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PREFACE.

T h is

work takes its name from the essays occupying the

first seventy pages of the b o o k ; but the later essays, as
shewing the nature of those parts o f the universe which
lie nearest to us, are properly included under the same
titla

Even those on Astrology and the Jewish Sabbath

belong to the discussion o f our place among infinities;
for it was their ignorance o f the earth’s place among
infinities, which led the ancients to regard the heavenly
bodies as ruling, favourably or adversely, the fates o f men
and nations, and to dedicate the days in sets o f seven to
the seven planets of their astrological system.
It will be seen, that m y views respecting the interesting
question of life in other worlds have changed considerably
since I wrote the work bearing that title.

I still consider

that work a sound exposition o f the theory o f the plurality
o f worlds, though I consider that the weight o f evidence
favours my theory of the (relative) paucity o f worlds.
RICH D. A . PROCTOR.

8epL 27, 1875.
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OUR PLACE AMONG INFINITIES.
♦

TH E P A ST A N D FU TU R E OF OU R E A R T H *
" U t his exordia prim e
Omnia, et ipee tener M ondi concreverit orbis.
Tam durore solum, et disciudere Keren ponto
Cceperit, et renmipauBatim snmere formas.”
V lR O IL .

T he subject with which I am about to deal is associated
b y many with questions o f religion.

Let me premise,

however, that I do not thus view it myself.

It seems to

m e impossible to obtain from science any clear ideas
respecting the ways or nature o f the Deity, or even
respecting the reality o f an Almighty personal God.
Science deals with the finite though it may carry
thoughts to the infinite.

out

Infinity o f Bpace and o f matter

occupying space, o f time and o f the processes with which
time is occupied, and infinity o f energy as necessarily
implied hy the infinities o f matter and o f the operations
* This essay presents the substance o f a lecture delivered in N ew Y ork
on April 3, 1874, being the first of a subsidiary series in which, o f set
purpose (and in accordance with the request of several esteemed friends),
I dealt less with the direct teachings of astronomy, which bod
oeenpied me in a former series, then with ideas suggested h y astronomi
cal facts, and more particularly b y the discoveries mode during the
lost quarter o f a century.
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affecting matter,— these infinities science brings clearly
before us.

For science directs our thoughts to the finites

to which these infinites correspond.

It shows us that

there can be no conceivable limits to space or time, and
though finiteness o f matter or o f operation may be conceiv
able, there is manifest incongruity in assuming an infinite
disproportion between unoccupied and occupied space, or
between void time and time occupied with the occurrence
of events o f what sort soever.

So that the teachings o f

science bring us into the presence of the unquestionable
infinities of time and of space, and the presumable infin
ities of matter and o f operation,— hence, therefore, into
the presence of infinity of energy.

But science teaches us

nothing about these infinities, as such.

They remain

none the less inconceivable, however clearly we may be
taught to recognise their reality.

Moreover, these infinites,

including the infinity of energy, are material infinities.
Science tells us nothing of the infinite attributes o f an
Almighty B ein g; it presents to us no personal infinites,
whether of Power, Beneficence, or Wisdom.

Science may

suggest some ideas on these points ; though we perceive
daily more and more clearly that it is unsafe to accept as
her teaching ideas which commonly derive their colouring
from our own prepossessions.

And assuredly, as respects

actual facts, Science in so far as she presents personal
infinity to us at all, presents it as an inconceivable, like
those

other

inconceivable infinities,

with

the finites

corresponding to which her operations are alone directly
concerned.

To speak in plain terms— so far as Science
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ia concerned, the idea o f a personal God is inconceivable *
as are all the attributes which religion recognizes in such
a Being.

On the other hand, it should be admitted as

distinctly, that Science no more disproves the existence o f
infinite personal power or wisdom than she disproves the
existence o f infinite material energy (which on the contrary
must be regarded as probable) or the existence o f infinite
space or time (which must be regarded as certain).
So much premised, we may proceed to inquire into the
probable past and future o f our earth, as calmly as we
should inquire into the probable past and future o f a
pebble, a weed, or an insect, o f a rock, a tree, or an animal,
o f a continent, or o f a type— whether o f vegetable or o f
animal life. The beginning o f all things is not to be reached,
not appreciably to be even approached, b y a few steps
backward in imagination, nor the end o f all things b y a
few steps forward.

Such a thought is as unfounded as

was the fear o f men in old times that b y travelling too
far in any direction they might pass over the earth’s edge
and be plunged into the abyss beyond, as unreasonable
* I mean these words to be understood literally. To tbe man of
science, observing the operation o f second causes in every process with
w hich his researches deal, and finding no lim it to the operation of each
causes however far back he may trace the chain o f causation, tbe idea of a
first cause is as inconceivable in its relation to observed scientific facts as
is the idea of infinite space in its relation to the finite space to which the
observations o f science extend. Y et infinite space must be adm itted;
new do I see how even that man o f science w ho would limit his thoughts
most rigidly to facts, can admit that all things are o f which he thinks,
without having impressed upon him the feeling that, in some w ay be
cannot understand, these things represent the operation o f Infinite
Purpose. Assuredly we do not avoid the inconoeivable b y assuming as
at least possible that matter exists only as it affects our perceptions.
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as was the hope that b y increase o f telescopic range
astronomers could approach the imagined “ heavens above
the crystalline."
In considering the probable past history o f the earth, we
are necessarily led to inquire into the origin o f the solar
system.

I have already sketched two theories o f the

system, and described the general facts on which both
theories are based.

The various planets circle in one

direction around the sun, the sun rotating in the same
direction, the satellite families (with one noteworthy but
by no means inexplicable exception) travelling round their
primaries in the same direction, and all the planets whose
rotation has been determined still preserving the same
direction o f circulation (so to speak).
seem to point, in a manner there

íb

These relations

no mistaking, to a

process o f evolution b y which those various parte o f the
solar system which now form discrete masses were de
veloped from a former condition characterized b y a certain
unity as respects the manner o f its circulation.

One

theoiy o f this process o f evolution, laplace's, implies the
contraction o f the solar system from a great rotating
nebulous mass ; according to the other theory, the solar
system, instead o f contracting to its present condition, was
formed b y a process o f accretion, due to the indrawing o f
great flights o f meteoric and cometic matter.
I need not here enter at length, for I have already done
so elsewhere, into the astronomical evidence in favour o f
either theory ; but it w ill be well to present briefly some
o f the more striking facts.
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Am ong the various forms o f nebula (or staT-cloudlets)
revealed b y the telescope, we find many which seem to
accord with our ideas as to some o f the stages through
which our solar system must have passed in changing
from the nebulous condition to its present form.

The

irregular nebulas,— such, for instance, as that wonderful
nebula in the Sword o f Orion,— Bhew b y their enormous
extension the existence o f sufficient quantities o f gaseous
matter to form systems as large and as massive as our
own, or even far vaster.

W e know from the teachings of

the spectroscope that these irregular nebulae do really con
sist o f glowing gas (as Sir W . Herschel long since sur
mised), hydrogen and nitrogen being presumably present,
though the spectrum o f neither gas appears in its com
plete form (one line only o f each spectrum being shewn,
instead o f the sets o f lines usnally given by these gases).
A n American physicist has suggested that hydrogen and
nitrogen exist in the gaseous nebulra in an elementary
condition, these gases really being compound, and he
suggests further that all our so-called elements may have
been derived from those elementary forms o f hydrogen and
nitrogen.

In the absence o f any evidence from observation

or experiment, these ideas must be regarded as merely
speculative ; and I think that we arrive here at a point
where speculation helps us as little as it does in attempting
to trace the evolution o f living creatures across the gap
which separates

the earliest

forms o f life from the

beginning itself o f life upon the earth.

Since we cannot

hope to determine the real beginning o f the earth's history,

6
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we need not at present attempt to pass back beyond the
earliest stage o f which we have any clear information.
Passing from the irregular nebulae, in which we see
chaotic masses o f gaseous matter occupying millions o f
millions o f cubic miles and scattered as wildly through
space as clouds are scattered in a storm-swept air, we
come to various orders o f nebulae in which we seem to
find clear evidence o f & process o f evolution.
first the traces o f a central aggregation.

W e see

This aggregation

becomes more and more clearly defined, until there is no
possibility o f mistaking its nature as a centre haviug
power (b y virtue o f the quantity o f matter contained in it)
to influence the motions o f the matter belonging to the rest
o f the nebula.

Then, still passing be it remembered from

nebula to nebula, and only inferring, not actually witness
ing, the changes described,— we see a subordinate aggrega
tion, wherein, after a while, the greater portion o f the
mass o f the

nebula outside

the

central aggregation

becomes gathered, even as Jupiter contains the greater
portion o f the mass o f the solar system outside the central
sun.*

N ext we see a second subordinate aggregation,

inferior to the first, but comprising, if we judge from its
appearance, by far the greater portion o f what remained
after the first aggregation had been formed,— even as
Saturn's mass far exceeds the combined mass o f all the
planets less than himself, and so comprises faT the greater
portion o f the solar system after account has been taken
* The m u s of Jnpiter exceeds, in the proportion of five to tw o, the
oombined m au o f all the remaining planets.

i
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A nd we may infer that the

other parts o f nebulae contain smaller aggregations not
perceptible to us, out o f which the smaller planets o f the
developing system are hereafter to be formed.
Side views o f some o f these nebulas indicate a flatness
o f figure agreeing well with the general tendency o f the
members o f the solar system towards the medial plane o f
that system.

For the solar Bystem may be described as

flat, and if the nebula I have been dealing with (the
spiral nebulas with aggregations) were globular we could
not recognise in them the true analogues o f our solar
system in the earlier stages
telescope reveals

o f its history.

But the

nebulae manifestly corresponding in

appearance to the great whirlpool nebula o f Lord Posse,
as it would appear if it is a somewhat flattened spiral and
could be viewed nearly edgewise.
A nd here I may pause to note that, although, in thus
inferring progressive changes where in reality we have
hut various forms o f nebula, I have been adopting an
assumption and one which no one can hope either to verify
or to disprove, yet it must he remembered that these
nebula by their very figure indicate that they are not at
rest

I f they consist o f matter possessing the attribute of

gravitation,— and it would be infinitely more daring to
assert that they do not than that they do,— then they
must be undergoing processes o f change.

N or can we

conceive that discrete gaseous masses in whorls spirally
* T he n u n o f Saturn exceeds, in the proportion o f nearly three to
one, the combined mass of all the planeta smaller than himself.

8
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arranged around a great central aggregation (taking one
o f the earlier stages)

could otherwise change than

by

aggregating towards their centre, unless we admit motions
o f revolution (in orbits more or less eccentric) the con
tinuance

o f which

would

necessarily

lead, through

collisions, to the rapid growth o f the central aggregation,
and to the formation and slower growth o f subordinate
gatherings.
I have shown elsewhere how the formation o f onr solar
system, in the manner supposed, would explain what
Laplace admitted that he could not explain b y his theory,
— the peculiar arrangement o f the masses forming the
solar system.

The laws o f dynamics tell us, that no

matter wbat the original configuration or motion o f the
masses, probably gaseous, forming the nebula, the motions
o f these masses would have greater and greater velocity
the nearer the masses were to the central aggregation,
each distance indicating certain limits between which the
velocities must inevitably lie.

For example, in our solar

system, supposing the central sun had already attained
very nearly his full growth as respects quantity o f matter,
then the velocity o f any mass whatever belonging to the
system, would at Jupiter’s distance be less than twelve
miles per second, whereas at the distance o f the earth, the
largest planet travelling inside the orbit o f Jupiter, the
limit o f the velocity would be more than twice as great.
Hence we can see with what comparative difficulty an
aggregation would form close to the central one, and how
the first subordinate aggregation would lie at a distance

The P ast and F u ture o f our Earth.
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where the quantity o f matter was still great but the
average velocity o f motion not

too

great

Such

an

aggregation once formed, the next important aggregation
would necessarily lie far outside, for within the first there
would now be two disturbing influences preventing the
rapid growth o f these aggregations.
would be outside the second.

The third and fourth

Between the first aggrega

tion and the sun only small planets, like the Earth and
Venus, Mars, Mercury, and the asteroids, could form ; and
we should expect to find that the largest o f the four small
planets would be in the middle o f the space belonging to
the family, (as Venus and the Earth are actually placed),
while the much smaller planets Mercury and Mars travel
next on either side, one close to the Sun and the other
next to Jupiter, the asteroids indicating the region where
the combined disturbing influences o f Jupiter and the Sun
prevented any single planet from being developed.
But I Bhould require much more time than is now at
m y command to present adequately the reasoning on
which the theory o f accretion is based.

A nd we are not

ooncerned here to inquire whether this theory, or Laplace’s
theory o f contraction, or (which I hold to be altogether
more probable than either) a theory involving combined
processes o f

accretion

and

contraction, be the

hypothesis o f the evolution o f the solar system.

true
Let it

suffice that we recognise as one o f the earliest stages o f
our earth’s history, her condition as a rotating mass of
glowing vapour, capturing then as now, but far more
actively then than now, masses o f matter which approached

io
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near enough, and growing by these continual indraughts
from without.

From the very beginning, as it would

seem, the earth grew in this way.

This firm earth on

which we live represents an aggregation o f matter not
from one portion of space, but from all space.

A ll that is

upon and within the earth, all vegetable forms and all
animal

forms, our bodies, our brains, are formed o f

materials which have been drawn in from those depths of
space surrounding us on all sides.

This hand that I am

now raising contains particles which have travelled hither
from regions far away amid the northern and southern
constellations, particles drawn in towards the earth b y
processes continuing millions of millions o f ages, until
after multitudinous changes the chapter o f accidents has
so combined them, and so distributed them in plants and
animals, that after coming to form portions o f my food
they are here present before you.

Passing from the mere

illustration of the thought, is not the thought itself strik
ing and suggestive, that not only the earth on which we
move, but everything we see or touch, and every particle in
body and brain, has sped during countless ages through
the immensity o f space ?
The great mass of glowing gas which formed our earth
in the earliest stage o f its history was undergoing two
noteworthy processes,— first, the process o f cooling by
which the mass was eventually to become at least partially
solid, and secondly a process o f growth due to the gather
ing in o f meteoric and cometic matter.

A s respects the

latter process, which will not hereafter occupy our atten-

11
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tion, I must remark that many astronomers appear to rue
to give far less consideration to the inferences certainly
deducible from recent discoveries than the importance o f
these

discoveries

would

fairly

warrant.

It

is

now

absolutely certain that hour b y hour, day b y day, and
year by year, the earth is gathering in matter from with
out.

On the most moderate assumption as to the average

weight o f meteors and shooting stars, the earth mu3t
increase each year in mass b y many thousands o f tons.
A n d when we consider the enormous, one may almost say
the awful time-intervals which have elapsed since the
earth was in a gaseous condition, we cannot but perceive
that the process o f accretion now going on indicates the
existence o f only the merest residue o f matter (ungathered)
compared with that which at the beginning o f those
time-intervals was freely moving
aggregation.

around the central

The process o f accretion which now does

not sensibly increase the earth’s mass was then a process
o f actual growth.

Jupiter and Saturn might then no

longer be gathering in matter appreciably increasing their
mass, although the quantity o f matter gathered iu b y them
must have been far larger than all that the other forming
earth could gather in equal times.

For those planets were

then as now so massive that any possible increment from
without was as nothing compared with the mass they had
already attained.

W e have to throw back into yet more

awful time-depths the birth and growth o f those giant
orbs.

A nd even those depths o f time are as nothing

compared with the intervals which have elapsed since the

12
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sun himself began to be,

Yet it is with time-intervnls

measurable b y hundreds o f millions o f years that we have
to deal in considering only our earth’s history,— nay, two
or three hundred millions o f years only carry us back to a
period when the earth was in a stage o f development ’ ong
sequent to the gaseous condition we are now considering.
That the supply o f meteoric and coraetie matter not
gathered in was then enormously greater than that which
still exists within the solar domain, appears to me not a
mere fanciful speculation, nor even a theoretical considera
tion, but as nearly a certainty as anything not admitting
o f mathematical demonstration can possibly be.

That the

rate o f in-gathering at that time enormously exceeded the
present rate, may be regarded as certain.
increase

That the

resulting from such in-gathering during the

hundreds o f millions o f years that it has been in operation
since the period when the earth first existed as a gaseous
mass, must have resulted in adding a quantity o f matter
forming no inconsiderable aliquot part o f the earth’s
present mass, saems to me a reasonable inference, although
it is certain that the present rate o f growth continued even
for hundreds o f millions o f years would not appreciably
affect the earth'B mass.*

A n d it is a thought worthy o f

consideration, in selecting between Laplace's theory of
contraction and the theory o f accretion, that accretion
being a process necessarily exhaustive, we are able to
• I t is, perhape, hardly necessary to explain that I refer here not to
absolute but to relative increase. T he absolute increase o f mass
would amount to many millions o f tons, b a t the earth would not be in
creased b y the billionth part o f her present mats
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it back through stages o f gradually increasing

activity without limit until we reach that stage when the
whole o f the matter now forming our solar system was as
yet unformed.

Contraction may alternate with expansion,

according to the changing condition o f a forming system ;
but accretion is a process which can only act in one
direction; and as accretion is certainly going on now,
however slowly, we have but to trace back the process to
be led inevitably, in m y judgment, to regard our system
as having its origin in processes o f accretion,— though it
seems equally clear that each individual orb o f the system,
if not each subordinate scheme within it, has also under
gone a process o f contraction from a former nebulous
condition.
In this early gaseous stage our earth was preparing as
it were to become a sun.

As yet her gaseous glol>e

probably extended beyond the smaller aggregation out of
which the moon was one day to he formed.

This may be

inferred, I think, from the law o f the moon’s rotation.

It

is true that a moon independently created, and started on
the moon’s present course, with a rotation-period nearly
equalling its period o f revolution, would gradually have
acquired a rotation-period exactly equalling the mean
period o f revolution.

But there is no reason in nature

why there should have been any such near approach;
whereas, if wc suppose the moon’s gaseous globe to have
been originally entangled within the outskirts o f the earth's,
we see that the peculiar relation in question would have
prevailed from the beginning o f the moon’s existence as a

1
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separate body.

The laws o f dynamics show ns, moreover,

that although the conditions under which the moon moved
and rotated must have undergone considerable changes
since her first formation, yet that since those changes took
place very slowly, the rotation o f the moon would be
gradually modified, pari passu, so

that the

peculiar

relation between the moon’s rotation and revolution would
continue unimpaired*
In her next stage, our earth is presented to us as a sun.
It may be that at that time the moon was the abode o f
life, our earth affording the supplies o f light and heat
necessary for the wants o f creatures living on the moon.
But whether this were so or not, it may be safely assumed
that when the earth’s contracting gaseous globe first began
to have liquid or solid matter in its constitution, the earth
must have been a sun so far as the emission o f heat and
light were concerned.
an undue

regard for

I must warn you, however, against
analogy which

has

led

some

astronomers to say that all the members o f the solar
system have passed or will pass through exactly similar
stages.

That our earth once gave out light and heat, as

the sun does now, may be admitted as probable; and we
may believe that later the earth presented the character
istics which we now recognize in Jupiter; while hereafter
* On the theory o f evolution some such view of the origin o f the
moon'e rotation m att be adopted, unless tbe matter be regarded aa tbe
result of a strange chance. I f we believe, on the contrary, that the
arrangement was specially ordained b y the Creator, we are left to
wonder what useful purpose a relation so peculiar and 10 artificial can
have been intended to subserve.
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it may pass through a stage comparable with that through
which our moon is now passing.

But we must remember

that the original quantity of matter in any orb passing
through such stages must very importantly modify the
actual condition o f the orb in each o f those stages, as well,
o f course, as the duration o f each stage ; and it may even
be that no two orbs in the universe were ever in the same,
or veiy nearly the same condition, and that no change
undergone b y one has corresponded closely with auy
change undergone b y another.
W e know so little respecting the sun’s actual condition,
that even if we could be assured that in any past stages of
her history the earth was nearly in the same state, we
should nevertheless remain in almost complete ignorance as
to the processes to which the earth’s orb was at that time
subject.

In particular we have no means o f forming an

opinion as to the

manner in which

the

elementary

constituents o f the earth's globe were situated when she
was in the sun-like stage.

W e may adopt some general

theory o f the sun’s present condition; for example, we may
accept the ingenious reasoning by which Professor Young,
o f Barmouth, N.H., has supported his theory that the sun
is a gigantic bubble ;* but we should be far from having
* “ The eruptions which are »11 the time” {Anglice, 'alw ays') “ oocnrring
on the snn's surface,'’ says Professor Young, "alm ost compel the auppoaition that there is a crnst o f some hind which restrains the im
prisoned gases, and through which they foroe their w ay w ith great
violence. This crust may consist o f a more or less continuous sheet of
rain,— not of water, of course, but of materials whose vapours are
shown b y means o f the spectroscope to exist in the solar atmosphere,
and whose condensations and combinations are supposed to furnish the

1
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any exact idea o f the processes actually taking place
within the solar globe, even if we were absolutely certain
that that or some other general theory were the true one.
Assuming that our earth, when in the sun-like stage, was
a gaseous mass within a liquid non-permanent shell, we
can see that as the process of cooling went on the showers
forming the shell would attain a greater and greater depth,
the shell thus becoming thicker, the space within the shell
becoming less, the whole earth contracting until it became
entirely liquid; or rather these changes would progress
until no considerable portion of the earth would be
gaseous, for doubtless long before this stage was reached
large portions of the earth would have become solid.

As

to the position which the solid parts o f the earth’s globe
would assume when the first processes o f solidification
took place, we must not fall into the mistake o f judging
from the formation of a crust of ice on freezing water that
solar heat. The continuous outflow of the solar heat is equivalent to
the supply that would be developed b y the condensation from steam to
vapour of a layer about five feet thick over the whole surface of the
sun per minute. As this tremendous rain descends, the velocity of the
falling drops would be increased by the resistance of the dense gases
underneath, the drops would increase until continuous sheets would be
formed ; and the sheets would unite and form a sort of bottomless ocean,
resting upon the compressed vapours beneath and pierced b y innu
merable ascending jets and bubbles. It would have nearly a constant
depth in thickness, because it would re-evaporate at the bottom nearly
as fast as it would grow b y the descending rains above, though pro
bably the thickness of this sheet would continually increase at some
slow rate, and its whole diameter diminish. In other words, the sun,
according to this view, is a gigantic bubble, whose walls are gradually
thickening and its diameter diminishing at a rate determined b y its
loss of heat. It differs, however, from ordinary bubbles in the fact that
its «kin is constantly penetrated b y blasts and jets from within. ”
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these solid parts would form a crust upon the earth.
Water presents an exception to other substances, in being
denser in the liquid form than as a solid.

Some metals and

alloys are like water in this resp ect; hut with most
earthy substances, “ and notably,” says D r Sterry Hunt,
“ the various minerals and earthy compounds like those
which may he supposed to have made up the mass o f the
molten globe, the case is entirely different.

The numerous

and detailed experiments o f St Clair Deville, and those of
Delesse, besides the earlier ones ofBischof, unite iu showing
that the density o f fused rocks is much less than that o f
the crystalline products resulting from their slow cooling,
these being, according to Deville, from one-seventh to onesixteenth heavier than the fused mass, so that if formed at
the surface they would, in obedience to the laws o f gravity,
tend to sink as soon as formed.” *
Nevertheless, inasmuch as solidification would occur at
the surface, where the radiation o f heat would take place
most rapidly, and os the descending solid matter would
l>e gradually liquified, it seems certain that for a long time
the solid portions o f the earth, though not forming a solid
crust, would occupy the exterior parts o f the earth’s globe.
A fter a time, the whole globe would have so far cooled
that a process o f aggregation o f solid matter around the
centre o f the earth would take place.

The matter so

aggregated consisted probably o f metallic and metalloidal
compounds denser than the material forming the crust o f
• I t is os j e t doubtful, how far the rooent experiments of Mallet
affect this reasoning.
B
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the earth.

Between the solid centre and the solidifying

crust, there would he a shell o f uncongealed matter,
gradually diminishing in amount, but a portion probably
retaining its liquid condition even to the present time,
whether existing in isolated reservoirs, or whether, as
Scrope opines, it forms still a continuous sheet surrounding
the solid nucleus. One strange fact of terrestrial magnetism
may be mentioned in partial confirmation o f the theory
that the interior o f the earth is of this nature,— a great
solid mass, separated from the solid crust by a viscous
plastic ocean : the magnetic poles o f the earth are chang
ing in position in a manner which seems only explicable
on the supposition that there is an interior solid globe
rotating under the outer shell, but at a slightly different
rate, gaining or losing one complete rotation in the course
o f about 650 years.
Be this as it may, we find in this theory an explanation
o f the irregularities o f the earth's surface.

The solid crust,

contracting at first more rapidly than the partially liquid
mass within, portions o f this liquid matter would force
their way through and form glowing oceans outside the
crust.

Geology tells us of regions which, unless so formed,

must have been produced in the much more startling
manner conceived by Meyer, who attributed them to great
meteoric downfalls.*

A t a later stage, when the crust,

* There is very little new under the sun. In dealing with the
multitudinous lunar craters, which were certainly formed in ages
when unattached meteors were enormously greater in number and size
than at present, I mentioned as a consideration not to be overlooked
the probability that some of the meteoric matter falling on the moon
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having hitherto cooled more rapidly than the interior, be
gan to have a slower rate o f cooling, the retreating nucleus
left the crust to contract upon it, corrugating in the pro
cess, and so forming the first mountain ranges upon the
spheroidal earth, which preceding processes had

left

partially deformed and therefore ready to become in due
time divided into oceans and continents.
A t this stage the earth must have been surrounded b y
an atmosphere much denser than that now existing, and
more com plex in constitution.

W e may probably form

the most trustworthy opinion o f the nature o f the earth’s
atmosphere and the probable condition o f the earth’s
surface at this early epoch b y following the method o f
when she « H plastic with intensity o f beat n ig h t be expected to leave
trace« which we could d itc e m ; and although none of the larger lunar
«raters oould be ao formed, yet Borne o f the smaller craters in these lunar
region« where crater« overlap like the rings left b y raindrop« which
have fallen on a plastic surface, might be due to meteoric downfall. I
find that Meyer had far earlier advanced a similar idea in explanation
o f those extensive regions o f our earth which present signs o f having
been in a state o f igneous fluidity. Again, tw o or three y e a n ago, Sir
W . Thomson startled ns all b y suggesting the possibility that vegetable
life might have been introduced upon our earth b y the downfall of
fragments o f old worlds. Several years before, Dr. Sterry H unt had
pointed to evidence which tends to show that large meteoric globes
had fallen on the earth, and he shewed further that some meteors contain
hydrocarbons and certain metallic compounds indicating processes of
vegetation. Dr. H unt teÜB me that, in his opinion, some of the meteors
w hose fragments have fallen on the earth in historio times were once
covered with vegetation, since otherwise, according to our present
chtT"*"11-! experience, the actual condition o f these meteoric fragments
w ould he inexplicable. H e does not regard them as fragments of a
considerable orb comparable even with the least of the planets, but still,
whatever their dimensions may have been, ho considers that vegetable
life must have formerly existed upon them.
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reasoning employed

by Dr. Sterry Hunt.

It will be

remembered that he conceives an intense heat applied to
the earth as at present existing, and infers the chemical
results.

It is evident that such a process would result in

the oxidation of every form of carbonaceous m atter; all
carbonates, chlorides, and sulphates would be converted
into

silicates,— carbon,

chlorine,

and

separated in the form o f acid gases.

sulphur

being

These gases, with

nitrogen, an excess of oxygen, and enormous quantities o f
aqueous vapour, would form an atmosphere of great density.
In such an atmosphere condensation would only take place
at a temperature far above the present boiling p o in t; and
the lower level o f the slowly cooling crust would be
drenched with a heated solution o f hydrochloric acid,
whose decomposing action, aided by its high temperature,
would be exceedingly rapid.

The primitive igneous rock

on which these heavy showers fell, probably resembled in
composition certain furnace-slags or basic volcanic glasses.
Chlorides o f the various bases would be formed, and silica
would be separated under the decomposing action o f the
heated showers until the affinities o f the hydrochloric acid
were satisfied.

Later, sulphuric acid would be formed in

large quantities by the combination of oxygen with the
sulphurous acid o f the primeval atmosphere.

After the

compounds o f sulphur and chlorine had been separated
from the air, carbonic acid would still continue to be an
important constituent of the atmosphere.

This constituent

would gradually be diminished in quantity, during the
conversion

of

the

complex

aluminous

silicates

into
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hydrated silicate o f alamina, or clay, while the separated
lime, magnesia, and alkalies would be changed into bicar
bonates, and carried down to the sea in a state

of

solution.
Thus far the earth was without life, at least no forms
o f life, vegetable or animal, with which we are familiar,
could have existed while the processes hitherto described
were taking place

The earth during the long scries o f

ages required for these changes, was in a condition com
parable with the condition through which Jupiter and
Saturn

are

apparently at present passing.

A

dense

atmosphere concealed the surface o f the earth, even as the
true surface o f Jupiter is now concealed.

Enormous

cloud-masses were continually forming and continually
pouring heavy showers on the intensely heated surface
n f the planet, throughout the whole o f the enormous
period which elapsed between the time when first the
earth had a surface, and the time when the atmosphere
began to resemble in constitution the air we breathe.
Even when vegetable life, such as we are familiar with,
was first possible, the earth was still intensely heated,
and the quantity o f aqueous vapour and cloud always
present in the air must have been far greater than at
present.
It has been in vain, thus far, that men have attempted
to lift the veil which conceals the beginning o f life upon
the earth.

I t would not befit me to express an opinion

o n the controversy whether the possibility o f spontaneous
generation has, or has not, been experimentally verified.
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That is a question on which experts alone can give an
opinion worth listening to ; and all that can here be noted
is that experts are not agreed upon the subject.

As a

mere speculation it may be suggested that, somewhat as
the elements when freshly released from chemical com
bination show for a short time an unusual readiness to
enter into new combinations, so it may be possible that,
when the earth was fresh from the baptism o f liquid fire
to which her primeval surface had for ages been exposed,
certain o f the substances existing on her surface were for
the time in a condition fitting them to pass to a higher
order o f existence, and that then the lower forms of life
sprang spontaneously into existence on the earth’s still
throbbing bosom.

In any case, we need not feel hampered

b y religious scruples in considering the possibility o f the
spontaneous generation o f life upon the earth.

It would

be straining at a gnat and swallowing a camel, if we found
a difficulty o f that sort here, after admitting, as we are
compelled by clearest evidence to admit, the evolution
of the earth itself and o f the system to which the earth
belongs, by purely natural processes.

The student o f

science should view these matters apart from their sup
posed

association

with

religious

questions, apart

in

particular from interpretations which have been placed
upon the Bible records.

W e may be perfectly satisfied

that the works o f God w ill teach us aright i f rightly
studied.

Kepeatedly it has been shown that ideas respect

ing creation which had come to be regarded as sacred
because they were ancient, were altogether erroneous,
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and it may well be so in this matter o f the creation of
life.*
Whatever opinion w e form on these points, it seems
probable that vegetable life existed on the earth before
animal life, and also that primeval vegetation was far
more luxuriant than the vegetation o f our own time.
Vast forests

were

formed, o f

which

our coal-fields,

enormous as is their extent, represent merely a small
portion preserved

in their present

form

through

fortuitous combination o f exceptional conditions.

a

B y far

the greater portion o f those forest masses underwent
processes o f vegetable decay effectually removing all
traces o f their existence.

W hat escaped, however, suffices

to show the amazing luxuriance with which vegetation
formerly throve over the whole earth.
In assuming the probability that vegetable life preceded
animal life, I may appear to be opposing m yself to an
accepted palaeontological doctrine, according to which
animal and vegetable life began together upon the earth.
But I would remind you that the actual teaching o f the
ablest, and therefore the most cautious, palaeontologists on
• I t U not for me to undertake to reconcile tlie Bible account of
creation w ith the reeolta which science is bringing gradually more
clearly before ns. It seems to me unfortunate, in fact, that such
reconciliation should be thought necessary. Bnt it must be conceded, I
suppose, b y all, that it is not m ore difficult to reconcile' modern
biological theories o f evolution w ith the Bible record, than it is to
reooncile w ith that record the theory o f the evolution o f the solar
system. Y e t strangely enough many oppose the biological theories
(not without aDger), w ho readily admit that Borne form or other of
the nebular hypothesis o f the solar Bystem muBt be adopted In order
to explain the peculiarities of structure presented b y that aystem.

1
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this point, amounts merely to this, that if the geological
record as at present known be assumed to be coeval with
the commencement o f life upon the globe, then animals
and plants began their existence together.

In a similar

way the teachings o f geology and palaeontology as to the
nature of the earliest known forms o f life and as to the
succession of faunae and florae, depend on an admittedly
imperfect record.

Apart, however, from this consideration,

I do not think it would serve any useful purpose if I were
to attempt, I w ill not say to discuss, for that is out o f the
question, but to speak of the geological evidence respecting
that portion of the past history of our earth which belongs
to the interval between the introduction o f life upon the
surface and the present time.

In particular, m y opinion

on the interesting question, whether all the forms o f life
upon the earth, including the various races o f man, came
into being by processes of evolution, could have no weight
whatever.

I

may remark that, even

apart from the

evidence which the most eminent biologists have brought
to bear on this question, it seems to me illogical to accept
evolution as sufficient to explain the history o f our earth
during millions of years prior to the existence of life, and
to deny its sufficiency to explain the development o f life
(if one may so speak), upon the earth.

It seems even

more illogical to admit its operation up to any given stage
in the development of life, and there to draw a hard and
fast line beyond which its action cannot be supposed to
have extended.*

Nor can I understand why it should be

* Since I thus spoke, a new and as it seems to me an even more
iUogical limit has been suggested for the operation of the process of
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considered a comforting thought, that at this or that epoch
in the history o f the com plex machine o f life, some imper
fection in the machinery compelled the intervention of
God,— thus presented to our contemplation as Almighty,
but very far from being All-wise.
There is, however, one aspect in which the existence o f
life has to be considered as intimately associated with the
future history o f our earth.

We

perceive

that

the

abundance o f primeval vegetation during long ages, aided
b y other processes tending gradually to reduce the amount
o f carbonic acid gas in the air, must have led to a gradual
change in the constitution o f the atmosphere.

At

a

later epoch, when animal life and vegetable life were more
equally proportioned, a state o f things existed which, so
far as can he judged, might have lasted many times

bis

long as it has already lasted had not man appeared upon
the scene.

But it Beems to me impossible to consider

what is actually talcing place on the earth at present,
without perceiving that within periods, short indeed by
comparison with geological eras, and still shorter compared
with the intervals to which the astronomical history o f
our earth has introduced Jus, the condition o f the earth as
an abode o f life will be seriously modified b y the ways
and works o f man.

I t is only in the savage state that man

evolution as affecting the development o f life, and thin by an advocate
of the general doctrine o f evolution. I refer to the opinion advanced
b y Mr. J. Fiske, o f Harvard College (U .S .), “ that no race o f organisms
can in future be produced through the agency o f natural selection and
direct adaptation, which shall be zoologically distinct from, and superior
to, the human race."
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is content to live upon the produce o f the earth, taking his
share, as it were, of what the earth (under the fruitful
heat o f the sun, which is her life) brings forth,— day by
day, month by month, year by year, and century b y
century.

But civilized man is not content to take his

share o f the earth’s income, he uses the garnered wealth
which is the earth’s capital— and this at a rate which is
not only ever increasing, but is increasing at an increasing
rate.

The rapid consumption o f coal is but a single

instance of his wasteful expenditure o f the stores which
during

countless

ages have

seemingly for the use of man.

been

gathered

together,

In this country (America),

I need not dwell upon the fact that, in many other ways,
man is consuming, if not wasting, supplies o f earth-wealth
which cannot be replaced.

It is not merely what is found

within the earth, but the store o f wealth which clothes
the earth’s surface,

which

is

thus

being

exhausted.

Y our mighty forests seem capable o f supplying all the
timber that the whole race of man could need for ages;
yet a very moderate computation of the rate at which
they are being cut down, and will presumably continue to
be, by a population increasing rapidly in numbers and in
the destructive capabilities which characterize modem
civilization, would show that America will be denuded
o f its forest-wealth in about the same period which we in
England have calculated as probably limiting the effective
duration o f our stores of coaL

That period— a thousand

or twelve hundred years— may seem long compared with
the life o f individual men, long even compared with the
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duration o f any nation in the height o f p o w e r; but
though men and nations pass away the human Tace
continues, and a thousand years are as less than a day
in the history o f that race.

Looking forward to that

future day, seemingly so remote, hut (on the scale upon
which we are at present tracing our earth’s history) in
reality the to-morrow o f our earth, we see that either a
change in their mode o f civilization w ill be forced on the
human race, or else it w ill then have become possible, as
you r Ericsson has already suggested, to make the sun’s
daily heat the mainspring o f the machinery o f civilization.
But turning from those portions o f the past and future
o f our earth which, b y comparison with the astronomical
eras o f her history, may be regarded as present, let us
consider, so far as known facts permit, the probable
future o f the earth after astronomical eras comparable with
those which were presented to us when we consider her
past history.
One o f the chief points in the progression o f the earth
towards her present condition was the gradual passing
away o f the heat with which formerly her whole globe was
instinct.

W e have now to consider whether this process

o f cooling is still going on, and how far it is likely to
extend.

In this inquiry we must not be misled b y the

probable fact, for such it seems, that during hundreds o f
thousands o f years the general warmth o f the surface o f the
earth has not appreciably diminished.

In the first place,

hundreds o f thousands o f years are the seconds o f the timemeasures we have now to deal with ; and next, it is known
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that the loss of temperature which our earth is at present
under-going chiefly affects the interior parts o f her globe.
The inquiries of Mallet and others show that the present
vulcanian energies o f the earth are due in the main to
the gradual withdrawal o f the earth’s nuclear parts from
the surface crust, because of the relatively more rapid loss
o f heat by the former.

The surface crust is thus left to

contract under the action o f gravity, and vulcanian pheno
mena— that is, volcanoes and earthquakes,— represent the
mechanical

equivalent of this contraction.

Here is a

process which cannot continue for ever, simply because it
is in its very nature exhaustive o f the energy to which it
is due.

It shows us that the earth’s nuclear regions are

parting with their heat, and as they cannot part with their
heat without warming the surface-crust, which nevertheless
grows no warmer, we perceive that the surface-heat is
maintained from a source which
exhausted.

is being

gradually

The fitness of the earth to be the abode o f

life will not only be affected directly in this way, but w ill
be indirectly affected by the loss of that vulcanian energy
which appears to be one o f its necessary conditions.

At

present, the surface o f the earth is like the flesh clothing
the living b o d y ; it does not wear out because (through
the life which is within it) it undergoes continual change.
But even

as the body itself is consumed b y natural

processes so soon as life has passed from it, so, when the
internal heat o f the earth, which is its life, shall have
passed away, her

surface

w ill

“ grow old as doth a

garm ent; ” and with this inherent terrestrial vitality will
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pass away b y slow degrees the life which is upon the
earth.
In dealing with the past history o f our earth, we recog
nized a time when she was a sun, rejoicing as a giant in the
strength o f youth ; and later we considered a time when
her condition Tesembled that o f the planets Jupiter and
Saturn, whose dense atmospheres seem to be still loaded
with the waters which are to form the future oceans of
those noble orbs.

In considering our earth’s future, we

may recognize in the moon’s actual condition a stage
through which

the earth w ill hereafter have to pass.

W hen the earth’s

inherent heat has passed away and

long ages have elapsed since she had been the abode
o f life, we may believe that her desert continents and
frost-bound oceans w ill in some degree resemble the arid
wastes which the astronomer recognizes in the lunar
surface.

A nd yet it is not to be supposed that the

appearance o f the earth will ever be closely similar to that
presented

by

the

moon.

The

earth

may

part, as

completely as the moon has, with her internal h e a t; the
rotation o f the earth may in hundreds o f millions o f years
be slowed down b y tidal action into agreement with the
period iD which the moon completes her monthly o rb it;
and every form o f animal and vegetable life may perish
from off the face o f the earth : yet ineffaceable traces o f
the long ages during which her surface was clothed with
life and instinct with inherent vitality, w ill distinguish
her from the moon, where the era o f life was incomparably
shorter.

Even if the speculations o f Stanislas Meunier be
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just, according to which the oceans will gradually be with
drawn beneath the surface crust and even the atmosphere
almost w holly disappear, there would for ever remain the
signs o f changes brought about by rainfall and snowfall,
by wind and storm, b y river and glacier, b y ocean waves
and ocean currents, by the presence o f vegetable life and
o f animal life during hundreds o f millions o f years, and
even more potently by the fiery deluge poured continually
on the primeval surface o f our globe.

B y all these causes

the surface o f the earth has been so wrought upon as no
longer to resemble the primary igneous rock which we
seem to recognize in the scarred surface o f our satellite.
Dare we look onwards to yet later stages in the history
o f our earth ?

Truly it is like looking beyond death; for

now imagination presents our earth to us as an inert mass,
not only lifeless as at the beginning,

but no longer

possessing that potentiality o f life which existed in her
substance before life appeared upon her surface.

We

trace her circling year after year around the sun, serving
no useful purpose according to our conceptions.

The

energy represented by her motions o f rotation and revolu
tion seems to be as completely wasted as are those parts
(the whole save only one 230,000,000th portion) o f the
sun’s light and heat, which, falling on no planet, seem to
be poured uselessly into desert space.

Long as has been,

and doubtless w ill be, the duration o f life upon the earth,
it seems less than a second o f time compared with those
two awful time-intervals— one past, when as yet life had
not begun, the other still to come, when all life shall have
passed away.
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Bat we

are thas led to contemplate time-intervals

o f a yet higher order— to consider the eras belonging to
the life-time o f the

solar system itself.

Long

the earth shall have ceased to he the abode

after
o f life

other and nobler orbs w ill become in their time fit to
support millions o f forms as well o f animal as o f vege
table existence; and the later each planet is in thus
"p attin g on life,” the longer w ill be the duration o f the
life-supporting era o f its own existence.

Even those time-

intervals w ill pass, however, until every orb in turn has
been the scene o f busy life, and has then, each after its due
life-season, become inert and dead.

One orb alone w ill

then remain, on which life w ill be possible,— the sun, the
source whence life had been sustained in all those worlds.
A nd then, after the lapse, perchance, o f a lifeless interval,
compared with w hich all the past eras o f the solar system
were utterly insignificant, the time w ill arrive when the
sun w ill be a fit abode for living creatures.

Thereafter,

during ages infinite to our conceptions, the great central
orb will be (as now, though in another sense) the life o f
the solar system.

W e may even look onwards to still

more distant changes, seeing that the solar system is itself
moving on an orbit, though the centre round which it
travels is so distant that as yet it remains unknown.

We

see in imagination change after change, cycle after cycle,
till
Drawn on paths o f never-ending duty,
The worlds— eternity begun—
Best, absorbed in ever glorious beauty
On the Heart o f the All-Central Sun.

32

O ur Place among Infinities .

But in reality it is only because our conceptions are
finite that we thus look forward to an end even as we seek
to trace events back to a beginning.

The notion is incon

ceivable to us that absolutely endless series of change
may take place in the future and have taken place in the
past; equally inconceivable is the notion that series on
series o f material combinations, passing onwards to ever
higher orders,— from planets to suns, from suns to sunsystems, from sun-systems to galaxies, from galaxies to
systems o f galaxies, from these to higher and higher orders,
absolutely without end,— may surround us on every hand.
A n d yet, as I set out by saying, these things are not more
inconceivable than infinity o f time and infinity o f space,
while the idea that time and space are finite is not merely
inconceivable but opposed directly to what the mind
conceives o f space and time.

It has been said that

progression necessarily implies a beginning and an e n d ;
but this is not so where the progression relates to absolute
space or time.

N o one can indeed doubt that progression

in space is of its very nature limitless.
equally true, though

not less

But this is

inconceivable, of time.

Progression implies only relative beginning and relative
endin g; but that there should be an absolute beginning
or an absolute end is not merely inconceivable, like
absolute etejnity, but is inconsistent with the necessary
conditions o f the progression of time as presented to us by
our conceptions.

Those who can may find relief in believ

ing in absolutely void space and absolutely unoccupied time
before some very remote but not infinitely remote epoch,
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which may in such belief be called the beginning o f all
th ings; but the void time before that beginning can have
had no beginning, unless it were preceded by time not
unoccupied b y events, which is inconsistent with the
supposition.

W e find n o absolute beginning if we look

backw ards; and looking forwards we not only find an
absolute end inconceivable b y reason, but revealed religion
— as ordinarily interpreted— teaches— that on that side
lies an eternity not o f void but o f occupied time.

The

time-intervals, then, w hich have presented themselves to
our contemplation in dealing with the pa9t and future of
our earth, being in their nature finite, however vast, are
less than the shortest instant in comparison with absolute,
time, which— endless itself— is measured b y endless cycles
o f change.

A nd in like manner, the space seemingly

infinite from which
materials— in

our solar system has drawn its

other words, the

universe as partially

revealed to us in the study o f the star-depths— is but the
merest point by comparison with absolute space.

The end,

seemingly so remote, to which our earth is tending, the end
infinitely more remote to which the solar system is tending,
the end o f our galaxy, the end o f systems o f such galaxies
as ours— all these endings (each one o f which presents
itself in turn to our conceptions as the end o f the universe
itself) are hut the beginnings o f eras comparable with
themselves, even as the beginnings to which w e severally
trace back the history o f onr planet, o f the planetary
system, and o f galaxies o f such systems, are hut the end
ings o f prior conditions which have fallowed each other in
G

34

O îir Place among Infinities.

infinite succession.

The wave o f life which is now passing

over our earth is hut a ripple in the sea o f life within the
solar system ; this sea o f life is itself hut as a wavelet on
the ocean o f eternal life throughout the universe.

Incon

ceivable, doubtless, are these infinities o f time and space,
o f matter, of motion, and o f life.

Inconceivable that the

whole universe can be for all time the scene o f the
operation o f infinite personal power, omnipresent, all
knowing.

Utterly incomprehensible how Infinite Purpose

can be associated with endless material evolution.

But it

is no new thought, no modern discovery, that we are thus
utterly powerless to conceive or comprehend the idea of
an Infinite Being, Almighty, All-knowing, Omnipresent,
and Eternal, o f whose inscrutable purpose the material
universe is the unexplained manifestation.

Science is in

presence o f the old, old m ystery; the old, old questions
are asked o f her,— “ Canst thou by searching find out
G od? canst thou find out the Almighty unto perfection?
It is as high as heaven; what canst thou do ? deeper than
h e ll; what canst thou kn ow ?”

A n d science answers

these questions, as they were answered o f old,— “ As.
touching the Almighty, we cannot find H im out.”

O F SEEM IN G W A STE S IN NATÜKE.
I t was formerly the custom to regard the study o f soience
as calculated to present to us in a way which all could

understand, the wisdom and benevolence o f that God in
whom we believe.

So thoroughly was this accepted, that

we find many students o f science adopting, almost as a
scientific principle— at any rate, as an incontrovertible
axiom— this supposed fact.

I f a choice lay between two

explanations o f any observed relations, and one explana
tion seemed to accord well, while the other seemed to
accord ill, with conceptions com monly entertained re
specting the ways o f God, the former explanation was
accepted, even though the balance o f evidence might be
in favour o f the latter.
This was true o f all departments o f science; but perhaps
the application o f the principle was more remarkable in
the case o f astronomy than in that o f any other subject.
It was first taken for granted that the celestial orbs were
intended for the support o f life; and then that, to this end,
they must all be at all times inhabited.

W e find even the

observant Herschel so adapting observed facts respecting
the constitution o f the sun to the idea that the sun’s great
mass was intended to be the abode o f life, as to lose sight
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o f evidence which, even in his day, was all hut over
whelming against the theory of the sun’s habitability.
Brewster, in like manner, was misled by similar considera
tions in such sort as to overlook circumstances which he
would scarcely otherwise have omitted to notice.

For

example, regarding the noble orb of Jupiter, the mighty
sweep o f its orbit, and the symmetrical scheme o f bodies
circling round the planet, Brewster inferred that Jupiter was
certainly intended to be the abode of l if e ; and forthwith,
in his zeal to show the fitness of the planet for the purpose,
he neglected to consider the circumstances unfavourable
to the theory, the reduced supply of heat from the sun at
Jupiter’s great distance, the small density of the planet, the
deep atmosphere enveloping it, and the signs o f disturb
ances indicating an intense heat in the planet’s mass.
Nay more : still with the excellent purpose of indicating
the beneficent supervision exerted by the Almighty to
provide for the giant planet of the solar system, Brewster
dwelt upon the arrangement made to supply Jupiter with
reflected light from the four satellites which circle around
him, failing to notice that all these moons, if full at the
same time (which they can never be), would not supply
Jupiter with one sixteenth part of the light which we
receive from our single moon when she is full.*

A nd

many other similar cases might be cited from the pages of
Brewster, Chalmers, Dick, and others who have advocated
the fascinating theory that all the orbs o f heaven exist
either as the abodes of life, or to support life in other worlds.
* ‘ Expanse of Heaven,* pp. 86, et seq.
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Now, there can be no question that it is a just and
excellent view o f the wonders which the study o f science
brings continually before us, to regard them all as symbols
o f the might and wisdom o f God.

N or can there he any

objection to the consideration o f any special object as
illustrating the benevolence o f the Creator towards His
creatures, so only that the object be judiciously selected,
and the evidence o f the useful purposes subserved b y it
be clear and unmistakable.

But it appears to me that

great mischief may be done, that in fact great mischief has
often been done, b y the too frequent attempt to refer all
things to some special design in the interests o f such and
such creatures.

The reader o f works in which such

attempts are made is apt to regard these special iDdications
o f divine economy (so to speak) as forming a necessary
part o f the evidence on which he is to base his belief in
the wisdom and benevolence o f God, and accordingly to
lose faith to some degree, i f he come to learn that the
special purpose supposed to be fulfilled is not in reality
fulfilled, that the seeming display o f care for the wants
o f certain creatures must be otherwise interpreted.
I t appears to me, therefore, most desirable that in
studying the wonders o f nature, we should view facts as
they are— not in an artificial light, however excellent the
source o f that light may be.

W e may believe, with all

confidence, that could we but understand the whole of
what we find around us, the wisdom with w hich each part
has been designed would be m anifest; but we must not
fall into the mistake o f supposing that we can so clearly
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understand all as to be able to recognise the purpose o f this
or that arrangement, the wisdom of this or that provision.
Nor, if any results revealed by scientific research appear
to us to accord ill with our conceptions o f the economy of
nature, should we be troubled, on the one hand, as respects
our faith in God’s benevolence, or doubt, on the other,
the manifest teachings of science.

In a word, our faith

must not be hampered b y scientific doubts, our science
must not be hampered b y religious scruples.
It is very necessary in this age of great scientific dis
coveries to bear this rule in mind.

Again and again it

has been proved, as science has advanced, that the inter
pretation o f observed facts by those who viewed science
specially with reference to religious teachings, had been
erroneous, and again and again the mischief thus tem
porarily wrought has been remedied after a longer or
shorter interval of suspense.

But now that science is

making more rapid strides than of yore, the mischief pro
duced by over-hasty attempts to interpret science in a
manner favourable to preconceived ideas is likely to be
wider and more enduring.

I conceive, then, that nothing

can be clearer than the inference to which past experience
shored lead us.

Since formerly mistakes have been made,

and mischief, more or less extensive, has been wrought by
the practice to which I refer, while little good has ever
resulted, even temporarily, from it, the time has arrived
for adopting a better course.

W e need not suppose for a

moment that science is irreconcilable,— I will not say
with religion, but with ideas— even such as we might con-
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cuive— o f the wisdom and benevolence o f God ; we need
not doubt tbat, if w e could understand the whole scheme
o f the Almighty, it would appear most beautiful, and all
its parts perfectly adapted to H is purposes; the believer
may still say to the unbeliever—
* A ll nature is b u t art unknown to tbee ;
A ll chance, direction, which thou const not s e e ;
A ll diaooTd harmony not understood;
A ll partial evil universal good.’

But we must remember that the believer also cannot
expect to be able to interpret all that science reveals.

And

recognizing this, we should, as I think, study science with
singleness o f purpose, not seeking on the one hand for
evidence o f design whereby to discomfit those from whom
we differ, nor fearing, on the other hand, that onr faith
will be shaken b y discoveries not according altogether with
the ideas we had formed as to the Almighty’s mode o f
dealing with his universe.
Such considerations as these are specially to he home
in mind in dealing with the apparent waste o f power and
material frequently observable in Nature's operations.

It

is not desirable, on the one hand, to close our eyes to these
seeming instances o f waste, while it is equally undesirable
to adopt the opinion that there is necessarily a real waste;
the proper course, then, would appear clearly to be, that,
while recognising the seemingly exuberant display of
energy in Nature, we should be content to believe, though
at present we may be quite unable to prove, that the
waste is apparent only, not real, and to admit that we see

1
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too small a part o f the scheme of the Creator to pronounce
an opinion on the economy or wisdom o f the observed
arrangements.
Although astronomy, bringing us as it does in presence
of the infinities o f space, and indicating the operations o f
an infinity of force acting during infinite time, is o f all
others the science which seems to present to us the most
striking instances o f waste in nature, it would yet be easy
to cite many instances o f seeming waste without leaving
the teachings o f our earth.

H ow many seeds are scattered

over the face of the earth to no visible purpose, for each
one
tion ?

that falls on good ground and grows to perfec
H ow many creatures are brought to life that perish

before they reach maturity?
animals, is true of man.

This, true o f all races o f

True of the individual man, it is

also true of nations, o f races o f men.

History shows us,

and we see in our own day, whole tribes o f men disappear
ing without having reached that degree o f civilization
which we may regard as the measure o f maturity in races
and nations.
I f we look back at the history of our earth before man
appeared, we find even more abundant evidence o f seem
ing waste, and, in particular, if we adopt that favourite
view o f many, according to which the recognition o f the
Almighty’s power in the heavens is regarded as one o f the
chief ends for which the celestial orbs were made, how
strange seems the thought that for ages on ages all the
wonders of the heavens were displayed with none on the
earth to recognise their meaning.

The sun showed hie
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glories in the skies day after day, the moon shed her silver
light on the ocean, the planets traversed their devious
ways amongst the stars, and the constellations shone in
all their splendour, while not a creature existed on the
earth which could appreciate the

glorious display or

reason respecting its significance.
Passing still farther hack we reach a time when the
whole mass o f the earth appears to us as a mere waste.
It is scarcely open to question that, for millions o f years
before life existed on the earth, the whole o f the terrestial
globe was in a state o f intense heat, was the scene o f pro
cesses o f tremendous activity, but was utterly unfit to bo
the abode o f any kind o f life.
N or is it in the past only, o f which records remain to us,
which science can interpret, but in the future also, which
science reveals to us scarcely less clearly through processes
o f inference, that this seeming waste is recognised.

W hen

we look forward to the future o f this earth on which we
live, we find, far off it may he, but still discernible, a time
when all life w ill have perished from off the earth’s face.
Then w ill she circle around the central sun, even as our
moon circles, a dead though massive globe, an orb bearing
only the records and the memories o f former life, but, to
our conceptions, a useless desert scene.

80 might w e Btudy the lessons presented b y our earth,
her present condition, her past history, her future fate,
still finding fresh evidence o f the seeming waste o f nature’s
powers, and o f that which w e call time, as w ell as o f the
material substance in and through which nature works,

42

O ur Place among Infinities.

throughout all time.

Hereafter I propose to discuss such

considerations, and to apply them to another purpose.
But I wish now to turn from the earth to consider how
the heavens present to us

instances, altogether more

striking, o f apparent waste in nature.
Take, first, the sun— that orb whence all the supplies
o f force and eneigy known to us on earth may truly be
said to be derived.

W hat can seem clearer, at a first

view, than that the sun is set at the centre o f the solar
system to supply light and heat to the worlds constituting
that system?

So viewing him, and remembering the

wonderful processes taking place within his globe, and
the marvellous manner in which the fires o f the great
central furnace are sustained, we justly regard the sun as
a fitting subject for our admiring contemplation.

But yet,

so soon as we inquire into the adaptation o f the sun’s powers
to the work which we have regarded as specially assigned
to him, we recognise a mystery o f mysteries in the seem
ing waste o f his gigantic energies.

Our earth receives less

than the 2000 millionth part o f the heat and light emitted
b y the s u n ; all the planets together receive less than
the 230 millionth part; the rest is seemingly scattered
uselessly through the interstellar depths.

To other worlds,

circling around other suns, our sun may indeed appear as
a star; but how minute the quantity o f light and heat so
received from him compared with the enormous quantity
apparently wasted.

The portion which seems squandered

is scarcely affected at all b y such small u ses; and that
portion is more than 230 millions o f times as great as the
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portion used to warn and to illuminate the solar system.
A nd then consider what is the actual amount o f energy
thus seemingly wasted.

I have computed (adopting Sir

J. Herschel’s estimate o f the amount of heat poured by
the sun upon each square mile of the earth’s surface) that
the sun emits in each second as much heat as would result
from the burning of 11,600,000,000,000,000 tons o f coal,
and of this enormous amount o f energy the portion utilized
(that is, the heat received b y the various members o f the
solar system) corresponds only to that due to the con
sumption o f about 50 millions of tons— only fifty millions
out o f 11,600 millions of millions.
And now, remembering that what is true o f the sun is
true of his fellow-suns, the stars, that all the thousands o f
stars we see, all the millions revealed by the telescope, as
well as many myriads of times as many more that lie
beyond the range of our most powerful telescopes, are suns
similarly pouring heat and light into space, how enormous,
according to our conceptions, is the waste o f energy.

The

force wasted is, in fact, very nearly the whole o f the in
conceivable amount expended.
How, then, are we to view the startling fact thus brought
before us ?

Must we admit that so much of the Creator’s

work is vain in truth as in appearance ? or, on the other
hand, must we reject the evidence o f science?
seems to me, we need do neither one nor the other.

As it
We

have before us a great m ystery; but it is not a new thing
to find the ways of God unsearchable by man.

Our faith

in the wisdom o f God need not be shaken unless we
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assume that our science teaches us the whole o f that which
is.

But inasmuch as science itself has taught us over and

over again how little we really know, how little we can
know, I think that we may very well believe in this
instance that the seeming mystery arises from the imper
fectness o f our knowledge.

I f we could see the whole

plan o f the Creator, instead of the minutest portion; if we
could scan the whole of space, instead o f the merest corner;
if all time were before us, instead of a span, we might pro
nounce judgment.

A s it is, what, after all, has science

taught us but what we had already learned ?

‘ The judg

ments o f God are unsearchable, and His ways past finding
out.’

A N E W TH E O R Y OF L IF E IN OTHER W ORLDS.
T w o opposite views have been entertained respecting life
in other worlds.

One is the theory which Brewster some

what strangely described as the creed o f the philosopher
and the hope o f the Christian, that nearly all the orbs
which people space are the abode o f life.

Brewster,

Chalmers, D ick, and a host o f other writers, have adopted
and enforced this view, BrewsteT going so far as to
maintain the probability that life may exist upon the
moon, dead though her surface seems, or beneath the
glowing photosphere o f the sun.

B ut even where so

extreme an opinion has not been entertained, the believers
in the theory o f a plurality o f worlds have maintained
that all the celestial orbs have been created to be, and
are at this present time, the abodes o f life, or else minister
to the wants o f creatures living in other orbs.

It is

worthy o f notice that this view ha3 been entertained even
b y astronomers, who, like the Herschels, have devoted
their lives to the scientific study o f the heavens.

So com

pletely has the theory been identified, as it were, with
modern astronomy, that we find the astronomer passing
from a statement respecting some observed fact about a
planet, to the consideration o f the bearing o f the fact on
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the

requirements o f

living creatures on the planet’s

surface, without expressing any doubt whatever as to the
existence

of

such creatures.

For example, Sir John

Herschel, writing about the rings o f Saturn, after dis
cussing Lardner’s supposed demonstration that the eclipses
caused by the rings would last but for a short tim e; *
says, 1This will not prevent, however, some considerable
regions o f Saturn from suffering very long total inter
ception o f the solar beams, affording to our ideas but an
inhospitable asylum to animated beings, ill compensated
by the feeble light o f the satellites; but we shall do
wrong to judge o f the fitness or unfitness o f their condi
tion from what we see around us, when perhaps the very
combinations which convey to our minds only images
o f horror may be, in reality, theatres o f the most striking
and glorious displays o f beneficent contrivance.’

And

many other such cases might be cited.
Before passing to the opposite view o f life in other worlds,
a view commonly associated with the name o f the late
Dr. W hewell, I shall venture to quote a few passages
from his Bridgewater Treatise on Astronomy and General
Physics, in which he writes very much like a supporter
o f the theory he subsequently opposed in his ‘ Plurality
* This is disproved, and the justice of HerscheTs views demonstrated
in chapter vii. o f m y treatise on Saturn, in which work I give a table
o f the climatic relations in Saturn (for I also once adopted the theory
criticized above) the time and place of sunrise and sunset in Saturnian
latitudes in Saturnian Spring, Summer, Autumn, and W inter, and so
on. Labour wasted, I fear, except as practice in Geometrical
Astronomy.
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Thus, speaking o f the satellites in the solai

system, he says,— ‘ There is one fact which immediately
arrests our attention; the number o f these attendant
bodies appears to increase as we proceed to planets farther
and farther from the sun.
rule.

Such, at least, is the general

M ercury and Venus, the planets near the sun, have

no attendants; the earth has but one.

Mars, indeed,

who is still further removed, has none, nor have the minor
planets, so that the rule is only approximately verified.
But Jupiter, who is at five times the earth's distance, has
four satellites; and Saturn, who is again at a distance
nearly twice as great, has seven ’ (now eight) ‘ besides that
most

extraordinary phenomenon, his

ring, which for

purposes o f illumination is equivalent to many thousand
satellites.

O f Uranus it is difficult to speak, for his great

distance renders it almost impossible to observe the
smaller

circumstances o f

his condition.

It doe3 not

appear at all probable that he has a ring like Saturn;
but he has at least four satellites which are visible to us,
at the enormous distance o f 900 millions o f miles, and I
believe that the astronomer w ill hardly deny that he may
possibly have thousands o f smaller ones circulating about
him.

But leaving conjecture, and taking only the ascer

tained cases o f Venus, the Earth, Jupiter, and Saturn, we
conceive that a person o f common understanding w ill be
strongly impressed with the persuasion that the satellites
ore placed in the system with a view to compensate fo r the
diminished light o f the sun at greater distances’ Then he
presently adds, alter considering the exceptional case oi
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Mars,— *N o one familiar with such contemplations will,
b y one anomaly, he driven from the persuasion that the
end which the arrangements o f the satellites seem suited to
answer is really one o f the ends o f their creation.’ Here
is the theoiy of life in other worlds definitely adopted, and
moreover presented in company with the extremest form of
the teleological argument, and that, too, b y Whewell, whose
name afterwards became associated with the extremest
development o f the doctrine of the paucity o f w orlds!
The W hewellite theory is tolerably well known, though
certainly it is not held in very great favour.

For my own

part, I used, at one time, to think that W hewell only
advanced it in je s t ; hut now (perhaps because m y own
researches and study have led me to regard the Brewsterian
theory as untenable) I recognise in W hew ell’s later views
the result of longer and more careful study than he had
given to the subject, when (nearly a quarter o f a century
earlier) he wrote his Bridgewater Treatise.
Whatever opinion we form as to the theory advanced
in the ‘ Plurality o f W orlds,’ we must admit that W hewell
did good service to science in breaking the chains of oldfashioned ideas, and inaugurating freedom o f discussion.
The stock writers on astronomy had been repeating so often
the imperfect analogies on which astronomers had earlier
insisted, that the suggestions based on such analogies had
come to be regarded as so many scientific facts.

The

Earth is a planet, and Mars is a planet, therefore what
we know about the Earth may be inferred respecting Mars,
no account being taken o f the known difference in the
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condition o f the two planets: accordingly, not only are
the white spots at the Martian poles to be regarded as
snow-covered

regions, and the blue markings on his

surface as seas, but we are to infer a similarity o f climatic
conditions and other habitudes, without entering into any
Close consideration o f the probable extent o f the planet’s
atmosphere, the heat received from the Sun b y Mars, and
a variety o f other relations respecting which we are at
least as well informed as we are respecting the analogies
in question.

Jupiter, again, is a planet, and though he is

so much larger than the Earth that we might be disposed
at the outBet to regard him as a body o f another order, we
must be so guided b y analogies (which, after all, may be
imaginary) as to consider that his size only renders him
so much the nobler an abode for such life as we are
familiar w ith : and instead o f being struck b y the fact
that Jupiter, unlike Mars, shows no polar snow-caps, we
are to direct our attention to his belts, and to regard them
as cloud-belts analogous to the tropical cloud-zone o f the
Earth.

N or are we to enquire too closely whether the

aspect o f his equatorial belt, to Bay nothing o f his other
belts, corresponds in any degree with that which the
cloud-zone o f our Earth would present to observers on
another planet:— Let it suffice to note a few analogies, as
thus—“ The Earth is a planet, Jupiter is a planet; the
Earth rotates and therefore has a day, Jupiter rotates and
has a d a y ; the Earth has a year, Jupiter has a y ea r; the
Earth has clouds, Jupiter has clou d s; the Earth has a
moon, Jupiter has four m oon s: this done, every other
D
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consideration may be conveniently overlooked, and we
may proceed to descant on the wonderful extent and
dignity o f this distant world, with as little question o f its
being inhabited as though we had seen with our own eyes
the creatures which exist upon the planet’s surface.

So

with Saturn, and the rest.”
W hewell broke through all these old-fashioned methods.
H e dealt with the several planets on the true scientific
principle

long

since enunciated b y Descartes, taking

nothing for granted that had not been proved.

He showed

how unlike the conditions prevailing in the other planets
must be to those existing on the Earth, and without
pretending to demonstrate absolutely that none o f the
higher forms of life can exist on certain planets, he showed
that at any rate the probabilities are in favour o f that
hypothesis.

Passing on to the stars, he did good service

b y showing how much had been taken for granted by
astronomers in their assumptions respecting those orbs;
nor is the value o f his work, in this field, by any means
diminished, by the circumstance that during recent years
evidence which was wanting when W hewell wrote has
been obtained, and the stars have been shown demon
stratively to be suns.

A nd lastly, he dealt in an inde

pendent, and therefore instructive manner, with the starcloudlets

or nebulas, giving many strong reasons for

doubting the views which were at that time repeated in
every text-book o f astronomy.
The conclusions to which W hewell was led were (1)
that no sufficient reason exists for believing in other
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and (2) if the other planets are

inhabited, it can only be, in all probability, b y creatures
belonging to the lowest orders o f animated existence.

He

somewhat softened the harshness o f these inferences by
pointing out that our conceptions o f the glories o f God’s
kingdom need not be enfeebled b y our doubts as to the
existence o f life in the planets o f our own system, or o f
systems circling around other suus.

“ However destitute,”

he wrote, “ planets, moon, and rings may be o f inhabitants,
they are at least vast scenes o f God’s presence, and o f the
activity with which H e carries into effect everywhere the
laws o f nature; and the glory o f creation arises from its
being, not only the product, but the constant field o f God’s
activity and thought, wisdom, and pow er.”

And, in

passing, I may note that Sir David Brewster, when com
menting somewhat angrily and contemptuously on this
remark, failed

really to

grasp

W hewell’s

meaning.

Brewster was at great pains to shew how large a portion
o f the glories o f the heavens is invisible and useless to
m a n ; but W hewell was manifestly not referring to the
glories o f God as revealed to man, but as they exist in
themselves.

It must be admitted, indeed, even b y those

who prefer Brewster’s theory, that he maintained it with
much more warmth than was necessary in such a discus
sion.

In presence o f W hewell’s philosophic, calm, and

dispassionate force o f reasoning, there was something
almost ludicrous in the impassioned outbursts o f the great
physicist who took, the doctrine o f life in other worlds
under his protection.

“ W here," says he, “ is the grandeur.

i
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where the utility, where the beauty, where the poetry, of
the two almost invisible stars which usurp the celestial
names of Uranus and Neptune, and which have been seen
by none

but

astronomy?

a very few even o f the cultivators of

The seaman in the trackless ocean never

seeks their guidance; to him they have not even the value
of the pole star; they contribute nothing to the arts of
terrestrial life :

they neither light the traveller on his

journey, nor mark by their feeble ray the happy hours
which are consecrated to friendship and to love.”

A ll

this is very pretty writing, but it is very little to the pur
pose, and while it has no bearing whatever on what
W hewell had urged, it is a very long way from establishing
what Brewster desired to prove, viz., that ‘ Uranus and
Neptune must have been created for other and nobler
en ds; to be the abodes o f life and intelligence, the colossal
temples where their Creator is recognised and w orshipped;
the remotest watch-towers o f our system, from which His
works may be better studied, and His distant glories more
readily descried/
Here, however, are two theories— opposed to each other,
and not admitting of being reconciled.

I f we are to make

a selection between them, to which shall we turn in pre
ference ? The balance o f evidence is on the whole in favour
of W hewell’s, (so at least the matter presents itself to me
after careful and long-continued stu d y ); but certainly
Brewster’s is the theory which commends itself most
favourably to the mind which would believe that God
“ hath done all things w e ll/’ and that nothing that He
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Even those who. like myself,

are indisposed to admit that the ways and works o f God
are to he judged b y our conceptions o f the fitness of
things, (though we may be altogether certain that all things
are made in wisdom and fitness), would prefer to accept the
Brewsterian theory, if decision were to be made between
the two.

For, what amount o f evidence could reconcile

us to the belief (even though it forced this belief upon us)
that our Earth alone o f all the countless orbs which people
space, is the abode o f reasoning creatures, capable o f recog
nising the glories o f the universe, and o f lauding the
Creator o f those wonders

and o f their own selves ?

Nevertheless we must be guided in these matters by
evidence, not b y sentiment— b y facts, not b y our feelings.
It is well, therefore, to note that the decision does not lie
between the two theories which have just been dealt with.
Another theory, holding a position intermediate between
those two, and combining in m y judgment the evidence
which favours one theory with the fitness characterising
the other, remains yet to be presented.

The last essay

was intended to prepare the way for this theory.
I propose to take, as the basis o f the new theory o f life
in other worlds, the analogy which has com m only been
regarded as affording the strongest evidence in favour of
the Brewsterian theory,— only I shall take a more extended
view o f the subject than has been customary.
Before introducing that Brewsterian argument, I may
remark that the mere fact that our Earth is au inhabited
world is not in itself sufficient even to render probable

54

O ur Place among Infinities.

the theory that there is life in other worlds than ours.
A n equally strong argument might be derived against that
theory from the study o f our Moon,— the only other planet
o f which we have obtained reliable information,— for few
can suppose that the M oon is fit to be the abode o f life.
Since then of the two planets we can examine, one— the
Earth— is inhabited, while the other— the Moon— is pro
bably not inhabited, the only evidence we have is almost
equally divided between the W hewellite and Brewsterian
theories, whatever balance

remains in favour

o f the

latter being too slight to afford any sufficient basis for a
conclusion.
But while this reasoning is just, as applied to the mere
fact that the Earth is inhabited, it is by no means capable
o f overthrowing the evidence which is derived from the

manner in which life exists on the Earth.

W hen we

consider the various conditions under which life is found
to prevail, that no difference o f climatic relations or of
elevation, of land or of air or o f water, o f soil in land,
o f freshness or saltness in water, o f

density in air,

appears (so far as our researches have extended) to render
life impossible, we are compelled to infer that the power
of supporting life is a quality which has an exceedingly
wide range in nature.

I refrain, it will be noticed, from

using here the usual expression, and saying, as o f yore,
that ‘ the great end and aim of all the workings of nature
is to afford scope and room for the support o f life/ because
this mode of speaking may be misunderstood.

W e can

see what nature actually does, and we may infer, if we
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so please, that such or such is the end and aim o f the God
o f nature;

nevertheless we must remember that the

evidence we have belongs to the former relation not to the
latter.

I am careful to dwell on this point because the

longer I study such matters the more clearly do I recog
nise the necessity o f most studiously lim iting our state
ments to that which the evidence

before us

really

establishes.
Passing beyond the evidence which the Earth at present
affords, w e find that during many ages the Earth has
presented a similar scene.

‘ Geology,’ I wrote four years

ago, ‘ teaches us o f days when this Earth was peopled with
strange creatures such as now are not found upon its
surface.

W e turn oar thoughts to the epochs when these

monsters throve and multiplied, and picture to ourselves
the appearance which our Earth then presented.

Strange

forms o f vegetation clothe the scene which the mind’s eye
dwells upon.

The air is heavily laden with moisture to

nourish the abundant flora; hideous reptiles crawl over
their slimy domain, battling with each other, or with the
denizens o f the forest; huge bat-like creatures sweep
through the dusky twilight which constituted the primasval
d a y ; weird monsters pursue their prey amid the depths
o f ocea n : and w e forget, as we dwell upon the’ strange
forms which existed in those long past ages, that the
scene now presented b y the Earth is no less wonderful, and
that the records o f our time may, perhaps, seem one day a9
perplexing as we now find those o f the geological eras.’
In the past, then, as in the present, tliis Earth was in-
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habited by countless millions of living creatures, and
during the enormous period which has elapsed since life
first appeared on the surface of the Earth, myriads if not
millions, of orders of living creatures have appeared, have
lived the life appointed to their order, and have vanished,
or exist only under modified forms.

A s each individual

has had its period o f life, so also has each race, and we
may say with the poet (noting always that the personifica
tion of nature is but a poetical idea, and does not present
any real substantive truth),—

'

A re God and Nature then at strife,
That Nature lends such evil dreams t
So careful of the type she seems.
So careless of the single life.
4 So careful of the type ? * but no,
From scarped cliff and quarried stone
She cries, * A thousand types are gone ;
I care for nothing, all shall go.’

Abundant life, in ever-varying forms, and under all
various

conditions,

continuing

age

after

age

during

hundreds o f thousands of years, such is what our Earth
presents to us when we turn our thoughts to its past
history.

And looking forward, a similar scene is presented

to our contemplation.

For many a long century, probably

for hundreds o f thousands of years, life will continue on
the Earth, unless some catastrophe (the occurrence o f which
we have as yet no reason to anticipate) should destroy life
suddenly from off her surface.
So viewing this Earth, we seem to find forced upon us
the belief that the support of life is the object for which
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the Earth was created, and thus we are led to regard the
other orbs which, like her, circle around a central Sun, as
intended to be the abode o f life.

The only object which,

so far as we can see, the Earth has fulfilled during an
indefinitely long period has been to present a field, so to
speak, for the support o f life, nor can we recognise any
other purpose which she will fulfil in the future.

I f we

admit this, and if we also believe that God made nothing
without some purpose, o f course we have no choice but to
admit that the purpose with which the Earth was made
was the support o f life.

A n d reasoning from analogy, we

infer that the other planets, as w ell those o f our own
system as those which we believe to exist, ‘ wheeling in
perpetual round,’ as attendants upon other Suns, were
similarly created to be the abode o f life.*
* I sh ill venture to quote here the once celebrated argument
advanced b y Dr. Bentley in favour of the plurality o f w orld s:—
“ Considering,” he saya, “ that the soul of one virtuous and religious
man is o f greater worth and excellency than the Sun and all his
planets, and all the stars in the heavens, their ueefulneBS to man might
be the sole end o f their creation if it could be proved that they were
as beneficial to ns as the pole star formerly was for navigation, or as
tb c Moon is for producing the tides and lighting us on winter nights.
But we dare not undertake to show what advantage is brought to us
b y those innumerable stars in the galaxy o f other parte o f the firma
ment, not discernible b y naked eyes, and yet each many thousand
times bigger than the whole body o f the Earth. I f you say th ey beget
in ns a great idea and veneration o f the mighty author and governor of
lo ch stupendous bodies, and excite and devote onr minds to His
adoration end praise, you say very truly and well. But would it not
raise in us a higher apprehension o f the infinite majesty and boundless
beneficence o f God, to anppose that those remote and vast bodies were
formed, not merely upon our account, to be peeped at through an optic
glass, bnt for different ends and nobler purposes f A nd y et who will
deuy that there are great multitudes of lucid stars even beyond the
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But, before we infer from the strength of this reasoning
that the other planets are inhabited worlds, let us look
somewhat more closely into the circumstances, or rather,
instead o f examining only a portion o f the evidence, let
us take a wider survey and examine all the evidence we
possess.

It may appear, at a first view, that already we

are dealing with periods which, to our conceptions, are
practically infinite.

H ow long, compared with the brief

span of human life, are the eras with which history deals!
how enormous, even b y comparison with these eras, appears
the range o f time (tens o f thousands, if not hundreds of
thousands of years), since man first appeared upon this
earth! and, according to the teachings o f geology, we
have to deal with a yet higher order of time in passing
to the beginning of life upon our globe.
o f years to ten m illions!

From one million

It is between such limits, say

the most experienced geologists, that the choice lies. Surely
we may be content with periods such as these, periods as
reach of the best telescopes; and that every visible star may have
opaque planets revolving about them which we cannot discover ? Now
if they were not created for our sakes it is certain and evident that
they were not made for their o w n ; for matter has no life or perception,
is not conscious of its own existence, nor capable of happiness, nor
gives the sacrifice of praise and worship to the author of its being. It
remains, therefore, that all bodies were formed for the sake of intelli
gent minds ; and as the Earth was principally designed for the being
and service and contemplation of men, w hy may not all other planets
be created for the like uses, each for their own inhabitants which have
life and understanding?’ The objection to Dr. Bentley’s argument
resides, not in the belief which he expresses in the W isdom and Benefi
cence of the Creator, but in the confidence with, which he assumes that
the Creator had such and such purposes,—and not perhaps others
such as we not only cannot discover, but cannot even conceive.
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utterly beyond our powers o f conception as the duration
o f the pyramids would be to creatures like the epbemeron,
did such creatures possess the power o f reason!
A nd yet, why should we stop at the beginning o f life
upon this Earth ?

W e have passed to higher and higher

orders o f time-intervals, but the series has no lim it that
we know of, while it possesses terms, recognisable b y us,
o f higher order than those we have been dealing with.
W e know that in the far-off times before life appeared,
The colid Earth whereon w e tread
In tracts o f fluent heat began,
A nd grew to seeming-random forms,
The seeming prey o f cyclio storms.

Let us look back at that part o f the Earth’s history, and
see whether the long periods which we have contemplated
may not be matched and more than matched b y the son s
which preceded them.

W hen we thus

Contémplate all this work o f Time
The giant labouring in his youth,

we see how far we have been from recognising the true
breadth o f the mighty waves on one o f which the life upon
this Earth has been borne, w e see that as yet we have not
Come on that which is, and oaught
The deep pulsations o f the world,—
Aponían musió measuring out
The steps o f tima.

Taking as the extremest span o f the past existence o f life
upon the Earth ten millions o f years, we learn from
the researches o f physicists that the age preceding that of
life (the age during which the world was a mass o f molten
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rock), lasted more than thirty-five times as long, since
Bischoff has shown that the Earth would require 350
millions of years to cool down from a temperature of 2,000°
Centigrade to 200°.

But far back beyond the commence

ment of that vast era, our Earth existed as a nebulous
mass, nor can we form even a conjecture as yet respecting
the length of time during which that earlier stage o f the
Earth’s existence continued.
So much for the past.

O f the future we know less.

But still we recognise, not indistinctly, a time when all
life will have ceased upon the Earth.

Whether by the

process o f refrigeration which is going on, or by the
gradual exhaustion o f the forces which at present reside
in the Earth, or by the change in the length o f the day
which we know to be slowly taking place, a time must
come when the condition of our earth will no longer be
suited for the support of life.

Or it may be that Stanilas

Meunier is right in his theory that as a planet grows
older, the oceans, and even the atmosphere, are gradually
withdrawn into the interior of the planet’s globe, where
space is formed for them by the cooling and contracting
o f the solid frame o f the planet.

But apart from all such

considerations, we know that a process of exhaustion is
taking place, even in the Sun himself, whence all that
exists upon the Earth derives its life and daily nourish
ment.

So that indirectly by the dying out o f the source

of life, if not directly by the dying out of life, this Earth
must one day become as bleak and desolate a scene as
we believe the Moon to be at this present time.
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recognise the bearing o f these con

siderations upon the question o f life in other worlds.

We

had been led by the contemplation o f the long continuance
o f life upon this Earth, to regard the support o f life as in
a sense the object o f planetary existence, and therefore
to view the other planets as the abode o f life.

But we

now see that the time during which life has existed on
the earth, has been a mere wavelet in the sea o f our
Earth's lifetime, this sea itself being but a minute portion
o f the infinite ocean o f time, while, as Tyndall has well
remarked, in that infinite ocean, the history o f man (the
sole creature known to us that can appreciate the wonders
o f creation) is but the merest ripple.

W e learn, then,

from the Earth’s history, a lesson the very reverse o f that
which before we bad seemed so clearly to read there.
It is not the chief, but only a minute portion o f the
Earth's existence which has been characterised b y the
existence o f life upon our globe ; and i f we adopted the
teaching now brought before us, as readily as before we
learned that other lesson, we should say, *I t is not the
chief, but only an utterly subordinate part o f nature’s
purpose, to provide for the existence and support of
life.’
W e have been led b y the study o f the probable past
history o f the earth, and b y the consideration o f her
probable future fortunes, to the conclusion, that although
life has existed on her surface for an enormously long
period, and w ill continue for a corresponding period in
the future, yet the whole duration o f life must be regarded

62

O ur P lace among Infinities.

but as a wave on the vast ocean o f time, while the
duration o f the life of creatures capable o f reasoning upon
the wonders which surround them, is but as a ripple upon
the surface o f

such

a wave.

It matters little then

whether we take life itself, without distinction o f kind or
order, or whether we take only the life of man, we still
find a disproportion which must be regarded as practically
infinite, between the

duration of

such life, and the

duration o f the preceding and following periods when
there has been and will be no such life upon the earth.
But yet, in passing, I cannot but point to the fact that
in considering the usual arguments for life in other worlds,
I might limit myself to the existence o f rational beings.
It would be difficult to show that mere life, without the
power which man possesses o f appreciating the wonders
of the universe, is a more fitting final purpose in creation
than the existence of lifeless but moving masses like the
suns and their attendant planets.

The insect or the

fish, the bird or the mammal, the minutest microscopic
animalcule or the mightiest cetacean, may afford sug
gestive indications o f what we describe as beneficent con
trivance ; yet it is hard to see in what essential respect a
universe o f worlds beyond our own, inhabited only by
such animals, would accord better with those ideas which
the believers in the plurality of worlds entertain respecting
the purpose o f the Almighty, than a universe with none
but vegetable life, or a universe with no life at all, yet
replete with wonderful and wonderfully moving masses
o f matter.

It is rational life alone to which the arguments
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would it be difficult to raise here another perplexing
consideration, b y inquiring what degree o f cultivation of
the intellect in human races accords with the ‘ argument
from admiration ’ which the followers o f Brewster delight
to employ.

The savage engaged in the mere effort to

support life or to combat his foes, knows nothing o f the
glories whereof science tells us.

The wonders o f nature,

so far as they affect him at all, tend to give ignoble and
debasing ideas o f the being or beings to whose power he
attributes the occurrence o f natural phenomena.

N or as

we advance in the scale o f civilization, do we quickly
arrive at the stage where the admiration o f nature begins
to be an ordinary exercise even o f a few minds.

Still

less do w e arrive quickly, even in reviewing the progress
o f the most civilized races, at the stage when the generality
o f men give much o f their thoughts to the natural wonders
which surround them.

Is it saying too much to assert

that this stage has never yet been attained b y any
nation, even the most advanced and the most cultured ?
I f we lim it ourselves, however, to the existence merely
o f some few nations, amongst whom the study o f nature
has been more or less in vogue, how brief in the history
o f this earth has been the period when such nations have
existed ! how brief the continuance o f those among such
nations which belong to the past, and whose whole history
is thus known to us ! how few even in such nations the
men who have

been

so deeply

impressed with the

wonders o f nature, as to be led to the utterance o f their
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thoughts!

I f the life o f man is but as a ripple where

life itself is as a wave on the ocean of time, surely the
life o f man as the student and admirer o f nature, is but
as the tiniest of wave-crests upon the ripple o f human
life.
How, then, does all this bear upon the question o f life
in other w orlds?

The answer will be manifest if we

apply to these considerations the same argument which
Brewster and Chalmers have applied to the evidence
which indicates the enormous duration o f life upon the
earth.

Since this enormous duration, taking life even in

its most general aspect, has been shown to be as a mere
nothing by comparison with the practically infinite dura
tion o f the earth without life, the argument as respects
life in any other world (at least, in any world o f which
antecedently we know nothing) must be directly reversed.
It is far more probable that that world is now passing
through a part of the stage preceding the appearance o f
life, or o f the stage following the appearance o f life, than
that this particular epoch belongs to the period when that
particular world is inhabited.

If, indeed, we had some

special reason for believing that this epoch to which
terrestrial life belongs has some special importance as
respects the whole universe, we might feel unwilling to
consider the question o f life in any other world independ
ently o f preconceptions derived from our experience in
this world.

But I apprehend that we have no reason

whatever for so believing.

It appears to me that such a

belief— that is, the belief that life in this earth corresponds
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with a period special for the universe itself—is as monstrous
as the old belief that our earth is the centre o f the universe.
I t is, in fact, a belief which bears precisely the same rela
tion to time that the last-mentioned belief bears to space.
According to one belief, the minute space occupied b y our
earth was regarded as the central and most important part
o f all space, and the only part which the Creator had
specially in H is plans, so to speak, in creating the uni
verse ; according to the other, the minute time occupied
b y the existence o f life on the earth is the central and
most important part o f all time, and the only part during
which the Creator intended that living creatures should
exist

anywhere.

Both ideas

are equally untenable,

though one only has been formally discarded.
This present time, then, is a random selection, so to
speak, regarded with reference to the existence o f life in
any other world, and being a random selection, it is much
more likely to belong to the period when there is no life
there.

Let me illustrate m y meaning b y an example.

Suppose I know that a M en d o f mine, living at a distance,
w ill be at home for six minutes exactly, some time between
noon and ten on any given day, but that I have no means
o f forming any opinion as to when the six minutes w ill be.
Then, i f at any given moment, say at three, I ask myself
the question, ' Is my M end at home ? ’ although I cannot
know, I can form an opinion as to the probability o f his
being so.

There are six hundred minutes between noon

and ten and he is to be at home only six minutes, or the
one-hundredth part o f the time,— accordingly, the chance
E
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that he is at home is one in a hundred, or speaking in a
general way it is much more likely that he is not at home
than that he is.

A nd so precisely with any given planet,

apart from any evidence we may have as to its condition,
— what we know about life on our earth teaches us that
the probability is exceedingly minute that that planet is
inhabited.
analogy.

The argument is the favourite argument from
T h u s: life on our earth lasts but a very short

time compared with the duration o f the earth’s existence;
therefore life in

any given

planet lasts

but a very

short time compared with the planet’s existence; ac
cordingly, the probability that that planet is inhabited
at this present moment of time is exceedingly small, being,
infact, as the number of years of life to the number of
years without life, or as one chance in many hundreds at
the least.
This applies to the planets o f our solar system only in
so far as we are ignorant o f their condition.

W e may

know enough about some o f them to infer either a much
higher probability that life exists, or almost certainly that
life cannot exist.

Thus we may view the condition o f

Venus or Mars as perchance not differing so greatly from
that o f our earth as to preclude the probability that many
forms o f life may exist on those planets.

Or on the other

hand, we may believe from what we know about Jupiter
and Saturn that both these planets are still passing through
the fiery stages which belong to the youth o f planet lif e ;
while in our moon we may see a world long since decrepit,
and now utterly unfit to support any forms o f animated
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But even in the case o f our solar system,

though the evidence in some cases against the possibility
o f life is exceedingly strong, we do not meet with a single
instance in which evidence o f the contrary kind is forcible,
still less decisive.

So that in the solai system the

evidence is almost as clear in favour o f the conclusion
above indicated as where w e reason about worlds o f
whose actual condition we know nothing.

A s respects

such worlds,— that is, as respects the members o f those
systems o f worlds which

circle, as we believe (from

analogy), around other suns than ours,— the probability
that any particular world is inhabited at this present time
is exceedingly small.
But let us next consider what is the probability that
there is life on some member or other o f a scheme o f worlds
circling around any given sun. Here, again, the argument is
from analogy, being derived from what we have learned or
consider probable in the case o f our own system.

A nd I

think we may adopt as probable some such view as 1
shall now present.

Each planet, according to its dimen

sions, has a certain length o f planetary life, the youth and
age o f which include the following eras:— a sunlike state; a
state like that o f Jupiter or Saturn, when much heat but
little light is evolved ; a condition like that o f our earth;
and lastly, the stage through which our moon is passing,
which may be regarded as planetary decrepitude.

In each

case o f world-existences the various stages may be longer
or shorter, as the whole existence is longer or shorter, so
that speaking generally the period o f habitability hears

1
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the same proportion in each world to the whole period o f
its existence; or perhaps there is no such uniform pro
portion, while, nevertheless, there exists in all cases that
enormous excess o f the period when no life is possible
over the period o f habitability.

In either case, it is

manifest that regarding the system as a whole, now one, now
another planet (or more generally, now one, now another
member o f the system) would be the abode o f life, the
smaller and shorter-lived having their turn first, then larger
and larger members, until life has existed on the mightiest
o f the planets, and even at length upon the central sun
himself.

W e need not concern ourselves specially with

the peculiarities affecting the succession o f life in the case
of subordinate systems, or o f the members of the asteroidal
family, or

in

other cases where we have little real

knowledge to guide u s: the general conclusion remains
the same, that life would appear successively in planet
after planet, step by step from the smaller to the larger,
until the approach of the last scene of all, when life would
have passed from all the planets, and our sun would alone
remain to be in due time inhabited, and then in turn to
pass

(by time-intervals

to

us practically infinite) to

decrepitude and death.
During all this progression, the intervals without life
would in all probability be far longer than those when one
or other planet was inhabited.

In fact, the enormous

excess o f the lifeless periods for our earth over the period
of habitability, renders the conclusion all but certain that
the lifeless gaps in the history of the solar system must
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that planet) with which they w ould alternate.
I f we apply this conclusion to the case o f any given
star or sun with its scheme o f dependent worlds, we see
that even for a solar system so selected at random the
probability o f the existence o f life is small.

I t is, o f course,

greater than for a single world taken at random ;— -just as
if I had ten friends who were to be at home each for six
minutes between noon and ten, the chance would be
greater that some one o f the number would be at home at
a given moment o f that interval than would be the chance
that a given one o f the number would be then at home ;
while yet even taking all the ten it would still be more
likely than not that at that moment not one would be at
home.
Thus when w e look at any star, we may without
improbability infer that at the moment that star is not
supporting life in any one o f those worlds which probably
circle round it.
Have we then been led to the W kewellite theory that
our earth is the sole abode o f life ?

Far from it.

F or not

only have we adopted a method o f reasoning which
teaches us to regard every planet in existence, every moon,
every sun, every orb in fact in space, as having its period
as the abode o f life, but the very argument from probability
which leads us to regard any given sun as not the centre
o f a scheme in which at this moment there is life, forces
upon

us the conclusion that amoDg the millions on

millions, nay, the millions o f millions o f suns which
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people space, millions have orbs circling round them
which

are at this present time the abode o f living

creatures.

I f the chance is one in a thousand in the case

o f each particular star, then in the whole number (practi
cally infinite) o f stars, one in a thousand has life in the
system which it rules o v e r: and what is this but saying
that millions o f stars are life-supporting orbs ?

There is

then an infinity o f life around us, although we recognise
infinity of time as well as infinity of space as an attribute
o f the existence of life in the universe.

A nd remembering

that as life in each individual is finite, in each planet
finite, in each solar system finite, and in each system o f
stars finite, so (to speak o f no higher orders) the infinity
o f life itself demonstrates the infinity of barrenness, the
infinity of habitable worlds implies the infinity of worlds
not as yet habitable, or which have long since passed
their period o f inhabitability.

Yet is there no waste,

whether of time, of space, of matter, or o f force ; for waste
implies a tending towards a limit, and therefore o f these
infinities, which are without limits, there can be no waste.

A

M ISSING

COMET.

M a n y persons were alarmed in August 1 8 7 2 lest it should

he true (as reported) that Plantamour, the Swiss astrono
mer, had predicted the earth’s destruction b y a comet on
the twelfth o f that month.

"When once a prediction o f

this sort has been announced, it is almost impossible to
remove the impression produced b y it.

The reputed

author o f the prediction may deny flatly that he had ever
announced even the approach o f a co m e t; every astrono
mer o f repute may add his testimony to the effect that no
comet is due at the

time

indicated for the

earth’s

destruction ; the way in which the mistake arose may be
explained, and every effort made to spread the explanation
as w idely as possible: yet the impression w ill neverthe
less remain that there must have been some ground for
the prediction, or— if it be insisted that no prediction
was made— then there must have been some ground for
the story o f the prediction.

Confidence is not completely

restored until the day and hour announced for the earth’s
destruction have passed without mishap.*
* Being at Sheffield in October 1872, I was told Ml excellent story
about the comet. The story has the advantage over moat others o f the
kind, o f being strictly true :— In a certain house, in Sheffield, Monday,
Anguat 12, had been appointed a great washing-day. On the morning
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striking illustration o f the proneness o f men to

believe in astronomical predictions of the earth’s destruc
tion, was afforded by a circumstance in the history of a
comet, which has since given trouble to astronomers in
another way.

The “ missing comet,” about which I now

propose to speak, has been in its day a source o f terror
to the nations.
About forty years ago, it was widely announced that
astronomers were on the watch for a comet whose path
approaches very closely to the earth’s— in fact, within the
astronomically minute
thereabouts.

distance

of 20,000

miles,

or

Immediately the news spread that the earth

was to be destroyed.

A

comet must be small indeed

which has not a head more than forty or fifty thousand
miles in diameter— so that the coming comet might be
expected to extend far beyond the 20,000 miles separating
its track from the earth’s.

The terrible head o f the comet

would therefore envelop the earth, and either the earth
would be dissolved with fervent heat, or else, perhaps,
drowned by a second flood.

Even if the earth escaped

either form of destruction, the shock of the collision would
destroy every living

creature

on

her

surface.

Nay,.

of the day, the housekeeper asked for an interview with her master on
the subject of the comet. She begged to know if it were really true
that the world was to be destroyed on that day. [Receiving assurances
to the contrary, she expressed some degree of satisfaction : “ but sir,”
she said, “ though what you say may be very true, might it not be
just as weU to put off the washing till to-morrow ? ” Whether she
thought a washing-day unsuitable for the comet’s visit, or that a good
cleaning-up would be desirable on the day after the visit, deponent
sayeth not.
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granting even— though many were too frightened to admit
the possibility— that a comet is but a thin luminous
vapour, was it not all but certain that this vapour, per
meating

our atmosphere, would asphyxiate men and

animals ?
Astronomers were rather surprised at the interpretation
put upon their prediction.

They were tolerably well

assured that the comet would cross the earth’s track very
nearly at the time indicated; but they had said nothing
about the earth’s encountering the comet.

In fact, they

had announced that the comet would at the end o f October
cross the part o f the earth’s track which she traverses at
the end o f November.

The fears o f a collision were as

absurd as would be the fears o f passengers b y a certain
train, who should be in terror o f their lives because
nother train was to cruss their line at a certain point, an
hear before

they reached that point.

But

it

was

useless for astronomers to point out that the intersection
o f two paths did not im ply the collision o f bodies follow 
ing those p ath s*

The alarm having once been sounded,

no reasoning would allay the fears o f the general public.
• I t is rather singular that mistakes should be made in a matter
seemingly so obvious,— and not only b y the ignorant, but b y well
educated persons. Thus, in one of Cooper’s novels (I forget which st
the moment, bnt have an impression that it is the ‘ 1Pathfinder,"— it is
one o f those in which Leatherstochings, alia» Hawkeye, appears as a
young man), a shooting contest is elaborately described, in which the
great feat o f all depends on precisely such a mistake aB was made about
the comet of 1832. The yoon g marksman (not yet called Hawkeye)
succeeds in all the trials of skill, nntil only he and a rival in the
heroine's affections are left in the oontesb Then the great trial is made.
T w o persons, standing some distance apart, throw each a potato, in

74 -

O ur Place among Infinities.

Nay, some, who understood that the earth herself would
not come into collision with the comet, were in dread lest
the earth’s orbit should suffer!
"E v e n among those,” says Guillemin, “ who placed
confidence in the precision o f astronomical calculations
there were some who at least feared a derangement of
our orbit.

Doubtless to them an orbit was something

material,— a metallic circle, for exam ple; * as if,’ says
Arago, in relating this curious notion, ‘ the form o f the
path in which a bomb after leaving a mortar traverses
space was dependent on the number and positions o f the
paths which other bombs had formerly described in the
same region. ’ ”
It is rather singular that the very comet which thus
nspired an altogether groundless fear, should have supplied
the most striking evidence astronomers have ever obtained
respecting the insignificance o f the effects which may be
expected to follow from the collision o f a planet with a
comet.

Biela’s comet— or

Gambart’s

as the French

astronomers call it— has not merely been broken up under
such a way that the two paths, as seen b y the marksman, intersect, and
the marksman is to fire so as to hit both potatoes. The favoured lover
succeeds, but the future Hawkeye generously misses.
Afterwards,
however, to show the heroine that he also could have accomplished the
impossible feat, he accomplishes another. He invites her attention to
tw o birds high overhead, and travelling on converging pa th s; and
offers to kill the two with a single bullet. The birds obligingly con
sent to this arrangement, and when their dead bodies fall at the feet of
the maiden, she recognises the generosity of the young rifleman. But
not a w ord is said about the self-sacrificing ingenuity of the birds, or
About the amazing skill which the potato-throwers must have acquired
to render the other feat a possibility.
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i-he very eyes o f astronomers, and in a region o f space
where no masses o f any importance can have encountered
it, but since that time it has been so faT dissipated,— no
one knows how,— that the most powerful telescopes have
failed to show the comet, even when its calculated place
was such that had it retained its former appearance it
would have been visible to the naked eye.
The history o f Biela’s comet has been singularly inter
esting throughout.
The comet may be said to have been discovered when
Biela, in February 1826, first observed it in Aries ; for it
was then only that the true nature o f this comet’s path
was recognised.

It was found that it travels in an orbit of

moderate dimensions, carrying it when farthest from the sun
to a distance somewhat exceeding that o f the planet Jupiter.
It belongs, indeed, to a family or group o f comets distin
guished b y the peculiarity that their paths pass very close
to that o f Jupiter, insomuch that the notion has been
suggested, that either these comets have all been forced
to take up their present paths through the tremendous
attractive influence o f the giant planet, or else that every
one o f them has been expelled from Jupiter’s interior at
some very remote epoch 1
So carefully was Biela’s com et observed in 1826, that it
was found possible to trace hack the comet’s course through
former revolutions with sufficient accuracy to determine
whether the comet had been before observed. W hen this was
done, it was found that the comet had been seen on March
8, 1772, by Montaigne, at Limoges ; and later, np to April
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3, by Messier, the great comet hunter.*

The comet had

also been seen (having returned four times in the interval)
b y Pons, on November 10, 1805.

On this occasion it

presented a somewhat remarkable appearance, its head
having an apparent diameter equal to about a fourth o f
the moon's.

On December 8, the astronomer Oibers saw

it without a telescope.

From calculations made on that

occasion, some astronomers were led to suspect that this
comet might be the same which Montaigne had seen in
1772; but the art o f calculating cometic orbits had not then
been so thoroughly mastered as to enable any mathema
tician to speak confidently on this point.

Indeed, at that

time the idea was very generally entertained that comets
travel for the most part
dimensions.

Only one

in orbits

having enormous

instance— Lexell’s comet— had

hitherto been known to the contrary, and there were
excellent reasons for regarding that instance as altogether
exceptional
In 1826, however, the comet was too carefully observed
for any doubts to be further entertained.

It was shown

by several eminent mathematicians that the comet has a
* So thoroughly had Messier identified himself with the work o f
comet-seeking, that all sublunary events seemed insignificant to him b y
comparison. It is related of him that he was less troubled at his wife’s
death than at the circumstance that, owing to tho interruption to his
labours which her illness had occasioned, he failed to discover a comet,
a rival comet-seeker gaining that distinction. A friend met the dis
tracted widower a day or tw o after Mme. Messier’s death, and expressed
sympathy with him.— “ A h ,” replied Messier, “ it was hard— was it
not ?— that after all m y watching I was obliged to leave m y telescope
just when the comet came.”
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pprfrid o f about six years and nine months.

Santini and

Damuiaeau assigned November 27, 1832, as the date o f
this comet’s return to its point o f nearest approach to the
sun.

Olbera confirmed this result, showing, moreover,

that the comet’s course would bring it within 20,000 miles
o f the earth’s path.

Remarking on this, Sir John Hersckel

wrote, in 1866, “ The orbit o f this comet very nearly indeed
intersects that o f the earth on the place which the earth
occupies on or about the 30th o f November.

I f ever the

earth is to be swallowed up b y a comet, or to swallow up
one, it will be on or about that day o f the year.

In the

year 1832 we missed it b y a month.

The head o f the

comet enveloped

o rb it;

that point o f our

but this

happened on the 29th o f October, so that we escaped that
time.

H ad a meeting taken place, from what we know of

comets, it is probable that no harm would have happened,
and that nobody would have known anything about i t ”
It is important to notice how closely the calculations o f
astronomers agreed with the observed event on this, the
first occasion o f the comet’s return after its orbit had been
calculated.

I f it be remembered that after 1826 the comet

was out o f sight for nearly six years, during all which time
it was more or less exposed to disturbing attractions, it
w ill he admitted that astronomy would have had no reason
to be ashamed if the comet had returned to its point of
nearest approach to the sun, within a week, or even a
month o f the appointed time.

But the actual difference

between the observed and calculated time was less than
twelve hours.

To illustrate this b y a terrestrial instance,

7$
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the case is much as though an express train from Edinburgh
should arrive in London within a second of the appointed
time— a degree o f accuracy not invariably attained, though
the terrestrial engineer has the power, which the comet has
not, o f making up for lost time.
It is also to be noticed, that at each return o f a comet,
its course can be predicted with greater accuracy; since
the error noticed at any particular return affords the means
of rectifying former calculations, and providing against
similar error at future returns.

The reader will presently

see why this point is insisted u pon : it is essential to
notice the degree o f mastery which astronomers had
acquired, even so far back as 1832, over-the motions o f
this particular comet.
In 1839 the comet returned, but was not seen, owing to
the position o f the sun at the time when the comet was in
our neighbourhood.

Throughout its passage near us, in

fact, the comet was lost to sight in the splendour o f the
sun’s beams.
A t the next return the comet was detected very early,—
for whereas it passed the point o f its orbit nearest to the
sun on February 11, 1846, it was recognised, precisely in
its calculated place, on November 28, 1845.
A nd now one o f the most singular events recorded in
the history o f comets took place.

In 1846, “ all seemed,”

says Sir John Herschel, “ to be going on quietly and
comfortably, when, behold! suddenly, on the 13th o f
January, the comet split into two distinct com ets! each
with a head and coma and a little nucleus o f its own.
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There is some little contradiction about the exact date.
Lieutenant Maury, o f the United States Observatory o f
Washington, reported officially on the loth, having seen it

double on the 13 th ; but Professor Wichmann, who saw it
double on the 15th, avers that he had a good view o f it on
the 14th, and remarked nothing particular in its appear
ance.

Be that as it may, the comet from a single became

a double one.

W hat domestic troubles caused the seces

sion it is impossible to conjecture ; but the two receded
farther and farther from each other up to a certain
moderate distance, with some degree o f mutual communica
tion, and a very odd interchange o f light,— one day one
head being brighter, and another the other,— till they
seem to have agreed finally to part company.
part o f the story, however, is yet to come.

The oddest

The year 1852

brought round the time for their re-appearance, and
b eh old ! there they both were, at about the same distance
from each other, and both visible in one telescope."
The oddest part o f the story had not yet come, however,
when Herschel wrote the above lines.

But, before passing

on to relate the fate o f this comet, it may be well to
correct a few o f the statements in the above passage
(presented just as it stands in the original, because it is a
good specimen o f Sir John Herschel's more familiar style
o f science-writing).
In the first place, the two companion comets had each
a tail, as well as a head, coma, and nucleus.

Then, as the

object was passing out o f view in 1846, the two comets
seemed to approach each other.

The greatest distance

<8o
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between them was attained on or about March 3, 1846,
and amounted to about 157,000 miles.

On the return of

the double comet, in 1852, the distance had b y no means
remained unchanged, as Herschel states, but had increased
to about 1,250,000 miles.

It is worthy of notice, in

passing, that Plantamour, o f Genoa,— the same astronomer
to whom the prediction o f the world’s destruction b y a
comet on August 12, last, was mistakenly assigned,—
calculated the paths o f both the components, and the
motions o f the comets were found to agree very closely
with his results during the whole time that the comets
eontinued visible.
In 1858, the comet probably returned; but, as in 1839,
the part of the heavens traversed by it was too close to the
sun’s place to permit the comet to be seen, I say that
the comet probably returned; because we know that in
1852 it safely traversed the part of space where it had
formerly divided, and passed from the sun’s neighbourhood
towards the outer parts o f its orbit, apparently unscathed.
But what happened to the comet during its passage past
the sun in 1859 is not known.

It w ill presently be seen

that in all probability the comet was then destroyed or
dissipated in some way.

In fact, it is manifest that the

same reason which leads us to believe that the comet
returned in 1859, would lead us to believe, that if it had
passed away again uninjured, it would have been seen at
the next return, or in 1866.

But 1866 came ; the path o f

the comet was assigned; astronomers looked forward with
interest to its reappearance, eager to see how far the two
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component comets had separated from each oth er ;— and

no comet appeared!

Telescopes o f great power, and of

exquisite defining qualities, swept the whole track on
which the comet was to have travelled; nor were the
neighbouring regions o f the heavens left unexplored; but
not a trace o f the comet could anywhere be seen.

There

was not the slightest room for questioning the accuracy
o f the calculations b y which the path had been predicted.
Astronomers were certain that if undestroyed or undissi
pated the comet would follow the assigned path,— as
certain as a station-master would be that a train would
enter a station along the line o f rails assigned to it, unless
some accident or mistake should occur.

Now comets

do not make mistakes ; but, as we now see, they are not
free from the risk o f accidents.

This comet had already

met with an accident, being broken b y some mischance
into

two

parts under the very eyes o f astronomers.

Probably in 1859 it met w ith further misfortunes, visible
mayhap to astronomers in Venus or Mercury.

A t any

rate, something had happened to the comet since its
retreat in 1852.

‘‘ It is now,” wrote Sir J. Herschel at

the time (Feb. 1866), “ overdue!

Its orbit has been

recomputed, and an ephemeris ” (that is, an account o f its
motion from hour to hour) “ calculated.

Astronomers

have been eagerly looking out for its reappearance for the
last two months, when, according to all former experience,
it ought to have been conspicuously visible— but without
success 1 giving rise to the strangest theories.

A t all

events, it seems to have fairly disappeared, and that withF
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out any such excuse as in the case o f Lex ell’s, viz., the
preponderant attraction of some great planet.

Can it

have come into contact or exceedingly close approach to
some asteroid as yet undiscovered;

or, peradventure,

plunged into, and got bewildered among, the ring o f
meteorolites, which astronomers more than suspect?”
Both these explanations seem at a first view available.
Biela’s comet had a course carrying it through the outskirts
of the zone of minor planets; and there was nothing what
ever to prevent the comet from coming into collision with
one o f these bodies, or else approaching so nearly as to be
greatly disturbed, and to travel thereafter on a different
orbit.

But an objection exists which Sir J. Herschel does

not seem to have noticed.

W hen the comet retired in

1852 it consisted of two distinct comets, separated by an
intervening space of about 1,250,000 miles.

N ow it would

be a singular chance which should bring one o f these
comets into collision with a minor planet, or so near as to
occasion an important disturbance.

But supposing this

to happen, then the fellow-comet, not travelling in the
wake of the first, but side by side, would certainly have
escaped.

For it must be remembered, that although

1,250,000 miles is a very small distance indeed by com
parison with the dimensions of the solar system, it is an
enormous distance compared with the dimensions o f the
minor planets,— some o f which have a surface not much
greater than that of an English county.

The minor planet

occasioning the comet’s disturbance would presumably be
one of the smallest since it has not yet been detected, and
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the newly discovered minor planets are on the average
much smaller than those first detected.

Now, the earth

herself would have no very marked influence on a comet
or meteor passing her at a distance o f 1,250,000 miles ; for
it is to be remembered, that the comet as well as the earth
would have an enormously rapid motion, and the disturbing
power o f the earth would therefore only act for a short
time.

But a minor planet— even the largest o f the

family,— would not have the twenty-thousandth port o f
the earth’s p ow er* to disturb a passing com et

At a

distance o f 200,000 miles, a comet would pass such an
asteroid without any marked disturbance o f its motions.
O f course it is not absolutely impossible that one o f the
comets o f the pair should have been encountered by one
minor planet, and the other b y another; but the improba
bility against such a contingency is so great that we need
scarcely entertain the idea even as a bare possibility.
"We are left then to the supposition that the comet was
destroyed or dissipated b y meteoric streams.

I t is at

once seen that this theory is at least more consistent with
observed facts than the other.

The comet had been seen

to divide into two parts in a portion o f the solar system,
where certainly no bodies but meteorites can be supposed
• I t i i probable that the largest o f the minor planete—Vesta—has a
diameter o f rather wore than 200 miles, or at the outside say 2G0 miles
— the thirtieth part o f the earth's diameter. Thus, assuming Vesta to
have the same density ss the earth (whereas, being smaller, she pro
bably is very much less compressed), w e get for her mass (or, which is
the same thing, her attractive power) the 27,000th part o f the earth's—
obtaining the number 27,000 b y m ultiplying 30 twice into itself.
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It seems reasonable to suppose, that on that

occasion the head of the comet had come right upon some
group of meteors, and so had divided as a stream of water
divides against a rock.

Assuming this, we find reason for

believing that the track o f this comet crosses a rich meteorregion. The particular group which had caused the division
o f the comet would o f course pass away, and would not
probably come again in the comet’s way for many years
or even centuries.

But another group belonging to the

same system might in its turn encounter the comet, and
complete the process o f dissipation which the former had
commenced.

On this theory, the distance between the

companion comets would introduce no difficulty.

For not

only is it quite a common circumstance for meteoric
systems to have a range of several millions o f miles,* but
— a much more important consideration —both the comets
would be bound to return to the scene of the former en
counter.

It was there that each had been sent off on a

new tra ck ; but each new track started from there, and
therefore each new track must pass through there.
So that it seems far from improbable that, if the comets
could have been watched during their return in 1859, they
would have been seen to travel onwards towards the place
where they had originally separated ; as they approached
that place, it would have been perceived that they drew
nearer together, though they would not reach that point
at the same moment;

and then each in turn would have

* See the paper on meteors in the “ Expanse of Heaven.”
+ Of course in an article intended like the present for general reading,
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appeared to grow more and more diffuse as the encounter
with the meteor-group proceeded, until first one and then
the other would have vanished altogether from view.
I t may be asked, whether any circumstances in the
history o f comets seem to show that comets really are
exposed to dissipation in this way.

To this the reply is,

that although Biela’s is the only comet which has been
seen to divide into parts in modern times, or under tele
scopic scrutiny, yet history records more than one instance
o f a similar kind,— and that too in the case o f distinguished
comets, not mere telescopic light-clouds such as Biela’s.
The following passage from Grant’s noble work, “ The
History o f Physical Astronomy," gives nearly all that is
known on this point, though some Chinese records might
be added did space permit:— “ Seneca relates that Ephorus,
an ancient Greek author, makes mention o f a comet which,
before vanishing, was seen to divide itself into two distinct
bodies.

The Homan philosopher appears to doubt the

possibility o f such a fa c t; but Kepler, with characteristic
sagacity, has remarked that its actual occurrence was
exceedingly

probable.

The

latter

astronomer further

remarked, that there were some grounds for supposing that
two comets, which appeared in the same region o f the
it is n ot possible to enter at length in to all th e consideration« which
have to be attended to in an exact inquiry into th e m otions o f tw o comets
after reparation. I t w ill b e sufficient to point out that, unless the
collision w hich caused the separation le ft the velocity o f each exactly
equal— a w h olly tm likely supposition—th ey w ould return to the scene
of oollition at different epochs. The increased distance betw een them
in 1852 show ed that th is was actually the case.

L
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heavens in the year 1618 were the fragments o f a comet
that had experienced a similar dissolution.

Hevelius

states, that Cysatus perceived in the head o f the great
comet of 1618 unequivocal symptoms o f a breaking up o f
the body into distinct fragments.

The comet, when first

seen in the month of November, appeared like a round
mass o f concentrated ligh t

On the 8th o f December it

seemed to be divided into several parts.

On the 20th o f

the same month it resembled a multitude o f small stars.
Hevelius states, that he himself witnessed a similar appear
ance in the head o f the comet of 1661.”
It is, of course, always possible that the destruction or
dissipation o f a comet may be due, not to any collision,
but to that action (whatever may be its nature) by which
the sun seems, after rousing and disturbing the matter of
a comet’s head, to repel a part o f this matter in such sort
as to form a tail, or two or more tails.

Indeed, it is worthy

o f notice that before its division into two comets, Biela’s
comet had shown two distinct tail-like appendages; and
possibly, if the comet could have been constantly watched
it would have been found that these two appendages re
solved themselves eventually into the two tails o f two
distinct comets.
Professor Grant adopts this view o f the matter.

He

says, “ it is impossible to doubt that the division o f Biela’s
comet arose from the divellent action of the sun, whatever
may have been the mode of operation.”

But I must admit,

that I find it quite possible to doubt whether this is indeed
the true solution o f the difficulty.

One can understand
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how two distinct tails might b e expelled or repelled from a
single b e a d ; but it is not so easy to see how two complete
comets could be formed out o f one in this way, nothing

apparently remaining.

To make clear the nature o f this

reasoning, I remind the reader that a comet’s tail is either
formed out o f the head (according to Sir J. Herschel’s
theory), or else is formed through a certain action exerted b y
the head (according to P rof Tyndall’s).

In the former case,

the process never (so far as observation extends) results in
com pletely using up the h ea d ; in the latter, very obviously,
the head must remain, or the action would cease.
either case, then, the head would remain.

In

So that when

two tails were formed they would extend from one and
the same head.

The head cannot be made double b y the

same process which produces the double ta il

There must

be some distinct action on the head to produce such a
result.

Now the tails, after th ey are formed, might have

the power o f drawing away each its own share o f the
original h ead; but the supposition seems rather a wild one.
O n the contrary, the supposition that the comet may have
divided upon a meteoric group involves nothing which is
not in accordance with known facts, since such meteoric
groups exist in countless numbers within the interplanetary
spaces.
It is certainly unsafe, however, to dogmatise upon this
difficult subject in the present state o f our knowledge
Whatever may have been the cause o f this comet’s
dissipation, it would seem to admit o f no possibility of
question that the comet has been finally and completely
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removed from the list o f existing comets.

O f course, it

has not been absolutely destroyed; its fragments exist
somewhere: but, as a comet, it has ceased to exist.

I f it

had continued unchanged, it would have been again in
view, and on the whole under favourable circumstances,
during October in the present year (1872). Prepared to find
it much fainter than of yore, or its fragments more widely
dispersed, astronomers searched for it with more care than
in 1866, not only using more powerful instruments, but
extending their search over a wider range.
comet was not found.

But the

A t the next return, its path would

bring it too near to the sun for astronomers to observe it,
even though it retained its original brightness.

W e may

assume that the process of dissipation and dispersion has
been all this time in progress.

A nd therefore it is im

possible to hope that a trace o f the comet will be recognised
in 1880,— when it would again have passed into view but
for the misfortunes which have befallen it.
This being the case, m y readers perhaps will be surprised
to hear that in a few days from the appearance o f these
lines (Nov. 1, 1872), astronomers expect to see certain
fragments o f debris of this very comet.

This, however, is

actually the case. Since the year 1798, there have appeared
from time to time, early in December, certain meteors or
falling stars which follow a track closely according with the
path of Biela’s comet.

There is not a perfect agreement;

but D r Weiss, a German astronomer, has shewn that the
actual path of the meteors corresponds almost perfectly with
that o f a comet which appeared in 1818, and which there is
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now excellent reason for regarding as itself a fragment o f
Biela’s comet. Now, b etw en November 25 and December
5, tbe earth will be passing through the broad tracks o f both
these comets,

ot

— regarding Biela’s as two— through the

tracks o f these three comets, and so closely behind Biela’s
pair, that we may fairly expect to see many meteors dur
ing that week.

Precisely as, in November 1866, there

was a splendid display o f November meteors, following on
the track o f Tempel’s comet (which had passed early in
1866), so this year there w ill probably be a display o f
meteors following the track o f Biela’s comet, which, though
unseen, must have crossed the earth's path about the
middle o f October.

A t any rate, the skies should be

carefully watched.

The shower o f meteors (should any

occur) will fall in such a direction that shooting-stars
might be looked for at any hour o f the night.

A n d those

belonging to Biela’s comet could be very readily dis
tinguished from others, because their tracks would seem to
radiate from the constellation Cassiopeia.

So that should

any o f m y readers observe, on any night between Novem
ber 25 and December 5, a shooting-star following such a
track, he w ill have the satisfaction o f knowing that in all
probability he has seen a fragment or follower o f a comet
which has divided into two i f not three distinct comets,
and has followed up that process o f dissipation b y dissolv
ing altogether away.
It is not easy to form an opinion as to the actual pro
bability that a fine display o f meteors w ill be seen.

This

particular meteor system has, however, been known to
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produce somewhat remarkable showers.

Thus Brandes,

who first recognised the existence of the system, counted
no less than four hundred meteors in a few hours, while
travelling in a covered carriage on the night o f December
7, 1798.

In conclusion, we may draw, I think, from the history
o f the missing comet the inference that our earth and her
fellow-planets have little to
comets.

fear from collision with

The earth passes each year through more than a

hundred meteor systems and yet suffers no injury, whereas
Biela’s comet would seem to have been destroyed during
only a few encounters with meteoric groups.

It appears

evident, then, that it would be the comet, not our earth,
which would suffer in any encounter of the sort.

Indeed,

comets, which once occasioned such dread, seem to be but
frail creatures.

To quote the words o f poor Blanqui, the

republican,— who wrote in prison about comets as if he
sympathised with them in their trials,— “ if comets escape
Saturn, it is to fall under the stroke o f Jupiter, the police
man of the solar system.

On duty in the dark, he scents

(sic) these hairy nothings (nihilitis chevelues), before a ray
makes them visible, and urges them— distracted— towards
perilous passes.

There, seized by heat and swollen to

monstrosity, they lose their shape, lengthen, disaggregate,
and break confusedly through the terrible straits, abandon
ing the stragglers everywhere, and only managing to
regain, with great difficulty, under the protection o f cold,
their unknown solitudes.”

TH E LOST COMET A N D ITS M ETEOR-TRAIN.
T h e meteor-shower which occurred on November 2 7 ,1 8 7 2 ,

and the circumstances connected with that event, not
only attracted a fresh interest to the subject o f meteoric
astronomy, but

afforded important

evidence respect

ing the connection which undoubtedly exists between
meteors and comets.

I propose in this paper to consider

more particularly the events referred to, having already,in
the last essay but one dealt w ith the history o f meteoric
and cometic astronomy.
It has been shown b y the labours o f Schiaparelli, Adams,
Peters, Tempel, and other astronomers, that the meteors of
November 1 3 -1 4 (called the Leonides) travel in the track
o f Tempers comet.

The meteors o f August 10-11, or

Perseides, have also been shown to travel in the track o f
a comet.

Other such instances o f association have been

more or less fully recognised; and now the conclusion has
been generally accepted, that in-the train or path o f comets
bodies travel in scattered flights, which, if they fall on the
atmosphere o f the earth, appear as shooting-stars or
meteors.
Until the recent shower, however, the inquiries made
in this branch o f research had been limited to cases of
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recognised meteor-systems whose orbits have been found
to agree with those of comets.

It was a new circumstance

in the history of meteoric research when Weiss in
Germany, and Alexander Herschel in England, ventured
to predict a meteoric display because the earth was about
to pass through the orbit of a known comet.

It is true

that there were some reasons for believing that meteors
which had fallen in various years between November 25
a n d . December 7 were attendants upon the comet in
question— Biela’s or Gambart’s.

But the evidence was

slight, and in some respects unsatisfactory; so that it may
be said that in reality the astronomers just named had no
other grounds for their anticipations than first the fact
that Biela’s comet was known to have recently passed the
descending node o f its orbit (or the place where it passes
nearest to the earth’s orbit), and secondly their confidence
in the theory that meteors and comets are in some way
associated.

A prediction such as this became therefore in

some sense a crucial test of this theory— not indeed that
the failure of the prediction would have disproved the
theory (because negative evidence counts for little in this
matter), but that its fulfilment would supply the only
form o f positive evidence yet wanting to that theory.
I

do not here enter at length on the remarkable circum

stances’ connected with Biela’s comet, because they have
been elsewhere stated at considerable length,* and are
probably known to the majority of those who will read
these lines.

Let it suffice to say that the comet was one
"S ee the preceding Essay.
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o f short period, returning at mean intervals o f 6'635 yea rs;
that in 1837 it was observed to be divided into two distinct
com ets; that it returned in 1852, and both the comets
were then still in existence; that whether it returned
(unchanged in general aspect) in 1858-59 or not, is
unknown, because its calculated course was such as to
render observation im possible; and lastly that in 1868,
and again last year, it was searched for in vain with
telescopes o f great power.
N ow it crossed the earth’s path last year nearly twelve
weeks

before November

27, when

the earth herself

traversed the place at which the comet crosses her orbit.
A nd since the meteors o f November 13-14 have been seen,
not merely a few months, but several years after the nodal
passage o f their comet, it seemed not unreasonable to
expect

a

considerable

November 27.

meteoric

display on or about

The exact date was not indeed very

accurately determined, and the reason is readily seen.

1

invite the reader’s special attention to the point, because
it has been somewhat singularly overlooked even by
astronomers o f great mathematical attainments.

The

comet itself had its place o f passage readily calculated,
and it might seem at first sight that whenever the earth
came to that place the display should occur.

But mani

festly the position o f the cometic orbit for November 27,
when the earth crossed that orbit’s node, would not be
identical with the position o f that orbit three months or
so before, when the comet passed its node.

I t might then

seem that this latter position was what astronomers should
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calculate, and as a matter o f fact this is what was commonly
done.

W e find the position of the node of the orbit

for the end of November assigned as the place where the
encounter o f the earth with the meteoric flight was to take
place.

But this view is as incorrect as the former.

Those particular meteors which were travelling twelve
weeks behind the head o f the comet, although, speaking
generally, they would follow the comet’s track, would
nevertheless not be found travelling in precisely the same
orbit, nor would they cross the earth’s orbit precisely
where the comet’s orbit did at the time.

For they would

have been subjected to perturbations differing notably in
character from those which had affected the comet itself.
It must be remembered that the circumstances which
separated such meteors by so great a distance from the
head have not taken place in a few years, in a few revolu
tions o f the comet, or even in a few centuries.

But even

if we take only the last half century or so, and consider
the history o f those meteors during that time, it will be
manifest that their perturbations have differed consider
ably from those which have affected their leader, so to
term the comet in whose track they follow.

In the course

o f those years the comet has made seven or eight revolu
tions, and so have the meteors, while Jupiter, the chief
disturber of Biela’s comet, has made four or five revolu
tions.

In the course o f this period the comet must have

been more than once so placed as to be very considerably
disturbed by Jupiter, because as a matter o f fact the path
o f the comet passes not very far (near its aphelion) from
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The same general statement is

true, o f course, o f the meteors twelve weeks behind.
Now, whenever it happened that the comet was at its
nearest to Jupiter, when passing that critical portion o f
its orbit, the meteors twelve weeks behind were either
not brought so fu lly under the influence o f Jupiter’s
attraction, or if they were, they were perturbed b y him in
a different manner.

This is manifest if we consider how

enormous is the real distance corresponding to the twelve
weeks or so b y which the meteors are behind the comet.
And again, when the meteors chanced to be at their
nearest to Jupiter when passing the critical part o f their
orbit, the comet, twelve weeks in front, was either not
brought so fully under Jupiter’s influence, or was per
turbed in a different way.
N ow whenever a perturbation has been produced, it
affects the orbit o f the perturbed body.

Supposing the

comet and meteors moving in precisely the same orbit at
a particular moment, when Jupiter is pulling the comet
in a certain way and the meteors in a different way, then
forthwith the comet and meteors travel in different orbits.
The difference may be slight, close b y the place where
such perturbations are produced, but it may nevertheless
appreciably affect the positions which w ill be occupied
b y the comet and meteors when severally traversing some
other and distant part o f their orbit (as for instance when
they are at their descending node close b y the earth’s
track).

A n d again, although in the long run there are

compensatory effects— the comets and the bodies travelling
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twelve weeks behind being in the course o f many years
subjected to every variety o f perturbative effect in the
same respective proportions— yet such cycles o f compensa
tion are enormously long in the case of bodies moving in
an orbit like that o f Biela’s com et; and practically it may
be said that compensation is never effected.*
So that unless calculations could be made o f the pertur
bations affecting those meteors

themselves

which are

travelling twelve weeks behind the comet, we could not
possibly be certain as to. the place where the earth would
actually encounter the meteor flight, or whether such an
encounter would take place at all.

The calculation would

be one o f immense difficulty, even if we knew where and
how the meteors had been moving at some particular date ;
• One m ay reason th u s : G iven a body travelling in the orbit of
Biela’s com et; then the orbit o f this body w ill pass through endless
changes. Its eccentricity w ill w ax and w a n e; its inclination w ill
increase and dim inish ; its line of apsides w ill advance and retrograde,
advancing on the w h ole; its line o f nodes w ill advance and retrograde,
retrograding on the w hole ; and countless ages must elapse before its
orb it resumes its original figure, for the four kinds of change w ill n ot
have synchronous periods. N ow the same is true o f another body,
having at the beginning the same orbit but tw elve weeks in front or
behind. This body w ill have its orbit passing through endless changes,
and w ill on ly after countless ages be found travelling in the same
orbit as at first. B ut the period in w hich this w ill happen is not the
same period in w hich the form er w ill happen.
Each period is
enorm ously lo n g ; but after the lapse o f either the bodies are n ot
travelling in the same orbit. W hen one period has elapsed, the other
is far from being com pleted ; when the latter is com pleted, the form er
is far past. N or does it follow that the perturbing planets are in the
same position as when the changes began. M any thousands o f such
periods must pass for both bodies before there is a near approach to
th e original state o f things in all respects.
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but as we know nothing on either point, it is simply
impossible to enter upon the calculation.
It w ill presently be seen that these considerations bear
importantly on the opinion we are to form respecting the
events which have recently occurred.
I t is in the knowledge o f all my readers that on Novem
ber 27th 1872, the anticipated display o f meteors did
actually occur.
character.

I t was a display very remarkable in

The meteors were even more numerous, in fact

they were far more numerous than during the memorable
shower o f the night between November 13-14, 1866;
though the meteors were not so large on the average as
those seen on the latter occasion.

I select from among

many accounts the excellent description given by Professor
Grant, because his skill and practice as an observer give
great value to his statements.

“ In their general features,”

be says, “ the meteors did not differ from those o f the great
display o f November 13-14, 1866.
obviously less brilliant

They were, however,

Their normal colour was white,

with a pale train tinged now and then with a very faint
greenish hue.

The head seldom equalled in brightness a

star o f the first magnitude.

From time to time, however, a

meteor o f unusual splendour would appear, nearly rivalling
Jupiter in brightness.

In such cases the train, especially

when breaking up, exhibited a reddish tinge.

In two

instances o f large meteors (those o f 8h. 13m. and 9h, 83m.)
the colour o f the train was conspicuously green. In general,
however, there was an absence o f the brilliant emerald hue

a
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which formed so conspicuous a feature of many o f the
larger meteors of November 1866.

The time of visibility

o f a meteor did not exceed two or three seconds.

In two

or three instances o f bright meteors, however, the debris
o f the train continued visible for about thirty seconds. The
arc described varied as usual from zero to forty or fifty
degrees.

I was unable to detect any pronounced differ

ence in the angular velocity of the meteors as compared
with the meteors of November 1866.

During the whole

time o f the occurrence o f the shower I directed especial
attention to the region of the heavens from which the
meteors were issuing, with the view o f detecting station
ary or nearly stationary meteors, having been convinced,
from m y experience o f the meteoric shower of November
1866, of the facility with which such meteors indicate
the position of the radiant-point.

Several meteors of

this class were seen during the progress o f the shower.
A t 8h. 43m., at 9h. 23m., and at 9h. 35m., absolutely
stationary meteors were perceived.

They rapidly swelled

out, without any vestige o f a train, and then suddenly
collapsed.
point
and

in

They all concurred in placing the radianta position

midway between y Andromeda?

51 Andromedce, perhaps

former star than to the latter.
of the radiant-point to be

a little

nearer to the

Assuming the position

midway between the two

stars just mentioned, it would thus be situated in R A .
26°, DecL N. 44°.

This conclusion was supported by the

observations o f nearly stationary meteors in the vicinity
o f the radiant-point.

On the other hand the courses o f the
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more distant meteors when traced back, although in general
assigning the same position to the radiant, appeared in
many instances to come from a higher region situated in

Cassiopiea.

O f this fact (which is otherwise indicated by

the projection o f the observations) I do not entertain the
slightest doubt, my attention having been directed to it
early in the evening.

In order to ascertain the time of

occurrence o f the maximum o f the shower, it was necessary
to count the number o f meteors visible. A t first it occurred
to me to place two observers, one looking towards the
region o f the radiant-point, and the other towards the
opposite region, but I found that the attempt to carry into
effect tins arrangement introduced confusion.

I therefore

directed the observer always to keep the star y Andromeda
as the centre o f vision, and to continue counting as many
meteoTS as he could without turning round.

The counting

o f the meteors commenced at 5 h 30m., and was prosecuted
without intermission until l l h . 5 0 m .; it consequently
embraced an interval o f 6h. 20m. The operation was effected
b y counting the number o f meteors visible in each suc
cessive interval o f five minutes. The meteors counted were
thus parcelled out into seventy-six groups, each group
extending over five minutes.

The number o f meteors

connted in the first group (5h. 30m. to 5h. 35m.) amounted
to 40.

The number o f meteors in the maximum group

(8 h 10m. to 8h. 15m. was 367.

The number o f meteors

in the last group ( l l h 45m. to l l h 50m .)fell to 6.

Tak

ing the first seventy-two groups- and forming them into

io o
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twenty-four groups o f fifteen minutes each, we have the
following results:—
Quarter of
Hour
ending
h. m.

5
6
6
6
6
7
7
7

No. of
Meteors
Counted

45
0
15
30
45
0
15
30

150
174
292
507
643
840
721
890

Quarter of
Hour
ending
h. m.

7
8
8
8
8
9
9
9

45
0
15
30
45
0
15
30

No. of
Meteors
Counted

881
930
1070
777
599
413
418
213

Quarter of
Hour
ending
h. m.

9
10
10
10
10
11
11
11

45
0
15
30
45
0
15
30

No. of
Meteors
Counted

233
246
190
116
111
74
48
22

“ It is clear that the maximum o f the shower occurred
about 8h. 10m.

The aggregate number o f meteors counted

from 5h. 30m. to l l h . 50m. (by one observer) amounted
to 10,579.”
To this it may be added that in Italy the shower was
even richer, for Signor Denza states that in 6£ hours no less
than 33,400 meteors were counted by four observers. “ The
meteors were very brilliant,” he adds, “ and were noticed in
every part o f the sky.

The number recorded above is far

less than the truth, for we found it frequently impossible
to count them.

The maximum display took place between

7h. and 9h., and for 21 minutes, between 6h. 35m. and
6h. 56m., the appearance in the sky was that o f a meteoric
cloud. The radiant-point was very clearly indicated near
v Andromedce.
Now in the first place it is to be noticed that there can
be no question whatever as to the meteoric display having
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been produced by bodies which were travelling in the
track (speaking generally) o f Biela’s comet.

It is suffi

cient to compare the position o f the radiant-point with
that which would have been due to meteors following
precisely in the orbit o f Biela's comet, as calculated for
the last perturbed epoch, 1866.

M r Hind, the superin

tendent o f the " Nautical Almanac,” has calculated for the
radiant-point due to the comet a place in B. A . 1\ 41°.,
and N. P. D. 48°.

W e have seen that Professor Grant

gives for the observed radiant-point a position in E. A.

26° (or l h. 44” .), and N. P. D. 44®, a singularly close
agreement under the circumstances.*
* In passing I -would van tore to touch on w hat I cannot but regard
as an error in the treatment o f this subject b y Professor Newton of
America, and some other astronomers. They attribute to the indica
tions of the meteoric paths a degree of accuracy which cannot, I con
ceive, be regarded as to be depended upon. A nd where, judging from
the meteoric motions, the radiant seems to shift in position or to occupy
an area rather than to be a mere point, they deduce such and such
inferences from one or other circumstance, Bnt it must be rememliered
that apart from other causes which would tend to spread the radiant
region, the meteors must b y the action of the atmosphere be very often,
if not always, caused to deviate from the direction in which th ey had
been moving before they reached the upper limits o f the atmosphere.
W e cannot assume that because the air is very rare where the meteors
first become visible, they therefore encounter an inappreciable resist
ance. T he very fact o f a meteor becoming visible shows, on the con
trary, that there has been a degree o f compression o f the atmosphere
in front of the meteor, which must necessarily involve a considerable
«•¡stance. A nd it is utterly unlikely that this resistance should take
place without to some degree affecting the direction in which the
meteor travels. N or w ill all meteors be alike affected. For it is to be
remembered that o f the Meteors seen from any given Btation some
■trike the atmosphere in a very different w ay than others, Some
impinge almost sqaarely upon the upper atmospheric layers, while
others fall much more aslaut. Then there must often be a difference of
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But now comes the most singular part of the whole
affair.

It occurred to the German astronomer Klinkerfues

that if search could be made in the part of the heavens
directly opposite to that whence the meteor-shower had
appeared to radiate, the cluster of meteoric bodies which
had produced the display might be detected.

In fact,

Klinkerfues appears to have supposed that Biela’s comet
had itself touched the earth on the evening o f November
27, for he telegraphed to M r Pogson (the Government
astronomer at Madras) in the following terms : “ Biela

touched earth on Tith ; search near Theta Centauri.”

A nd

Pogson understood that it was the comet itself that he was
searching for, since he wrote as follows, in describing the
results o f his search:— “ I was on the look out from
Comet-rise (16h.) to Sun-rise the next two mornings, but
clouds and rain disappointed me.
however, I had better luck.

On the third attempt,

Just about 1 7 ih. mean time

a brief blue space enabled me to find Biela, and though
I could only get four comparisons with an anonymous
star, it had moved forward 2.5 s. in four minutes, and that

settled its being the right object.

I recorded it as

‘ Circular ; bright, with a decided nucleus, but no tail, and
about 45" in diameter/

This was in strong twilight.

Next morning, December 3 , 1 got a much better observa
tion of i t ; seven comparisons with another anonymous
density and of arrangement in the upper strata of our atmosphere.
These and other causes which may be pointed out, as well as differences
in the size, weight, and density of the individual meteors, must lead to
appreciable changes in the direction of motion.
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star; two with one o f our current Madras Catalogue Stars,
and two with 7734 Taylor.

This time m y notes w ere:

' Circular, Diameter 75*, bright nucleus, a faint but distinct
tail, 8' in length and spreading, position angle from
nucleus about 280°.’

I had no time to spare to look for

the other comet, and the next morning the clouds and
rain had returned.

The positions, the first rough, the

second pretty fair, from the two known stars, are:—
Il

Dec. 2.
„ 3.

M td ru & T.
tn,
s.

17 33

21

17

17

25

kL

R-A.
to.

Apparent N . P. D.
fc

14
7 27
14 22 2-9

t>

t

u

124 46
125

4

28

It is manifest, however, that whatever the object seen
b y Pogson may have been, it was not Biela’s co m e t; for
the comet was due in that part o f its orbit no less than
twelve weeks earlier, and any retardation which could
have produced so great a delay would have altogether
changed the character o f the com ets path.
Still it might be supposed that certainly what Pogson saw
was on the track o f Biela’s comet, was in fact the cluster
o f bodies which produced the meteor-shower o f November
27.

Even this, however, is so far from being demonstrated

that skilful mathematicians consider the object seen b y
Pogson to have had no connection whatever either with
B iek itself or its meteoric train.
This at any rate is certain— a flight o f bodies travelling
on the track o f B ielas comet, and crossing the earth's
orbit on November 27, could not possibly have been seen
in the positions in which Pogson saw a cometic or cloud-
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W e have, Professor A. S. Herschel has

pointed out, unmistakable evidence that Pogson saw one
and the same object.

For he rated the motion o f the

object on the first morning, and the observed rate accords
perfectly with the position occupied by the object on the
second morning.
Two observations of a comet do not afford the means o f
determining the path in which the comet is travelling.
But i f we combine Pogson’s observations with some other
assumption, as that the object he saw had crossed the
earth's orbit on November 27 at a given hour, or that the
period o f the object is identical with that o f Biela’s comet,
or the like, then an orbit can be determined.
Now Capt. Tupman, in a paper recently read before the
Boyal Astronomical Society, after showing that the meteors
seen on the night o f Nov. 27 were running in sensibly
the same orbit as Biela’s comet, proves conclusively that a
body moving in the same orbit as those meteors, or in an
orbit parallel to them, could not have been in the positions
occupied b y the object seen by Pogson.

W e must assume

greater changes in the character o f the orbit than appear
admissible, in order to account for the observed positions ;
in particular, since the object seen b y Pogson had an
apparent motion nearly parallel to the ecliptic, the inclina
tion o f its orbit cannot possibly be so great as 12° 34',
which is the inclination of Biela’s comet.
On the other hand, Dr. J. Holetschek, in No. 1920 o f the
‘ Astronomische Nachrichten,’ combining

Pogson’s two

observations, with Hubbard’s values o f (1) the longitude

The L ost Comet and its M eteor-Train.

105

o f the node, (2) the longitude o f the perihelion, and (3) the
inclination, deduces for the perihelion passage o f Pogson's
object the date December 23 368 (mean Berlin time) and
the perihelion distance '8339 ('8606 being Hubbard’s value
o f the perihelion distance o f Biela’s orbit in 1872).

It ia

noteworthy that Tupman obtains for the meteor-flights
o f last November and for Biela’s comet the following
elements respectively :—
Xeteora tA Nor. 27.
Perihelion passage
1872 Dec. 26 90
Longitude o f perihelion
111° 48'
„
„
ascending inode 245° 57'
Inclination .
.
,
. 1 3 ° 24'
Perihelion distance .
.
-8265
Eccentricity
.
-7670
Motion
.
.
.
,
Direct

BlelA*» Ceraet.
1872 O c f 66-9 (?)
109° 24'
245° 54'
12« 84'
•8718
•7600
Direct

So that Holetschek’s result would appear to indicate that
the object seeu b y Pogson had been travelling about 3| days
behind the meteors observed on November 27 last.
Professor von Oppolzer o f Vienna, the eminent orbit
calculator, shows in the same number o f the “ Astronomiche
Nachrichten,” that the same problem may be successfully
treated in a totally different manner.

H e assumes the

period (or which amounts to the same thing,) the major
axis o f the object’s orbit to be the same as that o f Biela's
comet, and that the object was moving from the earth in
the interval between December 2 and 3, deducing elements
nearly resembling those o f Biela's com et
It appears to me that the discordances obtained by
different astronomers depend largely on the assumption
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that the object seen by Pogson, if identifiable at all with
Biela’s meteor-train, must in a special manner be identified
with the cloud of meteors through which the earth passed
on the night of November 27.
reason for this assumption ?

But is there any valid

It may seem at first sight

that there is ; that a cloud of meteors sufficiently dense to
produce so remarkable a display should be visible, when
it had passed beyond the earth, as a cloud o f light in the
telescopic field.

But if we consider the real distribution

of those meteors in space, we shall find reason to conclude
that they were far too sparsely distributed to be visible
under any circumstances, by the light they were capable
o f reflecting.

Let it be remembered that the display lasted

about six hours, and that during that period about 50,000
meteors at the utmost appeared above the horizon of any
given place.

But let us set 100,000 as the number of

meteors so appearing, and the time at only four hours.
Now the region o f meteor-traversed atmosphere above
the horizon plane of any station may be taken as a
plano-convex

lens, its

plane

circular

face

having

a

diameter certainly not less than 1,000 miles ; and as the
radiant was high above the horizon, we shall be within the
truth in concluding that such a plane on the average
presented (as supposed to be seen from the advancing
meteors) an area equalling the 100th part of the area pre
sented by the whole disc of the earth.

So that if we take

10,000,000 for the total number of meteors falling on the
earth during four hours, we shall certainly not under
estimate the number (referring always to meteors large
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Now, the

actual region o f space traversed b y the earth in four houra
is a cylinder 260,000 miles long and having a cross section
nearly 8,000 miles in diameter. Such a cylinder would have
a volume o f 12,500,000,000,000 cubic miles, and to each
meteor o f the 10,000,000 there would therefore correspond
an average space o f 1,250,000 cubic miles ; that is, a space
corresponding to a cube nearly 108 miles in length and
breadth and height

Since such meteors as were seen on

the night o f November 27 have been estimated at less than
an ounce in weight (in many cases only a few grains), it
follows that their dimensions are inconsiderable.

The

largest can scarcely, when solid, be an inch in diameter.
It will be conceived, therefore, how small must be the
prospect o f seeing a flight o f bodies so exceedingly minute
compared with the average space occupied b y each.

It is,

indeed, easy to estimate the luminosity o f such a flight
regarded as a whole, if o f given depth and at a given dis
tance from the sun.

Thus, suppose the flight o f a million

miles in depth, and at the earth’s distance from the sun.
Along a range o f a million miles there would be less than
10,000 meteors.

Now, granting each to have a disc one

square inch in real area, we should have a total area
o f 10,000 square inches (that is, 8£ feet square). A nd the
ratio o f this area to 108 miles square gives the ratio o f the
luminosity o f the meteor-cloud (when o f the given depth)
to the luminosity o f a surface illuminated b y the sun at the
earth's distance— (say, the moon for example).

N ow 108

miles square, or 11,664 square miles contain 11,664 x

i

108
(1,760)2
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x (36)2 square inches, or roughly (for great nicety
x (2,000)2

would be useless in such a problem) 10,000
X

(35)2 square in ch es; so that the ratio we require is 1 to

(70,000)2 or 1 to 4,900,000,000.

That is, the luminosity

o f the meteor-cloud would be one-4,900,000,000th only o f
the moon’s, and necessarily the meteor-cloud would be
quite undiscernible.

Hence we may be assured that if the

object seen by Pogson was connected at all with the
meteor-cloud through which the earth passed on November
27, he saw a very much denser part o f the meteor cloud ;
and there is no reason why this dense portion or nucleus
o f the meteor-cloud may not have been at a considerable
distance from the earth on the 27th o f last November.
This consideration would serve to remove some of the
more perplexing circumstances of the recent observations.

JUPITER
The

planet Jupiter has passed lately (this was written in

1873) through a singular process o f change.

The planet

has not, indeed, assumed a new appearance, but has
gradually resumed its normal aspect after four or five
years, during which the mid-zone o f Jupiter has been
aglow with a peculiar ruddy light.

The zone is now

o f a creamy-white colour, its ordinary hue.

W e have,

in fact, reached the close o f a period o f disturbance,
and have received a definite answer to questions which
had arisen as to the reality o f the change described by
observers.

M any astronomers o f repute were disposed

to believe that the peculiarities recently observed were
merely due to the instruments with which the planet
has been observed— not, indeed, to any fault in those in
struments, but, in fact, to their good qualities in showing
colour.

A considerable number o f the earlier accounts of

Jupiter’s change o f aspect came from observers who used
the comparatively modern form o f telescope known as the
silvered-glass reflectors, and it is well known that these
instruments are particularly well suited for the study o f
colour-changes,

nevertheless, observations made with

the ordinary refracting telescope were not wanting; and
it had begun to be recognised that Jupiter really had
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altered remarkably in appearance, even before that gradual
process o f change which, by restoring his usual aspect,
enabled every telescopist to assure himself that there had
been no illusion in the earlier observations.
I

propose now to discuss certain considerations which

appear to me to indicate the nature and probable meaning
o f the phenomena which have recently been observed in
Jupiter.

It seems to me that these phenomena are full

o f interest, whether considered in themselves or in con
nection with those circumstances on which I had been
led to base the theory that Jupiter is a planet altogether
unlike our earth in condition, and certainly unfit to be the
abode of living creatures.
I

would first direct special attention to the facts which

have been ascertained respecting the atmosphere of Jupiter.
It does not appear to have been noticed, as a remarkable
circumstance, that Jupiter should have an atmosphere
recognisable from our distant station.

Yet, in reality,

this circumstance is not only most remarkable, but is
positively inexplicable on any theory by which Jupiter is
regarded as a world resembling our own.

It is certain

that, except by the effects produced when clouds form and
dissipate, our terrestrial atmosphere could not be recog
nised at Jupiter’s distance with any telescopic power yet
applied.

But no one who has studied Jupiter with ade

quate means can for a moment fail to recognise the fact
that the signs of an atmosphere indicate much more than
the mere formation and dissipation o f clouds.

I speak

here after a careful study o f the planet during the late

y u p ite r .

h i

opposition, with a very fine reflecting telescope b y Brown
ing, very generously placed at m y disposal by Lord
Lindsay; and I feel satisfied that no one can study
Jupiter for many hours (on a single night) without be
coming convinced that the cloud-masses seen on his disc
have a depth comparable with their length and bread.
Now the

depth o f terrestrial cloud-masses would

at

Jupiter's distance be an absolutely evanescent quantity.
The span o f his disc represents about 84,000 miles, aud
his satellites, which look little more

than

points in

ordinary telescopes, are all more than 2,000 miles in
diameter.

I am satisfied that anyone who has carefully

studied the behaviour o f Jupiter’s cloud-belts will find it
difficult to believe that their depth is less than the
twentieth part o f the diameter o f the least satellite.
Conceive, however, what the depth o f an atmosphere
would be in which cloud-masses a hundred miles deep
were floating!
I t may be asked, however, in what sense such an at
mosphere would be inexplicable, or, at least, irreconcilable
with the theory that Jupiter is a world like our earth.
Such an atmosphere would be in strict proportion, it might
be urged, to the giant bulk o f the planet, and such relative
agreement seems more natural than would be a perfect
correspondence between the depth o f the atmosphere on
Jupiter and the depth o f our earth’s atmosphere.
But it must not be forgotten that the atmosphere of
Jupiter is attracted b y the mass o f the p lan et; and some
rather remarkable consequences follow when we

pay

1
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attention to this consideration.

Of course a great deal

must be assumed in an inquiry o f the sort.

Since, how

ever, we are discussing the question whether there can be
any resemblance between Jupiter and our earth, we may
safely (so far as our inquiry is concerned) proceed on the
assumption that the atmosphere o f Jupiter does not greatly
differ in constitution from that of our earth. W e may further
assume that at the upper part o f the cloud-layers we see,
the atmospheric pressure is not inferior to that of our
atmosphere at a height of seven miles above the sea-level,
or one-fourth o f the pressure at our sea-level.

Combining

these assumptions with the conclusion just mentioned,
that the cloud-layers are at least 100 miles in depth, we
are led to the following singular result as to the pressure
o f the Jovian atmosphere at the bottom o f the cloud-layer:
— The atmosphere of any planet doubles in pressure with
descent through equal distances, these distances depending
on the power of gravity at the planet’s surface.

In the

case o f our earth, the pressure is doubled with descent
through about 3£ m iles; but gravity on Jupiter is more
than 2 i times as great as gravity on our earth, and descent
through 1$ mile would double the pressure in the case o f
a Jovian atmosphere.

Now 100 miles contain this dis

tance (l i mile) more than seventy-one tim es; and we
must therefore double the pressure at the upper part of the
cloud-layer seventy-one successive times to obtain the
pressure at the lower part.

Two doublings raise the

pressure to that at our sea-level; and the remaining sixtynine doublings would result in a pressure exceeding that
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at onr sea-level so many times that the number represent
ing the proportion contains twenty-one figures.*

I say

would result in such a pressure, because in reality there
are limits beyond which atmospheric pressure cannot be
increased without changing the compressed air into the
liquid form.

W hat those limits are we do not know,

for no pressure yet applied has changed common air,
or either o f its chief constituent gases, into the liquid
form, or even produced any trace
assume that form.

o f a tendency to

But it is easily shown that there

must be a limit to the increase o f pressure which air
w ill

sustain without liquefying.

For

the density o f

any gas changes proportionately to the increase o f pressure,
until the gas is approaching the state when it is about to
turn liquid.

N ow air at the Bea-level has a density equal

to less than the 900th part o f the density o f w a ter; so
that if the pressure at the sea-level were increased 900
times, either the density would not increase proportionally,
which would show that the gas was approaching the
density o f liquefaction, or else the gas would be denser
than water, which must be regarded as utterly impossible.
* The problem U like the well-known one relating to the price o f a
h on e, where one farthing was to be paid for the first nail o f 24 in the
shoes, a halfpenny for the next, a penny for the third, tw o pence for
the fourth, and so on. I t may be interesting to some o f my readers to
learn, that if w e w ant to know roughly the proportion in which the
first number is increased b y any given number bf doublings, we hare
only to multiply the number o f doublings b y ftths, and add 1 to the
integral part o f the result, to give the number o f digits in the number
representing the required proportions. Thus multiplying 24 b y ffcths
gives 7 (neglecting fractions) j and therefore the number of farthings in
the horse problem is represented b y an array of S digits.

II
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Or if any one is disposed, for the sake o f argument, to
assert that a gas (at ordinary temperatures) may he as
dense as water, then we need proceed but a few steps
farther, increasing the pressure about 18,000 times instead
of 900 times, to have the density of platinum instead of
that of water, and no one is likely to maintain that our
air could exist in the gaseous form with a density equal
ling that of the densest of the elements.

W e are still an

enormous way behind the number o f twenty-one figures
mentioned above ; and in fact, if we supposed the pressure
and density to increase continually to the extent implied
by the number of twenty-one figures, we should have a
density exceeding

that

o f platinum

more

than

ten

thousand millions o f millions of times !
Of course this supposition is utterly monstrous, and I
have merely indicated it to show how difficulties crowd
around us in any attempt to show that a resemblance
exists between the condition of Jupiter and that of our
earth. The assumptions I made were sufficiently moderate,
be it noticed, since I simply regarded (i.) the air o f
Jupiter as composed like our ow n ; (ii.) the pressure at
the upper part o f his cloud-layer as not less than the
pressure far above the highest of our terrestrial cumulus
clouds (with which alone the clouds of Jupiter are com
parable) ; and (iii.) the depth of his cloud-layer as about
100 miles.

The first two assumptions cannot fairly be

departed from to any considerable extent, without adopt
ing the conclusion that the atmosphere of Jupiter is quite
unlike that of our earth, which is precisely what I desire

Jupiter.
to maintain.
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The third is, o f course, open to attack,

though I apprehend that no one who has observed Jupiter
with a good telescope will question its justice.

But it is

not at all essential to the argument that the assumed
depth o f the Jovian atmosphere should be even nearly so
great.

W e do not need a third o f our array o f twenty-

one figures, or even a seventh part, since no one who has
studied the experimental researches made into the con
dition o f gases and vapours can for a moment suppose
that an atmosphere like ours

could

remain gaseous,

except at an enormously high temperature, at a pressure o f
two or three hundred atmospheres.

Such a pressure

would be obtained, retaining our first two assumptions, at
a depth o f about fourteen miles below the upper part of
the cloud-layer.

This is about the 6,000th part o f the

diameter o f J upiter; and if any student o f astronomy can
believe that that wonderfully com plex and changeful cloud
envelope which surrounds Jupiter, has a thickness o f less
than the 6,000th part o f the planet’s diameter, I would
recommend as a corrective the careful study o f the planet
for an hour or two with a powerful telescope, combined
with the consideration that the thickness o f a spider's line
across the telescopic field o f view would suffice to hide a
breadth o f twenty miles on Jupiter's disc.
But we are not by any means limited to the reasoning
here indicated, convincing as that reasoning should be to
all who have studied the aspect o f Jupiter with adequate
telescopic power.

W e have in Jupiter's mean density an

argument o f irresistible force against the only view which

116

O ur Place among Infinities .

enables us

even

hypothetically

conclusions just indicated.

to

escape

from

the

Let it be granted, for the

sake o f argument, that Jupiter’s cloud-layer .is less than
fourteen miles in depth, so that we are freed for the
moment from the inference that at the lower part of the
atmosphere there is either an intense heat or else a
density and pressure
condition.

incompatible

with

the

gaseous

W e cannot, in this case, strike off more than

twenty-eight miles from the planet’s apparent diameter
to obtain the real diameter of his solid globe— solid, at
least, if we are to maintain the theory of his resemblance to
our earth.

This leaves his real diameter appreciably the

same as his apparent diameter, and as a result we have
the mean density of his solid globe equal to a fourth o f
the earth’s mean density precisely as when we leave his
atmosphere out o f the question.

Now I apprehend that

the time has long since passed when we can seriously pro
ceed at this stage to say, as it was the fashion to say in
text-books of astronomy, “ therefore the substance o f which
Jupiter is composed must be ot less specific gravity than
oak and other heavy woods.”

W e know that Brewster

gravely reasoned that the solid materials o f Jupiter might
be of the nature of pumice stone, so that with oceans
resembling ours a certain latitude was allowed for increase
of density in Jupiter’s interior.

But in the presence of

the teachings o f spectroscopic analysis, few would now
care to maintain, as probable, 60 preposterous a theory as
this.

Everything that has hitherto been learned respect

ing the constitution o f the heavenly bodies, renders it quite

yupiter.
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elementary constitution

differs from that o f our earth.

o f Jupiter

Again, it was formerly

customary to speak o f the possibility that Jupiter and
Saturn might be hollow globes, mere shells, composed of
materials as heavy as terrestrial elements.
opinion we

form

But whatever

as to the possibility that a great

intensity o f heat may vaporise a portion o f Jupiter's
interior, we know quite certainly that there must be
enormous pressure throughout the whole o f the planet’s
globe, and that even a vaporous nucleus would be of
great density.

For it is to be remembered that all

that I have said above respecting the possibility o f gases
existing at great pressures

applies

only

to

ordinary

temperatures— such temperatures, for example, as living
creatures cnn endure.

A t exceedingly high temperatures

much greater pressure, and therefore much greater density,
can be attained without liquefaction or solidification.

And

in considering the effect o f pressure on the materials of a
solid globe, we must not fall into the mistake o f supposing
that the strength o f such solid materials can protect its sub
stance from compression and its effects.

W e must extend

our couceptions beyond what is familiar to us.

W e know

that any ordinary mass o f some strong, heavy solid— as
iron, copper, or gold— is not affected b y its own weight so
as to change in structure to an appreciable extent.

The

substance o f a mass o f iron forty or fifty feet high, would
be the same in structure at the bottom as at the top o f
the m ass; for the strength o f the metal would resist any
change which the weight o f the mass would (otherwise)
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tend to produce.

But if there were a cubical mountain of

iron twenty miles high, the lower part would be absolutely
plastic under the pressure to which it would be subjected.
It would behave in all respects as a fluid, insomuch that
if (for convenience of illustration) we suppose it enclosed
within walls made of some imaginary (and impossible)
substance which would yield to no pressure, then, if a
portion of the wall were removed near the base of the iron
mountain, the iron would flow out like water * from a hole
near the bottom of a cask.

The iron would continue to

run out in this way, until the mass was reduced several
miles in height.

In Jupiter's case a mountain of iron of

much less height would be similarly plastic in its lower
parts, simply because of the much greater attractive power
of Jupiter's mass.

Thus we see that the conception of a

hollow interior, or o f any hollow spaces throughout the
planet’s globe, is altogether inconsistent with what is
known of the constitution of even the strongest materials.
How, then, are we to explain the relatively small mean
density of Jupiter's globe ?

On the supposition that his

atmosphere is less than fourteen miles deep, we cannot do
s o ; for there is nothing hypothetical in the above consider
ations respecting a solid globe as large as Jupiter’s, except
ing always the assumption that the globe is not formed of
substances unlike any with which we are familiar.

Even

this assumption, though it is one which few would care to
• The effect of pressure in rendering iron and other metals plastic has
been experimentally determined. Cast steel has been made to tlow
almost like water, under pressure.
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maintain in the present position o f our knowledge, amounts
after all to an admission o f the chief point which I am
endeavouring to m aintain: it is one way— but a very
fanciful way— o f inferring that Jupiter is utterly unlike
the earth

Rejecting it, as we safely may, we find the

small density o f Jupiter not merely unexplained, but
manifestly inexplicable.
A ll our reasoning has been baaed on the assumption
that the atmosphere o f Jupiter exists at a temperature not
greatly differing from that o f our own atmosphere.

I f we

assume instead an exceedingly high temperature, abandon
ing o f course the supposition that Jupiter is an inhabited
world, we no longer find any circumstances which are selfoontradictory or incredible.
To begin with, we may on such an assumption find at
once a parallel to Jupiter’s case in that o f the Sun.

For

the Sun is an orb attracting his atmospheric envelope and
the material o f his own solid or liquid surface (if he has
any) far more mightily than Jupiter has been shown to do.
A ll the difficulties considered in the case o f Jupiter would
be enormously enhanced in the case o f the Sun, if we for
got the fact that the Sun’s globe is at an intense heat from
surface to centre.

N ow we know that the Sun is intensely

hot because we feel the beat that he emits, and recognise
the intense lustre o f his photosphere ; so that we are not
in danger o f overlooking this important circumstance
in his condition.

Jupiter gives out n o heat that we can

feel, and assuredly Jupiter does not emit an intense light
o f his own.

But, when we find that difficulties precisely
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corresponding in kind, though not in degree, to those which
we should encounter if we discussed the Sun’s condition
in forgetfulness o f his intense heat, exist also in the case
o f Jupiter, it appears manifest that we may safely adopt
the conclusion that Jupiter is intensely heated, though not
nearly to the same degree as the Sun.
W e have thus been led by a perfectly distinct and
independent line o f reasoning to the very conclusion which
I have advocated elsewhere on other grounds, viz., that
Jupiter is in fact a miniature sun as respects heat, though
emitting but a relatively small proportion o f light.

I

would invite special attention to the circumstance that the
evidence on which this conclusion had been based was
already cumulative.

A nd now a fresh line o f evidence,

in itself demonstrative, I conceive, has been adduced.
Moreover I have not availed myself of the argument, very
weighty in my opinion, on which Mr. Mattieu W illiams
has based similar conclusions respecting the temperature
of Jupiter, in his interesting and valuable work called
“ The Fuel of the Sun.”

I fully agree with him in regard

ing it as a reasonable assumption, though I cannot go so
far as to regard it as certain, that every planet has an
atmosphere whose mass corresponds with, or is even
perhaps actually proportional to, the mass of the planet it
surrounds.

I f we make such an assumption in the case

of Jupiter, we arrive at conclusions closely resembling
those to which I have been led by the above process of
• reasoning.
Thus

many lines

of

evidence, and

some o f them
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absolutely demonstrative in m y opinion, point to the
conclusion that Jupiter is an orb instinct with fiery energy,
aglow it may well be with an intense light which is only
prevented from manifesting itself b y the cloudy envelope
enshrouding the planet
But so

soon

as we regard the actual phenomena

presented b y Jupiter in the light o f this hypothesis, we
find the means o f readily interpreting what otherwise
would

appear

most perplexing.

Chief

among the

phenomena thus accounted foT, I would place the receut
colour-changes in the equatorial zone o f Jupiter.
What, at first view, could appear more surprising than
a change affecting the colour o f a zone-shaped region
whose surface is many times greater than the whole sur
face o f our earth?

It is true that a brief change might be

readily explained as due to such changes as occur in onr
own air.

Large regions o f the earth are at one time cloud-

covered and at another free from clouds.

Such regions,

seen from Venus or Mercury, would at one time appear
white, and at the other would show whatever colour the
actual surface o f the ground might possess when viewed
as a whole.

But it seems altogether impossible to explain

in this way a change or series o f changes occupying many
years, as in the case o f the recent colour-changes of
Jupiter’s belt.

Let me not be misunderstood.

I am not

urging that the changes in Jupiter are not due to the
formation and dissipation o f clouds in his atmosphere.
On the contrary, I believe that they are.

W hat seems to

me incredible, is the supposition that we have here to deal
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with such changes as occur in our own air in consequence
o f solar action.
I

do not lose sight of the fact that the Jovian year is of

long duration, and that whatever changes take place in
the atmosphere of Jupiter through solar action might be
expected to be exceedingly slow.

Nay, it is one of the

strongest arguments against the theory that solar action is
chiefly in question, that any solar changes would be so
slight as to be in effect scarcely perceptible.

It is not

commonly insisted upon in our text-books o f astronomy—
in fact, I have never seen the point properly noticed any
where— that the seasonal changes in Jupiter correspond
to no greater relative change than occurs in our daily
supply of solar heat from about eight days before to about
eight days after the spring or autumn equinox.

It is

incredible that so slight an effect as this should produce
those amazing changes in the condition o f the Jovian
atmosphere which have unquestionably been indicated by
the varying aspect of the equatorial zone.

It is manifest

that, on the one hand, the seasonal changes should be slow
and slight so far as they depend on the sun, and that, on
the other, the sun does not rule so absolutely over the
Jovian atmosphere as to cause any particular atmospheric
condition to prevail unchanged for years.
If, however, Jupiter's whole mass is in a state o f intense
heat— if, as appears to be the case, the heat is in fact
sufficient to maintain an effective resistance against the
tremendous force of Jovian gravitation— we can understand
any changes, however amazing. We can see how enormous
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quantities o f vapour must continually be generated in the
lower regions to be condensed in the upper regions, either
directly above the zone in which they were generated or
north or south o f it, according to the prevailing motions in
the Jovian atmosphere.

A n d although we may not be

Able to indicate the precise reason w hy at one time the
mid zone or any other belt o f Jupiter's surface should
exhibit that whiteness which indicates the presence of
clouds, and at another Bhould show a colouring which
appears to indicate that the glowing mass below is partly
disclosed, we remember that the difficulty corresponds in
character to that which is presented b y the phenomena of
solar spots.

W e cannot tell why sun-spots should wax

and wane in frequency during a period o f about eleven
yea rs; but this does not prevent us from adopting such
opinions respecting the condition o f the sun’s glowing
photosphere as are suggested b y the behaviour o f the
spots.
It may be asked whether I regard the ruddy glow o f
Jupiter’s equatorial zone, during the period o f disturbance
lately passed through, as due to the inherent light o f glowiug matter underneath his deep and cloud-laden atmo
sphere.

This appears to me on the whole the most pro

bable hypothesis, though, it is b y no meaDa certain that
the ruddy colour may not be due to the actual constitution
o f the planet's vaporous atmosphere.

In either case, be it

noted, we should perceive in this ruddy light the inherent
lustre o f Jupiter’s glowing m ass; only in one case we assume
that that lustre is itself ruddy, in the other we suppose
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that light, originally white, shines through ruddy vapourmasses.

It is to be remembered, however, that whichever

view we adopt, we must assume that a considerable por
tion of the light received, even from these portions of
the planet’s disc, must be reflected sunlight.

In fact,

from what we know about the actual quantity of light
received from Jupiter, we may be quite certain that no
very large portion of that light is inherent.

Jupiter shines

about as brightly as if he were a giant cumulus-cloud, and
therefore almost as white as driven snow.

Thus he sends

us much more light than a globe of equal size o f sandstone,
or granite, or any known kind of earth.

W e get from

him about three times as much light as a globe like our
moon in substance, but as large as Jupiter, and placed
where Jupiter is, would reflect towards the earth ; but not
quite so much as we should receive from a globe of pure
snow of the same size and similarly placed.

It is only

because large parts o f the surface of Jupiter are manifestly

not white, that we seem compelled to assume that some
portion of his light is inherent.
But the theory that Jupiter is intensely hot by no
means requires, as some mistakenly imagine, that he should
give out a large proportion of light

His real solid or

liquid globe (if he have any) might, for instance, be at a
white heat, and yet so completely cloud-enwrapped that
none of its light could reach us.

Or again, his real sur

face might be like red-hot iron, giving out much heat but
very little light.
I shall close the present statement o f evidence in favour
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o f wliat I begin to regard as in effect a demonstrated theory,
with the account o f certain appearances which have been
presented b y

Jupiter’s fourth

satellite during recent

transits across the face o f the planet

The appearances

referred to have been observed b y several telescopists, but
I w ill select an account given in the monthly notices o f the
" Astronomical Society,” b y M r Roberts, F.R.A.S., who
observed the planet with a fine telescope by Wray, 8
inches in aperture.

“ On March 26, 1873,” he says, “ I

observed Jupiter about 8 p.rn., and found the satellite on
the disc.

I thought at first it must be a shadow ; but, on

referring to tbe ‘ Nautical Almanac,’ found that it was the
fourth satellite itself

A friend was observing with me,

and we both agreed that it was a very intense black, and
also was not quite round.

W e each made independent

drawings which agreed perfectly, and consider that the
observation was a perfectly reliable one.

W e could not

imagine that such an intensely black object would be
visible when off the disc, and waited with some impatience
to see the immersion, but were disappointed b y fog, which
came on just at the critical time.”

Another observer,

using a telescope only two inches in aperture, saw the
satellite when off the disc, so that manifestly the blackness
was merely an effect o f contrast.
In considering this remarkable phenomenon, we must
not forget that the other satellites do not look black (though
some o f them look dark) when crossing Jupiter's disc, so
that we have to deal with a circumstance peculiar to the
fourth or outermost satellite.

Nevertheless, we seem pre-
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eluded from supposing that any other difference exists
between this satellite and the others than a certain in
feriority of light-reflecting power.

I might indeed find an

argument for the view which I have suggested as not
improbable, that Jupiter is a heat-sun to his satellites, since
the three innermost would be in that case much better
warmed than the outermost, and therefore would be much
more likely to be cloud-encompassed, and so would reflect
more light.

But I place no great reliance on reasoning so

ingenious, which stands much as a pyramid would stand
(theoretically) on its apex.

The broad fact that a body

like the fourth satellite, probably comparable to our moon
in light-reflecting power, looks perfectly black when on the
middle of Jupiter's disc, is that on which I place reliance.
This manifestly indicates a remarkable difference between
the brightness of Jupiter and the satellite ; and it is clear
that the excess of Jupiter’s brightness is in accordance
with the theory that he shines in part with native light,
or, in other words, is intensely heated.
This completes the statement of the evidence obtained
during the recent opposition of Jupiter in favour o f a theory
which already had the great advantage o f according with
all known facts, and accounting for some which had
hitherto seemed inexplicable.

I f this theory removes

Jupiter from the position assigned to him by Brewster as
the noblest of inhabited worlds, it indicates for him a
higher position as a subordinate sun, nourishing with his
heat, as he sways by his attractive energy, the scheme of
worlds circling round him.

The theory removes also the
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difficulty suggested b y the apparent uselessness of the
Jovian satellites in the scheme of creation.

When, instead

o f considering their small power of supplying Jupiter
with light, we consider the power which, owing to his
great size and proximity, he must possess o f illuminating
them with reflected light, and warming them with his
native heat, we find a harmony and beauty in the Jovian
system which before had been w anting; nor, when we
consider the* office which the Sun subserves towards the
members of his family, need we reject this view on account
o f the supposition—
That bodies bright and greater should not serve
The less not bright.

. Even the most ardent advocate o f the theory of life in
other worlds should at least not complain when he finds
for one imagined world four others substituted.

SATUEN
T he

AND

ITS

SYSTEM.

planet Saturn is perhaps the most interesting of all

the orbs in the heavens.

Independently even of his

ring-system, which gives him so singularly beautiful an
aspect in the telescope, he holds a remarkable position as
the centre round which circle as many dependent orbs
as those which constitute the primary members of the
Sun’s family.

There is something startling in the thought

that in those remote depths, ten times farther away from
the great centre of the system than we ourselves are
placed, a system at once so beautiful and so elaborate
should be pursuing its wide orbit.

A universe is there,

reduced by vastness of distance to a mere speck of dull
light— a ‘ miracle of design ’ which has existed for ages,
during which none on this earth recognized that aught
distinguished the planet from its fellows, save character
istics of inferiority.
I

propose to give a brief sketch of some o f the most

interesting facts which have been ascertained respecting
this wonderful planet.

I may remark, in passing, that

although I have on several occasions discussed matters
connected with the subject of the planet’s condition, this
is the first occasion on which I have described Saturn and
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its system in a general way since the time when I
wrote the work bearing that name.
I t is not wonderful, when we consider the dull aspect
and slow motions o f Saturn, that the ancients should
have associated with this planet ideas o f gloom and o f
malign influences. The alchemist assigned the metal lead,
heavy and poisonous, to the most distant and most slowly
moving planet known to them.

The astrologer regarded

Saturn as the most fatal o f all the planets.

Chaucer thus

presents, in the address o f Saturn to Venus, the character
istics o f Saturn’s influence: *
‘ M y dere donghter Venus, q u od Satnrne,
M y cours that hath so w ide fo r to turne,
Hath more pow er than w ot any man.
Min is the drenching in the see bo wan,
M in is the prison in the derke cote,
Min iB the strangel and hanging b y the throte,
The murmure and the cherles rebelling,
The groyning, and the p rire empoysoning.
I d o vengeounce and pleine correction,
W hile I dw ell in the sign o f the leon.
Min is the m ine o f the high hull«,
The falling o f the toures and o f the walles
Upon the ininour or the carpenter:
I slew Sampson in shaking th e piler.
Mill ben also the maladies colde,
The derk trcsons, and the castes o ld s :
M y loking is the fader o f pestilence,’

Travelling at a distance from the Sun varying from
823 millions to 921 millions o f miles, or from nine to ten
* The word Saturnine sufficiently indicates the character ascribed
t o the planet's influence on the fates o f men and nations.

I

i
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times the Earth's, Saturn accomplishes a complete revolu
tion around the Sun in rather less than thirty years.

As

the Earth goes once round the Sun while Saturn is
traversing but about the thirtieth part o f his orbit, it
follows that year after year he is seen to advance but b y a
small distance along his track on the heavens.

The Earth

comes between Saturn and the Sun, and then Saturn is
visible at night, and therefore favourably ; then the Earth
makes a complete circuit, and has to advance but a little
way further before she is again between Saturn and the
Sun.

In fact, year after year, the return o f Saturn to the

midnight sky occurs about twelve days later, so that if in
one year he is well seen in the summer, he will be well
seen the summer after, and so on for several successive
summers, before the year comes when he is well seen in
autumn.

Then for several more years (about seven) he is

well seen in the autumn months.

Next, for about seven

years, he is well seen in the winter months.

A nd lastly,

for about seven successive years, he is well seen in the
spring months.

In 1873, he was actually at his nearest

to the Earth, and highest above the horizon, at midnight
on July 21st. In 1874, he held such a position on August
3rd.

This year on August 16th ; and so on.

For ordinary

observation, however, Saturn is as well placed as he can
be about two months after opposition; for it is only the
astronomer who is willing to wait until midnight for his
observations of any celestial body.
Two hundred and sixty-two years have passed since
Galileo first examined Saturn with the telescope by which
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lie had already discovered the moons o f Jupiter.

It must

have been with singular interest that he prepared for his
first telescopic view o f the planet.

Y e t he .could scarcely

have expected what actually awaited him.

There, in the

small field o f view o f hia telescope, was what appeared
like a triple planet

N ot a planet accompanied b y two

moons such as those which attend on Jupiter: these
moons, seen in Galileo's telescopes, were the merest points
o f light, and scarcely to be distinguished from stars
W hat

Galileo now saw was, however, very different

There seemed to be a central orb, and half overlapping it
two others, somewhat smaller indeed, but still presenting
considerable d iscs*

"W h e n I observe Saturn,” says

Galileo, writing to the Grand D uke o f Tuscany, “ he seems
to be triform ed; with a glass magnifying more than thirtytimes, the central body seems the largest j the two others
situated one on the east and one on the west, seem to
touch the central body.

They are like two supporters,

who help old Saturn on his way, and always remain at
liis side.

W ith a glass o f lower magnifying power, the

planet appears elongated and o f the form o f an olive.”
In December 1010, and again during the winter o f
1611-12, these two attendant orbs seemed to grow smaller
and smaller, though retaining their position unchanged.
I d the winter o f 1012-1613, Galileo again examined

Saturn, hoping to learn something more about these remark* W hat Galileo thought he u v m ay be reproeonted by eetting two
■hUlingi w ith a ipace an inch or eo wide between them, and midway
over that space a half-crown.
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able supporters. But to his intense astonishment they were
not to be seen.

The planet shone with as fairly round a

disc as Mars or Jupiter.

Galileo was so startled at this

strange event, that he began almost to doubt the evidence
of his senses.

“ W hat is to be said concerning so strange

a metamorphosis ?” he wrote.

“ Are the two lesser orbs

consumed, after the manner of the solar spots?
they vanished and suddenly fled ?
devoured his own children?

Have

Has Saturn perhaps

Or were the appearances

indeed an illusion or fraud, with which the glasses have
so long deceived me, as well as many others to whom I
have shewn them?

How, perhaps, is the time come to

revive the well-nigh withered hopes o f those who, guided
by more profound contemplations, have discovered the
fallacy of the new observations, and demonstrated the
utter impossibility of their existence.

I do not know what

to say in a case so surprising, so unlooked for, and so
novel.

The shortness of the time, the unexpected nature

o f the event, the weakness o f m y understanding, and the
fear o f being mistaken, have greatly confounded me.”
Galileo afterwards saw the smaller orbs return into view ;
but he noticed that as they grew larger a n d ’larger they
changed strangely in shape, until he finally saw them lose
their globular appearance altogether, each assuming the
figure o f two arms stretched round the planet.
I shall not describe here, at length, the gradual process
by which the true nature o f the ring became recognized.
Let it suffice to mention that Huyghens first, in 1656,
announced that Saturn is not attended by two companion
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orbs, but b y a mighty ring,— flat, so that -when turned
edgewise towards the Earth it cannot be seen in ordinary
telescopes, and tilted towards the level o f the path in
which the planet travels, so that at two opposite parts o f
the path the ring, as seen from the Earth, appears to attain
its greatest opening.
In passing, it may be mentioned that in 1656 the ring
was closed— that is, turned edgewise towards the Earth—
and that it opened out after 1656 so as to show the same
flat side o f the ring (the northern side) which is visible at
present.

This side remained in view, the ring, first open

ing out and then closing up, until December, 1671, when
the ring was again turned edgewise towards the Earth, after
which the southern face came into view.

N ow it iB well

to notice that though so many years have elapsed since
Huyghens discovered the nature o f the rings, there have
not been many o f these changes b y which the northern
and southern faces o f the ring are brought alternately into
view.

To m y idea, it gives a singularly impressive concep

tion o f the stately motion o f Saturn in his orbit, to notice
that during all the years which have passed since astrono
mers knew that Saturn is girdled about b y a ring, the
ring has swayed so slowly to and fro, (as seen from the
Earth,) that the northern side has been turned only eight
times towards the Sun, and the southern only seven.
Tw o hundred and sixteen times the Earth has circled
round the Sun, while Saturn has not yet swayed his ring
through all its phases so many as eight times.
In 1675 Cassini found that the ring is divided by a
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strong dark band into two concentric rings.

But tlio

English astronomer, W illiam Ball, had discovered this
feature ten years earlier.

The interest o f Cassini’s obser

vation consisted in the fact that it proved the band to be a
division between two distinct rings, and not a mere dark
streak upon one face o f a flat ring.
Huyghens had, in the meantime, discovered a satellite
attending on Saturn.

This orb, which has received the

name Titan, is distinguished among all the secondary
members of the planetary system b y its superior size.

It

is larger than the primary planet Mercury, and little
inferior to the planet Mars.

Cassini discovered in 1671

another satellite (now called Japetus) also large, though
not nearly so large as Titan.

W e have no other means of

estimating the magnitude of these bodies than by con
sidering their brightness.

But assuming them to resemble

our own Moon, and the moons o f Jupiter, in their power
o f reflecting sunlight, it would follow that Titan is about
4000 miles in diameter, and Japetus about 3000.
But perhaps the most remarkable circumstance respect
ing these bodies, is the enormous distance at which they
travel around their primary.

The outermost o f Jupiter’s

moons travels at a distance o f 1,190,000 miles from
Jupiter.

The distance of Japetus from Saturn is nearly

twice as great, being no less than 2,210,000 miles.

Titan

travels at a distance of 760,000 miles from Saturn.
It is impossible to consider these enormous distances in
the case of Jupiter’s outer moon, and the two chief moons
o f Saturn, without being led to consider in what degree
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these orbs seem lik ely to subserve the purpose o f supply
ing light to their primaries.

It may be very unphilo*

sophical to reason from final causes; not because o f the
objection urged b y some, that w e have yet to demonstrate
that there is design in the scheme o f the universe, but
for a reason which others may accept willingly,— to
wit, because however certain w e m ay be that there is
design in every portion o f the universe, w e are very far
from being able to satisfy ourselves o f the real purpose o f
any particular created object.

Nevertheless, the mind o f

man is so constituted that it w ill inquire into final causes
even where the inquiry may be hopeless, and will be ready
to recognize final causes where, perhaps, the evidence is
much less satisfactory than it appears.

Now, certainly,

it is natural for the astronomer to consider the moons of
Jupiter and Saturn either as intended to subserve the
same purpose as our own moon, or (if it can be shewn that
they cannot subserve such a purpose) os created for some
one or other o f the special purposes which we seem to
recognize among the celestial bodies o f different orders.
Taking Titan and Japetus as they are shewn to us by our
telescopes— two orbs together equal in bulk to two suck
planets as Mercury— it is very difficult indeed to imagine
that they subserve n o useful purpose at a ll
Now, if we consider the amount o f light which Titan and
Japetus can supply to their primary when they are ‘ full,’
we shall, I think, he led to doubt whether they can havo
been intended to serve the same purpose as our Moon, and
still less shall we be able to believe that they wero meant,
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as Brewster and Chalmers have supposed, to compensate
the Saturnians for their distance from the sun.

Titan,

when full, must appear to Saturn as an orb having some
what less than two-thirds of our Moon's apparent diameter.
Such an orb, if as bright (intrinsically) as our moon, would
no doubt be a useful light-giver.

But it must be remem

bered that the moons o f Saturn, being as far from the Sun
as Saturn is, are like him very faintly illuminated.

They

are illuminated b y only about one-ninetieth part o f the
light which our M oon receives! accordingly, whereas the
disc of Titan must be about four-ninths o f our Moon's, the
luminosity of this small disc is only one-ninetieth o f our
Moon's, so that the total quantity o f light supplied by
Titan to Saturn is only 4-810ths, or about a 200th part of
that which we receive from the full moon.
This would seem to shew, at least to those who recog
nize design in the works of the Almighty, that Titan was
certainly not intended to serve the same purpose to
Saturnians that our M oon serves to the inhabitants of
earth.
But if this seems strongly shewn in the case o f Titan,
it is much more strongly shewn in the case o f Japetus.
For Japetus is smaller than Titan, and almost exactly
three times as far away.

As a moon, it has a diameter

equal to little more than one-seventh o f our M oon’s.

The

disc it shews is but about the forty-third o f our Moon's,
and its lustre being one-ninetieth (like Titan's), the total
quantity of light which it supplies to its primary is only
equal to about the 3850th part of that which we receive
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I t m ay readily "be shewn, indeed,

that our Earth supplies more than eight times as much
light to the planet Venus (when our Earth is seen at her
brightest from Venus) as Japetus supplies to its primary.
In passing we may notice that another satellite called
Hyperion— between

Titan

and

Japetus— is

so much

smaller than Japetus (though probably about a thousand
miles in diameter) as to supply less than half as much
light to Saturn, probably about l-9000th part o f the light
which we receive from the Moon.
Thus we seem led to the conclusion that these moons,
at any rate, are not intended to compensate the Saturnians
for their great distance from the Sun.

That three orbs

should have been created, to supply together about the
200th part o f the light which our M oon supplies, and that
this provision should have been intended to compensate
the Saturnians for the circumstance that they get from the
Sun only about one-ninetieth part o f the light which we
receive, are propositions too improbable, as it seem3 to me,
to be reasonably entertained.

W hen it is added, that all

the eight Saturnian moons together would supply— if all
full together— only about the sixteenth part o f the light
which we receive from the full moon, it seems abundantly
demonstrated, I

conceive, that

whatever purpose the

Saturnian satellite-system was intended to subserve, it
was not intended to compensate the Saturnians for tho
effects of their great distance from the great centre and
luminary o f tho planetary system.
On December 23, 1672, Cassini discovered a satellite
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travelling within the orbit of Titan ; and in March, 1684,
he discovered two other satellites travelling yet nearer to
Saturn.

It affords striking evidence o f the patience with

which these astronomers of the seventeenth century worked,
that in order to discover these two satellites Cassini had
to employ telescopes one hundred and one hundred and
thirty-six feet long (without tubes, however).

In other

words, the distance o f the object-glass from the observer^
eye was more than twice as great as the length o f the
gigantic tube of the Eosse telescope.

Observing under

such conditions must have been the most tedious work
conceivable.

It would be exceedingly difficult to get an

object into the field of view, and even more difficult tokeep it there.

The modern observer, who, with well

appointed equatorial, has but to set his telescope by the
divided circles, and can then by setting the clock going,
be saved all further trouble— the telescope simply travelling
after the object b y means o f the clock-motion— may look
with some degree of contempt on the rough appliances o f
his predecessors : yet he has so much the better reason
for looking with cordial admiration on the patient and
zealous spirit with which the astronomers of former times
conducted their labours.
More than a century passed before any further discovery
of importance was effected.

On August 19th, 1787, Sir W .

Herschel thought he could recognise a sixth satellite trav
elling very close to Saturn’s rings.

But it was not until he

had completed his forty-feet reflector that he could assure
himself on this point.

On August 27th, 1789, the first
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evening after this powerful instrument had been completed,
llerschel turned it towards Saturn.

A s soon as the

planet was brought into the field he plainly perceived six
stars shining around Saturn.

Five o f these were the

satellites already discovered ; and in less than two and a
half hours HeTSchel had satisfied himself that the sixth
was also a satellite.*

Soon after Herschel discovered a

seventh satellite, travelling yet closer to the outer ring.
It remains only to be mentioned, in order to complete
the record o f satellite discovery, that an eighth satellite,
travelling between the paths o f Titan and Japetus, was
discovered independently b y Bond in America, and Lassell
in England.

It is probably the smallest o f the whole

fam ily; and there is something so remarkable in the cir
cumstance that this tiny orb should thus be found travelling
between the two giant satellites, Titan and Japetus, that
we may almost be permitted to entertain the suspicion*
that in reality H yperion is but one o f a ring o f small
satellites travelling between the orbits

o f Titan and

Japetus.
Before returning to the consideration o f the Saturnian
* It has been asserted that the sixth satellite was discovered with one
o f the twenty-feet reflectors, and Sir John Herschel has been quite
seriously taken to task for maintaining that the discovery was dne to
the forty-feet telescope. The above ore the actual circumstances, os
recorded b y Sir W . Herschel himself. I t seems w holly impossible to
regard the doubtful view which he obtained in 1787 as the actual dis
covery o f the satellite. According to all the rules usually adopted in
these cases, the true discovery dates from those tw o and a half hours
of observation, during which Hersohel first satisfied himself that the
faint speck o f light near Saturn was not a fixed star.
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rings, it may be well for us to consider the nature of Saturn’s
family o f satellites.

W e have in this scheme what may

be regarded as no inaccurate picture, in miniature, of the
Solar System itself.

O f course, there are differences in

points of detail, since Nature does not repeat herself detail
for detail in such cases.
features o f resemblance.

Y et we find some striking

Thus the Sun’s family consists o f

eight members, and so also does Saturn’s.

Among the

planets there are two which are prominent among the rest
by their great bulk ; and in Saturn’s family we find also
Titan which we can compare with Jupiter, and Japetus
which we can compare with Saturn.
Certainly, if we consider what the Saturnian satellite
family really is, that the orbs composing it are all large in
reality, however minute they may appear either when
viewed with the telescope or when considered with refer
ence to such orbs as Jupiter or Saturn; that the span of
the complete system is no less than 4,400,000 miles, or
more than five times the Sun’s diameter; that even
Japetus, which moves the slowest, circles on his orbits
with a rapidity which exceeds a hundred-fold the velocity
o f our swiftest express trains— we cannot but regard this
system of secondary orbs as a most important portion o f
the scheme ruled over b y the Sun.

I f we are compelled

to believe that the purpose intended to be fulfilled by these
bodies is not the illumination of the Saturnian nights—
and for my own part I can arrive at no other conclusion—
we seem bound to believe that they were created for some
other purpose o f importance.

It does not seem at all
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unlikely, on tliis view o f the subject, that they are
themselves the abodes o f living creatures o f various
orders.

I

have before

shewn reasons for believing

that Saturn may be a source whence heat is supplied to
these eight orbs, whereas it seems unlikely that he is
him self a world fit to be the abode o f living creatures.
Again, though the satellites supply Saturn with very little
light, yet they are capable o f supplying each other with
uo inconsiderable amount, and must frequently present
phenomena o f great beauty and interest as viewed from
each other.

Thus a variety o f reasons suggest the pro

bability that we are to look among the Saturnian satellites,
and not to Saturn himself, for places fit to be the abodes
o f living creatures.
W e have seen that in the latter half o f the seventeenth
century Saturn’s ring had been found to be divided.
Sir W . Herschel, notwithstanding the great telescopic
power which he applied to the examination o f the rings,
was unable to do more than satisfy himself o f the existence
o f the great division.

It was suspected in his day that

other divisions exist,— not that any had been seen, but
that the discussion o f the nature o f the ring-system had led
to the inference that it must consist o f many distinct rings.
But Herschel could not detect signs o f the existence o f any
other divisions than the great one.
But during the present century many skilful observers
have

recognized

other

divisions.

One

such division

separates the outer ring into two o f nearly equal width.
This division seems to be permanent; but it is most difficult

1
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o f detection, and can only be seen with telescopes o f the
first quality and on nights when the atmospheric conditions
are very favourable.

Other traces o f division have not

continued to be recognizable, and are therefore probably
not permanent.

It has been remarked that “ if each

division thus detected were considered as a satisfactory
indication o f a permanent division through a complete
circumference, it would follow that the system consists not
o f two or three, but rather o f thirty or forty concentric
rings.

Strange as such a conclusion might appear, and

manifold as are the conditions of instability the complexity
of such a system would introduce, we should have no re
source (on the assumption of the solidity o f the rings) but
either to accept this solution of the question, or to reject
the testimony o f most accurate and skilful observers— of
such men as Encke, the Struves, Captain Kater and Jacob,
Mr. Dawes, and the astronomers of the Collegio Eomano.
The telescopes also through which such divisions have
been repeatedly seen, have been among the most celebrated
instruments o f modern times.”
But the most singular discovery yet made respecting
this remarkable ring-system remains to be described.

On

November 15th, 1850, Bond, of America, discovered a dark
ring inside the inner bright o n e ; and a few days later
Dawes, in England, independently discovered this ring.
The colour o f the dark ring is a deep purple ; or rather,
since, as we shall presently see, the ring is semi-transparent,
and therefore a portion of its apparent colour is that which
it transmits, we may say, without committing ourselves to
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any theory as to the true seat o f the colour, that the region
occupied by the ring presents a deep purple colour.

The

nearer port o f the dark ring can be traced over the disc o f
the planet, but the outline o f the planet can be recognized

through the ring.

This portion o f the ring does not shew

a purple tinge, but has been compared to a crape veil.

A

division has at times appeared in the dark ring, which
also appeals at times to be separated from the neighbour
ing bright ring.
Professor Bond, o f America, noticed at about the same
time a very remarkable darkening o f the inner bright ring,
on its inner edge, close to the dark ring.

The peculiarity

about this darkening was, that instead o f being exactly
similar in shape to the outlines o f the several rings, its
outline formed a longer oval, as though the darkened part
were wider in those places which lie upon the seeming
longer axis o f the rings.

I f the rings were really oval, ai>

they appear through the effects o f foreshortening, this
peculiarity would he explicable; but as the rings are
circular, and every part in turn comes into the position
indicated, for the rings rotate and moreover Saturn himself
carries them into varying positions as seen from the Earth,
the appearance is altogether inexplicable as a mere shade
or darkening.

If, between the bright ring and the dark

ring, there were a ring o f an intermediate tint, that ring,
being concentric with the others (else it could not rotate),
would present similar outlines, whether the whole system
were more or less foreshortened.

This not being the case,

one outline o f the darkened part being always more
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elliptical than the other, we must, in explaining the
darkening, find

an

this peculiarity.

I

interpretation which w ill

explain

believe the explanation enforced

upon us by this consideration, is simply that the inner
part o f the bright ring is transparent, or rather, that
we can see through this part, for, as will presently
appear, we have no reason for believing that the actual
substance o f any part of the ring-system is transparent
in the same sense that glass or crystal is transparent.

I

have shewn in m y treatise on Saturn that if the inner
part of the bright ring consists o f a multitude o f concentric
zones between which the dark sky beyond can be seen
from our terrestial station, the observed appearances would
necessarily be seen.

The explanation, to be adequately

understood, requires such an illustration as is given in the
ninth plate o f that w o r k ; but its general principle may be
understood by any one accustomed to drawing, who will
attend to the following description.

Suppose several white

hoops to be lying one within the other (and quite con
centrically) on a dark flat surface; the hoops being not
shaped like those used b y girls, but like the iron hoops
which boys use.

(A piece of cane bent into a circle would

make such a hoop.)

Now, if we looked at such a set o f

hoops from above, we should see so many white concentric
circles on a dark ground. But let the point o f view be
not directly above, so that we look slantwise at the set o f
hoops.

Then we shall see a number o f similar white ovals

on a dark ground.

Now, if these ovals were mere oval

lines, that is i f the hoops were mere threads, the dark
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spaces between them would seem to grow narrow where
the ovals were narrowed, and in just the same degree; hut
as the ovals are formed b y stout hoops the case is altered,
the dork spaces are more narrowed where the ovals are
flattened.

Kay, i f the hoops are pretty close to each otheT,

a very little foreshortening w ill make them seem actually
to touch where the ovals are flattened, while where the
ovals are lengthened out the dark background is visible.
(I f the reader w ill draw such a set o f hoops, as they
would actually be seen, he w ill at once perceive that this
is so.)

Now, without supposing that the rings o f Saturn

are composed o f such hoops, I find myself led to the con
clusion that the matter forming the rings runs into hoop
like shapes, and that where Bond saw the darkening, above
described, these hoop-formed portions were far enough apart
to let the dark sky beyoDd be seen where the ovals o f the
rings were most lengthened, the spaces closing up b y fore
shortening where these ovals were most narrowed.

It is

demonstrable, indeed, that, i f the appearance observed by
Professor Bond was not a mere illusion (which in the case
o f so practised an observer is altogether unlikely), it can
be explained in this w ay and no other.

80 that the

peculiar darkening seen b y Bond is an independent proof
o f the multiple nature o f the ring-system— a proof as
complete as though Bond’s telescope had been powerful
enough to reveal the several Tings forming this part o f the
bright inner ring.
Saturn's ring-system, regarded as a whole, is a structure
so remarkable that we seem invited to consider it with a
K
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special degree o f attention, in order that if possible we
may form some idea of its real nature.

I f there were no

other circumstance remarkable about it but its mere vast
ness, it would even then be well deserving o f our closest
scrutiny.

But that a ring system so symmetrical and

beautiful should girdle a planet completely about, that it
should accompany the planet on its path around the Sun,
that it should be as definite a portion o f the planet’s
system as the belts on the planet’s real globe, or as the
satellites which circle about that orb, these are circum
stances which render the study of the ring-system specially
interesting.

For we cannot but recognize the fact that

such a system, swayed as it must be by the mighty attrac
tion o f Saturn’s mass, must present a number of relations
of a very complex and perplexing kind.
Let us in the first place briefly consider the dimensions
of the rings and of the globe round which they circle.
Saturn’s globe is somewhat compressed, its greatest
diameter being 73,000 miles, its least diameter 66,000
miles.

Bemembering that the Earth’s mean diameter is

about 7900 miles, we see how vastly the planet exceeds
the Earth in volume.

Roughly the volume of Saturn is

seven hundred times that of the Earth, his mass about
ninety times the Earth’s, for the materials o f which he is
constructed are on the average of much smaller specific
gravity than those forming the Earth’s globe.
The utmost span of the rings— that is, the diameter of
the outer boundary of the outer ring— is about 167,000
miles, the breadth o f this ring about 10,000 miles.

The
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great division between the rings has a width o f about
1000 miles.

The inner bright ring has a breadth o f

about 17,500 miles, and the dark ring is about 8500 miles
wide.

I f we add together those breadths, we find for the

width o f the entire system 37,600 miles, or rather more
than half the equatorial diameter o f the planet
inner

The

diameter o f the system of rings— that is, the

diameter o f the inner boundary o f the inner ring, is there
fore about 91,800 miles ; and a space o f about 9400 miles
intervenes between the dark ring and the body o f the
planet

The thickness o f the ring-system has not been

satisfactorily determined.

It is probably less, perhaps

veiy much less, than one hundred miles.
N ow it would obviously be impossible to consider here
at length the reasoning which has been applied to ascertain
the nature o f the rings.

This subject alone forms in my

treatise on Saturn a chapter nearly twice as long as the
whole o f the present essay; yet only those parts o f the
subject are there treated which are suitable for the general
reader.

Here then I must give the merest sketch o f the

matter.
Before the subject was treated b y the mathematician,
many sirgular theories were suggested concerning the
rings.

Maupertuia thought that the tail o f a comet passing

near Saturn had been attracted from its course b y the
planet’s mass, and has since continued to circle as a ring
around Saturn.

Buffon considered that the equator o f

Saturn must once have extended to the outer edge o f the
ring, and that the equatorial portioo was thrown o ff by
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the centrifugal force (that imaginary force which has been
the parent o f so many unphilosophical fancies) while the
rest o f the planet has contracted to its present dimensions.
Mairan entertained a view somewhat resembling Buffon’s ;
he supposed that the rings are the remains of outer shells
formerly existing around Saturn, which have been broken
up by some vast convulsion.
But when mathematicians had obtained some degree of
mastery over the problems suggested by the action of
gravity— in particular when they had begun to recognize
how the peculiarities of the Moon’s motion are accounted
for by the law of gravitation— they began to inquire into
a number of other problems of the same sort.

Amongst

these, the questions suggested b y the Saturnian rings
come naturally to be dealt with.
Let it be remembered that in considering the M oon’s
motions the mathematician has to shew how the various
influences exerted upon her, cause the Moon to travel on
a path continually varying in shape and position, her own
motion in this path being also variable.

A nd mathemati

cians had satisfied themselves that in whatever way the
Moon’s motions may be thus affected, there is no risk what
ever that she will be so perturbed on her path as to come
into collision with the Earth at any future time.

In the

case of Saturn’s rings the mathematician had to inquire
how, supposing these rings to be solid formations, they
circle as they do around Saturn; and whether solid rings
so circling would be safe from destruction.
The great mathematician Laplace, who was the first to
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deni successfully with this problem, arrived at the conclu
sion that the two great rings known in his day cannot
possibly be two solid rings.

H o shewed that they must

be divided into several rings, otherwise they could not
continue to circle safely, as they do, around the planet’s
globe.

But he shewed that another very strange relation

must hold, in the case o f each member o f this multiple
ring-system.
weighted.

Every single

ring must be eccentrically

A perfectly uniform

destroyed b y the

attractions

ring would

to which

it

be soon
would be

subjected.
There for awhile the problem rested.

But when the

dork ring was discovered, mathematicians again began to
examine the subject.

For the transparency o f this ring

suggested the idea that it, at least, might be a fluid ring.
Professors Bond and Pierce in America discussed the
chances which a fluid ring would have o f continuing to
circle safely around so mighty an attracting body as
Saturn.

In discussing this matter, Professor Pierce had

to go over the same ground as Laplace; and pushing his
inquiries further, (which he was enabled to do b y the great
advance which had in the interval taken place in the
mastery o f such mathematical problems as were involved)
he found that the ring-system must be composed o f many
more rings than even Laplace had imagined.
On March 23rd, 1855, the subject o f the Saturnian
ring-system (in the particular mathematical aspect we
have spoken of) was chosen b y the University o f Cam
bridge as the subject o f the Adams Prize Essay.

In 1857
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the prize was adjudged to Professor J. Clerk M axw ell
He shewed that the eccentricity indicated by Laplace as a
necessary feature of the structure o f each ring, must he
so considerable, that the ring-system could not possibly
appear as it actually does.

Moreover, the slightest cause

would be sufficient ‘ to destroy the nice adjustment of the
load, and with it the stability o f the ring/
Next, Professor Maxwell also discussed the probability
that the rings may be fluid.

He found that oceanic rings

poised in mid-space around a mighty attracting mass like
Saturn, would inevitably be wave-tossed, and that the
waves would so increase that the rings would be broken
up into separate fluid masses.
W e thus see that an inquiry instituted with the object
of explaining how

solid

continuous rings

could

be

maintained, as the Saturnian rings manifestly are main
tained, about a vast and massive central orb, ended in
demonstrating that the rings are not continuous, but must
consist at present— even if they have not consisted always
— of a multitude of separate bodies, which may be either
solid or fluid.

O f course there is nothing in this con

clusion to prevent us from believing that the rings may be
partly vaporous.
But a rather singular result appears to follow from the
inquiries which Professor Maxwell further instituted into
the conditions under which rings o f satellites would exist.
He finds reasons for believing that such rings would
gradually grow wider, by an extension inwards, and thus
be eventually though

very slowly (and

perhaps

not
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I t certainly seems reasonable to

believe that in the dark ring we have evidence that some
such process is actually taking place.

For, though we

find that this ring must have been in existence long
before it was discovered, {indeed many hundreds o f years
must needs have been required for the formation o f so
vast a ring), yet it is very difficult to believe that it can
have been so conspicuous when Herschel examined Saturn
with bis great reflectors as it is at the present time.

He

could scarcely have overlooked the part which shows
outside the planet’s disc, had this been the case, for now
under favourable atmospheric conditions thi9 part can be
seen with a four-inch telescope.

N or is it at all likely

that he would, in that case, have mistaken the part which
extends across the disc for a dark belt on Saturn, as
actually happened.

I t seems almost certain, then, that

during the last sixty or seventy years this dark ring has
been continually growing more and more conspicuous— in
other words, that it has been growing wider, and that
more and more

satellites o f the

uncounted

millions

forming the ring-system, have been compelled to take up
their abode within the domain o f this particular ring.
I t is a circumstance well worthy o f attention that the
great division between the rings, instead o f being black as
it was formerly supposed to be, is found to be merely
very dark brown or brownish purple.

This shews that

within the zone (1500 miles wide) which forms this divi
sion there must be at all times many satellites, perhaps
stragglers from those belonging to the adjacent bright rings.
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Another very singular circumstance has been noticed
when the rings have been turned edgewise.

A t this time

the fine bright line forming the side-view o f the ringsystem has been seen to be bordered by a faint misty
light, growing more conspicuous towards the inner edge o f
the ring-system.

It has been inferred, and the inference

seems just, that this appearance is caused by satellites
travelling (either through perturbations or from the effects
o f collisions) above or below the general level o f the ringsystem.
This essay has already extended to a greater length
than I had proposed when I b egan ; and I must refrain
from entering into any general consideration of the ringsystem regarded as a

Saturnian

appendage.

I

shall

merely remark, therefore, that I have been able to shew
by a careful mathematical examination of the subject, the
results o f which are presented pictorially and tabularly
in my treatise on Saturn, that the shadows thrown by the
rings must cover wide Saturnian regions for many years
continuously, and this in the very heart of the Saturnian
winter.

Thus in Saturnian latitude 40°, corresponding to

the latitude of Madrid on our earth, the sun begins to be
eclipsed about three years after the autumnal equinox*
For a while there are only morning and evening eclipses
— that is, the days already shortening with the approach o f
winter are still further shortened by eclipses caused by
♦ It w ill be remembered that the Saturnian seasons are more than
seven years in length, and that from the autumnal to the vernal
equinox U a period o f nearly fifteen years.
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These morning and evening eclipses gradually

grow longer and longer, until about a year has passed, by
which time they last through the whole o f the Saturnian
day, now transformed to night.

This state o f things

continues for nearly seven years— more exactly (according
to my calculations) for six years 236 days— during the
whole o f which time the sun is altogether concealed from
view, unless now and then for a moment he can be partly
seen between the satellites which compose the rings.
From the blackness o f the shadow thrown b y the rings,
however, it is very unlikely that gaps through which the
sun may thus be seen are at all common.

After these

6# years o f what must be regarded as practically total
eclipse, the morning and evening eclipses begin again, and
gradually last for a shorter and shorter time, until about
three years before the vernal equinox.

Then for about

tweuty years, which includes the long Saturnian summer,
the sun is not eclipsed by the rin gs; moreover, as he
begins to illuminate the visible side o f the rings, at the
Saturnian vernal equinox, it follows that during the
Saturnian summer nights the ring appears as a band of
brightness on the Saturnian sky, except where the broad
shadow o f the planet falls upon i t
The circumstances here considered seem to accord with
what has been already noticed in the case o f the satellites.
The ring-system does not seem calculated

to

render

Saturn's globe

for

living

creatures.

a more

convenient

place

On the contrary, a portion o f that small

supply o f light which Saturn receives from the Suu is
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intercepted b y the rings precisely at the period when,
according to our ideas, it would be most desirable that the
supply would be increased; while again throughout the
Saturnian winter nights the ring-system supplies no light
whatever, but blots out many hundreds of stars from view.
The just inference would appear to be that either Saturn
is altogether uninhabitated, or that the creatures inhabiting
the planet are so different from any with which we are
acquainted, that we can form no estimate o f their require
ments.

To use Sir John Herschel’s words, “ W e shall do

wrong to judge o f the fitness or unfitness of their condition
from what we see around us, when perhaps the very com 
binations which convey to our minds only images of horror,
may be in reality theatres of the most striking and glorious
displays of beneficent contrivance.”

I would venture to

point out that the view which I advocated respecting
Jupiter and Saturn in the “ Expanse o f Heaven,” would
at once remove all doubts as to the beneficence of the
arrangements described above.

I f Saturn is a secondary

sun to his satellites, the ring-system would not only
interfere in no way with his action in this respect, but
might well be the very source whence a large part o f
Saturn’s energy as a sun may be derived.

The downfall

of satellites from time to time out o f the ring-system,
after collisions or excessive perturbations, would at least
be a source of heat not to be neglected in considering
Saturn’s position as a subordinate sun.
I

shall draw this essay to a close by quoting a descrip

tion of the colours observable in Saturn’s system when
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suitable telescopic power is employed. It is from the pen of
Mr Browning, the well-known optician.

“ The rings,” he

says,“ are yellow-ochre shaded with the same and sepia; the
globe, yellow-ochre and brown madder, orange and purple,
shaded with sepia; the crape-ring, purple madder and
sepia; the great division in the rings, sepia.

The pole

and the narrow belts, situated near to it on the globe, pale
cobalt blue.

These tints are the nearest I could find to

represent those seen on the plan et; but there is a muddi
ness about all terrestrial colours, when compared with the
colours o f objects seen in the skies.

These colours could

not be seen in their brilliancy and purity, unless we
could dip our pencil in a rainbow, and transfer the pris
matic tints to our paper.”

A
To those who are

GIANT

SUN.

acquainted with the teachings of

astronomy respecting the mighty ruler of our planetary
scheme, the title of this essay may appear strange.

For

assuredly our sun must himself be considered as a giant
orb— giant in size, as Sir John Herschel says in his charm
ing “ Familiar Lectures,” and giant in strength, but withal
a benevolent giant, being “ the almoner o f the Almighty,
the delegated dispenser to us of light and warmth, the
immediate source o f all our comforts, and indeed of the
very possibility of our existence.”

How, then, it may be

asked, can any other orb be called b y way of distinction
a giant sun, as though the sun which rules our day were
but a dwarf?

It seemed fitting that, in speaking o f Jupiter

in the “ Expanse of Heaven,” I should describe his mighty
orb as a miniature s u n ; for vast as is the bulk o f Jupiter,
he seems dwarfed into insignificance when compared with
the sun’s inconceivably magnificent globe.

A thousand

Jupiters would not make up the volume o f the sun, nor
would the mass of a thousand Jupiters outweigh his, if
masses so mighty could be balanced against each other.
But to speak of any other orb as a giant sun, would seem
to imply that there exists in the universe a globe bearing

A G iant Sun.

157

some such relation to the sun as the sun hears to Jupiter,
or Jupiter to the relatively minute orb on which we live.
Incredible as the idea o f such a globe may be, however,
it is with precisely such a globe that I propose now to deal.
Mighty as is the orb o f the sun, I am to speak o f an orb
more than a thousand times vaster. Grand as is the scheme
ruled by the sun, and inconceivable as are the forces exerted
by the sun upon the orbs which circle round him, I am
to describe a sun which exerts forces many times more
mighty on orbs which themselves probably exceed our sun
in mass and volume.

Magnificent as is the conception

that our sun with his attendant family o f planets is sweep
ing through space at the rate o f two or three hundred miles
in each minute o f time, the sun o f which I am about to
write carries a far mightier train through space at a rate
many times greater.
I f the reader o f these lines had turned his eyes towards
the south at about nine o’clock on a clear evening in the
beginning o f Febuary 1871, he would have seen two orbs
which far outshone all others in the heavens.

High up in

the sky, and not far from the twin stars, Castor and Pollux,
the planet Jupiter was shining with a steadfast lustre
which distinguished him almost as markedly as his superior
brilliancy from all the stars in his vicinity.

Low down

and almost vertically beneath the kingly planet, was a
star which, though not matching Jupiter in actual brilli
ancy, surpassed him in beauty. For this star— the famous
Dog-star o f the ancients— glows with a light which con
tinually changes in apparent colour.

A t one moment it
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appears unmistakably red, at another a pure green, at
another a sapphire blue— though these colours last but for
an instant, while, during somewhat longer intervals, the
light o f the star is white.

Poets in all ages have noticed

this peculiarity o f the light o f Sirius, from Homer who
compared the fiery lustre o f the arms o f Diomede with the
splendour o f the autumn star, “ W hen new risen from the
waves o f ocean,” * to our poet-laureate, who sings o f Arac
and his brothers, that
w A s the fiery Sirius alters hue
A n d bickers in to red and em erald, shone
Their m orions, wash’d w ith m orning, as th ey came.”

It is difficult to conceive that this orb, brightly as it
shines, so far surpasses in volume the magnificent planet
which, in 1871, outshone it in the higher heavens, that
the very drawing by which astronomers are in the habit o f
* In the lines referred to H om er seems to describe Sirius as shining
m ore brigh tly w hen new ly risen than at any other tim e ; and a com 
m entator remarks unhesitatingly, and as though recording some w ellattested astronom ical foot, that Sirius “ shone brightest at its rising.”
I am n ot sure that the w ords o f H om er w ill bear this interpretation,
since the w ord translated “ b righ tly” m ay equally bear the meaning
“ splendidly,” —that is, m ay n ot relate to the quantity of ligh t actually
received from the star, but to the beauty o f the star’s appearance. It
is, o f course, n ot the case that Sirius (either as seen here or in any
country) shines m ost brigh tly when new ly risen ; though certainly the
star appears m ore beautiful when near the horizon, its changes o f colour
being then better m arked and succeeding each other more rapidly. A
sim ilar rem ark applies to Arcturus, Vega, and Capella, the three stars
w hich com e next to Sirius in brilliancy. Indeed the remark applies to
all stars bright enough to shew w ell through the denser air close b y the
horizon.

A
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indicating the insignificance o f our earth com parei with
the sun, might be employed to indicate the inferiority of
Jupiter as compared with Sirius.

Y et even this fact (for

such it is), amazing as it must appear, sinks into insignifi
cance beside the fact that Sirius is a sun many times more
splendid than our own.

That beautiful star, which even

in the most powerful telescope man can construct, appears
as a mere point o f light, is in reality a globe emitting so
enormous a quantity o f light and heat, that i f it were to take
the place o f our sun every creature on this earth would be
destroyed by its fiery rays.
Before proceeding to consider the discoveries relating to
Sirius which have rewarded the labours o f modern astro
nomers, it may be interesting to inquire briefly into the
ideas o f the ancients respecting this splendid orb— the
more so that, if we are to accept the descriptions given by
ancient writers as literally exact, we must conceive that
the star has, during the last two thousand years, under
gone a change o f the most marvellous kind.
It is remarkable that the ancients should have regarded
Sirius as comparable with the sun in regard to the
influence which it exerts upon the earth.

For instance,

Sirius was supposed to produce the unhealthy weather
prevalent in many parts o f Italy during the autumnal
months.

Y et the influence o f the star was not in all

countries regarded as baneful; for the Egyptians ascribed
the inundations o f the Nile to Sirius, and were thus led to
worship the star as a deity.

The dog-days began at the

part o f the year when the star rose just as the sky was
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beginning to grow too bright for any stars to be seen.
So that the mischievous effects assigned to these Canicular
Days were associated, not with the time when the star
shone most conspicuously at night, but with the season
when it was known that Sirius was above the horizon in
the day-time.
But if it is perplexing to understand how the ancients
came to regard the rays of Sirius as thus potent, either for
evil or for good, it is even more difficult to understand
how Manilius was led to anticipate the results of modern
astronomical research by boldly suggesting that Sirius is a
sun comparable with our own in splendour.

Sherburne

thus translates the words of Manilius about Sirius:—
“ ’Tis stron gly credited this ow ns a ligh t
A n d runs a course n ot than the sun’s less brigh t,
B ut that rem oved from sight so great a way
It seems to cast a dim and w eaker ra y .”

The question whether, as some suppose, Sirius has
changed in colour since the days of the ancient astro
nomers, is of extreme interest and importance.
ately the evidence is far from satisfactory.

Unfortun

I f the ancients

had been a little more careful in describing the phenomena
of the heavens, it is probable that many results which are
at present being slowly evolved by careful and laborious
observation, would admit o f being at once and satis
factorily determined.

Amongst these must be included

the question whether any of the larger stars are changing
in

colour.

Whatever

changes

are

taking place are

unquestionably slight, and proceed very slowly.

They are

s i G iant Sun.

i6 r

therefore not easy to d etect; for it is difficult to prove
that the

observer’s

estimate o f colour has remained

unchanged during the whole series o f observations.

The

difficulty is 8till greater when different observers have
been at w o r k ; for two persons can scarcely be found
whose estimates o f all hues and tints are exactly alike.
But it is not impossible that in considerable intervals o f
time— for instance, in two thousand years— changes too
marked to be thus misapprehended may take place.

A

star with a well-marked red or yellow tint may become
white or green, or a white star may become ruddy or blue,
and so on.

So that if the ancients had left us a clear

statement o f the hues o f all the leading stars, we might
have

been

enabled to

determine very

satisfactorily

whether any o f these orbs had changed in colour or tint.
N ow at a first view o f the accounts given b y the ancients
respecting Sirius, it appears plain that the star must have
changed in colour.

A t present Sirius, when high above

the horizon (as seen, therefore, in southern latitudes), is
unmistakably white.

But Aratus and Ptolemy, Seneca

and Cicero, Virgil, Horace, and Ovid, agree in using terms
which, as ordinarily understood, im ply redness or even a
ruddy purple tint.

Nay, Ptolemy says distinctly that

Sirius was o f the same colour as the Btar Antares (the
Scorpion’s Heart), now sometimes described as a red
Sirius; and Seneca said that the redness o f Sirius was
more marked than that o f Mars.

But unfortunately we

have no evidence to shew that the redness here referred
to was other than that red lustre with which the star glows
L
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from time to time when near the horizon.

I f one of these

authors had but stated what is the colour of Sirius when
high enough above the horizon to shine without scintilla
tion, it is probable that a conclusion, bearing most signifi
cantly not merely on questions respecting the stars, but on
the condition o f our own sun, would have been established.
I f we accept the conclusion that Sirius was a red star two
thousand years ago, we cannot but look with some mis
giving on the question whether our own sun may not one
day change likewise in colour— a question of grave import
ance to the human race.

For the colour o f a sun is

closely related to the quality o f the rays which it emits.
W e receive at present from our sun, in certain proportions,
rays which produce the effects of heat, and light, and
chemical action ; and these several effects correspond with
the parts o f the solar spectrum coloured, respectively, red,
and yellow, and indigo.

Or rather, the rays from the red

and orange part of the solar spectrum are more heating
than light-giving, and produce scarcely any chemical action
w hatever; * the rays from the orange-yellow, yellow and
yellow-green part excite more light than heat or chemical
action; and the rays from the blue, indigo, and violet
* The photographer takes advantage o f this circum stance to obtain
chem ical darkness (so to speak) w ithout the inconvenience of optical
darkness. F or b y means of orange-coloured glass he can exclude all
ligh t w hich w ould produce the least change in his chemicals. Orange
yellow hangings are as w ell suited as black hangings w ould be for a
photographic dark room . I t is owing to the same peculiarity that w e
are not always quite satisfied w ith the photographs o f our ruddy
cheeked children.
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more chemical action than lights and

scarcely any heat whatever.

Hence, i f onr sun changed

in colour, his rays would supply more heat or else product
a more intense chemical action than at present; and it is
b y no means clear that such a change would be advantage
ous to the inhabitants o f this earth.
Before leaving this part o f our subject, it may be men
tioned, as bearing on the probability whether Sirius has
changed in colour or not, that certain variable stars
d o change systematically in colour— though in a period
so short, that they are somewhat removed from comparison
with Sirius and his supposed change during the past two
thousand years.

The W onderful Star (Mira) in the Whale

becomes yellowish as it loses brightness, and as its lustre
returns gradually resumes its whiteness.
Let us now turn, however, to the researches o f modern
astronomers into the nature and physical condition o f this
magnificent orb.
Owing to the superior brilliancy o f Sirius, it was natural
that astronomers should be led to regard this star as nearer
to us than any other in the heavens.

But Sirius is not

well placed for observation from European stations, and
accordingly when astronomers first attempted to estimate
the distance o f a fixed star, they did not select Sirius for
the experiment.

One notices in their remarks respecting

Sirius, however, a sort o f tacit assumption, that at whatever
distance they might find any actually observed star to lie,
Sirius must be regarded as at a less distance.
But as the great problem (the most difficult observa-
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tional problem ever attacked by astronomers) began to be
mastered, it was recognised that Sirius is by no means the
nearest of the fixed stars.

Nay, this general conclusion

began to be recognised, that the brightness of a star is no
sufficient criterion of relative proximity.

The first star

whose distance was actually determined was one which
can only be just seen on clear moonless nights by persons
having ordinary powers of eyesight.

A nd though the star

next dealt with (the nearest of all so far as is known) is a
very brilliant orb, yet its lustre falls far short of that o f
Sirius.

In fact, according to the first published estimate

o f the distance of Sirius there are three stars so minute as
to be actually invisible to the unaided eye, which yet lie
nearer to us than this brightest of all the fixed stars.
It would appear, however, from the careful researches
applied to the matter in recent times, that the distance o f
Sirius had been over-estimated, and that as a matter o f
fact this star must be set third in order o f distance,—
among those stars at least whose distances astronomers
have attempted to determine.

According to these later

estimates, while the distance o f the nearest of all stars (so
far as is known) must be set at some twenty-two millions
of millions o f miles, the distance o f Sirius is about eighty
millions o f millions o f miles.
I have spoken of the erroneous estimate o f the distance
o f Sirius.

It may be well, in passing, to consider the

nature and extent of the probable error.

W e have heard

no little astonishment expressed because astronomers have
detected an error o f some three millions o f miles in their
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It appears inexplicable to

many that such an error as this is in reality altogether
trivial— the reaL wonder being that astronomers should
have come within several millions o f miles o f the truth.
But i f the error in the estimate o f the sun’s distance appears
startling, what w ill be thought o f an error which must be
estimated b y millions o f millions o f miles?
is the case as respects Sirius.

Such, however,

I f the estimate o f the star’s

distance which formerly was accepted (and even now
appears in many o f the best astronomical treatises extant)
were correct» the distance o f Sirius would amount to about
130 millions o f m illions o f miles ; the corrected estimate
is as above mentioned 80 millions o f millions.

The

difference is some half a million times larger than the
sun’s distance from the earth.
I t may be asked, then, b y the reader, whether there
must not have been Borne gross blundering on the part of
astronomers.

Nay, if unfamiliar w ith the actual nature

o f the problem which astronomers have had to deal with,
he may even be disposed to believe that there is something
alter all in the outcry o f those loud-voiced persons who
denounce the Astronomer Royal and the Royal Observa
tory, and who assert that every shilling devoted by
Government to the support o f observational astronomy is
thrown away.

A few words o f explanation, however, will

probably remove this impression.
W hat the astronomer has to do in ordeT to determine
the distance o f a star is to notice whether in the course o f
the year the star seems to shift its apparent place on the
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celestial sphere.

The earth circuits her wide path round

the sun once in each year, and therefore the astronomer
really sees each star from a shifting point o f view.

So

that each star must be really seen in different directions at
different seasons of the year, only most of the stars are so far
off that this change o f direction is altogether inappreciable.
In the case o f Sirius the change is just appreciable and
that is all that can be said.

A s Sir John Herschel has

stated, “ Sirius and Arcturus, the two brightest stars visible
in our hemisphere, stand barely within the limits o f any
estimation approaching to certainty.”

The annual dis

placement of Sirius may be thus illustrated :— On a clear
moonlight night let the reader notice the apparent diameter
o f the moon.

Next let him try to conceive that diameter

divided into about 3,800 equal parts.

Then the greatest

displacement of Sirius is equal to one o f those minute
portions.

Sirius in fact appears to circle round a minute

oval path on the heavens, having for its longest diameter
a space equal to about the 3,800th part of the moon’s
apparent diameter.

Now the error of the earlier estimate

(supposing that estimate erroneous) consisted in setting
the displacement o f Sirius at about the 6,300th part o f
the moon’s diameter,— the difference between the two
estimates corresponding to about the 9,500th part o f
the moon’s apparent diameter.

I f the reader will but

conceive the moon’s apparent diameter divided into about
100 parts, and one of these parts again into 100 parts, he
will be able to form an idea of the exceeding minuteness o f
the quantity by which astronomers suppose that their first
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estimate was erroneous.

But most probably the truth

lies between the two estimates, so that the actual error
o f each is only about half this exceedingly
quantity.*

minute

Let us assume as the probable distance o f Sirius, a
value between those which have been mentioned above,—
to wit, 100 millions o f millions o f miles.
I f astronomers could measure the disc o f Sirius, their
knowledge o f the star's distance would o f course enable
them at once to calculate the real diameter o f the star.
But in the most powerful telescope Sinus appears as little
more than a mere point o f light ; and it is well known to
astronomers that even the almost evanescent dimensions
o f the disc are not real, but merely optical

In feet, the

* I t mast be stated clearly, however, that though n o discredit what
ever can attach to astronomers for failing to determine exactly quantities
which are in reality all bat evanescent, yet no more reliance must be
placed on the estimates o f star-distances than shall appear to be justified
b y the accordance of different and independent determinations. In the
present instance-fhe reanlta not being accordant, w e cannot possibly
admit that the distance o f Sirios has been satisfactorily determined. A
similar remark applies to the case o f that star barely visible to the un
aided eye, which I have mentioned as the nearest of all the stars in the
northern heavens. The mean o f the beat recent observations differs
markedly from the value which had been jndged so trustworthy that
Sir John Herachel quoted it with confidence in hiB “ Outlines of
Astronomy.” The star has, in fact, been set at two-thirds of the
distance formerly assigned to it. 80 long as anch discrepancies exist we
cannot speak with any confidence o f a star’s distance. But this very star
is the nearest but one of all the stars astronomers have dealt with. So
that the startling, but inevitable conclusion is deduced that there is ¿ut
one star in the heavens of whose distance astronomers have any definite
ideas. This star is the one known as Alpha Centauri ; and hitherto all
observations agree in placing it at about twenty-two millions o f millions
of miles from the earth.

168

Our Place among Infinities.

more powerful and perfect the telescope the smaller does
Sirius appear, though its light is greatly increased.

Sir

William Herschel tells us that “ when Sirius was about to
enter the field of view of his forty-feet reflector, the light
resembled that which announces the approach of sunrise/’
and when the field of view was fairly entered “ the star
appeared in all the splendour of the rising sun, so that it
was impossible to behold it without pain to the e y e /’

In

the great Eosse telescope Sirius blazes with an even greater
splendour.

Y et neither o f these instruments could “ raise

a d isc” on the star.
Nor need we wonder at this, if we consider the circum
stances of the case.

W e have already seen that the wide

sweep o f the earth on her path causes Sirius to shift but
b y about the 5,000th part o f the moon’s apparent diameter
(taking a quantity intermediate between the two values
mentioned above).

Now this signifies that, as seen from

Sirius, the whole span of the earth’s orbit— though upwards
of 180,000,000 miles in extent— would be reduced to about
the 5,000th part of the moon’s apparent diameter. It follows
of course that, as seen from the earth, a globe 180,000,000
miles in diameter, at the distance of Sirius, would be so
reduced as to have an apparent diameter equal to about
the 5,000th part o f the moon’s.

Now enormous as is the

bulk o f Sirius, no astronomer supposes for an instant that
the star is comparable to such a globe as I have here
mentioned.

Such a globe would have a diameter ex

ceeding our sun’s some 210 times, and therefore a volume
exceeding his some 9,500,000 times, which is utterly in-
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Assigning to Sirius a diameter exceeding our

sun's 10 times (and therefore a volume, exceeding his 1,000
times), it would result that, as seen from the earth, Sirius
has an apparent diameter equal to less than the 100,000th
part o f the moon’s ; and no telescope in existence could
show so minute a diameter as a real measurable quantity.
The nominally available power o f the great Eosse telescope
(6,000) would, indeed, show Sirius with a diameter equal to
about the 16th part o f the moon’s— a quantity which a good
eye could appreciate in the case o f a globe shining no more
brightly than the moon does.

But the intrinsic lustre o f

Sirius resembles that o f the sun when shining in full
splendour, and there is no man living who could recognise
as a disc an orb shining os the sun does, hut with an
apparent diameter equal only to the 16th part o f his.
How, then, it may be asked, can astronomers claim to
know that Sirius is an orb exceeding our sun in magni
tude ?
Practically it is impossible for astronomers to determine
the dimensions o f Sirius ; hut b y comparing the amount
o f light received from him with that received from our
ow n sun, they can form tolerably safe conclusions as to
the probable dimensions o f the star.

They have only to

inquire how far from us our own sun should be placed in
order to shine just as brightly as Sirius, and to compare
that distance with the actual distance o f Sirius, in order
t o infer whether the suu or Sirius is the larger orb, and
b y how much one exceeds the other.
The only estimate which need be here considered is
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that which results from combining together the best
modem estimate of the light of the full moon as compared
with the sun’s, and the best modern estimate o f the light
o f Sirius as compared with that o f the full moon.

The

former estimate is due to the indefatigable German lightstudent, D r Z olln er; the latter we owe to Sir John
Herschel, the estimate having been made during his stay
at the Cape o f Good Hope.

According to these estimates

the light of Sirius is such that some 4,200,000,000 o f
stars, each as bright as Sirius, would be required to
supply as much light as we receive from the sun.

N ow

the distance o f the sun is about 91,500,000 of miles ; and
we have assigned as the most probable distance o f Sirius
100 millions of millions : 100,000,000 contain 91J nearly
1,100,000 times and Sirius is so many times farther from
us than the sun.

So that the sun’s light at the distance

of Sirius would be reduced in the proportion of this
number multiplied into itself or about 1,200,000 millions
o f tim es; and so many orbs as large and bright as the
sun would be wanted at the distance o f Sirius to supply
the same amount of light as the sun actually supplies to
us.

W e have seen, however, that only 4,200,000,000 orbs

as large and bright as Sirius would be needed to that end.
Hence the light of Sirius must exceed the light of the sun
(at equal distances) in the same degree that 1,200,000 ex
ceeds 4,200, or about 286 times.

Assuming an equal

degree o f intrinsic brightness— so that a square mile of
the surface of Sirius is supposed to give out as much light
as a square mile o f the sun’s surface— it follows that
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at equal distances the disc o f Sirius exceeds the disc o f
the Bun 286 times in size, and that therefore the diameter
o f Sirius exceeds that o f the sun 17 times.

I f this he the

case— and this relation must d, priori be regarded as more
probable than any other— the bulk o f Sirius exceeds that
o f the sun 4,860 times.
I f I had adopted the earlier estimate o f the distance o f
Sirius, I should have obtained the result that Sirius gives
out 400 times as much light as the sun, and has a volume
exceeding his 8,000 times.

These are the values adopted

b y Sir John Herschel in his “ Familiar Essays."

On the

other hand, b y adopting the latest estimate o f the distance
o f Sirius, I should have obtained (as in my “ Other
'W orlds”) the result that Sirius gives out 192 times as
much light as the sun, and exceeds him 2,688 times in
volume.

It will be admitted that even this, the least o f

our estimates, is sufficiently stupendous to justify the title
o f the present paper.
The only circumstance which could excite doubt as to
the justice o f the inference that Sirius is a giant sun,
would be the possibility that the star is not composed o f
the

same materials— the same elements— as our sun.

W ere no evidence obtainable on this p o in t it might be
questioned whether Sirius is not a brilliant light rather
than a glowing body.

Unphilosophical as the idea o f

light without a body in which the light is manifested may
appear at the present day, yet not very many years ago it
would have been
Indeed

held that the idea is admissible.

D r W hewell in

his

"Plurality o f W orlds”
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definitely lays down the proposition that the size and
mass of a star cannot safely be inferred from the quantity
o f light it emits.

Now, however, apart from the known

fact that light cannot exist or be sustained without the
motion o f material particles (so that the continuance o f
a mighty light implies the existence of a vast mass) we
have distinct evidence respecting the constitution'of many
stars, Sirius being among the number.

The spectrum o f

Sirius (that rainbow-tinted streak into which its light is
spread out, so to speak, b y means of the spectroscope)
resembles that o f our own sun in all essential respects, a
circumstance showing that Sirius, like our sun, is a glow 
ing mass, whose light before reaching us has passed
through the vapours of many elements.

D r Huggins, our

chief authority in such matters, speaks thus respecting
Sirius:— “ The spectrum of this brilliant white star is very
intense; but owing to the star’s low altitude, even when
most favourably situated, the observation o f the finer lines
is rendered very difficult by the movements of the earth’s
atmosphere.”

Three if not four known elements can be

recognised as existing in the atmosphere o f Sirius, viz.,
hydrogen, iron, magnesium, and sodium.

But doubtless

many others could bo identified but for the unfavourable
circumstances mentioned by D r Huggins, for he adds that
“ the whole spectrum is crossed by a very large number of
faint and fine lines.”
The study of Sirius b y means of the spectroscope has
led to a very remarkable discovery respecting the motion
o f this mighty orb.

It had been already known that Sirius
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is in rapid motion through apace; simply because astro
nomers could see that year by year the star is chang
ing its position on the celestial sphere.

1 have spoken

above o f the minute change o f place noted in the course o f
each year as the earth circuits round the s u n ; but the
reader is not to infer that the star does not shew any
signs o f a real motion o f its own.

The astronomer, in

looking for the small change o f place repeated each year,
does not allow his observations to be vitiated b y a change
(sometimes comparatively large) which continues progres
sively year after year.

H e makes a proper correction for

the progressive change so as to be able to determine
satisfactorily the amount o f the recurrent change.

In the

case o f Sirius, while the recurrent change is scarcely per
ceptible, even with the most delicate instruments, the
progressive change is not only considerable enough to
be deteetible b y its effects in a year, but as it accumu
lates year after year, the astronomer need only compare
observations made at considerable intervals (as ten, fifty,
or a hundred years) to ascertain the rate o f apparent motion
with any desired degree o f accuracy.

It chances, indeed,

t hat the accounts left by ancient astronomers, rough though
those accounts were, sufficed in the very infancy o f
modem exact astronomy to shew that Sirius is in motion;
tor H alley announced so far back as 1718 that Sirius must
be held to be moving slowly southwards on the heavens,
if the observations o f the Alexandrian astronomers are to
be accepted.

The rate o f this motion has since been

determined with extreme exactness.

It is such that in the
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course o f about 1,433 years Sirius traverses a space equal
to the apparent diameter of the moon, moving southwards
and westwards on the heavens, the southwardly exceeding
the westwardly motion in the proportion of about five to
two.

Now, since we know something about the star’s

distance, this result enables us to infer something as to
the star’s real rate o f motion.

The displacement is a

reality, the star must be moving athwart the line o f sight
— either directly or on a slant course.

The smallest

velocity capable o f explaining the displacement is that
estimated on the supposition that the star is moving
squarely across the line o f sight.

Now, it can easily be

calculated that if this is the case, and the distance o f the
star equal to the greatest of the values mentioned above,
then the star must be moving athwart the line of sight at
the rate of nearly twenty-six miles in every second o f time.
On the other hand, supposing the true distance o f the star
to correspond to the later and smaller estimate above
mentioned, the rate o f motion is about fifteen miles in
every second o f time.

Taking the mean value o f the

distance, we infer for the rate o f motion athwart the line
o f sight, a velocity o f no less than twenty miles per
second. *
* Should any astronomical reader compare this paragraph with Dr.
Huggins’ remarks on the same subject in the Philosophical Transactions
/or 1868 (p.550), he will recognise some considerable discrepancies.
These arise from the circumstance that Dr. Huggins (who treats of this
matter only in passing) has b y inadvertence taken the westwardly
motion of Sirius at a fifteenth of its true value. This causes the value
twenty-four miles per second to result where the above paragraph

m
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So far all is simple enough.

Direct observations o f the

plainest nature, applied on the most obvious principles,
have told us all we require to know as to the displacement
o f Sirius on the heavens.

But £ have said that the

spectroscope has given information respecting the motion
o f Sirius; and the account o f this portion o f the work
relates to one o f the most remarkable achievements of
modern science.
W e have seen that the actual displacement o f Sirius on
the heavens supplies no information whatever as to the
direction in which he is crossing the line o f sight.

He

may be moving directly or squarely across that line with
the velocity above determined; but he may, on the con
trary, be moving on a line greatly Blanted with respect to
the line o f eight, and his real velocity may therefore be
very much greater.

In the latter case all that part o f his

velocity which tends to carry him either towards or from
us must escape recognition b y ordinary means.

The case

may he compared to that o f a train hearing a light in the
night-time.

A n observer o f such a train can readily

detect any motion which causes the light to be seen in a
changing direction; hut that part o f the motion which
brings the light nearer to him or removes it farther from
him he cannot detect, except in so far as it causes the
mentions twenty-six miles per second. Then this velocity is increised
to forty miles per sooond instead o f being reduced to 13'3 miles per
second, to correspond to the later or reduoed estimate o f the distance
o f Sirius. I mention these points, n ot to eall attention to slips such as
w ill continually occur in stating relations of the sort, but to prevent
the reader from being in doubt as to where the truth Iiea.
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light to appear larger or smaller than at first.

Now no

conceivable velocity o f approach or recess in the case o f
Sirius would cause the star to appear appreciably brighter
or fainter even in the course o f hundreds o f years.

If we

set the star’s distance at a hundred m illions o f m illions o f
miles, what effect can an approach or recession through
even many hundreds o f m illions o f miles produce on the
star’s apparent brightness?

Nay, we can readily infer

from the seeming displacement o f the star how utterly
ineffective any corresponding m otion o f approach or recess
would be in affecting the star’s light.

W e have seen that

in 1,433 years the star shifts on the heavens by a space
equal to the m oon’s apparent diameter.

N ow it follow s

from this that if the m otion o f recess or approach be as
great as what may he termed the thwart motion, the dis
tance o f the star would change in 1,433 years in the pro
portion in w hich the distance o f the farthest point o f the
moon’s globe exceeds that o f the nearest point, or about as
60 exceeds 59 ; the corresponding change o f lustre, there
fore, in that long interval o f forty-three generations would
be smaller than the most skilful astronomer could estimate,
even though the change occurred within an hour— so
that he could test the different degrees o f lustre with
one and the same telescope, and under like conditions o f
atmosphere, eyesight, and so on.
It is this apparently intractable problem , however— the
problem o f measuring the rate at which a star is approach
ing or receding— which the spectroscope has enabled men
to solve.

The actual principles on which the method o f
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observation depends need not here be explained, because
they have already been considered at some length in a
paper entitled the “ Gamut o f Light,” in m y treatise,
“ Orbs around us."

But I m ay so far recapitulate what

I have there said, as to note that if we are approaching
Sirius or receding from him, either through his m otion
or the sun's, or through the com bined effects o f both
motions, the waves o f light w hich travel to us from Sirius
must appear shortened or lengthened, precisely as seawaves w ould seem narrower or broader according as a
swimmer travelled against or w ith their onward course.
N ow the light from a star contains all degrees o f wave
length from the longest lightr-waves (w hich correspond to
the red end o f the spectrum) dow n to the shortest (which
correspond to the violet e n d ); so that amidst all these
wave-lengths the observer could n o more recognise such a
change as would result from approach or recess than the
swimmer o f our illustrative case could recognise the
apparent shortening or lengthening o f waves in a stormtost sea where waveB o f all dimensions were abroad.

But

if light-waves o f any specified length can be in any w ay
distinguished from the rest, the case (as respects them)
corresponds to that o f a swimmer crossing a long and
uniform succession o f rollers.

N ow the dark lines in the

spectrum o f a star, when th ey can be certainly identified
with the lines belonging to the Bpectmm o f some known
element, supply this very knowledge o f the true wave
lengths.

D r Huggins had identified certain very w ell

marked lines in the spectrum o f Sirius w ith the w ellM
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known lines o f hydrogen.

I f he could find that these

lines in the star’s spectrum are measurably displaced
either towards the red or the violet end o f the spectrum,
he could infer that the wave-lengths o f the star’s light are
measurably lengthened or shortened through a recession
or approach on the part o f the star.
effected.

This he actually

H e found that one o f the hydrogen lines o f the

star was displaced in such a way as to indicate a lengthen
ing o f the light-waves corresponding to a recession at the
rate o f forty-one miles per second.

But a part o f this

recession was due to the earth’s orbital m otion at the time
o f observation, and another part is due to the sun’s own
motion through space.
have been

There remains, after these portions

deducted, a m otion o f recession in space

amounting to about tw enty-six miles per second.

This

rate o f motion— or rather a recession from* the sun at the
rate o f twenty-nine miles per second— is absolute, not
being affected in any way by our estimate o f the distance
o f Sirius.

Combining the recession in space with the

estimated thwart m otion o f twenty miles per second, we
deduce a real m otion in space amounting to about thirtythree miles per second.*
But the circumstance which remains to be mentioned
respecting Sirius before this paper is drawn to a conclusion,
is perhaps more remarkable than any yet referred to.
# O f course the tw o m otions must not be sim ply added together, since
they are not in the same direction. The actual m otion is represented
b y the diagonal of an oblong whose sides represent the m otion of reces
sion and the thwart m otion.
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"When astronomers compared together the places of
Sirius as recorded in a long aeries o f observations, they
found what appeared lik e a periodic displacement o f the
star.

In the first instance, they had examined on ly the

recorded positions o f the star as respects east and w est;
and the observed displacement in this direction suggested
that in reality Sirius is circling around another orb, or
rather that Sirius and some other orb are circling around
a common centre, in a period o f fifty years.

"When it was

found that the star appears to drift to north and south o f
its mean place in a manner according very closely with
this hypothesis, astronomers naturally began to regard the
theory as rendered highly probable b y a coincidence w hich
could scarcely- be regarded as accidental
But no star had been seen where this theory required
that a star should be ; and m oreover the theory required
an orb whose bulk should be about two-thirds o f the
enormous bulk o f Sirius, and it was to he inferred that so
large an orb would shine w ith a lustre comparable with
that o f Sirius him self.

On this last point, however, it was

w ell remarked that we have n o sufficient reason for believ
ing that a ll the orbs which people space are luminous.
H owever, a search was instituted for the star which the
theory seemed to require.
fu l

N or was the search unsuccess

W ith a telescope 1 8 } inches in aperture, made by

him self, the em inent Am erican optician, A lvan Clark,
detected a faint star close b y Sirius, apparently, though
actually (on a moderate com putation), at least 2,000 m illions
o f m iles from 1!™

The movements o f this star have been
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astronomers to accord fairly with the

requirements o f the theory ju st m entioned; though I must
admit that I fail to find a very close resemblance between
the actual motion o f the faint com panion and those which
the theory requires.

But we now have a choice of disturb

ing companions, since the late M r Goldsm idt (who far
surpassed even our own “ eagle-eyed Dawes ” in keenness
o f vision) not on ly saw Clark's star with a telescope only
four inches in aperture, but actually succeeded in detect
ing five other com panion stars.
W e can best explain the faintness o f these stars by
supposing that they are opaque bodies which shine only
b y reflecting the light w hich they receive from their sun
Sirius.

But if so, they m ust be globes o f enormous real

dimensions, the least o f them probably exceeding our own
sun many times in volum e, while the greatest (so we may
conclude from the disturbance Sirius him self undergoes)
must be so large and massive that a thousand such orbs
as our sun would not equal it either in bulk or mass.

We

have here, then, a system differing altogether in character
from our solar system, the largest member o f which is but
equal in mass to about the 1,300th part o f the sun.

The

com plete Sirian system, may even outweigh Sirius him self,
and its mass added to his must exert an attractive
influence throughout an enormous portion o f the stellar
system.

It would seem, indeed, not w holly im possible

that Sirius holds a higher rank in the scale o f creation
that our sun and other similar orbs— that compared with
him these are as secondary orbs compared with primaries.

A G iant Sun.
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W ithout insisting on this, however, we may assert with
confidence that whether we consider his volume, his bulk,
or the m ighty energy evidenced b y his brightness, Sirius w ell
merits the title under which he has been here described.
O f all the orbs with which astronomers have to deal, he
seems worthiest to be called par excellence the giant sun.

TH E STAR-DEPTH S.
The

awe with which the thoughtful student o f astronomy

in our day contemplates the star-depths can scarcely
exceed the simple wonder o f the Chaldaean herdsman, who
gazed on the mysterious vault o f heaven and watched the
constellations as they passed with stately m otion along
their nocturnal arcs.

Brought up from our youth to

regard the fixed stars as the peers o f our own sun, and the
sun as an orb exceeding more than a m illion times in
volum e this earth on which we live, the grandeur o f these
conceptions is yet in part marred by their familiarity.
The ancient astronomer, even though he might believe,
with Aristarchus o f Samos, that the stars are golden studs
upon the crystal dome o f heaven, and the sun scarce larger
than the Peloponnesus, must yet have been penetrated
with a profound sense o f the m ystery surrounding all he
saw.

W e have learned so much, that we are apt to feel

as though all knowledge were within our grasp.

The orbs

o f heaven have been weighed and analyzed, they have
been tracked on orbital paths around each other, they
have been counted and gauged and charted, until it would
seem as though their domain had been com pletely ex-
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It was not so w ith the ancients.

They m ight guess and theorize, but they knew scarce
anything o f the stars.

A n d out o f their want o f know

ledge sprang & sense o f awe, which probably surpassed in
intensity the feeling w ith w hich even the m ost thoughtful
astronomers o f our own day regard the orbs tenanting the
depths o f heaven.
It is m y purpose in the present paper to attempt to restore
to the sidereal system something o f that m ystery which
pervaded it o f old.

I wish to shew that some, at least, of

those views which had seemed m ost thoroughly established,
have but a slight foundation, i f any, on w hich to rest; and
that so far from having penetrated the secret o f the
star-depths, we stand as yet but on the threshold o f that
m ighty domain w hich belongs to the astronom y o f the
future.
Since the establishment o f the Copem ican theory, the
extension o f the sidereal system as recognized b y astrono
mers, has been progressively increasing.

I do not refer

here m erely to the increase o f telescopic power, and the
corresponding increase o f the range o f astronom ical vision.
That increase o f range could on ly tell us what m ight readily
have been guessed without it— nam ely, that the vast
spaces w hich lie beyond the range o f any given telescopic
power are not untenanted b y stars.

But the feature to

w hich I would especially invite attention is the increase
o f the estimated scale on w hich the sidereal system is
built,— the increase in our estimate o f the size and bright
ness o f individual orbs, and the yet more surprising
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increase in our estimate o f the distances which separate
orb from orb.
The first step in this progress was the most remarkable
o f a ll

It was very ju stly urged by Tycho Brah£, that, if

the Copem ican theory were true, the stars must be regard
ed as immensely more distant than astronomers had ever
ventured to imagine.

Tycho Brah6 did not, indeed, know

how far the Earth actually is from the S u n ; but he knew
that the extent o f her orbit or o f the Sun’s orbit, according
as the Sun or the Earth is fixed, must be measured by
m illions

o f m iles.

“ Is it credible,” he asked, “ that

although, m oving in an orbit so enormous in extent, the
Earth as seen from the nearest star would seem absolutely
unchanged in position ? ”
Copem ican theory be true.

Y et this must be the case if the
For not one o f the stars seems

to move, as the Earth com pletes the circuit spoken o f b y
Copernicus; and if no star moves as seen from the Earth,
the Earth must appear at rest as seen from each star in
the heavens.

Each star must therefore lie at so enormous

a distance, that the wide extent o f the Earth’s orbit is re
duced to a mere point.

“ Such a conception,” Tycho

reasoned, “ seems w holly inadm issible; and therefore the
Copem ican theory must be erroneous.”
This reasoning was valid, although the conclusion was
incorrect.

W e must not class the objections urged by

Tycho Brahe against the Copem ican system, with those
unmeaning arguments b y means o f which the Ptolemaists
had long defended their position.

U ndoubtedly the con

clusion that the stars are suns comparable in splendour
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with out own, was not one to be ligh tly accepted.

And

yet no other conclusion could be adopted, if the m otion of
the Earth around the Sun were once admitted.

W e have

ju st seen that the Earth's orbit, viewed from each o f the
fixed stars, w ould be reduced to a mere point.

The Sun,

then, which lies within that orbit, and whose relative
dimensions were perfectly w ell known even in Tycho’s
tim e, w ould a fortiori be but a point as seen from even
the nearest o f the stars.

I f he were visible at all, it would

merely be on account o f the enormous intrinsic brilliancy
o f his light.

But the stars are points o f light, and the

intrinsic brilliancy o f their ligh t also must be enormous,
in order that they may be barely visible.

Their seeming

minuteness is at once seen to be no proof o f real minute
ness, when the fact is recognized that the Sun would
appear at least as minute if view ed from the neighbour
hood o f a fixed star.
The mistake o f Tycho Brahd consisted in his failing to
consider that the whole question was one o f evidence.

If

Copernicus and his follow ers could prove their case, any
conclusions legitim ately deducible were to be accepted,
without any reference to the startling character o f the
views they m ight point to.

W hen Tycho began to see the

heavens opening out before him, and all the stars taking
rank as suns, the blaze o f splendour was too fierce— his
mental vision was unprepared to contem plate so glorious a
display, and he w ould fain have dropped a veil over that
unbearable effulgence.
But the men who follow ed him were more daring.
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B oldly grasping the weapons which Tycho Brah£ had
collected for an attack upon the Copem ican theory, they
turned those weapons against the Ptolemaists.

Seizing

the only available vantage-ground— that one peculiarity
o f the Solar System, without which the theories o f Newton
him self would never, in all probability, have had existence
— the great astronomer K epler found in the seemingly
capricious m otions o f the planet Mars the means o f
abolishing at once and for ever the ‘ cycles and epicycles/
the *centrics and eccentrics/ in which astronomers had so
long put faith.

Then Newton pushed the attack yet

farther, setting forth the real significance o f those laws
which, in K epler’s hands, had seemed em pirical

A nd

lastly, one proof follow ed after anbther, until the new
theories had becom e so firm ly established that no one who
comprehends their position has since ventured to attack
them.
But in the meantime, while the confirmation o f the
Copem ican

theory

was

demonstrating

as real those

wonders at which Tycho Brahe had stood appalled, fresh
light was thrown on the real dimensions o f the universe
o f stars.

For it was found, as research after research was

directed to the point, that the Sun's distance had been
hugely

underrated, and

that therefore

even

Tycho’s

estimate o f the stars’ distances and dimensions, according
to the Copem ican theory, fell far short o f the truth.
M ore and more scm tinizingly astronomers searched the
evidence bearing on the subject o f the Sun’s distance;
wider and wider grew the lim its beyond which they proved
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that that distance m ust lie ; hut as yet they could find no sign

how fa r those lim its were exceeded.

From a few m illions

o f m iles the estim ated distance had grow n to tens of
m illions— forty, fifty, eighty m illions.

A t length the lim it

was nearly reached, and for the firBt tim e in the h istoiy
o f science men were able to say, not, as hitherto, that the
Sun's distance certainly exceeds such and such a number of
miles, but that it approaches, more or less closely, to such
and such a value.
The first rough estimate set the Sun’s distance between
eighty and one hundred m illions o f miles.

Gradually

obtaining better and better means o f measuring the vast
gu lf which separates us from our ruling lum inary, astro
nomers have found 91,500,000 to represent, w ith sufficient
accuracy, that enormous

distance.

Precisely

as the

estimate o f the Sun’s distance in Tycho Brahe’s day had
thus been enlarged, so had his estimate o f the distances
w hich separate the

stars from

us been

overpassed,

enormous and even inconceivable as he had deemed them.
It is this great fact, then, that I take as ch ief guide in
passing beyond the lim its o f the Solar System to survey the
star-depths ; the fact, nam ely, that seen from the nearest
fixed star the Earth’s orbit, though more than 180 m illions
o f m iles in diameter, is reduced to dimensions absolutely
inappreciable b y all ordinary modes o f measurement
Let the reader turn, on any clear night, to the constellation
o f the Great Bear, and let him regard the m iddle star o f
the Bear’s curved tail— the m iddle horse o f those three
which are supposed to draw the celestial Plough.

Close
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by that orb he w ill see a faint orb, which was known in
old times as “ Jack b y the m iddle horse.”

It would be a

fact altogether amazing in its significance, if the wide
sweep o f the Earth’s path round the Sun were, at the
distance o f the nearest star, reduced to a circle o f diameter
seem ingly no greater than the distance separating these
two orbs, which appear to lie so close together on the
celestial sphere.

But that tiny distance exceeds

five

hundred times the apparent diameter o f the Earth’s path,
as it would appear if it could be viewed from the nearest
star, A lpha o f the Centaur.
Even the m ighty instruments o f our own day, wielded
with all the skill and acumen which a long experience has
generated, have not sufficed to enable us to measure the
distances o f more than about a dozen stars.

N or probably

w ill it ever be possible for man to count by the hundred
the number o f stars whose distances are known.

O f all

the m illions o f stars revealed b y the telescope, not the
ten-thousandth part w ill have their true position in space
assigned to them, however roughly.

The real architecture

o f the stellar system must remain for ever unknown to us,
except as respects a relatively minute portion, lying within
certain lim its o f distance from the Earth.
But while the direct measurement o f the star-depths is
thus out o f our power, we are able, by carefully studying
the scene presented to us, to learn much respecting the
way in which the sidereal system is constructed, and also
respecting the nature o f the bodies which com pose that
system.
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In the first place, we have, in the movements o f the
stars, a means o f estim ating certain general relations ; and
in particular, o f determ ining whether, as had been supposed,
the apparent brightness o f the stars is lik ely to afford a
good general test o f their distance.
It w ill be clear that if tw o stars are travelling along in
the same direction and at the same rate, we could at once
estimate their relative distance b y com paring the amount
o f their seeming motions.

I f one was tw ice as far from us

as the other, it is obvious that the more distant orb would
seem to m ove but h alf as qu ick ly as the nearer.

To take

a Biraple illustrative instance— the nearer o f tw o men
walking at equal rates in the same direction, b u t one twice
as far from the observer as the other, w ould not m erely be
reduced in Beeming height to one h alf the seeming height
o f the other, but his steps being correspondingly reduced
in seeming extent, he would appear to m ove but one h alf
as fast.
O f course the actual m otions o f the so-called fixed stars
are not o f Buch a nature as to afford precise inform ation as
to the star distances.

The stars are m oving in all con

ceivable directions, and at very different rates.

In the

case o f any given star, the seeming m otion can te ll us little
respecting either the real m otion or the star’s distance.
B ut the average seeming m otions o f a set o f stars may
give us more trustw orthy inform ation; because in taking
an average we get rid, to a great extent, o f the effects o f
errors affecting individual cases.

F or example, i f w e class

together all the stars o f the sixth magnitude—-the faintest,
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that is, which the unaided eye can see— and, adding all
their seeming motions together, divide the resulting sumtotal among all the stars o f this order, we may regard the
resulting mean motion as very fairly representing the true
mean for the sixth magnitude stars.

I say nothing, here,

o f the special rules according to which this summing up
and distribution should be effected— let us suppose both
operations effected with strict attention to mathematical
considerations.

Then we have the average seeming m otion

o f the order o f stars we are dealing with, and we can
compare its amount with that belonging to other orders.
Clearly we should expect that if, on the whole, bright
ness affords satisfactory evidence as to distance, the average
seeming movements o f faint stars should bear a certain
and a small proportion to the average seeming movements
o f bright stars.

But the very first result of such a process

o f distribution as I have spoken of, is to shew that no such
proportion holds.

On the contrary, the average seeming

motions o f the fainter stars are about as large as the average
seeming motions o f the stars belonging to the leading orders
o f magnitude.

To make the comparison more com plete,

I have taken the stars o f the first, second, and third
magnitude to form one set, and those o f the fourth, fifth,
and sixth, to form a second; then, on comparing the average
seeming movements for the two sets, I have, to m y surprise,
found these movements strictly equal.
It is easy to see why this result may fairly be regarded
as surprising.

For let us consider its real significance.

W e have seen that the seeming rate o f a star’s motion
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affords evidence as to the star’s distance, and evidence
•which may at least as safely he trusted as that afforded by
seeming brightness.

Judging then from the resnlt ju st

arrived at, w e should infer that the stars o f the three lead
ing orders o f magnitude are, on the average, no nearer to
us than the stars o f the next three orders.

This w ould be

to trust solely to the evidence derived from the stellar
motions.

W e cannot, however, altogether neglect the

evidence derived from brightness.

W e must believe that

the brighter stars are, on the whole, somewhat nearer to ns
than the fainter ones.

I f w e w ould com bine the tw o forms

o f evidence, we must infer, I conceive, that among the orbs
which surround us on all sides, there are some which are
distinguished among the rest b y their superior size and
brightness.

These must he few in number, compared with

all the stars that the unaided eye can sea

The inferior

orbs must be spread more rich ly throughout surrounding
space; and hence some among them must lie nearer to the
Sun than any o f those larger orbs which are his real peers.
The larger apparent m otion o f these nearer stars, suffices,
when averages are taken, to make up for the circumstance
that distance must inevitably affect the average apparent
rate o f motion, as w ell as the average brightness.

That

this interpretation is ju st, is confirmed b y the circumstance
that it is among the fainter stars that the most remarkable
motions are observed.
The important conclusion to which we are forced, as I
judge, is that we must divide the stars into tw o chief classes
— leading orbs like our own sun, and m inor orbs more
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profusely spread throughout space.
there any doubt.

On only one point is

There must be a great range o f stellar

magnitudes, a much wider range than has been usually
supposed. But it is not quite clear whether our sun belongs
to the class o f smaller, or to that o f larger orbs.

I have

spoken hitherto as though he were certainly one o f the
leading stars, and this is the view usually accepted.

But

there are reasons for believing that our sun may be a small
star b y com parison with the greater number o f those which
exist in his neighbourhood.

For if we consider the small

number o f stars whose probable dimensions are known,
we find reason for believing that, whereas the least o f these
orbs is fu lly one-fifth o f our sun, the largest exceeds our
sun tw o or three thousand times in magnitude.

A nd to

this must be added the circumstance, that many stars,
which cannot be included in the list o f those whose dis
tances are known, have yet been so far dealt with that the
astronomer is quite sure that their distances are greater
than any o f the measured distances.

A ll such stars are

certainly larger than we should judge them to be if their
distances were measurable.

This we k n ow : what we are

ignorant o f is, how much larger they m ay be.

So far then

as can be judged, our sun is inferior, both in magnitude
and in brightness, to the greater number o f the orbs which
surround him.
But to return to what I have spoken o f as proved— the
existence, namely, o f a very wide range o f difference
amongst star-magnitudes ; let us inquire whether we have
evidence o f even greater variety in the constitution o f the
star-depths.
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So soon as wo have passed the rauge o f the unaided
eye, we have lost all means, or even hope, o f measuring
distances.

W e are then immersed amid really fathomless

depths, and a ll we can hope to do is to form some con
ception respecting the relative dim ensions o f the objects
brought into our view.
There is indeed a theory about the star-system, which
is based on a different idea respecting the difficulties
which the astronomer has to contend with.

I refer to the

theory, w hich finds a place in all our text-books o f
astronomy, that the star-system has the form o f a cloven
flat disc.

This theory was form ed b y Sir W illiam

H erschel, when he was as y e t unaware o f the vastness
and com plexity o f the star-system .

The very words used

in describing his process o f research, indicate that the great
astronomer was fu ll o f confidence in the pow er o f his
great telescopes to fathom a ll the profundities o f the
sidereal system.

H e called his m ethod star-gauging, he

spoke o f the distance at w hich the boundary o f the starsystem [lay in this or that direction, and he discussed
the num erical results he had obtained, without doubting
that those results really enabled him to determine the
architecture o f the galaxy.
B ut as the work progressed Sir W illiam H erschel grew
less confident.

H e began to recognize signs o f a com 

p lexity o f structure which set his m ethod o f star-gauging
at defiance.

I t became m ore and more clear to him also,

as he extended his survey, that the star-depths were in
fact unfathomable— not on ly b y bis gauging telescope,
N
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(com m only known as the tw enty-feet reflector,) but even
b y that m ighty mirror which was one o f the ch ief wonders
o f the world, until the great Rosse telescope dwarfed it
into

relative insignificance.

At

length

Sir W illiam

H erschel definitively abandoned the principles on which
his star-gauging had been based ; and his observations, as
w ell as his theoretical researches, were thenceforth directed
to the determination o f the general laws which prevail
amid the star-depths.

It cannot be questioned that, w ith

those principles, he gave up also the theory o f the starsystem which he had based upon them.

But, singularly

enough, the theory remains, and seems lik ely to remain,
in our text-books o f astronom y; while the far more
wonderful views
W illiam

to which

the

later labours

H erschel pointed, have been

almost

o f Sir
w holly

neglected.*
I f we consider, in the first place, the views o f Sir
W illiam H erschel respecting the M ilky W ay, we shall
find that the variety w hich we have recognized among the
isolated stars, is altogether slight b y comparison with the
amazing variety

o f magnitude,

o f arrangement,

and

* Struve, the highest authority of recent times on the subject of the
stellar system, with the single exception of Sir John Herschel,
accounts for this strange circumstance b y noting that Sir William
Herschel nowhere announces, in so many words, that the cloven disc
theory of the stellar system must be abandoned, though the great
astronomer did very clearly abandon the principles which had led to
the enunciation of that theory. It may be added that the theory is
very simple, and very easily understood, whereas the subsequent
inquiries and views of Sir William Herschel deal with very complex
relations.
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probably o f constitution, to be recognized among the orbs
■which form the Galaxy.

I t is only necessary to under

stand rightly the change which took place in Sir W illiam
H erschel's views, to see that this conclusion must be
accepted b y those who regard the opinion o f that great
astronomer as decisive in

questions relating to the

stellar system.
H erschel’s earlier labours had proceeded on the hypothesis
o f a generally uniform distribution o f the Btars; and
according to this hypothesis, those rich regions o f the
G alaxy in w hich Btars o f all magnitudes are spread with
unspeakable profusion, had im plied sim ply an enormous
extension o f the stellar system in the direction in which
these glories are seen.

The smaller and also more pro

fusely scattered stars were not to he regarded as in reality
smaller and in reality spread more rich ly in space, but as
lying farther away than the brighter, and occupying a more
extensive region.
But Herechel abandoned the theory o f a generally
uniform distribution o f stars.

In fact, instead o f adopting

an y general d priori theory, b y means o f which to inter
pret the aspect o f the star-groups, he changed his plan o f
proceeding altogether, and endeavoured, b y means o f a
careful study o f the law s o f star-grouping, to arrive at
consistent theories respecting the real distribution o f the
stars throughout space.

This was undoubtedly tbe safer

cou rse; and we m ight be

disposed to wonder that

Herechel had not adopted it in the first instance, were it
not for the circumstance that the theory he actually
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adopted when he began his labours, had been so long
regarded an unquestionably sound one.*
W hen H erschel began to reason from observed appear
ances, he was quickly led to abandon the theory o f a uni
form distribution o f the stars.

H e saw that the M ilky

W ay, for instance, is b y no means to be regarded as a
zone o f stars resembling, in their arrangement, those which
form our constellations. ‘ The stars we consider as insulated
are surrounded/ he says, ‘ by a m agnificent collection o f
innumerable stars, called the M ilky W ay.

For though our

sun, and all the stars we see, may truly be said to be in
the plane o f the M ilky W ay, yet I am now convinced, by
a long inspection, and continued examination o f it, that
the M ilky W ay itself consists o f stars very differently
scattered from those which are im m ediately about us.’ “!*
* I t would be unfair, however, to omit mention of the fact that
Michell had clearly shewn, a quarter of a century before Herschel
began his labours, that the theory of a uniform distribution of the
stars is untenable.
+ I have here to correct statements which w ill be found in more
than one place in writings of m y own. Although I had carefully gone
through the whole series of Sir W illiam Herschel’s papers four or five
years ago, I failed to notice that his views had undergone a com
plete change. Having then been led, b y researches of m y own, to feel
grave doubts respecting the generally accepted theory of the starsystem, or rather to feel absolutely certain that that theory is unsound,
I have spoken of it as Herschel’s, when discussing the objections which
I have had to note against it. A more careful study of Herschel’s own
words has shewn me that, though the theory was undoubtedly
enunciated b y him, he was the first to abandon it. I believe the
mistake I fell into is common with those who have given to Herschel’s
papers but a single persuaL Even the laborious Struve fell into the
same error ; and it was only after a careful re-examination of Sir William
Herschel’s papers, that he wrote, “ Nous parvenons au résultat, peut-
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A nd he noted, in a special manner, how he judged that
certain portions o f the M ilky W ay were constituted.
speaking o f the

For

great clustering aggregations, which

can be observed along various portions o f the Galaxy, he
expressed his b elief that these aggregations are globulaT
in form.
N ow if the stars seen w ithin a certain circular region in
the heavens, are enclosed in reality w ithin a globular space,
we can infer the relative distances o f the nearest and
farthest stars w ithin the region.

W e cannot te ll w hich

stars are nearer, and w hich are farther, neither can we tell
the actual distances o f any stars within the circular region
but we can assure ourselves that the distances o f the
farther stars do not exceed the distances o f the nearest in
tnoTe than a certain proportion.

I f we look at a spherical

balloon far away in the upper regions o f air, we m ay be
quite unable to te ll how far o ff the balloon is or how large
it is, or therefore b y how m uch the distance o f the farthest
part o f the balloon exceeds the distance o f the nearest part ;
but though we cannot tell by what amount, we can tell
quite certainly in what degree the distance o f the farthest
part exceeds the distance o f the nearest.

For this relation

depends on ly on the apparent Bize o f the balloon, and re*
mains precisely the same whether the balloon is near and
small, or far away and large.

Supposing the balloon had

ttre inattendu, mai» in con teetable, que le système de Herechel, énoncé
en 1785, sur l’arrangement de la V oie Lactée, a’écrouledc toutes parts,
d'après let recherche* ultérieures de l’auteur ; et que Herschel luimêmc
l'a entièrement abandonné. ’
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no car, nor carried any object o f known dimensions, as a
man or pony or sheep, we might believe that the farthest
point o f the silken covering was ten yards, or ten feet, or
but ten inches farther away than the nearest p o in t; but
we should be in no doubt whatever as to the relative
distances o f these tw o points.

In fact, if we were to hold

up a sm all ball, as a marble or a bagatelle-ball, so as ju st
to hide the balloon, the relation between the distances o f
the farthest and nearest points o f the ball would be exactly
the same as the relation between the distances o f the
farthest and nearest points o f the balloon. A nd in precisely
the same way, if one were to hold up a ball so as to hide
one o f the great globular clustering aggregations o f stars
in the Galaxy, we should know that the distance o f the
farthest star in that aggregation exceeds the distance
o f the nearest star, in the same degree that the dis
tance o f the farthest point o f the ball exceeds that o f the
nearest.
This result is so important, that I need make no excuse
for having thus, at some length, urged its real nature upon
the attention o f the reader.

For let us consider what the

lesson thus taught us respecting these star-clusters in
reality im plies.

In

these

clustering aggregations w e

com m only see stars o f all orders, from certain not very
conspicuous orbs— say stars o f the seventh or eighth magni
tude— down to stars so faint that they are barely visible,
even in the most powerful telescopes w ith which the
Herschels, Bosse, Lassell, and Bond, have explored the
depths o f space.

Nay, in some o f these clusters, there are
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regions in which, after the highest powers o f the largest
telescopes have been applied, faint patches o f cloudy light
remain still unresolved into stars.

N ow according to the

th eoiy first entertained b y Herschel, the faintest stars in
these clusters, and especially the faint unresolved star-dust,
(if one may so speak,) w ould b e regarded as many tim es
farther away than the stars o f the seventh or eighth
magnitude belonging to the same cluster.

There would,

in fact, be stars o f all orders o f distance, corresponding to
the various orders o f apparent magnitude, from the seventh
downwards.

But when once it is admitted that these

clustering aggregations are globular in their general form,
w e can no longer admit such an interpretation o f the
various orders o f magnitude seen among the stars which
form the clustre.

The fainter stars are certainly not many

tim es farther away than the brighter, certainly not twice
as far away, nor h alf as far again.

The relative minute

ness o f these fainter orbs, and their relative closeness to
each other, are real and not merely apparent phenomena.
Stars which the earlier theory w ould have taught us to
regard as not smaller nor m ore closely set than the
brighter, but about ten times as far off, are shewn to be a
thousand tim es smaller, and set a thousand times more
clo s e ly ;* stare w hich the earlier theory w ould have
placed one hundred tim es farther away than the brighter
* The average distances separating star from star would be in this
case but ten times smaller, and in the following but a hundred tim es;
but the number o f stare inoluded in a given region o f spaoe would be,
respectively, a thousand and a million times greater; and these
relations m sy properly be described in the words used in the text.
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stars in a cluster, are now found to be a m illion times
smaller, and set a m illion times more closely.
It w ill be seen at once that the w onderful variety o f
structure recognized b y the telescopists in the richer
regions o f the M ilky W ay, receives quite a new interpreta
tion when the later views o f Sir W illiam H erschel are
accepted.

Few who have not studied the Galaxy with

the telescope, can be aware o f the real com plexity o f
that marvellous system o f stars.

I know, indeed, o f

nothing which is better calculated to impress the observer
with a sense o f the real magnificence o f the stellar system,
than a view , even through a telescope o f moderate power,
o f the glorious star-depths in the constellations Cygnus,
A quila, and Perseus.

In telescopes o f great power, these

regions and others, more especially some in the southern
heavens, present a display so marvellous, that all descrip
tion must fail to convey any ju st

conception o f its

splendour.
I have had occasion lately to study somewhat attentively
the laws according to which the stars are distributed in
the more densely aggregated regions o f the M ilky W ay ;
for I have constructed a circular chart, two feet in diameter,
in which all the northern stars which can be seen with a
telescope two and three-quarter inches in aperture, are
included.

In all there are 324,198 stars in this chart, and

therefore about one hundred and fifty times as many as
can be seen with the unaided eye on the darkest and
clearest night.

It is wonderful, indeed, when contem 

plating this immense congregation o f stars, to consider that
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the same portion o f the heavens, if surveyed com pletely
•with the gauging telescopes o f the Herechels, w ould shew
tw enty or thirty tim es as m any stars.

B ut even among

the stars w hich sm aller telescopes exhibit, there are signs
o f definite laws o f arrangement too w ell m arked to be
regarded

as m erely

accidental— that is,

as im plying

n o real connection between the stars thus seem ingly
associated.
W hen larger telescopes are applied to the same rich
regions o f the heavens, fresh peculiarities are brought into
view . Father Secchi o f Rom e speaks thus o f the distribution
o f stars w ithin a certain very bright portion o f the M ilky
W ay in the constellation Sagittarius, as revealed b y the
powers o f the fine refracting telescope o f the Roman
Observatory :— ‘ There are large stars and lucid clu sters;
then a layer o f smaller stars certainly below the twelfth
m agnitude; then a nebulous stratum w ith
openings.'

occasional

B ut what startled him and a ll to whom he

shewed it, was the regular disposition o f the stars in figures*
so geom etrical that it is im possible to regard them as
accidental

*They are for the m ost part lik e the arcs o f a

sp ira l; one can count as m any as ten or tw elve stars o f
the ninth and tenth magnitude— follow ing each other on
the some curve like the heads on a rosa ry; sometimes they
seem to diverge from a com m on centre, and, strangely
enough, it usually happens that cither at the centre o f the
* Thus far the quotation is from W ebb’s charming little work entitled

1Celestial Object* for common Telescopes,’ who has summarised Secchi's
remarks; the remainder o f the passage in inverted commas, is translated
from a quotation given b y W eb b in the same work. (Not*, p. 267.)
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rays, or at the beginning o f the branch o f a curve, there is
a larger star o f a red colour.

It is im possible to regard such

an arrangement o f the stars as accidental.,,
The accounts given b y Sir John H erschel o f various
parts o f the M ilky W ay, as seen in the southern hem i
sphere, afford

even more remarkable evidence o f the

singularly varied and com plex nature o f the star-grouping
in those richer parts o f the Galaxy.

The follow ing

passage serves to give some idea o f the nature o f this
evidence.

I quote the passage as it appears in H erschel’s

. splendid work entitled ‘ Observations made at the South
C ape/so far, at least, as respects the sequence o f the rem arks;
here and there certain technical phrases have been omitted
or changed, since the passage otherwise would not be
suited to these p ages: ‘ A fter passing the dark interval
between the two streams o f the M ilky W a y / in Centaurus,
‘ the coming on o f the M ilky W ay is thus described *—
H erschel is here quoting from his n ote-books: ‘ “ The
edge o f a great nebulous projection o f the M ilky W ay o f
great extent, running horizontally.

The northern half o f

the field o f view has stars on a black ground.

A fter this

the M ilky W ay becom es very nebulous, in great cirrous
masses and streaks.”

“ Further on commences a series o f

great nebulous and sem i-nebulous M ilky W ay patches
over the whole breadth o f the zone.” ’

Then occur several

remarkable clusters, ‘ “ among alternations o f vacuity and
richness most surprising, and baffling all description ; ” as
the main body o f the M ilky W ay comes on, the frequency
and variety o f these masses increase/ . . . .

Further on,.

203

The Star-D epths .

the follow ing remarks o ccu r: "T h e M ilk y W ay is here
com posed o f separate, or slightly or strongly connected
clouds o f sem i-nebulous lig h t; and, as tlie telescope moves,
the appearance is that o f clouds passing in a scud, as
sailors call it.”

“ I could fill a catalogue w ith the clusters

o f the sixth class w hicli are here.

The M ilk y W ay is

lik e sand, not strewed evenly as w ith a sieve, hut as if
flung dow n h y handfuls, (and both hands at

once,)

leaving dark intervals, and all consisting o f stars o f the
fourteenth, fifteenth, . . . to the twentieth magnitude, and
dow n to

nebulosity, in

a m ost astonishing manner."

Again, “ after an interval o f com parative poverty, the
same phenomenon, and even more remarkable.
say it is nebulous.

I cannot

I t is a ll resolved, but the ’ tars

are inconceivably numerous and minute.

There must

be m illions on m illions, and a ll m ost unequally massed
together; yet they nowhere run to nuclei or clusters much

brighter in the middle."

This extraordinary exhibition

term inates' nearly on the meridian m arking the eighteenth
hour o f right ascension, ‘ where the M ilk y W ay resumes
its usual appearance.’
I f we regard the M ilky W a y as a w hole we are equally
struck w ith the evidence o f com plexity o f structure.

As

described indeed in many text-books o f astronom y, the
aspect o f the M ilk y W ay m ight b e regarded as according
w ell w ith the theory that the stellar system is shaped like
a cloven flat disc.

For we are com m only told that the

M ilky W ay is a zone, or band, circling the w hole o f the
celestial sphere, and divided along one h alf o f its length
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into tw o distinct streams.

But as a matter o f fact, this

description is very far indeed from accurately presenting
the characteristics o f the M ilky W ay.

Both portions o f

the descriptions are indeed equally untrue.

For, in the

first place, the M ilky W ay does not circle the heavens,
hut is in one place cloven right across b y a wide dark rift.
A nd in the second place, one can only say o f a very small
portion o f the M ilky W ay that it is double.

Near the

constellation Cygnus, in the northern heavens, the M ilky
W ay is double ; but one o f the branches, after proceeding
somewhat beyond the head o f Ophiuchus (the Serpentbearer) bends away from the other branch and is presently
lost altogether.

N ow at the opposite side o f the heavens,

near the constellation Crux, (or the Cross,) the M ilky
W ay is again double ; but tracing the second branch on
the side towards the place where the second branch on
the other side loses itself, we presently find the southern
second branch becom ing subdivided into several branches,
and these form ing a region o f interlaced streaks, accom 
panied b y patches o f light, which seemed to be quite dis
join ed from all the branches.

This strangely com plex

region spreads out towards the constellation lib ra , where
it loses itself ; but a well-m arked branch bending round
towards the adjacent continuous stream seems to end in
three well-m arked patches.

Over the whole

o f this

region, the com plexity o f the M ilky W ay, as seen b y the
naked eye, is fairly comparable with the com plexity o f
the telescopic aspect o f the same region as described by
Sir John HerscheL
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E ven in our northern heavens, however, there are
regions w hich are singularly com plex, and as it were
variegated.

‘ It is indeed,’ says Professor N ichol, ‘ only to

the m ost careless glance, or when view ed through an at
mosphere o f im perfect transparency, that the M ilky W ay
seems a continuous zone.

Let the naked eye rest thought

fu lly on any part o f i t ; and i f circum stances he favourable,
it w ill stand out rather as an accum ulation o f patches and
streams o f light, o f every conceivable variety o f form and
brightness; now side b y side, now heaped on each oth er;
again

spanning

across dark

spaces, intertwining and

form ing a m ost carious and com plex net-w ork ; and at
other tim es darting o ff into the neighbouring skies in
branches o f capricious length and shape, w hich gradu
ally thin away and disappear.’
Thus far I have been dealing on ly w ith the general laws
o f star-distribution.

I have endeavoured to shew that

instead o f a system o f suns spread w ith a general uniform 
ity throughout space, we have to deal w ith orbs differing
w idely from each other in magnitude, and distributed
throughout space in the m ost varied manner. Streams and
branches o f stars, strangely shaped groups, forming, as
regards their seeming arrangement, the m ost com plex re
ticulations ; islands o f light and lakes o f darkness, result
ing from the aggregation o f stars towards certain regions
and their segregation from

oth ers;— these, and

other

phenomena o f a sim ilarly perplexing nature, serve at least
to shew that the star-system has not that sim plicity of
structure so com m only assigned to it in our text-books o f
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astronomy.

But we have still to consider details.

Am ong

the wonders o f the star-depths, there are to be noted phen
omena even more wonderful than those general features
which have hitherto been dealt with.

Coloured stars;

double and m ultiple stars; periodic, variable, and tempor
ary stars; the various orders o f star-clusters, star-cloudlets,
and star-m ist; these are among the wonders o f the stardepths.

W ith them we have now to deal, considering

them rather for the evidence they afford respecting the
richness and variety o f the sidereal system than with
special reference to the features o f individual objects
belonging to these various classes.

W ith respect to some

o f them, indeed, m y ch ief task w ill be to shew reasons for
believing that they really do belong to the star-depths;
and not, as has hitherto been com m only judged, to regions
o f space lyin g far beyond the bounds o f our own starsystem.
Let us pause for a moment to survey the ground over
which we have passed.
W e have considered the scale on which the stellar
universe has been formed, and- the general varieties o f
structure observable within the range o f telescopic vision.
W e have seen that, compared with distances separating
star from star, the dimensions o f our Sun, and even o f the
system over which he bears sway, sink into utter insignifi
cance.

A nd then, endeavouring to picture to ourselves

the manner in which these star-ranges are distributed—
the plan on which this system o f magnificent distances is
form ed— we have seen reason to believe that a variety o f
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distribution prevails w hich renders the scheme o f stare
singularly difficult to interpret aright.

So long as we

cou ld believe in uniform ity either o f dimensions or dis
tribution, we could deduce certain conclusions as to the
structure o f the great star-system.

Varieties o f appear

ance were then at once explicable, as due either to the
various distances at w hich the particular regions under
survey were placed, or else to the various depths to which
the telescopic sounding-line penetrates before reaching the
lim its o f the star-system.

B ut so soon as we are led to

doubt whether any sort o f uniform ity exists within the
star-depths, we lose at once the means o f readily interpret
ing the scene disclosed to us in the telescopic survey o f the
heavens.

A region which appears singularly rich in stars

may he a true atar-cluBter— a subordinate star-system— or
it m ay he a region where the lin e o f eight passes through
an almost interm inable range o f stars.

Seem ingly minute

stars m ay form schemes o f suns far smaller than our own,
o r than any o f the leading orbs o f the heavens; or they m ay
be orbs suipassing even Sirius in magnitude and splendour,
but set at depths compared w ith w hich his enormous
distance is relatively as insignificant as the distance o f our
m oon com pared with the dimensions o f the Solar System.
A cloud o f light in the star-depths m ay be a vast mass o f
nebulous matter, or it m ay be a scheme o f stars as
magnificent as the m ost splendid o f all the star-clusters
discernible with the telescope.
I t does not follow that in the presence o f these sources
o f perplexity we need w holly despair o f solving the pro-
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blem s presented by the star-depths; but it becomes m ore
necessary than ever to exercise extreme caution at each
step o f our progress.

W e must avail ourselves of every

m ethod o f research or inquiry which promises to throw
the least light on the very difficult questions we have to
deal with.

‘ In the m idst o f so much darkness/ wrote

Sir John H erschel to me on this point, ‘ we ought to open
our eyes as wide as possible to any glim pse o f light, and to
utilize whatever tw ilight may be accorded to us, to make
out though but indistinctly the forms that surround u s/
It is not in this place indeed that this
analysis should be undertaken.

searching

M y purpose in writing

these lines is not to exhibit in detail the reasoning by
w hich certain conclusions m ay be attained, but rather to
present an account o f what is known or m ay be inferred
respecting the stellar depths.

But it is w ell that the

reader should notice that the facts to be described have
an interest other than that which they derive from their
intrinsic importance, inasmuch as it is to them chiefly
that we are to look for hints to guide us in the attempt to
solve the noblest problem ever attacked b y man.
W e have already had abundant reasons for believing
that ‘ one star differeth from another in g lory / not m erely
as seen upon the heavens, but in reality, and to an extent
which corresponds with the variety o f dimensions recog
nized among the members o f the Solar System itself.

Let

us now briefly consider the evidence we have o f an equally
remarkable variety o f condition and constitution among
the stars com posing our galaxy.
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In the firet place, we can infer from the different
colours o f the stars, that their condition, and the condition
also o f worlds dependent upon them, m ust differ to a
corresponding extent.

E ven the naked eye recognizes

remarkable diversities o f star-colou r; but it is on ly when
the telescope is directed to the w ork o f survey that
the true extent o f these diversities is fu lly recognized.
Confining our attention for the present to single stars, it is
to be noticed tha,t every variety o f pure colour— that iB, o f
the hues seen in the prism atic spectrum— from bluish and
greenish, (not fu ll green or blue,) through yellow , orange,
ruddy, and fu ll red, even to the deepest ruby, m ay be re
cognized among isolated stars.

B ut no isolated stars o f a

fu ll blue or green colour have yet been detected*
Here we have an instance o f variety o f condition which
cannot but be regarded as highly significant.

In what

ever w ay w e explain the colour o f a red or orange star on
the one hand, or o f a greenish or bluish star on the other,
we cannot but admit that th ey m ust differ m arkedly in
condition and that the condition o f either m ust be m arkedly
different from that o f a w hite star.

A red star may be

heated in different degree than a w hite star, or it m ay be
surrounded b y absorbing vapours different in character
from those which surround an orb o f the latter class, or the
* This, however, has been questioned, since some observers (end
notably the late Admiral Sm yth) have considered certain isolated
stars to be decidedly blue or green, The general opinion ia in favour
o f those who aaeert that the blue or green hues o f these stars are not
w ell marked, and that a peculiarity o f vision has led the before men
tioned observers into error.

O
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difference o f aspect may be explicable in some other

manne r ; but it is not conceivable that any explanation can
present tw o such stars as alike, or nearly alike, in their
physical condition. A nd so o f other distinctions o f colour.
W e are not left in doubt, however, on this p o in t; for
the spectroscope exhibits to us the nature o f the character
istic difference between
stars which differ
t

in

colour.

Father Secchi has been able, in fact, to arrange the stars
o f different colour into four distinct types, according to
the character o f the rainbow-tinted streak into which the
spectroscope spreads out their light.
First in order are the stars usually considered white,
but in reality shining with a somewhat bluish light.
Such are Sirius, Vega, A ltair, Kigel, and Kegulus, as w ell
as all the stars o f Charles’s W ain, except Dubhe.

The

spectrum o f a star of this order ‘ shews rays o f all the
seven colours, and is sometimes crossed b y very numerous
and m ostly very fine lines, but always by four broad and
very dark lines.

O f these four lines one is in the red,

another in the greenish blue, and the remaining two in the
violet.

A ll the four are due to hydrogen.*

The spectra

o f these stars shew also the lines o f sodium, iron, and
magnesium.

‘ N early h alf the stars in the heavens/ (that

is, o f those visible to the unaided eye,) *are included in
this type, and their spectra m ay be examined even with a
telescope o f small pow er/
* From Dr ScheUen’s fine work on Spectrum Analysis, translated b y
Jane and Caroline Lassell, and edited b y Dr Huggins, F.R.S. See
further, “ The Expanse of Heaven.”
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The second type o f fixed stars is that to which onr sun
belongs.

‘ In this class,’ says Secchi, 'm oat o f the yellow

stars are included,

as for

instance,

Capella, Pollux,

Arcturus, Aldebaian, D ubhe in the Great Bear, Procyon,
Ac.

The dark lines are very strongly marked in the red

and in the bine portions o f their spectra, but are almost
entirely absent in the yellow .’

The w ell-know n dark lines

in the solar spectrum illustrate this p ecu lia rity; yet it
should be noted that though well-m arked dark lines are
absent from the yellow part o f the spectrum, fine lines
are present there in great numbers.

‘ The close conform ity

to the solar Bpectram undoubtedly leads to the conclusion,’
says D r S ch ellen ,' that these stars are com posed o f similar
elements, and possess a physical constitution in other
respects analogous to that of our Sun.'

W e have seen

that about one h alf the stars hitherto observed belong to
the first type.

Secchi considers that, the second type

includes about two-thirds o f the rem ainder; so that
already five-sixths o f all the observed stars have been
taken into account.
The third type includes all the stars shining w ith a
well-marked red tint.

A s an exam ple, the brilliant but

variable star Betelgeux, w hich marks the right shoulder of
Orion, may be cited.

The star A lpha H erculis, in the

head o f the K neeling H ero, also belongs to this type.
"T h e spectra o f such stars appear lik e a row o f columns
illum inated from the side, producing a stereoscopic effect;
and when the bright bands are narrower than the dark
ones, the spectrum has the appearance o f a series o f
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grooves.

Red stars o f even the eighth magnitude have

been examined spectroscopically with Secchi s admirable
instrument, and shew a similar constitution, while no
spectrum could be obtained from white stars o f the same
magnitude.”

The spectrum o f stars o f the third type re

sembles in a remarkable degree the spectrum o f a solar
spot, a circum stance w hich has led Secchi to regard these
as spot-covered suns.
Stars o f the fourth type, like those o f the third, have a
spectrum presenting a columnar appearance; but the
number o f the columnar bands is less, and the brighter
side o f each band is towards the violet end o f the spectrum,
whereas in stars o f the third type the reverse is the case.
In to peculiarities such as these, however, we need not here
enter at length, because they do not affect those general
relations w ith which we are here dealing.
Now, passing from the consideration that these varieties
o f the stellar spectrum indicate corresponding varieties
o f elementary structure in the suns which people space,
let us consider for a moment how the condition o f in 
habited worlds circling around other suns than ours m ust
be affected b y the nature o f the light em itted b y the orbs
w hich rule them.
Our sun sends forth rays which supply three very
different requirements o f living creatures, animal and
vegetable, peopling our earth.

W ithout light, we should

all before long perish m iserably; and the sun’s rays supply
us with light.

W ithout heat, we should be even m ore

quickly destroyed; and the sun’s rays provide am ple

The Star-Depths.
supplies o f beat

213

B ut besides light and h eat we require,

directly and indirectly, that chem ical action o f the solar
rays w hich has been called actinism.

W ithout this action

the air we breathe w ould b e loaded before long with
pestilential vapours, which w ould destroy the lives o f men
and anim als; plants w ould wither, and presently d ie ; the
whole earth, in fa c t would soon be the abode o f death, as
surely, though perhaps not so quickly, as though the sun
had ceased to supply either ligh t or heat.
N ow at present these three form s o f energy are exerted
in certain proportions, adm irably suited to our require
ments.

D ividin g the solar rays according to the position

they occupy w ith reference to the spectrum— we have
from the red rays, and from dark rays beyond the red,
the ch ief supply o f h ea t; from the whole visible spectrum,
but chiefly from the yellow portion, com es the supply o f
lig h t; and lastly, the violet rays, and the dark rays beyond
the violet, afford the ch ief supply o f actinism .

I f any

change were to pass over our sun whereby the proportion
o f heat and light and actinism were appreciably modified,
we should undoubtedly suffer sooner or later.

I f the

m odification were considerable, all plants and ftnimola
w ould probably perish.

But i f our sun’s rays were so

affected that he was visibly changed in colour— either to
our own eyes, or to the inhabitants o f some far distant
w orld whence our sun is seen as a star— there can he no
question that this change w ould result in a considerable
modification o f the proportion in w hich heat, light, and
actinism reach our earth.

F or w e have seen that varieties
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o f stellar colour im ply varieties in the stellar spectra,
some stars having the red or heat end relatively more
brilliant than the rest o f the spectrum, others having the
yellow or light portion in relative excess, others the violet
or actinic portion.

Since, then, the creatures livin g on

this earth would unquestionably suffer if our sun were so
changed as to resemble stars o f certain colours, it follow s
that the creatures in worlds circling around stars o f those
colours must differ in many im portant respects from those
existing on our own earth.

So that the varied tints seen

amid the star-depths supply evidence o f a corresponding
variety in the

scenes

displayed b y the

unnumbered

myriads o f worlds circling around other suns than our own.
In passing from isolated suns to double and m ultiple
star-systems, I scarcely know whether to dw ell chiefly on
the varieties of arrangement observable in these systems
or on the singularly-m arked and beautiful colours seen
among them, as the more striking illustration o f the com 
plexity o f the scheme according to which the universe has
been formed.

But as the subject of colour has already

been discussed, it may be w ell to consider the former re
lation more particularly at this point.
I f we consider only the double stars, we find a perfectly
marvellous variety o f arrangement as respects magnitude
and distance. In some pairs the com ponent stars are equal,
in others we find every degree o f disproportion in the mag
nitudes o f the com ponents, from a slight inequality down
to such an enormous disproportion as in the case of Sirius
or Antares, where the chief star is a brilliant o f the leading
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order, (a 'dou ble first,’ as it were,) and the companion is
barely visible in powerful telescopes. A s respects distance,
it is not possible to speak quite

bo

confidently— at least,

in any specified instance ; since a pair whose components
appear to

be very close together may in reality be

separated b y a distance exceeding that w hich separates a
‘ wide double.’

But among so many thousands o f double

stars which have come under telescopic scrutiny, this
difficulty need not perplex us, since the laws o f averages
assure us that peculiarities o f arrangement w ill not prevail
in a large array o f instances.

So that we may feel assured

that the observed immense variety in the distance of
double stars— whether in the actual observed distance, or
in the relation between this distance and the seeming
magnitudes o f the component stars— corresponds to an
equally immense variety in the real distances.

Then the

subject o f colour enters into the question o f arrangement
(apart from the evidence it supplies as to elementary
constitution,) and hero again we find the most surprising
variety.

W e havo pairs o f white, yellow, orange, and red

stars; then we have red and white pairs, red and yellow,
red and orange, and so on, with all such combinations,
the larger or smaller star having either colour o f any such
p air; again, we have white and blue, white and green,
white and violet, red and blue, red and green, red and
violet, and so on, the larger star in all such cases being
white, yellow, orange, or red, and the smaller blue, green,
violet, or purple.

W e have also small companion stars,

coloured lilac, fawn, dun, buff, ashen grey, livid, olive, russet,
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citron, and so on, to say nothing of colours so peculiar that
no ordinary name can be given to them *
I f we regard a pair o f stars as forming a double sun
round which, or rather round the common centre of which,
other orbs revolve as planets, we are struck by the differ
ence between such a scheme and our own Solar system ;
but we find the difference yet more surprising, when we
consider the possibility that in some such schemes each
component sun may have its own distinct system o f
dependent worlds.

In the former case, the ordinaiy state

o f things would probably be such that both the suns
would be above the horizon at the same time and then
probably their distinctive peculiarities would only be
recognizable when one chanced to pass over the disc o f the
other, as our moon passes over the sun’s disc in eclipses.
For short intervals of time, however, at rising or setting,
one or other would be visible a lon e; and the phenomena
o f sunset and sunrise must therefore be very varied, and
also exquisitely beautiful, in worlds circling round such
double suns.

But where each sun has a separate system,

even more remarkable relations must be presented.

For

each system o f dependent worlds, besides its own proper
sun, must have

another

sun, less splendid, perhaps,

(because

off,) but

still brighter beyond com

farther

parison than our moon at the fulL

A n d according to the

* For such a colour the celebrated astronomer, W . Struve, invented
the pleasing name, *olivaceasubrubicundaf ’ respecting which the author
of ‘ Celestial Objects for common Telescopes ’ remarks that it matches
Gruithuisen’s *stickstofaauerstoffatmospMre, * and (an English chemist’s
invention) the iodide o f rnethylodkthylamylammonium.
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position o f any planet o f either sytem, there ■will result
for the time being either an interchange o f suns instead o f
the change from night to day, or else double sunlight
during the day, and a corresponding intensified contrast
between night and day.

W here the two suns are very

unequal, or very differently coloured, or where the orbital
path o f each is very eccentric, so that they are sometimes
close together, and at others far apart, the varieties o f con
dition in the worlds circling around either, or around the
common centre o f both, must be yet more remarkable.
‘ It must be confessed,' we may well say with Sir John
Herschel, ‘ that we have here a strangely wide and novel
field for speculative excursions, and one which it is not easy
to avoid luxuriating in.’
I f it be supposed that in some instances the smaller
component o f a double system shines either wholly or to a
considerable degree b y reflecting the light o f its primary,
we shall find yet further reason for wonder at the diversity
o f structure within the star-depths.

F or unquestionably

the largest o f all the planets which circle around the Sun
would

not be visible even under the most powerful

telescopic scrutiny, at the distance o f the nearest fixed
etar.

Nay, an opaque orb as large as our Sun, if placed

where Jupiter is, would not reflect a tenth part o f the
light necessary to render it visible at such a distance.
But such

considerations as these become perfectly

bewildering when

extended to triple, quadruple, and

generally to multiple star-systems.

I t w ill afford some

idea o f the amazing variety o f arrangement observable
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among such systems, that even among the host of triple
stars already observed by astronomers, not two have been
found which closely resemble each other in arrangement,
while, so soon as we pass to more complex systems, we
find that each fresh object o f the class differs utterly from
all which have been previously observed.
In considering the actual condition o f the region o f
space occupied b y a triple, quadruple, or multiple starsystem, we find ourselves surrounded on all sides b y
sources o f perplexity— so long, at least, as we compare
the worlds in such regions with our own earth, or with
any member o f the Solar system.

A ll the most marked

characteristics o f life on our earth must be wanting in those
worlds which circle around the component suns of multiple
systems.

There can be no year, strictly so called, no

orderly succession o f seasons, no regular alternation of day
and night, in many cases no night at all, save for brief
periods at exceedingly long intervals.

Placed at such a

distance from any star o f one of these systems that that
star appears as a sun, the others also must supply an
amount o f light sufficient of itself to banish night.

More

commonly, indeed, each star of such a system, while above
the horizon, would be a sun shining more brightly than
our sun does to the inhabitants of many planets of his
scheme.

But where there are three or four such suns,

the simultaneous absence o f all from the sky must be
an uncommon event— as uncommon, for instance, as
those occasions when none o f Jupiter’s satellites can be
seen.

The inhabitants of worlds such as these can but
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seldom witness the spectacle o f the starlit s k y ; and the
study o f any orbs beyond their own Bystem must be a task
o f infinite difficulty, since it can only be pursued for a few
occasional hours o f darkness, separated b y many months
o f persistent daylight.
The consideration o f these multiple systems leads us on,
step by step, to the various orders o f star-clusters.

For

we can point to multiple systems o f greater and greater
richness, and as it were compactness, until we arrive at
orders which we are compelled to regard as veritable starclusters.

Y et it is to be noticed that, w e might have

approached the study
direction.

o f star-clusters in

a

different

F or we have already had occasion to consider

the various degrees o f stellar aggregation in diiferent parts
o f the heavens; and some o f the regions o f aggregation,
while indubitably features o f the galaxy regarded as a
whole, are yet so well defined, and so clearly separated
from the surrounding more barren regions, that we cannot
refuse to regard them as vast star-dusters.

W e can thus

either proceed from the smaller star-clusters— to which'-we
have been led b y the study o f multiple star-systems—
onwards to larger and yet larger groups o f stars, until w e
have arrived at the aggregations just m entioned; or we
can pass from these through the successive orders o f a
diminishing scale until we arrive at multiple star-sy3tems.
Y et here it is well to remark that a difficulty presents
itself which can only be removed b y the theory, to which
we have been already led by other considerations, that
the great aggregations o f stars are not (or at least, all o f
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them are not) to be regarded as formed o f orbs necessarily
comparable 'with Sirius and Arcturus, Capella, Vega, and
Aldebaran, in real magnitude and splendour.

P or we can

pass from the single suns onwards to double suns, multiple
systems, star-clusters, and stellar aggregations, thence to
less and less condensed and more and more extended
aggregations, until w e arrive at unaggregated star-groups,
consisting, in fact, o f the single orbs "with which we set
out.

N ow it is to be observed that we seem to be brought

to the single stars b y a course which is not a mere retracing
o f our steps.

For supposing we regard star-clusters as

intermediate between the least condensed aggregations on
the one hand, and single stars on the other, we pass onwards
from these least condensed aggregations to single stars,
without going through any o f the steps o f our progress

towards the aggregationa

Obviously there can have been

no true progression here.

A n d we are compelled to believe

that b y following the course indicated, we arrive at quite
another order o f star-groups than those which form our
constellations, although in appearance the less densely
aggregated star-groups may resemble systems o f true suns,
like Sirius and Arcturus, Aldebaran and Capella
But the fact is that, again and again, as w e contemplate
the wonders o f the star-depths, we find ourselves thus
tracing out perplexing sequences, one class o f objects
merging into another class seemingly altogether distinct,
and this class into yet another, until we are bewildered b y
the multiplicity o f analogies whereof some at least must
be deceptive.
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F or instance, I bave spoken o f the various orders o f
star-clusters b y which we may be led to the vast stellar
aggregations ; and there can be no question whatever that
an apparently perfect sequence can be traced from sharplydefined clusters such as the magnificent object ‘ 13 Messier'
in the constellation Hercules, to such groups as the Pleiades,
or Pnesepe in Cancer, or the splendid star-clusters near
the sword-hand o f Perseus, these groups being undoubtedly
mere condensations in rich star-regions.

It also cannot

be doubted that w e can pass from such a cluster as the
one in Hercules, to others less rich in numbers, but equally
compact, and so to clusters continually poorer and poorer
(numerically) until we arrive at mere multiple systems,
and so to quadruple, triple, double, and single stars.

But

it is equally certain that we can pass from the globular
star-clusters to others oval in shape, and more and more
closely set,* until at length we arrive at the nebulæ»
properly so called— that is, spots o f cloudy light which
have not been resolved into separate stars by any telescopic
poweT yet applied.

Here, then, a progression as real as

either o f the preceding seems to lead us to objects which
have been com monly regarded as wholly distinct from any

portions o f the galactic system, and probably analogues o f
the whole o f that system.
* The connection between shape and closeness o f star-sotting is
certain, though moat perplexing Sir John Herscbel w rite«:— ‘ I t may
be generally remarked, aa a fact undoubtedly connected in some very
intimate manner with the dynamical conditions o f their subsistence,
that the elliptic nebulæ are, for the most port, beyond comparison more
difficult o f resolution than those o f globular form.
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But it may be urged that this progression may relate
simply to distance, and that therefore we need not regard
it as forming a new and distinct sequence.

To illustrate

the matter, suppose that we could recognize among the
companies o f persons proceeding along a road,— many
different kinds of groups— and that we arranged these
different orders into a perfect sequence; then, taking any
given order, we should find the various groups belonging
to this order presenting different aspects according to their
distance.

Say the order comprised sets o f persons travell

ing six together; then a set of six close b y would differ in
appearance from a set o f six far away; and we might form
many sets o f six at different distances into a perfect
sequence, according to their varying appearance.
N ow according to this view of the matter the various
orders o f regularly-shaped nebulae, even down to those
which no telescope can resolve, would be star-clusters
lying at great distances.

A nd since the star-clusters,

properly so called, must be regarded as belonging to our
own galactic system, it would follow that all the orders o f
nebulae belong to that system.

W e should at least find it

it very difficult to say up to what point this complete
sequence o f objects belonged to our star-system, and where
external star-systems began to be in question) and still less
easily could we explain how complete external systems
should thus be linked, as far as appearances extend, with
mere portions, and relatively minute portions, o f our own
star-system.
So that whether we consider distance to be solely
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in question, or that the various orders o f nebulas are
associated with star-clusters, as forming parts o f a real
sequence o f objects, w e alike find reason for believing that
the nebulae, or irresolvable star-clusters, belong to our own
galactic Bystem.
But at this stage a very striking and beautiful argument
can be adduced to indicate the real place o f the nebulae—
so long regarded as external galaxies— in the scheme of
our own galactic system.
I f we were to mark down on a globe the place o f every
nebula yet known to astronomers, we should not find that
the marks were spread in a random manner over the
sphere.

On the contrary, we should find them aggregated

in a well-defined manner into two large regions, separated
b y a wide ring-shaped region o f nebular poverty.

An

interesting circumstance, this, whatever opinion we may
form as to the nature o f these star-cloudlets.

Placed as

we are, in the midst o f a region o f star-space, which
appears to our conceptions as spherical, the existence o f
two great clusters o f nebula in opposite regions o f this
seemingly spherical space, is a significant phenomenon,
and one which any theory o f the universe, to be established
on a firm basis, is bound to account for.

But the circum

stance becomes yet more significant when we notice where,
on the star sphere, the intervening zone o f barrenness is
situated.

I f the globe had been originally free from

marks, and we sought to indicate b y a circular streak the
central circle o f this ring-shaped vacancy, the streak
would occupy the very place which astronomers have
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assigned as the central circle o f the M ilky W ay.

N ow I

shall not pause here to dwell on the significance o f this
fact, though I regard it as one of the most significant in
the whole array o f facts hitherto learned respecting the
galaxy.

The special argument I wish at present to-

insist upon is o f a more delicate, though not less significant
kind.

The star-clusters, which as we have seen are

associable with (or rather not separable from) the nebulae,
are also connected, as respects distribution, with
galactic circle.

the

But whereas the irresolvable star-cloudlets

are withdrawn from the galactic region the star-clusters
are aggregated over that region.
all.

This, however, is not

I f we consider the various intermediate classes be

tween the brightest globular clusters and the, faintest o f
the irresolvable star-cloudlets, we find that their relation to
the M ilky W ay corresponds with their order in the series :
the brightest and most obviously stellate clusters are
found almost exclusively within the M ilky W a y ; the
next order of clusters are chiefly in the M ilky W ay, but
a few are met with outside its borders; the next order
are but slightly aggregated towards the M ilky W a y ; the
next are pretty evenly distributed over the heavens ; the
next are slightly segregated from the M ilky W a y ; and
lastly, the

actually irresolvable

star-cloudlets, though

counted by thousands, have scarcely ten of their order near
the galactic zone.
It is not difficult to recognize the significance o f these
facts, though it may be exceedingly difficult to give their
exact interpretation.

A n y doubts we might before have
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had, respecting the reality o f the sequence o f association
linking together the most stellate clusters with the faintest
star-cloudlets, must be removed, when we find in their
distribution a law o f sequence corresponding exactly with
that recognized in their aspect.

That they all form part

and parcel o f one and the same scheme, appears to me to be
an inference as inevitable as it is important.

The whole

aspect o f the universe, or o f that which is for us the
universe— that is, the region o f space to which our range
o f research extends— is at once altered when we are led to
regard the star-cloudlets, which have so long been looked
upon as external galaxies, as forming, instead, subordinate
features o f our own star-system.

N or is the conclusion

one which should lead us to entertain less exalted ideas of
the real universe, although at first sight we seem to have
blotted from existence thousands o f star-systems, each as
important as our own galaxy.

For as certainly as we

must recognize the fact that the external galaxies are at
least not demonstrated realities, so surely must we regard
the ideas which have been entertained respecting our own
galaxy as falling far abort— infinitely short, I bad almost
said— o f the reality.
reinforced, according
thousands

Its unnumbered myriads o f suns are
to

these

o f star-systems.

Its

new

conceptions,

by

imagined limits

are

shewn to be only the limits o f certain portions o f its
extent

W e find the M ilky W a y o f the Herschels—

already chosen as the apt emblem o f the infinite power oi
the Creator— presented to us as the merest fragment
o f the great star-system to which onr Sun belongs, the

p
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merest drop in the infinite star-depths.

In place o f an

unlimited series o f star-universes like our own, we find
that our own star-universe is unlimited, or at least
ungaugable by the most powerful telescopes man has
yet constructed.
I have said in the preceding paragraph that the nebulae
have not been demonstrated to be

external

galaxies,

assigning thus the lowest possible degree of significance
to the argument which I myself regard as demonstrating
that they form part and parcel o f our own star-system.
But it cannot be too often repeated that the reasoning o f
Sir John Herschel respecting the Magellanic clouds has
in effect finally established the fact o f which I have ju st
attempted to give an independent demonstration.

I have

already indicated the bearing of his reasoning on our ideas
respecting the distribution of stars throughout the galactic
system ; but the evidence he adduces is yet more striking
as respects the nebulae.

For within the two Magellanic

clouds are found all orders o f nebulae, from the most ob
viously stellate orders, to those which Sir John Herschel’s
fine telescope failed wholly to resolve.

A ll classes of these

objects, then, exist within the regions of space occupied b y
the Magellanic clouds— regions which we have already
seen to be roughly globular in shape, and unquestionably
far within the limits o f

distance enclosing our

own

star-system.
But perhaps the most surprising o f all the facts yet
ascertained respecting the mysterious star-depths surround
ing us on all sides, is the circumstance that inconceivably
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vast spaces are occupied b y gaseous matter, shining with
a faintly luminous light.

I have spoken hitherto o f

nebula* as star-cloudlets, and unquestionably large num
bers o f these objects are really composed o f stars, and
give forth the same sort o f light (in general respects) as
our sun, and other single stars.
shewn b y the researches

But others have been

o f our great physicist, Dr.

Huggins, to be composed o f luminous gas or vapour.

The

famous nebula in Orion is among the number thus con
stituted, so are the dumb-bell nebula in Vulpécula, the ring
Dehula in Lyra, and other well-known objects.

In the

southern hemisphere the great nebula in Argo has been
diown to be gaseous, (b y Captain Herschel,) and the fine
irregular nebula in the greater Magellanic Cloud is another
o f these gaseous masses.

The strange objects called the

planetary nebulae are also all gaseous, so far as these
researches have yet extended.
Here again we find a distinct association between the
distribution o f the gaseous nebulie, and the features o f the
galaxy.

The irregular nehulte, such as the one in Orion,

the great Argo nebula, and the great nebular masses in
Sagittarius and Cygnus, are all on, or else close by, the
Milky Way, with one solitary exception, the

nebula

(already mentioned) in the greater Magellanic cloud, that
wonderful region which includes all forms o f celestial
objects.

The planetary nebulm also show a decided tend

ency to aggregation along the galactic zone o f the heavens.
Added to this is the noteworthy circumstance that all the
irregular gaseous nebu ls seem to cling around the stars
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forming certain very remarkable star-groups. For example,
the Orion nebula clings round the group of stars of which
the well-known set of four called the trapezium is the
central aggregation.

The Argo nebula is described by Sir

John Herschel as ushered in by a marvellous array o f
stars, of which it forms in a sense the climax.

And so o f

all these regions of irregular nebulous m atter; they are all,
without exception, rich in stars.

Of the association o f

this gaseous matter with our own star-system there can
be no question whatever.
And here in passing, I may be permitted to make a few
remarks on the bearing of Dr. Huggins’s noteworthy dis
covery, on the famous nebular hypotheses of Sir W .
Herschel and Laplace.

These hypotheses, (for they must

by no means be regarded as forming one and the same
hypothesis,) were intended to account on the one hand for
the various orders of objects seen in the star-depths, and
on the other for the various signs of a process of growth
or development in the Solar System.

Herschel sought to

shew how irregular nebulous masses might develop into
solar systems.

Laplace endeavoured to prove that our

Solar System has been developed from rotating nebulous
masses.
That the reasoning o f Sir W . Herschel as to the really
nebulous character o f many of the cloud-like objects he
observed has been abundantly confirmed and justified b y
Dr. Huggins’s discoyery, cannot reasonably be questioned.
It needs but a careful comparison of Herschel’s remarks
with D r Huggins’s account of his own discoveries, to see
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that in this case, as in so many other instances, Sir W.
Uerschel rightly analysed what his telescopes had revealed
But when we pass from Herschel’s interpretation of
what he actually saw, to his speculations respecting the
unknown— to his views, in fact, respecting the past history
o f the objects revealed to him— we do not find any fresh
reasons in Dr. Huggins's discovery for accepting, or at
least insisting upon, the nebular origin o f suns.

We

have vast gaseous masses intermingled with and surround
ing groups o f stars, and apparently spread with exceptional
richness where these stars or suns are most densely aggre
gated.

But this is not what we should expect to find if

stare were formed out o f this gaseous matter.

On the

contrary, we should expect that where stare were most
numerous, there the nebulous matter would have been
most completely used up, so to speak— exhausted, as it
were, in the work o f star-making.

N or again can we re

cognize in the substances which appear to constitute the
gaseous nebula the fitting materials for making stars.

So

far as the spectroscopic analysis o f the gaseous nebulte
extends, their chief constituent would appear to be the gas
nitrogen, the element next in importance in their con
stitution being the gas hydrogen, while a third element,
as yet not identified, seems to be present in their sub
stance.

I would not insist too mnch on this evidence;

but it must not be forgotten that it iB all the evidence
we h ave: and it must be regarded as at least an unsatis
factory basis on which to rear the hypothetical develop
ment o f suns like our own, in whose orb exist the glowing
vapours o f iron, copper, and zinc, sodium, antimouy, and
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mercury, barium, carbon, silicon, and sulphur, and probably
every single element known to our chemists.
A s respects the nebular hypothesis of Laplace, Dr.
Huggins’s discovery must be regarded as w holly silent.
In the mere existence o f vast masses of glowing gas, w e
have no evidence whatever of those regularly rotating
spheroids o f vapour which Laplace’s hypothesis requires
as the primal forms of stars or suns.
These objections are not urged because of the special
difficulties which have been recognised by some in the
bearing of the nebular hypotheses on religious questions.
It has indeed always seemed to me a circumstance to be
regretted, that religious questions should have been in any
way associated with the scientific difficulties involved in
this particular question.

There is always this objection to

such associations, that in forming them we are apt to
associate scientific errors with religious teachings; and
these truths seem to suffer when the scientific errors are
exposed.

Thus well-meaning men have again and again

injured the cause they were most eager to serve, by calling
in to its aid unsuitable allies.

But although I can see no

religious reasons for casting discredit on the theory that
processes have gone on and are going on upon an infinitely
vast scale, resembling those which we see daily going on
around us upon a finite scale, yet it does appear to me
that there are many excellent scientific reasons for doubt
ing very gravely whether all the suns which people space
were originally formed from masses of glowing gas.
To return, however, to the wonders o f the star-depths.
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Hitherto I have considered only the various forms of
matter which occupy surrounding space.

Stars and star-

systems, star-clusters and star-aggregations, star-cloudlets
and star-mist— all these, and probably yet other forms of
matter, spread tliroughout the immeasurable depths which
surround us on all sides— form a scene altogether amazing
in splendour and sublimity.

But how infinitely are the

wouders o f this scene enhanced, when we recognize in
every part o f its extent the existence o f the most stupend
ous vitality 1
In the first place, we know that those wonderful pro
cesses, taking place, as recent discoveries shew, in the
central orb o f our system, must have their analogues in
the economy o f every star o f the universe.

N ot one star,

indeed, may resemble our sun very closely in details ; but
in general respects, every self-luminous orb in the universe
must be, like the Sun, the Beene o f the most amazing
activity.

For no otherwise can the continuance o f their

intense luminosity be maintained.

W e have, indeed, in

the case o f many stars, direct proof o f a degree o f activity
fur exceeding even that Tecognized in the case o f onr own
sun.

For many stars vary in lustre to an extent so

remarkable as to be scarcely comparable with those minute
changes o f lustre which our sun undergoes as his spots
alternately wax and wane in number and exten t; while
one or two— as the star Mira in the Whale, and the star
Eta in the Ship— undergo changes so remarkable, that it
is almost impossible to conceive that these orbs can be the
centres o f schemes o f inhabited worlds.
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The motions taking place within the star-system are
also altogether amazing when rightly apprehended.

Con

templating the stars on a still night, the idea o f infinite
repose is suggested b y their serenity of aspect.

Judging

the stars again by the ordinary tests o f motion, the
astronomers of old had abundant reason to regard them
as the very emblems o f fixity.

But in the light of modern

astronomical research, we have this lesson forced upon us,
that every one o f these bright orbs, and all the millions
that are unseen save by telescopically strengthened vision,
are urging their way so swiftly through space, that the
most rapid motions familiar to us must be regarded as
absolute rest by comparison.

We

know with what

startling rapidity an express train rushes past a quiet
country station.

In its swift motion and heavy mass, it

seems the embodiment o f might and energy.

Yet the

swiftest express train moves but at the rate o f about one
mile in a minute of time, and its bulk is utterly insignifi
cant compared with that o f the smallest member o f the
Solar

System.

What

recognize, then, in

inconceivable energy must we

the motion

o f our

sun through

space, at a rate of hundreds o f miles per minute, the
whole o f his attendant family (each member o f which is
travelling rapidly around him) accompanying him in his
swift rush through the interstellar depths ?

Yet even this

wonderful energy of motion seems little when compared
with the flight of Sirius, an orb a thousand times larger
than the Sun, and travelling many times more swiftly.
And we have abundant reasons for believing that amongst
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the stare revealed b y powerful telescopes there are thou
sands as large as Sirius, and millions as large as our Sun —
all with their attendant systems speeding with inconceiv
able rapidity on their several courses 1
I would ask, in conclusion, whether we have now better
reason than the astronomere had o f old time to consider
the mysteries o f the universe as fu lly revealed to us and
interpreted.

W e know much that was unknown until o f

late, and we hare been able to understand some matters
which once seemed inexplicable; but the star-depths, as we
see them now, are even more mysterious, as well as far
more wonderful, than as displayed to the astronomers
of old.

STAR
The

GAUGING.

account o f Sir W . Herschel’s labours and views

presented in our text-books of astronomy, is unfortunately
so inexact, that the title itself o f this paper will appear
strange to many readers.

W e not only hear nothing about

Sir W . HerschePs employment of two different methods o f
star-gauging in such treatises, but we actually find neither
of his methods presented correctly, inasmuch as the pro*perties o f the two methods are assigned to a single nonde
script

method,

the

incongruities

apparently altogether overlooked.

thus

arising

being

It is partly with the

hope of rendering better justice to the greatest of observa
tional astronomers than has heretofore been accorded to
him, that I now write, but partly and chiefly in order to
prepare the way for submitting to the notice of students
o f the heavens a method of research which promises to
throw light on the noblest but most difficult of all the
problems o f astronomy, the determination o f the laws
according to which the sidereal universe has been con
structed.

It was this problem which Sir W . Herschel

regarded as the end and aim of all his astronomical re
searches, even of those which seemed to bear little upon it.
He observed other objects for practice and to test his tele
scopes,— the stars alone he studied as the final aim of his
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knowledge o f the construction o f the

heavens,” he wrote in 1811, after more than a quarter of
a century o f stellar study, “ has always been the ultimate
object o f m y observations.”
I cannot but express some degree o f surprise at the fate
which has befallen the noble series o f papers in which Sir
W . Herschel presented his researches to the world.

As I

have elsewhere pointed out, little “ has hitherto been done
to bring the records o f his labours properly before the
student o f astronomy.

H is papers, merely collected into

a volume, would form a most important addition to
astronomical literature; but, if suitably

edited,

and

illustrated by the work o f his son, and o f others who have
succeeded him in his own field o f work, the volume would
do more to advance the study o f sidereal astronomy than
any work which has been published during the last
century.”

W ith very few exceptions, what has hitherto

been done in making Herschel's words and work public,
has been an injustice to his memory.

I t seems to have

been supposed that his papers could be treated as we
might treat such a work as Sir J. Herschel’s “ Outlines of
Astronomy

that extracts might be made from any part

o f any paper without reference to the position which the
paper chanced to occupy in the complete series.

Hay,

it seems to have been thought a tribute o f respect to his
memory thus to quote his words without question or
debate.

The idea does not seem to have occurred to any

one (with the solitary exception o f W ilhelm Struve), that
it is but an ill compliment to the great astronomer to
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assume that he laboured from 1784 to 1818 upon a subject
scarcely touched before his day, without making any such
progression towards new knowledge that his earlier views
had to be corrected in the light o f later researches.

It

seems to have mattered little that he himself in so many
words expressed the fact that his views had altered: he
had said such and such things in 1784 and 1785 ; and those
things the world was bound to accept as his teaching,
whatever he might say thereafter to the contrary.

A nd i f

anyone should express doubts as to those earlier views, and
should endeavour to strengthen his position by quoting
Sir W. Herschel in 1818 against Sir W . Herschel when
thirty-two years younger, it was the fashion to denounce
such attempts as altogether rash and presumptuous.

This

is as though every writer on astronomy should present
Kepler's youthful fancies about the relations between the
regular solids and the planetary orbits as the matured
views of that astronomer, and denounce as irreverent any
attempt to suggest that, on the whole, the laws o f elliptic
motion subsequently discovered by him were better worthy
o f respectful consideration.
W e owe, I conceive, to French writers part o f the
misconception
labours.

which

has arisen respecting Herschel's

It pleased Arago to forsake in Herschel’s favour

the usual attitude o f French men o f science with respect
to foreigners.

He published a work, purporting to be an

Analysis o f Herschel’s Life and Labours.

In this work

the earliest ideas o f Sir W . Herschel respecting the con
stitution of the heavens,— the views which he entertained
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teforc he had made any systematic observations -whatever,
— are presented with an unfortunate perspicuity.

I refer

to Herschel's paper o f 1784, about which I shall presently
have to speak more at length.
enunciation o f the

I t iB here we find the first

famous grindstone theory o f the

universe, at least the first remarks o f Sir W . Herschel on
that theory, for it is to W right o f Durham that the first
enunciation o f the theory is really due.

This theory

Arago presents, making use o f the relations which in 1784
Sir W . Herschel expected to find.

A t p. 456 Arago says,

“ the galactic system is a hundred times more extended in
one direction than in another,’’ and he then Tefers to a
picture o f a certain solid figure illustrating Herschel’s ideas
in 1784 respecting the shape o f our system.

But as

W ilhelm Strove justly remarks, the only section based on
Herschel’s observation (presented in the paper o f 1785)
shows the greatest extension as exceeding the least not in
the proportion o f 100 to 1, but only as 5 j to 1 ; while the
solid figure pictured in 1784 did not in any way relate
to observations made b y HerscheL

It is not too much to

Bay that Arago probably limited his real study o f Herschel’s
papers to the paper o f 1784, dipping into the others to
gather thence the more striking passages, in full confidence
that they accorded well w ith the views enunciated in 1784,
and consequently without any attempt to understand the
gradual progression o f Herschel’s ideas respecting the
universe.
The effect o f this has been disastrous.

A ll the French

writers and most o f the continental writers,— Guiltemin,
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Flammarion, and the rest,— follow Arago unhesitatingly.
Too many of our English writers o f text-books have
borrowed directly from French authors.

A few others

have presented original analyses of HerschePs papers, but
still such analyses have only been sound for the earlier
papers (1784 and 1785), while the blending of matter
taken from later papers introduces the same real confusion
o f ideas as in Arago’s work, though not always accompanied
with the same unfortunate perspicuity of statement.
Passing over such occasional reference to Sir

W.

Herschel’s labours as we find in the pages o f writers o f a
higher order than those just mentioned, it may be said
that the elder Struve alone, of all astronomers who have
dealt with Herschel’s papers, clearly recognized the change
which took place in the great astronomer’s views as his
labours

proceeded.

W e owe

this, I

believe,

to

the

fortunate chance which led Struve to go over a second
time, with close attention, the series o f papers which he
had probably before read once through (no astronomer
would be worthy o f the name who had not done so), but
without a careful consideration of the bearing of the several
papers on Sir W . HerschePs progressive researches.

W hile

on a visit to England he received from Sir J. Herschel a
volume containing not only the complete series of the
elder HerschePs papers, but many valuable manuscript
notes by the great astronomer.

Struve

had already

carried out a series of researches into the laws o f stellar
distribution; and he was under the impression that his
results were opposed to those which Sir W. Herschel had
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carefully re-reading Heracliel's

papers,

however, he found that his own resulta were in agreement
with those to which Herschel had been led during the
later portion o f his observing career.

In fact, Struve had

overlooked, as I believe every first reader o f Herschel’s
papers invariably does overlook, the fact that Herschel
not only adopted new views o f the heavens as his labours
proceeded, but abandoned the very principles which he
had taken for his guidance in the earlier part o f his career.
It was the merest accident that Struve, already engaged
in the careful study o f stellar distribution, received the
interesting present just

mentioned, which led to the

re-examination o f the great master’s papers on the heavens.
Yet Struve, a skilful astronomer, an excellent mathe
matician, a laborious student, and doubtless a careful
reader, might fairly have been expected to derive correct
impressions from his first readiug o f those papers.

The

fact that he did not, that b y his own account the second
reading almost reversed the ideas be had derived from the
first, renders less surprising the fact (for such it is) that
men like Nichel, Grant, and even Sir John Herschel,
among those who have published their impressions, and
others o f the utmost eminence in astronomy who have
not

done

so, have

entertained

altogether erroneous

ideas respecting the relations which exist between the
earlier and the later views o f Sir W illiam Herschel.
There are many who have read every paper by the elder
Herschel on the constitution o f the heavens, who would
be quite unable to explain b y what steps he was led to
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abandon the principles on which he based his first method
o f star-gauging, in favour of those which formed the basis
o f his second method.

Nay, I happen to know that not

a few o f those who have read Herschel’s papers have not
recognized the distinction between the two methods, even
if they are aware that Herschel ever employed more than
one mode of star-gauging.
For m y own part, I have not found five successive
readings o f Herschers series of papers, and the analysis o f
some passages, as carefully as one analyses the most con
centrated portions o f a process of mathematical reading,
to be one whit more than the proper mastery of Herschers
papers require.
understand.

They are not, b y any means, easy to

Sir W . Herschel was seldom at the pains to

indicate that he had changed his views, being, for the most
part, satisfied with presenting his newly-adopted opinions
without any special reference to those he had before
entertained.

Where he did refer to any change of opinion,

he did not enter into details, but simply noted that the
views he had formerly entertained had given place to
others, the results o f a more complete acquaintance with
the facts.

Nor was Sir W . Herschel a particularly lucid

w riter; we shall see, as we proceed, that at times, in order
to

understand his

context more

meaning, we have to examine the

carefully

than is

usually necessary in

scientific or explanatory writing.
In 1774, Herschel enunciated his general views respect
ing the sidereal system, and the method which seemed to
him, at that time, the best for attempting to ascertain the
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true figure o f the system. This, his first method oj
star-gauging, has been described, though not with strict
accuracy, in most o f our text-bookB o f astronomy.

I f we

suppose that our sun is a member o f a system o f suns
scattered with a certain general uniformity throughout a
region o f space having a certain well-defined figure, then
a method exists b y which it is possible to determine that
figure, provided only that a telescope can be constructed
which is powerful enough to reach to the limits o f the
system in all directions.

For manifestly the farther the

system extends in any given direction, the greater w ill be
the number o f stars lying towards that direction (since
we have supposed a certain general uniformity o f dis
tribution) ; so that if we use the same telescope with
unchanged " power,” and direct it in turn to every part o f
the heavens, then, by counting the number o f stars brought
into view in these different directions, we can determine
the relative extension o f the system along those directions
— in other words, we can determine the shape o f the
system.
This is the famous method o f gauging the heavens.

I

give another description o f it (borrowed from the pages
o f that fine work, Grant’s history o f “ Physical Astro
n om y ” ), because the method should be very carefully
considered b y the reader.

Grant speaks o f the plan as a

“ remarkable method, devised b y Herschel for ascertaining
the configuration in space o f this great sidereal system, by
examining the heavens at different distances from the
Galactic Circle, and numbering the stars visible in the
Q
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field of view o f his telescope.

Assuming that the stars

are uniformly distributed throughout space, and that the
telescope suffices to penetrate to the utmost limits o f the
sidereal stratum constituting the M ilky Way, it is mani
fest that the number of stars visible in the field of view o f
the telescope would increase with the length o f the visual
line, and would thereby afford an indication o f the distance
from the observer to the exterior surface o f the M ilk y
Way.

Hence, by comparing together the lengths o f the

various lines formed in this manner, and taking into
consideration their respective distances from the Galactic
Circle, the actual configuration in space of the M ilky W a y
may be ascertained.

Such is a brief outline of the cele

brated method of gauging the heavens, which Herschel

practised to a vast extent in the early period o f his re
searches on the constitution of the M ilky W ay.” Here
the italics are mine.

I invite special attention to Grant’s

recognition of a change in Herschel’s methods of research
towards the latter part of his career as an observer.

I t is

remarkable that, notwithstanding this, Grant failed to
notice how and in what respects Herschel modified the
views to which his earlier method of star-gauging had led
him.
It will be noticed that this plan of star-gauging con 
sisted essentially in applying one and the same telescopic
power to different parts o f the heavens.

It involved the

assumption o f a general uniformity o f stellar distribution
within the limits o f our system.

And it required that the

telescope should penetrate to these limits,— at least, i f in
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any part o f the heavens this was not the case, the shape of
the system towards that part could not be determined.
I t is necessary to notice, however, that the general
uniformity o f distribution b y no means implied

the

non-existence o f clustering aggregations o f stars, or o f
streams, brauches, and nodules o f stars within the limits
o f the system.

On the contrary, Herschel, so early as

1785, clearly indicated his recognition o f such varieties;
and all that he insisted upon at that time was that such
peculiarities were themselves so distributed as to produce
within the system, regarded as a whole, a general uni
formity o f distributiou.
It is absolutely essential, if

we would

understand

Her8chel’s earlier views, to take his own preliminary
description, which somehow appears to have escaped the
notice o f commentators,— unless we suppose the difficulty
o f grasping Herschel’s real meaning to have caused them
to misunderstand the passage.
“ It will be best," Herschel says, “ to take the subject
from a point o f view at a considerable distance, both o f
space and o f time.

Let us suppose, then, numberless

stars o f various sizes scattered over an indefinite portion o f
space in such a manner as to be almost equally distributed
throughout the whole.

The laws o f attraction, which no

doubt extend to the remotest region o f the fixed stars,
will operate in such a manner as most probably to produce
the following remarkable effects” :—
“ Form I.

In the first place, since we have supposed

the stars to be o f various sizes, it will frequently happen
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that a star being considerably larger than its neighbouring
ones, will attract them more than they will be attracted b y
others that are immediately around th e m ; by w hich
means they will be, in turn, as it were, condensed about
the cen tre; or, in other words, form themselves into a
cluster of stars of almost a globular figure, more or less
regularly so, according to the size and original distance o f
the surrounding stars.”
“ Form II.

The next case, which w ill also happen

almost as frequently as the former, is where a few stars
though not superior in size to the rest, may chance to be
rather nearer each other than the surrounding ones ; for
here also will be found a prevailing attraction in the
combined centre of gravity of them all, which

w ill

occasion the neighbouring stars to draw together, not,
indeed, so as to form a regular, or globular figure, but,
however, in such a manner, as to be condensed towards the
common centre of gravity of the whole irregular cluster.
A nd this construction admits of the utmost variety o f
shapes, according to the number and situation of the stars
which first give rise to the condensation of the rest.”
“ Form III.

From the composition and repeated con 

junction o ' both the foregoing forms, a third may be
derived,* when many large stars, or combined small ones
are situated in long-extended, regular, or crooked rows,
hooks, or branches; for they will also draw the surrounding
• Here the words “ may be derived ” are not intended to imply doubt
as to the fact that the groups of the third form exist. The context
■hows that Herschel means that we may deduce the existence of the
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ones, so as to produce figures o f condensed stars, coarsely
similar to the former, which gave rise to these con
densations."
“ Form IV .

W e may likewise admit o f still more

extensive combinations when, at the same time that a
cluster o f stars is forming in one part o f space, there may be
another collecting in a different, but perhaps not far distant
quarter, which may occasion a mutual approach towards
their common centre o f gravity."
“ Form V .

In the last place, as a natural consequence

o f the former cases, there will be formed great cavities, or
vacancies, b y the retreat o f the stars towards the various
centres which attract them ; so that upon the whole, there
is evidently a field o f the greatest variety for the mutual
and combined attractions o f the heavenly bodies to exert
themselves in."
After considering the possibility o f catastrophes during
the evolution o f the forms here described, Herschel pro
ceeds to consider the position o f the terrestrial observer in
his “ own retired station, in one o f the planets attending
a star.”

He shows that to such an observer, placed in a

far extending stratum “ or branching cluster o f millions of
stars, Buch as may fall under Form III.," considered above,
the following appearances w ill be presented:— To the
naked eye, “ The heavens will not only be richly scattered
third form from conudering that both the other forms must bo com
pounded aud rep u ted ly conjoined. I t U important to notice thii,
booaeas " Form I IL ” ii the key o f the whole passage, being the form
which Herschel attributed to our M ilky W a y at this stage o f his
rosuarchel.

246

O ur Place among Infinities .

over with brilliant constellations, but a shining zone or
M ilky W ay will be perceived to surround the whole sphere
o f the heavens, owing to the combined light of those stars
which are too small, that is too remote, to be seen.”
Let this passage be particularly noted before we proceed,
as on its right comprehension depends our entire judgm ent
as to Herschel’s earlier views. He here presents the sidereal
system as a far-extending stratum or branching cluster o f
millions of stars, o f Form III., and therefore including
within its limits many subordinate clusters and nebulae o f
Forms L and IL ; while he regards the light of the M ilk y
W ay as resulting from the extension of the system towards
that zone much farther than in other directions.* This must
be borne carefully in mind in reading what immediately
follows.

“ Our

observer's

sight,”

proceeds

Herschel,

“ will be so confined that he w ill imagine this single
collection of stars, of which he does not even perceive the
thousandth part, to be the whole contents of the heavens.
Allowing him now the use o f a common telescope he
begins to suspect that all the milkiness of the bright path
which surrounds the sphere may be owing to stars.

He

perceives a few clusters o f them in various parts o f the
heavens, and finds also that there are a kind o f nebulous
patches; but still his views are not extended so far as to
* In fact, his views at this stage corresponded closely with those
which had been advanced b y Lambert nearly a quarter of a century
earlier. In the papers of 1784, Herschel presents views more nearly
resembling those which W right of Durham had advanced half a
century earlier, and which Kant adopted a year or tw o before Lambert
advanced his more correct views.
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reach to the end o f the stratum in which he is situated, so
that he looks upon these patches as belonging to that
system which to him Beems to comprehend every celestial
object.

H e now increases his power o f vision, and apply

ing himself to a close observation, finds the M ilky W ay is
indeed no other than a collection o f veiy small stars.

He

perceives that those objects which had been called nebulae
are evidently nothing but clusters o f stars.

H e finds their

number increase upon him, and when he resolves one
nebula into stars he discovers ten new ones which he can
not resolve.

H e then forms the idea o f immense strata of

fixed stars, o f clusters o f stare, and o f nebula, till going
on with such interesting observations he now perceives
that all these appearances must naturally arise from the
confined situation in which he is now placed.

Confined^

it may justly he called, though in no less a space than
what before appeared the whole region o f the fixed stars;
but which now has assumed the shape o f a crookedly
branching nebula, not one o f the least, but perhaps very far
from being the most considerable o f those numberless
clusters that enter into the construction o f the heavens.”
It cannot be denied that the passage just quoted is not
very easy to understand.

A t one stage, or rather through

out the greater part o f the passage, it seems abundantly
clear that Herschel is describing our sidereal system as
including multitudes o f subordinate clusters and nebula.
But then at the end, he describes it as itself a nebula,
greater than some, but less than others, o f numberless
dusters, composing the sidereal heavens.

And the per-
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plexity which the passage as a whole thus occasions, is
accompanied by a perplexity arising from the variety o f
meaning which may be attributed to the different sentences.
For instance, where he says that the observer “ forms the
idea o f immense strata of fixed stars, of clusters, and o f
nebulae,” he might (so far as the grammatical interpreta
tion of the sentence is concerned) mean either ( 1 ) the idea
o f immense strata, composed o f fixed stars, clusters, and
nebulae, or ( 2) the idea of immense stellar strata, starclusters, and nebulae.

The latter has been the meaning

usually adopted— if, at least, this particular sentence has
been discussed at a ll

Such a meaning accords with the

theory (the familiar Grindstone Theory) commonly at
tributed to Herschel.

Nevertheless it should be manifest,

from the passage just quoted (regarded as a whole), that
Herschel not only recognized star-strata, including within
their limits subordinate clusters and nebulae, but that he
regarded our sidereal system as a star-stratum of that kind.
How, then, are we to remove the difficulties I have noted
in the passage as a whole, and in its several parts ?

It

must certainly be by taking a meaning which covers both
the two views which appear contradictory, for no one w ill
for a moment admit that Sir W . Herschel really held con 
tradictory views.

Accordingly, we must believe both that

Herschel held our galaxy to be a stratum, including in its
limits star-clusters and nebulae, and that he regarded it as
one among many systems of its own order, that is, one
among many star-clusters and nebulae, and of a higher
order than those (spoken o f under the same n am e; but
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really) subordinate to, and included within, itself and its
fellow systems.*
That this is Herschel’s meaning we perceive clearly
from a passage following almost immediately after the one
just quoted.

“ It will appear,” he says, “ that many

hundreds o f nebulae, o f the first and second forms, are
actually to be seen in the heavens, and their places will
hereafter be pointed o u t ; and many o f the third form will
be described. ” Thus, there can be seen in the heavens many
hundreds o f clusters and nebula o f one kind (Forms I. and
II), and also many clusters o f a higher order (Form III.),
within which the others exist as subordinate parts— or, in
other words, we can see the clusters and nebuke which
form part o f the architecture, as it were, o f our own
* T he case it one o f those to which I have referred above, where we
have to reason from the context in ordeT to understand Herechei's true
meaning. A nd it w ould be unfair, I think, to blame the ordinary
commentator for failing to apply such reasoning to Herachel's volumin
ous papers. W hat, however, does seem unfortunate, is the course
adopted b y onr text-book writers, in selecting passages from Hersohcl's
papers at random, notwithstanding these difficulties, and stringing
them together as Herschel’s matured views. It is as though a person
not very familiar with a language were to pretend to analyse a book in
that language b y selecting from the book all the sentences he was able
to understand. I may note, in passing, that the author o f one o f the
best treatises on observational astronomy in existence, has been led into
a most curious misapprehension. Rerschel had expreasod a belief that
the stellar stratum extends one hundred times farther in the direction
o f its gensral level than at right angles to that lev el: but later (in the
paper I am quoting from above) he assigned 54 to 1 as the proportion.
Now the late Admiral Smyth, at p. 310 o f hia “ Bedford C ycle,"
presents a picture o f the sidereal system, showing that ho had com
bined ihesa two different results into (me, thus giving to our system
length, breadth, and thickness as 1, 54, and 100.
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sidereal system ; while we can see, but not in such great
numbers, external nebulae of the same order in the scale
of creation as our own galaxy.

Herschel, in fact, describes

ten nebulae of the latter order, speaking o f them as
external M ilky Ways.

Instances o f the fourth order

“ will be related,” he proceeds; “ a few of the cavities
mentioned in the fifth will be particularized, though m any
more have already been observed : so that upon the whole,
I believe it will be found that the foregoing theoretical
view, with all its consequential appearances, as seen b y an
eye* enclosed in one o f the nebulae, is no more than a
drawing from nature, wherein the features o f the original
have been closely cop ied ; and I hope the resemblance
will not be called a bad one, when it shall be considered
how veiy limited must be the pencil o f an inhabitant o f
so small and retired a portion of an indefinite system, in
attempting the picture of so unbounded an extent.”
In

further

confirmation

of

this

interpretation

of

Herschel’s views at this stage of his labours I will now
quote a passage which is perfectly irreconcilable, I venture
to affirm, with the simple theory of the sidereal system so
commonly attributed to Sir W . HerscheL
“ If/* he says, “ it were possible to distinguish between
the parts of an indefinitely extended whole, the nebula w e
inhabit might be said to be one that has fewer marks o f
profound antiquity upon it than the rest

To explain this

idea, perhaps, more clearly, we should recollect that the
condensation of clusters of stars has been ascribed to a
gradual approach ; and whoever reflects upon the number
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o f ages that mnst have passed before some o f the clusters
could be so far condensed as we find them at present, will
not wonder i f I ascribe a certain air o f youth and vigour
to many very regularly scattered regions o f our sidereal
stratum.

There are, moreover, many places in the stratum

where there is the greatest reason to believe that the stars,
if we may judge from appearances, are now drawing
towards various secondary centres, and w ill

in

time

separate into different clusters so as to occasion many
subdivisions.

Hence

we

may

surmise that when

a

nebulous Btratum consists chiefly o f nebula o f the first
and second form, it probably owes its origin to what may
be called the decay o f a great compound nebula o f the
third form ; and that die subdivisions which happened to
it in the length o f time occasioned all the Bmall nebulas
which spring from it to lie in a certain range, according
as they were detached from the primary one.

In like

manner our system, after numbers o f ages, may very
possibly become divided so as to give rise to a stratum of
two or three hundred n e b u la ; for it would not be difficult
to point out so many beginning or gathering clusters in it.
This view o f the subject throws a considerable light upon
the appearance o f that remarkable collection o f many
hundreds o f nebula which are to be seen in what I have
called the nebulous

stratum o f Coma

Berenices.

It

appears from the extended and branching figure o f otir
nebula, that there is room for the decomposed nebula o f a
large, reduced, former great one to approach nearer to us
In the sides than in other ports.

K ay, possibly, there
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might originally be another very large joining branch,
which in time became separated b y the condensation o f
the stars : and this may be the reason o f the little rem ain
ing breadth of our system in that very place; for the
nebulae of the stratum of Coma are brightest and m ost
crowded just opposite our situation, or in the pole o f our
system.

A s soon as this idea was suggested, I tried also

the opposite pole, where, accordingly, I have met w ith a
great number o f nebulae, though under a much m ore
scattered form.”
I apprehend that this conception even o f the p ossi
bility that the two great nebular systems lying (roughly)
towards the galactic poles, may be the fragments o f
branches formerly belonging to our own sidereal system,
which is itself tending towards a dissolution into such
fragments, cannot in any way be reconciled with the
absurd cloven-grindstone theory which is advanced over
and over again in our text-books as the outcome o f Sir W .
Herschers labours.
I could quote several other passages from the fine paper
o f 1785, in confirmation of the thesis, that, even at this
early stage, Sir W . Herschel not only recognized great
variety of structure within the limits of our sidereal
system, but also regarded large numbers of clusters and
nebulae as forming parts of that system.

I will, however,

content myself with two short passages; one indicating
his ideas respecting the relation between our M ilky W a y
and star-clusters, the other showing what orders of nebulae

he alone regarded as probably external systems, resembling
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" Some parts o f our

onr own in extent and importance.

system seem indeed,” he says, in the former, “ to have
already suffered greater ravages o f time than others, i f this
way o f expressing myself may be allowed.

For instance,

in the body o f Scorpio is an opening, or hole, which is
probably owing to this causa . . . .

This opening is at least

four degrees b roa d ; but its height (sic) I have n ot yet
ascertained.

It is remarkable that the nebula 80 Messier,

which is one o f the richest and most compressed clusters
o f small stars I remember to have seen, is situated just on
the western border o f i t ; which would almost authorize a
suspicion that the stars o f which it is composed were
collected from that place, and had

left the vacancy.

W hat adds not a little to this surmise is, that the same
phenomenon is once more repeated with the cluster of
BtarB 4 Messier, which is also on the western border of
another vacancy, and has, moreover, a small miniature
cluster, or easily resolvable nebula following it at no very
great distance.”

The other passage runs th u s:— “ There

are some very remarkable nebulae which cannot well be
less, but are probably much larger than our system ; and
being also extended, the inhabitants o f the planets that
attend the stars which compose these nebulae, must
likewise perceive the same phenom ena; for which reason
these nebulae may also be called M ilky W ays by way o f

distinction.“
It was to a sidereal system which he regarded as thus
com plex in structure and in shape that Sir W . Rerschel
applied his first method o f star-gauging.

He believed
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himself to be gauging, not, as has been so com m on ly
supposed, a simple cluster of stars belonging to the same
order in the scale of creation as the clusters and nebulae
discernible in the telescopic scrutiny o f the heavens, but
a great clustering aggregation of stars, star-clusters, and
nebulae, belonging to the same order as certain o f the more
remarkable and extended of the nebulae.
In what sense, then, it may be asked, did he recognize
general uniformity in the sidereal system ?

And in what

respect did his views at this stage differ from those w hich
he subsequently adopted ?
It is easy to reply to these questions, when once the
scope of Herschel’s series of researches has been recognized.
It is manifest that at this early period he regarded the
sidereal system as presenting a general uniformity o f

structure within its irregular boundary, such uniform ity
arising, not from a general uniformity o f stellar distribution,
but from a general uniformity in the distribution o f the
stars, star-clusters, and nebulae within the system.

He

believed, in fact, in what may be termed regular irregu
larity ; and one may present his theory on this point in
some such manner as th is : “ I f any two very large
portions of the sidereal system be compared with each
other, the number of stars, star-clusters, and nebulae, in
these several portions, will be proportional (or nearly so)
to the volume of those portions respectively.”

That this

was his view is not only clear from the passages I have
cited, but is strikingly manifested by his applying to ou r
sidereal system the term “ M ilky W ay,” as inclusive o f
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the 'whole, and his use o f the same term for external
systems, all those nebulae which he regarded as external,
being at this stage o f his labours called indifferently
external systems, galaxies, or M ilky "Ways.

But he also,

even more distinctly, shews that he believed the sidereal
system to be regularly constituted, when regarded as a
whole, in the following remarkable passage, which presents
more clearly than any other I have met with his true
views at this tim e:— “ The rich parts o f the M ilky Way,
as well as those in the distant broad part o f the stratum,
consist o f a mixture o f stars o f all possible sizes, that arc
seemingly placed without any apparent order.

Perhaps

we might recollect that a greater condensation towards the
centre o f the system than towards the borders o f it should
be taken into consideration ; but with a nebula o f the third
form, containing such various and extensive combinations
as I have found to take place in ours, this circumstance,
which in one o f the first form would be o f considerable
moment, may, I think, be safely neglected.”
But Sir W . Ilerschel b y no means regarded this view of
the sidereal system as demonstratively established, not
withstanding the fact that it was presented in company
with the long list o f star-gauges for which he is so justly
celebrated.

H e knew perfectly well, what many o f liis

admirers have overlooked, that a hypothesis cannot be
established b y the observations which it was devised to
interpret

He reasoned thus:— Granting the truth o f a

certain hypothesis, a series o f star-gauges, described in the
paper o f 1785, lias a certain significance, and shews the
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sidereal system to have a certain shape: if the hypothesis
be not true, they cannot be so interpreted.
This question, then (to be answered b y other observa
tions) remained for him,— “ Is the sidereal system con 
stituted as supposed in
employing ?”

the

hypothesis I have been

I f he had overlooked this question, he w ould

not have been Herschel.

N o matter how great his skill

as an observer, or how numerous his observations, he
would not have been entitled to a higher position as a
reasoner or as an interpreter o f observations than a n y o f
his predecessors in the discussion of the stellar system,
and not to so high a position as Wright, or Kant, or
Lambert, or the ingenious MichelL

But he was not thus

negligent of cardinal considerations. He clearly recognized
the weak point of the theory he was discussing (rather than
advocating).

“ 1 would not be understood,” he

says,

(^immediately after the words last quoted from the paper
of 1785,) “ to lay a greater stress on these calculations than
the principles on which they are founded will permit; and i f
hereafter, we shall find reason, from experience and observa
tion, to believe that there are parts o f our system where the
stars are not scattered in the manner here supposed, we ought
then to make proper exceptions.”
I propose now to describe how Herschel did “ fin d
reason, from experience and observation, to believe that ”
the M ilky W ay itself, which he had thus far regarded as
not only resembling the rest of the sidereal system, but as
being the sidereal system (the stars scattered over our skies
being merely parts o f the M ilky W ay stratum) is com posed
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o f stara quite differently arranged from those composing
ilia rest o f the sidereal system ; I shall shew how he
devised another mode o f star-gauging differing essentially
in plan and principle from that which he adopted in 1784,
and first applied systematically in 1 78 5; and then I shall
endeavour to shew how the careful comparison o f his
results with others obtained since his time, suggests a
method o f star-gauging combining the principles o f both
llerschel’s methods, advantageously applicable with every
order o f telescopic power, and promising, i f patiently
applied b y a sufficient number o f observers, to lift the
veil from some at least o f the mysteries o f the stellar
depths.
Let us pause, however, for a moment to notice that a netf
interest is given to Sir W . Herschel’s researches when his
earlier papers are correctly interpreted.

W e see him

preparing in 1785 to deal with the most stupendous o f all
the

problems o f astronomy.

A

noble theory o f the

universe had presented itself to his mind, and already he
had carried out a series o f observations tending to indicate
the proportions o f the sidereal system, if that theory were
true.

But now he was preparing for labours o f a more

arduous kind, the thorough examination, in fact, o f the
stellar heavens so far as they were visible from his
northern point o f view.

N o celestial objects, except

the members o f our solar system, and the mysterious
comets, were
inquiry.

to

be regarded as unimportant in this

The stars b y their distribution in greater or

less profusion, the nebula and clusters within our system
&
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as representing various stages of stellar aggregation, those
external to it as indicating its more striking characteristics,
and other orders of objects (not suspected when he began
his labours), as affording new evidence respecting its
structure,— all might throw light on the theory he had
advanced, or might, when carefully studied, afford reason
for abandoning or modifying that theory.
I apprehend, then, that had the notice o f astronomers
been attracted, at this early stage, to the work on w hich
Herschel was entering, they could not but have awaited
with extreme interest the result o f his labours.
not appear that this was actually the case.

I t does

It m ay be

that the difficulty and complexity o f the problem he had
taken in hand, or perchance the quiet and unobtrusive
manner in which he presented it as it then appeared to
him, or some other cause may have been in operation, b u t
certain it is that very little notice was taken of H erschers
special work then, or during the remainder of his life.
None helped him, though his researches were m anifestly
far beyond the strength o f any single worker.

No com 

ments on his stellar observations, so far as they related to
the great problem he was attacking, were made b y co n 
temporary astronomers.*

It was alone, but confidently,

that he advanced into the mysterious depths surrounding
our solar system, seeking by the dim light which m ade
* T o the general public Herschel was known as the discoverer of
the Georgium Sidus, the observer of supposed volcanic eruptions on the
moon, and for a variety of other such discoveries as are easily under
stood,— or misunderstood (which comes to the same thing so fa r as
general fame is concerned).
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the darkness visible, to determine, if it might be, the
forms dim ly discernible within those gloom y wildernesses
o f space.
Many years

passed before he again addressed the

scientific world on the great subject which he had taken
as the “ ultimate object o f his observations.”

Eleven

years * after the enunciation o f the theory described in the
former part o f this essay, we find him pointing out, as the
result o f his researches during that long period, that the
hypothesis o f a general uniformity o f structure in the
galaxy “ is too far removed from the truth to be depended
upon.”

A nd although this does not im ply a definite

withdrawal from the theory o f 1785, yet the stress now laid
b y Herschel on probable varieties o f structure is a novel
feature in his theoretical treatment o f the subject.
E u tit was in 1802, (seventeen years, be it noticed, after
the theory had appeared which is so commonly referred to
as though it were the result o f Herschel’s observations
instead o f the occasion o f them,) that Herscbel first began
to present an entirely new view o f the general structure
o f the universe.

In the essay o f that year he described

the results to which he had been led b y the study o f
double stars.

A s Struve has well pointed out, there was

much in Herschel’s work in this direction which Daturally
suggested the adoption o f new views on the wider subject
* Th e paper of 1789 contained a l i l t o f 1000 nebula discovered b y
H crechel, and waa prefaced b y a rem arkable e u a y on the gradual
developm ent o f ite lla r nebula. The reasoning doe* n o t re a d ily adm it
o f condensation, and th is part o f th e paper U too lon g to be quoted in
f u ll
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of the sidereal universe itself.

He had begun to observe

double stars, not with the idea of recognising any connection
between the, components of these objects, but on the con
trary, in the belief that double stars are simply stars which,
though really at enormous distances from each other,
chance to lie nearly in the same direction as seen b y the
terrestrial observer.

He conceived (independently, w e

may suppose, though Galileo and Christian Huyghens had
anticipated him), the idea o f determining the distance o f
the brighter, and presumably the nearer, member o f such
a pair of stars, by noticing how much the orbital m otion
o f the earth caused the brighter star to shift in position
with respect to the fainter (necessarily much less affected
by the earth's motion if really much farther away than th e
brighter).

It would

be interesting to note how th e

prosecution of this task, begun long before 1784, gradually
led Herschel to the conception o f binary systems, and
later to the certain assurance that there are many system s
o f this class in the celestial depths.

Still more interesting

would be the history of the steps by which he was le d
from the same starting-point, but on another course, to the
discovery o f the motion o f our sun through space, and
therefore to the recognition o f that most stupendous o f
the phenomena presented by the heavens to us,— th e
motion of all the suns accompanied by their attendant
systems

through the interstellar

regions.

But

these

matters, full o f interest though they are, must here b e
touched on only incidentally, in their relation to th e
processes o f star-gauging, by which Herschel hoped in
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a more direct manner to ascertain the structure o f the
universe.
It was natural that the recognition o f binary stars,— that
is, o f pairs o f stars not merely connected b y an optical rela
tion, but specially associated b y the bonds o f their mutual
attraction, should suggest to Herschel the conception of
other and more complicated systems, and that he should
be prepared thenceforth to find in the star-depths other
relations than those which the analogy o f our sun had
suggested.

Our sun is an insulated star, the components

o f a “ binary ” are associated stars.

M ay not higher orders

o f association exist, affecting other stars than those mani
festly belonging to clusters

ot

nebulae ?

For note that,

although the conception o f associated stars had already
(as I have shewn) been abundantly recognised by Herschel
in the paper o f 1785, yet the cases in which it had been
recognized were those in which it was obvious at a single
view ; the study o f double stars had led to the conclusion
that stars not obviously associated, stars to which the
method o f star-gauging would have been applied without
any suspicion, might he so near as to be bound together,
(and, as it were, separated from other stars) h y their mutual
attraction.

Herschel never applied his first method o f

star-gauging to any field o f view containing a cluster o f
stars, in such sort as to infer from the large number of
stars in the cluster an enoraous'extension o f the sidereal
system in the direction o f that field o f view.

H e himself

pointed out the objection to such an inference— the fact,
namely, that a cluster is manifestly a rounded group of
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stars, not a region of the sky which is rich because o f
enormous extension in the line of sight.

But until m any

double stars had been proved to be ‘ binaries/ or pairs o f
stare *whereof the one more bright is circled b y the
other/ he would not have thought o f excluding fields in
which double, triple, and multiple stars were numerous.
Now however (in 1802), that he has to describe the
recognition o f binary stars, we find him for the first tim e
drawing a distinction between insulated stars and a ll
orders o f multiple stars.
It is worthy o f notice, especially by those who k n o w
what interest Sir W . Herachel took in the subject o f life
in other worlds,* that he regarded the insulated suns as
alone, in all probability, the centres o f planetary systems
resembling our own.

*The question will arise/ he says,

*whether every insulated star be a sun like ours, attended
with planets, satellites, and numerous comets ? A n d here,
as nothing appears against the supposition, we may from
analogy admit the probability of i t

But, were we to

extend this argument to other sidereal constructions, o r
still further to every star of the heavens, as has been d o n e
frequently, I should not only hesitate, but even th in k
that, from what will be said o f stars which enter in t o
complicated sidereal systems, the contrary is far m ore
likely to be the case ; and that probably we can only lo o k
for solar systems among insulated stars/
* His discussion of the question whether life can exist in our o w n
sun, is, perhaps, the strongest extant proof of the interest which th is
subject had for him.
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Observing, then, that in 1802 Herschel first presented
the distinction between insulated stars and ‘ those which
enter into complicated sidereal systems,’ a capital interest
attaches to whatever he might at that time say about
the M ilky W ay.

I n 1785, he had so fully believed the

M ilky W ay to be only the richer part o f our sidereal
system, that he took the name M ilky W ay as a conven
ient title for the whole system, and called those nebulae
which he believed to be external sidereal systems, * M ilky
Ways,’

as adequately

distinguishing them

from

the

clusters and nebulae which form parts o f our stellar
syBtem.

Let us see whether in 1802 he so viewed the

M ilky W ay— for we may be assured that if he did, his
views in 1802 were in the main very much like those he
had held in 1785, whereas if he did not, we may he sure
his views were greatly altered.

H is words are decisive

on this all-important p o in t:—
“ The stars we consider as insulated are also surrounded
by a magnificent collection o f innumerable stars, called
the M ilky W ay, which must occasion a very powerful
balance o f opposite attractions to hold the intermediate
stars in a state o f rest.

For though our

buu

and all the

stars we see, may truly be said to be in tbe plane o f the
M ilky W ay, yet I am now convinced by a long inspection
and continued examination o f it, that the M ilky W ay itsd f
consist8 o f stars very differently scattered from those which
are immediately about us.”

So much as to the general and more important view o f
the question.

I t is clear that by the words, ‘ a long
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inspection and continued examination o f the M ilky W a y ,’
Herschel refers to the seventeen years o f observation
which had followed the enunciation o f the views he held
in 1785.

It is clear also from the words, ‘ I am now

convinced' that he had changed his views, apart from
the proof of the fact which I have deduced from the
comparison of his statements in 1785, with the results to
which he had been led in 1802.

I mean, that no n ice

analysis o f his words is required to shew that in 1802 he
came before the scientific world with entirely new ideas
as to the construction of the universe; since he says as
much very plainly —almost as plainly

as

(we

sh all

presently see) he stated the fact nine years later in th e
preface to the remarkable paper of 1811.
But let us see in what the change o f view consisted :—
‘ On a very slight examination/* he says, speaking o f
the M ilky W ay, ‘ it will appear that this immense starry
aggregation is by no means uniform.

The stars o f w h ich

it is composed are very unequally scattered, and sh ow
evident marks of clustering together into many separate
allotments.

By referring to some one o f these clustering

collections in the heavens, what will be said o f them w ill
be much better understood than if we were to treat o f
them in a general w ay/

H e selects the fine portion o f

* One might pause here to ask whether, speaking as he does h e re of
a ‘ very slight examination,* Herschel can be referring to results to
which he had been led ‘ by a long inspection and continued exam ina
tion.* But I think we need not find any difficulty in this, since results
acquired with great labour may need but a very slight examination to
indicate highly significant truths.
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the M ilky W a y which occupies the lower half o f the
•Cross’ in the constellation Cygnus (a group which may
1 » fairly called the Northern Cross).

Here, he says, ‘ the

stars are clustering with a kind o f division between them,
so that we may suppose them to be clustering towards two
different regions.

By a computation founded on observa

tions which ascertain the number o f stars in different fields
o f view, it appears that our space ‘ in Cygnus,’ * taking an
average breadth o f about five degrees o f it, contains more
than 331,000 stars;+ and admitting them to be clustering
two different ways, w e have 165,000 stars for each cluster
ing collection.

N ow the above-mentioned milky appear

ances deserve the name o f clustering collections, %as they
are certainly much brighter about the middle, and fainter
near their undefined borders.

For in my sweeps o f the

heavens it has been fully ascertained that the brightness
o f the M ilky W ay arises only from stars, and that their
compression increases according to the brightness o f the
Milky Way.'
It is not easy to overrate the importance o f the results
embodied in the reasoning here quoted.

Here are two rich

* T h a t i* the (elected portion o f the M ilk y W a y.
t M ore stars in th if em ail space, aa view ed b y Herechel’e 18-inch re
dactor, than in the w hole northern heavens, in clud ing th is apace as
view ed w ith Argelender’s 2 j-in c h telesoope. A n d ye t m y ch art o f
Argelander’i re su lt! preeonta 324,000 stars as a collection bew ildering
in ite riohnese.
1 The reader's attention is specially directed to the fact th a t the
clu sterin g collections here spoken o f are n o t telescopic sm all clusters.
T h e y are tw o o f the oloudlike masses w h ich the M ilk y W a y presents
to o rd in ary vision on an y d a rk, clear n igh t.
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regions o f the M ilky W ay (which, according to the th eory
o f 1785, indicated two projecting regions o f the stellar
system), now viewed as clustering collections, and selected
as typical instances o f want of uniformity in the structure
o f the M ilky Way.

They are not clustering collections in

appearance only— that of course would have been n o n ew
fact, and would not have been worth announcing to th e
scientific w orld ; but they are real aggregations o f stars,
surrounded on all sides by relatively vacant space.

B e

tween us, therefore, and these rich clustering regions, th ere
lies a vast space not so richly filled with stars.

The co n «

tinuity o f structure within the sidereal system, w h ich
constituted the very basis o f the first method o f starThus the first method o f
star-gauging is shewn to be inapplicable in this case and in
all similar cases. Moreover the case being typical o f the
general want o f uniformity in the structure of the M ilky
Way, the first method of star-gauging fails for the M ilky
Way itself to interpret the nature o f which it had been
originally devised.
gauging, is accordingly disproved.

I f any doubt remain in the reader’s mind as to H ersch el’s
real meaning— if, for instance, it be supposed possible that
Herschel may after all have referred to aggregation in
particular parts of the heavens, as distinguished fro m
aggregation in particular regions of space— then w hat
Herschel proceeds to say respecting the great rich region s
in Cygnus, can scarcely fail to remove all question as to
his meaning.

Yet, before quoting his words, I

m u st

premise that again we have to deal with a passage w h ich ,
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though really unmistakable, requires careful attention
before its real import can be apprehended:—
' W e may indeed,’ be Bays (as i f expressing hesitation,
though really about to render his inferences more certain),
‘ partly ascribe the increase both o f brightness and o f
apparent compression’ in those clustering regions, ‘ to a
greater depth o f the space -which contains the stars, but
this will equally tend to shew their clustering condition;
for sinoe the increase o f brightness is gradual, the space

containing the clustering stars must tend to a spherical form,
i f the gradual increase o f brightness is to be explained b y
the situation o f the stars.’

In other words, whether we

consider the greater central richness as due to the cluster
ing o f the stars towards the central parts o f these groups,
or to the shape o f the groups themselves, or partly con
sider both causes o f central aggregation, we are still led
to the conclusion that the groups are roughly spherical in
shape.
A s the whole theory o f 1785 was concerned in the
reasoning here presented, I cannot too specially [invite the
reader’s attention to the result to which Herschel had
been led.

I

may illustrate

the distinction

between

Herschel's views in 1802 and those which he held in 1785
in the following

m anner:

We

know that when

a

moderately thick low-lying mist covers a level plain, an
observer placed on the plain sees through the mist above
him, while near the direction o f bis horizon it is im 
penetrable, because the line o f sighUextends so much farther
through it in such a direction.

Now, let us suppose the
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case of a being— a visitant, let us say, from another w orld
— not familiar as we
commonly

presented

all

are

with

the

by clouds, mists,

introduced gradually to their various forms.

appearances

or

fogs,

and

I f placed on

a plain in the circumstances above described, he w ould
readily convince himself that the impenetrability o f the
air towards the horizon was due to the fact that a m ist
within which he was himself placed had the shape o f a
flat stratum, so that where he looked along or nearly along
the direction o f the stratum’s extension, the line o f sight
passed through a much greater range o f mist.

A n d we

may conceive him attempting to determine the shape (the
relative thickness and extension) of the misty stratum, by
a method analogous to Sir W . Herschel’s first m ethod o f
star-gauging, estimating the extension o f the m ist in
different directions b y the apparent density of the m ist in
those directions.

But now, suppose our observer intro

duced to a new state o f things.

Conceive him placed on

a level plain, with mist enough low down to hide all
terrestrial objects which otherwise might guide his eye,
and that the sky for a considerable distance from the
horizon is wholly cloud-laden, but not mist-enshrouded,
the sky overhead being visible, with occasional clou d
masses suspended there, while more and more clouds are
in view the farther the line o f sight is directed from the
point overhead.

W e can readily conceive that the first

interpretation he would assign to the observed appearances
would correspond with the result of his former observa
tions.

He would suppose that towards the horizon there
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was a gTeat extension o f mist-laden air, and that there
was also a great extension o f misty matter towards those
parts o f the upper sky which shewed an impenetrable
cloudiness.

H e would not at first be prepared to conceive

a state o f things unlike that which he had formerly
recognised, or to suppose there was not, as in that case, a

continuity o f mist-laden air between him self and those
regions where he perceived dense cloudiness.

Gradually,

however, the idea would present itself that the round
looking cloudy regions were really round in shape,— not
bounded merely b y an apparent outline on the sky, but
by a rounded surface, outside o f which he, the observer,
was placed.

A variety o f observations so familiar to us

that we hardly recognise the process o f reasoning by which
the mind becomes satisfied with their significance, would
before long satisfy our observer o f the justice o f this con
clusion.

He would soon sec reason to believe that not

only the clouds seen separately overhead, hut those con
fusedly intermixed towards the horizon through the effects
o f foreshortening, were in reality rounded masses o f mistladen air. How, just as markedly as the groups o f clouds
which are seen on a summer’s day differ from a low-lying
mist (to fa r as their relation to the observer is concerned)
so completely does the system o f great stellar clusterings
recognized in the Milky Way by Herschel in 1802, differ
from the stratum o f stars, small clusters, and nebulce, o f
which in 1785 he supposed the Milky Way to be the fore
shortened, and the stare o f our constellations to be (he trans
verse view.
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But it does not follow that Herschel in giving u p the
most striking result to which his first method o f stargauging had seemed to lead, was bound to give up also the
method itself.

It had failed for certain cases, sim ply

because the principle on which it was based was not
applicable to those cases; but wherever there was any ap
proach to the uniformity of scattering on which the method
depends, there the method might still be applied. Precisely
as our imagined observer might still continue to test the
shape and extension of a mist in which he found him self
involved, b y noting its apparent density towards different
directions, abandoning that method only where h e had
reason to believe that cloudiness was due to mist w ithin
which he was not placed, so Herschel might still refer
the richness o f many of his star-gauges to great exten
sion of stars in the corresponding directions, abandoning
such inferences only where he had reason to believe that
he was analysing the wealth o f great clustering aggrega
tions outside the bounds of which our solar system is
situated.
But although

after 1802 Herschel still occasionally

referred to his first series o f star-gauges, we do n o t find
that he any longer regarded them in the same ligh t as in
1785.
A s my subject now is star-gauging according to th e tw o
methods devised by Herschel, I scarcely feel ju stified in
entering at any length into another striking feature o f the
paper of 1802.

A nd yet it may be well to notice how

markedly Herschel’s whole conception of the constitution
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N ot only did he in

1802 advance his proof o f the association between double
and multiple stars, deducing thence and otherwise illus
trating his inferences respecting wider laws o f association,
but he also selected this occasion to abandon the theory
that, the great irresolvable nebulae are composed o f stars.
He now regarded some among them as ‘ possessing the
quality o f self-luminous, m ilky luminosity, and possibly
at n o great distance from us.’ *
• I t ii w orthy o f notioe how readily a logically trained mind reoogniaeB inoongruitioe in rem it apparently presented with the highest
possible anthority. It is w ell known that Humboldt, quoting Arago’a
account of the results of Herschel's labours—so that the combined
weight of these three names seemed to authorise the statement—
presents our sidereal system as a " starry island, or nebula, ” forming
a ' lens-shaped, flattened, and everywhere detached stratum. ’
Herbert Spencer, reasoning on the relations presented b y Humboldt,
shews the incongruity and absurdity o f the statements (1) that this our
inland nebula has such and such proportions, and (2) that the nebnl®
are remote sidereal systems, whether we assume, with Hnmboldt and
Arago, that the differences o f star magnitude are due to differences of
distance, or reject this assumption. In a letter written to a weekly
journal on Jan. 31, 1870, M r 8penoer, after quoting the passages in
which he had shewn this, remarks that ‘ when they were written
spectrum analysis had not yielded the ooncluaive proof which we now
possess, that many nebula oonaist o f matter in a diffused form. But
quite apart from the evidence yielded b y spectrum analysis, it seems
to 'm e that the incongruities and contradictions which may be evolved
from the hypothesis that nebula are remote sidereal systems, amply
suffice to shew that hypothesis to he untenable.' Thus, in this case
Spencer was led b y abstract reasoning to reject a conclusion which, so
fsr as his authority oould be trusted, had the combined weight in its
favour o f Sir W . Herschel’s opinion, Arago's, and Humboldt's, and
which astronomical authorities hsd never been at the pains to question.
T e t the conclusion to which Spencer wsa thus led on the comparatively
slight evideuoe be possessed was, in reality, the same which Sir W .
Hereohel had adopted in 1802, after a score o f year« of persistent study
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In 1811, Herschel published another remarkable essay,
mainly relating to the m ilky luminosity which he had now
recognized, not only in nebulous patches, but spread thinly
o f the heavens. Comparing the value of Spencer’s abstract reasoning
with that of the enormous mass of observed facts which astronomers
had been coUecting during a half-century since Herschel’s da y— so
long as these facts remained unsifted— we find a curious iUustration of
the mistake made b y those who would divorce observation from theory.
In the same paper by M r Spencer, there occurs the following passage :—
“ ‘ The spaces w hich precede or foUow simple nebulae,” says A rago,
“ and, & fortiori, groups of nebulae, contain generally few stars.
Herschel found this rule to be invariable. Thus every tim e that,
during a short interval, no star approached, in virtue of the diurnal
motion, to place itself in the field of his motionless telescope, h e was
accustomed to say to the secretary who assisted him, * P repare to
write ; nebulae are about to arrive. ” * H ow does this fact consist with
the hypothesis that nebulae are remote galaxies ? If there w ere but
one nebula, it would be a curious coincidence were this one n eb u la so
placed in the distant regions of space as to agree in direction w ith a
starless spot in our own sidereal system. I f there were b u t tw o
nebulaB, and both were so placed, the coincidence would bo excessively
strange. W hat, then, shall we say on finding that they are h abitually
so placed? (the last five words replace some that are possibly a little
too strong). . . . W hen to the fact that the general mass of nebulae
are antithetical in position to the general mass of stars, w e a d d the
fact that local regions of nebulaB are regions where stars are
scarce, and the further fact that single nebulae are habitually fo u n d in
comparatively starless spots, does not the proof of a physical con nec
tion become overwhelming?” Here M r Spencer has deduced from
the same facts which Arago and other astronomers have q u oted in
favour of the theory of external nebulaB, the inference which Sir W .
Herschel arrived at, as we may see from the two passages quoted
in an earlier part of this essay (see page 253).
It is singular,
however, how little weight the argument, from the im probability
of repeated coincidences, here correctly applied b y Spencer, has
with ordinary minds. Michell employed this argument skilfully m ore
than a century ago, in effect demonstrating the laws of association
between certain groups of stars: but it was not till Sir W . H erschel
had actually watched one star circling around another th a t even

Star-Gauging.

2 73

over large parte o f the heavens, and had learned to dis
tinguish it from the m ilky light produced by multitudes
o f distant stars.

H is observations and deductions are full

o f interest, and especially interesting are his ideas as to
the evolution o f stars from the matter producing milky
nebulous light.

However, except in so far as they indicate

hiscbatiged views respecting theconstitution o f the universe,
these matters, worthy o f study though they are in them
selves, do not here concern us.

There is one passage,

however, from the essay o f 1811, which cannot be too
carefully studied b y those who would rightly apprehend
the nature and results o f Herschel's work during the
twenty-six years which bad now elapsed since he enun
ciated the stratum theory o f the sidereal system:— “ 1 must
freely confess,” he says, “ that by continuing my sweeps
o f the heavens, m y opinion o f the arrangement o f the stars
and their magnitudes, and o f some other particulars has
undergone a gradual change; and indeed, when the novelty
o f the subject is considered we cannot be surprised that
many things formerly taken

for

granted should, on

examination, prove to be different from what they were
generally but incautiously supposed to be.

For iustance,

an equal scattering o f the stars may be admitted in certain
calculations; but when we examine the M ilky W ay or the
closely compressed clusters o f stars, o f which iny catalogues
u iro n o m e n began to believe in racb eyatom*; and a third o f a
century later still, the idea w&j not accepted eave b y a few oetronomere.
Abstract reasoning murt be atrong indeed (and easy to follow, also) to
overcome the inertia of alow apprehension.
8
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have recorded so many instances, this supposed equality o f
scattering must be given up.

W e may also have supposed

nebulae to be no other than clusters of stars disguised by
their very great distance; but a longer experience and a
better acquaintance with the nature o f nebulae, w ill not
allow a general admission o f such a principle; although
undoubtedly a cluster o f stars may assume a nebular
appearance when it is too remote for us to discern the stars
o f which it is composed.”
It w ill be observed that in this passage H ersch el
abandons two of the principles on which his views in 1785
had been founded,* the general uniformity o f

stellar

distribution, and the theory that all nebulae, w hether
components o f our system or external, are formed o f stars.
Each o f the two principles here given up was essential to
that theory (in its entirety), while the first o f th e tw o
principles was cardinal even as respects
relations of the theory.

the

gen eral

Two links o f the chain o f ideas

enunciated by Herschel in 1785 were now rejected (as in
fact broken under the strain of observation).

One o f these,

at least, had to bear so large a part o f the theory, that w ith
its failure the theory itself came to the ground.
It must have been, then, at about this time, certain ly
not later, that the necessity for a new method o f stargauging presented itself to Herschel’s mind.

H e was,

however, too busily engaged in observing nebulae and in
endeavouring to detect the law of their development, to
* Compare the italicized passage in the quotation at page
of the present Essay.
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enter on auy scheme o f observation for determining the
constitution o f the universe.

I t is necessary to notice,

however, before we pass to the new attack made by
Herschel on the wider subject, that he now recognised a
much more complete series o f celestial objects than he had
imagined in 1785.

Then, and in the remarkable paper of

1789, he pictured various degrees o f stellar aggregation,
from uniformly scattered stars to the most compressed
clusters.

Now, he placed at the lower extremity o f the

scale o f celestial objects the widely spread luminosity first
noticed in the paper o f 1802.

He

passed from this

irregularly diffused nebulosity through all the orders of
gaseous nebulae— irregular nebulas,

planetary nebulae,

nebulous stars— formed by the gradual condensation o f the
gaseous matter, until the star itself is form ed; then, and
then only, he entered on the part o f the series earlier
recognised, passing on to the various orders o f Btellar
aggregation,— diffused clusters, ordinary stellar nebulae,
and more and more condensed stars, up to the richest
clusters.

H e no longer speaks o f external nebulae.

The paper o f 1814 begins with

these w ords:— “ The

observations contained in this paper are intended to display
the Bidereal part o f the heavens, and also to show the
intimate connection between the two opposite extremes,
one o f which is the immensity o f the widely diffused and
seemingly chaotic nebulous m atter; and the other the
highly

complicated

and m ost

artificially constructed

globular clusters o f compressed stars.

The proof o f an

intimate connection between these extremes w ill greatly
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support the probability of the conversion o f one into the
other.”
For much that relates to the sidereal heavens, H erschel
refers in this paper of 1814 to the paper o f 1785, and it
may be that such reference has prevented m ost o f his
commentators from noticing how completely his views had
changed.

In reality it is only where he is speaking o f

insulated stars that he quotes the earlier paper.

So soon

as he deals with aggregations of stars, though he refers to
the star-gauges of 1785 he no longer explains them as o f
yore.

He dwells afresh on what he had written in 1802

respecting the clustering condition of portions o f the stellar
heavens.

He

explains

that his

expression “ form ing

clusters ” was “ used to denote that some peculiar arrange
ment of stars in lines making different angles, directed to
a certain aggregation of a few central stars, suggested the
idea that th ey” (the former) “ might be in a state o f
progressive approach to them” (the latter).* '‘ This ten d en cy
to clustering seems chiefly to be visible in places extrem ely
rich in stars.

In order, therefore, to investigate the

existence of a clustering power, we may expect its effects
to be most visible in and near the M ilky W ay.”

I w o u ld

invite the reader’s special attention to the circumstance
that the M ilky W ay is here pointedly referred to as a
stellar region distinct in its characteristics from the region
o f the stars forming our constellations.

In stu dyin g

* W e may notice here, again, a certain inexactness in H erschel’s
manner of writing, accounting, perhaps, for the extent to which he has.
too often been misinterpreted.
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Herschel's papers we have continually to be on the watch
for indications o f the sort, and although this particular
view is not new, since he had expressed the same opinion
in 1802, yet as Herschel was now very near the close o f his
observing eareer.it is important to notice that in this critical
respect he retained the views which he had adopted in
1802.
Thirty years had

now

passed since Herschel had

enunciated his first method o f star-gauging, and as yet wc
have found no indication o f a second* method.

But at the

close o f this paper o f 1814 he mentions a new mode o f
research, b y which

he hoped to determine the laws

according to which the stellar universe is constructed.
“ The extended views I have taken,” he says, “ in this and
my former papers, o f the various parts that enter into the
construction o f the heavens, have prepared the way for a
final investigation o f the universal arrangement o f all these
celestial bodies in space; but at I am still engaged in a

series o f observations fo r ascertaining a scale whereby the
extent o f the universe, as fa r as it is possible fo r vs to pene
trate into space, may be fathomed, I shall conclude this
paper b y pointing out some inferences which the continua
tion o f the action o f the clustering power enables us to
draw from the observations that have been given."
W e find Herschel, then, in 1814,. preparing a scale
whereby to gauge the extent o f the universe, “ as far as it
is possible for us to penetrate into space.”
But in 1814, Herschel reached his seventy-sixth year,
and itw as scarcely to be anticipated that he would live
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to complete in its entirety the task he had entered upon
so late in his career— the most stupendous task w hich
any astronomer had ever thought of undertaking.

In

1784 and 1785 he believed that he had something finite
to deal w ith ; his telescopes reached, as he supposed, to the
limits of the g a la x y ; he had but to gauge, by counting
stars in
the

field

sidereal

after field,

system.

prime o f life.

to

ascertain the shape o f

Moreover he was then in the

Now, in his old age, the stellar system

had widened on his view.

Infinitely more com plex than

he had supposed, unfathomable (in parts at least o f its
extent) even with his mightiest instruments— how w as h e
to hope in the few years remaining to him, to solve th e
mighty problem with which he alone o f all men w h o had
ever lived had dared to grapple ?
There was no shrinking on his part, however, from the
tremendous task which lay before him.

He did not even

allow himself to attack the work hurriedly.

T houghtfully

he prepared the scale (the new method of gauging o f w h ic h
he had spoken in 1814), and not until 1817 d id h e
describe the plan in detail and with illustrative instances
o f its application.
The reader may be prepared, after what has been said
at the beginning of this paper, to find the new m eth od
differing little from the method of 1784.
that, since the

two methods

have

He may th in k

been

confounded

together by many, perhaps the second is the same as th e
first, but applied on a larger scale and with higher powers,
or if different from the other is still closely related to it.
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So far, however, is this .from being the case, that the
methods may be described as not only unlike, but even
antithetical to each other.
In the first method the same telescope was to be applied
successively to different parts o f the heavens; in the
second the same part o f the heavens was to be examined
successively with

different telescopes.

In

the first

method the stars in each field were to be counted; in the
second, the observer was to note simply to what degree the
telescopes

successively employed

separated from each

other the component stars brought into view,— or, in
technical terms, to what degree the telescope effected the
resolution o f the stars in each field.
I t seems to me tolerably clear that up to the year 1814,
and possibly for a year or two longer, Herschel had been
steadily advancing towards new and wider truths respect
ing the universe, and that the new method o f star-gauging,
as it first presented itself to his mind, was a well-con
sidered means o f attacking the great problem in the en
larged form to which it had grown.

It is manifest that the

higher the telescopic power wu employ, the farther do we
penetrate into the spaces surrounding us on all sides.

It

is, o f course, probable (or rather it is certain) that many
objects visible with a lower telescopic power may lie
farther away than others brought into view with a higher
power, because a very large star is visible from beyond
depths which suffice to hide smaller but nearer orbs.

Yet

unless we assume tliat there are limits beyond which none
o f the larger stare exist, it is clear that each increase of
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telescopic power, by bringing into view new m em bers of
these larger orders, must carry our vision beyon d the
limits which it had before reached.

A nd if w e w ish to

form just conceptions of the structure o f the universe, it
seems manifest that our best, in fact our only available
first step towards such knowledge, is to ascertain the
aspect

of the space surrounding us, as viewed

gradually increasing powers o f vision.

w ith

This, as I ju d ge,

was what Herschel proposed when, in 1814, he sp o k e ol

“ fathoming the extent of the universe, so far as it is
possible for us to penetrate into space.”
But it is certain that the plan, as he began to ca rry it
out in 1817 and 1818, does not correspond w ith this
description.

Nor does Herschel appear, in my ju d gm en t,

to have worked in these years with his former s k ill and
acumen.

Power

was

not

wanting, but

there

is

no

longer the elasticity which hitherto had been so m arked a
characteristic of Herschel’s mind.

I think, too, that it w ill

become manifest to anyone who carefully studies the
whole series of Herschel’s papers, that when he w rote
these last two, the great array of facts which he had been
so long engaged in gathering together was no lon g er
present in its entirety to his mind.

It must not b e h eld

to involve irreverence towards the greatest astronomer the
world has known, to suppose that in his seventy-ninth and
eightieth years his mental powers were not so great as they
had been, and especially that his memory began to fail
for facts observed during the preceding ten or twelve years
o f his life.

Assuredly no honest student of science should
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allow his respect for the work o f Herschel’s former years
to cause him to overlook defects, if such exist, in the
reasoning with which Herschel's latest observations were
accompanied.
I t is not difficult to show that his reasoning in 1817
and 1818 was no longer so sound a3 in former years.

He

was now applying, be it remembered, a process b y which
he hoped to determine the relative distances o f star-groups.
Supposing that a particular clustering aggregation began
to be resolved into discrete stars with a certain telescopic
power, and was entirely resolved when a certain higher
power was employed, there would be primd facde evidence
as to the distance o f the aggregation— because, given a
group o f stars o f certain sizes and set at certain distances
from each other, it is manifest that the farther away that
group is placed the higher w ill be the telescopic powers
required ( 1) to begin, and (2) to complete the resolution o f
that group into separate stars.

But although such con

siderations may be reasonable enough when we are com
paring two groups together, and even within certain limits
when applied to different parts o f the same group, there
are circumstances under which their application to partic
ular star-groups would be altogether incorrect, and which
shew also how unsafe the general principle is on which
this particular method o f star-gauging depends.
In order to shew this, I will take as a typical instanco
a splendid pair o f star-groups (not clusters properly so
called) which adorn the uplifted hand of The Rescuer,
quoting Prof. Nichol’s account o f Herschel's study o f this
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remarkable

ob ject:— ‘ In

the

M ilky

W ay/

he

says,

‘ thronged all over with splendours, there is one portion
not unnoticed by the general observer, the spot in the
sword-hand of Perseus.

That spot shews no stars to the

eye ; the m ilky light, which glorifies it, comes from regions
to which unaided we cannot pierce.

But to a telescope o f

considerable power* the space appears lighted up w ith
unnumbered orbs ; and these pass on through the d epth s
o f the infinite, until, even to that penetrating glass, th ey
escape all scrutiny, withdrawing into regions un visited
by its power.
retirements ?

Shall we adventure into these d eep er
Then, assume an instrument o f h igh er

efficacy, and lo ! the change is only repeated ; those scarce
observed before appear as large orbs, and behind, a new
series begins, again
towards

farther

shading gradually away, le a d in g

m ysteries!

The

illustrious

H ersch el

penetrated on one occasion into this spot, until he foun d
himself among depths whose light could not have reach ed
him in much less than four thousand years : no m arvel
that he withdrew from the pursuit, conceiving that such
abysses must be endless ! ’

The younger Herschel, speak

ing o f instances such as these, where telescope a fter
telescope has been directed to the same spot w ith ou t
apparently reaching its limits, says that here ‘ w e are
compelled by the clearest evidence the telescope can afford
to believe that star-strown vistas lie open, exhausting th e ir
powers and stretching out beyond their utmost reach,
as is proved b y infinite increase of number and d im in u • A good opera-glass shows abundant stars in this wonderful group.
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tion o f magnitude, terminating in complete irresolvable
nebulosity.’
It was thus that the elder Herschel interpreted these
wondrously rich spots in the papers o f 1817 and 1818.
Followed as he has been in this interpretation b y Sir John
Herschel, Struve, Grant, N ichol, aud others, it may seem
incredible that an argument practically resistless opposes
itself to such a conclusion.

Y et there is such an argu

ment ; nor has its strength ever been impeached or even
questioned.
Repeatedly in his earlier papers, Sir W . Herschel had
noted the probability, rising almost to certainty in each
individual case, and absolutely certain for many cases,
that groups o f stars which are rounded in appearance arc
roughly globular in reality, and that groups markedly
distinct b y their richness from surrounding parts o f the
star-sphere are really distinct as to richness from surround
ing -parts o f interstellar space. I f we consider the very
group

in

Perseus which Herschel, as we have seen,

regarded otherwise— or as a star-region extending away
and away into space, along the track over which his
telescopes o f greater and greater power had carried him—
we shall find abundant reason for that earlier inteipretatiou.

The group is much smaller in apparent size than

the moon, but for the sake o f argument imagine it as
large.

Conceive a cone having the eye as apex and just

large

enough

to

enclose

the

moon,

extending out

into space towards the great double cluster.

Then,

whatever else we may be iu doubt about, we know
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quite certainly that the whole star region exam ined by
Herschel is enclosed within that long tapering cone.

I f his

later principle of interpretation is just, the brigh ter and,
as he judged, the nearer stars o f the cluster are so far
away within this cone, that their light takes a b ou t a
hundred years in reaching us— but say tw o hundred
years to favour his interpretation (as w ill im m ediately
appear) as far as possible.

The farther parts, we h av e seen,

he regarded, on the same principle, as so far away th a t their
light takes 4000 years in reaching us, or tw enty tim e s as
long.

H ow much farther the star-region extends (o n this

interpretation) we do not know.

But here w e h a v e the

farthest known part, twenty times as far away as the n earest
Now, if any one will make a very taper cone o f p a p e r (it
should be a yard high if its base is only a third o f a n inch
in diameter, or three yards high for a one-inch b ase), and
will cut off a twentieth part o f its length, from th e apex,
the remaining part will show the shape o f the re g io n of
space occupied, according to the interpretation o f 1818,
b y the stars of the rich cluster.

The paper frustum (still

nearly a yard high, if the first of the above-m entioned
sizes be adopted, and at its thickest part only a third
o f an inch wide), is, indeed, immensely exaggerated in
width, long and slender though it seems.

That w onderful

group o f stars, then, forms in reality, if rightly interpreted
b y Herschel in 1818, a long, thin, almost cylin drical
array of stars, happening by a singular chance to have its
length directed exactly towards our earth !

As there are

tw o clusters, indeed, there are two such enormously long
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and slender arrays, thus strangely adjusted t

A nd all

other similar cases— o f which Herschel cites no less than
ten, while many others were recognized by bis Bon in the
southern M ilky W a y — must be similarly interpreted.
The objections to such an inference are m anifest; and in
corresponding cases Sir W . Herschel had clearly recog
nized them.

Note again, how Sir John Herschel disposes

o f such conceptions as being utterly improbable in the
much less marked case o f the two Magellanic Clouds.
‘ Were there but one such object,' he says, ‘ it might be
maintained without utter improbability that its apparent
sphericity is only an effect o f foreshortening ; but such an
adjustment, improbable enough in one case, must be
rejected

as

too much

so for fair argument in two.’

H ow much more, therefore, in the multitudinous instances
presented b y the clustering aggregations o f the M ilky
Way.
The inference clearly is, then, that where Herschel
had supposed (in 1817 and 1818) that he was fathoming,
or attempting to fathom, the depths o f stellar space, he
was in reality only scrutinising more and more closely, as
higher and higher powers were employed, one and the
same region occupied by many orders o f stars— from suns
perhaps surpassing our own many times in volume, down
to orbs which, large though they may be absolutely, must
relatively be regarded as mere star-dust

I do not speak

o f this conclusion as doubtful, for it appears to me
demonstrated.

A s the elder Herschel spoke o f the two

great clustering regions o f Cygnus as spherical in shape, as
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the younger Herschel spoke similarly of the M agellanic
Clouds, so may we justly say of these regions w h ich had
been regarded as the fathomless parts o f

our

stellar

system, that demonstrably they are ‘ island star-systems,*
infinitely rich in stars, and infinitely varied in structure.
W e may indeed apply to them the very words w h ich Sir
John

Herschel

applied on sufficient hut

far

weaker

evidence to the Magellanic Clouds, *it must be taken as a
demonstrated fact that stars o f the seventh and eighth
magnitude, and irresolvable nebula* (not nebulae)

‘ m ay

coexist within limits of distance not differing more th a n as
9 to 1 0 /

The caution which this discovery should inspire

when we are dealing with other cases where the eviden ce
is less simple, need hardly be insisted upon.
Both methods o f star-gauging had been tried, then,
when Herschel ceased from his labours, and in o n e sense
both had failed.

It had been at least demonstrated that

the principles by which Herschel had hoped to be a b le to
interpret either

method,

were

unsound.

He

h im self

established the fact that the stars are not spread th ro u g h 
out our system with such an approach to uniform ity that
one can estimate the extension of the system in differen t
directions by counting the stars which a single p o w e rfu l
telescope brings into view. He also collected the m aterials
which prove that we cannot hope to estimate the distances
of different parts o f the system b y testing with different
telescopes the degree of stellar resolvability in those parts.
Is, then, the problem altogether hopeless ?

I t seems

to me that it is very far from being so, and that even
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where Herschel’s methods seemed to fail they afford
excellent promise o f success.

H is first method, for ex

ample, had to be abandoned so far as his original purpose
was concerned, because he found reason to believe that
the great rich regions o f the M ilky W ay are situated like
great clouds o f stars in space, and are not mere ranges o f
stars extending continuously from our own neighbourhood.
But it was the method itself which taught this,— which,
in fact, effected this capital

discovery.

The

second

method, again, cannot be interpreted as Herschel hoped.
It cannot tell us how far off, relatively, are different stargroups.

But this application o f the method has to be

abandoned simply because the use o f the method itself
has taught us that the architecture o f the heavens is far
too complex to be interpreted in so simple a manner.
Here then is another great discovery effected b y a method
o f star-gauging which, so far as its original purpose was
concerned, has had to be rejected.

W e have learned,

from the seeming failure o f the two methods, two import
ant and interesting facts— first, that the stars are gathered
into certain regions o f space, and segregated from others ;
and, secondly, that where stars are so gathered they exist in
many orders o f real magnitude, and are spread in different
parts o f such aggregations with very different degrees
o f profusion.

Furthermore, over and above these valuable

deductions, w e have the observations themselves still
available for use in other ways, still ready to reward
whoever shall devote close and attentive scrutiny to them.
But it appears to me that so soon as we recognize the
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success o f both methods in one sense, and their failure
in another, a method o f research suggests itself w h ich
promises to combine all those qualities o f each m ethod
which can really be trusted, and to be open t o
objections.

no

It was a grand idea of Herschel’s to deter

mine the varying richness of the heavens in different
directions under the scrutiny o f one powerful telescope.
It was an equally noble occupation to watch the heavens
“ widening on man’s v ie w ” with the widening p u p il of
the

telescopic eye.

Each method o f research p roved

effective as used separately.

But only b y com bin in g the

two can the secret of the star-depths be mastered.

We

must not limit ourselves, however, to the study o f a starfield here and a star-field there.

W ith each te le sco p ic

power employed, the whole heavens must be surveyed.
The results obtained with each power must be com pared
together, after being carefully indicated in suitable charts
(since the most powerful intellect cannot grasp those results
presented merely as statistics). Differential charts, s h e w in g

by how much each increase of power increases in each reg ion
o f the heavens the number of stars brought in to view ,
must also be constructed.

No preconceived opinions m u st

be suffered to mar the teaching thus obtained; b u t th e
architecture o f the heavens so disclosed must be v ie w e d
precisely as it is presented to us by these results : b eca u se
then, though it may be far too complex for our co m p re 
hension, we shall be less likely to be deceived than i f w e
were

prepared

beforehand

characteristic features.

to recognize in it certain
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This is a work in which almost every student of
astronomy can help.

Gaugings with small telescopes

should b y no means be neglected.

Indeed, when we re

member that the structure o f the stellar universe is

bo

com plex and varied that some o f the nearer p&Tta cannot
be analysed to their inmost recesses, even by the most
powerful telescopes yet constructed, we see that our
information about these parts can alone be brought near to
completeness, and it is precisely about these parts that
the smaller telescopes can give the most useful informa
tion.
I believe there is a great future for that noble domain of
astrouomy which Sir W . Herschel made the chief object
o f his study.

B y such methods o f star-gauging as I have

indicated— b y the application o f spectroscopy to distin
guish

the stars into their various orders as respects

physical structure— b y

the careful analysis o f stellar

motions, in order to recognize the laws o f association— and
b y other methods o f research, the stupendous problem
presented b y the stellar heavens may be hopefully attacked;
and even should the observations directed to its solution
fail, so far as their main purpose is concerned, there can
yet be no manner o f doubt that the collected results will
be full o f value and interest.

T

SA TU R N A N D TH E SA B BA TH OF TH E J E W S .
I n one o f the most striking passages o f his “ S tu d y of
Sociology/’ Herbert Spencer considers what m ight b e said
o f our age " b y an independent observer living in t h e far
future, supposing his

statements translated

in t o

our

cumbrous language.”
" ‘ In some respects/ says the future observer, ‘ th eir c o d e o f
conduct seems not to have advanced beyond, but to have g o n e b ack
from the code o f a still more ancient people from whom t h e ir creed
was derived . . . The relations o f their creed to the cre e d o f this
ancient people are indeed difficult to understand. . . N ot o n l y did
they, in the law o f retaliation, outdo the Jews, instead o f o b e y in g
the quite opposite principle of the teacher they worshipped a s divin e,
b u t th ey obeyed the Jewish law, and disobeyed their d iv in e te a ch e r
in other ways,-—as in the rigid observance of every sev en th d a y ,
which he had deliberately discountenanced . . . Their s u b s ta n tia l
adhesion to the creed they professedly repudiated, w as cle a r ly
demonstrated b y this, that in each o f their temples they fix e d u p in
some conspicuous place the Ten Commandments o f th e J e w is h
religion, while they rarely, if ever, fixed up the tw o C h ristia n
Commandments given instead o f them. A n d y e t / says th e rep orter,
after dilating on these strange facts, ‘ though the E n glish w ere
greatly given to missionary enterprises of all kinds, and t h o u g h I
sought diligently among the records of these, I could find n o trace
of a society for converting the English people from J u d a is m to
Christianity.’ ”

It is, indeed, a strange circumstance that Christian
teachings in our time respecting the observance o f each
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seventh day, should be at variance, not only with what is
known o f the origin o f the observance o f Sunday, as
distinguished from the Sabbath o f the Jews, but even
more emphatically with the teachings o f Christ, both as
to the purpose o f a day o f rest, and as to the manner in
which the poor should be considered.

Our Sunday is in

fact, if not in origin, the Sabbath o f the Jews, not the
Lord's D a y o f the Apostles ; it is regarded, not as a day
set apart to refresh those w ho toil, but as though tuan
were made for its observance ; while the soul-wearying
gloom o f the day is so ordered as to affect chiefly the
I>oorer classes, who want rest from work and anxiety,
not rest from the routine o f social amusements, which
are unknown to them.

But although the thoroughly non-

Christian nature o f our seventh day is remarkable in a
country professedly Christian, and although it is a serious
misfortune for us that an arrangement which might be
most beneficial to the working classes is rendered mis
chievous b y the way in which it is carried out, I certainly
have no purpose here to discuss the vexed question of
Sunday observance.

There are some points, however,

suggested b y Spencer’s reference to the origin o f our
weekly resting day, which aTe even more curious tbau
those on which he touches.

W e take our law o f weekly

Test from Moses ; we practically follow Jewish observances
in this matter: but in this, except in so far as the contrast
Iwtween Judaism and Christianity is concerned, there is
nothing incongruous.

For the Jewish nation was o f old

the sole Eastern nation whose priesthood taught the
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worship of one God, and resisted the tendency o f their
people to worship the gods of other nations.

B ut th e real

origin o f the Jewish Sabbath was far more singular.

The

observance was derived from an Egyptian, and prim arily
from a Chaldaean source.

Moreover, an astrological origin

may be recognized in the practice; rest being en join ed by
Egyptian priests on the seventh day, simply because they
regarded that day as a dies infaustus, when it was u n lu ck y
to undertake any work.
It needs no very elaborate reasoning to prove th a t the
Jewish observance o f the Sabbath began during the sojou rn
in Egypt.

W ithout entering into the difficult q u e stio n o f

the authorship and date o f the Pentateuch, we can p e rce iv e
that the history of Abraham, Isaac, and Jacob, i n the
Elohistic portion of the narrative, is introductory t o the
account of the Jews’ sojourn in Egypt and exodus th en ce
under their skilful and prudent commander, M oses.
incredible that the person who

combined

th ese

I t is
tw o

accounts into one history, including an exact record o f the
rules for observing festivals, should have failed to add
some reference to the seventh day o f rest when q u o tin g
(from the Elohist) the ordinances which Abraham a n d the
other patriarchs were so carefully enjoined to o b ey, i f it
really had been a point of duty in patriarchal tim e s to
keep holy the seventh day.

In every injunction t o the

Israelites after they left Egypt, the duty of k eep in g the
Sabbath is strongly dwelt upon.

It not only becam e from

this time one o f the commandments, but “ a sign betw een
the Lord and the children of Israel for ever.”

I n the
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patriarchal times, on the contrary, we find no mention of
i t : the test o f righteousness was the worship o f one God—
the God o f Abraham, Isaac, and Jacob.

In the book of

Job, again, no reference whatever is made to the ob
servance o f the Sabbath ; and this is the more remarkable
because Job makes "solem n protestation o f his integrity ” in
several duties.

H e Claims integrity in the worship o f G od ;

" I f I beheld the sun when it shined,” he says, " o r the
moon walking in brightness, and m y heart hath been
secretly enticed, or m y mouth hath kissed m y hand ” {the
token o f worship), " this also were an iniquity to be
punished b y the judge : for I should have denied the God
that is above.”

But he says no word about the observance

which, after the exodus, is so specially associated with the
worship o f God.
It is, indeed, somewhat singular that the observance of
the Sabbath should be derived from far remoter times, b y
those who insist on the literal exactness o f the Bible
record, seeing that the Bible distinctly assigns the exodus
from Egypt as the epoch when the observance had its
origin.

For Moses, in solemnly reminding all Israel of

the covenant in Horeb, sa y s:—
" Rem em ber th a t thou w a rt a servant in th e land o f E g y p t, an il
th a t the L o rd th y G od b ro u g h t thee o u t thence, th ro u gh a m igh ty
hand and b y a atretehed-out a rm : th erefore the L o rd th y G od com
manded thee to keep the Sabbath-day." — (D e n t. v . 15).

And these words occupy the position in the Fourth Com
mandment, which, in Exodus xx. 11, is occupied b y the
words, 'F o r in six days the Lord made heaven and earth,' i&c.
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Assigning the origin o f the first Jewish observance o f
the Sabbath to the time o f the exodus, we are forced to
the conclusion that the custom o f keeping each seventh
day as a day o f rest was derived from the people am ongst
whom the Jews had been sojourning more th a n two
hundred years.

It is unreasonable to suppose that M oses

would have added to the almost overwhelming difficulties
which he had to encounter in dealing with the obstinate
people he led from Egypt, the task o f establishing a new
festival.

Such a task is at all times difficult, b u t at the

time o f the exodus it would have been hopeless t o un der
take it.

The people were continually rebelling against

Moses, because he sought to turn them from the w o rsh ip
of the gods o f Egypt, in whom they were disposed t o trust.
It was no time to establish a new festival, unless o n e co u ld
be devised which should correspond with the cu stom s
they had learned in Egypt.

Moses would seem in d e e d to

have pursued a course o f compromise.*

O pposing m a n -

* There is a passage in Jeremiah which, as it seems to m e, ca n n ot
otherwise be reconciled with the Pentateuch— viz., chapter v ii. 21-23,
where he says, “ Thus saith the Lord of Hosts, the God of Isra el ; Put
your burnt-offerings unto your sacrifices, and eat flesh. F o r I spake
not unto your fathers, nor commanded them in the day that I b rou g h t
them out of the land of Egypt, concerning burnt-offerings or sacrifices:
but this thing commanded I them, saying, Obey my voice, a n d I will
be your God, and ye shall be m y people ; and walk ye in all t h e ways
that I have commanded you, that it may be well unto you.” I t seems
plainly intimated here that (in Jeremiah’s opinion, at any ra te) the
ordinances relating to burnt-offerings and sacrifices on the S abbath and
new moons were not commanded b y God, however plainly the account
in the Pentateuch may seem to suggest the contrary; and th e tw o
accounts can scarcely be reconciled except by supposing that th e M osaic
laws on these points were intended to regulate and also to sa n ction an
observance not originally instituted b y Moses.
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Cully the worship o f the Egyptian goda, he adopted, never
theless, Egyptian ceremonies and festivals, only so far
modifying them that (as he explained them) they ceased
to be associated with the worship o f false gods.
W e have also historical evidence as to the non-Jewish
origin o f the observance o f the seventh day, as decisive
as the arguments I have been considering.

For Philo-

Judeeus, Josephus, Clement o f Alexandria, and others,
speak plainly o f the week as not o f Jewish origin, but
common to all the Oriental nations.

I do not wish, how

ever, to make use o f such evidence here, important though
it is— or rather because it is so important that it could
not properly bo dealt with in the space available to me.
I wish to consider on ly the evidence which lies directly
Itefore us in the Bible pages, combining it with the astro
nomical, relations which are involved in the question.
For it Is to an astronomical or rather an astrological
interpretation that we are led, so soon as we recognise
the non-Jewish origin o f the Sabbath.

Beyond all doubt,

the week is an astronomical period, and that in a two-fold
sense ; it is first a rough sub-division o f the lunar month,
and in the second place it is a period derived directly
from the number o f celestial bodies known to ancient
astTouoiners as moving upon the sphere o f the fixed stars.
The astronomical origin o f the Sabbath is shown by
the Mosaic laws as to festivals, illustrated b y occasional
passages in other parts o f the Bible.

In the 28th chapter

o f Numbers we find four forms o f sacrifice to be offered at
regular intervals— first the continual burnt-offering to be
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made at sunrise and at sunset (these epochs, b e it noted,
being

important

in

the

Egyptians) ; secondly, the

astrological

system

offering

the

on

of

the

S a b b a th ;

thirdly, the offering in the time of the new m o o n ; and
fourthly, the offering at the luni-solar festival
Passover.

o f the

That is, we have daily, weekly, m on th ly, and

yearly offerings.

A n attempt has been made to sh ow that

in the beginning o f the Mosaic rule the months w e re not
lunar; but, apart from all other evidence, repeated re
ferences to “ Sabbaths and new moons” negative th is view,
and show that as Spencer (Rit. iii. 1 ) m aintains, the
Hebrews began their month when the new m o o n first
appeared.

It is also clear from the nature o f the offerings

made, that the festival of the new moon was h eld in equal
esteem with the Sabbath; and although the observances
were different, yet both days were strictly re lig io u s in
character.

For when the Shunammite woman said t o her

husband that she would “ run to the man o f G o d ,” he
answers (supposing she went to hear the sacred b o ok s
read), “ Wherefore wilt thou go to him to-day? it is n either
new moon nor Sabbath.”

A nd again, the new

resembled the Sabbath in being a day when sale
prohibited.

m oon
was

“ Hear this,” says Amos, “ 0 ye that sw allow

up the needy, even to make the poor of the land t o fail,
saying, W hen will the new moon be gone, that w e may
sell corn ? and the Sabbath, that we may set forth w h e a t?”
It seems also, as Tirin has pointed out, that servile w ork
was prohibited, for we read (1 Samuel xx. 18, 1 9 ) that
Jonathan said to David, “ To-morrow is the new m o o n :
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and thou shalt be missed, because thy seat w ill be empty.
And when thou hast stayed three days, then thou shalt go
down quickly, and come to the place where thou didst hide
thyself when the business was in hand," or as in the Douay
translation, " i n the day when it is lawful to work." *
W e have evidence equally clear to show that the seven
days of the week were connected with the seven planets,
that is, with the seven celestial bodies which appear to
move among the stars.

I t was b y no mere accidental

agreement between the number o f the days and the number
o f planets that so many o f the Oriental nations were led
to name the days o f the week after the planets.

The

arrangement o f the nomenclature is indeed so peculiar that
a common origin for the practice must be admitted, when
we find the same arrangement adopted by nations otherwise
diverse in character and habits.

Moreover, the arrange

ment is manifestly associated with Sabaism on the one
* Tirin also assert« that the Jews observed the lunar eyetern, and
that their months consisted o f 20 and 30 days alternately (29| days,
within about three-quarters o f an hour, being the length o f the mean
lanar month). Hunco the feast o f the new moon came to be called the
thirtieth Sabbath, that is, the Sabbath, o f the thirtieth day. Thus
Horace (Sat. I. ix.) “ Hodie tricésima sabbata: vin' tn Curtis Judiéis
oppodere ? " Macrobios mentions that the Greeks, Romans, Egyptians,
Arabians, Ac., worshipped the moon (Sat. I. xv.) J and it is probable that
despite the care of Moses on this point, the Jews were prone to retara
to the moon-worship whence the feast o f the new moon had its origin.
W e mutt not, however, infer this from the passage in Jeremiah vii.
17, 10, " Soeat thou not what they do in the cities o f Judah and in the
streets o f Jerusalem t The children gather wood, and the fathers kindle
the fire, aud the women knead their dough, to make cakes to the queen
o f heaven, and to pour out drink-offerings unto other gods.” F or the
queen o f heaven is Athor, parent o f the universe.
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hand, and with astrological superstitions on the o th e r; and
we find the clearest evidence in the Bible not o n ly that
Sabaism and astrology were known to the Jews, b u t that
Moses had extreme difficulty in separating the observances
he enjoined (or permitted ?) from the worship o f th e Host
o f Heaven.

H e was learned, we know, in all the wisdom

o f the Egyptians (Acts vii. 22), and therefore h e must
have known those astronomical facts, and h a v e been
familiar with those astrological superstitions, w h ic h the
Chaldseans had imparted to the Egyptians o f th e d a y s of
the Pharaohs.*

It is noteworthy, too, that th e

first

difficulties he met with in the exodus arose from th e w ish
o f the Jews to return to Sabaism.

This is not m a n ife st in

the original narrative; but the real meaning o f th e a ccou n t
is evident from the following passage (Acts vii. 4 0 ), w h ere
Stephen, speaking of Moses, says, “ This is he . . . w h o m
our fathers would not obey, but thrust him from th e m , and
in their hearts turned back again into Egypt, sa y in g unto
Aaron, Make us gods to go before u s; for as for th is M oses,
which brought us out of the land of Egypt, w e w o t not
what is become of him.

A nd they made a calf in those

days, and offered sacrifice unto the idol, and r e jo ic e d in
the works o f their own hands.

Then God turned, and

* H e showed considerable skill, if Dr Beke was right, in his applica
tion of such knowledge (combined with special knowledge acquired
during his stay in Midian) so that his people should cross a p a rt o f the
Gulf of Suez during an exceptionaUy low tide.
For th o u g h the
Egyptians may have been acquainted with the general tidal m o tio n in
the Bed Sea, it may well be believed that the army of Pharaoh w ould
be less familiar than Moses with local peculiarities affecting (in h is tim e)
the movements of that sea.
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gave them up to worship the host o f heaven; as it is
written in the book o f the prophets . . . .

Y e took up the

tabernacle o f Moloch, and the star o f your god Bemphan,
figures which y e made to worship them."*
N ow I might pass from what has here been shewn, to
the direct inference that the Sabbath corresponded with
the day which Oriental Sabaism consecrated to the planet
Saturn; because we have the clearest possible evidence
that all nations which adopted the week as a measure o f
time

named the

seven days after the same planets.

But I prefer, at some risk o f appearing to weaken
* This passage, and the passage from Amos, to which the protomartyr refers, ore curious in connection with the special subject of this
paper, as indicated b y ita title. For where Stephen says Bemphan,
Amos says Chiun. N ow it is maintained b y Grotius that Bemphan is
the same as RimmoD, whom Naaman worshipped, and Rimmon or
Remmon signifies "e le v a te d ” (lit. a pomegranate), and is understood
b y Grotius to refer to Saturn, the highest of the planets. (The student
o f astronomy will remember Galileo’s anagram on the wordB
“ AUUttmum planelam tergeminum obnervavi") N ow Chiun, which
denotes a "p edestal," is considered to be equivalent in this place to
Cbevan, or Kevon, the Saturn o f the Arabians.
(Parkhurst men
tions that the Peruvians worshipped Choon.
Moloch, o f course,
signifies king. Because children were sacrificed to Moloch, Bonfrire
considers this god to be the same as Saturn, described os devouring his
own children. I f so, the words “ tabernacle of M oloch and the star
o f Bemphan ” relate to the same special form of Sabaism—that, namely,
which amigned to Saturn the chief place among the star-gods. I must
remark, however, that this point is b y no means essential for the main
argument of this paper, which is in reality based on the unquestioned
fact that amongst all the nations which used the week as a division of
time, the seventh day was associated w ith the planet Saturn. I t is
neoessary to call attention to this point, because not unfrequently it
happens that some subsidiary matter, ench as that touched on in this
note, is dealt with os though tho whole question at issue turned
upon it.

300

O ur Place among Infinities .

the argument by introducing matters less certain, to
consider the evidence we have as to the position o f the
god corresponding to the Latin Saturn in the A ssyria n
mythology.
Many years since, Colonel (then Major) E aw linson, in a
paper read before the Royal Asiatic Society, referrin g to
an inscription beginning, “ This the Palace of Sardanapalus,
the humble worshipper o f Assarach,” made the fo llo w in g
rem arks:—
“ There can be no doubt,” he said, (I quote from a re p o rt n o t p r o 
fessing to be verbatim) u that this Assarach was th e N is ro ch
mentioned in Scripture, in whose temple Sennacherib was s la in . H e
was most probably the deified father o f the tribes, t h e A s s u r
o f the Bible. This Assarach was styled in all the in s c rip tio n s as
the king, the father, and the ruler o f the gods, thus a n s w e rin g
t o the Greek god, Chronos, or Saturn, in A ssy rio -H e lle n ic m y 
thology.”

Again Layard, speaking o f Assyrian mythology, s a y s —
“ A ll we can now venture to infer is that the Assyrians w o r s h ip p e d
one supreme G od as the great national deity, u n d er w h o s e
immediate and special protection they lived, and th eir e m p ir e
existed. The name o f this god appears to have been A s s h u r ,
as nearly as can be determined at present from the in scrip tion s.
It was identified with that o f the empire itself, always c a lle d * th e
country o f Asshur.’ W ith Asshur, but apparently far in fe r io r to
him in the celestial hierarchy, although called the great g o d s , w ere
associated twelve other deities . . These twelve gods m a y h av e
presided over the twelve months of the year.”— (Nineveh and Babylon
p. 637.)

In a note, Layard refers to doubts expressed b y

Colonel

Eawlinson respecting the identity o f Asshur and N isroch ,
presumably removed by Rawlinson’s later reading o f the
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remarks that this

supreme god was represented sometimes under a triune
form ; and ‘ generally, if not always, typified b y a winged
figure in a circle.’

Plate X IV . o f my treatise on Saturn

shews how these two descriptions are reconcilable; for
there are shewn in it two figures o f Nisroch, both winged
and within a ring, but one only triune.*
Amongst the twelve great gods were included six
corresponding to the remaining planets, though doubts
exist as to

the

celestial bodies.

gods

associated with

the

different

I t seems probable that Shamash cor

responded with the S u n ; Ishtar (Astarte or Ashtar) with
the M o o n ; Bel with Jupiter + ; Merodach with M ars;
Mylitta with Venus ; and N ebo with Mercury.

But the

* I do not here dwell on the curious coincidence—if, indeed, Chaldean
astronomers had not discovered the ring of Saturn—that they shewed
the god corresponding within a ring, and triple. Galileo'B first view
o f Saturn, with feeble telescopic power, shewed the planet as triple
(Wrgtminut) ; and very moderate optical knowledge, such indeed an wo
may fairly infer from the presence o f optical instruments among Assyrian
remains, might have led to the discovery of Saturn’s ring and Jupiter’s
Moons. (Bel, the Assyrian Jnpiter, was represented sometimes with
four star-tipped wings.) But it is possible that these are mere coinci
dences. Saturn would naturally com e to be regarded as the G od of
Time, on account o f bis slow motion round the eclip tic; and thus the
ring (a natural emblem o f time) might be expected to appear in figures
o f the god corresponding to this planet. I t ia carious, however, that
the ring is flat, and proportioned like Saturn’s.
+ Layard associates Bel, “ the father o f the great gods, ” with Saturn,
and M ylitta the consort o f Bel with Venus, bat without giving any
reasons, and probably merely os a guess. B e elsewhere remarks, how.
ever, that from Baal came the Belue o f the Greeks, w ho was confounded
with their own Zeus or Jnpiter, and apart from the clear evidence
associating Nisroch with Saturn, the evidenoe connecting Bel with
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question would only be o f importance in its bearing o n m y
present subject, if we knew the Assyrian tim e-m easure
ment, and especially their arrangement o f the d ays o f the
week.

Since we have to pass to other sources o f in form a 

tion on this point, the only really important fa ct in the
Assyrian mythology, for our purpose, is the n early certain
one that their supreme god Asshur or Nisroch correspon ded
to the *highest * or outermost planet Saturn.

H e w a s also

the Time God, thus corresponding to Chronos.

B u t it is

necessary to notice here that mythological relations m ust
to some degree be separated from astrological co n sid e ra 
tions, in dealing with the connection between variou s
Assyrio-Chaldæan deities and the planets.

F or instance,

it is important in mythology to observe that th e G reek
god Chronos and the Latin god Saturn are unlike in m a n y
o f their attributes, yet the association between th e p lan et
Saturn and the Assyrian deity Nisroch is n ot o n that
account brought into question, although we ca n

on ly

connect Nisroch with Saturn by means o f the co m m on
relation of both to Chronos.
M any circumstances point to the Chaldæan o r ig in of
Egyptian astronomy.

The Egyptian zodiac corresponded

with the Dodecatemoria o f the Chaldæans, and though
some o f the Chaldæan constellations were m o d ifie d in
Egyptian temples, yet sufficient general resemblance exists
between the Egyptian arrangement and that w h ich other
Jupiter is tolerably satisfactory. The point is not important, how ever
in relation to the subject of this paper. On etymological grounds, Y a v
the fifth of the great gods, may perhaps be associated w it h Zeus,
identical w ith the Sanscrit Dyaus, and the Latin root “ J o v .”
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nations derived from tlie Chaldmana, to shew the real
origin o f the figures which adorn Egyptian zodiac temples.*
The argument derived from astrological fancies is even
stronger, for the whole system o f astrological divination is
so artificial and peculiar that it must o f necessity be
ascribed to one nation.

To find the system prevailing

• In an essay on 1 The Shield o f A ch illea’ ( ‘ Light Science for
Leisure Honrs, ’ first series), I called attention, seven years ago, to the
probability that the description o f the Shield, a manifest interpolation,
related originally to a zodiac temple, erected b y star-worshippers long
before Homer’s time. Some o f the Egyptian zodiac temples exist to
his day, though probably they belong to a much later date, and were
only copies (more or lees perfect) o f the ancient Chaldtean temples.
That Homer, i f he had visited such a temple, and had composed a poem
descriptive o f its sculptured dome, would have ‘ worked in ’ that
description if he saw the opportunity when singing the Iliad, all
Homeric students w ill bo ready to admit. Like every improvisator«,
the glorious old minstrel knew the advantage of the rest afforded b y
an occasional change from invention to recitation. In eo using it, he
appears to have pruned the description considerably; for in the
1Shield o f H ercules1 (manifestly taken from the same Homeric poem,
though sometimes attributed to H esiod) w e find, along with much
almost identical matter, several passages which are omitted from the
Achillean description. V ery curious evidence o f the nature of the
original poem is found in one o f these passages. In a zodiao temple, the
constellation o f the Dragon (whatever the age o f the temple) would
occupy the boss or centre o f the dome, for the north pole o f the zodiac
falls in the middle o f that constellation. N ow in the ‘ Shield of
Hercules ’—
' The scaly horror o f a dragon coil’d
Full in the central field, unspeakable
W ith eyes oblique retorted, tb st aslant
Shot gleaming ttame.
(The very attitude, be it noted, o f the Dragon o f the Star sphere.)
There is much more evidence of this bind to which, for want o f space,
I cannot here refer.
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among any people is o f itself a sufficient p roof th at they
were taught b y that nation.
as to

the

nation which

Nor can any qu estion arise
invented the system .

The

Egyptians themselves admitted the superiority o f the
Chaldaean astrologers, and the common consent o f all the
Oriental nations accorded with this view.

W e k n o w that

in Eome, although Armenians, Egyptians, and J e w s were
consulted as astronomers, Chaldaeans were held to b e the
most proficient.

*Chaldaeis sed major erit fid u c ia / says

Juvenal, of the Eoman ladies, who consulted fortune
tellers :

‘ quicquid Dixerit astrologus, credent a fonte

relatis Ammonis, ’— whatever the Chaldaean astrologers
may say, they trust as though it came from Ju p iter
Ammon.

Another argument in favour o f the Chaldaean

origin o f astronomy and astrology is derived from th e fact
that the systems of astronomy taught in Egypt, B abylon ,
Persepolis, and elsewhere, do not correspond w ith the
latitude o f these p laces; but this argument (w hich I have
considered at some length in Appendix A. to m y treatise
on Saturn) need not detain us here.

It is su fficien t to

observe that in Egypt the astrological system w a s early
received and taught:—
‘ E g y p t / says a m odem writer, ‘ a country noted for t h e lov e
liness o f its nights, might well be the supporter o f su ch a
system . . To each planet was attributed a mystic in flu e n ce , and
to every heavenly body a supernatural agency, and all th e sta rs that
gem the sky were supposed to exert an influence, over th e b ir t h , and
life, and destiny o f m a n ; hence arose the casting o f n ativities,
prayers, incantations, and sacrifices,— o f which we have tr a c e s even
to the present day in those professors o f astrology and d iv in a tio n , the
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giprite, whose very o&me links them with the ancient country o f
such arte, * #

|

One o f the cardinal principles o f astrology was th is :

|

that every hour and every day is ruled b y its proper
planet.

Now, in the ancient Egyptian astronomy there

were seven planets; two, the sun, and moon, circling
j

round the earth, the rest circling rouud the sun.

|

period o f circulation was apparently taken as the measure

The

l

o f each planet’s dignity, probably because it was judged

j

that the distance corresponded to the period.

1

that some harmonious relation between the distances and
periods was supposed to exist.

W e know

W hen Kepler discovered

the actual law, he conceived that he had in reality found
out the mystery o f Egyptian astronomy, or, as he expressed
it, that he had “ stolen the golden vases o f the Egyptians."
Whether they had clear ideas as to the nature o f this
relation or not, it is certain that they arranged the planets
in order (beginning with the planet o f longest period) as
follow s:—
1. Saturn.

6. Venus.

2. Jupiter.

6. Mercury.

3. Mars.

7. The Moon.

4. The Sun.
The hours were devoted in continuous succession to
these bodies; and as there were twenty-four hours in each
Chaldtean or Egyptian day, it follows that with whatever
* T h is m ay be questioned. I t is said, how erer, th a t when the
gipaiee firs t made th e ir appearance in W eetern Europe, about th e year
1414 th e ir leader called him self Duke o f Lo w e r E g yp t.

U
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planet the day began the cycle of seven planets (beginning
with that one) was repeated three times, m aking tw entyone hours, and then the first three planets o f th e cycle
completed

the

twenty-four hours, so that th e fourth

planet of the cycle (so begun) ruled the first h ou r o f the
next day.

Suppose, for instance, the first hour o f any

day was ruled by the Sun— the cycle for the d a y w ou ld
therefore be the Sun, Venus, Mercury, the M oon, Saturn,
Jupiter, and Mars, which, repeated three times, w ou ld
give twenty-one hou rs; the twenty-second, tw en ty-th ird
and twenty-fourth hours would be ruled respectively b y
the Sun, Venus, and Mercury, and the first hour o f the
next day would be ruled by the Moon.

Proceeding in

the same way through this second day, we find th at the
first hour o f the third day would be ruled by Mars.

The

first hour o f the fourth day would be ruled by M e r c u r y ;
the first hour o f the fifth day by J u p iter; of the six th b y
Venus ; and o f the seventh by Saturn.

The seven days

in order, being assigned to the planet ruling their first
hour, would therefore be—
1. The Sun's day (Sunday).
2. The Moon's day (Monday, Lundi).
3. Mars’ day (Tuesday, Mardi).
4. Mercury’s day (Wednesday, Mercredi).
5. Jupiter’s day (Thursday, Jeudi).
6. Venus’s day (Friday, Veneris dies, V en d red i).
7. Saturn’s day (Saturday ; Ital. il Sabbato).
Dion Cassius, who wrote in the 3rd century o f o u r era,

S a tu rn an d the Sabbath o f Ike fe iv s .
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gives this explanation o f the nature o f the Egyptian week
aud o f the method in which the arrangement was derived
from their Bystem o f astronomy.

I t is a noteworthy point

that neither the Greeks nor Homans in his time used the
week, which was a period o f strictly Oriental origin.
The Romans only adopted the week in

the time of

Theodosius, towards the close o f the fourth century, and
the Greeks divided the month into periods o f ten days ; so
that, for the origin o f the arrangement connecting the days
o f the week with the planets, we must look to the source
indicated b y D ion Cassius.

I t is a curious illustration of

th6 way iu which traditions are handed down, not only
from generation to generation, but horn nation to nation,
that the Latin and western nations receiving the week
along with the doctrines o f Christianity, should neverthe
less have
astrologers.

adopted

the nomenclature in

I t is impossible to say how

use among
widely

the

superstitions o f astrology had spread, or how deeply they
had

penetrated,

for the practices o f astrologers were

carried on in secret, wherever Sabaism was rejected as a
form o f religion ;
these

superstitions

but that in some mysterious way
spread

among nations

professing

faith in one God, and that even to this day they are
secretly accepted in Mahometan and even Christian com
munities, cannot be disputed.

H ow much more must

such superstitions have affected the Jews, led out b y Moses
from the very temple o f astrology ?

Knowing what we do

o f the influence o f such superstitions in our own time, can
we wonder if three thousand years ago Moses found it
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difficult to dispossess his followers o f their b elief in “ the
host o f heaven,” or if, a few generations later, e v e n the
reputed prophetess Deborah

should have been

foun d

proclaiming that “ the stars in their courses ” h ad fough t
against the enemies of Israel.*
* W e are apt to overlook the Pagan origin of many ideas referred to
in the Bible, as well as of many ceremonies which Moses at lea st p er
mitted, if he did not enjoin. The description of the A rk o f th e C ove
nant, of the method of sacrifices, of the priestly vestments, & c., in dicate
in the clearest manner an Egyptian or Assyrian origin. T he cherubim ,
for instance— figures which united, as Calmet has shewn, th e b o d y o f
the lion or ox with the wings of an eagle— are common in A ssyria n
scriptures. The oracle of the temple differed only from som e o f the
chambers of Nimrod and Korsabad, in the substitution of ‘ palm tr e e s *
for the sacred tree of Assyrian scriptures, and open flowers fo r the
Assyrian tulip-shaped ornament. Layard ( ‘ Nineveh and B a b y lon ,’ p.
643) states further that ‘ in the Assyrian halls, the winged h um an 
headed bulls were on the side of the wall, and their wings, like th o s e of
the cherubim, * touched one another in the midst of the h ou se.’
The dimensions of these figures were in some cases nearly th e sam e—
namely, fifteen feet square. The doors were also carved w ith ch erubim
and palm trees, and open flowers, and thus, with the other pa rts o f the
building, corresponded with those of the Assyrian palaces. O n the
walls at Nineveh,' the only addition appears to have been th e in tro
duction of the human form and the image of the king, w hich w e r e an
abomination to the Jews. The pomegranates and lilies of S o lo m o n ’s
temple must have been nearly identical with the usual A ssyria n
ornament, in which—and particularly at Khorsabad—the pom egranate
frequently takes the place of the tulip and the cone.* A fte r q u otin g
the description given b y Josephus of the interior of one of S olom on ’s
houses, which even more closely corresponds with and illustrates the
chambers in the palace of Nineveh, Layard makes the fo llo w in g
remark : *To complete the analogy between the two edifices, i t w ou ld
appear that Solomon was seven years building the temple, a n d Sen
nacherib about the same time building his great palace at K o u y u n jik .’
The introduction into the A rk of figures so remarkable as th e ch erubim
can hardly be otherwise explained than b y assuming that th ese figures
corresponded with some objects which the Jews during t h e ir stay
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ÏTiat the Egyptians dedicated the seventh day o f the
week to the outermost or highest planet, Saturn, is certain ;
and it is presumable that this day was a day o f rest in
E gyp t

It is not known, however, whether this was

ordained in honour o f the chief planet— that is their
supreme deity,— or because it was held unlucky to work on
that day.

I t b y no means follows from the fact that

Nisroch, or his Egyptian representative, was the chief
deity, that he was therefore regarded as a beneficent ruler.
Rather what we know o f Oriental superstitions would
lead us to infer that the chief deity in a system o f several
gods was one to be propitiated.

A nd indeed, the little we

know o f Egyptian mythology suggests that the beneficent
gods were those corresponding to the sun and moon,—
later represented b y Osiris and Isis (deities, however,
which bad other interpretations),

Saturn, though superior

in Egypt h id learned to uaooiate with religion« ceremonies. That
the Egyptians used such figures, placing them at the entrance o f their
templea, is certain. Neither can it be doubted that the setting of
dishea, spoons, bowls, shewbread, A c., on the table within the Ark,
was derived from Egyptian ceremonials, though direct evidence on
these points is not (so far as I know) available. W e know, however,
that meats of all kinds were Bet before Baal (see ' Apocrypha,’ Bel
and the Dragon). The remarkable breast-plate worn b y the Jewish
high priest was derived directly from the Egyptians. In the oftenrepeated picture o f judgment the deceased Egyptian is seen conducted
b y the god H om s, while ‘ Annhis placee on one o f the balances a vase
supposed to contain his good actions, and in the other is the emblem of
truth, a representation o f Thmti, the goddess o f Truth, which wss also
worn on the judicial breast-plate.' Wilkinson, in hie ’ Manners and
Customs o f the Ancient Egyptians,’ shows that the Hebrew Thummim
ia a plural form of the word Thmii. The symbolism o f the broast-plate
is referred to in the ' Apocrypha,' Book o f Wisdom, Ixviii. 24.
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to the sun and moon, not only in the sense in w h ich
modem astronomers use the term superior, but also in the
power attributed to him, was probably a maleficent i f not
a malignant deity.

W e may infer this from the qualities

attributed to him b y astrologers—
‘ I f Saturn be predominant in any man’s nativity, and cause m elan 
choly in his temperature,’ says Burton, in his 4A natom y o f M ela n 
choly,’ 4then he shall be very austere, sullen, churlish, b la c k o f
colour, profound in his cogitations, full o f cares, m iseries, and
discontents, sad and fearful, always silent and solitary.’

W e may not unreasonably conclude, therefore, that either
rest was enjoined on Saturn’s day as a religious observance
to propitiate this powerful but gloomy god, or else because
bad fortune was expected to attend any enterprise begun
on the day over which Saturn bore sway.

The

evil

influence, as well as the great power attributed to Saturn,
are indicated in the well-known lines o f C haucer:—
* . . . Quod Saturne,
M y cors, that hath so wide for to turae,
Hath more power than w ot any man ;
*
*
*
*
*
* I do vengeaunce and pleine correction
While 1 dwell in the signe o f the le o n ;

*

* •

*

*

•

4Min ben also the maladies colde
The darke tresons, and the castes olde
My loking is the fader o f pestilence.’

It is, however, possible that the idea o f rest o n th e day
dedicated to Saturn may have been suggested to E gyptian
astrologers and priests by the slow motion o f the p la n e t in

Saturn and the Sabbath o f the Jew s.
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his orbit, whereby the circuit o f the ecliptic is only com
pleted in about twenty-nine years.
However this may be, we know certainly that on the
Sabbath o f the Jews rest was enjoined for a different
reason.

Moses adopted the Egyptian week and allowed

the practice o f a weekly day o f rest to continue.

But in

order that the people whom he led and instructed might
not fall into the worship o f the host o f heaven, he
associated the observance o f the seventh day with the
worship o f that one God in whom he enjoined them to
believe, the God o f their forefathers, Abraham, Isaac, and
Jacob.

So far as appears from the Bible narrative, there

is no scriptural objection to this view.

On the contrary,

strong scriptural reasons exist for accepting i t

I f the

account o f the creation given in the first chapter of
Genesis could be accepted as literally exact, it neverthe
less would not follow that the seventh day o f rest was
enjoined before the time o f exodus.

A nd we have seen

that the Bible account itself assigns the departure from
Egypt as a reason for the observance, so that whatever
view we form respecting the real origin o f the seventh
day o f rest, we have no choice as t o the time we must
assign for the commencement o f its observance by the
Jews, unless Deuteronomy v. be rejected as not even
historically trustworthy.

Nothing, therefore, that I have shewn in this paper
need be regarded as necessarily opposed to the faith of
those who honestly believe in the literal exactness of the
reason assigned in Exodus xxxL 17, for the observance of
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the Sabbath ‘o f the Jews.

Such persons m a y

accept

the week as o f Pagan origin, and the original ob serva n ce of
Saturn's day as of astrological significance, w h ile believing
in the reason given by Moses for the adoption o f th e practice
b y his followers, that ‘ in six days the Lord made h e a v e n and
earth, and on the seventh day he rested and was refreshed.'
(The idea of rest, accepted literally, accords n e ith e r better
nor worse with the conception of an A lm igh ty Creator,
than the idea of work.)

But it seems to me th a t those

who thus regard the Jewish Sabbath as a d iv in e ly in
stituted compromise between the worship o f th e seven
planets as gods, and the worship o f one o n ly G o d the
Creator of all things, may yet find in what I h a v e here
shewn a new reason for Christianising our seventh d a y o f
rest, even if we must still continue to m iscall i t
Sabbath

Since it was permissible for Moses t o

the

adopt

a Pagan practice (to sanction, if not to sanctify, a su per
stition), it may well be believed that a greater th an M oses
was entitled to change the mode o f observance o f the
seventh day of rest.

W e know that in Christ's tim e the

Sabbath (of its very nature a convenient cerem on ial
substitute for true religion) had become a hideous t y r a n n y ;
nay, that many, wanting real goodness, were ea g e r to
prove their virtue by inflicting the Sabbath on th ose who
most needed ‘ to rest and be refreshed' on th a t

day.

Whether in the obedience to the teaching of C h rist, w ho
(we learn) rebuked those hypocrites, all this h a s been
changed in our time, is a point which may be le ft to the
reflection of the reader.

TH OU GH TS ON ASTROLOGY.
W b are apt to speak o f astrology as though it were an alto
gether contemptible superstition, and to contemplate with
pity those who believed in it in old times.

A nd yet, i f we

consider the matter aright, we must concede, I think, that
o f all the errors into which men have fallen in their desire
to penetrate into futurity, astrology is the most respectable,
one may even Bay the most reasonable.

Indeed, all other

methods o f divination o f which I have ever heard, are not
worthy to be mentioned in company with astrology, which,
delusion though it was, had yet a foundation in thoughts
well worthy o f consideration.

The heavenly bodies do rule

the fates o f men and nations in the most unmistakable
manner, Beeing that without the controlling and beneficent
influences o f the chief among those orbs— the sun— every
living creature on the earth must perish.

The ancients

perceived that the moon has so potent an influence on our
world that the waters o f the ocean rise and fall in unison
with her apparent circling motion around the earth. Seeing
that two among the orbs which move upon the unchnnging
dome o f the star-sphere are thus potent in terrestrial
influences, was it not natural that the other moving bodies
known to the ancients should be thought to possess also

j,
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their special powers ? The moon, seemingly less important
than the sun, not merely b y reason o f her less degree o
splendour, but also because she performs her circu it o f th<
star sphere in a shorter interval o f time, was seen to possess
a powerful influence, but still an influence far less im port
ant than that exerted by the sun, or rather than th e man]
influences manifestly emanating from him.

B u t othe:

bodies travelled in yet wider circuits if their distances coul<
be inferred from their periods o f revolution.

W a s it no

reasonable to suppose that the influences exerted b y thos
slowly moving bodies might be even more p o te n t tha]
those of the sun himself?

Mars circling round th e star

sphere in a period nearly twice as great as the sun’s, Jupite
in twelve years, and Saturn in twenty-nine, m igh t w e ll b
thought to be rulers of superior dignity to the sun, thoug
less glorious in appearance; and since no o b v io u s direc
effects are produced by them as they change in p osition , i
was natural to attribute to them influences m o re subtl<
but not the less potent
Thus was conceived the thought that the fortu n es c
every man born into the world depend on the p o sitio n c
the various planets at the moment o f his birth.

And i

there was something artificial in the rules by w h ich variou
influences were
i

assigned

to particular planets, o r t

particular aspects o f the planets, it must be rem em bere
that the system of astrology was formed gra d u a lly am
perhaps tentatively.

Some influences may h a v e

beei

inferred from observed events, the fate o f this or th a t kin
or chief guiding astrologers in assigning p a rticu la r in
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fluencea to such planetary aspects as were presented at the
time o f his nativity.

Others may have been invented, and

afterwards have found general acceptance because con
firmed b y some curious coincidences.

In the long run,

indeed, any series o f experimental predictions must have
led to some very surprising fulfilments, that is, to fulfil
ments which would have been exceedingly surprising if
the corresponding predictions had been the only ones made
b y astrologers.

Such instances, carefully collected, may

at first have been used solely to improve the system o f
prediction.

The astrologer m ay have been careful to

separate the fulfilled from the unfulfilled predictions, and
thus to establish a safe rule.

For it must be remembered,

that admitting the cardinal principle o f astrology, the
astrologer had every reason to believe that he could
experimentally determine a true method o f prediction.

If

the planets really rule the fate o f each man, then we have
only to calculate their position at the known time o f any
man’s birth, and to consider his fortunes, to have facts
whence to infer the manner in which their influence is
exerted.

The study o f one man’s life would o f course be

altogether insufficient.

But when the fortunes o f mauy

men were studied in this way, the astrologer (always
supposing his first supposition right) would have materials
from which to form a system o f prediction.
G o a step further.

Select a body o f the ablest men in

a country, and let thorn carry out continuous studies of
the heavens, carefully calculate nativities for every person
o f note, or even for every soul b om in their country, and
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compare the events o f each person’s life with th e planetary
relations presented at his birth.

It is m anifest that a

trustworthy system of prediction would, in th e lo n g run,
be deduced by them, if astrology have a real basis in fact.
I do not say that astrologers always p roceeded in this
experimental manner.

Doubtless in those d ays, as now,

men o f science were variously constituted, som e being
disposed to trust chiefly to observation, w hile oth ers were
ready to generalize, and yet others evolved th eories from
the depths of their moral consciousness.

In d eed, w h at we

know of the development o f astrology in la ter tim es, as
well as the way in which other modes o f d iv in a tio n have
sprung into existence, shows that the natural te n d e n cy of
astrologers would be to invent systems rath er than to
establish them by careful and long-continued observation.
W ithin a very few years of the discovery o f th e spots on
the sun, a tolerably complete system of d ivin a tion was
founded upon the appearance, formation, and m o tio n s of
these objects.

Certainly this system was n ot based on

observation, nor will anyone suppose that th e ru les for
‘ reading the h and’ had an observational origin, o r that
fortune-telling by means o f cards was derived fr o m a care
ful comparison o f the result of shuffling, cutting and deal
ing, with the future fortunes of those for whose enlighten
ment these important processes were performed.
But we must not forget that astrology was origin ally a
science, though a false one.

Grant the truth of its cardinal

idea, and it had every right to this position.

N o office

could be more important than that of the astrologer, no

Thoughts on A strology.

317

services could be more useful than those he was capable
o f rendering according to his own belief as well as that of
those who employed him.

It is only necessary to mention

the history o f astrology to perceive the estimation in which
it was held in ancient times.
A s to the extreme antiquity o f astrology it is perhaps
needless to speak; indeed, its origin is so remote that we
have

only imperfect traditions respecting its earliest

developments.

Yet it may be worth while to mention

some o f these traditions, seeing that, whether true or not,
they shew clearly enough the great antiquity attributed
to astrology, even in times which to ourselves appear
remote.

Philo asserts that Terah, the father o f Abraham,

was skilled in all that relates to astrology; and, according
to Josephus, the Chaldean Berosus attributed to Abraham
a profound knowledge o f arithmetic, astrology, and astro
nomy, in which sciences he instructed the Egyptians.
Diodorus Siculus says that the Heliadee, or children o f the
sun (that is, men from the east,) excelled all other men in
knowledge, particularly in the knowledge o f the stars.
One o f this race, named A ctis (a ray), built Heliopolis,
and named it after his father, the sun.

Thenceforward

the Egyptians cultivated astrology with so much assiduity
as to be considered its inventors.

On tbe other hand

Tatius says that the Egyptians taught the Chaldeans
astrology.

The people o f Thebais, according to Diodorus

Siculus, claimed the power o f predicting every future event
with the utmost certainty; they also asserted that they
were o f all races the most ancient
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However, we have, both in Egypt

and in Assyri

records far more satisfactory than these con flictin g stat<
ments to prove the great antiquity o f astrology, and tl
importance attached to it when it was regarded as
science.

The great pyramid in Egypt was unquestionabl

an astronomical, that is (for in the science o f the ancienl
the two terms are convertible,) an astrological bnildinj
The Birs Nimroud,* supposed to be built on th e ruins <
the tower o f Babel, was also built for astrologers.

Tl

forms o f these buildings testify to the astron om ical ptu
pose for which they were erected.

The great pyramid

like the inferior buildings copied from it, was m o s t can
fully oriented, that is, the four sides were b u ilt facin
exactly north, south, east, and west.

The astronomic?

use o f this arrangement is manifest.

B y lo o k in g alon

either o f the two long straight sides lying east and wes
the astronomer could tell the true east or w est points (
the horizon, and determine when the sun rose in th e east
* Every brick hitherto removed from this edifice bears th e stam p i
K ing Nebuchadnezzar. It affords a wonderful idea of th e e x te n t az
grandeur of the building raised by the tyrants of old tim es, th a t tl
ruins of a single building on the site of Babylon (R ich’s K a sr) h as *f<
ages been the mine from which the builders of cities rising a fte r th e is
of Babylon have obtained their materials. ’— Layard's *N ineveh . *
t A good story is told about the rising of the sun in th e east, tl
point of the joke being different, perhaps, to astronomers, than 1
others :—A certain baron was noted for never replying d ir e c tly , evt
to the simplest questions, and a wager was laid that, if h e w e re askc
whether the sun rises in the east and sets in the west, he w o u ld n<
answer directly, even though told of the wager. The question w a s pu
and he began— *The terms east and west, gentlemen, are conventions
but admitting that------ , 1 the rest of the reply was lost, t h e wag
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By looking along the

straight sides lying north and south, the astronomer could
tell when the sun, or any other celestial body, was in the
meridian.

The figure o f the pyramid has even been sup

posed to symbolize certain astronomical and mathematical
relations; and a long slanting passage, opening in its
northern slope, has been supposed to have been intended
for the observation o f the star A lpha o f the Dragon, the pole
star o f about 2,000 years before the Christian era.

Indeed,

some go so far as to say that the builders o f the great
pyramid were instructed b y a divine revelation in planning
and building the pyramid. This idea, however, seems absurd
on the face o f it, seeing that the only conceivable object of
such a revelation would be to preserve and render always
available certain important astronomical relations; and
the pyramid has not served this purpose, no one having
understood it (according to those who have advanced this
view) until now, when the building has lost the exactness
o f figure originally given to it.

Far more probably, it

symbolized such knowledge as the astrologers o f Chaldea
and o f ancient Egypt possessed, and was specially intended
to

advance the study o f astrology, from which men

expected to gain a complete knowledge o f the future.
Proclus informs us that the pyramids terminated at the
being won. which w u all the enquirer« cared for. I f thii worthy had
anewered lim ply ‘ Yea, ’ the wager would have'been loat, but the reply
would not have been correct; for the «on never hac risen in the eart
and act in the weet, exactly, at any place or on any day o n ce the
world began. I f the tun riiea due eaat on any day, h ed oeen otcet due
weet, and vie* « r i d .
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top in a platform, on which the priests made th e ir celestial
observations.
The figure o f the Babylonian temple o f a stron om y was
probably different, though it is possible that N ebu ch ad
nezzar altogether modified the proportions o f th e original
temple.

We may infer the nature of the earlier use of

such temples from later usages.

W e learn from D iodorus

Siculus that, in the midst o f Babylon, a great te m p le was
erected by Semiramis, and dedicated to Belus o r Jupiter,
*and that on its roof or summit the Chaldean astronomers
contemplated, and exactly noted, the risings and settings
o f the stars/
I f we consider the manner in which the study o f science,
for its own sake, has always been viewed b y

Oriental

nations, we must admit that these great b u ild in gs, and
these elaborate and costly arrangements for continued
observation, were not intended to advance the s cie n ce of
astronomy.

Only the hope that results of extrem e value

would be obtained by observing the heavenly bodies
could have led the monarchs of Assyria and o f Older
Egypt to make such lavish provision o f money a n d labour
for the erection and maintenance of astronomical observa
tories.

So that, apart from the evidence we h ave o f the

astrological object o f celestial observations in

ancient

times, we find in the very nature o f the buildings erected
for observing the stars the clearest proof that m en in those
times hoped to gain results of great value from s u ch work.
Now, we know that neither the improvement o f n avigation
nor increased exactness in the surveying o f the earth were
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aimed at b y those who built those ancient observatories :
the only conceivable object they can have had was the
discoveiy o f a perfectly trustworthy system o f prediction
from the study o f the motions o f the heavenly bodies.
That this was their object is shewn with equal clearness by
the fact that such a system, according to their belief, was
deduced from these observations, and was for ages accepted
without question.
Closely associated with astrological superstitions was
the wide-spread form o f religion called Sabaism, or the
worship o f the host o f heaven (Sabaoth).

I t is not easy to

determine whether the worship o f the sun, moon, and
planets, preceded or followed the study o f the heavens as
a means o f divination.
of

superstition sprang

It is probable that the two forms
simultaneously into

existence.

The shepherds o f Chalumn. who
‘ W atched from th e centres o f their sleeping flocks
Those radiant Mercuries, that seemed to m ore,
Carrying through e th e r in perpetual round,
Decrees and resolutions o f the gods,

can hardly have regarded the planetary movements as

indicating, without believing that those movements
actually influenced, the fate o f men and nations ; in other
words the idea o f planetary power must from the very
beginning, it would seem, have been associated with the
idea o f the significance o f planetary motions.

Be this as

it may, it is certain that in the earliest times o f wbicb
we have any historical record, belief in astrology was
ussociated with the worship o f the host o f heaven.

x

In the
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Bible record we find the teachers and rulers o f th e Jew:
nation compelled

continually to

struggle

against t

tendency o f that people to follow surrounding nations
forsaking the worship o f the God o f Sabaoth

for 1

worship o f Sabaoth, turning from the C reator to f
creature.

They would seem even, as the o n ly means

diverting the people from the worship of those false go
to have adopted all the symbols o f Sabaism, explain]
them, however, with sole reference to the G od o f Sabao
Moses adopted in this way the four forms o f sacrifice
which the Jewish people had become accustom ed in E g}
— the offerings to the rising and setting sun (N u m b
xxviii. 3 ,4 ) ; the offerings on the day dedicated to th e plai
Saturn, chief o f the seven star-gods (Numbers x x v iii. S
the offerings to the new moon (Numbers x x v iii 1 1 ) ; a
the offerings for the luni-solar festival belonging to th e ft
month of the sun’s annual circuit o f the zodiacal con stel
tions (Numbers x x v iii 16,1 7).

A ll these offerings were

a sense sanctified by the manner in which he e n join ed the
and the new meaning he attached to them ; b u t th a t t
original offerings were Sabaistic is scarcely open to q u e s t!
The tenacity, indeed, with which astrological cerem on
and superstitions have maintained their p osition , e\
among nations utterly rejecting star-worship, a n d even
times when astronomy has altogether dispossessed ast
logy, indicates how wide and deep must h ave b e e n 1
influence of those superstitions in remoter ages. E v e n n
the hope on which astrological superstitions w e r e bas
the hope that we may one day learn to lift th e v
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altogether abandoned.

from

323

our view, has not been

The wiser reject it as a supersti

tion, but even the wisest have at one time or other felt its
delusive influence.
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15

(G . Christopher).

MOUNTAIN, MEADOW, A HD M E B Z: a Series o f Outdoor
Sketches o f Sport, Soenery, Adventures, end Natural H istory.
With Sixteen Illustrations by Bosworth W, Hnroourt. Crown
8 to.
Cloth, prioe 6 s .
RAMBLES AND AD VENTURES OF OUR SCHOOL FIELD
CLUB. With Four Illustrations. Crown 8vo, Cloth, price 5s.
D

a v ie s

(K ey. J. Llew elyn), M .A,

THEOLOGY AND MORALITY.
Essays on Questions of
B elief and Practice. Crown 8vo. Cloth, prioe 7s. 6d.

D ’A

nvers

(N . R . )

THE SUEZ CANAL: Letters and Documents descriptive
o f its Rise and Progress in 1854-1856.
B y Ferdinand de
Lee sept. Translated b y N. D*Anvers.
Demy 8vo. Cloth,
prise 10s. 6d.
LITTLE MINNIE'S TROUBLES. A n Every-day Chronicle.
With Four Illustrations b y W . H. Hughes. Fcap. Cloth, price
Ss. (Id.
D

ance

(R ev. Charles Daniel).

RECOLLECTIONS OF FOUR YEARS IN VENEZUELA. With
Three Illustrations and a Map. Crown 8vo. Cloth, prioe 7a. 6d.
D

e

Kerkadec

(Yicom tesse Solange).

A CHEQUESED LIFE, being Memoirs o f the Vioomtesse
de Leorille Meilban. Edited by. Crown 8vo. Cloth, prioe
7s. 6d.
Containing many recollections o f the First Emperor Napoleon
and his Court.

D e L 'H oste (Colonel E. P).
THE DESERT PASTOR JEAN JAROUBSEAV. Translated
from the French o f E ugine Pelletan. W ith a Frontispiece.
New Edition. Fcap. 8vo. Cloth, prioe 8s. 6A

D e R e d c l i f f e (Viscount Stratford), P.C., K G ., G.C.B.
W HY AM I A CHRISTIAN t
Cloth, prioe 3s.

Fifth Edition.

Crown 8vo.

D e T ocqoeville (Alexis).
CORRESPONDENCE AND CONVERSATIONS OF, WITH
NASSAU W ILLIAM SENIOR. FROM 1894 TO 1859. Edited by
M. C. M. Simpson. 2 vol*. Post 8vo. Cloth, price 21s.

Henry 8. King dt Co., London.
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D e V ere (Aubrey).
ALEXANDER THE GREAT.
A Dramatic P oem .
Small
crown 8vo. Cloth, price 5«.
THE INFANT BRIDAL, AND OTHER P 0 E K 8 .
A New
and .Enlarged Edition. Fcap. 8vo. Cloth, price la. 6d.
THE LEGENDS OF ST. PATRICK, AND OTHER POEHB. Small
crown 8vo. Cloth, price 58.
ST. THOMAS OF CANTERBURY.
fcap 8vo. Cloth, price 6«.

A Dramatic Poem .

Large

D e W ills (E .)
UNDER A CLOUD; OB, JOHANNES OLAF.
A Novel.
Translated by F. E. Bunnfett. 3 vols. Crown 8yo. Cloth.

D ennis (John).
ENGLISH SONNETS. Collected and Arranged.
bound. Fcap. 8vo. Cloth, price 3s. 6d.

Elegantly

D obson (Austin).
VIGNETTES IN RHYME AND VERS DE SOCIETE.
Edition. Fcap. 8vo. Cloth, price 5«.

Second

D onne (Alphonse), M.D.
CHANGE OF A IR AND SCENE. A Physician’ s H in ts about
Doctors, Patients, Hygiene, and Society; with N otes o f Excur
sions for Health in the Pyrenees, and amongst the Wateringplaces of France (Inland and Seaward), Switzerland, C orsica, and
the Mediterranean. Second Edition. Large post 8 vo. Cloth,
price 98.

D owden (Edward), LL .D .
SHAKSPERE: a Critical Study o f his M ind an d A rt.
E dition. Post 8vo. Cloth, price 128.

Second

D ownton (E ev. H enry), M.A.
HYMNS AND VERSES. Original and Translated.
crown 8vo. Cloth, price 38. 6d.

D raper (John W illiam ), M.D., L L .D .
th e U n iversity o f N ew Y o r k ;
H um an P h y s io lo g y .”

Small

P rofessor in

A u th or o f “ A T r e a tis e on

HISTORY OF THE CONFLICT BETWEEN RE L IG IO N ANP
SCIENCE. Seventh Edition. Crown 8vo. Cloth, p r ic e 5a.
Volume X III. of the International Scientific Series.

Henry S. King & Co., London.

Henry 8 . King d Co.’s Publications.
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D rew (R ev. G. 8 .), M .A., V icar o f Trinity, Lambeth.
SCRIPTURE LANDS IK CONNECTION WITH THBIB
HISTORY. 8eeond Edition. 8vo. Cloth, price lO i. 6d.
NAZARETH: ITS LIFE AND LESSONS. Third Edition.
Crown 8vo. Cloth, price 51.
THE DITINE KINGDOM ON EAKTH AS IT IS IN HEAVEN.
8 to.
Cloth, price 10 «. 6ci.
THE SON OF KAN: Hie Life a n d Ministry. Crown 8 t o . Cloth,
prioe 7a. 6d.

D bewbt (G . Overend), M.D.
THE COMMON-SENSE MANAGEMENT OF THE STOMACH.
Third Edition. F o p . 8vo. Cloth, prioe 2*. Cd.

------- and B abtlett (H . C.), Ph.D ., F.C.S.
8

CNF AND FLATTZB; or, Notea cm Food and it« Effects. Smell
d o th , price 2«. Gd.

to.

D urand (Lady).
IMITATIONS FKOK THE GEBMAN
TEBSTEGEN. Fcap. 8 y o . Cloth, price 1«.

OF

SPUTA AND

D u V ernois (Colonel von V erdy).
STUDIES IN LEADING TBOOFB, An authorized and aconrate
Translation by Lieutenant H. J . T. Hildyard, 71at F o o t Parte I.
and II. Demy 8 t o . Cloth, price 7a.

E A. V.
JOSEPH MAZZINI : A Memoir.
With Two Eesaye by
Maxzini. Dedicated to the Working Clacees by P . H. Taylor,
M.P. With Two Portrait«. Crown 8 y o . Cloth, price 3 « . 6 d .

E den (Frederic).
THE NILE WITHOUT A DRAGOMAN.
Crown 8vo. Cloth, prioe 7a. Gd.

Second Edition.

E dwards (R ev. Basil).
MINOR CHORDS; OB, BONGS FOB THE SUFFERING:
a Volume of Verae. Fcap. 6ro. Cloth, prioe 8a. 6d .; paper,
prioe 2a. Gd.

ElLOABT (Mrs.)
LADT MOBETOUN'S DAUGHTEB.

8 Tola. Crown 8ro.

Henry 8 . King d Go., London.
B

b
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n g l is h

C lergym an.

AN ESSAY ON THE RULE ON EAITH. AMD (TOED 07
ATHANASIUS. Shall the Rubric preceding th e Greed be
removed from the Prayer-book? Sewed. 8vo. P ric e It.
E

p ic

of

H

ades

(T h e ).

By a New Writer. Author of “ Songs of Two Worlds.”
Fcap. 8vo. Cloth, price 5s.
E

ros

A

g o n is t e s .

Poems.
E

ssays

on

By E. B . D.
the

E

Fcap. 8vo.

ndow m ent

Cloth, price 3s. 6d .

of

R

esearch

.

By Various Writers.
L is t o f C o n t r ib u t o r s .

Mark P attison, B.D.
James S. Cotton, B.A.
Charles E. A ppleton, D.C.L.
A rchibald H. Satce, M.A.

H enry C l ip t o n S o r b y , F.R.S.
T homas K . O h k y n b , M .A .
W .T . T h is t e l t o n D y e r , M .A
H enry N e t t l e s h ip , M .A .

Square crown octavo. •Cloth, price 10s. 6 d ,

E vans (Mark).
THE STOBT OF OTTB FATHEB’S LOVE, told to Children;
being a New and Enlarged Edition of T h eo lo gy for C h ildren .
With Four Illustrations. Fcap. 8vo. Cloth, price 8s. 6 d .
A BOOK OF COMMON PRAYER AND WORSHIP FOB
HOUSEHOLD USE, compiled exclusively from the H oly Scrip
tures. Fcap. 8vo. Cloth, price 2s. 6d.
E

yke

(Maj.-Gen. Sir V incent), C.B., K .C .S .I., e tc .

LAYS OF A KNIGHT-EBBANT IN WANT LANDS. Square
crown 8vo. With Six Illustrations. Cloth, price 7s. GcL

F aithfull (Mrs. Francis G .)
LOVE HE, OB LOVE HE NOT.
F

abqhhabson

3 vols.

Crown 8vo.

doth.

(Martha).

I. ELSIE DINSMOBE. Crown 8 t o . d oth , price 3 « . 6d.
II. ELSIE’S GIRLHOOD. Crown 8vo. Cloth, prioe 3«. 6 <L
III. ELSIE’S HOLIDAYS AT BOSELANSS. Crown 8vo. d oth ,
price 3s. 6d.

F a v b e (Mons. Jules).
THE GOVERNMENT OF THE NATIONAL DEFENCE. From
the 30th June to the 31st October, 1870. Translated by
H. Clark. Demy 8vo. Cloth, price 10s. 6d.

Henry S. King & Co., London.

Henry S. King d Co* 8 Publications.
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F isher (Alice).
HIS QUEEN.

3 volfi.

Grown 8vo.

Cloth.

F ootman (Rev. H enry), M .A.
FROM HOME AND BACK; or, Some Aspects of Sin as seen in
the Light of the Parable of the Prodigal. Grown 8vo. Cloth,
price 5*.

F orbes (Archibald).
SOLDIERING AND SCRIBBLING.
Crown 8vo. Cloth, price Is. Gd.

A Series of Sketches.

F othergill (Jessie).
HEALEY.

A Romance.

3 vote.

Crown 8vo.

Cloth.

F owle (Rev. T. W .), M .A.
THE RECONCILIATION OF RELIGION AND SCIENCE.
Being Essays on Immortality, Inspiration, Miracles, and the
Being of Christ. Demy 8vo. Cloth, price 10«. 6d.

F ox -B ourne (H . R .)
THE LIFE OF JOHN LOCKE, 1662— 1704.
Cloth, price 28«.

2 vols. Demy 8ro.

F raser (Donald), Accountant to the British~Indian
Steam Navigation Company, Limited.
EXCHANGE TABLES OF STERLING AND INDIAN RUPEE
CURRENCY, upon a new and extended system, embracing Values
from One Farthing to One Hundred Thousand Pounds, and at
Rates progressing, in Sixteenths of a Penny, from 1«. 9d. to
2«. 3d. per Rupee. Royal 8vo. Cloth, price 10«. Gd.

F rere (Sir H. Bartle E.), G.C.S.I., K.C.B., etc.
THE THREATENED FAMINE IN BENGAL: How it maybe
Met, and the Recurrence of Famines in India Prevented. Being
No. 1 of “ Occasional Notes on Indian Affairs.” With 3 Maps.
Crown 8vo. Cloth, price 5«.

F riswell (J. Hain).
THE BETTER SELF. Essays for Home Life. Crown 8vo.
Cloth, price 6«.
C ontents :—Beginning at Home—The Girls at Home—The
Wife’s Mother—Pride in the Family—Discontent and Grumbling
—Domestic Economy—On Keeping People Down—Likes ana
Dislikes—On Falling Out—Peace.
ONE OF TWO; OR, THE LEFT-HANDED BRIDE. With a
Frontispiece. Crown 8vo. Cloth, prioe 3«. Gd.

Henry 8 . King d Cb., London.
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G ardner (John), M.D.
LONGEVITY; THE MEANS OF PROLONGING L I F E AFTER
MIDDLE AGE. Third Edition, revised and enlarged. Small
crown 8vo. Cloth, price 4s.

G ardner (H erbert).
SUNFLOWERS.
price 5s.
G

arrett

A Book of Verses.

Fcap.

8vo.

Cloth,

(Edward).

BY STILL WATERS. A Story for Quiet Hours.
Illustrations. Crown 8vo. Cloth, price 6s.

W ith Seven

G ibbon (Charles).
FOR LACK OF GOLD. With a Frontispiece.
Crown 8vo.
Cloth, price 3s. 6d.
ROBIN GRAY. With a Frontispiece. Crown 8vo. Cloth,
price 3s. 6d.

G ilbert (Mrs.), formerly Ann Taylor.
AUTOBIOGRAPHY AND OTHER MEMORIALS. Edited by
Josiah Gilbert. Second Edition. In 2 vols. W ith 2 Steel
Portraits and several Wood Engravings. Post 8vo. Cloth, pride 24s.

G ill (R ev. W . W .), B .A .
KTTHS AND BONOS FROM THE BOOTH PACIFIC. With a
Preface by F . Max Muller, M.A., Professor of Comparative
Philology at Oxford. Post 8vo. Cloth, price 9s.

G odkin (James).
THE RELIGIOUS HISTORY OP IRELAND: Prim itive, Papal,
and Protestant. Including the Evangelical Missions, Catholic
Agitations, and Church Progress of the last half Century. 8vo.
Cloth, price 12s,

G odwin (W illiam).

____

WILLIAM GODWIN: HIS FRIENDS AND CONTEMPO
RARIES. With Portraits and Facsimiles of the handwriting
of Godwin and his Wife. By C. Kegan PauL 2 vols. Demy
8vo. Cloth, price 28s.
THE GENIUS OF CHRISTIANITY UNVEILED. B ein g Essays
never before published. Edited, with a Preface, b y C . Kegan
PauL Crown 8vo. Cloth, price 7s. 6 d.

Henry S. King & Co., London,

Henry 8 . King & Oo.'e Publicationt.
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G oetzs (Capt. A. Ton), Captain o f the Prussian Corps
o f Engineer«.
OPERATIONS 0 7 THE GERMAN ENGINEERS DURING THE
W AR 0 7 1870-1871. Published by Authority, end in eccordanoe
with Official Documents. Translated from the German by
Colonel G. Graham, V.O., C.B., E.E. W ith 6 large Maps.
Demy 8vo. Cloth, price 21«.

G oodenouqh (Commodore J. G.), Royal Navy, C.B.,
C .M .G .
JOURNALS 0 7 , during his Last Command as Senior Officer on
Yhe Australian Station, 1873-1875. Edited, with a Memoir, by
his Widow. With Maps, Woodouts, and Steel Engraved Portrait.
Square post 8vo. Cloth, price 14«.

G oodman (Walter).
CUBA, THE PEARL 0 7 THE ANTILLES.
prioe 7s. 6d.

Crown iv o .

Cloth,

Gould (R ot. S. Baring).
THE TICAB 0 ? HOBWENSTOW: a Memoir o f the Bev. R . 8.
Hawker. W ith Portrait. Third Edition, revised. Post 8to.
Cloth, price 10«. 6d.

G ranville (A. B.), M.D., F.R.S., etc.
AUTOBIOGRAPHY 0 7 A . B. GRANVILLE, 7.B.S., etc.
Edited, with a brief meoount o f the concluding years o f his life, by
his youngest Daughter, Paulina B. Granville. 2 vole. With
a Portrait. Seoond Edition. Demy 8vo. Cloth, price 32«.

G ray (Mrs. Russell).
LISETTE'B VENTURE.

A N o v e l 2 vole. Crown 8vo. Cloth.

G been (T. Bowden).
7RAGKENT8 0 7 THOUGHT. Dedicated b y permission to the
Poet Laureate. Crown 8vo. Cloth, prioe 7«. 6d.

G reenwood (James), "The Amateur Casual.”
IN BTBANGE COMPANY; or, T h e Note Book o f a B orin g
Correspondent. Second Edition. Crown 9vo. Cloth, prioe 6s.

O bey (John), o f Dilston.
JOHN OBEY ( o f Dilston): MEMOIRS, B y Josephine E .
Butler. New and Revised Edition. Crown 8vo. Cloth, price

8«. 6d.

Henry 8. King é Co., London.
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G b i f f i t h (Key. T.), A.M.
STUDIES 0 7 THE DIVIHE HASTES.
price 12».
G

r if f it h s

D em y 8vo.

Cloth,

(Captain Arthur).

MEMORIALS OF MILLBANK, ANDUHAPTEHS I N FMBOH
HISTOEY.
W ith Illustrations by R. G off a n d th e Author.
2 vols. Post 8yo. Cloth, price 21».
THE QUEEN’S SHILLING. A Novel. 2 vols. C loth.

G butlet (Bev. H. N.), M.A., Professor of Mathematics
in the U niversity-of W ales, and Chaplain o f T rem adoc Church.
TEEMADOC SERMONS, ohiefly on the Spiritual B ody, the
Unseen World, and the Divine Humanity. Crow n 8vo. Cloth,
price 7«. 6d.

G boteb (M. L.)
STUDIES 0 7 BLAST 7UBHACE 7HEH0MEITA. Translated
by L. D. B. Gordon, F.RJ3.E., F.G.S. Demy 8vo. .Cloth, prioe
7«. 6d.
G

urney

(Rey. Archer Thompson).

WORDS OF FAITH AND CHEER. A M ission o f Instruction
and Suggestion. Crown 8vo. Cloth, price 6».
FIRST PRINCIPLES IN CHURCH AND STATE.
Sewed, price 1». 6d.

D e m y 8m

(Professor Ernst), bf the University o f Jena.
THE HISTORY OF CREATION. A Popular A c c o u n t o f the
Development o f the Earth and*its Inhabitants, a cco rd in g to the
Theories o f Kant, Laplace, Lamarck, and Darwin. T h e Transla
tion revised by Professor E. Ray Lankester, M .A ., F .R .S . With
Coloured Plates and Genealogical Trees o f the v a rio u s groups
o f both plants and animals. 2 vols. Post 8vo. C lo th , priee SB.

H

aeckel

H

abcoubt

(Capt. A. F. P.)

THE SHAKESPEARE ARGOSY: Containing m u ch o f th e wealth
o f Shakespeare’s Wisdom and W it, alphabetically a rra n ged aad
classified. Crown 8vo. Cloth, price 6s.
H

a w e is

(Rev. H. R.), M.A.

SPEECH IN SEASON.
price 9«.

Third Edition.

THOUGHTS FOR THE TIMES.
Cloth, price 7«. 6d.

C row n 8vo.

Ninth Edition.

Henry S. King & Co., London.

CfoAi

C row n 8to.

23
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Ha w

e is

(E

st.

5

. R.), M.A.

UNSECTARXAN F A JQ 1Y PRAYARB, for Morning and Even
in g for a Week, with short selected passages from the Bible.
Square crown Sto. Cloth, price 3a. Gd.
H

H

aw thorne

(Julian).

BBEBSANT,

A Romanoe.

2 vols,

Crown 8to .

Cloth.

IDOLATRY.

A Romanoe.

2 vole.

Crown Svo.

Cloth.

aw thorne

(Nathaniel).

NATHANIEL HAWTHORNE, A Memoir, with Stories now
first published in this country. B j H . A . Pago. Post Svo. Cloth,
price 7«. 6d.
8EPTIMIU6.
Cloth, prioe 8«.
H

a t h an

A Rom anco.

Second Edition,

Crown 8ro.

(Henry), DJ)., late Head Master of Rugby

School.
RUGBY SCHOOL 8RRK0NS. W ith an Introductory Essay oo
the Indwelling o f the H oly S p irit CrownSvo. Cloth, price 7s. 6d.
H

eath eroate.

A Story o f Scottish L lfo and Character.
2 vols. Crown 8to . Cloth.
H

ellw ald

B y a New Author.

(Baron F. Von).

THE RUSSIANS IN CENTRAL ASIA. A Critical Examination,
down to the present time, o f the Geography and History of
Central Asia. Translated b y Lieut-CoL Theodore Wirgman,
LL .B . Large post 8 to. W ith Map. Cloth, prioe 12s.
H

e l y iq

(Captain Hugo).

THE 6 p ERATIONS OF THE BAVARIAN ARMY CORPS.
Translated by Captain G . S. Schwabe. W ith F iv e large Maps.
In 2 vols. Dem y Svo. Cloth, price 21*.
H

in t o n

(James),late Aural Surgeon to Guy’s Hospital.

THE PLACE OF THE PHYSICIAN. T o which is added E ssa«
on tom L aw o r H um aw L ire, a n d on th » R e la tio n b s tw u x
OaoAjrto and I m o m a n h W oblm . Seoond Edition. Orown Svo.
Cloth, prioe Ss. 6d.
PHYSIOLOGY FOR PRACTICAL USE. B y varions Writers.
WitbSOIilastratioas. SvoM. Boecmd Edition. OtrwnSvo. Cloth,
prioe 12s. Sd.

Henry 8 . King é Co., London.
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in t o n

(James), late Aural Surgeon to G uy’s Hospital.

AN ATLAS OF DISEASES OF TEE K E X B R A N A TTXFABL
W ith Descriptive Text. Post 8vo. Price £6 6s.
THE QUESTIONS OF AURAL SURGERY.
tions. 2 vols. Post 8vo. Cloth, price 12s. 6d.

W it h Illustra

H. J. C.
THE ART OF FURNISHING. A Popular T rea tise on the
Principles of Furbishing, based on the Laws o f C om m on Sense,
Requirement, and Picturesque Effect. Small crow n 8vo. Cloth,
price 3s. 6d.
H

(W. B.)

ockley

TALES OF THE ZENANA; or, A Nuwab’s L eisu re Hours.
B y the Author o f “ Pandurang Hari.” W ith a P refa ce b y Lord
Stanley o f Alderley. 2 vols. Crown 8vo. Cloth, price 21s.
PANDURANG H A R I; or, Memoirs o f a H indoo. A T ale of
Mahratta Life sixty years ago. W ith a Preface b y Sir H . Bartle
E. Frere, G.C.S.I., etc. 2 vols. Crown 8vo. Cloth, p rice 21s.
H

offbaueb

(Captain).

TEE GERMAN ARTILLERY IN TEE BATTLES N E A R METZ.
Based on the official reports of the German A rtillery. Translated
by Capt. E. O. Hollist. W ith Map and Plans. D e m y 8vo.
Cloth, price 21s.
H

ogan,

M.P.

A Novel.
H

olm es

Crown 8vo.

Cloth.

(Edmond G. A.)

POEMS.
H

3 vols.

olroyd

Fcap. 8vo.

(Major W.

Cloth, price 5s.
R.

M.)

TAS-HIL UL KALAM ; or, Hindustani made E a sy .
8vo. Cloth, price 5s.
H

ope

(Lieut. James).

IN QUEST OF COOLIES.
Cloth, price 6s.
H

Crown

ooper

W ith Illustrations.

C row n 8 m

(Mary).

LITTLE DINNERS: HOW TO SERVE TH EM
WITH
ELEGANCE AND ECONOMY.
Tenth Edition. C row n 8vo.
Cloth, price 5s.
COOKERY FOR
INVALIDS, PERSONS OF
DELICATE
DIGESTION, AND CHILDREN. Crown 8vo. Cloth, p rice 3s. 6d.

Henry 8 . King & Co., London.

Henry S. King & Oo’t PublieaUont,
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H ooper (Mrs. G.)
TEE HORSE OF RABT.
Cloth, price Ss. Od.

W ith a Frontispiece. Crown Sto.

H opkins (Manley).
THE FORT OF REFUSE ;
or, Counsel and A id to
Shipmaster* in Difficulty, Doubt, or Distress. Crown 8to.
Cloth, price Os.

H oward (Mary M.), Author of “ Brampton Rectory.”
BEATRICE AYLMER, AND
Cloth, price 6s.

OTHER TALES.

Crown Sro.

H oward (R ot. G. B.)
AH OLD LEGEND OF ST. FARL'S,
4s. 6d.

Fcap. Sto.

Cloth, prioe

H owell (James).
A TALE OF THE SEA, SONNETS, AND OTHER POEMS.
Fcap. 8 to. Cloth, prioe Ss.

H ughes (Allison).
PENELOPE, AND
price 4s. 6d.

OTHER

FORKS.

Fcap. 8ro.

Cloth,

H ull (Edmund C. P.)
THE EUROPEAN IN INDIA. A Handbook o f Practical In
formation for those proceeding to, or residing in, the East Indies.
With a MsniCAt. Ot'tnn fob A sqlo -D idjans. B y R. E, 8. Mair,
M.D., F.R.C.S.E. Second Edition, Revised and Corrected. Post
Sto. Cloth, prioe 6s.

H umphrey (Rev. W.), of the Congregation of the
Oblate* o f 8 t. Charles.
ME, FITZJAMES STEPHEN AND CARDINAL BELLAHMINE.
Damp 8to. Sewed, price la

H utton (James).
MISSIONARY LIFE IN THE SOUTHERN SEAS.
trattone. Crown 8to. Cloth, prioe 7s. 6d.

W ith Ulne-

I gnotus.
CULMININE FOLE. A NoreL
Crown » to, Cloth, price 6s.

New and Cheaper Edition.

Henry 8. King and Co., London.
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I nternational S cientific Series (The).
i.

t h e fo r k s o f w a t e r

in

clouds a n d b t v k b s , ic e

AND O LAdEBS. B y J. Tyndall, L L .D ., F .B .S .
25 Illustrations. Sixth Edition. 5s.

With

IL PHYSIOS AND POLITICS; or, Thoughts on the A p p lica tion of
the Principles o f “ Natural Selection” and “ In h erita n ce*
to Political Society. B y Walter Bagehot. T h ird E dition , is .
III. FOODS. B y Edward Smith, M.D., LL.B., F .B .S .
Illustrated. Fourth Edition. 5s.

Profusely

IV. KIND AND BODY: The Theories o f their B ela tion . By
Alexander Bain, LL.D .
W ith Four Illustrations. Fifth
Edition. 4a
V.

THE STUDY OF SOCIOLOGY.
' Edition. 5a

B y Herbert Spencer.

Fifth

VI.

ON THE C0N8EEVATI0N OF ENEBGY. B y B a lfou r Stewart,
M .A., LL.D ., F.R.S. W ith 14 Illustrations. T h ird E d itio n . 5«.

V II.

ANIMAL LOCOMOTION; or, Walking, Swimming, a n d F lying.
B y J. B. Pettigrew, M.D., F.B.S., etc. W ith 130 Illustra
tions. Second Edition. 5a

V III.

IX .

BESPONSIBILITY IN MENTAL DISEASE.
Maudsley, M.D. Second Edition. 5a

Henry

THE NEW CHEMISTBY. By Professor J. P . C ook e, o f the
Harvard University.
W ith 31 Illustrations.
Third
Edition. 5s.

X.. THE SCIENCE OF LAW .
Second Edition. 5s.
X I.

By

B y Professor S h eld on

Am os.

ANIMAL MECHANISM. A Treatise on Terrestrial a n d A erial
Locomotion. B y Professor E. J. Marey. W ith 117 Illu s
trations. Second Edition. 5a

Henry 8 . King and Co., London.
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I nternational Scientific S eries (The).— Continued .
TTT THE DOCTRINE OT DESCENT AND DARW INISM . B y
Professor Oscar Schm idt (Btrasburg U niversity).
W ith
26 Illustrations. T hird E dition. 5*.
XTIT. TEE HISTOHY 0 7 TEX CONFLICT BETWEEN RELIGION
AND SCIENCE. B y Professor J . W . Draper, M .D ., L L .D .
Seventh E dition. St.
1 1 7 . FTJNGI ; their Nature, Influences, Uses, etc. B y M . 0 . Cooke,
M .A ., L L .D . E dited b y th o B ev. M. J. Berkeley, MJL,
F .L .8 . W ith nameroas Illustrations. Second E dition. 5*.
X T . THE CHEMICAL EFFECTS OF LIGHT AND PHOTOGRAPHY.
B y D r. Hermann V ogel (P olytechn ic Academ y o f Berlin).
Translation thoroughly revised. W ith IOO Lilastratiana.
T hird E dition. 5s.
X V I. THE LIFE AND GROWTH 0 7 LANGUAGE. B y W illiam
D w ight W hitney, Professor o f Sanskrit and Comparative
P hilology in Y ale C ollege, N ew H aven. Seoond E dition. 5«.
X T H . MONEY AND THE MECHANISM OF EXCHANGE.
W . Stanley JevonB,M .A., F .B .S . T hird E dition. 5s.

By

X V III. THE NATURE OF LIG H T: W ith a G eneral A ccou n t o f
Physical O ptics, B y D r. Engene Lommot, Professor o f
Physios in the U niversity o f Erlangen. W ith 188 Illus
trations and a table o f Spectra in Chrom olithography.
Second E dition. 5s.
XEZ. ANIM AL PARASITES AND MESSMATES. B y M onsieur
Van Beneden, Professor o f th e U niversity o f Louvain, C or
respondent o f the Institute o f Franoo. W ith 83 Illu s
trations. Seoond E dition. 5s.
X X . FERMENTATION. B y Professor BohQtsenberger, D irector
o f the Chem ical Laboratory a t the Sorbonne. W ith 28
HInitrations. 5s.
X X I. THE FIVE SENSES OF MAN. B y Professor Bernstein, o f
the U niversity o f H alle. W ith 91 Illustrations. Second
E dition. Ss.
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A Litt o f

I ntebnation a I i SciENTmo S ebies (T h e ).
Forthcom ing 'Volumes.
Prof. W . K i n g d o n C l i f f o r d , M .A . The F irst P r in c ip le s o f the
Exaot Sciences explained to the Non-mathematical.
Prof. T. H .
Consciousness.
D r. W . B .
o f the Sea.

C

H

u xley

arpen ter

,

LL.D r,

F .B .S.

F .B .S.

, L L .D .,

B o d ily

M o tio n

The P h y sica l G eograph y

Prof. W i l l i a m O d l i n g , F .B .S. The O ld Chem istry v ie w e d
the Hew Standpoint.
W.

L

auder

Sir

J

ohn

L

L

in d s a y

ubbock

,

M .D ., F .B .S.E .

Bart., F .B .S.

,

Prof. W . T . T h i s e l t o n
Flow ering Plants.
M r. J. H.
Prof.

M

H.
M ind.

L

ookyer

ic h a e l

C

F

yer

F .B .S.

,

oster

harlton

D

B

a s t ia n

fro m

M ind in the L o w e r A n im als.

On Ants and Bees.
B .A ., B.Sc.

Form a n d H a b it in

Spectrum Analysis.

M .D .

,

,

and

,

Protoplasm and the C ell T h eory .
M .D ., F .B .S.

The Brain as an O sg a n o f

Prof. A . C. R a m s a y , L L .D ., F.B .S.
Earth S cu lp tu re: H ills,
V alleys, M ountains, Plains, Bivers, L akes; how th ey w ere P ro
duced, and how they have been Destroyed.
Prof.
A ction.
Prof.

B

C

lau de

Prof. H .
Chemistry.
Prof.

W

P ro f. L

V

udolph

Sa

B

ern ard

in t e

.

l a ir e

H istory o f the Theories o f L ife.
D

e y il l e

.

A n Introduction to G en eral

Atom s and the A tom ic Theory.

u rtz.

aoaze

-C

(B erlin U n iv .). M orbid P h y s io lo g ica l

ir c h o w

-D

u t h ie r s .

Prof. B e b t h e l o t .

Z o o l o g y s in c e C u v ie r .

Chemical Synthesis.

Henry 8 . King and Co., London.
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Henry 8. King à Co's Publications.

I nternational Scientific Series (The).— Continued .
(Forthcoming Volumes.)
Prof. J.

R

osenthal

.

General P hysiology o f M uscles and Nerves.

Prof. J a m e s D . D a n a , M .A ., L L .D . On Cephalization; or, H eadCharacters in the Gradation and Progress o f L ife.
Prof. S. W .

J

oh nson,

M .A .

On the N utrition o f Plants.

Prof. A u s t i n F l i n t , Jr. M .D .
Relation to the B odily Functions.
Prof. F e r d i n a n d
Lichens, Fungi).
Prof.

H

Cohn

The Nervous System, and its

(Breslau U niv.)

(U niversity o f Zurich).

erm ann

Prof. L e u o k a r t
Organization.
Prof.

L

ie b r e ic h

Prof.

K

u ndt

Thallophytes (Algae,

Respiration.

(U niversity o f L eipsic).

(U niversity o f B erlin).

(U niversity o f Strasburg).

Prof. R e e s (U niversity o f Erlangen).

Outlines o f Anim al

O utlines o f T oxicology.
On Sound.

On Parasitic Plants.

Prof. S t e i n t h a l (U niversity o f B erlin).
o f Language.

O utlines o f the Scienoe

P . B e r t (Professor o f P hysiology, Paris).
other Cosmical Conditions.

Forms o f L ife

and

E . A l g l a v e (Professor o f Constitutional and Adm inistrative Law
at D ouai, and o f P olitical Econom y at L ille).
The Prim itive
Elements o f P olitical Constitutions.
P.

L

o r a in

Mons.

F

(Professor o f M edicine,

r e id e l

.

Mons. D ebrat .
Prof.

C o r t ie l d ,

Prof. A .

G

ia r d

.

P a r is ).

M odern Epidem ics.

The Functions o f Organic Chemistry.
Precious M etals.
M .A ., M .D. (O xon .)

A ir in its relation to H ealth.

General Em bryology.

Henry 8. King and Co., London.
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L jg e l o w (Jean).

TEE LITTLE WONDEB-HOBN. A Second Series o f “ Stories
T old to a Child.” W ith Fifteen Illustrations. Square 24mo.
Cloth, price 3«. 6d.
OFF THE 8KELLIG8. (H er F irst Rom ance.) 4 vols. Grown
8y o . Cloth, price 42«.

J ackson (T. Gr.)
MODERN GOTHIC ARCHITECTURE.
price 5«.

Crown

8vo.

Cloth,

J a c o b (Maj.-Gen. Sir G . L© Grand), K .C .S .L , C .B .
WESTERN IND IA BEFORE AND DURING THE MUTINIES.
Pictures drawn from life. Second Edition. Crown 8vo. Cloth,
price 7«. 6d.
J e n k in s

(E .) and R

aym ond

(J.), Esqs.

A LEGAL HANDBOOK BOB ABCHITECTS, BUILDERS, AND
BUILDING OWNERS. Second E dition R evised. C row n 8vo.
Cloth, price 6«.
J e n k in s (R ev. R . C.), M .A.
THE PRIVILEGE OF PETER and the Claims o f th e Rom an
. Church confronted w ith the Scriptures, the C ouncils, an d the
Testim ony o f the Popes themselves. Fcap. 8vo. C loth , price
3«. 6d.
J e v o n s (W . Stanley), M .A., F .R .S.
MONEY AND TEE MECHANISM 0T EXCHANGE.
E dition. Crown 8vo. Cloth, price 5«.
Volum e X V H . o f the International Scientific Series.
K

aubm ann

Second

(R ev. M .), B .A .

SOCIALISM: Its Nature, its Dangers, and its R em edies con
sidered. Crown 8vo. Cloth, price 7«. 6d.
K

e a t in g e

(Mrs.)

HONOR BLAKE :
Crown 8vo. Cloth.
K

er

The Story o f a Plain W om an.

2 vols.

(D avid).

ON THE ROAD TO K H IV A Illustrated w ith P hotographs of
the Country and its Inhabitants, and a copy o f the O fficial Map
in use during the Campaign, from the Survey o f Captain Leuflilin.
P ost 8vo. Cloth, price 12«.
THE BOT SLAVE IN BOKHARA. A Tale o f C entral A sia.
W ith Illustrations. Crown 8vo. Cloth, price 5«.

Henry S. King and Co., London.
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K ing & C o.'t Publication! .

(D avid).

*

THE WILD HORSEMAN 0 7
Crown 8ro. Cloth, prioe 5*

THE PAMPAS.

Illustrated.

K ing (Alice).
A CLUSTER 0 7 LIVES,

Crown 8vo.

Cloth, price 7«. Gd.

K ing (Mrs. Hamilton).
THE DISCIPLES. A New Poem . Seoond Edition, with Borne
Note*. Crown 8t o . Cloth, price 7«. 6<L
ASPROMONTE, AND OTHER POEMS, Second Edition. Heap.
8to.
Cloth, price It. Od.
K

(R ev . F . W .), M .A ., V icar o f St. Thomas’s,

lngsford

Stamford B ill ; late Chaplain H . E . 1. C. (Bengal Presidency).
HARTRAM CONFERENCES ; or, Discussions upon some o f
the Religious T op ici o f the Day. “ A u di alteram partem.” Crown
8 to.
Cloth, price St. 6 t i
K

in g s m a n

(A .)

OVER VOLCANOES i or. Through Fiance and Spain in 1871.
Crown S t o . Cloth, prioo 10*. Cd.

K night (Annette F . 0 .)
POEMS.
L

a o o r d a ir e

Fcap.

St o .

Cloth, price

5a

(R ev. Pére).

L IT E : ConferenocB delivered at Tonlonie. A New and
Cheaper Edition. Crown S t o , Cloth, price St. 6d.

L ady of L ipari (The).
A Poem in Three Canto«.

Fcap.

Sto.

Cloth, price 5*

L aurie (J . 8 .), o f the Inner Tem ple, Barrister-at-Law ;
formerly H.M . Inspector o f Schools, England ; Assistant B oyal
Commissioner, Ireland ; Special Commissioner, African Settle*
ment ; D irector o f Publio Instruction, Ceylon.
EDUCATIONAL COURSE 0 7 SECULAR SCHOOL BOOKS FOB
INDIA.
T k t fo llo w in g 1V aria a re now r ea d y : —
TEE T IE S ! HINDUSTANI READER. Stiff linen wrapper,
price 6i.'
THE SECOND HINDUSTANI READER. Stiff linen wrapper,
prioe 9d .
QEOO&APHT 0 7 INDIA ; with Map« and Historical Appendix,
tracing the growth o f the British Empire in Hindustan, Fcap.
S t o . Cloth, prim I t . Od.

Henry 8 . King and Co~, London.

32
L

A Litt o f

I i n (Captain), Instructor of Tactics at the
M ilitary College, Neisse.
THE FRONTAL ATTACK OF INFANTRY.
T ra n sla ted By
Colonel Edward Newdigate. Crown 8vo. Cloth, p r ic e 2*. 6 d.

atha

L . D . S.
LETTERS FROH CHINA AND JAPAN.
Title-page. Crown 8vo. Cloth, price 7«. 6d.
L

eandeb

W it h Illnstrated

(Richard).

FANTASTIC STORIES. Translated from the G erm an by
Paulina B. Granville. W ith Eight full-page Illu stra tion s by
M. E. Fraser-Tytler. Crown 8vo. Cloth, price 5s.
L

eath es

(R ev. Stanley),

M.A.

TEE GOSPEL ITS OWN WITNESS.
price 5s.
L

ee

Crown

8 vo.

Cloth,

(R ev. Frederick George), D.C.L.

THE OTHER WORLD; or, Glimpses o f the Supernatural.
Being Facts, Records, and Traditions, relating t o Dreams,
Omens, Miraculous Occurrences, Apparitions, W ra ith s, Warn
ings, Second-sight, Necromancy, Witchcraft, etc. 2 vols. A
New Edition. Crown 8 v o .. Cloth, price 15s.

L ee (H olm e).
HER TITLE OF HONOUR. A Book for Girls. N e w Edition.
W ith a Frontispiece. Crown 8vo. Cloth, price 5s.
L

e n o ib

(J).

FAYOUM; or^ Artists in Egypt. A Tour with M . Gdrome
and others. W ith 13 Illustrations.
A New a n d Cheaper
Edition. Crown 8vo. Cloth, price 3«. 6d.
L

e w is

(M ary A .)

A RAT W ITH THREE TALES. With Four Illu stra tion s by
Catherine F. Frere. Cloth, price 5s.
L

is t a d o

(J. T .)

CIVIL SERVICE.
L

ockeb

A Novel.

2 vols.

Crown 8vo.

C loth .

(Frederick).

LONDON LYRICS.
A New and Revised E d itio n , with
Additions and a Portrait of the Author. Crown 8vo.
Cloth,
elegant, price 7s. 6d.

Henry 8. King and Co., London.
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L ohhel (Dr. E ugene), Professor o f Ph ysics in the
University o f Erlangen.
TB S NATURE OF LIGHT: W ith > General Account o f
Physical Optica. Second Edition. W ith 188 Illustrations and
a table o f Spectra In Chromolithograph/. Crown 8vo. Cloth,
____
price 5a
Volume X V O T. o f the International Scientific Series

L orim eb (Peter), D.D.
JOHN KNOX AND THE CHURCH OF ENGLAND : His work
in her Pulpit and his influenoe open her Liturgy, Articles, and
Parties. Demy 8vo. Cloth, price 12*.

L oves (Samuel), R .H .A .
THE LIFE OF SAMUEL LOVEE, E .H .A .; Artistic, Literary,
and Musical. With Selections from his Unpublished Papers and
Correspondence. By Beyle Bernard. 2 vols. With a Portrait.
Post 8ro. Cloth, prioe 21s.

L ower (Mark A ntony), M A ., F .S .A .
WAYSIDE NOTES IN SCANDINAVIA. Being Notes ofTraTel
in the North o f Europe. Crowu 8vo. Cloth, prioe 9*.

L yons (R. T .), Surgeon-Major, B engal Arm y.
A TREATISE ON RELAPSING FEVER,
price 7s. 6d.

post 8to .

Cloth,

M acaulay (James), M .A., M.D., Edin.
THE TRUTH ABOUT
1872 and 1875. W ith
Being a Second Edition
Supplementary Preface.

IRELAND:
Remarks on
o f “ Ireland
Crown 8vo.

Tours o f Observation in
Irish Public Questions.
in 1872,” with a New and
Cloth, prioe 8s. 6d.

M ao Cabthy (Denis Florence).
CALDERON'S DRAMAS. Translated from the Spanish.
6ro. Cloth, gilt edges, prioe 10*.

Post

M ao D onald (George).
MALCOLM. A Novel. 8 vols. Second Edition. Crown 8vo.
Cloth.
ST. GEORGE AND ST. MICHAEL. 8 vola Crown 8vo. Cloth.

M aclachlan (A rchibald N eil Cam pbell), M .A.
W ILLIAM AUGUSTUS, DUKE OF CUMBERLAND : being a
Sketch o f his Military Life and Character, chiefly as exhibited
in the General Orders o f hie Royal Highness, 1745— 1747. With
Illustrations. Post 8vo. Cloth, prioe 15*.

Henry 8 . King <t Oo., London.
«
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(Dr. Henry).

RESPONSIBILITY IK MENTAL DISEASE. Second E dition.
Crown 8vo. Cloth, p ic e 5*.
Volum e VILI, o f the International Scientific Series.

M aughan (W illiam Charles).
THE ALPS OF AR A B IA ; or, Travels through E gypt, Sinai,
Arabia, and the H oly Land. W ith Map. Second E dition.
Dem y 8vo. Cloth, price 5«.

M a u r ic e
L

(C. Edmund).

LIVES OF ENGLISH POPULAR LEADERS. N o. 1.— S t e p h e n
angton.
Crown 8vo. Cloth, price 7s. 6d.
N o. 2.—Tyleb, Ball, and Oldoastle. Crown 8 v o . Price 7s. 6d.

M a z z in i

(Joseph).

, .

A Memoir. B y E . A . V .
8yo. Cloth, price 3s. 6d.

M ed ley

Tw o Photographic Portraits. Crown

(Lieut.-CoL J. G.), Boyal Engineers.

AN AUTUMN TOUR IN THE UNITED STATES AND CANADA.
Crown 8vo. Cloth, price 5s.

M e n zie s

(Sutherland).

MEMOIRS OF DISTINGUISHED WOMEN. 2 vols.
Cloth, price 10s. 6d.
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(J. T.), F.S.A.

MODERN PARISH CHURCHES: T h eir Plan, D esign, and
Furniture. Crown 8vp. Cloth, price 7s. 6d.

Milne (James).
TABLES OF EXCHANGE for the Conversion o f Sterling
M oney into Indian and Ceylon Currency, at Rates from Is. 8d. to
2s. 3d. per Rupee. Second Edition. Demy 8vo. Cloth, price
£2 2s.

Minus (Major-General von).
CAVALRY FIELD ' DUTY. Translated b y M ajor Frank S.
R ussell, 14th (K ing’ s) Hussars. Crown 8vo. Cloth lim p, price
7s. 6d.

■Entry & Sing & Co., Lando».
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M ao K en n a

(Stephen J.)

PLUCKY FELLOWS. A Book for Boys. W ith S ix Illustrations.
Second E dition. Grown 8vo. Cloth, price 3s. Qd.
AT SCHOOL W ITH AH OLD DRAGOON. W ith S ix Hlnstrations. Second E dition. Grown 8vo. Cloth, p rice 5s.
:

M ath (R.
of Madras.

S.), M.D., F.R.C.S.E., late Deputy Coroner

THE MEDICAL GUIDE FOE ANGLO-INDIANS.
B ein g a
Compendium o f A dvice to Europeans in In dia, rela tin g to the
Preservation and R egulation o f H ealth. W ith a Supplem ent on
the Management o f Children in India. Crown 8vo. L im p doth,
price 3s. 6d.
M A H H iN è (His Eminence Cardinal).
ESSAYS OH BELIGIOH AHD LTTEEATUHE.
B y various
W riters. T hird Series. Dem y 8vo. Cloth, price 10s. 6d.
Contents :—The Philosophy o f Christianity— M y stic Elements
o f R eligion— Controversy w ith the A g n o s tics -A . Reasoning
Thought— Darwinism brought to Book—M r. M ill o n L ib erty (5
the Press— Christianity in Relation to Society— T h e R eligions
Condition o f Germany— The Philosophy o f B a con — Catholic
Laym en and Scholastic Philosophy.

Mabey (E. J.)
AHIM AL MECHANICS. A Treatise on T errestrial an d Aerial
Locom otion. W ith 117 Illustrations. Second E d itio n . Crows
8vo. Cloth, price 5s.
Volum e X L o f the International Scientific Series.

M a b k e W ITCH (B .)
THE NEGLECTED QUESTION. Translated from th e Russian,
b y the Princess Ourousoff, and dedicated by E xp ress PermisskB
to H er Im perial and R oyal H ighness M arie A lexa n d rovn a , the
Duchess o f Edinburgh. 2 vols. Crown 8vo. C loth , p rice 14s.

M a b e io t t (M aj.-G en. W . F .), C .S.I.
A GBAMMAB OF POLITICAI ECONOMY.
price 6s.

Crow n 8vo.

Cloth,

A N o v e l.

C ro n

HALF-A-DOZEN DAUGHTERS. W ith a F ron tisp iece.
8vo. Cloth, price 3s. 6d.

Crown

M a b sh a ll

(Hamilton).

THE STOBT OF SIB EDWAED'S W IFE .
8vo. Cloth, price 10s. 6d.

M a st e b m a n

(J.)

Henry S. King & Co., London.
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Mauds le y (Dr. Henry).
RESPONSIBILITY IH MENTAL DISEASE. Beeoud E dition.
Crown 8 t o . Cloth, p r i c e 0 « .
Volarne V U L o f the International Scientiflo Series.

M a u q h an

(William Charles).

THE ALPS OP ARABIA ; or, Travels through E gypt, Sinai,
Arabia, and the H oly Land. W ith Map. Second É dition.
D em y 8 t o . d o th , price 6*.

M a u r ic e
L

(C. Edmund).

LIVES OF ENGLISH POPULAR LEADERS, N o. 1.— S T E P H E N
akgtok.
Crown 8ro. Cloth, price 7a 6d.
N o. 2.— T tleb , B all , and O ldoastl*. Crown 8vo. P rioe 7*. 6ÿ.

M a z z in i

(Joseph).

A Memoir. B y E . A . V .
8 to Cloth, price S>. 6d.

M ed ley

T w o Photographic Portraits. Crown

(Lient.-CoL J. Q-.), Royal Engineers.

AN AUTUMN TOUR IN THE UNITED STATES AND CANADA.
Crown 8 t o . Cloth, price 5*.

M e n zie s

(Sutherland).

MEMOIRS OF DISTINGUISHED WOMEN. 2 Tols.
C loth, prioe 10s. M .
A m pa Botrsaom

T a t D ocuess

db

M a d a k e d e M ontbazon .

L orocethab.

T a t Decaras ns C hxtbecse.
P kin net P alatine.
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S aras , D uchbss o r MARL-

M i n w A u m .i DE M O N T P lX aiE B ,

M ic k l e t h w a it e

P oet Sto

BO RO TH .

(J. T.), F.S.A.

MODERN PARISH CHURCHES: T h eir Flan, D esign, and
F ornitore. Crown 8vp. Cloth, prioe 7«. 6d.

Milne (James).
TABLES OF EXCHANGE for the Conversion o f Sterling
M oney into Indian and Ceylon Currency, at Bates from Is. 8<L to
k a i per B npee. Second E dition. D em y 8vo. d o t h , price

£ 2 2t.

(Major-General tod).
CAVALRT FIXLD DUTY. Translated b y M ajor Frank S.
R iteteli, 14th (K in g’ s ) Hussars. Crown Sto. C loth limp, prioe
7s. 6d.

M ntuB

Henry & King A Co., London.
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M

iy a r t

(St. George), F.R.S.

CONTEMPORARY EVOLUTION: A n E ssa y o n som e recent
Social Changes. Post 8vo. Cloth, price 7s. 6 d.
M

oore

(Rev. Daniel), M.A.

CHRIST AND HIS CHURCH. B y the author o f “ T h e Age
and the G ospel: Hulsean Lectures,” etc. C row n 8 vo. d o ts ,
price 3s. 6d.
M

oore

(Rev. Thomas), Vicar of Christ Church,

Chesham.
SERMONETTES: on Synonymous Texts, taken from th e Bible
and Book o f Common Prayer, for the Study, F a m ily B ea d in g, and
Private D evotion. Sm all Crown 8vo. Cloth, p rice 4s. 6 d .

M obell (J . R .)
EUCLID SIMPLIFIED IN METHOD AND LANGUAGE. Being
a Manual o f Geom etry. Com piled from the m ost important
French W orks, approved by. the .U niversity o f P a ris and the
M inister o f P u blic Instruction. Fcap. 8vo. C loth, p r ice 2s. 6d.
M

o b ic e

(Rev. F. D.), M.A., Fellow of Queen’s College;

Oxford.
THE OLYMPIAN AND PYTHIAN ODEA OF P IN D A R . A New
Translation in E nglish Verse. Crown 8vo. d o t h , p r ic e 7a 6&
M

obley

(Susan).

AILEEN FERRERS. A N ovel. 2 vols. Crow n 8 v o . d o th .
THROSTLETHWAITE. A N ovel 3 vols. C row n 8 v o. d oth .
M

o bse

(Edward S.), Ph.D., late Professor of Com*

parative Anatomy and Zoology in Bowdoin College.
FIRST BOOR OF ZOOLOGY.
Crown 8vo. Cloth, price 5«.
M

o styn

W ith numerous Illustrations.

(Sydney).

PERPLEXITY.
M

u sg bave

M

y

A N ovel

3 vols.

Crown 8vo.

C loth .

(Anthony).

STUDIES IK POLITICAL ECONOMY.

Crown 8 ro .

C loth, &

S is t e b R o s a l in d .
A N ovel. B y the Author o f MChristiana N orth,” a n d “ Under
the Lim es.” 2 vols. Cloth.

N a a k e (Joh n T .), o f the B ritish M useum.
SLAVONIC FA IR Y TALES. From Russian, S ervian , Polish,
and Bohemian Sources. W ith Four Illustrations. C row n 8m
d o th , price 5s,

Henry 8. King d Co., London.
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Henry 8. King A Oo.’t Publication*.
N

ew m an

(Joh n H en ry), D .D .

CHABACTXBI8TICS TBOM TEE W RITINGS OF SB . 7. E .
NEWMAN. B eing Selections, Personal. H istorical, Philosophical,
and B eligions, from his various W orks. Arranged with the
Anther’ s personal approval. Second E dition. W ith Portrait.
Crown Svo. Cloth, price 6>.
A Portrait o f th e Rev. D r. J . H . Newman, m ounted for
foam ing, can he had, price 2s. 6d.
N

ew m an

(M rs.)

TOO LATE.
N

oble

A N ovel.

2 vols.

Crown Svo.

Cloth.

(Jam es A sh croft).

TEE PELICAN PAPZBS. Rem iniscences and Rem ains e f a
D w eller in the W ilderness. Crown Svo. Cloth, price 6«.
P e o p l e (T h e).
TEE NORMAN PEOPLE, and th eir E xisting Descendants in
the British Dom inions and the U nited States o f Am erica. Dem y
8vo. Cloth, prioe 21s.

N

orm an

N

o r r is

(R ev . A .)

TEE INNEB AND OUTER LIFE POEMS. Fcap. 8vo.
price Os.

Cloth,

N otreoe (Joh n ), A .M .
TEE SPIRITUAL FUNCTION OF A FSE8BYTEB IN TEE
CHUBCH OF ENGLAND. Crown Svo. Cloth, rod edges, prioe
3s. 6d.
O

r ie n t a l

S p o r t in g M

a g a z in e

(T h e).

A Reprint o f the first 5 Volum es, in 2 Volum es.
Cloth, price 28s.

D em y 8vo.

O ur I n c r e a s in g M i l i t a r y D i f f i c u l t y , and one W ay
o f M eeting it.
Dem y Svo. Stitched, price 1«.
Page

(H . A .)

NATHANIEL HAWTHORNE, A MEMOIR OF, w ith Stories
now first published in this country. Large post 8vo. ’ Cloth,
prioe 7s. 8d.

P ag e (C a p t S. F lood ).
DISCIPLINE AND DRILL.
P rioe la

Cheeper E dition.

Henry 8 . King A Co., London.

Crown 8vo.

A IA * » /
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P a l o b a v e ( W . G iffo r d ).

HXHKAinr AOBA. An Eastccs N tra ttre . S vola. Crows
Sva Cloth, extra gilt, prtoe HU.
P anduraw ci H

a b i;

OB XBX0IB8 or A Bm OO. With an Introductory Pre&oe
by Sir II. Hurtle E. Frero, G .C & L , K.CJB., D .C .L . 2 you . Crown
Sto. Cloth, price 21#.
YALES OF THE ZENANA. 2 to1b. Crown 8 vq . C lo th , price 21«.
P

abker

(J o s e p h ), D .D .

THE PARACLETE: A n Essay on the P e rso n a lity a n d Ministry
o f the H oly G host, with some reference to cu rre n t H itw rin n f.
Second Edition. Demy 8vo. Cloth» price 12a
F a r r (H a r r ie t t).
ECHOES OF A FAMOUS TZAR.

Crow n 8y o .

C loth , price

80. 6d.

P a u l (C . K e g a n ).
GOETHE'S FAUST. A New Translation in R im e .
Cloth, price 6#.

G row n 8m

W ILLIAM GODWIN: HIS FRIEND8 A N D
CONTEMPORARIE8. W ith Portraits and Facsim iles o f th e H an d w ritin g of
Godwin and his W ife. 2 vols. Dem y 8vo. C lo th , p rioe 28#.
THE

GENIUS

OF

CHRISTIANITY

UNVK IT .im

Being

Essays never before published. Edited, w ith a P reface, by
C. Kegan Paul. Crown 8vo. Cloth, price 7#. 6d.
P a y n e (J o h n ).
SONGS OF LIFE AND DEATH.

Crown 8yo.

C lo th , prioe &.

P ayne (Trofessor).
LECTURES ON EDUCATION.

Price 6d. each.

I. Pestalozzi: the Influence o f His P rin cip les a n d Practice.
II. Frobel and the Kindergarten System. S econ d E d ition .
HI. The Science and A rt of Edneation.
IV . The True Foundation o f Science T eaching.

P elletan (Eugene).
THE DESERT PASTOR, JEAN JAR0US8EATT.

Translated

from the French.
By Colonel E . P. D e L ’H oete. W ith s
Frontispiece. New Edition. Fcap. 8vo. Cloth, p r ice 3 s. 6 A

Henry S. King & Co., London.
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Henry 8 . King A Co'* Publication*.

P e n b i c e (M ajor J .), B .A .
A DICTIONARY AND GLOSSARY OT TEX XO-RAN. W ith
copious Grammatical References and Explanations o f the T ext.
4to. Cloth, prioe 21a
P e r c e v a l ( R e v . P .)
TAM IL PROVERBS, W ITH THEIR ENGLI8H TRANSLATION.
Containing onwards o f S ix Thousand Proverbs. T hird Edition.
D em y 8vo. Sewed, prioe 9«.
P e r r ie r (A m e lia ).
A W HITER IH MOROCCO. W ith Pour IUnstrationt. A New
and Cheaper E dition. Crown 8vo. C loth, price 8s. 64.
A GOOD MATCH. A N ovel. 2 vole. Crown 8vo. Cloth.
P e r r y (R ev . S. J .), F .R .S .
NOTES 0 7 A VOYAGE TO KERGUELEN ISLAND, to observe
the Transit o f Venus. D em y 8vo. Sewed, price 2s.
P e t t i g r e w (J . B .), M .D ., F .R .S .
ANIM AL LOCOMOTION; or, W alking, Swim m ing, and F lying.
W ith 130 Illustrations. Second E dition. Crown 8vo. Cloth,
prioe 6s.
Volum e V IL o f the International Scientific Series.

P ig g o t (Joh n ), F .S .A , F .R .G .S .
PERSIA—ANCIENT AND MODERN.
10s. 6d.
P

o u s h k in

Poet 8vo.

C loth, prioe

(A lexander Sergu evitch ).

RUSSIAN ROMANCE. Translated from the Tales o f B otkin,
eta. B y Mrs. J. Buchan T eller (w fc M ouravieff). Crown Svo.
C loth, prioe 7a 64.
P o w e r (H a r r ie t).
OUR IN VALID S: HOW SHALL W E EMPLOY AND AMU8B
THEM ? F cap 8vo. -d o th , price 2s. 64.

P ow lett (L ieu t. N orton ), R oya l A rtillery.
EASTERN LEGENDS AND 8T0R1RS IN ENGLISH VERSE.
Crown Sva Cloth, price 5a
P resbyter.
UN70LDINGS 0 7 CHBISTIAN HOPE. A n Eseay «how ing that
the D octrine contained in th e Dam natory Clauses o f the Creed
com m only called Atlianasiau is nnscriptoral. Sm all orown 8vo.
Cloth, prioe is . 64.
P r ic e (P ro f. B o n a m y ).
CURRENCY AND BANKING.

Crown 8vo,

C loth, prioe Gs.

Henry 8. King A Co., London.
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A L U to f

P b o c to b (R ich ard A .), B .A .
o n PLACE AMONG I NTIE ITIEB. ▲ S erie. o f E m otb oobta s tin g our little abode in spaoe and tim e w ith the Infinities
around us. T o which are added Essays on “ A strology,1* and
“ The Jewish Sabbath." Second E dition. Crow n 8vo. Cloth,
prioe fit.
CHS I X P iV U O r HEAVEN. a Series o f E ssays on the
W onders o f the Firm am ent
W ith a F rontispiece.
Second
E dition. Crown 8vo. Cloth, prioe 6s.
B

(B . M ontgom erie).

a n k in g

mm

STBIAM S
prioe 6s.
R

R

HIDDEN BOUNCE*. Grown

M o r t ib o y .
A M atter-of-Faot Story.
Cloth, prioe 8s^6d.

Sro. d o th ,

e a d y -M o n e y

eaney

W ith Frontispieoe.

G row n 8vo.

(M rs. G . S.)

waning and wobjohg; ob,

mm

siblhood to

W 0X A N H 00D . W ith a Frontispieoe. Crown 8yo. C loth , prioe 5s.
* SUNBEAM W ILLIE, AND OTHER 8T0&IE8. T h ree Illustra
tions. Square crown, uniform w ith “ L ost G ip ,” e tc . Cloth,
price Is. Gd.
R

e g in a l d

B

ram ble.

A Cynio o f the N ineteenth Century.
Crown 8 y o . Cloth, price 10s. 6d.

A n A u tobiography.

Beid (T. Wemyss).
CABINET PORTRAITS. Biographical Sketches o f Statesmen
o f the D ay. Crown 8vo. Cloth, price 7s. 6d.
R

hoades

(Jam es).

TIH 0LE0N.
B

ib o t

A Dramatic Poem .

Foap. 8vo.

C loth , prioe 5s.

(Professor T h .)

CONTEMPORARY ENGLISH PSYCHOLOGY. S econ d Edition.
A revised and corrected translation from th e la te st French
E dition. Large poet 8 y o . Cloth, price 9s.
A n analysis o f the views and opinions o f the fo llo w in g meta
physicians, as expressed in their w ritings:— James M ill, A W a jn W
Bain, John Stuart M ill, G eorge H . Lewes, H erb ert Spencer,
Samuel Bailey.
HEREDITY: A Psychological Study on its Phenom ena, its
Laws, its Causes, and its Consequences.
L arge crow n 8yo.
Cloth, prioe 9s.

Henry S. King & Co., London.
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Henry S. King & Co.'» Publications.
R

o bertso n

(T h e L ate R ev. F . W .), M .A .

THE LATE BEY. 7 . W . BOBEBTSON, M .A.. IXFZ AND
LETTERS 0 7 .
E dited b y th e Rev. Stopford Brooke, M .A .,
Chaplain in Ordinary to the Queen.
L 2 Tola., uniform w ith the Sermons. W ith Steel Portrait. Crown
Cloth, price 7«. 6d.
I I Library E dition, in Dem y 8y o , w ith T w o Steel PortraiU .
C loth, price 12«.
UL A Popular E dition , in 1 yoL Crown 8vo. Cloth, price Si.

8to.

Nine and Cheaper

Editions

SERMONS.
F in t Series. Sm all crow n 8ro. Cloth, price 3e. 6d.
Second Seriea. Sm all crown Sto. Cloth, price 3t. Gd.
T h ird Seriei. Sm all crow n 8ro. C loth, prioe 3«. 6d.
Fonrth Seriea. Sm all crow n Svo. Cloth, price 3a. 6d.
EXPOSITORY LECTURES ON 8T. PAUL'S EPISTLES TO THE
CORINTHIANS. A N ew E dition. Sm all crow n 8y o . Cloth,
price 5s.
LECTUBBS AND ADDRESSES, w ith other literary remains.
A New E dition. Crown 8 y o . Cloth, prioe 5a.
AH ANALYSIS 0 7 H E. TENNYSON'S “ IK MEMORIAM.’’
(D edicated b y Permiaeion to th e Poet-Laureate.) Fcap. 8 t o .
Cloth, price 2a.
THE EDUCATION 0 7 THE HUMAN RACE. Translated from
the German o f G otthold Ephraim Lessing. Fcap. 8vo. Cloth,
price 2a. 6d.

The above Works can alto be had hound in half-moroeeo.
• ,* A Portrait o f the late R ev. F . W . Robertson, m ounted for
fram ing, can be had, price it. dd.

R ose (M rs. E llen ), (“ N elsie B rook.” )
DADDY’ S PET. A Sketch from Hum ble L ife. Uniform with
“ Lost G ip.” W ith Six Illustrations, Square crown 8y o . Cloth,
price la.
R

R

L o t h ia n .
DANTE AND BEATRICE PROM 1282 TO 1290.
2 role. P ost 8 y o . Cloth, p ric e 21a.

oxbcrghe

u sse ll

A Rom ance.

(W illiam C lark).

MEMOIRS OP MBS. L S T IT IA BOOTHBY,
price 7a Od.

Crown 8yo. Cloth,

Henry S. King d Co., London.
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B

A IAH o f

(E . B . )
nCTIBiG AS EAX LX T.
price Is.

u ssell

Second E dition. D em y 8 to.

Sew ed,

S a Jd l e b ( S . W.), R.N.
TEE AFRICAN CRUISER. A Midshipm an's- A dven tu res on
the W est C oast W ith Three Illustrations. S econ d E dition.
Crown 8vo. Cloth, price 3s. 6d.
S a m a b o w (G regor).
TOE SCEPTEE AND CBOWN. A Rom ance o f -the Present
Tim e. Translated by Fanny W orm ald. 2 vols.
C row n 8vo.
Cloth, price 15s.
S a u n d e r s (K atherine).
THE HIGH MILLS. A N ovel.

3 vols.

GIDEON'S ROCK, and other Stories.
p ic e 6s.

Crown 8vo.
Crown 8vo.

JOAN M ERRYW EATEER, and other Stories.
Cloth, price 6s.
MARGARET AND ELIZABETH.
8vo. Cloth, p ic e 6s.
Saunders

C loth.
Cloth,

G row n 8va

A Story o f th e S ea.

Grown

A Story o f the M in e.

3 vols.

(Joh n ).

ISRAEL MORT, OVERMAN.
Crown 8vo.

HIRELL. W ith Frontispiece. Crown 8vo. C loth, p rio e 3s. 6d.
ABEL DRAKE’ S W IFE.
Cloth, price 3s. 6d.

W ith Frontispiece.

C row n 8vo.

S c h e l l ( M a jo r v o n ) .
THE OPERATIONS OF THE FIRST ARMY UNDER O EM . VON
GOEBEN. Translated by Col. C. H . von W right. F o u r Mbps.
Dem y 8vo. Cloth, price 9s.
THE OPERATIONS OF THE FIRST ARMY UNDER G E N . VON
STEINMETZ. Translated by Captain E . O. H ollist. D e m y 8 m
Cloth, price 10s. 6d.
S c h e r f f ( M a jo r W . v o n ) .
STUDIES IN THE NEW INFANTRY TACTICS. P a rts L and
U . Translated from the German by Colonel L u m ley G raham .
Demy 8vo. Cloth, price 7s. 6d.

Henry 8 . King & Co., London,.

Henry 8 . King <£ Oo.’i Publication».
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S c h m i d t (P rof. O scar), Strasburg U niversity.
THE DOCTRINE OF DESCENT AND S A S W IF IIH . W ith 26
Illustrations. Third E dition . Crown 8»o. C loth, price 5*.
Volume X U . o f th e International Scientific Seriee.
S c h u t z e n b e r g e r (P rof. F .), D irector o f the C hem ical
L aboratory a t the Sorbonne.
FERMENTATION. W ith n om erooi Illustrations. Orown 8vo.
Cloth, p rice St.
Volum e X X . o f the International Scientific Seriee.
S c o t t (P a tr ic k ).
THE DREAM AND THE SEES, and other Poem s.
8to. Cloth, price S*.

Fcap.

S c o t t ( W . T .)
ANTIQUITIES OF AH ESSEX PABIBH ; or, Pages from the
H istory o f G reat D itcm ow . Crown 8to. Cloth, p rice Si.
Sewed, 4s.
Scott

(R ob ert H .)

W EATHER CHARTS AND STORK W ARNINGS. Illustrated.
Crown 8to. Cloth, prioe 3t. Gd.
S e e k in g

h is

F

ortune,

a n d o th er

W ith Four Illustrations.

Stories.

Crown 6 ro.

Cloth, price 3«. 6d .

S e n i o r (Nassau W illia m ).
ALEXIS SE TO CQ U EVnlE. Correspondence and Conversa
tions with Nassau W . Senior, from 1833 to 1859. E dited by
M . 0 . M . Simpson. 2 Tola. Large post 8»o. Cloth, price 21i.
JOURNALS KEPT IN FRANCE AND H A L T . From 1848 to
1952. W ith a Sketch o f th e Revolution o f 1648. E dited by hie
D aughter, M . C. M . Simpson. 2 role. Poet 8ro. Cloth, price 24«.
S even A

utum n

L

eaves from

F

Illustrated w ith N ino Etchings.
price 3«. Gd.

a ir y l a n d

.

Square crow n 870.

Cloth,

S eyd (E rnest), F .S .8.
THE FALL IN THE PBICE OF SILV E R Its Causes, its
Cousequence«, and their P ossible A roidaaoe, w ith Special
Reference to India. D om j 8vo. Sewed, prioe It. 6<L

Henry 8 . Sing & Co., London,

e
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A Litt o f

S h a d w e l l (M ajor-G eneral), C .B .
MOUNTAIN W ARFARE. Illustrated b y th e C am p aign o f 1799
in Switzerland. B eing a Translation o f the Sw iss N a rra tive com
piled from the W orks of. the Archduke C harles, J om in i, and
others. A lso o f N otes by General H . D ufour on th e C am paign of
the Y altelline in 1635. W ith A ppendix, M aps, a n d In troductory
Rem arks. Demy 8vo. Cloth, price 16s.
S h e l d o n (P h ilip ).
WOMAN’ S A RIDDLE; or, Baby W armstrey. A N o v e l. 3 vols.
Crown 8vo. Cloth.
Shebm an

(G en. W . T .)

MEMOIRS 0 7 GEN. W . T. SHERMAN, Com m ander o f th e Federal
Forces in the Am erican C ivil W ar. B y H im self. 2 v o ls . With
Map. Dem y 8vo. Cloth, price 24s. Copyright English Edition.
S h e l l e y (L a d y).
SHELLEY MEMORIALS FROM AUTHENTIC BOUNCES. With
(now first printed) an Essay on Christianity b y P e r c y Bysshe
Shelley. W ith Portrait. Third E dition. Crow n 8 v o . Cloth,,
price 5s.
S h ip l e y

(R ev. OrBy), M .A .

STUDIES IN MODERN PROBLEMS. B y va riou s W riters.
2 vols. Crown 8vo. Cloth, price 5s. each.
C o n t e n t s .— V

Sacramental Confession.
A bolition o f the T hirtynine A rticles. Part I.
The Sanctity o f M arriage.
Creationand
Modern
Science.
C

o n t e n t s .—

Some Principles o f Chris
tian Ceremonial.
A Layman’ s View o f Con
fession o f Sin to a Priest.
Parts I. and II.
Reservation o f the Blessed
Sacrament.
S m ed ley

ol.

I.

Retreats for P erson s L iv in g in
the W orld.
Catholic and P rotestan t.
The Bishops on C on fession in
the Church o f E n gla n d .
Y

ol

.

H.

M issions and P rea ch in g Orders.
A bolition o f th e T hirty-nine
A rticles. P art I I .
The First L itu rgy o f Edward
V I. and our ow n o ffice con
trasted and com pared.

(M . B .)

BOARDING-OUT AND PAUPER SCHOOLS POR G IR L S .
8vo. Cloth, price 3s. 6d.

Henry S. King &'Co., London.

Crown

Henry S. King <t Co.’» P w ifica iio «# .
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S m ith (Edw ard), M .D ., L L .B ., F .R .S .
HEALTH AND DISEASE, as Influenced b y the D aily, Seasonal,
and other C yclical Changes in the Human System.
A New
E dition. Post Sto. Cloth, prioe 7 f. 64.
FOODS. Profusely Illustrated. Fourth E dition.
Cloth, prioe St.
Volum e IIL o f the International Scientific Series.

Crown 8ro.

PRACTICAL DIETARY FOR FAM ILIES, SCHOOLS, AND THE
LABOURING CLASSES. A N ew E dition.
Poet 8vo. Cloth,
prioe 8s. 6d.
TUBERCULAR CONSUMPTION IN ITS EARLY AND REM S- LIABLE STAGES. Seoond E dition. Crown 6yo. Cloth, price Cs.

S mith (Hubert).
TENT LIFE W ITH ENGLISH GIPSIES IN NORWAY, W ith
F ire full-page Engravings and T hirty-one sm aller Illustrations
by W bym per and others, and M ap o f th e Country show ing
Routes. T h ird E dition . R evised and Corrected. Post 8vo.
C loth, price 21*.

Songs for M usic.
B y Four Friends. Square crow n 8vo. Cloth, prioe 5s.
Containing Songs by R eginald A . G atty, Stephen H . G atty,
G reviile J . Chester, and Juliana H . Ewing.

Some T ime in I reland .
A R ecollection.

Crown 8 m

Cloth, price 7s. 6d.

Songs of T wo W orlds.
SONGS OF TWO WORLDS. B y a New W riter.
Seoond E dition. F cep. St o . C loth, price 5s.

T h ird Series.

THE SPIO OP HADES. B y the A uthor o f “ Songs o f Two
W orlds.” Fcap. 8vo. Cloth, price 5s.

Spenoer (H erbert).
THE STUDY OF SOCIOLOGY. F ifth E dition.
Cloth, price 5*.
VoL V . o f the International Scientific Seriea.

Crown 8 m

S picer (Henry).
OTHO'B DEATH WAGER. A D ark Page o f H istory IH uv
b a ted . In F ive A cts. Fcap. 8vo. Cloth, prioe 5s.

Henry S. King d Co., London.

A List i f
S tevenson (Rev. W . Fleming).
HYMNS FOB THE GMUROH AND HOKE.
S elected and
Edited by the Bey. W. Flem ing Stevenson.
The most complete H ym n Book published.
The H ym n Book consists o f Three P a rts:— L F o r P u b lic Wor
ship.— H . For Family and Private Worship.— EEL F o r Children.
* « * Published in various forms and prices, the latter ranging
from 8d. to 6s. Lists and fu ll particulars w ill be furnished on
- application to the Publishers.

S tewabt (Professor Balfour), M.A., LL.D ., F .R .S .
Off THE OONSIEVATIOff OF EffEBST.
T h ir d Edition.
W ith Fourteen Engravings. Crown 8vo. Cloth, p r ice 5s.
Volume V I. o f the International Scientific Series.

S toneheweb (Agnes).
MONACELLA: A Legend o f North Wales.
8vo. Cloth, price 3«. Bd.

A P oem .

Fcap.

S tbetton (Hesba). Author o f “ Jessica’s 'F irst Prayer.”
THE CBEW OF THE DOLPHIN. Illustrated. S ix t h Thou
sand. Square crown 8vo. Cloth, price 1«. Bd.
CASST. Twenty-eighth Thousand. W ith S ix Illustrations.
Square crown 8vo. Cloth, price Is. 6d.
THE KINO’ S SERVANTS. Thirty-third Thousand.
With
Eight Illustrations. Square crown 8vo. Cloth, price Is. 6d.
LOST GUP. Forty-seventh Thousand. W ith Six Illustrations.
Square crown 8vo. Cloth, price Is. Bd.
*#* Also.a handsomely hound Edition, with Twelve Illustrations,
price 2s. Bd.
THE WONDERFUL LIFE. Ninth Thousand. Fcap. 8vo. Cloth,
price 2s. Bd.
FRIENDS TILL DEATH. W ith Frontispiece.
Fourteenth
Thousand. Lim p cloth, price Bd.
TWO CHRISTMA8 STORIES. W ith Frontispiece. Eleventh
Thousand. Lim p cloth, price Bd.
MICHEL LORIO’S CROSS, AND LEFT ALONE. W ith Frontis
piece. Seventh Thousand. Lim p cloth, price Bd.
OLD TRANSOME. W ith Frontispiece. Ninth Thousand. Lim p
cloth, price Bd.
THE WORTH OF A BABY, AND HOW APPLE-TREE COURT
WAS WON. W ith Frontispiece. Ninth Thousand. L im p cloth,
price 6d.
HESTER MOBLEY’ S PROMISE. 3 vols. Crown 8vo. Cloth.
THE DOCTOR’ S DILEMMA. 3 vols. Crown 8vo. C loth.

Henry S. King & Go., London.

Henry 8 . King é Co.'» Publication». '
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S tumh (Lieut. Hugo).
BOTHA'S ADTAMCE EASTWARD.
Cloth, prise 6*.
Su lly

W ith Map.

Crown Svo,

(James), M.A..

SENSATION A N S INTUITION. D om ySvo. Oloth, priselQa.6d.
SUNNYLAND STORIES.
B y the Author o f “ A u n t Mary’ s Bran Pie.”
Small Sto. Cloth, price 8a. 6d.
Tales

of tee

Z

Illustrated.

e n a n a .^

B y the Author o f “ Pandurang HarL”
O k u , price 21a

2

toU.

Crown Sto,

T a y l o b (Ber. J. W. Augustus), M.A.
POEMS. Fcap. 8to. Cloth, price Sa.

(Sir Henry). *

T aylo b

X D W nr TEE 7 A IB AMD I8AA0 COMESHUS. A New
Edition. Fcap. Sto. Cloth, price 3a 6d.
A SICILIAN BUMMZB AND OTHER POEMS. A New
Edition. Fcap. 8vo. Cloth, prioe 3a 6d.
PHILIP YAM ABTEVELDE. A Dramatic Poem. A New
Edition. Fcap. 8vo. Cloth, price 5a.

T aylor (Colonel Meadows), C.8.I., MJI.I.A.
SESTA. A N otcJ. 3 role. Crown 8vo. Oloth.
TEE COMPEBSIOMB OP A THUQ. Crown Sto. Cloth, prioe 6a.
TAEA : a Maltratta Tale. Crown Svo. Cloth, prise 6a
T

(J. Buchan), F J 1.G.8 ., Commander E.N.

elfeb

TEE CRIMEA AMS TBAM8CAUCABIA. Being the Narratire
o f a Journey in the Tanno Range, and in the Koubon, Go aria,
Georgia, Armenia, Osaety, Imeritia, Letchgonmm, Bwannety, and
lttagrelia. With numerous Illustrations and Maps. 2 t o I s .
Medium Sto. Cloth, price S6a.
T

hom as

(Moy).

t A TIGHT POE L IF E
prioe 3a. 6d.

W ith Frontmpieoe.

Crown Sto, Cloth,

T h o m a b d ja ,
A

Novol 2 Tola. Crown Sto.
Henry 8 , King é Co., London.
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T e n i Jy s o n (Alfred).
QUEEN MARY. A Drama. New Edition. Crown 8 m Cloth,
price 6«.
T e n n y s o n ’ s (Alfred) Works. Cabinet Edition.
T en
V olu m es. E ach w ith F ron tisp iece. F cap . 8 yo . C lo th , price
2s. 6 d.
C a b in e t E d it io n .
10 vols. Complete in handsom e Orna
mental Case. Price 28s.
T

e n n y so n ’s

(Alfred) Works. Author’s Edition. Com

plete in F iv e V olu m es. P ost 8 vo. C loth g ilt ; o r halfm orocco, R oxb u rgh style.
V ol. I. EARLY POEMS, and ENGLISH IDYLLS. Price 6*.;
Roxburgh, 7«. 6d.
_____
V o l . II.
L0CK8LEY 'gALL, LUCRETIUS, and oth er Poems.
Price 6«.; Roxburgh, 7s. 6d.
____
V o l . ID .
THE IDYLLS OF THE KING (Complete). Price
7s. 6d. ; Roxburgh, 9s.
V o l . IV .
THE PRINCESS, and MAUD. Price 6s.; Box- burgh, 7s. 6d.
*
V o l . V.
ENOCH ARDEN, and IN MEMORIAM. Frioe 6s.:
Roxburgh, 7s. 6d.
TENNYSON’S IDYLLS OF THE XING, and oth er Poems.
Illustrated by Julia Margaret Cameron. 2 yols. F o lio . Half
bound morocco, cloth sides, £6 6s. each.
T

e n n y s o n ’s

(Alfred) Works. Original Editions.

P0EM8. Small 8vo. Cloth, price 6s.
MAUD, and other Poems. Small 8vo. Cloth, price 3s. 6cL
THE PRINCESS. Small 8vo. Cloth, price 3s. 6d.
IDYLLS OF THE KING. Small 8vo. Cloth, p r ic e d .
IDYLLS OF THE KING. Collected. SmaU 8vo. Cloth, prioe 6s.
THE HOLY GRAIL, and other Poems. Small 8yo. Cloth,
price 4s. 6d.
____
GARETH AND LYNETTE. Small 8vo. Cloth, price 3s.
ENOCH ARDEN, etc. Small 8 y o . Cloth, prioe 3s. 6d.
SELECTIONS FROM THE ABOVE WORKS.
Squ are 8 m
Cloth, price 3s. 6tf. Cloth gilt, extra, price 4s.
80NGS FROM THE ABOVE WORKS. Square 8vo.
Cloth
extra, price 3s. 6d.
IN MEMORIAM. SmaU 8 y o . Cloth, price 4s.
LIBRARY EDITION. In 6 yols. Demy 8vo. C loth, price
10s. 6d. each.
POCKET VOLUME EDITION. 11 yols. In neat case, 31s. 64.
Ditto,
ditto.
Extra cloth gilt, in case, 35s.
POEMS. Illustrated Edition. 4to. Cloth, price 25s.

Henry 8. King & Co.f London.
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T hompson (A . 0 .)
PRELUDES. A Volume o f Poem*. C lu tta ted b y Elizabeth
Thompson (Painter o f “ The R oll C all”). 8vo. Cloth, price
It. 6d.

T homson (J. T .), F.R.G .S.
HAXAYTT ABDULLA. The Autobiography o f a Malay Munshl,
between the years 1808 and 1843. Demy 8vo. Cloth, prioe 18».

T hompson (Her. A. S.), British Chaplain at St.
Petersburg.
HOME WORDS FOB WANDER EES.
Crown 8vo. Cloth, price 8».

A Volume o f Sermon*.

T houghts in V erse.
Small crown Sto.

Cloth, price 1«. 6d.

T uring (Rev. Godfrey), B.A.
HTMNS AND SACBED LYRICS.

Reap. Svo.

Cloth, prioe 9*.

T odd (Herbert), M.A.
A R V A N ; or, T he Story o f the Sword.
Cloth, prlco 7*. Od.

A Poem.

Crown 8vo.

T raherne (Mrs. Arthur).
THE ROMANTIC ANNALS OF A NAVAL FAMILY.
and Cheaper Edition. Crown Svo. Cloth, price 6*.

A New

T ravers (Mar.)
THE SPINSTERS OF BLATCH2NOTON.
Crown Sro. Cloth.

A Novel.

S vol*.

T revandrcm Observations.
OBSERVATIONS OF MAGNETIC DECLINATION MADE AT
TBEVANDBUM AND AGUSTIA MALLEY in the Observatories
o f his Highness the Malmrajah o f Tmvanenro, O,C.6,1., in the
Years 1862 to 1800. Being Trcvastlram Magnetical Obscrvolinos. Volume I. Dieoussod and Edited by John Allan Brown,
K.R.8., late Director o f tho Observatories. W ith an Appendix.
Imp. 4to. Cloth, price £3 8«.

The Appeiuitx, containing Reporti on the Oheertalorie* and
oa the Public Mutrum, Public Pork, and Garden! at Trtrandrum,
pp. xii.*l 16, may be hod xparately, price 21a

T urner (Rev. Charles).
BOMKRTS, LYRICS, AND TRANSLATIONS. Crown 8vo. Cloth,
prioe it. 6d.

Henry 8. King it Co., London.
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(J.), LL.D., F.R.S.

yndall

___

. . THE FORMS OF WATER IN CLOUDS AN D R IV E R S , ICE
AND OLACIEB8.
W ith Twenty-six Illu strations.
Sixth
Edition. Grown 8vo. Cloth, price 5c.
Volume I. of the International Scientific Series.
U m b r a O x o n ie n s is .
RESULTS OF THE EXPOSTULATION OH T H E RIOHT
HONOURABLE W . E. GLADSTONE, in th eir B e la tio n to the
Unity o f Roman Catholicism. Large fpap. 8vo. C lo th , price 5c.
U p t o n (Roger D.), Captain late 9 th Royal Lancers.
NEWMARKET AND ARABIA. A n E x a m in a tion o f the
_ Descent o f Racers and Coursers. W ith Pedigrees a n d Frontis
piece. Post 8vo. Cloth, price 9c.
Y

(Prof. Arminius), of the University

am bebt

* BOKHARA: Its History and
Demy 8vo, Cloth, price 18c.

Conquest

Pesth.

B e n e d e n (Monsieur), Professor of the University
o f Louvain, Correspondent o f the Institute o f F r a n ce .
ANIMAL PARASITES AND MESSMATES. W it h 83 Hlu*trations. Second Edition. Cloth, price 5c.
Volume X I X . o f the International Scientific Series.

V

an

V

anessa.

By the Author of “ Thomasum,” etc.
Second Edition. Crown 8vo. Cloth.
V

of

S e c o n d Edition.

A N ov el.

2 vole.

(Rev. 0. J.), D . D .
WORDS OF HOPE FROM THE PULPIT OF TH E T E K P U
CHTJROH. Third Edition. Crown 8vo. Cloth, p rice 5*.

aughan

THE SOLIDITY OF TRUE RELIGION, and oth er Sermons
Preached in London during the Election and M ission Week,
February, 1874. Crown 8vo. Cloth, price 3c. 6d.
FORGET THINE OWN PEOPLE.
Crown 8vo. Cloth, price 3c. 6d.

A n A ppeal for Missions.

THE YOUNG LIFE EQUIPPING ITSELF FOR GOD’ S 6EBVICE. Being Four Sermons Preached before th e U niversity of
Cambridge, in November, 1872. Fourth Edition. C row n 8vo.
Cloth, price 3c. 6d.
V e b n o is

(Col. Y on V erdy du).

STUDIES IN LEADING TROOPS. Translated b y Lieutenant
H. J. S. Hildyard. Parts I. and II. Demy 8vo. C loth , prioe 7c.

Henry 8. King & Co., London*

Henry 8 . King é Cu.'« Publication».
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(Capt. C. E. II.), lato Royal Welsh Fnsiliers.

ELEMENTARY MILITARY GEOGRAPHY, RECONNOITRING,
AND SKETCHING. Oompiled for Non-Commissioned Officers
and Soldier« o f all Arms. Square crown 8vo. Cloth, price 2s. Gd.
RUSSIA'S ADVANCE EASTWARD. Based on the Official
Reports o f Lieutenant H ugo Stumm. Qermnn Military Attache
to the Khivan Expedition. W ith Map. Crown 8vo. Cloth,
price (k
V

• o r , Life in the Land of the Cartista at the
Outbreak o f the Insurrection, with some Aoconnt o f the Iron Mines
and other Characteristics o f the Country. W ith a Map and Eight
Hiaetrations. Crown 8vo. Cloth, price Os.

iz c a t a

Vogel

(Prof.), Polytechnic Academy of Berlin.

THE CHEMICAL EFFECTS OF LIGHT AND PHOTOGRAPHY,
in their application to Art, 8cienoe, and Industry. T he trans
lation thoroughly revised. W ith 100 Illustrations, including
some beautiful Specimens o f Photography. Third Edition.
Crown 8vo, Cloth, price 5s.
Volumo X V . o f the International Scientific Serie*.
V

olunteer

(The), t u e

M

il it ia m a n

,

and the

R

eoulab

Soldier.
B y a Public Schoolboy.
V

vner

Crown Svo.

Cloth, price 3s.

(Lady Mary).

EVERT DAT A PORTION. Adapted from the Bible and
the Prayer Book, for the Private Devotions o f those living in
Widowhood. Collected and Editeid b y Lady Mary Vyner. Square
orowo 8vo. Cloth extra, prioo 5s.
W

a it in g f o b

T id in g s .

By the Antbor o f “ White and Black."
Cloth.
W

abten bleben

S vola.

Crown 8vo.

(Count Hermann von), Colonol in

th e

Prussian General Staff.
THE OPERATIONS OF THE SOUTH ARMY IN JANUARY
AND FEBRUARY, 1171. Oompiled from the Official W ar Docu
menti o f the Head-quarters o f the Southern Army. Translsted
by Colonel C. H . von Wright. W ith M ips. Demy 8vo. Cloth,
prioe 0».
THE OPERATIONS OF THE FIRST ARMT UNDER GEN.
▼OB MANTEUFFSL. Translated by Colonel C. H . von Wright.
Uniform with the above. Demy 8vo. Cloth, price 9s.
H en ry 8 . King it Co., London.
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W ay (Arthur), M.A.,
THE ODES 0 7 HORACE LITERALLY TRANSLATED I I
METRE. Foap. 8vo. Cloth, price 2a.

W edmobe (Frederick).
TWO GIRLS.

2 vole.

Crown 8va

C kth.

W ells (Captain John C.), R.N.
8PITZBEBGEN—THE GATEWAY TO THE P O L Y N IA ; er, A
Voyage to Spitzbergen. W ith numerous Illustrations b y Whymper
and others, and Map. New and Cheaper E dition . D em y 8vo.
Cloth, price 6«.

W etmoee (W . S.).
COHXZEOIAL TELEGRAPHIC COSE.
prioe 42«.

P oet 4to.

Boards,

W hat ’ tis to L ove.
By the Author o f “ Flora Adair,” <l The V alue o f Fostertown.”
3 vols. Crown 8vo. Cloth.

W hitaker (Florence).
CHRISTY’ S IHHERITAHOE: A London Story.
Boyal 32mo. Cloth, prioe 1«. 6d.

Illustrated.

W hite (A. D.), L.L.D.
W AEPAEB 0 7 SOIBBCE. W ith Prefatory N ote b y Professor
Tyndall. Crown 8vo. Cloth, price 3«. 6<t.

W hite (Captain F. B. P.)
THE SUBSTANTIVE SENIORITY ARMY L IS T — MAJORS
AND CAPTAINS. 8vo. Sewed, price 2«. 6cT.

W hitney (W illiam Dwight), Professor o f

Sanskrit

and Comparative Philology in Yale College, N ew H a v en .
TEE LIFE AND GROWTH 0 7 LANGUAGE. S econ d Edition.
Crown 8 y o . Cloth, price 5«. Copyright Edition,
Volume X V I. o f the International Scientific Series.

W hittle (J. Lowry), A.M., Trin. Coll., Dublin.
CATHOLICISM AND THE VATICAN. W ith a N arrative o f the
Old Catholio Congress at Munich. Seoond Edition. C row n 8vo.
Cloth, prioe 4«. 6a.
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W lLBEBFO RC E (Henry W . )
THE CHURCH AND THE EMPIRES. . Historical Periods.
Preceded by a Memoir of the Author by John Henry Newman,
D.D., o f the Oratory. W ith Portrait. Post 8vo. Cloth, price

10s. 6d.

*

W ilkinson (T. Lean).
SHOUT LECTURES OH THE LAND LAW S. D elivered before
the W orking H en’s College. Crown 8vo. Lim p d oth , price 2s.

W illiams (A. Lukyn), Jesus College, Cambridge.
FAMINES IH IN D IA ; their Causes and Possible Prevention.
The Essay for the Le Bas Prize, 1875. Demy 8vo. Cloth, price 5s.

W illiams (Rev. Rowland), D.D.
LIFE AND LETTERS OF ROWLAND WILLIAMS, D.D., with
Extracts from his Note-books.
Edited by Mrs. Rowland
Williams. With a Photographio Portrait. 2 vols. Large post
8vo. Cloth, prioe 24s.
THE PSALMS, LITANIES, COUNSELS, AND COLLECTS FOR
DEVOUT PERSONS. Edited by his Widow. New and Popular
Edition. Crown 8vo. Cloth, price 3s. 6
W

(The Hon. Mrs.)

il l o u g h b y

OH THE HORTH WIND— THISTLEDOWN. A Volum e o f
Poems.
Elegantly bound.
Small crown 8 m
Cloth, price
7s. 6d.
W

il s o n

(H. Schütz).

8TUDISS AND ROMANCES.

W

il s o n

Crown 8vo.

C loth, price 7«. Cd.

(Iieutenant-Colonel C. Townshend).

* TAXES TH R SECOND AND THE DUKE OH BBEWIC K .
D em y 8vo. Cloth, price 12s. 6d.

W

in t k r b o t h a m

(B e v . B ,), M .A ., B ife ,

SERKOHS AND EXPOSITIONS. Crown 8vo. C loth, price 7». 6<i.
W

o in o v it s

(Captain Hlia).

AUSTRIAN CAVALRY EXERCISE. Translated bv* Cat)tain
W . S. Cooke. Crown 8vo. Cloth, price 7s.
F
W

ood

(C. F.)

A YACHTING CRUISE IH THE SOUTH SEAS. W ith S ix
P h otograph ic H lustrations. Demy 8vo. C loth, prioe 7s. 6d.

Henry 3. E itg â Co^ London.
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W a t (Arthur), M.A.,
THB ODES OF HORACE LITERALLY TR A N SLA T E D
METRE. F w p. Svo. Cloth, price 2s.

IE

W edmore (Frederick).
TWO OISLB.

2 vole.

Crown 8va

Cloth.

W ells (Captain John C .), B .N .
8FITZBERGBH— THE GATEWAY TO THE P O L Y N IA ; or, A
Yovage to Spitsbergen. W ith uumcmua Illu itratioos b y Whymper
ana other*, and Map. New and Cheaper E dition . D e m y Svo.
Cloth, prioo 6*.

VVetmore (W . S.).
COMMEBCIAL TZL20EAFHIC CODE.
prioo « 2*.

P ost «to.

Board*,

W hat ’tis to L ove .
By the Author o f 11Flora Adair,” ‘ ‘ The Value o f Foatertown.”
3 vots. Crown 8vo. Cloth.

W hitaker (Florence).
CHEISTY’ S INHERITANCE: A London Story.
Royal 32mo. Cloth, prioe U. tid.

W

h ite

Illustrated.

(A . D .), L .L.D ,

W ARFARE OF SCIENCE. With Prefatory N ote b y Profewor
T yndall Crowu 8vo. Cloth, prioo 3a. 6rf.

W hite (Captain F . B. P .)
THE SUBSTANTIVE SENIORITY ARMY
AND CAPTAINS. Sto. Sewed, prioo 2*. Gtf.

LIST— H i l f t » *

W hitney (W illiam D w ight), Professor o f

Sanskrit

and Comparative Philology in Yale College, Now Haven.
THE LIFE AND GSOWTH OF LANGUAGE. Secon d Edition.
Crown 6vo. Cloth, price St. Copyright Edition.
Volume X V I, o f the International Soieatißo Serie*.

W hittle (J. Low ry), A.M ., Trin. Coll., D ublin.
CATH0UCI8X AND THE VATICAN. With a Narrative o f the
Old Catholio Congress at Munich. Second Edition. C row n S to.
Cloth, price 4«. Grf.

Henry &, King & Co., London;
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WlLDEEFORCE (Henry W .)
THE CHURCH AND THE EMPIRES, Uiatorical P e r i l s .
Prem-ded by n Memoir o f tho Author by John Henry Newman,
U.D., o f tbo Oratory. With Portrait. Pont fivo. Cloth, price
10«. 0d ,

W ilkinson (T . Lean).
SHORT LECTURES 0 > THE LAND LAWK Delivered before
the Worklug Men’« College. Crown 8vo. Limp doth, price 2«.

W illiams (A . L n k yn ), Jesus C ollege, Cambridge.
FAMINES n r IN D IA ; tlielr Cauaee and P on ible Prevention.
T he Essay for the L c B m Prize, 1875. DewySvo. Cloth, prioo 5«.

W illiams (R ev. Rowland), D.D .
U T S AND LETTENS OF HOWLAND WILLIAMS, D.D., with
Extraote from hie Note-boo let.
Edited by M n . Rowland
Williame. With a Photograpbio Portrait. 2 vole. Large poet
Svo. Cloth, prioe 21«.
THE PSALMS. LITANIES, C0UNB1L8, AND COLLECTS FOB
DEVOUT PEBSONS. Edited by hie Widow. New aud Popular
Edition. Crown 8vo. Cloth, prico 3«. Cd..

W illoüohbt (T h e H on. Mrs.)
ON THE NORTH WIND-THISTLEDOWN. A Volume o f
Poems. Elegantly bound.
Small crown 8vo.
Cloth, price
7a Gd.

W ilson (H. Schatz).
STUDIES AND BOKANCEB.

Crown 8vo.

Cloth, prico 7«. Cd.

W ilson (Lieutenant-Colonel C . Townshend).
JAMBS THE SECOND AND THE DUKE OF BERWICK.
Demy 8vo. Cloth, prioe 12«. 6d.

WiNTEBDOTHAM (R ev . B .), M .A ., BJ3e.
SERMON!ANDEXPOSmONB. Crown8ro. C]oth,prtoe7«.6d.

W oinovits (Captain Hlia).
AUSTRIAN CAVALBT EXERCISE. Translated b y ; Captain
W, 8. Cooke. Crowu Svo. Cloth, prioe 7*.

W ood (C . F .)
A YACHTING CBUIIE IN THE SOUTH SEAS. W ith Six
Photographie Illustrations. Demy Svo. Cloth, prioe 7a öd.
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W right (R ev. D.), M.A.
HAN AND ANIMALS: A Sermon. . Crown 8vo.
wrapper, price 1#.

Stitched in

WAITING FOR THE LIGHT, AND OTHER SERMONS. Crown
Cloth, price 6«.

8yo.

W yld (R . S.), F .R .S.E .
THE PHYSICS A E S PHILOSOPHY 0 1 THE SEH8ES; or,
The Mental and the Physical in their Mutual Relation. Ill us*
trated by several Plates. Demy 8vo. Cloth, prioe 16s.

Y onge (0 . D.), R egius Professor, Queen’s College,
Belfast.
HISTORY OF THE ENGLISH REVOLUTION OF 1688.
8vo. Cloth, price 6s.

Crown

T o r r e (Stephen), Author o f “ Tales o f th e North
Riding.”
CLEVEDEN.

A Novel.

2 vols.

Crown 8vo.

Cloth.

Y oumans (Eliza A .)
AN ESSAY ON THE CULTURE OF THE OBSERVING
POWERS OF CHILDREN, especially in connection w ith tbe
Study o f Botany. Edited, with Notes and a Supplement, by
Joseph Payne, F.C.P., Author o f “ Lectures on the Science anil
A rt o f Education,” etc. Crown 8vo. Cloth, price 2s. Gd.
FIRST BOOK OF BOTANY. Designed to cultivate the Observ
ing Powers o f Children.
With 800 Engravings.
N ew ' and
Enlarged Edition. . Crown 8vo. Cloth, price 5s.

Y oumans (Edward L.), M.D.
A CLASS BOOH 0 7 CHHKI8TBY, on the Basis o f the new
System. W ith 200 Illustrations. Crown 8vo. Cloth, price 5s.

Z ihmebn (H elen).
8T0BIES IN PKKJIOUS STONES, W ith S ix Illustration*.
Third Edition. Crown 8vo. Cloth, prioe 5 s .
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