 as the dark pointed region extend-
ing towards the north pole.

Around the north pole, as around the south, is also to
be found the accumulation of white material which so
irresistibly reminds us of snow. I have often been struck,
when observing Mars with the 12-inch refractor of the
Dunsink Observatory, with the extremely sharp boundary
line by which this white region is marked off from the
body of the planet.

I must now discuss another discovery, the result of the
acute observations of Schiaparelli, the director of the
Milan Observatory, to whose labours much of our know-
ledge of the topography of the planet is due.

In September, 1877, when Mars occupied that particular
situation relatively to the earth in which the distance
between the two globes was almost at its lowest point,
and when, consequently, the apparent magnitude. of the
planet attained its highest value, Professor Schiaparelli,
availing himself of the clear atmosphere in which his
observatory was situated, made a remarkable observation
on the planet. He showed that the regions heretofore
spoken of as continents appeared to be intersected by dark
streaks, which must have been about sixty miles wide,
and which often attained a length of thousands of miles.
During the opposition of 1881-1882, Schiaparelli again
recognised the presence of the canals, but on this occasion
it would seem that a very extraordinary phenomenon was
perceived. Several of the canals were observed to be
double, that is to say, there were .a pair of canals seen
separated by an interval of two hundred miles or more,
and running parallel to each other throughout their whole
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course. It is, however, a doubtful point as to the actual
nature of these objects. Many assiduous astronomers,
who have enjoyed the aid of excellent telescopes, have
failed to see them. It would, at all events, seem that
there are no permanent markings on the planet which
appear like the twin canals. If we admit their existence
at all—and this is a point on which some astronomers
entertain considerable doubts—they might be regarded
rather in the light of certain periodic phenomena con-
nected with the changes of the seasons in the planet than
as permanent configurations on the globe.

I am, however, fortunately able to discuss here some
observations made by very capable observers during the
opposition of 1888. An excellent account of the results
which have been thus obtained is found in the Observatory
for September, 1888, by Mr. E. W. Maunder, of the
Royal Observatory, Greenwich. It must first be remarked
that the opposition was not a favourable one, in so far as
the apparent size of the planet was concerned, but still
there were many very interesting observations recorded,
and some very beautiful sketches of the planet were
obtained. The existence of the canals has been asserted
by Dr. Terby and M. Perrotin, and the latter astronomer,
provided with a superb telescope at Nice, has also detected
the remarkable phenomenon of the double canals. Prof.
Schiaparelli himself has again confirmed their existence,
and, in the enthusiasm of a brilliant telescopic view, he
declares that the Martial canals had all the distinctness
of an engraving on steel, with the magical beauty of a
coloured painting.

Several theories have been put forward to account for
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these extraordinary ““canals.” We naturally try to obtain
from terrestrial phenomena some clue to their explanation.
The late Mr. Proctor, to whom we are indebted for the
first successful attempt to construct a useful map of Mars,
regarded the canals as rivers; but, as Mr. Maunder has
so well pointed out, the objections to this view are insu-
perable. In the first place, they often intersect each
other, a phenomenon which is almost an impossibility for
two rivers. The curious straightness of the canals is any-
thing but suggestive of the sinuosities of a river. We
also frequently find the canals running sheer across the
continents, connecting one sea with another. It is need-
less to say that the rivers on our globe do not display any
phenomena of this deseription. For the present, all we
can say is, that the ¢ canals” present problems of a very
mysterious nature, which have not yet been solved. We
must anxiously await further really favourable oppositions
of the planet, in the hope that the quickened attention to
the subject, and the admirable optical powers now at the
disposal of astronomers, will permit of some satisfactory
results being arrived at.

If we have reluctantly been compelled to leave the con-
figuration of Mars® surface in a somewhat ambiguous and
unsettled condition, it is satisfactory to turn to the very
clear and well-defined discovery of the satellites of the
planet. In this we have the pleasure of recording the
most interesting of pure telescopic discoveries that have
been made during this century. As our eur\&h is attended
by one moon, as Jupiter is attended by four, Saturn by
eighé,. while the outer planets—Uranus and Neptune—are
also dignified by the companionship of satellites, it seema
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rather strange that the remaining planets— Mercury,
Venus, and Mars—should be entirely unprovided with
whatever benefits the possession of attendant moons is
competent to bestow. So far as Mercury and Venus are
concerned, it may, indeed, be contended that the pre-
sumption that they ought to have moons had but little
substantial basis. It was obvious that the outer planets
had, on the whole, more satellites than the inner planets,
and as the earth had only one moon, while Venus and
Mercury both revolved in orbits inside that of the earth, it
was obvious that there was but slender ground for expect-
ing that Mercury or Venus should be found provided with
attendant orbs. But the case of Mars was different. As
Mars revolved in a path between that of the earth and
Jupiter, and as the earth had one moon and Jupiter had
four, it could be plausibly contended that Mars ought to
have at least a couple. But before the year 1877 this
conjecture was entirely devoid of any telescopic corrobora-
tion, and the “ moonless Mars” was the phrase in which
one of the five great planets of antiquity was somewhat
contemptuously spoken of.

While the British Association was holding its annual
session at Plymouth, in 1877, a telegram arrived from
the United States, stating that Professor Asaph Hall had
achieved the superb feat of discovering two satellites
to Mars, and had shown that these satellites were
objects of the utmost interest. I well remember the
enthusiasm which this announcement produced among
the philosophers then assembled at Plymouth. Of course
we were all impatient to learn the details of the process
of search, and the particulars of the observations. These
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were not long in forthcoming, and Professor Hall himself
described his great work in a complete memoir published
at Washington in the following year. It is to this paper
that we turn for full information on the subject.

It has been often said that the astronomer’s best assis-
tant is his wife, but perhaps few of them have the same
confession to make as Professor Asaph Hall does when he
tells his readers that at first he thought the prospect of
discovering new satellites to Mars was very discouraging.
Other astronomers, and skilful astronomers, too, had tried
to find the satellites, and they had not been successful.
Why, then, should he hope to succeed in an enterprise
which had been already pronounced desperate? He tells
us that he felt this so keenly that he might have aban-
doned the search had it not been for the encouragement
of his wife.

In 1877 the planet approached exceptionally close to the
earth, and this it was which indicated to Professor Hall
that the right time for making the search had arrived. In
this respect he, of course, only enjoyed the same facility
which every other astronomer possessed of choosing the
most favourable moment for making the attempt.

There were, however, two circumstances which were
greatly in favour of the success of the search which Pro-
fessor Hall was enabled to make. In the first place, the
United States Naval Observatory is situated in the pure
skies of Washington, and the more northward latitude
of the observatory gives it also a distinct advantage over
the similar observatories in Europe. Another factor in
Professor Hall’s success was the use which he enjoyed of
a superb object glass, two feet in diameter. This magni-
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ficent instrument is one of the very finest in the world;
perhaps, indeed, its optical perfection is at this moment
hardly surpassed anywhere. Like the great Lick tele-
scope already referred to, it is a monument of the con-
summate optical skill of the Messrs. Alvan Clark, of
Cambridge Port, in Massachusetts.

But though these were necessary conditions in Pro-
fessor Asaph Hall's work, yet it would be absurd to
attribute his success either to the locality of his workshop
or to the perfection of his tools. A man’s genius is best
shown by the right use which he makes of his oppor-
tunities. Many faculties are required to make a skilful
observer, and those faculties require careful training and
long experience before they can be trusted to do valuable
and reliable astronomical work. The practical astronomer
is, indeed, an artist of a special kind. He must have
cultivated delicacy and quickness of perception, he must
have a nice manual dexterity, he must conduct his work
with much forethought and tact. It must be all care-
fully organized and planned. He must have anticipated
his difficulties, and decided how they shall be overcome
or evaded. Unless he possess these qualities, and many
more, he will not be a discoverer of the satellites of Mars,
no matter how superb the telescope he is provided with,
or how glorious the climate in which he is situated.

It was in the middle of August, 1877, when the planet
was blazing in the glories of opposition, that Professor
Hall discovered the satellites. Tiny objects they indeed
were. Their feeble light was so faint that, to render
them visible at all, the fiery planet itself had to be moved
out of the field of view, or otherwise screened off. Af
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first Professor Hall was greatly puzzled by the extra-
ordinary behaviour of one of these little moons. It first
appeared at one side of the planet, and then at the other,
in a manuner so incomprehensible that Professor Hall
began to think there must be two or three bodies instead
of a single one.

Nor was such a supposition unnatural. It was, indeed,
the only alternative to an explanation which at first
seemed wildly improbable. This latter supposition, which
ultimately turned out to be the correct one, showed that
the inner of the two moons accomplished a feat entirely
without parallel in the solar system. It actually com-
pleted three revolutions around Mars in less time than
Mars required for a single rotation on his own axis. To
appreciate the significance of this statement, let us refer
to the condition of our own earth-moon system. The
moon requires about twenty-seven days to complete its
circuit of our earth, so that the revolution of the moon is
twenty-seven times as long as the rotation of the earth.
In a similar way, though not always to the same extent,
the periods of revolution of all the satellites that had been
previously discovered were each much larger than the
period of rotation of their primaries.

Contrary, however, to the invariable precedent exhibited
in the case of every other satellite of our system, the
inner satellite of Mars exhibits, to our astonishment, the
spectacle of a little moon galloping round the planet
three times for every single rotation that the planet itself
accomplishes. The outer of the two Martial satellites
follows the analogy of the other similar bodies in our
system. Its period of revolution is, however, only about
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a day and a quarter, which is not much longer than the
period of rotation of the planet.

The names of the two satellites were suggested by a
passage in Homer, where Deimos and Phobos were sum-
moned, as the attendants of Mars, to yoke his steeds,
while he put on his armour. Deimos is the outer and
more conspicuous of the two, Phobos is the inner and
more interesting.

Immediately after Professor Hall’s great discovery, the
powerful telescopes all over the world were directed to
Mars, and many observers were fortunate enough to
obtain measurements of the position of the satellites, and
thus to contribute to our knowledge of their movements.

One of the functions of the astronomer is to measure
and to weigh the masses of the celestial bodies. Now,
difficult as it may seem actually to weigh a mighty planet,
yet in many cases the task is a comparatively simple one.
It is true we do not seek to evaluate the actual mass of
the planet in tons. We are at present only striving after
a relative knowledge—a knowledge of the mass of the
planet as compared with the mass of the earth or the sun.
Our task is an easy one when we have to deal with planets
attended by one or more satellites. It becomes a very
difficult one when the planet has no satellite that can be
observed.

Let me endeavour to give some explanation of the
method we adopt when we seek to weigh a great planet—
such, for example, as our earth against the sun. We
shall suppose that the earth revolves around the sun in a
nearly circular orbit, and that the moon revolves around
the earth in an orbit nearly circular also. We may
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further suppose, with sufficient accuracy, that the dis-
tance between the earth and the sun is 400 times the
distance between the earth and the moon. The celebrated
law of Kepler tells us that if two satellites be revolving
around the same primary, the squares of the periodic
times will be proportional to the cubes of the mean dis-
tances. I must ask you, then, in order to conduct the
calculation, to assume the existence of a fictitious satellite
revolving around our earth at a distance which is 400
times as great as that of the moon at present. This would
move much more slowly than the moon, and it would
require a great many months indeed to complete one revo-
Iution. How many months are required can be discovered
by Kepler’s law just stated. As the moon goes round in
one month, the fictitious moon would require a number of
months, which is determined by first multiplying 400 by
itself twice, that is by obtaining the number 400 x 400
X% 400, and then taking the square root of it. We for-
tunately find that for this particular problem the actual
nature of the work is materially facilitated. Each of the
several factors, 400, is itself found by multiplying 20 by
itself, or as we would say the square root of 400 is 20,
hence the square root of the cube of 400 is found by
merely multiplying 20 by itself twice over, and that gives
us the answer 8,000. Hence we learn that if there were
a fictitious moon revolving at a distance 400 times that
of our present moon, its periodic time would be 8,000 of
our present months.

We have now placed the problem in the following
aspect. Our earth revolves around the sun in a year, or,
for our present purpose, we may, with quite sufficient
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accuracy, speak of the period as thirteen lunar months.
We have, therefore, two systems to compare. In one of
these the period of revolution is 8,000 months. In the
other, the period of revolution is thirteen months. In
each case the distance from the central body to the
revolving body is the same. The first is, of course, the case
of the earth and the fictitious moon, the second is the case
of the sun and the earth. The advantage of this method
of treatment is that we have by an artifice brought the
two distances into equality, so that they need not be
further considered.

Look now at the two figures exhibited on the previous
page. They represent equal cireles. In each case there
is a great attracting body in the centre, while the revolv-
. ing body describes the circumference of the circle. The
circumstances, it will be seen, are quite similar, except
that there is a marked difference between the periods of
the two revolutions. To what can this difference be due P
As the distances are the same, the discrepancy in the
periodic times can be only attributed to the difference in
masses between the central bodies. We can show that the
mass or size of the revolving body has no appreciable influ-
ence in the matter. At a specified distance from its
primary, a satellite will revolve in substantially the same
time, whether its mass be only an ounce or a million of tons.
Start any object around our earth with the right velocity
and at the right distance, and it will perform the eircuit
in 8,000 months. We have a quite analogous pheno-
menon on our earth. A heavy body and a light body will
fall to the ground in the same time. Take a bullet in one
hond and a cork in the other, drop them at the same
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instant, and you will find that they reach the ground at
the same moment. It is true that with very light bodies
there is some difference, but this is caused by the resist-
ance of the air. There is no resistance to the motion of
satellites in the way we are now considering. It is there-
fore plain that the masses of the satellites can in no
degree account for the huge disparity between the periods
of their revolutions. Our search has now become greatly
narrowed, for the only remaining point of difference be-
tween the two systems is found in the masses of the
primaries. To this, therefore, we must look for an
originating cause of the differences of the periods of revo-
lution of the two satellites. If the two central masses
had been equal, there can be no doubt that the two
periodic times would also have been the same. The value
of this reasoning consists in the deduction which it enables
us to make. We know the periodic times, and from that
knowledge we are enabled to calculate the masses of the
two central bodies, by which the satellites that were re-
volving in those periodic times have been controlled.

This point is of such fundamental importance in astro-
nomy, that I feel I must pursue it a little further, so as to
enable us actually to solve the majestic problem of weigh-
ing our earth against the sun.

In the first place, it can be shown that the greater the
mass of the sun, the greater must be the rapidity with
which the planet revolves, in order to sustain its position
in a circular orbit at a specified distance. The planet
would, if unacted upon by any force, pursue a rectilinear
path and move on continuously with an unaltered velocity.
The presence of a central force constantly compels the
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planet to swerve from a rectilinear path, and thus con-
strains it to move in a circular orbit. The more rapid the
motion, the more intense must be the force which is con-
tinually drawing the planet aside from the rectilinear
path, and consequently, the greater must be the mass of
the central sun by which the attraction is produced. The
proportion is, however, not a very simple one. If the mass
of the sun be doubled, the speed of the planet will not be in-
creased in the same proportion. The true law is that the
mass of the central attracting body will be proportional to
the square of the velocity, or inversely proportional to the
square of the periodic time. Hence it follows that if the
mass of the central sun be increased fourfold, the speed of
the satellite will be doubled, or what comes to the same
thing, the periodic time of the satellite will be reduced to
one-half.

Returning now to our figure. We have seen that the
two bodies revolve in periods of 8,000 months and thir-
teen months respectively; that their distances from the
primaries are equal; and from these data it is required to
conclude the relative masses of these primaries. One of
these numbers is about 615 times the other. Hence we
have to determine the relative masses of two central
attracting bodies, such that the relative periodic times of
their planets at equal distances shall be 615. We have
shown that the masses of the central bodies must be
inversely proportional to the squares of the periodic times;
hence we learn that the more rapidly moving of these two
bodies must be controlled by a central force which is
615 x 615 times greater than that necessary for the
slower motion. We have used approximate numbers in

N
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making this computation, so that the result thus obtained
is rather in excess of what would have been the result if
we had retained several small elements in the calculation
which we have thought it convenient to discard in such an
elementary sketch. The final result, as obtained by the
most trustworthy methods, is that it would take 326,800
earths, all rolled into one, to form a mass as ponderous
as the sun.

It will thus be seen from this illustration, that the
observation of satellites in attendance upon a planet
enables us to weigh that planet. Hence we see that the
discovery of the satellites of Mars and the observation of
their periods, conducted us to an accurate knowledge of
the mass of the ruddy planet himself. I say an accurate
knowledge, for it must not be presumed that we did not
know something of the weight of this planet before. The
different departments of astronomy are so closely inter-
woven, that the influence of each planet is often felt under
circumstances that would hardly be credited by one who
had not the means of following out the complete details of
the subjeet. Our earth, in pursuing its annual progress
round the sunm, is, of course, mainly guided by the all-
compelling and powerful attraction of the great central
luminary. But every planet also draws the earth in some
degree. The capacity of the planet to make the earth
swerve to the side of its path is dependent on the mass of
the planet. If the planet be great, its influence will be
correspondingly large. By incessant observations of the
sun, astronomers have learned, with the utmost minute-
ness of detail, the nature of the path which the earth
follows. They are actually able to disentangle the mar-
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vellous complexities of its motion, and to assign to each
of the causes of disturbance its due share of responsibility.

It thus comes to pass that we learn how much Mars
affects the path of the earth, and hence we are able to dis-
cover the mass of the planet itself. Is not this a mar-
vellously recondite inquiry ? Yet it shows the perfection
to which astronomy, both theoretical and practical, has in
faot advanced, when I have to add, in conclusion, that the
mass of the planet Mars, discovered by this extremely
delicate and elaborate process, was found to be practically
coincident with the accurate value speedily and surely
proved when once the satellites had become known.

A curious literary point was soon remarked in connec-
tion with the satellites of Mars. We should not naturally
turn to “ Gulliver’s Travels” as an authentic manual of
astronomy, yet, strange to say, in that remarkable work
the astronomers in the flying Island of Laputa are
found to have already anticipated Professor Hall. These
people, we are assured, “are very bad reasoners, and
vehemently given to opposition, unless when they happen
‘to be of the right opinion, which is seldom the case.”
Nevertheless, we learn that they have “discovered two
lesser stars or satellites, which revolve about Mars,
whereof the innermost is distant from the centre of the
primary planet exactly three of his diameters, and the
outermost five. The former revolves in the space of ten
hours, and the latter in twenty-one and a half.” This
was certainly a marvellous anticipation of the actual facts
of the case. The astonishing feature is that the periodic
time attributed by Swift to the interior planet, should
have been so near correct.



CHAPTER XIIL.
THE GREATEST PLANET.

Magrs ig, as we have seen, much smaller than the earth.
We now turn to & planet which is very much greater—
which is, in fact, the greatest of all planets—the majestie
globe of Jupiter. This superb world far exceeds in bulk
any other body in our system, the sun alone excepted.
Nay, if all the other planets could be welded into one,
their united mass would fall short both in bulk and in
weight of the stupendous mass of Jupiter. Our earth has
a diameter not one-tenth part that of Jupiter, and the
diameter of Jupiter is more than twenty times as great as
the diameter of Mars. The path in which the giant planet
pursues his stately course is shown in Figure 16, while the
inner of the two circles is the orbit of the earth, both
drawn to scale. The actual diameter of Jupiter’s orbit is
about five times that of the earth. It should, however, be
noticed that though these orbits are nearly circular, and
though I often find it convenient to speak of them as
actual circles, yet that when very careful measures are
made, they are found to be ellipses instead of circles
Thus, if we take the earth’s distance from the sun as 100,
the distance of Jupiter from the same centre would be
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pensates for his distance in so far as the size and general
effectiveness of his telescopic picture 1s concerned.

A view showing the relative dimensions of the chief
planets in our system compared with the sun is given in
Tig. 17,

Jupiter is obviously flattened at the poles and pro-
tuberant at the equator. Our carth is also shaped in
a similar fashion, but the extent of the protuberance on
the earth is much less than that on Jupiter. Nor is
it difficult to explain the reason of this peculiarity of
shape, and of the excessive degree in which Jupiter is
affected by it. We have already seen that Mars revolves
on its axis, as does our earth, and we might probably
assert that rotation of this kind was a universal attribute
of celestial bodies—at all events, Jupiter possesses it in a
very marked degree. Though our little globe—for little
it must be regarded beside Jupiter—takes 24 hours to go
round, yet Jupiter accomplishes his complete spin in less
than half as much—in fact, in 9 hrs. 554 mins.

Owing to the rapidity of Jupiter’s rotation and to the
immense size of the planet, the actual speed of the surface
of the body must be enormously great. A point on the
equator of Jupiter moves about twenty-seven times as fast
as a point on our equator. The protuberance at the
equator of the great planet is to be ascribed to this fact.
As the body is revolving so rapidly, the yielding materials
of which it is made accommodate themselves to the shape
which nature demands, and the characteristic aspect of
the planet is the result.

‘We have seen that Mars is a body, in some respects, at
all events, resembling or analogous to our earth. In fact,
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instruments have been directed to the sky. Of recent
years the powers of great instruments have been devoted
to the study of Jupiter, and consequently we have at
our disposal an ample body of facts and an extensive col-
lection of drawings and measurements.

The appearance of the planet in a telescope of any reason-
able pretensions generally shows several markings on his
surface (see Fig. 18). Especially noticeable under ordinary
circumstances are a pair of belts parallel to the planet’s
equator, one to the north and the other to the south. These
features are well represented in the cut, which delineates
a series of telescopic appearances of the planet. As we
watch the globe from hour to hour, various changes in
its appearance force themselves on our notice. No doubt
these are partly to be accounted for by the rotation of the
planet on its axis. Certain features gradually pass away
into invisibility on one side, while new features come in
on the other. Even the actual appearance of them at the
centre of the disc is more or less affected by the varying
degrees of foreshortening under which they are exposed.
But after all allowance has been made for such mere
apparent changes, it is speedily seen by the attentive
observer that the actual marks themselves are not perma-
nent, that they are waxing and waning, now entirely
disappearing, while ever and anon fresh features break
forth. Even the two belts themselves are not constant ;
the uniformity of the belts is often interrupted, while
their margins undergo considerable changes. Sometimes,
indeed, the belts are not to be discerned at all, and some-
times, instead of merely a pair of belts, the globe reveals
several. The longer the surface of Jupiter becomes
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studied, the more confident will the observer become that
he is not looking at any solid objects—he is looking at a
vast mass of clouds by which the entire globe of Jupiter
is surrounded. He will see that these clouds are so thick
and so dense that even his greatest telescope is never able

Fig. 18.—Views of Jupiter.

to pierce down through them and obtain a glimpse of the
solid interior of the globe. Indeed, it seems very doubt-
ful whether the words “solid interior” can be rightly
used with regard to this planet.

Although we do not seem to see anything which can be
regarded as solid on Jupiter, yet we can hardly draw the
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inference that it possesses nothing of a permanent cha-
racter on its surface. It is true that we search in vain on
the great planet for anything so definite as the Kaiser
Sea, or one or two other objects that might be mentioned
on Mars. But there is at least one mark on Jupiter which
has been continuously observed for several years, and is
known as the great red spot on Jupiter. In 1879 it had
attained remarkable distinctness and such permanence
that, though it has undergone no infrequent changes in
brightness and appearance, it is a feature on the planet at
the present time. A remarkable phenomenon in connec-
tion with the proof of the absence of anything like rigidity
on the surface of Jupiter is strikingly brought out by the
behaviour of the red spot and of a white spot in its
vicinity. The rotation of the red spot, as computed in
the Observatory for 1886, was accomplished in 9 hrs.
55 mins. 39 secs., while that of the white spot was 9 hrs.
50 mins. 10 secs. Thus it follows that the red spot took
5% minutes longer to complete its circuit of the planet
than was required for the white one. If the globe of
Jupiter were really rigid, and if the spots were permanent
objects on that globe, then, of course, the period of rota-
tion concluded from either spot must be the same as that
concluded from the other, and both must be equal to that
of the rotation of the planet on its axis. In fact, to
suppose that there could be any difference would be
similar to saying that the day which is twenty-four hours
long in London was five minutes less than twenty-four
hours in Paris. It is obvious, therefore, when we find
the objects on Jupiter differing by five minutes in the
periods they give for the rotation, that one or both of
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these objects must have some proper motion on its own
account, and can in no case be structurally a part of the
rigid globe of the planet. In the “Companion to the
Observatory ” for 1886 tables will be found which show
the times at which both the red spot and the white spot
were to be expected during that year on the central meri-
dian of Jupiter. Considering that these objects are of
such an uns¢able material, we can hardly be surprised at
the editor’s complaint that the motion of the white spot
has appeared of late to be irregular.

It has sometimes been thought that the great red spot
may be a protuberance from the partially solid interior of
the planet, which has been forced up through the over-
lying stratum of clouds, and thus brought into visibility.
So long as it lasts it will provide us with a tolerably
definite point on Jupiter from which longitudes can be
measured, and thus take the place which Dawes’ forked
bay provides for us on Mars.

There is another instructive line of reasoning by which
we can demonstrate that the Jupiter which we see is
certainly not to be regarded as a solid or rigid body. Its
bulk is so enormous that it is fully 1,200 times as big as our
earth. So much for the measurement of the giant planet ;
now as to its weight. We have already explained in con-
nection with the satellites of Mars how it is feasible, by
observations of the satellites, to discover the mass of the
planet to which those satellites are appended. In the appli-
cation of this method to the determination of the mass of
Jupiter we have a choice of no fewer than four fine satel-
lites from which to make the observations. The mass of
Jupiter ean also be obtained by other methods of inquiry,
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so that it can be regarded as one of the most accurately
known elements of our solar system. To express the
result in the form best adapted for our present line of
reasoning we may say that the mass of Jupiter is 310
times as great as the mass of the earth.

Truly Jupiter is 2 noble globe. If we imagine a stu-
pendous pair of weighing scales constructed, and that
Jupiter was placed in one pan, we should find that it
would require 310 globes, each as ponderous as our earth,
to be placed in the other pan before the beam began to
turn. Yet while we are impressed with the gigantic
mass of Jupiter, we recall the fact that the planet is 1,200
times as large, and then we are driven to inquire why
it is that though Jupiter is 1,200 times as big as our
earth it is only 310 times as heavy.

It is quite obvious that Jupiter must be a world of a
kind very different indeed from that on which we stand.
Our world is made up of rocks and minerals, largely also
of iron, and all these materials together produce a globe
of very high density, between five and six times the
weight of a globe of water of equal dimensions. But the
case with respect to Jupiter is widely different. If we
take the earth as a standard of comparison, we see that as
Jupiter exceeds us in bulk 1,200-fold, he should also be
about 1,200 times as heavy, if the materials of his con-
stitution were similar to and in the same state as those on
the earth. But he only weighs about a quarter as much
as this hypothesis would require. It therefore follows
that Jupiter cannot be organized on anything like the
same plan as our globe. His average density is only one-
fourth as much as ours. Jupiter only weighs about once
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and a quarter as much as a globe of water the same size.
This is quite incompatible with the supposition that his
bulk is largely made up of materials at all resembling in
density the solid substances on the earth. The true
explanation must no doubt be that the mighty planet is,
on his exterior at all events, largely composed of great
oceans of clouds and vapours of density and thickness;
that these vast clouds weigh but little in comparison with
their bulk ; and that thus the apparent size of Jupiter is
swollen to dimensions greatly exceeding those to which he
would retire if the materials now in vapour were con-
densed into more liquid or solid forms.

When we ponder on the inflated size of Jupiter, and
when we apply to his globe the laws of heat, of gases, and
of vapours, which we have learned from experiments, we
are conducted to a very important discovery. There is
only one method of accounting for this stupendous mass
of impenetrable clouds which so persistently envelop the
planet. Clouds cannot exist except there be heat to
produce the requisite vapours. If the heat be absent, the
clouds will resume the liquid state. We are therefore
forced to the conclusion that the vast mass of clouds
enveloping the great planet can only be sustained by the
supposition that there must be some great source of heat
available on Jupiter. It is natural to inquire whence this
heat can be derived. Let us first compare or contrast the
condition of Jupiter with that of our own earth.

We have no doubt a liberal supply of clouds supported
in our atmosphere. But our clouds are neither so copious
nor 8o continuously impenetrable as those on Jupiter. An
astronomer on the latter planet, who gazed at us through
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a telescope of sufficient power, would no doubt generally
find a large part of our globe obscured by suspended
masses of vapour. He would also certainly see some
traces of those belts of cloud, parallel to the equator,
which mark the trade wind zones. And he would be
struck with the instability and fickle character of the
cloudy screen which in the course of a few hours would
reveal or obscure whole kingdoms or oceans. The obser-
vations of the clouds alone would make the telescopic
serutiny of our world from some distant world a singu-
larly interesting and instructive research. There are
perhaps some regions on the globe which would be almost
continuously quite free from cloud, and these the Jovian
astronomer could draw without any special choice of
opportunities. But to trace the majority of the outlines
of the continents and the oceans would be an arduous,
if even a possible, task ; at the least it would require the
patient astronomer to wait until openings in the clouds
enabled the outlines of the coasts to be clearly appre-
hended. But on Jupiter the clouds are so massive, that
no amount of patience ever enables us to see through
them ; the chance is never given to us. We are there-
fore compelled to suppose that the heat by which the
vapours to form clouds are manufactured, must be much
more abundant and intense than it is on our globe. The
heat that provides moisture for our atmosphere is obtained
from the sun. The warm rays beating down on our vast
oceans create great volumes of water vapour, which ascend
thousands of feet, and are then borne by winds to other
less genial climes, where chills reduce the transparent
water vapour to that opaque material of visible steam or



THE GREATEST PLANET, 191

cloud. For an explanation of all terrestrial clouds, we
require no other heat than that which the sun dispenses
so liberally and unceasingly.

In endeavouring to understand the clouds of Jupiter,
the first attempt which we naturally make is to explain
their origin in a manner similar to that of the clouds on
the earth. Jupiter revolves around the sun as this world
does, and like this world Jupiter is also illuminated by
the sun and warmed by him. Can it not therefore be
that the sunbeams on Jupiter generate the vast cloudy
covering just as they do here P

This is a point on which a simple calculation will throw
much light. The average distance of the great planet
from the sun is 5{ times as great as the distance of the
earth. It can easily be shown that the intensity of the
heat received from any source decreases as the distance of
the source increases. The rate of decrease is indeed a
rapid one. If the distance be doubled, the supply of heat
is not alone halved, it is reduced to one-fourth of its
original intensity. In fact, we may express the law
generally in that form in which nature loves to work,
that the intensity of the heat received from a source
varies as the inverse square of the distance. It therefore
follows that to compare the sun heat received on Jupiter
with the sun heat received on the earth, we must square
the number 5%; that is, multiply it by itself. The result
is very close to 27, and hence we learn the significant fact
that the intensity of sun heat on Jupiter is only one
twenty-seventh part of that which is received on the earth.

We cannot believe that the sun’s rays, enfecbled to a
twenty-seventh part of the intensity in which we know
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them, can possibly be adequate to evaporate enough fluid
on Jupiter to give rise to that vast mass of clouds which
surrounds him. More clouds require for their explana-
tion a larger supply of heat than that on the earth. Yet
the sun only conveys to the great planet less than four
per cent. of the heat on the same area that he sends to us.
There is only one interpretation to be put on these facts.
We must admit that the sun’s heat is utterly inadequate
to the accomplishment of the work in progress on Jupiter,
and hence we must look to the presence of some other
source of heat.

Whence can Jupiter derive heat if not from the sun?
Assuredly there is no other body in the universe which
can radiate even the millionth part of what he gets from
the sun. The stars are no doubt hot enough, but they
are so enormously distant that the influence of their heat
is evanescent, and need not for a moment be considered.
The other planets and their satellites can of course render
no assistance. Like Jupiter himself, they are recipients
of heat from the sun in varying degrees, according to
their distance. The only heat they can dispense will be
of the very feeblest, and be quite imperceptible. It is
certainly true that Jupiter cannot receive heat from any
external body to any appreciable extent, except from the
sun, and yet the utmost that the sun can do is quite inade-
quate to account for the warmth of the great planet.

At first it might be thought that we had arrived at a
paradox, but this is not really so. There is a most
rational explanation of the phenomenon entirely consis
tent with all the facts.

There are many reasons for knowing that the different
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bodies of our solar system were originally much hotter
than they are at present; they have all been steadily
cooling, and the process has been going on for uncounted
ages. The small bodies have cooled more rapidly thau the
large ones. Thus the moon, which is one of the smallest
of the bodies in our system, appears to have parted with
almost all its heat. The sun, at the other extreme, on
account of his gigantic dimensions, amounting as they do
to more than a thousand times the size of Jupiter, which
is itself larger than all the rest of our system together, is
large enough to have retained so much heat that he still
glows with excessive fervour.

Between the sun and the moon as the extreme limits
of size, may be ranked the other bodies of the system.
We find that many of the different bodies show more heat
or less heat, according to their size. Thus, our earth
befng so much larger than the moon, and so much smaller
than the sun, might be expected to have still retained
some of its heat, though the ‘glowing stage in the pro-
gress of cooling has long since been passed ; and this is what
we do actually find. Our globe shows many indications
of a high interior temperature. We have the well-known
phenomena of volcanoes, and of hot sﬁrings, to show us
that there are stores of heat beneath our feet, and our
belief in internal heat is eonfirmed by the gradual increase
of temperature that is found in every mine, the deeper it
penetrates into the earth.

Jupiter, being 1,200 times as big as the earth, has not
yet cooled to the same extent. It still retains vast stores
of internal heat, which are sufficient to preserve in the
vaporous form the oceans that shall one day roll upon its

0






CHAPTER XIV.
THE NAMES OF THE PLANETS.

I proposE in this chapter to discuss some points which
seem specially interesting with respect to the names of
the celestial bodies. The study of the heavens in bygone
days possessed an importance of a wholly different kind
from that which we now attribute to it. It was not
then supposed that among the stars there could be worlds
comparable in importance with our globe. In the belief
of the ancients our earth was the central body of the
universe. The sun, moon, and stars were merely regarded
as objects placed in the heavens for the purpose of minis-
tering to human wants. The relations of the sun and
moon to the inhabitants of the earth were, of course,
obvions, but the other bodies also had their terrestrial
influences which were to be discovered by occult science.
Accordingly a system of astrology was created for the
purpose of interpreting the movement of the stars.

It is, perhaps, hardly necessary to say that we now only
regard these notions of the old astrelogers as curiosities.
We remember that our earth occupies but an insignificant
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portion of space, and that the stars and planets are gene-
rally globes far greater than that on which we dwell. The
movements of the heavenly bodies are no longer believed
to contain indications of human affairs. We do not cast
the horoscope, nor do we now think that the career of a
man is decided by the configuration of the planets at the
moment he happened to be born. It is, however, inter-
esting to note the different ways in which traces of the
old astrological beliefs still survive among us. In former
days, when any great undertaking was in contemplation,
the stars were consulted to know if the auspices were
favourable. Though we do not at the present day think
this necessary, yet we do at least admit that we ought
carefully to consider the prospects of the enterprise.
Astrology has provided us with the word, for consider is
derived from the Latin word sidus, a star, and signifies
literally that we consult the stars. Should the under-
taking not turn out fortunately, we often describe it as
tll-starred ; and here we recognise that a good star has not
favoured our efforts, but that they have been under the
malign influence of an evil one. When a serious mis-
fortune occurs we may sometimes speak of it as a disaster.
This is a word derived from the Greek, and signifies that
our star has been unfavourable. Need I add that it is the
same Greek root that gives us the first half of the word
astronomy ?

Remembering the importance of the stars to the ancient
astrologers, it is not unnatural that they watched them
with the closest attention.  They observed that the sun
and the moon changed their places on the heavens, so that
these bodies were fitly described as ¢ wanderers.” It seems
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to have been known from the remotest antiquity that there
were also some starlike objects which moved about. Of
these the earliest to be observed was, doubtless, the planet
Venus. Its brilliancy, as the evening star or the morn-
ing star, seems to have attracted attention from all intel-
ligent nations of which we have any record. As Venus
continually changed its place, and so far resembled the
sun and the moon, the astrologers credited this planet
with a significant intervention in terrestrial matters. But
there were other planets also to be discerned by those who
carefully watched the sky. Three bright objects, Jupiter,
Saturn, and Mars, showed by their movements that they
were bodies wholly different from ordinary stars. The
list of planets known to the ancients was completed by
the discovery of Mercury. It is impossible to reflect on
this achievement without admiring the acuteness of obser-
vation which disclosed the nature of this rarely seen
object, and identified its successive appearances.‘ Mercury
seems to have been discovered independently by two or
three nations at dates antecedent to those of exact history.
It will thus be seen that there were in all five planets,
namely, Jupiter, Saturn, Venus, Mars, and Mercury. If
to these we add the sun and the moon we have the total
seven ‘‘ wanderers’ with which the astrologers used to
conduct their mystic operations.

There is no doubt that the ancient significance of the
number seven is attributable to the fact that there were
believed to be neither more nor less than seven of these
bodies. The most striking illustration that we can give
of the survival of astrological notions is found in the
connection between the names of the seven days of the
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week and the names of the seven wanderers. In fact, it
appears that the use of a week of seven days has been
confined to those races who had recognised these seven
planets. The Incas of Peru seem to have detected no
other planet than Venus, and their week had nine days,
to accord, apparently, with one-third of the duration of
the moon’s revolution around the earth. The Aztecs of
Mexico, who were also in ignorance of the planets, Venus
alone excepted, employed a week of thirteen days.

Among the ancient nations of the old world, not only
the number of the days in the week, but the names of
those days, were associated with the names of the seven
wanderers to which they respectively corresponded. The
ancient astronomers, though ignorant of the true rela-
tions of the celestial bodies, had yet been enabled to
arrange the wanderers in their true order of distance from
the earth, at least in so far as it is possible to place bodies
m such an order when their distances are incessantly
changing. The dimness of Saturn and the slowness of
his movements justified them in regarding him as the
most remote of the seven. Next came Jupiter, and then
came Mars. It is to be remembered that, according to
the ancients, the sun was classified as a wanderer with the
bodies we now speak of as planets. His distance was less
than that of Mars and greater than that of Venus. Mer-
cury was nearer to us than Venus, while the moon was the
nearest body of all to the earth. We thus write the seven
wanderers, in order of their distances, as follows—Saturn,
Jupiter, Mars, Sun, Venus, Mercury, Moon. This is not,
however, the order in which these planets stand when
they represent the seven days of the week. The succes-
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sion of the week days is arrived at in the way we shall
now mention.

In ancient times the day and night together were
divided, as at present, into twenty-four hours. Each
one of these hours was consecrated to one of the planets.
The order in which the hours were appropriated to the
different wanderers was simply the order of their dis-
tances, and each day bore the name of the wanderer to
which its first hour was devoted. As a beginning the first
hour is consecrated to the most distant object, Saturn, and
accordingly the corresponding day is Saturn-day, or
Saturday; the second hour belongs to Jupiter, the third
to Mars, the fourth to the Sun, the fifth to Venus, the
sixth to Mercury, and the seventh to the Moon. Then
the eighth hour begins with Saturn again, the ninth with
Jupiter, and so on until after twenty-one hours the list
of the wanderers has been repeated three times over. The
twenty-second hour begins, of course, with Saturn again,
the twenty-third belongs to Jupiter, the twenty-fourth to
Mars, and thus the whole twenty-four hours of Saturday
are complete. The twenty-fifth hour, which is the first
hour of the next day, falls to the wanderer next to Mars,
that is to the Sun. The first hour of the day next after
Saturday is accordingly eonsecrated to the Sun, and as the
name of each day is derived from that of the planet pre-
siding over its first hour it follows that the name of the
day following Saturday is to be the Day of the Sun, that
is, of course, Sunday. You may follow the same calcula-
tion throughout.

The following is an equivalent but shorter process,
Write around a circle the names of the seven wanderers
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in the order of their distances, and then read them by
beginning with Saturn, and skipping two each time. They
will come into the following order :—Saturn, Sun, Moon,
Mars, Mercury, Jupiter, Venus, and then Saturn again.
Now we have reached the precise order of the days in the
week. The meaning of Saturday and Sunday we have
already explained, Monday is Moonday, and the French
Lundi means also the Day of the Moon. Tuesday is con-
nected with Mars; in fact, the French word Mardi,
meaning Tuesday, is obviously Mars’ Day. Wednesday,
or Mercredi in French, is Mercury Day. Thursday is
derived from Thor, a deity analogous to Jupiter. Fri-
day is shcwn to be the day of Venus. Thus not only
the seven days of the week, but the very names of the
days theruselves are directly related to the names of the
seven planets.

It is a question of much interest as to why the
names of the heathen deities should have been as-
signed to the planets. How comes it, for instance, that
the God Jupiter should have given a name to the great
planet? The question is not without some difficulty, but
the origin of it appears to be as follows. There are at
the present day—and doubtless ever have been—races
who worshipped the sun as a deity. Considering that the
sun was only one of the seven wanderers, it was not
unnatural that devotional homage should also have been
vendered to the other similar bodies. This was all the
more natural because the movements of these bodies were
believed to be intimately associated with human affairs.
That globe which we now style the planet Jupiter was
itself regarded as a deity, and as such was worshipped. A
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more refined creed afterwards separated the intangible
deity from the actual globe, which thus came to be re-
garded merely as a symbol. The name, however, by which
the planet was designated was borne both by the material
body and by the deity of which that body was an emblem.

In modern days the naming of planets is quite a familiar
operation. Every now and then a new planet is dis-
covered, and it is the privilege of the discoverer to assign
to the new object a name which other astronomers shall
recognise. At least this is generally the case, but not
invariably ; for when William Herschel immortalized
himself by discovering the planet now called Uranus, he
proposed to name it the Georgium Sidus in honour of
King George the Third. As this was the first planet ever
found in addition to the five bodies of this kind which
had been known from all antiquity, a wonderful interest
was aroused among astronomers all over the world ; but
the old planets had borne the old classical names, and it
was thought, especially by Continental astronomers, that
it would be a little incongruous to bring the name of
George the Third intc the same category as the heathen
divinities. Accordingly they set aside the wishes of the
discoverer, and established the precedent which has since
been generally followed, of choosing names for the newly
discovered planets from classical mythology. Though the
number of the planets is now more than 300, the re-
sources of ancient literature seem not yet to give signs
of exhaustion. Let Hebe and Hecuba, Diana and Sappho,
which I select at random from the list of minor planets
serve as modern examples of how the heavenly bodies are

named



CHAPTER XV.
A FALLING STAR.

Eviry one who has occasionally taken a necturnal walk
in the open country will prebably have seen what is called
“a shooting star.” Perhaps I might rather say that
unless the observer be very inattentive he will have
noticed dozens, or stores, or hundreds of these objects,
either bright or faint, with long streaks or with short.

For the due exhilition of a shooting star, that part ef
the sky where it is displayed should, of course, be free
from cloud, and the silvery streak will seem all the more
vivid if the moon be absent. No telescope is needed.
This is, indeed, the one branch of astronomical observation
in which the unaided eye can advantageously dispense
with optical assistance.

Our present knowledge as to the natural history of the
shooting stars has been mainly acquired during the last
hundred years. The first important step in the compre-
hension of these bodies was to recognise that the brilliant
flash of light was caused by some object which came from
without and plunged into our air. This was knewn at
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the end of the last century, largely by the labours of the
philosopher Chladni in 1794. But even his sagacity did
not prevent him from making some serious mistakes about
the nature of shooting stars. It has been reserved for the
present generation to organize a multitude of facts into a
connected whole, and thus contribute a very interesting
chapter to modern astronomy.

Could an ordinary shooting star tell us its actual
history, the narrative would run somewhat as follows :—

“T was a small bit of material, chiefly, if not entirely,
composed of substances which are formed from the same
chemical elements as those you find on the earth. Not
improbably I may have had some iron in my constitution,
and also sodium and carbon, to mention only a few of the
most familiar elements. I only weighed an ounce or two,
perhaps more, perhaps less—but you could probably have
held me in your closed hand, or put me into your waistcoat
pocket. You would have described me as a sort of small
stone, yet I think you would have added that I was very
unlike the ordinary stones with which you were familiar.
I have led a life of the most extraordinary activity; I
have never known what it was to stay still; I have been
ever on the move. Through the solitudes of space I have
dashed along with a speed which you can hardly conceive.
Compare my ordinary motion with your mest rapid rail-
way trains, place me in London beside the Scotch express
to race to Edinburgh; my journey will be done ere the
best locomotive ever built could have drawn the train out
of the station. Pit me against your rifle bullets, against
the shots from your one hundred-ton guns; before the
missile from the mightiest piece of ordnance ever fired
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shall have gone ten yards I have gone 1,000 yards. Tdo
not assert that my speed has been invariablo—sometimes
it has been faster, sometimes it has been slower; but I
have generally done my million miles a day at the very
least. Such has been my career, not for hours or dayr,
but for years and for centuries, prokably for untold ages.
And the grand catastrophe in which I vanished has been
befitting to a life of such transcendent excitement and
activity ; I have perished instantly, and in a streak of
splendour. In the course of my immemorial wanderings I
have occasionally passed near some of the great bodies in
the heavens; I have also not improbably in former years
hurried by that globe on which you live. On those occa-
sions you never saw me, you never could have seen me,
not even if you had used the mightiest telescope that
has ever been directed to the heavens. But too close an
approach to your globe was at last the occasion of .my
fall.  You must remember that you live on the earth
buried beneath a great ocean of air. Viewed from out-
side space your earth is seen to be a great ball, every-
where swathed with this thick coating of air. Be-
yond the appreciable limits of the air stretches the open
space, and there it is that my prodigious journeys
have been performed. OQut there we have a freedom to
move of which you who live in a dense atmosphere have
no conception. Whenever you attempt to produce rapid
motion on the earth, the resistance of your air largely
detracts from the velocity that would be otherwise attain-
able. Your quick trains are impeded by air, your artillery
ranges are shortened by it. Movements like mine would
he impossible in air like yours.
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“ And this air it is which has ultimately compassed my
destruction. So long as I merely passed near your earth,
but kept clear of that deadly net which you have spread,
in the shape of your atmosphere, to entrap the shooting
stars, all went well with me. I felt the ponderous mass
of the earth, and I swerved a little in compliance with
its attraction; but my supreme velocity preserved me,
and I hurried past unscathed. I had many narrow
escapes from capture during the lapse of those countless
ages in which I have been wandering through space.
But at last I approached once too often to the earth. On
this fatal occasion my course led me to graze your globe
so closely that I could not get by without traversing the
higher parts of the atmosphere. Accordingly, a frightful
catastrophe immediately occurred. Not to you; it did
you no harm ; indeed, quite the contrary. My dissolution
gave you a pleasing and instructive exhibition. It was
then, for the first time, that you were permitted to see
me, and you called me a shooting star or a meteor.

“You are quite familiar with the disasters associated
with the word collision. Some of the most awful acei-
dents you have ever heard of arose from the collision of
two railway trains on land or of two ships in the ocean.
You are thus able to realise the frightful consequences of
a collision between two heavy bodies. But in the collision
which annihilated me I did not impinge against any other
heavy body. I only struck the upper and extremely rare
layers of your atmosphere. I was, however, moving with
a speed so terrific that the impulse to which I was ex-
posed when I passed from empty space even into thin air
was sufficient for my total disruption.
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“ Had the speed with which I entered your atmosphere
been more moderate—had it been, for instance, not greater
than that of a rifle bullet, or even only four or five times
as fast, this plunge would not have been fatal to me. I
could have pierced through with comparative safety, and
then have tumbled down in my original form on the
ground. Indeed, on rare occasions something of this
kind does actually happen. Perhaps it is fortunate for
you dwellers on the earth that we shooting stars do gene-
rally become dissipated in the upper air. Were it not so,
the many thousands of us which would be daily pelting
down on your earth would introduce a new source of
anxiety into your lives. Fortunately for you, we dart in
at a speed of some twenty miles or more a second. Un-
fortunately for us, we learn that it is the ¢ pace which
kills.”

“ When from the freedom of open space I darted into
the atmosphere, I rubbed past every particle of air which
I touched in my impetuous flight, and in doing so I ex-
perienced the usual consequence of friction—I was warmed
by the operation. If you rub a button on a board it will
become warm. If you rub two pieces of wood together
vou can warm them, and you could even produce fire if
you possessed the cunning skill of some people whom you
are accustomed to speak of as savages. Nor need you be
surprised to find that I was warmed by merely rubbing
against air. If you visit a rifie range and pick up a
fragment of a bullet which has just struck the target you
will find it warm ; you will even find it so hot that you
will generally drop it. Now whence came this heat ?
The bullet was certainly cold ere the trigger was pulled,
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No doubt there is some heat developed by the combustion
of the gunpowder, but the bullet cannot be much warmed

~ thereby; it is, indeed, protected from the immediate effect
of the heat of the powder by the wad. The bullet is
partly warmed by the friction of rubbing against the
barrel of the rifle, but doubtless it also receives some heat
by the friction of the air and some from the consequence
of its percussion against the target. You need not, then,
wonder how it is that when I am checked by your atmo-
sphere I, too, am heated.

‘ Remember that I move a hundred times as swiftly as
your rifle bullet, and that the heat developed in the check-
ing of the motion of a body increases enormously when
the velocity of the body increases. Your mathematicians
can calculate how much. They tell you that the amount
of heat potentially contained in a moving body varies
as the square of the velocity. To give an illustration
of what this means, suppose that two rifles were fired at a
target, and that the sizes of the bullets and the ranges
were the same, but that the charge in one of the rifles was
such that its bullet had twice the initial velocity of the
other. Then the mathematician will say that the heat
developed during the flight of the rapid bullet might be
not alone twice but even four times as great as that de-
veloped in the slower bullet. If we could fire two bullets
one of which had three times the speed of the other, then,
under similar circumstances, the heat generated ere the
two bullets were brought to rest would be nine times
greater for the more rapidly flying bullet than for tbe
other one. Now you ¢an readily comprehend the im-
mense quantity of heat that will have been produced ere



208 IN STARRY REALMS.

friction could deprive me of a speed of twenty miles a
second. That heat not merely warmed me, but I rapidly
became red-hot, white-hot, then I melted, even though
composed of materials of a most refractory kind. Still
friction had much more to do, and it actually drove me
off into vapour, and I vanished. You, standing on your
earth many miles below, never saw me—never could
have seen me—until this supreme moment, when, glow-
ing with an instantaneous fervour, I for a brief second
became visible. You shouted, ‘Oh! there is a shooting
star.’

“Nature knows no annihilation, and though I had
been driven off into vapour and the trial by fire had
scattered and dispersed me, yet in the lofty heights of
the atmosphere those vapours cooled and condensed.
They did not, they never could again reunite and repro-
duce my pristine structure. Here and there in wide
diffusion I repassed from the vaporous to the solid form,
and in this state I wore the appearance of a streak of
minute granules distributed all along the highway I had
followed. These granules gradually subsided through
the air to the earth, On Alpine snows, far removed from
the haunts of men and from the contamiration of chim-
neys, minute particles have been gathered, many of which
have unquestionably been derived from the scattered
remains of shooting stars. Into the sea similar particles
are for ever falling, and they have been subsequently
dredged up from profound depths, having subsided
through an ocean of water after sinking through an ocean
of air.

“ The motes by which a sunbeam through a chink in a
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closed shutter is rendered visible, are no doubt mainly of
organic origin, but they must also frequently comprise
the meteoric granules. These motes gradually subside
upon the tops of your bookeases or into other congenial
retreats to form that dust of which good housekeepers
have such a horror. It is certain that the great majority
of the particles of which ordinary dust is constituted have
purely terrestrial sources which it would be impossible to
endow with any romantic interest. It is equally certain
that in a loathed dust-heap are many atoms which, con-
sidering their celestial origin and their transcendent
voyages, would have merited a more honoured resting-
place.”

The discovery of the height at which the streaks of
shooting stars are produced is an important element in
obtaining any precise knowledge of these bodies. To de-
termine it requires the joint action of at least two observers
situated at stations widely distant. It will thus be seen
that the occasions on which such observations can be
obtained are mainly fortuitous. We cannot foretell the
occurrence of conspicuous shooting stars so as to enable
the two observers to arrange a combined system of obser-
vations. We can no doubt in certain cases predict the
advent of a shower of shooting stars, but then the very
profusion in which the meteors appear tends to baffle any
preconcerted agreement, because it is so difficult to insure
that identical streaks shall be observed at the two stations.
It does, however, sometimes happen that a shooting star
observed in one place can by a time comparison be proved
to be identical with a shooting star observed in another
place. If the two observers have each possessed the skill

r
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and taken the pains to note accurately the spot of the
heavens where the object appeared, or rather the point
either of the beginning or of the termination of its
track, then the discovery of its distance is rendered
practicable.

It is an interesting application of some few propositions
in Kuclid to determine the meteor’s height from these
observations. We shall, however, here be content with
describing two special cases, in the first of which the
general problem has been somewhat simplified. I shall
suppose that an observer at London sees a shooting star,
and notices that the luminous streak commences at the
point of the heavens exactly over his head. It also hap-
pens that an observer who resides at Bristol sees a shoot-
ing star, and notices that it lies to the east, and that the
point where the streak commences is at an elevation of
forty-five degrees, that is half-way from the horizon to
the zenith. On subsequent comparison these observers
find that their observations were made at the same
moment; and as neither of them saw any other shooting
star about the same time it is obvious that they must have
both observed the same object. We have now to consider
a triangle of which the three corners are respectively
London, Bristol, and the shooting star (or rather the
point at the commencement of its track). It is plain that
‘this triangle has a right angle and equal sides, and that
consequently the distance from London to the shooting
star must be the same as from London to Bristol. Thus
the height of a shooting star has been found. Of course
the observer at London will not usually be so fortunate as
to see the object directly over his head, and the observer
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at Bristol will not often find the angle of elevation to be
half a right angle. The ealculation therefore will usually
be not quite so simple as in the case we have supposed,
but it presents no real difficulty.

In addition to this somewhat imaginary illustration I
shall mention an actual instance, and I naturally take
a recent meteor that suits my purpose. It is one which
has been fully described by the well-known astronomer,
Mr. W. F. Denning, who was himself one of the obser-
vers, and who afterwards calculated the position of the
meteor’s track. From his account I gather the following
particulars.

A careful observer of these bodies, who resides at Leeds,
Mr. D. Booth, was keeping watch on the evening of
January 2nd, 1888, when at 10h. 58m. p.m. a splendid
meteor, which appeared to him to be as bright as Jupiter,
travelled across the heavens, through the constellation
Aries, towards the south. On the same evening Mr. Den-
ning, who was on the look out at Bristol, saw the same
bright meteor in the northern part of the sky, in the con-
stellation Draco. That the object seen at Leeds and the
object seen at Bristol were the same is obvious from the
fact that the times noted by the two observers were iden-
tical. Nor was there any other bright meteor recorded
at either place which would admit of the possibility of
confusion. No doubt the parts of the sky in which each
observer located the meteor were utterly different. From
Leeds it appeared high up in the south-western quarter of
the heavens, from Bristol it was seen in the north, almost
under the Pole. But the different situations do not imply
that there were two distinet objects; they are merely
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aspects of the same object obtained from widely different
points of view. Itis, in fact, the very difference between
these positions which renders it possible to discover the
true situation of the luminous streak.

The point at which the meteor appeared to vanish from
Bristol was at an elevation of nearly 30° a little to the
west of north. Lay, therefore, a map of England on the
table, fasten with a pin a piece of thread at Bristol, and
then stretch the thread up towards the north at an inclina-
tion of one-third of a right angle above the surface of the
map. The observation at Bristol then assures us that the
vanishing point of the meteor was somewhere along that
line. The observation at Leeds tells us that the vanishing
point of the meteor was towards the south-west. A little
study of the map shows us that the line of sight from
Bristol to the meteor passes nearly over Chester, and that
Chester is south-west from Leeds. Hence we see that the
vanishing point must have been directly over Chester,
and the slope of the incline from Bristol indicates that the
height of the meteor must there have been about sixty
miles. If any inhabitant of Chester were fortunate enough
to have noticed that bright meteor he would apparently
have seen it terminate at a point exactly over his head.

The terminal point of the meteor is usually much better
observed than the initial point. Nor is this a matter for
surprise. The attention of an observer is often directed
towards the object by a bright light, while he may be
looking in quite another direction. He turns round and,
of course, follows the glorious object to its close at a point
the situation of which he can note accurately. It seems
in this case that the meteor was observed at a much earlier
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part of its flight at Bristol than at Leeds. We may, how-
ever, conclude, from a study of both observations, that
the body commenced its brilliant career at a point ninety-
eight miles high above a spot to the west of Appleby.

‘We have thus the means of determining the actual path
which the meteor has traversed, and I would suggest to
the reader that he should construct, for his own informa-
tion, a little model, which will give him a clear picture of
the career of this curious visitor. Put a map of England
on a board and stick through it and into the board two
straight wires (knitting needles will do admirably), one
near Appleby and the other at Chester. A string is then
to be stretched from one of these needles to the other, but
the height at which its two ends are to be fastened
to the needles will of course depend upon the scale of the
map. The little model that is now before me is made
with the map from Bradshaw’s Railway Guide. On the
scale of that map ninety-eight miles will be nearly 43
inches. Accordingly I have fastened one end of the
string to the knitting needle through Appleby at the
height of 43 inches. Similarly sixty miles correspond
on this map to about 8 inches, and therefore the other
extremity of the string is to be secured 8 inches over
Chester, and an instructive model is complete. We can
at once learn from it the actual length of the meteor’s
path. The distance between the two extremities of the
string is a little over 5 inches, and consequently we see
from the scale of the map that the length of flight is over
100 miles. Mr. Denning, from his accurate methods of
calculation, states it at 109 miles.

A glance at the model will also explain what might
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otherwise appear to be paradoxical, and that is the asser-
tion by Mr. Booth at Leeds that the meteor was rather
swift, while Mr. Denning from Bristol assures us that the
motion was very slow. The apparent discrepancy vanishes
when we see how the course of the meteor actually lies.
The observer from Leeds sees the celestial rocket moving
squarely across his line of sight from right to left. He
could hardly have observed it under more favourable cir-
cumstances so far as the direction of the motion is con:
cerned. But to the observer at Bristol the aspect of the
meteor’s path was wholly different. The object was mov-
ing towards him. In fact, if we continue the line of flight
sufficiently far, we find it sloping downwards to the Bristol
Channel, and finally touching earth in Devonshire. From
Bristol therefore the track was extremely foreshortened ;
and consequently during its whole flight the meteor ap-
peared from Bristol to traverse but a comparatively small
part of the heavens: to an observer there this motion
would seem very slow when compared with such a view
of the object as was presented from Leeds. It will also
be noted that at the centre of its journey the meteor must
have been about 200 miles distant from Bristol, and the
greatness ot this distance is another reason why it should
appear to move slowly.

The spectacle was witnessed by Mr. Backhouse at
Sunderland; he describes the meteor to have been as bright
as the star Sirius, and it appeared near the constellation
of Orion. It would lead me too far to pursue this matter,
80 I shall dismiss it with the remark that these facts can
be shown to tally with the path ascertained by the
observations at Leeds and at Bristol.
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The track of this meteor may be taken as fairly repre-
sentative of the course pursued by those more splendid
shooting stars which are often called fire-balls. They
move, however, in every direction. They come from the
east, and from the west, from the north, and from the
south, There is no hour of the night at which they have
not occasionally been seen. Even in daylight it has hap-
pened not once or twice, but on several occasions, that a
brilliant meteor has forced itself upon our astonished
notice. They generally first make their appearance at a
height which is between 50 and 100 miles above the
ground. They hurry down their inclined path, but gene-
rally become extinguished while still at least 20 miles
aloft. In their more ambitious flights meteors have
been known to span a kingdom. Nor are even greater
strides unrecorded. The length of a continent may be
~ompared with the track of that terrific meteor of 5th
September, 1868, which broke into visibility at a great
height above the Black Sea, and had not expended its
stupendous energy until it passed over the smiling vine-
vards of France.



CHAPTER XVIL
FIRE-BALLS.

GREAT fire-balls are much more numerous than any ome
would suppose who had not paid attention to the subject.
Nor need this be a matter for surprise if it be remembered
that when a fire-ball does arrive it is only by a favourable
combination of circumstances that any particular indivi-
dual is privileged to witness the exhibition. Let us
examine the conditions that are necessary. In the first
place, the observer who desires to look out for meteors
will naturally choose some station which commands the
most uninterrupted view of the sky on all sides. The
deck of a ship on the open sea, or, better still, the summit
of a lofty mountain, will represent ideal sites for the
purpose. But only a very small fraction of the entire
atmosphere of our globe is within the sphere of observa-
tion from one locality. If a fire-ball plunges into the air
it may perhaps be seen if in any part of its track it is
above the horizon. With sufficient precision we may
asgert that the proportion of the total atmosphere which
is above the horizon at any one place is x34th of the whole,
und that anything which may occur in the remaining 499
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parts is of course occluded from view. Even were the sky
so perfectly clear as to permit an uv mtermitting watch
being maintained from one year’s end to the other, we
could not expect from any single station to see more than
a mere fraction of the total number of fire-balls that had
actually descended. It must also be remembered that the
fire-balls which do travel above the horizon will have
many chances of escaping notice, for an observer cannot
be always on the look out. He will be indeed a diligent
astronomer and situated in a favoured clime who should
spend a thousand hours in the year on the watch for shoot-
ing stars. Even this will, however, only amount to one
hour out of every eight. We may reasonably suppose that
meteors and fire-balls will be as likely to arrive in any
one of the seven hours during which an observer is not on
the watch as in the single hour during which he is present.

This will explain why it is that though fire-balls are
really so very abundant, yet that the opportunities enjoyed
by any individual for seeing them are comparatively in-
frequent. As a random example of the yearly crop of
fire-balls, I take from the middle of 1877 to the middle of
1878. A list of the fire-balls noticed during this period
will be found in that storehouse of valuable information,
the Reports of the British Association. In the year
referred to I see that eighty-six great fire-balls have been
recorded. They have appeared in various localities, both
in the old hemisphere and in the new. The most arduous
observer may think himself fortunate if he had even seen
one of them.

As to the brilliant light from some of these great fire-
balls, there are numerous statements. We are not infre-
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quently told that even the beams of the full moon are
ineffectual in comparison with the blaze of the meteor;
and we find a high authority asserting that one of these
bodies displayed a flash as “blinding as the sun.” But
our knowledge of the actual illuminating power of meteors
is almost unavoidably of rather an inaccurate description.
We could measure the light, no doubt, with all practical
precision if we knew when and where to expect it, for
then we could bring a suitable photometric apparatus to
bear at the critical moment. In the absence of any pre-
cise information, we are forced to make the most of such
occasional comparisons as may be available. On the 29th
July, 1878, a fire-ball was seen which created so splendid
an illumination that ‘“the smallest objects were visible at
Manchester.” An eye-witness states that when at its best
the fire-ball had the lustre of a powerful electric light seen
from a distance of thirty or forty yards, though at the
moment the fire-ball must certainly have been forty-five
miles away. We can make a comparative estimate of the
intrinsic intensity of a light which, when received from a
distance of forty-five miles, has a brilliancy equal to that
of a known source thirty-five yards away. It is thus
shown that the fire-ball must have emitted more light
than five million electric lamps. )
Fortunate indeed would the astronomer have been who,
guided by some miraculous prescience, had gone to the
ancient city of York on the evening of the 23rd of Feb-
ruary, 1879, and on the tower of the glorious minster
spent the night in observation of the heavens. It would
have been his privilege to witness a majestic meteor under
circumstances of almost unique magnificence.
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Unhappily, there was no expectant astronomer at once
ready to observe and competent to record the great event
on the morning of the 24th. The time of its occurrence
was also the most unpropitious, so far as the attention of
casual observers was concerned. Did a nocturnal fire-ball
desire that its splendours should be witnessed by as few
persons as possible, it could choose no hour so favourable
as about three o’clock in the morning. Those who sit up
latest have at last got to sleep ; those who rise the earliest
have not yet awakened. It was at seven minutes before
three that such few stragglers as the streets of York still
contained saw a pear-shaped ball of fire travelling across
the sky. It drenched the ancient city with a flood of
light. The superb front of the minster never before
glowed with a more romantic illumination. The unwonted
brilliancy streamed through every aperture in every win-
dow in the city ; every wakeful eye was instantly on the
alert; every light sleeper started up suddenly to know
what was the matter. Even those whom the blaze of
midnight light had failed to awaken were only per-
mitted to protract their slumbers for another minute and
a half—only until an awful crash, like a mighty peal of
thunder, burst over the town, shaking the doors, the win-
dows, and even the houses themselves. The whole city
was thus alarmed. Every one started at the noise. But
that noise was not a clap of thunder. Nor was it pro-
duced by an earthquake. It was merely the explosion of
the fire-ball which flung itself against the atmosphere after
its immeasurable voyage through space.

Let us imagine a wayfarer in the streets of Newcastle
on the same morning. He is struggling on his way in
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dense darkness, and through a raging storm of snow.
An instantaneous transformation scene takes place. Sud-
denly there is light above and around which renders the
white mantle of the city as bright as a summer day.
The observer at once sees that this illumination is not
lightning. A flash of lightning lasts for an incon-
ceivably small fraction of a second. But while a man
could count fifty the town glows with this strange illu-
mination. And strange it is, for the source of the light
is not visible. As the snowstorm would have hidden the
sun itself at mid-day, so in the dead of night it hides the
great meteor. An exquisite phase of the phenomenon
was presented by the changes in the hue of the light,
which passed from a brilliant white to a beautiful blue ere
it disappeared.

Perhaps the most remarkable instance of the explosion
of a meteor is recorded in the case of the great fire-ball so
widely observed in America on the 21st December, 1876.
The movements of this superb object have been carefully
studied by Professor H. A. Newton and Professor D.
Kirkwood. For the prodigious span of a thousand miles
this meteor tore over the American continent withi a speed
of some ten or fifteen miles a second. It first appeared
over Kansas at a height of seventy-five miles. Thence it
glided over the Mississippi, over the Missouri; it passed
to the south of Lake Michigan; it made a short voyage
over Lake Erie, and it cannot have been very far from
the Falls of Niagara, when by becoming invisible all
further traces of its movements were lost. While passing
a point midway between Chicago and St. Louis a violent
explosion shivered the meteor into a cluster of brilliant
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balls of fire, which seemed to chase each other across the
sky. This cluster must have been about forty miles long
and five miles wide. The detonation by which the explo-
sion was accompanied was a specially notable incident of
this meteor. It was not only heard with terrific intensity
in the neighbourhood, but the volume of sound was borne
to great distances. Bloomington, in Indiana, is one hun-
dred and eighty-five miles from the actual point in the
sky where the meteor was rent in pieces, yet about the
neighbourhood of Bloomington not only was the sound of
a frightful explosion heard, but the shock of the concus-
sion was actually felt to such a degree that some of those
who experienced it thought an earthquake must have
happened.

The tremendous volume of sound that must have been
emitted is forcibly presented to us when we consider the
interval of time that elapsed between the moment when
the inhabitants of Bloomington saw the gorgeous proces-
sion of fire-balls streaming over the heavens, and the
moment when the appalling crash burst on their ears.
Every one is familiar with the fact that the flash of a
gun is seen ere the report is heard, and the greater the
distance of the gun the longer is the interval by which
the light and the noise are separated. Sound takes five
seconds to travel a mile ; light travels so quickly that the
time necessary to traverse a mile, or a hundred miles, or a
thousand miles, is utterly inappreciable by ordinary
measurement.

The celestial spectacle had excited the utmost astonish-
ment ; doubtless it had been discussed and notes had been
compared by those whose good fortune had permitted them
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to see it. But the immediate excitement was over, friends
bad parted for the night; some of them had entered their
houses; others had renewed their walk homewards, and
had travelled nearly a mile on their journey; vehicles
had driveu a couple of miles; trains had run half-a-
dozen miles ; columns of newspapers had been read. Many
who had seen the meteor had already forgotten it, when
their ears were deafened by the arrival of the awful crash.
The waves of sound had to travel a distance as great as
from London to Liverpool, and even at the rate of a mile
every five seconds this cannot be done in less than a
quarter of an hour. Probably many of those who both
heard the noise and saw the light found it hard to believe
in their connection. We are indebted to the care of one
observer at Bloomington, who by looking at his clock
when the fire-balls were seen, and again when the explo-
sion was heard, has added an important particular to our
knowledge of this great meteor.

Nor need we feel much astonishment at the stupendous
phenomena, both of light and of sound, which accompany
the advent of a splendid and detonating fire-ball. I must
here give a few figures which will show how great is the
store of energy possessed by a meteor in virtue of the
amazing velocity with which it is animated. I shall sup-
pose that the material element of the meteor consists of a
small mass of stone or of some more or less metallic
material which weighs one pound. We shall examine
the circumstances under which we must endeavour by
mechanical agents to project this small body with the
meteoric speed of, let us say, twenty-five miles a second.
Our utmost attempte with a cannon could hardly produce
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a speed of one-hundredth part of the required amount,
and even for this a charge of gunpowder, certainly not
less than a quarter of a pound, would be consumed. Ifa
cannon of amazing strength and of ideal efficiency could
be conceived, in which all the energy of the exploding
powder should be usefully concentrated upon communicat-
ing velocity to the projectile, we should find that to double
the speed the charge must be quadrupled. To treble the
speed we should have to increase the charge ninefold. If
the speed were to be increased ten times, we must put one
hundred times as much powder into the cannon. Finally,
if we could procure a piece of ordnance strong enough and
gunpowder rapid enough to impart meteoric velocity to the
missile, a charge would be necessary which is ten thousand
times as great as the quarter of a pound that is sufficient
under the conditions of ordinary artillery. This argument
shows us that the energy of an entire ton weight of gun-
powder would be required to impart to a stone one pound
in weight the velocity of an ordinary fire-ball.

Whatever may have been the original source whence
the meteor acquired its energy (and this is a point on
which I do not at present make any remark), that energy
will be retained so long as the meteor retains its velocity.
Even if the meteor moved through empty space for a
million years, it would still be able to restore, if its motion
were arrested, the precise quantity of energy which it had
originally received. Hence, when the supreme moment
has arrived, the meteor expends in the throes of its disso-
lution all the energy it contains. Everything that the
energy liberated by the explosion of a ton of gunpowder
can dr that meteor weighing only a pound is competent
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to accomplish. If the weight of the missile were greater
than one pound, the velocity remaining the same, the
available energy would be increased in the same propor-
tion. For example, if the meteor weighed ten pounds,
one hundred pounds, or one thousand pounds, it would
discharge as much energy as could be awakened by the
detonation of ten tons, of one hundred toms, or of one
thousand tons of gunpowder. Need we wonder, then,
that gorgeous lights and that majestic thunders have
occasionally accompanied the annihilation of large
meteors ?

There is another instructive method for obtaining a due
estimate of the potency of a meteor to produce tremendous
effects notwithstanding its comparatively small size. In
our present illustration we shall employ that great source
of energy which is familiar in the steam-engine. Let us
think of a powerful steamsbip, the engines of which have,
let us say, 8,200 horse-power. Let us conceive such
appropriate mechanism as would permit the Titanic power
of these engines to be concentrated on the single duty of
imparting velocity to a small piece of matter one pound in
weight. It can then be shown that the piece of matter
would, after the lapse of sixty seconds, have acquired a
meteoric speed. So long as the meteor retained that
speed it would retain the energy the engine had given to
it, nor could the meteor surrender its rapid motion except
the energy were transformed into some other form. It
then the meteor lost its speed by piercing its way for a
minute through our atmosphere it would reproduce all the
energy that 8,200 horse-power can exert in the same time.

Suppose that in the elevated regions of our atmosphere
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in the dead of night all the vigour of a set of engines,
whose collective strength was equal to that of forty thou-
sand horses, was concentrated on the production of an
electric light; suppose, further, that the dazzling glare
thus created was accompanied by the music from an
orchestra of fog-horns blown by another forty thousand
horses, surely a scare would be produced which the most
pretentious fire-ball might be content to emulate. Yet
the figures we have already given will prove that a meteor
»ly ten pounds in weight, which a child could carry,
bears in the raere swiftness of its flight a capacity adequate
to such a display.

The glory of a meteor is often so evanescent that we
just get a glimpse and it is gone. The sky resumes its
ordinary aspect ; the familiar stars are there, and even the
very situation of the brilliant streak has become unrecog-
nisable. But this is not always so; it sometimes happens
that the brief career of the meteor leaves a notable trace
behind it, so that for seconds and for minutes the sky is
diversified by an unwonted spectacle. The path of the
meteor leaves a stain of pearly light on the sky to mark
the highway pursued by our celestial visitor.

In its fearful career the meteor is often rent to frag-
ments, reduced to dust, dissolved into vapour. The glow-
ing atoms of the wreck lie strewn along the path, just
as the ghastly remnants of Napoleon’s mighty army
limned out the awful retreat from Moscow.

A pencil-shaped cloud of meteoric debris, perhaps eighty
or a hundred miles in length, and four or five miles in
diameter, thus hangs po'sed in air. It is at night. The
sun has sunk so far below the horizon that there is ne

Q
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trace of the feeblest twilight glow. An ordinary cloud
would, of course, be invisible except as concealing the
stars ; no beams of light fall upon it; there is nothing to
render it luminous. So, too, the meteoric streak will
often pass instantly into invisibility, but, as I have said,
this is not always the case. There is a well-authenti-
cated instance in which the trail of a superb meteor
remained visible for nearly an hour. I have en-
deavoured up to the pi'esent to explain the various
phenomena presented to us in the fall of a meteor, but
here, for the first time, we have to note a circumstance
for which it is not easy to account. We can explain why
it is that the long meteoric cloud should be there, but we
cannot 8o easily explain why we should be able to see it.
Whence comes this beautiful pearly luminosity? Iv
seems that the meteoric dust must glow with some in-
trinsic luminosity. I have only heard one attempt to
offer a rational explanation of the true character of this
interesting phenomenon. It is as follows.

There are certain substances which are ocalled phos-
phorescent, because they possess the power of actually
absorbing and retaining the light to which they have
been exposed, and then gradually dispensing it after-
wards. Phosphorescent materials have some useful appli-
cations as ingredients in the so-called *“luminous paint.”
A gate covered with this preparation will absorb the sun-
light during the day, and during the night will radiate
forth its store in a feeble glow. Olock faces have been
similarly illuminated, and match-boxes are made so that
the hand shall be guided to them in the dark by a radiance
more ghostlike than beautiful. The persistent streak of






CIIAPTER XVIL
SHOWERS OF SHOOTING STARS.

I uAve thought it convenient to illustrate the leading
phenomena of meteors by reference to some of the
more imposing of these bodies, but it must not be sup-
posed that the smaller meteors, and even the tiniest of
shooting stars, are unworthy of our close attention. In-
deed, the smaller shooting stars, by their greater fre-
quency, have taught us much more about meteors than
we could have ever learned from the great fire-balls.
Even regarded from the merely spectacular point of view,
the splendours of the latter are sometimes eclipsed by
the gorgeous showers of comparatively small meteors, to
which we shall presently have to refer.

We have spoken of dazzling fire-balls which generate
for a brief moment a light which eye-witnesses, with
possibly a pardonable exaggeration, have ventured to
compare with the beams of the sun himself. Other
meteors are described as being as bright as the full moon.
Descending still lower in the scale of splendour, we read
of fire-balls as bright as Venus or Jupiter, as bright as
Sirius, or as a star of the first magnitude. With each step
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downwards in brilliancy we find the meteors to increase
in numerical abundance. Shooting stars as bright as the
stars of the second or third magnitude are comparatively
frequent ; they are still more numerous of the fourth and
fifth magnitudes. Every night brings its tale of shooting
stars whose brightness is just sufficient to impress the
unaided eye. Nor do the shooting stars which even
the most attentive eye can detect represent a fraction
of their entire number. As there are telescopic stars
which the unaided eye cannot see, co it might fairly be
conjectured that, as we can trace meteors of successive
stages of brightness down to the limit of unaided eye
visibility, so there may be meteors still and still smaller
which would be detected could we only direct a telescope
towards them. If it be impossible to turn a telescope
with sufficient dexterity to scan a visible shooting star,
how, it may well be asked, can we use the telescope to
discover shooting stars which the unaided eye cannot
see?

‘We must here depend entirely, or almost entirely,
on the chapter of accidents. The observer who really
sought to discover telescopic shooting stars would gene-
rally find that many hours of watching were rewarded
with but very meagre results. No doubt if, at properly
appointed times, he directed his telescope to certain
particular constellations, he would have more prospect of
success than if he merely pointed his telescope at random.
But though the experience of actually looking out for
telescopic shooting stars has not led to much, yet every
astronomer who is in the habit of making nightly obser-
vations with a good telescope, in almost any branch of
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astronomical work, will frequently find a bright streak
of light flash across his field. This is a meteor, and a
comparison with any stars which may happen to be in the
field of view will probably show him that the object was
far too small to have been seen with the naked eye. We
must remember that the field of view of a large telescope
is but an extremely small fraction of the entire extent of
the heavens. It would be easy to show, by the doctrine
of chances, that if a telescopic shooting star were to dive
to extinction into the air, the chance against its being
seen by any particular telescope at that moment directed
to the sky would be at least fifty thousand to one; but
every astronomer knows that the perception of a tele-
scopic shooting star is a common incident in the obser-
vatory. If, therefore, we reflect that for every one that
is seen there must be thousands which dart in unseen, we
obtain an imposing idea of the myriads of shooting stars
that daily rain in upon our globe.

The world is thus pelted on all sides day and night,
year after year, century after century, by troops and
battalions of shooting stars of every size, from objects not
much larger than grains of sand up to mighty masses
which can only be expressed in tons. In the lapse of
ages our globe must thus be gradually growing by the
everlasting deposit of meteoric debris. Looking back
through the vistas of time past, it becomes impossible to
estimate how much of the solid earth may not owe its
origin to this celestial source.

1t will greatly promote our comprehension of these
bodies if we group them into classes so as to discover
gome of the laws by which their movements are guided.
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The first and most important truth with regard to the
recurrence of the meteors is their occasional appearance
in what are known as ‘“meteoric showers.” During such
displays it sometimes happens that shooting stars in
shoals break forth simultaneously, so as to produce a
spectacle which we now regard as of the utmost beauty
and interest, but which in earlier times has often been
the source of the direst terror and dismay.

Let me, for the sake of illustration, give some account
of one of these great showers of shooting stars. It
occurred on the 13th November, 1866. Doubtless many
of those who read these lines will remember that event.
It dwells in my memory along with one or two other
superb astronomical spectacles that it has been my privi-
lege to witness. I have never seen a total eclipse of the
sun under favourable circumstances. Thisis, I apprehend,
about the most sublime of all the occasional phenomena
which the heavens present to us. I have, however, seen
the great comet of 1858, the shower of shooting stars in
1866, and the transit of Venus in 1882. The last was of
interest rather from its rarity and its delicacy than
from its actual appearance regarded as a spectacle. Of
the phenomena in the heavens which I have seen, I must
give the first place to the wonderful shower of shooting
stars in November, 1866. Although I have previously
had occasion to describe my experience as an eye-witness
of this event, yet I think it will bear telling again.

In the year 1866 I occupied the position of astronomer
to the late Earl of Rosse, who is specially known to fame
as having been the builder of the greatest telescope the
world has ever seen. This grand instrument at the time
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I was in charge of it was devoted to the observation of
the nebule, a branch of astronomical work for which the
vast size of the great reflector made it eminently suited.
In clear weather it was my duty, and I may truly add,
my delight, to scan the heavens during the long winter
nights, for the purpose of sketching and of measuring those
dim, faint nebule which seem to lie on the confines of the
visible universe. The giant telescope is in the open air;
it swings between two walls of castellated masonry, and
by ladders and galleries of ingenious construction the
observer is enabled to reach the mouth of the telescope in
all its positions. I say mouth of the telescope, for a
reflector of this description is not employed like the ordi-
nary telescope, through which we look. In the reflector
we must get access to the top and gaze down on the
reflections of the stars in the great mirror below. As the
telescope is sixty feet long it thus follows that the ob-
servers are sometimes sixty feet high in the air, and as
the telescope is placed in a very open situation in Lord
Rosse’s beautiful demesne at Parsonstown, the position for
observing the shooting star shower was an exceptionally
favourable one. Beside the observer an attendant stands,
whose duty it is to move the gallery backwards and for-
wards, 8o as to keep the observer conveniently placed near
the eye-piece of the telescope.

The memorable night between November 13th and
14th, 1866, was a very fine onc; the moon was absent, a
very important consideration in regard to the effective-
ness of the display. The stars shone out clearly, and
1 was diligently examining some faint nebulee in the
eye-Piece of the great telescope when a sudden exclama-
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tion from the attendant caused me to look up from
the eye-piece just in time to catch a glimpse of a fine
shooting star, which, like a great sky-rocket, but with-
out its accompanying noise, shot across the sky over
our heads. About this time I was joined at the telescope
by Lord Oxmantown, as he then was, but who is now the
present distinguished Earl of Rosse, and we resumed our
observations of the nebul®, but a grander spectacle soon
diverted our attention from these faint objects. The great
shooting star which had already appeared was merely the
herald announcing the advent of a mighty host. At first
the meteors came singly, and then, as the hours wore on,
they arrived in twos and in threes, in dozens, in scores,
in hundreds. Our work at the telescope was forsaken ;
we went to the top of the castellated walls of the great
telescope and abandoned ourselves to the enjoyment of the
gorgeous spectacle.

To number the meteors baﬁled all our arithmetic;
while we strove to count on the one side many of them
hurried by on the other. The vivid brilliance of the
meteors was sharply contrasted with the silence of
their flight. We heard on that marvellous night no
sounds save those with which we were familiar. The
flights of the celestial rockets were attended with no
noises that we could hear. The meteors were no doubt
somewhat various as to size, but the characteristic feature
of this shower, as contrasted with another great shower I
have also seen, was the remarkable brilliance of the shoot-
ing stars. It was their exceptional splendour even more
than their innumerable profusion that gave to the shower
its peculiarity. As to the actual brilliancv of the meteors
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I am enabled to give the accurate estimate made by Mr,
Baxendell at Manchester, where the shower was well seen.
Out of every hundred of these meteors ten were brighter
than a first magnitude star, and two or three of them were
brighter than Sirius. Fifteen out of each hundred were
between the first and second magnitudes, and twenty-five
were between the second and third magnitudes, while the
remainder were smaller. These results may be placed
in a somewhat more simple aspect in a different way.
Think of the brightness of the seven stars in that most
familiar of all the constellations, the Great Bear; about
half of the meteors noticed during the continuance of
the shower were as bright as, or brighter than, the stars
of the Great Bear. The remaining half of the visible
meteors must be compared with stars of a fainter de-
scription.

I have described how that great November shower of
stars began, but I have not asserted that the display came
upon us entirely by surprise. I certainly was surprised
at its magnificence, but we confidently anticipated that a
shooting star shower of some notable kind would oceur on
that very night. How, it may well be asked, could we
know that such a spectacle might be expected ? The story
is a wonderful romance in modern science.

‘We expect that the sun will rise to-morrow morning.
Now why do we so expect it 7 Without entering into any
profound disquisition on the subject, we may say that the
practical grounds of this expectation depend upon the fact
that we have always found that the sun does rise, and
that as this operation has continued with unfailing regu-
1arity for untold ages, we have reason to anticipate a
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repetition of the phenomenon to-morrow as well as on the
following mornings. It was on similar grounds that we
were able to predict the occurrence of that great No-
vember shower.

Just thirty-three years previously, in the year 1833, o
splendid shower of shooting stars had been witnessed in
the same month of November and on the same day of the
month. That two great showers should both have occurred,
at the same epoch of the year, after an interval of thirty-
three years, was in itself a ecircumstance not a little
remarkable. But this might have been regarded as merely
a coincidence, if we had only been acquainted with these
two showers, and if we did not know their true relations.
Researches into history have, however, brought to light
the interesting fact that these two showers were not mere
isolated events, but that they were only the two latest
members of a long and connected series of great November
showers of meteors. As we look back through the records
of the past we find occasional mention of what can only
have been great displays of shooting stars. Within the
last century or two such gorgeous phenomena were wit-
nessed in an age when scientific knowledge enabled the
spectacle to be in some degree appreciated, but as we peer
back still earlier and earlier we find the records of these
great events assume a different complexion. Many cen-
turies ago the advent of a great shooting-star shower
was viewed with terror by a superstitious and ignorant
people. Such reords of the event as have been preserved
are tinged with such credulity, and so devoid of accurate
description, that all we can elicit are the facts that on
the dates specified certain celestial phenomena were Wit-
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nessed which we now know to have been showers of shoot
ing stars.

The earliest of the records is nearly a thousand years
old, and from that period down to the present the earth
has probably been the scene of about thirty or more
superb showers belonging to the system we are now con-
sidering. Whether all these displays were actually wit-
nessed we do not know. Thick and cloudy weather would
be sufficient to have obscured even the most splendid of
" these showers. Bnight moonlight would have greatly
impaired the effectiveness of others. Even those which
were seen may not have been all recorded. Even all that
have been recorded may not yet have disclosed themselves
to the diligent search of Professor H. Newton and the
other astronomers who have laboured at.this interesting
subject. The records which have been found are not
always easy to interpret. In the days when astrologers
taught, and when the people believed, that the configura-
tions of the stars were designed to shadow forth the vicis-
situdes of human affairs, it was not likely that any very
lucid interpretation would be given to such an event as a
shower of shooting stars. Such phenomena have been
regarded as miraculous, and they were often thought to
be portents conveying and threatening' divine wrath,
They were occasionally interpreted as gracious manifesta-
tions of divine approval.

Some important facts with regard to ancient shooting-
star showers have, however, survived the thousand and
one casualties to which historical records are exposed. A
eareful discussion of those which are sufficiently accurate
to be intelligible discloses to us the remarkable law
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of a thirty-three year period in the occasional recurrence
of grand shooting-star showers. The chief qualifications
of this statement would be twofold. In the first place,
the interval has been occasionally thirty-four years. In
the second place, it sometimes happens that at the return
of the thirty-three year period the passage of the meteors
makes no visible display, two consecutive years are
rendered memorable by great showers. Af present this
particular shower occurs about the 15th November; but
in earlier ages we find the date to shift slowly towards
the commencement of the year. Thus the display which
took place in A.p. 1698 was on the 9th of November ; while,
looking back still farther to one of the very earliest records,
viz., that of the year 934, we find the date has receded to
October 14th. This change of the day on which the
shower occurs is of profound theoretical importance in con-
nection with the discovery of the orbit which these meteors
pursue. Theadvance of the date i8, however, so slow that
for the past few generations as well as for the next, we may
sufficiently define this particular shower by the meteors
which enliven the skies between the 14th and the 16th of
November. In fact, the poetaster has parodied the well-
known lines for the days of the month by a similar effort,
which will serve toremind us also of another periodic shower
of shooting stars which occurs in August. He writes:—
« If you November’s stars would see,

About the fifteenth watching be.

In August too stars shine from heaven,

On nights between nine and eleven.”

These lines are intended to imply that the day named

will usually bring, in every November, a few meteors at
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all events belonging to the grand shower. These are
stragglers, as it were, from the mighty host which visits
us from time to time.

Astronomers have a special name for this group of
November meteors. They are called the ¢ Leonids.” To
explain why this name has been given, and why it is
appropriate, we must dwell on an important part of the
phenomena of the shower, to which we have not yet
alluded ; and this we shall now do.

Among the constellations there is a fine sickle-shaped
group, forming a part of Leo, one of the signs of the
Zodiac. That part of the sky defined by Lee is curiously
related to the meteors of the 12th to the 14th of Novem-
ber. Every shooting star truly belonging to that great
shower pursued a track across the heavens, the direction
of which, if carried back far enough, was always found
to pierce through the sickle of Leo. Indeed, the paths
of all the meteors formed a set of rays spreading away
from that one point in the constellation. An invari-
able characteristic of this particular shower is its connec-
tion with the constellation of Leo, hence the appropriate-
ness of the name of Leonids.

And now for the explanation—and it is a remarkable
one—which astronomers have been able to give of the
annual appearance to some extent of the Leonids, and of
their occasional majestic displays.

Picture to yourself a mighty host of small particles out
in space. They are organized into a great shoal, but they
are so sparsely distributed that each particle is perhaps a
dozen miles away from its neighbours on each side. How
large each of these particles is we cannot indeed say. No
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doubt they vary in size, but they are probably not larger
$han the pebbles on an ordinary gravel walk, and possibly
much less. The shape in which this host is marshalled is
remarkable. It is a long column, of which the width is
small in comparison with the length. The dimension of
this celestial host is indeed portentous. We sometimes
judge of the length of a procession of carriages by stating
how long they take to pass a certain point. We can
express the length of this great procession of meteors by
saying that, if we were to stand still and watch them file
past, not less than a year must elapse before the mighty
host would have passed by. This is, of course, an imper-
fect conception until we realise the velocity with which
the meteoric procession is moving. Their speed is cer-
tainly short of that which flashes through the electric
wire, but none the less does it utterly transcend any speed
which we can produce mechanically. The velocity of the
Leonids sometimes exceeds twenty-six miles a second, a
pace which is more than fifteen hundred times swifter
than the swiftest express train.

The width of this column as it passes along is prodi-
gious when measured by ordinary standards. A cord
that would go four times round our earth would barely
suffice to stretch across the meteoric current, which is
100,000 miles from side to side. But this dimension
shrinks into insignificance when compared with the length.
To realise the true shape of the mighty host, we may use
Mr. Stoney’s admirable illustration. He says, take a
piece of the finest sewing silk, about a foot and a half
long. Then imagine the silk to be magnified, while still
preserving its proportions, until its width is about ome
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hundred thousand miles and its length about fifteen thou-
sand times as great. Such is the shape of the mighty
shoal which has, for the past thousand years, given us
perennial displays of Leonids. It is at this moment and
at every moment pursuing a mighty path through space.

The matter is so important that I venture to repeat here
an illustration which I have already given in “Star Land.”
Think of a racecourse which is oval-shaped, or elliptical,
as it should be more properly called. Think of 2 number
of men who started together on that course to run a race.
Let us further suppose that the number of competitors is
a large one, and that they have to complete a considerable
number of rounds ere the winning tape will be stretched
across the track. We should then find that the shape of
the group of athletes was continually being extended. We
should also find that some few exceptionally good runners
were able to draw ahead in advance of the main body. Neo
doubt a large field would also contain some tardy runners
who would inevitably be left far behind, so that as the
successive rounds were completed we should see that the
first were actually overtaking the last, and thus gaining
an entire circuit. After a time a condition of the field
would be reached in which the main body of average run-
ners was in a stream occupying a small fraction of the
entire course, while the rest of the track would be dotted
here and there with those competitors who were either
exceptionally swift or exceptionally slow.

Submit this illustration to an imaginary species of
transformation and of enlargement. Instead of the small
course a fraction of a mile in circumference, let us think
of a course still oval in shape, but many hundreds of mil-
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lions of miles round. Let the competitors be replaced by
the small objects which are suitable for the manufacture
of shooting stars. Let the number of these be magnified
until they attain to untold billions. Thus we obtain a
notion of the mighty celestial racecourse on which the
Leonids have for a thousand years at least been hurrying -
along in a race, which is still in a comparatively early
stage of its progress. Many circuits have no doubt been
accomplished, the original host which started has been
drawn out into the long thin line which we have already
compared to a piece of silk. This contains the great
mass of the Leonids, but there are many of the meteors
which have been endowed with the gift of exceptional
fleetness. On the other hand, there are some which seem
not to have been able to keep up with the tremendous
speed of the main body. Thus it happens that all around
the mighty racecourse there are stragglers to be found,
each of which pursues its journey in its own fashion.

If 1 have succeeded in giving you a picture of the con-
dition of the Leonids, of enabling you to realise how the
greater portion of the meteors form a comparatively dense
shoal, while around the rest of the course the meteors are
few and far between, it will then be easy to understand
the laws of recurrence of the November showers.

It must be borne in mind that we can never see the
meteors until the fatal moment when they dive into our
atmosphere. We could, indeed, at any time point our
telescope to the spot in the heavens where we know the
great shoal must certainly be located. But the mightiest
telescope in the world does not disclose the shoal to us.
In fact we would never have seen these Leonids at all, we

R
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would never have become conscious that such a shoal of
meteors existed, had it not been for a certain circum-
stance, which, for want of a better expression, I must
speak of as accidental.

Our globe pursues a certain definite track around the
sun. Year after year, with undeviating regularity, the
earth performs the stages of its journey. If it reaches
certain points on the 1st of January and the 12th of Octo-
ber in one year, then it reaches the same poixits on the
1st of January and the 12th of October respectively on
next year, or any other year. The same may be asserted
with regard to any other dates, so that when a date is
given the station at which the earth will then have arrived
is at once indicated.

The Leonids and the earth have each a certain track.
It might of course have happened that one of these tracks
lay quite outside or quite inside the other. It might also
have been the case that one of these tracks passed through
the other, so that the two orbits were related in the
manner of a pair of consecutive links of a chain. Had
any of these conditions prevailed, the two tracks would
have been quite independent, and the meteors could never
have become known to us. It might, however, have
happened that the two tracks did actually intersect, and
had therefore the point of crossing common to both orbits.
This would, generally speaking, be an unlikely circum-
stance, but it is an indispensable condition if the meteors
are to be visible from the earth. In the case of the
Leonids, it has chanced that their orbit does intersect
the orbit of the earth, and to this circumstance we are
indebted for the glorious displays every thirty-three years.
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We shall now be able to explain the chief features
exhibited by the famous showers. In the first place a
shower can only oceur in that precise locality where the
earth in its path crosses the path of the meteors. This
junction is of course at a definite part of the earth’s path.
‘We may conveniently mark such a point in the path by
the date at which the earth is to be found there in the
progress of its annual voyage. This particular point, or
rather region, of crossing happens to be in the place
through which the earth passes each year between the
14th and the 16th of November. Hence it follows that if
we are to see any Leonids at all it can only be at these
dates, and thus we at once explain that peculiar feature of
the shower, which is expressed in the fact that it can only
recur on certain special days.

Scattered along the great meteoric highway run those
irregular meteors that have forsaken the main host, either
by rushing on too fast or by delaying too much. As the
earth swoops across the highway it will be very likely,
indeed it will be certain, to capture some of these strag-
glers. They will appear to us who stand on the surface far
below to dart in from the constellation of Leo. Thus it is
from the 14th to the 16th November we often witness some
of the shooting stars belonging to this particular system.
As these stragglers are but few in number, we shall not
usually be gratified by any striking spectacle. A diligent
observer may note on such an occasion a dozen or twenty
Leonids, or sometimes even more, but they are neither
brilliant enough nor numerous enough to attract special
notice.

Sometimes, however, it will happen that the earth
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arrives at the critical point of its path on the 15th of
November, during the time the mighty procession of
the long meteor stream is filing past. At once our globe
plunges into the current, and for a few hours must forge
its way across the stream, while all the time it is exposed
to a perfect hurricane of meteors. In their untold myriads
the little missiles dash themselves with unutterable pace
into the comparatively stagnant air-case in which this
world is enclosed. Destruction swift and complete is the
doom of every one of the meteors that has the misfortune
to graze our atmosphere. We on the earth’s surface,
unmindful of the rapid voyage of our globe, only become
apprised of the singular cosmical event that is in progress
by seeing a beautiful shower of shooting stars.

For a few hours the grand display lasts, that is, until
the earth has traversed the stream and once more resumed
its way through space comparatively void. Nor can any
more Leonids be seen until the following 15th of Novem-
ber, when again in its annual eourse the earth reaches the
locality of the last display.

It will generally have happened that the whole of the
great shoal will have completely passed by the critical
point during the lapse of a twelvemonth, so that the earth
will at the next return only capture a few of the strag-
glers. Sometimes, however, it is found that the long
shoal has not had time, even in a year, to completely
hurry past the critical point. Accordingly the earth must
take another rush across the stream, and will again
encounter a meteoric tempest. We shall thus have two
grand displays of shooting stars in two consecutive years.
By the time the earth has once again fulfilled its course,
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and now for a third time approaches the spot so specially
pertaining to this shower, the great shoal must certainly
have passed, and only a few of the occasional Leonids will
this time enter the net. Many years must elapse before
we can again encounter the great host. They pursue
without interruption their appointed journey. For six-
teen or seventeen years they gradually retreat farther and
farther away from the neighbourhood of this world, then
they begin to turn round, and after the lapse of sixteen
or seventeen years more they regain our vicinity, when
great showers of Leonids are again to be anticipated.
Now we see how the great showers sometimes appear at
intervals of about thirty-three years. This is the period
which the swarm of little bodies require for the ome
circuit. They did not appear in 1899.

There are many other periodic showers of shooting stars
besides those notable Leonids on which we have dwelt so
long. None of the other showers, however, possess the same
importance as the Leonids, nor do they ever manifest celes-
tial splendour comparable with that of those of the 13th
of November. The Perseids, for example, which appear
from the 9th to the 11th of August, are tolerably constant
in their appearance, but have little spectacular interest.
There is also another shower called the Andromedes,
which occurs on the 27th of November. It has produced
certain displays, one of the most remarkable of which took
place in 1872. The meteors were excessively numerous
on that occasion, but they were so short in their paths,
and so insignificant as to brilliance, that the spectacle,
though of great scientific interest, could not be compared
as to splendour with that of the Leonids in 1866.



246 IN STARRY REALMS.

There are also several other showers which appear with
greater or less regularity. Each of these possesses two
distinet characteristics by which its meteors can be iden-
tified. One of these characters is the date on which the
shower appears. The other is the constellation or point
on the heavens from which all the meteors appear to
radiate. Thus when we speak of the Andromedes on the
27th of November, we express that the shower on the 27th
November comes from the part of the heavens marked by
the constellation of Andromeda.

A striking discovery has been made which points to a
curious connection between comets and shooting stars.
We have seen how a shoal of meteors pursues a definite
orbit through space. It has been found that the track
followed by a great shower of meteors is often identical
with the track pursued by a comet. It is wholly beyond
the province of mere chance that an orbit such as that
of the Leonids should, both as to its size and its position
in space, be likewise that of a comet, unless the comet
and the meteor swarm were objects related to each other.

In drawing this chapter to its close, I would remind
my readers that though we have been occupied in treating
of bodies which are often quite insignificent as to dimen-
sions, yet we have been really following one of the most
interesting and instructive branches of modern astrono-
mical research.

The great sun guides our world through its long annual
journey. The mighty mass of the earth yields compliance
to the potent sway of the ruler of our system. But the
sun does not merely exercise a control over the vast
planets which circulate around him. The supreme law






CHAPTER XVI1L
THE NUMBER OF THE STARS.

Or all the discoveries that have ever been made in science
there are two which especially baffle our powers of com-
prehension. They lie at the opposite extremes of nature.
One relates to objects which are infinitely small, the other
relates to objects which are almost infinitely great. The
microscope teaches us that there are animals so minute
that if a thousand of them were ranged abreast they
would easily swim without being thrown out of line
through the eye of the finest cambric needle. Each of
those minute creatures is a highly organized number of
particles, capable of moving about, of finding and devour-
ing its food, and of behaving in all other respects as
becomes an animal as distinguished from an unorganized
piece of matter. The mind is incapable of realising the
structure of these little creatures, and of fully appreciating
their marvellous adaptation to the life they are destined to
lead. If these animals excite our astonishment by reason
of their extreme minuteness, there is an appeal made to
conceptions of an entirely different character when we
learn the lessons which the telescope teaches. As the
microscope reveals the excessively minute so does the tele-
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scope disclose the sublimely great. In each case myriads
of objects are submitted to our astonished view, but while
the microscope brings before us creatures of which count-
less millions could swim about freely in a thimbleful of
water, the telescope conducts our vision to uncounted
legions of stars, many of them millions of times larger
than the earth.

The grandest truth in the whole of nature is conveyed
in that first lesson in astronomy which answers the ques-
tion—What are the stars ? This is a question that a child
will ask, and I have heard of a child’s pretty idea that
the stars were little holes in the sky to let the glory of
Heaven shine through. The philosopher will replace this
explanation by another hardly less poetical, which will
enable us to form some more adequate notion of the real
magnificence of the universe. Each star that we see is,
it is true, only a glittering little point of light, but that
is merely because we are a long way from it. An electric
light which will dazzle your eye when quite close will be
reduced to an agreeable illumination if it is at a little
distance, will become a faint light 2 mile away, and at no
great distance will become altogether invisible. We must
remember that out in space there is plenty of room—
there are no bounds; and therefore when we see light
glistening in the far distant depths we cannot at once con-
clude that the light is a faint one because it appears to us
to be faint. It may be that the light is only faint because
it comes from such a tremendous distance. In fact the
brightest light conceivable could be reduced to the in-
significance of a small star if only it were removed suffi.
ciently far.
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The most intense light we know of comes, of course,
from the light which rules by day, from our sun himself.
The sun pours his unrivalled beams around us in all di-
rections with prodigal abundance, notwithstanding his
enormous distance of ninety-three millions of miles. Let
me describe an experiment with respect to our sun, an
experiment, it iz needless to say, which could never be
performed, but the results to which it leads us are none
the less certain. Astronomers have demonstrated them in
many other ways.

Suppose that the sun were gradually to be moved away
farther and farther into space; suppose that by this time
to-morrow the great luminary should be twice as far as
it is now, and the next day should be three times as far,
and the day after that four times, and so on until in a
year’s time we should find that the sun was 365 times the
distance from us that it is at present. Let us now trace
the changes which we should see in the brilliancy of our
orb of day. When he had reached double his distance
from us we should find that the light had decreased to a
quarter of its present amount, and the heat which we
derived from his beams would have decreased in the same
proportion. In ten days we should find that the light
had become so feeble as to be only one-hundredth part of
that which we enjoy now. The apparent size of the sun
would also be steadily decreasing, for as the distance of a
body increases its apparent dimensions diminish. Some-
times the diminution of apparent size with distance is well
illustrated on a clock tower. You would hardly believe
that the hands and face of a clock like that at West-
minster were so large until you happen to see a man
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cleaning or repairing it, when he appears a mere pigmy
in comparison with the mighty dial which points out the
hours. In a similar way with every increase of distance,
the apparent size of the sun would decline, and in the
lapse of a year the sunlight would be reduced to a feeble
twilight. The sun itself would remain visible for many
years, even if it were steadily moving away, though its
lustre would continually decline, and its size would con-
tinually diminish, until at last it would have shrunk te
the insignificance of a small point of light, still visible
as a glittering object, but too minute to enable any de-
finite form to be perceived. Further still, the sun might
recede until it passed beyond the reach of vision of the
unaided eye; the telescope would, however, be able to
pursue the retreating luminary until at last it sank into
the depths of space beyond the reach of any instrument
whatever.

This little argument will prepare us for an explanation
of the stars. They merely appear to us to be points of
light of varying degrees of brightness, but we have seen
that our own sun might be reduced in lustre to that of
the very dimmest of the stars if only it were removed suffi-
ciently far. If, therefore, the stars are at a great enough
distance from our system, it may indeed be that they also
are suns, possibly equalling, or possibly even surpassing,
our own sun in magnificence.

Here is indeed an imposing suggestion. Can it be that
the host of stars which adorn our midnight sky are ac-
tually suns themselves of an importance comparable with
that of our own ? This is a great thought, and we desire
to test it by every means in our power. You will see
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from the reasoning I have given that the whole question
turns simply on one point, and that is : How far off are
the stars? The tiniest point of light that is just seen as
a glimmer in the mightiest of telescopes may be indeed a
sun as great, or indeed a million times greater, than our
sun, if only that star be sufficiently far off. To find the
distance of a star is a problem which taxes the utmost
powers of the painstaking astronomer; every refinement
of skill in making his measurements and of care in the
calculation of his observations has to be lavished on the
operation. Alas! it but too often happens that the astro-
nomer’s labours prove to be futile. The surveying navi-
gator often has to mark on his chart that no bottom could
be found in the depths of the sea. His appliances would
not work, or work reliably in those ocean abysses ; so too,
the astronomer, when he tries to sound the depths of
space to the distances of the stars, has also to mark,
generally speaking, “no bottom here,” as the result of most
of his investigations. When this is the case we know
for certain that the star on which his calculations have
been made must be a gorgeous sun, because we are assured
of the greatness of its distance, even though we have not
been able to find out what that distance was. There are,
however, some few places through the sky where the
astronomer’s sounding line can, so to speak, touch bottom ;
there are a few stars of which we do know the distance,
and the result is not a little significant. Were our sun
to be withdrawn from us to a distance so great as
that of the very mnearest of the stars, our magnificent
ruler and benefactor would certainly have lost all his
splendour ; he would, in fact, have shrunk to the simili-
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tude of a little star not nearly so bright as many of those
which we see over our heads every night. Imagine the
sun’s light subdivided into two hundred thousand parts,
each of which would .give us only a feeble illumination,
and then imagine that each of these parts was again
divided into two hundred thousand parts more, and it is
one of these last fragments that would represent the
miserable lustre which the sun would then display.

From these considerations we can enunciate the magni-
ficent truth which astronomy discloses to us. I do not
think that in the whole range of nature there is any
thought so magnificent or so imposing as that which teachee
us to regard every star of every constellation as a sun.
We cannot indeed assert that they are all so great as our
sun, but we can affirm with certainty that many of them
are far greater and far more splendid. Considering that
our sun presides over a system of worlds of which the
earth is one, that it gives light and heat to those worlds,
and guides them in their movements, it would greatly
enlarge our conceptions of the universe if we were as-
sured that there was even one more sun as large and as
splendidly attended asis our own. But now we find that
not only is there one additional sun, but that they teem in
uncounted thousands through space. Look, for example, on
the next fine night at the Great Bear, the best known of
all our northern constellations, and there you see seven
stars forming the well-known feature. Figure in your
mind’s eye each ome of those starsin the likeness of a
majestic sun as big, warm, and bright as our sun, and look
at other parts of the sky and repeat the process with the
other constellations, and your conception of the magni-
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ficence of the starry system will begin to assume proper
proportions. But this is only the first step, you must
next look at the smaller stars, and reflect that they, too,
are also suns, only much farther off, as a general rule,
than the brighter stars, though this is by no means in-
variably the case. Thus your estimate of the number of
suns in the universe will rise to thousands, but you will
not stop there, you will get a telescope to help you, and
to your extreme delight and wonder you will find that
there are hosts of stars—too faint to be visible to the
eye, but which the telescope will immediately disclose.
You will get a more powerful instrument, and then you
will perceive that the stars are to be numbered by tens of
thousands, and even by millions, and with every fresh acces-
sion of power in your telescope fresh troops and myriads of
suns are revealed. Suns in clusters, suns strewn thickly
here and sparsely there, so as to give us the notion that
the only limit to the number we can see is the power of
the telescopes we are using. Attempts at actual numera-
tion are futile, for who can tell the number of the stars?

We can, however, form an estimate, and by taking
samples, so to speak, of the sky here and other samples
there, we have been enabled to learn the overwhelming
fact that our universe does contain at the very least one
hundred millions of suns.



CHAPTER XIX.
THE EXTENT OF THE SIDEREAL HEAVENS.

Ix discussing the extent of the visible universe, it must
always be borne in mind that the farthera source of light
is from us the fainteris the illumination which we receive
from it. Suppose that a star which just lies on the limits
of naked-eye visibility were somehow to be transported to
a distance which is twice as great, then the lustre of that
star would be diminished to one-fourth of its original
amount. It would, therefore, be of course invisible to the
unaided eye, but could still be easily perceived by a tele-
scope. Indeed, the very word felescope means an instru-
ment for looking at objects a long way off, and the effect
of the telescope is to reduce the apparent distance of the
object. Thus the binocular glass that the mariner uses at
sea has the seeming effect of reducing distances to about
one-third of their amount, so that if a star were carried off
to three times its actual distance from us it would still be
shown as clearly in a binocular as it would be seen by the
unaided eye when placed at its original distance. A star
just on the verge of naked-eye visibility would still remain
within the grasp of such an instrument even were it three
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times as far away. The instrument the astronomer uses
must, however, be much more powerful than that which
suffices for the mariner. A telescope small enough to be
held in the hands would be competent to retain a star
within its ken even though the star were removed to a dis-
tance ten times as great as when it was just visible with
the unaided eye. The larger instruments would be suffi-
ciently powerful to follow a star even though it were
removed to a distance one hundred times as great as that
at which it could be just glimpsed by the naked eye, while
the greatest instruments of which our observatories can
boast would still hold every lucid star in the heavens
within view even were those stars wafted off one thousand
times as far as they are at present.

These facts give us some notion of the extraordinary
extent to which great telescopes increase the range of our
vision. We are permitted by their aid to sound to a depth
in space one thousand times as great as that to which the
unaided eye would enable us to penetrate. Above and on
each side, and around us in every direction the range of
our vision is increased a thousand-fold. At first it might
appear that the extent of space accessible to our telescopes
would also be increased to one thousand times the extent
of naked-eye vision. This would, however, give a very
inadequate conception of the truth. With our unaided
eyes we are able to see all the objects around us which lie
within a certain mighty globe of which our earth is the
centre. When we employ great telescopes we can explore
& globe of which the radius has been enlarged ome
thousand-fold, therefore the quantity of space that we can
examine in the two cases must be represented by two
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globes, one of which has a diameter a thousand times as
great asthe other. The volumes of two such spheres have
a ratio so great that perhaps we do not readily compre-
hend it. The point I now wish to illustrate is one which
very frequently arises in the consideration of problems in
astronomy, and, indeed, in other subjects as well.

Let us take a very simple example. Suppose a cow is
tethered by chain in a field; she will, of course, be only
able to graze over the grass which grows within the circle
to which her movements are confined. If we desire to
give the cow double as much grass as she had before,
would that end be accomplished by doubling the length of
the chain? It would be more than accomplished ; in fact,
she would then have four times as much pasture as she
had before. The ecircle over which she can graze has
double the diameter, no doubt, but then its area is four
times as great. Thus we see that the area increases in a
far more rapid ratio than that in which the radius
increases. Think next of two bird cages. We may sup-
pose them to be both shaped like globes, the diameter of
the larger being double that of the smaller. What will
be the freedom enjoyed by the bird in the larger cage as
compared with that of the less fortunate bird in the other ?
The volume of space over which the bird in the big globe
can fly is not twice nor even four times as greas as that
allotted to the other bird; it is no less than eight times as
great.

The bulk of a grain of sand as compared with the bulk
of a football may illustrate the space accessible to our eyes
when compared with the space accessible to one of the
great telescopes. The larger of these spaces hasa thousand

L]
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times the diameter of the others; therefore, the relative
quantities of these spaces are to be obtained by multiplying
1,000 by 1,000 and by 1,000 again. Thus we finally
learn that the amplitude of our vision is augmented to
one thousand million times its original extent by the
use of our greatest telescopes. It need, therefore, be no
matter for surprise that the number of stars visible through
our great telescopes or recorded on the sensitive films of
photographic plates should number scores of millions. In
fact, it would sometimes seem surprising that the number
of telescopic stars is not even greater than it actually
appears to be. If we are able to explore one thousand
million times as much space we might expect that the
number of objects disclosed would be also increased about
a thousand million fold, but this is certainly not the case.
The truth seems to be that our sun is but one star of a
mighty cluster of stars ; we happen to lie near the middle
of the cluster, and the rest of the stars belonging to it
form what we know as the Milky Way. There are, of
course, other clusters scattered through the heavens, some
of them, perhaps, as great as that body of stars which forms
the Milky Way. Owing to our residencein this cluster
we see the neighbouring suns in multitudes, and thus we
receive the impression that the solar system lies in an
exceptionally rich part of the universe in as far as the
distribution of stars is concerned.

On the outskirts of the universe lie those faintest and
dimmest of objects which we can just perceive through our
greatest telescopes. We know that many of the stars
around us would still remain visible in great instruments,
even though they were removed a thousand times as far
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off. Among the myriads of faint stars which we see from
our observatories there may be many, indeed there must
be many, which are fully a thousand times as distant as
the bright stars which twinkle in our comparative neigh-
bourhood. We thus obtain some conception of the stupen-
dous distance at which the outskirts of the universe are
situated. - There are different ways of illustrating this
point, but I think the simplest, as well as the most striking,
is that which is founded on the velocity of light. Itisa
remarkable fact that the beautiful star known as Vega has
a distance from us so tremendous that its light must have
taken somewhere about eighteen years to travel hither
from thence. Notwithstanding that the light dashes
along with such inconceivable speed that it will cover
185,000 miles in every second, notwithstanding that a
journey at this pace will complete the entire circuit of this
globe seven or eight times between two successive ticks of
a clock, the light will, nevertheless, take eighteen years to
reach our eye from the time it leaves Vega. We do not,
therefore, see the star as it is at present; we see it as it
was eighteen years ago. For the light which this evening
enters our eyes has been all that time on its journey. In-
deed, if Vega were actually to be blotted out from exist-
ence it would still continue to shine out as vividly as ever
for eighteen years before all the light on its way had
reached us.

‘We have been led to the belief that among the more
distant stars in the universe there must be many which
are fully a thousand times as far from us as is Vega, hence
we arrive at the startling conception that the light they
emit has been on its journey for 18,000 years before it
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reached us. When we look at those lights to-night we are
actually viewing them as they were 18,000 years ago. In
fact, those stars might have totally vanished 17,000 years
ago, though we and our descendants may still see them
glittering for yet another thousand years.

‘We shall realise a little more fully what this reasoning
involves if we suppose that astronomers dwelt.on such a
star, and that they had eyes and telescopes sufficiently
keen not only to discern our little earth, but even to
scrutinise its surface with attention. Let us suppose that
the stellar astronomers looked at England : do you think
they would see a network of railways joining mighty and
populous cities, furnished with immense manufactories and
with countless institutions. Such would be the England
" of to-day. But from the distance at which these astro-
nomers are situated light takes 18,000 years for its
journey, and, therefore, what they would see would be
England as it was 18,000 years ago. To them England
would even now appear as a country mainly covered with
forests inhabited by bears and wolves, and totally void of
any trace of civilisation. This illustration will at all events
serve to convey some conception of the distance at which
the outskirts of our visible universe are plunged in the
depths of space.



CHAPTER XX.
THE MOVEMENTS OF THE STARS.®

I suaLL follow the precedent set by my illustrious pre-
decessors in this chair, and endeavour to lay before you
some of the recent acquisitions of knowledge in those
branches of science with which I am myself most particu-
larly connected.

It has been my privilege on not a few occasions to
discourse to the members of the Midland Institute on
various astronomical matters, but our science is ever grow-
ing, it has shown quite unexpected vitality within the last
year or two, and consequently I find myself in posses-
sion of abundant material. Discoveries are just now
being made with ever increasing volume; results we
despaired of attaining yesterday are familiar to us to-day,
while to-morrow will see the van of the army of research
advancing into some wholly new territory. I could not
attempt to give any comprehensive insight into the
marvellous accumulations of facts that have recently been
garnered by students of the heavens. I will rather endea-
vour to develop with fitting detail that particular line of

¢ Presidential address at the Midland Institute, Birmingham.
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research which of all others seems to have yielded the most
striking results. The subject which I chiefly propose to
discuss is the application of the spectroscope to the study
of the movements of the heavenly bodies, a subject with
which the name of Huggins is primarily associated.

We have been long accustomed to receive with interest
the tidings which the spectroscope conveys as to the
constitution of the bodies throughout space. It was the
primary function of that beautiful instrument to analyse
the light which came from afar; and by decomposing the
composite beam into its constituents, the spectroscope
declared to us the actual materials present in the bodies
from which the light emanated. It was astonishing to
learn that thirty-five of the elements known on this earth
were present on the sun. Somewhat similar announce-
ments were made with respect to the stars and various
other heavenly bodies. The information thus won was a
most important accession to our knowledge of the material
construction of the universe. Certain philosophers had
even formulated the doctrine that to discover the elements
present in the stars must necessarily lie beyond the pro-
vince of man’s powers. The events, however, entirely
disconcerted these rash assertions. We have learned much
as to the elementary bodies present in various celestial
orbs, and quite recently we have come to believe not only
that the elements in the sun have much in common
with those in the earth, but that the two bodies are so
similar in constitution that, in the striking words of
Sir William Huggins in his address to the British Associa-
tion (1891), it almost seems that, if the earth were heated
to the same temperature as the sun, it would emit a spec-
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trum of the same character. To have demonstrated the
material unity of the universe is indeed a notable achieve-
ment for that little instrument, the spectroscope. But it
seems possible that the services of the prism to science are
now taking a direction in which the resultsto be achieved
will outshine in importance and interest even that grand
discovery of material unity, to which we have referred.
Within the last year or two the spectroscope has made
revelations with regard to the movements of certain of the
heavenly bodies of a character which have startled the
scientific world quite as much as did the fundamental
discovery made some thirty years ago of terrestrial ele-
ments in the sun. Let me unfold the matter.

Look at a star such as Sirius or Aldebaran. Bring to
bear upon it the meridian circle of the observatory, with
all its refinements for exact measurement, and we can
determine the exact place of the star in the heavens. We
can do so with an accuracy which makes the fixed star a
landmark of the universe. Years roll on, and by a
repetition of the observations, the place of that star is
again determined, and the two places do not agree. They
are purged from every source of error, but still a dis-
crepancy remains, the place of the star as now observed
isnot the same as its place was years ago; it has what we
call a proper motion.

Tested in this way almost all the stars will probably be
found to be in motion. We talk of these objects often as
fixed, but the word must be used in a relative sense. To
our ephemeral glance the stars seem fixed ; but what is
indeed fixed when sufficient time is allowed ? The cloud
that now caps a mountain summit is obviously unstable ;
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in an hour it may have dissolved into the transparent
vapour from which it had been originally condensed. We
are apt to contrast the evanescent cloud with the great
mountain by which it was gathered. The mountain itself
seems the ideal of stability. For thousands of years it has
lasted, for thousands of years it seems destined to endure;
but when sufficient time is allowed, the mountain is no
more permanent than the cloud. The avalanche that
thunders down its side is only a somewhat vigorous indi-
cation of the agencies that are incessantly tending to bear
down the mighty mass. The Matterhorn of to-day will
assuredly vanish in time just as many other mighty
mountains have done in the course of geological history.

Indeed it may be remarked that nature on a grand scale
exhibits no qualities of permanence. The Alps may last
longer than the ruins of Palmyra, but everything that we
know of geology teaches us that the sea has rolled where
Mount Blance now rears its head, and that for anything we
can tell it may do so again. For permanence in nature we
must look not to great planets; we find it, if at all, only
in the atoms of matter. The little pulsating molecule,
too small to be visible in the most powerful microscope,
even if the object were a thousand times larger than it is,
seems to possess attributes qualifying it for indefinite
duration.

The constellations are no doubt so far fixed that in the
course of a lifetime, or even in the lifetime of a nation,
they undergo but little change. The Orion at which Job
looked was almost the Orion of our skies to-night. T say
almost, because when close examination is made it will be
found that the stars in the constellations are gradually
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changing. We sometimes think that those groups of stars
to which from all antiquity certain names have been
assigned have bonds of affinity, and that their proximity
on the heavens is not to be attributed to a mere casual
arrangement, but is to be taken as indicating a community
of origin. In some cases there can be no doubt that this
is so. In the great group of Orion, for instance, to which
I have already referred, modern researches demonstrate
that the several stars of that grand constellation possess a
structure which may be described as peculiar to themselves,
inasmuch as a similar structure has only been observed
in one other star in the sky except those of Orion. In
this case we have the evidence not only of juxtaposition in
the heavens, but also of an allied material composition.
Under these circumstances it seems almost impossible to
doubt that the glorious assemblage of stars ferming the
constellation of Orion does really represent portions of a
mighty system. If any further corroboration of this view
be required, it may be obfained from recent discoveries
with respect to the peerless nebula by which Orion is most
familiar to astronomers (p.126). The beautiful photographs
which have been obtained by Common and other astrono-
mers have tended to disclose ever widening boundaries
to the great nebula when sufficiently long exposure has
been given. We thus see that the glowing gas encroaches
on the surrounding space to an extent much wider than
mere eye observation would have indicated. Several of
the bright stars are already seen to be invested with
whatever glory residence in the interior of a glowing
nebula may confer. Adding this circumstance to those
we have already mentioned of juxtaposition and of mate-
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rial congruity, it seems impossible to doubt that Orion, the
finest constellation in the heavens, is not a mere fortuitous
concourse of stars, but is a system possessing indications of
a common origin.

In a similar way we are entitled to infer that many other
remarkable groups of stars give evidence of a certain
physical connection which corroborates the presumption
obtained from the fact that the stars happen to be close
neighbours. I do not suppose that anyone ever could
have doubted that so striking a group as the Pleiades had
some natural connection. But if there were such doubts
they must be dispelled when the photographs of the Messrs.
Henry and of Mr. Roberts show the seven stars of the
Pleiades to be immersed in a single nebula, invisible to the
eye, and perceptible only to the delicacy of the photo-
graphic plate. In other famous groups also there are
indications of relationship drawn from their common
movements. If seven fish were seen near together in the
sea there would be a certain presumption that they formed
a related group, and this presumption would be greatly
strengthened if it should appear that all the fish were
swimming in parallel directions. We can sometimes apply
a similar principle to the study of a constellation. If
seven bright stars lie comparatively near each other in the
sky, and if it be found that they participate in a common
motion so far as direction is concerned, we may not un-
naturally conclude that those stars belong to an organized
system, and that they are not merely a number of discrete
objects scattered promiscuously on the sky.

Picture this vast firmament of stars, some in associated
groups, some more sporadic and isolated, and all more or
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less in motion. For centuries, for untold thousands of years,
these stars have been moving, fresh stars have come in
from the abyss of space, and have gradually sunk away
again to invisibility. There is no permanence in the
heavens. Even in the lapse of geological time the heavens
must have worn a succession of aspects, each wholly
different from the other. The sky as we see it to-night
presents us with an arrangement of stars different from
the stars which were visible to the eye of the first man
that trod this earth, and the stars which the first man
saw must have been widely different from those on which
in far earlier times the ichthyosaurus may have looked,
while these again must have been totally different from
the stars which spangled the sky in those excessively
remote times when life began to dawn on the earth.

In our attempt to understand the nature of things
celestial there is nothing of more importance than a clear
comprehension of the mode in which the universe of stars
is gradually transforming itself. We want to learn how
each star is moving, and whither it is moving; and when
we have obtained such knowledge, we are in a position to
learn more truly the disposition of that vast array in which
our sun is only one of the units. Astronomers had well-
nigh despaired of attaining any comprehensive knowledge
on this subject within the lifetime of the present genera-
tion. Centuries must elapse before the majority of the
stars have advanced by proper motion to a sufficient
distance from their present places to render the change
conspicuous. We want some readier way of determining
the pace at which a star is going—we want an instrument
which shall tell us at once the speed of the body without °
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having to deduce that speed from a tardy comparison
between the places of the stars obtained after the lapse of
a sufficient interval between them. This the spectroscope
supplies, it tells us while we are looking at the star the
speed at which it is winging its flight.

To determine the rate at which a star is moving towards
or from us requires no nice comparison and discussion
of observations made after an interval of a century by
different observers using different methods and obtaining
determinations which are entitled to very different degrees
of confidence. The modern spectroscopic observer takes
his seat at his instrument, adjusts his spectroscope on
the star. He fixes his attention on a certain line in
the spectrum, a line, for instance, known to belong to
the element hydrogen ; he sees it shifted to the right
or to the left of a standard hydrogen line, introduced
for the purpose of comparison. If the shift be one
way, the star is urging its course towards us, if the
shift be the other way the star is retreating from us,
while by measuring the amount of the shift the actual
velocity of the motion is determined. There is a certain
indicator sometimes put on a locomotive engine which
shows by a dial the speed at which the engine is running.
By a glance at this dial the engine-driver learns at once
the pace he is making. The spectroscope is like this little
indicator ; it shows at once the pace of the body to or from
the observer without the necessity for awaiting the time
necessary to pass over a certain interval. Thus the
spectroscope offers to us a means of obtaining promptly
valuable information with regard to the proper motions of
the stars,
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I must, however, be careful to explain that though I have
thus drawn an antithesis between the spectroscopic method
of observing proper motions and the telescopic method,
yet that from another point of view the two methods
are ta be regarded rather as complementary to each other.
Each purports to tell us something which the other is wholly
incompetent to tell. This will be plain if we endeavour
to realise the character that the motion of a star will
usually present. Let us suppose that the only movement
possessed by the star was directly towards the observer, or
directly from him, that there was, in fact, no movement
across the line of vision. In this case the star would never
appear to change its place with respect to the stars in its
neighbourhood ; in fact, the only conceivable alteration in
the telescopic appearance of the star would be, that in the
course of time it would become brighter if approaching or
fainter if receding. But any change of this kind would
be so insignificant that we can afford to disregard it. On
the other hand, it might happen that the movement of the
star was such as to lie entirely across the celestial sphere,
so that it was neither approaching to nor receding from
the observer. In this case the entire proper motion would
disclose itself by the displacement of the star relatively to
the other stars in the heavens, and these are precisely
the circumstances in which the old telescopic method is
available. In fact, the spectroscope will only show motion
directed along the line of sight, while the telescope
only shows the motion which is perpendicular to the line
of sight. Thus each of the methods exhibits that par-
ticular movement which the other is incompetent to
perceive. Of course it will not often happen that the
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movement of a star is so adjusted as to be either entirely
in the line of sight or entirely perpendicular to the line of
sight. The movement will generally be of such a character
that, to use the well-known language of mechanics, it will
have one component along the line of vision and another
perpendicular thereto. For the complete determination of
the movement of the star it is necessary for us to know
both these components, and it will be plain in what sense
the spectroscopic method and the telescopic method are
complementary ; the latter determines the movement per-
pendicular to the line of vision, and the former gives us
the movement along the line of vision. Each method just
gives what the other is unable to give; there remains,
however, the important difference, that the spectroscope
indicates instant