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PRETFTACE.

Tae Essays in the present volume have been selected
from my contributions to serial literature during the
past three or four years. Although I have for some
time been urged to publish such a volume, I think
I should not have ventured to do so but for the

kindness with which my ¢Other Worlds’ and ¢ The

Sun’ have been received, both by the press and the
public.

In preparing these Essays, my chief object has been
to present scientific truths in a light and readable
form—clearly and simply, but with an exact adherence
to the facts as I see them. I have followed—here and
always—the rule of trying to explain my meaning
precisely as I should wish others to explain, to my-
self, matters with which I was unfamiliar. Hence
I have avoided that excessive simplicity which some
seem to consider absolutely essential in scientific essays
intended for general perusal, but which is often even
more perplexing than a too technical style. The chief

rule I have followed, in order to make my descriptions
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clear, has been to endeavour to make each sentence
bear one meaning, and one only. Speaking as a
reader, and especially as a reader of scientific books, I
venture to express an earnest wish that this simple
rule were never infringed, even to meet the require-
ments of style.

It will hardly be necessary to mention that several
of the shorter Essays are rather intended to amuse
than to instruct.

The Essay on the influence which marriage has
been supposed to exert on the death-rate is the one
referred to by Mr. Darwin at page 176 (vol. 1.) of his
¢ Descent of Man.’

This and the other Essays from the ¢ Daily News’
are selected from a large number of articles which
I wrote in the years 1868-70. It was by my kind
friend Mr. Walker, formerly editor of the ¢ Daily
News,’ that I was first urged to collect my Essays into
a volume. I have to thank the proprietors and the
present editor of the ¢ Daily News,” and the proprietors
and editors of the other journals from which the pre-
sent series has been selected, for freely according me

permission to reprint these Essays.

Ricuarp A. PROCTOR.

Loxnox: May 1871.
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LIGHT SCIENCE
FOR LEISURE HOURS.

—— Ot

STRANGE DISCOVERIES RESPECTING
THE AURORA.

~

ONE of the most mysterious and beautiful of Nature’s

manifestations promises soon to disclose its secret. The
 brilliant streamers of coloured light which wave at
certain seasons over the heavens have long since been
recognised as among the most singular and impressive
of all the phenomena which the skies present to our
view. There is something surpassingly beautiful in
the appearance of the true ¢ auroral curtain.” Fringed
with coloured streamers, it waves to and fro as though
shaken by some unseen hand. Then from end to end
there pass a succession of undulations, the folds of
the curtain interwrapping and forming a series of
graceful curves. Suddenly, and as by magic, there
succeeds a perfect stillness, as though the unseen
power which had been displaying the varied beauties
of the auroral curtain were resting for a moment. But
even while the motion of the curtain is stilled we see

.
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its light mysteriously waxing and waning. Then as
we gaze, fresh waves of disturbance traverse the magie
canopy. Startling coruscations add splendour to the
scene, while the noble span of the auroral arch from
which the waving curtain seems to depend, gives a
grandeur to the spectacle which no words can ade-
quately describe. Gradually, however, the celestial
fires which have illuminated the gorgeous arch seem to
die out. The luminous zone breaks up. The scene
of the display becomes covered with scattered streaks
and patches of ashen grey light, which hang like
clouds over the northern heavens. Then these in
turn disappear, and nothing remains of the brilliant
spectacle but a dark smoke-like segment on the
horizon.

Such is the aurora as seen in arctic or antarctic
regions, where the phenomenon appears in its fullest
beauty. Even in our own latitudes, however, strik-
ingly beautiful auroral displays may sometimes be
witnessed. Yet those who have seen the spectacle
presented near the true home of the aurora, recognise
in other auroras a want of the fulness and splendour of
colour which form the most striking features of the
arctic and antarctic auroral curtains.

Hitherto the nature of the aurora has been a
mystery to men of science; nor, indeed, does the dis-
covery we are about to describe throw even now full
light on the character of the phenomenon. That dis-
covery, however, affords promise of a speedy solution
of the perplexing problems presented by auroral dis-

T N S WY




THE AURORA. 3

plays; and in itself, it is so full of interest and so
suggestive, that our physicists already recognise it as
one of the most important which have been made in
recent times.

A few brief words in explanation of the progress
which had been effected in the study of auroral phe-
nomena, will serve to render the interest and import-
ance of the discovery we have to, describe more
apparent.

Let it be premised, then, that physicists had long
since recognised in the aurora a phenomenon of more
than local, of more even than terrestrial, significance.
They had learned to associate it with relations which
affect the whole planetary scheme. Let us inquire
how this had come about.

So long as men merely studied the appearances pre-
sented by the aurora, so long in fact as they merely
regarded the phenomenon as alocal display, they could
form no adequate conception of its importance. The
circumstance which first revealed something of the true
character of the aurora was one which seemed to
promise little.

Arago was engaged in watching from day to day,
and from year to year, the vibrations of the magnetic
needle in the Paris Observatory. He traced the
slow progress of the needle to its extreme westerly
variation, and watched its course as it began to retrace
its way towards the true north. He discovered the
minute vibration which the needle makes each day
across its mean position. He noticed that this vibra-

B2
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tion is variable in extent; and so he was led to watch
it more closely. Thus he had occasion to observe
more attentively than had yet been done the sudden
irregularities which occasionally characterise the daily
movements of the needle.

All this seems to have nothing to do with the
auroral streamers; but we now reach the important
discovery which rewarded Arago’s patient watch-
fulness.

In January 1819, he published a statement to the
effect that the sudden changes of the magnetic needle
are often associated with the occurrence of an aurora.
I give the statement in his own words, as translated
by General Sabine:—¢ Auroras ought to be placed in
the first rank among the causes which sometimes dis-
turb the regular march of the diurnal changes of the
magnetic needle. These do not, even in summer,
exceed a quarter of a degree, but when an aurora
appears, the magnetic needle is often seen to move in
a few instants over several degrees.” ¢Dauring an
aurora,” he adds, ‘one often sees in the northern
region of the heavens luminous streamers of different
colours shoot from all, points of the horizon. The
point in the sky to which these streamers converge is
precisely the point to which a magnetised needle sus-
pended by its centre of gravity directs itself. . . .
It has, moreover, been shown that the concentric
circular segments, almost similar in form to the rain-
bow, which are usually seen previous to the appearance
of the luminous streamers, have their two extremities
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resting on two parts of the horizon which are equally
distant from the direction towards which the needle
turns; and the summit of each arc lies exactly in that
direction. From all this it appears, incontestably, that
there is an intimate connection between the causes of
auroras and those of terrestrial magnetism.

This strange hypothesis was, at first, much opposed
by scientific men. Amongst others the late Sir David
Brewster pointed out a variety of objections, some of
which appeared at first sight of great force. Thus,
he remarked that magnetic disturbances of the most
remarkable character have often been observed when
no aurora has been visible; and he noticed certain
peculiarities in the auroras observed mear the polar
regions, which did not seem to accord with Arago’s
view.

But gradually it was found that physicists had mis-
taken the character of the auroral display. It appeared
that the magnetic needle not only swayed responsively
to auroras observable in the immediate neighbourhood,
but to auroras in progress hundreds or even thousands
of miles away. Nay, as inquiry progressed, it was
discovered that the needles in our northern observa-
tories are swayed by influences associated even with
the occurrence of auroras around the southern polar
regions,

In fact, not only have the difficulties pointed out
(very properly, it need hardly be remarked) by Sir
David Brewster been wholly removed; but it has
been found that a much closer bond of sympathy
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exists between the magnetised needle and the auroral
streamers than even Arago had supposed. It is not
merely the case that while an auroral display is in
progress the needle is subject to unusual disturbance,
but the movements of the needle are actually synchro-
nous with the waving movements of the mysterious
streamers. An aurora may be in progress in the north
of Europe, or even in Asia or America, and as the
coloured banners wave to and fro, the tiny needle,
watched by patient observers at Greenwich or Paris,
will respond to every phase of the display.

And I may notice in passing that two very interest-
ing conclusions follow from this peculiarity. First,
every magnetic needle over the whole earth must be
simultaneously disturbed; and secondly, the auroral
streamers which wave across the skies of one country
must move synchronously with those which are visible
in the skies of another country, even though thousands
of miles may separate the two regions.

But I must pass on to consider further the circum-
stances which give interest and significance to the
strange discovery which is the subject of this paper.

Could we only associate auroras with terrestrial mag-
netism, we should still have done much to enhance the
interest which the beautiful phenomenon is calculated
to excite. But when once this association has been
established, others of even greater interest are brought
into recognition. For terrestrial magnetism has been
clearly shown to be influenced directly by the action
of the sun. The needle in its daily vibration follows

L
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the sun, not indeed through a complete revolution, but
as far as the influence of other forces will permit.
This has been abundantly confirmed, and is a fact of
extreme importance in the theory of terrestrial magne-
tism. Wherever the sun may be, either on the visible
heavens or on that half of the celestial sphere which is
at the moment beneath the horizon, the end of the
needle nearest to the sun makes an effort (so to speak)
to point more directly towards the great ruling centre
of the planetary scheme. Seeing, then, that the daily
vibration of the needle is thus caused, we recognise the
fact that the disturbances of the daily vibration may
be referred to some peculiarity of the solar action.

It was not, therefore, so surprising as many have
supposed, that the increase and diminution of these
disturbances, in a period of about eleven years, should
be found to correspond with the increase and diminu-
tion of the number of solar spots in a period of equal
length.

We already begin to see, then, that auroras are
assoclated in some mysterious way with the action of
the solar rays. The phenomenon which had been looked
on for so many ages as a mere spectacle, caused perhaps
by some process in the upper regions of the air, of a
simply local character, has been brought into the range
of planetary phenomena. As surely as the brilliant
planets which deck the nocturnal skies are illuminated
by the same orb which gives us our days and seasons,
so are they subject to the same mysterious influence
which causes the northern banners to wave resplend-



8 LIGHT SCIENCE FOR LEISURE HOURS.

ently over the star-lit depths of heaven. Nay, it is
even probable that every flicker and coruscation of
our auroral displays corresponds with similar manifest-
ations upon every planet which travels round the sun,
It becomes, then, a question of exceeding interest to
inquire what is the nature of the mysterious appari-
tion which from time to time illuminates our skies,
We have learnt something of the laws according to
which the aurora appears; but what isits true nature !
‘What sort of light is that which illuminates the
heavens? Is there some process of combustion going
on in the upper regions of our atmosphere? Or are
the auroral streamers electric or phosphorescent? Or,
lastly, is the light simply solar light reflected from
some substance which exists at an enormous elevation
above the earth?

All these views have from time to time found sup-
porters among scientific men. It need hardly be said
that what we now know of the association between auro-
ral action and some form of solar disturbance, would at
once enable us to reject some of these hypotheses.
But we need not discuss the subject from this point of
view; because a mode of research has recently been
rendered available which at once answers our inquiries
as to the general character of any kind of light. I
proceed to consider the application of this method to
the light from the auroral streamers.

The spectroscope, or, as we may term the instru-
ment, the ¢light-sifter,” tells us of what nature an
object which is a source of light may be. If the object
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is a luminous solid or liquid, the instrmuent converts
its light into a rainbow-coloured streak. If the object
is a luminous vapour, its light is converted into a few
bright lines. And, lastly, if the object is a luminous
solid or liquid shining through any vapours, the rain-
bow-coloured streak again makes its appearance, but
it is now crossed by dark lines, corresponding to the
vapours which surround the object and absorb a por-
tion of its light.

But I must not omit to notice two circumstances
which render the interpretation of a spectrum some-
what less simple than it would otherwise be.

In the first place, if an object is shining by reflected
light its spectrum is precisely similar to that of the
object whose light illuminates it. Thus we cannot
pronounce positively as to the nature of an object
merely from the appearance of its spectrum, unless we
are quite certain that the object is self-luminous. For
example, we observe the solar spectrum to be a rain-
bow-coloured streak crossed by a multitude of dark
lines, and we conclude accordingly that the sun is an
incandescent globe shining through a complex vaporous
atmosphere. 'We feel no doubt on this point, because
we are absolutely certain that the sun is self-luminous.
Again, we observe the spectrum of the moon to be
exactly similar to the solar spectrum, only, of course,
much less brilliant. And here also we feel no doubt
in interpreting the result. We know, certainly, that
the moon is not self-luminous, and therefore we con-
clude with the utmost certainty that the light we
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receive from her is simply reflected solar light. So far
all is clear. But now take the case of an object like
a comet, which may or may not be self-luminous. If
we find that a comet’s spectrum resembles the sun’s—
and this is not altogether a hypothetical case, for a
portion of the light of every comet yet examined does
in reality give a rainbow-coloured streak resembling
the solar spectrum—we cannot form, in that case, any
such positive conclusion. The comet may be a self-
luminous body, but, on the other hand, its light may
be due merely to the reflection of the solar beams.
Accordingly, we find that our spectroscopists always
accompany the record of such an observation with an
expression of doubt as to the real nature of the object
which is the source of light.

Secondly, when an electric spark flashes through any
vapour, its light gives a spectrum which indicates the
nature, not only of the vapour through which the spark
has passed, but of the substances between which the
spark has travelled. Thus,if we cause an electrie flash
to pass between iron points through common air, we
see in the spectrum the numerous bright lines which
form the spectrum of iron, and in addition we see the
bright lines belonging to the gases which form our
atmosphere.

Both the considerations above discussed are of the
utmost importance in studying the subject of the auroral
light as analysed by the spectroscope, because there are
many difficulties in forming a general opinion as to the
nature of the auroral light, while there are circum-
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stances which would lead us to anticipate that the light
is electric. 3

‘We notice also in passing that we owe to the German
physicist Angstrém a large share of the researches on
which the above results respecting the spectrum of the
electric spark are founded. The reader will presently
see why we have brought Angstrém’s name prominently
forward in connection with the interesting branch of
spectroscopic analysis just referred to. If the discovery
we are approaching had been effected by a tyro in the
use of the spectroscope, doubts might very reasonably
have been entertained respecting the exactness of the
observations on which the discovery rests.

It was suggested many years ago, long indeed before
the true powers of spectroscopic analysis had been
revealed, that perhaps if the light of the aurora were
analysed by the prism, evidence could be obtained of
its electric nature. The eminent meteorologist Dové
remarked, for instance, that ¢ the peculiarities presented
by the electric light are so marked that it appears easy
to decide definitely by prismatic analysis, whether the
light of the aurora is or is not electric.” Singularly
enough, however, the first proof that the auroral light
is of an electric nature was derived from a very different
mode of inquiry. Dr. Robinson, of Armagh, discovered
in 1858 (a year before Kirchhoff’s recognition of the
powers of spectroscopic analysis) that the light of the
aurora possesses in a peculiar degree a property termed
fluorescence, which is a recognised and characteristic
property of the light produced by electrical discharges.
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¢ These effects, he remarks of the appearances pre-
sented by the auroral light under the tests he applied,
¢ were so strong in relation to the actual intensity of the
light, that they appear to afford an additional evidence
of the electric origin of the phenomenon.’

Passing over this ingenious application of one of the
most singular and interesting properties of light, we
find that the earliest determination of the real nature
of the auroral light—or rather of its spectrum—was
that effected by Angstrom. This observer took advan-
tage of the occurrence of a brilliant aurora in the winter
of 1867-68 to analyse the spectrum of the coloured
streamers. A4 single bright line only was seen! Otto
Struve, an eminent Russian astronomer, shortly after-
wards made confirmatory observations. At the meeting
of the Royal Astronomical Society in June 1868, Mr.
Huggins, F.R.S., thus described Struve’s results: ¢In
a letter, M. Otto Struve has informed me that he has
had two good opportunities of observing the spectrum
of the aurora borealis. The spectrum consists of one
line and the light is therefore monochromatic. The
line falls near the margin of the yellow and green por-
tions of the spectrum. .. .. This shows that the
monochromatic light is greenish, which surprised me;
but General Sabine tells me that in his polar expedi-
tions he has frequently seen the aurora tinged with
green, and this appearance corresponds with the position
of the line seen by M. Struve.’

The general import of this observation there is no
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mistaking. It teaches us that the light of the aurora
is due to luminous vapeur, and we may conclude, with
every appearance of probability, that the luminosity of
the vapour is due to the passage of electric discharges
through it. It is, however, possible that the position
of the bright line may be due to the character of the
particles between which the discharge takes place.
But the view we are to take must depend upon the
position of the line. Here a difficulty presents itself.
There is no known terrestrial element whose spectrum
has a bright line precisely in the position of the line in
the auroral spectrum. And mere proximity has no
significance whatever in spectroscopic analysis. Two
elements differing as much from each other in character
as iron and hydrogen may have lines so closely approxi-
mating in position that only the most powerful spectro-
scope can indicate the difference. So that when
Angstrom remarks that the bright line he has seen lies
slightly to the left of a well-known group of lines be-
longing to the metal calcium (the principal ingredient
of common chalk), we are by no means to infer that he
supposes the substance which causes the presence of the
bright line has any resemblance to that element. Until
we can find an element which has a bright line in its
spectrum absolutely coincident with the bright line de-
tected by Angstrom in the spectium of the aurora,* all
speculation as to the real nature of the vapour in which

* Other green lines have since been discovered in the auroral
spectrum ; and occasionally a red line is seen.
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the auroral electric discharge takes place, or of the
substance between which the spark travels, is altogether
precluded.

But interesting as the discovery undoubtedly is, we
have now to deal with one of a yet more interesting
character.

Most of my readers have doubtless heard of the
zodiacal light, and many of them have perhaps seen
that mysterious radiance, pointing obliquely upwards
from the western horizon soon after sunset in the spring
months, or in autumn shortly before sunrise, above the
eastern horizon. The light, as its name indeed implies,
lies upon that region of the heavens along which the
planets travel. Accordingly, astronomers have associ-
ated it with the planetary orbits, and have come to
look on it as formed by the light reflected from a multi-
tude of minute bodies travelling around the sun within
the orbit of our earth.

Yet it had long been recognised that there are diffi-
culties in the way of this theory. Passing over those
which depend on the position of the zodiacal light upon
the heavens, there are difficulties connected with the
appearance of the object. For example, its light has
often been observed to flicker or coruscate in a manner
which it seemed difficult to ascribe to the motions of
our own atmosphere. Then again there have been
seasons when the zodiacal light has shone with unusual
intensity for months together, and- there is nothing in
the received theory which can account for such a pecu-
liarity,  Lastly, there is the strange circumstance
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. recorded by Baron Humboldt that the zodiacal light is
. often invisible when night first sets in, and then sud-

denly appears with full splendour; a phenomenon
which is utterly inexplicable if the received theory be
accepted. The whole account of the phenomenon, as
given by Baron Humboldt, is so interesting, and for
my present purpose so significant, that I give it at full
length:

‘In the tropical climate of South America,” he re-
marks, ¢ the variable strength of the light of the zodiacal
gleam struck me at times with utter amazement. As
I there passed the beautiful nights, in the open air, on
the banks of rivers, and in the grassy plains for several
months together, I had opportunities of observing the
phenomenon with attention. When the zodiacal light
was at its very brightest, it sometimes happened that
but a few minutes afterwards it became notably weak-
ened, and then it suddenly gleamed up again with its
former brilliancy. In particular instances, I believed
that I remarked—not anything of a ruddy tinge, or an
interior arched obscuration, or an emission of sparks,
such as Mairan describes, but—a kind of unsteadiness
and flickering of the light.”

Despite these and similar observations, very little
doubt had been felt by astronomers that the zodiacal
light really indicates the presence of minute bodies
travelling in more or less eccentric paths round the sun.
And it was confidently expected that whenever a spec-
troscope of sufficient delicacy to analyse the faint light
of the zodiacal gleam was applied to that purpose, the
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resulting spectrum would be merely a very faint repro-
duction of the solar spectrum.

Recently, however, the zodiacal light has been ana-
lysed by Angstrom, with a result altogether unexpected,
and at present almost unintelligible. Its spectrum
exhibits a bright line, and this bright line is the same
that is seen in the spectrum of the aurora borealis!

How are we to understand this most surprising
result? Remembering that the aurora is undoubtedly
a terrestrial light, whencesoever it derives its luminosity
—in other words, that the electric discharges, however
excited, really take place in the upper regions of our
own atmosphere, while as certainly the zodiacal light is
an extra-terrestrial phenomenon—the observed pheno-
menon becomes one of the most perplexing discoveries
ever made by man. That it will before long be inter-
preted we have no doubt whatever; nor do we doubt
that the interpretation will involve the explanation of
a whole series of phenomena which have lately per-
plexed astronomers. Recalling the association between
auroras and terrestrial magnetism, and that between
terrestrial magnetism and the solar spots, and remem-
bering further that our physicists have recently de-
tected well-marked signs that the planets in their
courses influence the sun’s atmosphere and generate his
spots in some manner as yet unexplained, we see that
the one fact wanting to explain Angstrém’s discovery
is undoubtedly not an isolated fact, but must be asso-
ciated in the most intimate manner with a variety of
important cosmical relations. To speculate as to the
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. nature of the as yet undiscovered interpretation of
Angstrom’s researches would at present be an idle task,
perhaps. But one feature of the solar scheme with
which we cannot doubt that it will be found to be
associated, must be mentioned before we econclude.

Of all the phenomena presented to the contempla-
tion of astronomers, the tails of comets are undoubtedly
the most perplexing. Their rapid formation, their
swift motions (if indeed we could believe that their
changes of position are due to a real transmission of
their material substance), and the enormous variety of
configuration and of structure which they present to
our contemplation, render them not merely amazing,
but altogether unintelligible.

Now there is one feature of comets’ tails which has
long since attracted attention, and will remind the
reader of the peculiarities common to the zodiacal and
the auroral light. We refer to the sudden changes
of brilliancy, the flickerings or coruscations, and the
instantaneous lengthening and shortening of these
mysterious appendages. Olbers spoke of ¢explosions
and pulsations which in a few seconds went trembling
through the whole length of a comet’s tail, with the
effect now of lengthening, now of abridging it by several
degrees.” And the eminent mathematician Euler was
led by the observation of similar appearances to put
forward the theory ¢ that there is a great affinity between
these tails, the zodiacal light, and the aurora borealis.
The late Admiral Smyth, commenting on this opinion
of Euler’s, remarks that ¢ most reasoners seem now to

C
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consider comets’ tails as consisting of electric matter ;’
adding that ¢ this would account for the undulations
and other appearances which have been noticed, as,
for instance, that extraordinary one seen by M. Chladni
in the comet of 1811, when certain undulatory ebulli-
tions rushed from the nucleus to the end of the tail, a
distance of more than ten millions of miles, in two or
three seconds of time.” To this we may add the some-
what bizarre theory suggested by Sir John Herschel,
that the matter forming the zodiacal light is ¢loaded,
perhaps, with the actual materials of the tails of millions
of comets, which have been stripped of these append-
ages in the course of successive passages round the
immediate neighbourhood of the sun.’

Now hitherto no comet with a sufficiently brilliant
tail for spectroscopic analysis has appeared since
Kirchhoff’s invention of that mode of research. Al-
ready our physicists had been looking forward anxiously
for the appearance of such a comet as Donati’s or
Halley’s. But Angstrdm’s recent discovery, and the
evidence which seems to associate the tails of comets
with the auroral and zodiacal lights, renders our spec-
troscopists doubly anxious to submit a comet’s tail to
spectroscopic analysis. It is far from being unlikely
that three long-vexed questions—the nature of the
aurora, that of the zodiacal light, and that of comets’
tails—will receive their solution simultaneously.

I had scarcely completed the above pages when news
was brought from America that the spectrum of the
sun’s corona, as seen during the recent total solar
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eclipse, exhibited the same bright lines as the aurora.
The fact that auroral Zines are mentioned will at once
be noticed; but it is to be remarked that the two faint
lines which have been lately seen in the auroral spec-
trum correspond to but a very small portion of the
light we receive from the northern streamers. In the
spectrum of the corona the same three lines appear,
but their relative brightness is different. The brightest
line of the auroral spectrum is faint in the spectrum of
the corona, while the latter exhibits a bright line where
the former has a faint one.

News has also been received that a comparison of
the photographs of the eclipse proves the corona, or
at any rate its brightest part, to belong to the sun.

Lastly, it has been found that the peculiar phospho-
rescent light sometimes visible all over the sky at night
gives the same spectrum (very faint, of course) as the
aurora and the zodiacal light.

It is impossible not to recognise the fact that these
discoveries point to relations of the utmost importance.
The teachings of the spectroscope are too certain to be
mistaken. When it shows us such and such lines
bright or dark, we may conclude, without fear of being
misled, that such and such substances are emitting or
absorbing light. 'What we learn certainly, therefore,
from the facts above stated, is this, that substances of
the same sort emit the light of the aurora, of the zodia-
cal gleam, of the sun’s corona, and of the phosphor-
escence which illuminates at times the nocturnal skies.
‘We may conclude, but not so certainly, that the

c2
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manner in which the light is emitted is also the same
in each case. We know certainly that the auroral
light is excited by the solar action. We know cer-
tainly that it is associated with the earth’s magnetism.
The opinion, then, which we should form of the source
to which the other lights are due is tolerably obvious.
So long as electricity was merely used as a convenient
way of accounting for any perplexing phenomenon, it
was impossible to accept explanations of cosmical pecu-
liarities as due to electrical action. But when once we
have reason—as in the case of the aurora we undoubt-
edly have—to associate electricity with any particular
form of luminosity, we seem clearly justified in extend-
ing the explanation to the same form of luminosity
wherever it may appear.

I believe that the key to the whole series of pheno-
mena dealt with above lies in the existence of myriads
of meteoric bodies travelling separately or in systems
around the sun. They are consumed in thousands
daily by our own atmosphere; they probably pour in
countless millions upon the solar atmosphere; and
from what we know of their numbers in our own neigh-
bourhood, and of the probability of their being infi-
nitely more numerous in the neighbourhood of the sun,
we have excellent reasons for believing that to them
principally is due the appearance of the zodiacal light
and the solar corona.

(From Fraser’s Magazine, February 1870.)




21

THE EARTH A MAGNET.

THERE is a very prevalent but erroneous opinion that
the magnetic needle points to the north. 'We remember
well how we discovered in our boyhood that the needle
does not point to the north, for the discovery was im-
pressed upon us in a very unpleasant manner. We
had purchased a pocket-compass, and were very anxious
—not, indeed, to test the instrument, since we placed
implicit reliance upon its indications—but to make use
of it as a guide across unknown regions. Not many
miles from where we lived lay Cobham Wood, no very
extensive forest certainly, but large enough to lose
oneself in. Thither, accordingly, we proceeded with
three schoolfellows. When we had lost ourselves, we
gleefully called the compass into action, and made from
the wood in a direction which we supposed would lead
us home. We travelled on with full confidence in our
pocket guide; at each turning we consulted it in an
artistic manner, carefully poising it and waiting till its
vibrations ceased. But when we had travelled some
two or three miles without seeing any house or road
that we recognised, matters assumed a less cheerful
aspect. We were unwilling to compromise our dignity
as ¢ explorers’ by asking the way—a proceeding which
no precedent in the history of our favourite travellers
allowed us to think of. But evening came on, and with it
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a summer thunder-storm. We were getting thoroughly
tired out, and the kec olim meminisse juvabit with which
we had been comforting ourselves began to lose its
force. When at length we yielded, we learned that
we had gone many miles out of our road, and we did
not reach home till several hours after dark. How it
fared with our schoolfellows we know not, but a result
overtook ourselves personally, for which there is no
precedent, so far as we are aware, in the records of
exploring expeditions. Also the offending compass
was confiscated by justly indignant parents, so that for
a long while the cause of our troubles was a mystery
to us. We now know that instead of pointing due
north, the compass pointed more than 20° towards the
west, or nearly to the quarter called by sailors north-
north-west. No wonder, therefore, that we went astray
when we followed a guide so untrustworthy.

The peculiarity that the magnet needle does not, in
general, ‘point to the north, is the first of a series of
peculiarities which we now propose briefly to deseribe.
The irregularity is called by sailors the needle’s varia-
tion, but the term more commonly used by scientific
men is the declination of the needle. It was probably
discovered a long time ago, for 800 years before our
era the Chinese applied the magnet’s directive force to
guide them in journeying over the great Asiatic plains;
and they must soon have detected so marked a peculi-
arity. Instead of a ship’s compass, they made use of a
magnetic car, on the front of which a floating needle car-
ried a small figure, whose outstretched arm pointed south-
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wards. 'We have no record, however, of their discovery
of the declination, and know only that they were
acquainted with it in the twelfth century. The de-
clination was discovered, independently, by European
observers in the thirteenth century.

As we travel from place to place, the declination of
the needle is found to vary. Christopher Columbus
was the first to detect this. He discovered it on the
13th of September, 1492, during his first voyage, and
when he was six hundred miles from Ferro, the most
westerly of the Canary Islands. He found that the
declination, which was towards the east in Europe,
passed to the west, and increased continually as he
travelled westwards.

But here we see the first trace of a yet more singular
peculiarity. We have said that at present the declina-
tion is towards the west in Europe. In Columbus’s time
it was towards the east. Thus welearn that the decli-
nation varies with the progress of time, as well as with
change of place.

The genius of modern science is a weighing and a
measuring one. Men are not satisfied now-a-days with
knowing that a peculiarity exists; they seek to deter-
mine its extent, how far it is variable—whether from
time to time or from place to place, and so on. Now
the results of such inquiries applied to the magnetic
declination have proved exceedingly interesting.

We find, first, that the world may be divided into
two unequal portions, over one of which the needle has
a westerly, and over the other an easterly, declination,
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Along the boundary line, of course, the needle points
due north. England is situated in the regio® of
westerly magnets. This region includes all Europe,
except the north-eastern parts of Russia; Turkey,
Arabia, and the whole of Africa; the greater part of
the Indian Ocean, and the western parts of Australia;
nearly the whole of the Atlantic Ocean; Greenland,
the eastern parts of Canada, and a small slice from the
north-eastern part of Brazil. All these form one
region of westerly declination; but singularly enough,
there lies in the very heart of the remaining and larger
region of easterly magnets an oval space of a contrary
character. This space includes the Japanese Islands,
Manchouria, and the eastern parts of China. It is
very noteworthy also, that in the westerly region the
declination is much greater than in the easterly. Over
the whole of Asia, for instance, the needle points almost
due north. On the contrary, in the north of Green-
land and of Baffin’s Bay, the magnetic needle points
due west; while. still further to the north (a little
westerly), we find the needle pointing with its north
end directly towards the south.

In the presence of these peculiarities, it would be
pleasant to speculate. 'We might imagine the existence
of powerfully magnetic veins in the earth’s solid mass, co-
ercing the magnetic needle from a full obedience to the
true polar summons. Or the comparative effectsof oceans
and of continents might be called into play. But unfor-.
tunately forall this, we have to reconcile views founded
on fized relations presented by the earth with the pro-
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cess of change indicated above. Let us consider the
declination in England alone.

" In the fifteenth century there was an easterly decli-
nation. This gradually diminished, so that in about
the year 1657 the needle pointed due north. After
this the needle pointed towards the west, and con-
tinually more and more, so that scientific men, having
had experience only of a continual shifting of the
needle in one direction, began to form the opinion that
this change would continue, so that the needle would
pass, through north-west and west, to the south. In
fact, it was imagined that the motion of the needle
would resemble that of the hands of a watch, only in
a reversed direction. But before long observant men
detected a gradual diminution in the needle’s westerly
motion. Arago, the distinguished French astronomer
and physicist, was the first (we believe) to point out
that ¢the progressive movement of the magnetic needle
towards the west appeared to have become continually
slower of late years’ (he wrote in 1814), € which seemed
to indicate that after some little time longer it might
become retrograde.” Three years later, namely, on the
10th of February, 1817, Arago asserted definitively
that the retrograde movement of the magnetic needle
had commenced to be perceptible. Colonel Beaufoy
at first oppugned Arago’s conclusion, for he found from
observations made in London, during the years 1817-
1819, that the westerly motion still continued. But
he had omitted to take notice of one very simple fact,
viz. that London and Paris are two different places. A
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few years later the retrograde motion became percep-
tible at London also, and it has now been established
by the observations of forty years. It appears, from a
careful comparison of Beaufoy’s observations, that the
needle reached the limit of its western digression (at
Greenwich) in March 1819, at which time the declina-
tion was very nearly 25°. In Paris, on the contrary,
the needle had reached its greatest western digression
(about 221°) in 1814. It is rather singular that
although at Paris the retrograde motion thus presented
itself five years earlier than in London, the needle
pointed due north at Paris six years later than in
London, viz. in 1663. Perhaps the greater amplitude
of the needle’s London digression may explain this
peculiarity.

‘It was already sufficiently difficult,’ says Arago,
¢ to imagine what could be the kind of change in the
constitution of the globe which could act during one
hundred and fifty-three years in gradually transferring
the direction of the magnetic needle from due north to
23° west of north. We see that it is now necessary to
explain, moreover, how it has happened that this
gradual change has ceased, and has given place to a
return towards the preceding state of the globe.’
¢ How is it,” he pertinently asks,  that the directive
action of the globe, which clearly must result from the
action of molecules of which the globe is composed, can
be thus variable, while the number, position, and tem-
perature of these molecules, and, as far as we know, all
their other physical properties, remain constant ?’
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But we have considered only a single region of the
earth’s surface. Arago’s opinion will seem still more
just when we examine the change which has taken
place in what we may term the ¢ magnetic aspect’ of
the whole globe. The line which separates the region
of westerly magnets from the region of easterly
magnets now runs, as we have said, across Canada and
eastern Brazil in one hemisphere, and across Russia,
Asiatic Turkey, the Indian Ocean, and West Australia
in the other ; besides having an outlying oval to the
east of the Asiatic continent. Now these lines have
swept round a part of the globe’s circuit in a most
singular manner since 1600. They have varied alike
in direction and complexity. The Siberian oval, now
distinet, was in.1787 merely a loop of the eastern line
of no declination. The oval appears now to be continu-
ally diminishing, and will one day probably disappear.

We find here presented to us a phenomenon as
mysterious, as astonishing, and as worthy of careful
study as any embraced in the wide domains of science.
But other peculiarities await our notice.

If a magnetic needle of suitable length be carefully
poised on a fine point, or, better, be suspended from a
silk thread without torsion, it will be found to exhibit
each day two small but clearly perceptible oscillations.
M. Arago, from a careful series of observations, deduced
the following results :—

At about eleven at night, the north end of the needle
begins to move from west to east, and having reached
its greatest easterly excursion at about a quarter-past
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eight in the morning, returns towards the west to attain
its greatest westerly excursion at a quarter-past one.
It then moves again to the east, and having reached its
greatest easterly excursion at half-past eight in the
evening, returns to the west, and attains its greatest
westerly excursion at eleven, as at starting.

Of course, these excursions take place on either side
of the mean position of the needle, and as the excursions
are small, never exceeding the fifth part of a degree,
while the mean position of the needle lies some 20° to
the west of north, it is clear that the excursions are
only nominally eastern and western, the needle point-
ing, throughout, far to the west.

Now if we remember that the north end of the needle
is that farthest from the sun, it will be easy to trace in
M. Arago’s results a sort of effort on the part of the
needle to turn towards the sun—not merely when that
luminary is above the horizon, but during his nocturnal
path also.

We are prepared, therefore, to expect that a varia-
tion, having an annual period, shall appear, on a close
observation of our suspended needle. Such a variation
has been long since recognised. 1t isfound that in the
summer of both hemispheres, the daily variation is
exaggerated, while in winter it is diminished.

But besides the divergence of a magnetised needle
from the north pole, there is a divergence from the
horizontal position which must now claim our atten-
tion. If a non-magnetic needle be carefully suspended
s0 as to rest horizontally, and be then magnetised, it
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will be found no longer to preserve that position. The
northern end dips very sensibly. This happens in our
hemisphere. In the southern, it is the southern end
which dips. It is clear, therefore, that if we travel
from one hemisphere to the other we must find the
northern dip of the needle gradually diminishing, till at
some point near the equator the needle is horizontal ;
and as we pass thence to southern regions, a gradually
increasing southern inclination is presented. This has
been found to be the case, and the position of the line
along which there is no inclination (called the magnetic
equator) has been traced around the globe. It is not
coincident with the earth’s equator, but crosses that
circle at an angle of twelve degrees, passing from north
to south of the equator in long. 3° west of Greenwich,
and from south to north in long. 187° east of Green-
wich. The form of the line is not exactly that of a
great circle, but presents here and there (and especially
where it crosses the Atlantic) perceptible excursions
from such a figure.

At two points on the earth’s globe the needle will
rest in a vertical position. These are the magnetic
poles of the earth. The northern magnetic pole was
reached by Sir J. G. Ross, and lies in 70° N. lat., and
263° E. long., that is, to the north of the American
continent, and not very far from Boothia Gulf. One
of the objects with which Ross set out on his celebrated
expedition to the Antarctic Seas was the discovery, if
possible, of the southern magnetic pole. In this he
was not successful. Twice he was in hopes of attaining
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his object, but each time he was stopped by a barrier
of land. He approached so near, however, to the pole,
that the needle was inclined at an angle of nearly
ninety degrees to the horizon, and he was able to
assign to the southern pole a position in 75° S. lat.,
154° E. long. It is not probable, we should imagine,
that either pole is fixed, since we shall now see that
the inclination, like the declination of the magnetic
needle, is variable from time to time, as well as from
place to place; and in particular, the magnetic equator
is apparently subjected to a slow but uniform process
of change.

Arago tells us that the inclination of the needle at
Paris has been observed to diminish year by year since
1671. At that time the inclination was no less than
75°; in other words, the needle was inclined only 15°
to the vertical. In 1791 the inclination was less than
71°. In 1831 it was less than 68°. In like manner,
the inclination at Loondon has been observed to diminish,
from 72° in 1786 to 70° in 1804, and thence to 68° at
the present time.

It might be anticipated from such changes as these
that the magnetic equator would be found to be
changing in position. Nay, we can even guess in which ,
way it must be changing. For, since the inclination is
diminishing at London and Paris, the magnetic equator
must be approaching these places, and this (in the
present position of the curve) can only happen by a
gradual shifting of the magnetic equator from east to
west along the true equator. This motion has been
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found to be really taking place. It is supposed that
the movement is accompanied by a change of form;
but more observations are necessary to establish this
interesting point.

Can it be doubted that while these changes are
taking place, the magnetic poles also are slowly shifting
round the true pole? Must not the northern pole, for
instance, be further from Paris now that the needle is
inclined more than 23° from the vertical, than in 1671,
when the inclination was only 15°. It appears obvious
that this must be so, and we deduce the interesting
conclusion that each of the magnetic poles is rotating
around the earth’s axis.

But there is another peculiarity of the needle which
is as mnoteworthy as any of those we have spoken
about. 'We refer to the intensity of the magnetic
action — the energy with which the needle seeks
its position of rest. This is not only variable from
place to place, but from time to time, and is further
subject to sudden changes of a very singular character.

It might be expected that where the dip is greater,
the directive energy of the magnet would be propor-
tionately great. And this is found to be approximately
the case. Accordingly, the magnetic equator is very
nearly coincident with the ¢ equator of least intensity,’
but not exactly. As we approach the magnetic poles
we find a more considerable divergence, so that instead
of there being a northern pole of greatest intensity
nearly coincident with the northern magnetic pole,
which we have seen lies to the north of the American
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continent, there are #wo northern poles, one in
Siberia nearly at the point where the river Lena
crosses the Arctic circle, the other not so far to the
north—only a few degrees north, in fact, of Lake
Superior. In the south, in like manner, there are
also two poles, one on the Antarctic circle, about 130°
E. long., in Adelie Island, the other not yet precisely
determined, but supposed to lie on about the 240th
degree of longitude, and south of the Antarctic circle.
Singularly enough, there is a line of lower intensity
running right round the earth along the valleys of the
two great oceans, ‘passing through Behring’s® Straits
and bisecting the Pacific, on one side of the globe, and
passing out of the Arctic Sea by Spitzbergen and
down the Atlantic, on the other.’

Colonel Sabine discovered that the intensity of the
magnetic action varies during the course of the year.
It is greatest in December and January in both hemi-
spheres. If the intensity had been greatest in winter,
one would have been disposed to have assigned sea-
sonal variation of temperature as the cause of the
change. But as the epoch is the same for both hemi-
spheres, we must seek another cause. Is there any as-
tronomical element which seems to correspond with the
law discovered by Sabine? There is one very impor-
tant element. The position of the perihelion of the
earth’s orbit is such that the earth is nearest to the sun
on about the 31st of December or the 1st of January.
There seems nothing rashly speculative, then, in con-
cluding that the sun exercises a magnetic influence on



THE EARTH A MAGNET. 33

'
the earth, varying according to the distance of the
earth from the sun. Nay, Sabine’s results seem to
point very distinctly to the law of variation. For, al-
though the number of observations is not as yet very
great and the extreme delicacy of the variation renders
the determination of its amount very difficult, enough
has been done to show that in all probability the sun’s
influence varies according to the same law as gravity
—that is, inversely as the square of the distance.

That the sun, the source of light and heat, and the
great gravitating centre of the solar system, should
exercise a magnetic influence upon the earth, and that
this influence should vary according to the same law as
gravity, or as the distribution of light and heat, will
not appear perhaps very. surprising. But the dis-
covery by Sabine that the moon exercises a distinctly
traceable effect upon the magneti¢ needle seems to us
a very remarkable one. 'We receive very little light
from the moon, much less (in comparison with the
sun’s light) than most persons would suppose, and we
get absolutely no perceptible heat from her. There-
fore it would seem rather to the influence of mass and
proximity that the magnetic disturbances caused by the
moon must be ascribed. But if the moon exercises
an influence in this way, why should not the planets?
‘We shall see that there is evidence of some such in-
fluence being exerted by these bodies.

More mysterious, if possible, than any of the facts
we have discussed is the phenomenon of magnetic
storms. 'The needle has been exhibiting for several

D
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weeks the most perfect uniformity of oscillation. Day
after day, the careful microscopic observation of the
needle’s progress has revealed a steady swaying to
and fro, such as may be seen in the masts of a stately
ship at anchor on the scarce-heaving breast of ocean.
Suddenly a change is noted ; irregular jerking move-
ments are perceptible, totally distinct from the regular
periodic oscillations. A magnetic storm is in progress.
But where is the centre of disturbance, and what are
the limits of the storm? The answer is remarkable.
If the jerking movements observed in places spread
over very large regions of the earth—and in some well-
authenticated cases over the whole earth—be compared
with the local time, it is found that (allowance being
made for difference of longitude) they occur precisely
at the same instant. The magnetic vibrations thrill in
one moment through the whole frame of our earth!

But a very singular circumstance is observed to
characterise these magnetic storms. They are nearly
always observed to be accompanied by the exhibition
of the aurora in high latitudes, northern and southern.
Probably they never happen without such a display ;
but numbers of auroras escape our notice. The con-
verse proposition, however, has been established as an
universal one. No great display of the aurora ever
occurs without a strongly marked magnetic storm.

Magnetic storms sometimes last for several hours or
even days.

Remembering the influence which the sun has been
found to exercise upon the magnetic needle, the ques-
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tion will naturally arise, has the sun anything to do
with magnetic storms? We have clear evidence that
he has.

On the 1st of September, 1859, Messrs. Carrington
and Hodgson were observing the sun, one at Oxford
and the other in London. Their scrutiny was directed
to certain large spots which, at that time, marked the
sun’s face. Suddenly a bright light was seen by each
observer to break out on the sun’s surface and to travel,
slowly in appearance, but in reality at the rate of
about 7,000 miles in a minute, across a part of the
solar disc. Now it was found afterwards that the self-
registering magnetic instruments at Kew had made at
that very instant a strongly marked jerk. It was
learned that at that moment a magnetic storm pre-
vailed at the West Indies, in South America, and in
Australia. The signalmen in the telegraph stations at
Washington and Philadelphia received strong electric
shocks; the pen of Bain’s telegraph was followed by a
flame of fire; and in Norway the telegraphic ma-
chinery was set on fire. At night great auroras were
seen in both hemispheres. It is impossible not to con-
nect these startling magnetic indications with the re-
markable appearance observed upon the sun’s disc.

But there is other evidence. Magnetic storms
prevail more commonly in some years than in others.
In those years in which they occur most frequently,
it is found that the ordinary oscillations of the mag-
netic needle are more extensive than usual. Now
when these peculiarities had been noticed for many

D 2
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years, it was found that there was an alternate and
systematic increase and diminution in the intensity of
magnetic action, and that the period of the variation
was about eleven years. But at the same time, a dili-
gent observer had been recording the appearance of the
sun’s face from day to day and from year to year. HHe
had found that the solar spots are in some years more
freely displayed than in others. And he had deter-
mined the period in which the spots are successively
presented with maximum frequency to be about eleven
years. On a comparison of the two sets of ohserva-
tions, it was found (and has now been placed beyond a
doubt by many years of continued observation) that
magnetic perturbations are most energetic when the
sun is most spotted, and vice versd.

For so remarkable a phenomenon as this none but
a cosmical cause can suffice. 'We can neither say
that the spots cause the magnetic storms nor that the
magnetic storms cause the spots. We must seek for a
cause producing at once both sets of phenomena.
There is as yet no certainty in this matter, but it
seems as if philosophers would soon be able to trace
in the disturbing action of the planets upon the solar
atmosphere the cause as well of the marked period of
eleven years as of other less distinctly marked periods
which a diligent observation of solar phenomena is

beginning to educe.
(From the Cornkill Magazine, June 1868.)
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OUR CHIEF TIME-PIECE LOSING TIME.

A DISTINGUISHED French astronomer, author of one
of the most fascinating works on popular astronomy
that has hitherto appeared, remarks that a man
would be looked upon as a maniac who should speak
of the influence of Jupiter’s moons upon the cotton-
trade. Yet, as he proceeds to show, there is an
easily traced connection between the ideas which
appear at first sight so incongruous. The link is found
in the determination of celestial longitude.

Similarly, What would be thought of an astronomer
who, regarding thoughtfully the stately motion of the
sidereal system, as exhibited on a magnified, and
therefore appreciable, scale by a powerful telescope,
should speak of the connection between this move-
ment and the intrinsic worth of a sovereign? The
natural thought with most men would be that ¢too
much learning ’ had made the astronomer mad. Yet,
when we come to inquire closely into the question of
a sovereign’s intrinsic value, we find ourselves led to
the diurnal motion of the stars, and that by no very
intricate path. For, What is a sovereign? A coin
containing so many grains of gold mixed with so many
grains of alloy. A grain, we know, is the weight of
such and such a volume of a certain standard sub-
stance—that is, so many cubic inches, or parts of a
cnbic inch, of that substance. But what is an inch?
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It is determined, we find, as a certain fraction of the
length of a pendulum vibrating seconds in the latitude
of London. A second, we know, is a certain portion
of a mean solar day, and is practically determined
by a reference to what is called a sidereal day—the
interval, namely, between the successive passages by
the same star of the celestial meridian of any fixed
place. This interval is assumed to be constant, and it
has indeed been described as the ¢ one constant element’
known to astronomers.

We find, then, that there is a connection, and a
very important connection, between the motion of
the stars and our measures, not merely of value, but
of weight, length, volume, and time. In fact, our
whole system of weights and measures is founded on
the apparent diurnal motion of the sidereal system,
that is, on the real diurnal rotation of the earth.
We may look on the meridian-plane in which the
great transit-telescope of the Greenwich Observatory
is made to swing, as the gigantic hand of a mighty
dial, a hand which, extending outwards among the
stars, traces out for us, by its motion among them,
the exact progress of time, and so gives us the
means of weighing, measuring, and valuing terrestrial
objects with an exactitude which is at present deyond
our wants.

The earth, then, is our ¢ chief time-piece,” and it is
of the correctness of this giant clock that we are now
to speak.

But how can we test a time-piece whose motions

hY
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we select to regulate every other time-piece? If a
man sets his watch every morning by the clock at
Westminster, it is clearly impossible for him to test
the accuracy of that clock by the motions of his
watch. It would, indeed, be possible to detect any
gross change of rate; but, for the purpose of illus-
tration, I assume, what is indeed the case, that the
clock is very accurate, and therefore, that minute
errors only are to be looked for even in long intervals
_ of time. And just as the watch set by a clock cannot
be made use of to test the clock for small errors, so
our best time-pieces cannot be employed to detect
slow variations, if any such exist, in the earth’s
rotation-period.

Sir William Herschel, who early saw the import-
ance of the subject, suggested another method. Some
of the planets rotate in such a manner, and bear
such distinct marks upon their surface, that it is pos-
sible, by a series of observations extending over a
long interval of time, to determine the length of
their rotation-period within a second or two. Sup-
posing their rotation uniform, we at once obtain an
accurate measure of time. Supposing their rotation
not uniform, we obtain—(1) a hint of the kind of
change we are looking for; and (2), by the comparison
of two or more planets, the means of guessing how
the variation is to be distributed between the observed
planets and our own earth.

Unfortunately, it turned out that Jupiter, one of
the planets from which Herschel expected most, does
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not afford us exact information—his real surface being
always veiled by his dense and vapour-laden atmo-
sphere. Saturn, Venus, and Mercury are similarly
circumstanced, and are in other respects unfavourable
objects for this sort of observation. Mars only, of
all the planets, is really available. Distinctly marked
(in telescopes of sufficient power) with continents and
oceans, which are rarely concealed by vapours, this
planet is in other respects fortunately situated. For
it is certain that whatever variations may be taking
place in planetary rotations must be due to external
agencies. Now, Saturn and Jupiter have their satel-
lites to influence (perhaps appreciably in long in-
tervals of time) their rotation-movements. Venus and
Mercury are near the sun, and are therefore in this
respect worse off than the earth, whose rotation is in
question. Mars, on the other hand, farther removed
than we are from the sun, having also no moon, and
being of small dimensions (a very important point, be
it observed, since the tidal action of the sun depends
on the dimensions of a planet), is likely to have a
rotation-period all but absolutely constant.

Herschel was rather unfortunate in his observations
of Mars. Having obtained a rough approximation
from Mars’ rotation in an interval of two days—this
rough approximation being, as it happened, only
thirty-seven seconds in excess of the true period, he
proceeded to take three intervals of one month each.
This should have given a much better value, but, as
it happened, the mean of the values he obtained was
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forty-six seconds too great. He then took a period
of two years, and being misled by the erroneous
values he had already obtained, he missed one rota-
tion, getting a value two minutes too great. Thirty
years ago, two Grerman astronomers, Beer and Midler,
tried the same problem, and taking a period of
seven years, obtained a value which exceeds the
true value by only one second. Another German,
Kaiser, by combining more observations, obtained a
value which 1s within one-fifteenth of a second of the
true value. But a comparison of observations ex-
tending over 200 years has enabled the present writer
to obtain a value which he considers to lie one-
hundredth part of a second of the truth. This value
for Mars’ rotation-period is 24 hours 37 minutes 2274
seconds.

Here, then, we have a result so accurate, that at
some future time, it may serve to test the earth’s
rotation-period. We have compared the rotation-rate
of our test-planet with the earth’s rate during the
past 200 years; and therefore, if the earth’s rate
vary by more than one-hundredth of a second in the
next two or three hundred years, we shall—or, rather,
our descendants will—begin to have some notion of
the change at the end of that time.

But, in the meantime, mankind being impatient,
and not willing to leave to a distant posterity any
question which can possibly be answered now, astro-
nomers have looked around them for information avail-
able at once on this interesting point. The search has
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not been in vain. In fact, we are able to announce,
with an approach to positiveness, that our great terres-
trial time-piece is actually losing time.

In our moon we have a neighbour which has long
been in the habit of answering truthfully questions
addressed to her by astronomers. Of old, she told
Newton about gravitation, and when he doubted, and
urged contradictory evidence offered—as men in his
time supposed—by the earth, she set him on the
right track, so that when in due time the evidence
offered by the earth was corrected, Newton was pre-
pared at once to accept and propound the noble theory
which rendered his name illustrious. Again, men
wished to learn the true shape of the earth, and went
hither and thither measuring its globe ; but the moon,
meanwhile, told the astronomer who remained at
home a truer tale. They sought to learn the earth’s
distance from the sun, and from this and that point
they turned their telescopes on Venus in transit; but
the moon has set them nearer the truth, and that not
by a few miles, but by 3,000,000 or more. We shall
see that she has had something to say about our great
terrestrial time-piece.

One of the great charms of the science of astro-
nomy is, that it enables men to predict. At such and
such an hour, the astronomer is able to say, a celestial
body will occupy such and such a point on the celes-
tial sphere. You direct a telescope towards the point
named, and lo! at the given instant the promised orb
sweeps across the field of view. Each year there
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is issued a thick octavo volume crowded with such
predictions, three or four years in advance of the
events predicted ; and these predictions are accepted
with as little doubt by astronomers as if they were
the records of past events.

But astronomers are not only able to predict—they
can also trace back the paths of the celestial bodies,
and say: ¢ At such and such a long-past epoch, a
given star or planet occupied such and such a position
upon the celestial sphere.” But how are they to
verify such a statement ? It is clear that, in general,
they cannot do so. Those who are able to appreciate
(or, better, to make use of) the predictions of astro-
nomy, will, indeed, very readily accord a full measure
of confidence to calculations of past events. They
know that astronomy is justly named the most exact
of the sciences, and they can see that there is nothing,
in the nature of things, to render retrospection more
difficult than prevision. But there are hundreds who
have no such experience of the exactness of modern
astronomical methods—who have, on the contrary, a
vague notion that modern astronomy is merely the
successor of systems now exploded; perhaps even
that it may one day have to make way in its turn
for new methods. And if all other men were willing
to accept the calculations of astronomers respecting
long-past events, astronomers themselves would be
less easily satisfied. Long experience has taught
them that the detection of error is the most fruitful
source of knowledge; therefore, wherever such a
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course is possible, they always gladly submit their
calculations to the test of observation.

Now, looking backward into the far past, it is only
here and there that we see records which afford means
of comparison with modern calculations. The planets
have swept on in their courses for ages with none to
note them. Gradually, observant men began to
notice and record the more remarkable phenomena.
But such records, made with very insufficient instru-
mental means, have in general but little actual value.
It has been found easy to confirm them without any
special regard to accuracy of calculation.

But there is one class of phenomena which no in-
accuracy of observation can very greatly affect. A
total eclipse of the sun is an occurrence so remarkable,
that (1) it can hardly  take place without being
recorded, and (2) a very rough record will suffice to
determine the particular eclipse referred to. Long
intervals elapse between successive total eclipses
visible at the same place on the earth’s surface; and
even partial eclipses of noteworthy extent occur but
seldom at any assigned place. Very early, therefore,
in the history of modern astronomy, the suggestion
was made, that eclipses recorded by ancient his-
torians should be calculated retrospectively. An un-
expected result rewarded the undertaking: it was
found that ancient eclipses could not be fairly ac-
counted for without assigning a slower motion to the
moon in long-past ages than she has at present !

Here was a difficulty which long puzzled mathe-
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maticians. One after another was foiled by it. Halley,
an English mathematician, had detected the difficulty,
but no English mathematician was able to grapple
with it. Contented with Newton’s fame, they had
suffered their continental rivals to shoot far ahead in

. the course he had pointed out. But the best con-

tinental mathematicians were defeated. In papers of
acknowledged merit, adorned by a variety of new pro-
cesses, and showing a deep insight into the question at
issue, they yet arrived, one and all, at the same con-
clusion—failure.

Ninety years elapsed before the true explanation
was offered by the great mathematician Laplace. A
full exposition of his views would be out of place in
such a paper as the present, but, briefly, they amount
to this:—

The moon travels in her orbit, swayed chiefly by the
earth’s attraction. But the sun, though greatly more
distant, yet, owing to the immensity of his mass, plays an
important part in guiding our satellite. His influence
tends to relieve the moon, in part, from the earth’s
sway. Thus she travels in a wider orbit, and with a
slower motion, than she would have but for the sun’s
influence. Now the earth is not at all times equally
distant from the sun, and his influence upon the moon
is accordingly variable. In winter, when the earth is
nearest to the sun, his influence is greatest. The
lunar month, accordingly (as anyone may see by
referring to an almanack), is longer in winter than in
summer. This variation had long been recognised as
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the moon’s €annual equation;’ but Laplace was the
first to point out that the variation is itself slowly
varying. The earth’s orbit is slowly changing in
shape—becoming more and more nearly circular year
by year. As the greater axis of her orbit is un-
changing, it is clear that the actual extent of the orbit
is slowly increasing. Thus, the moon is slightly
released from the sun’s influence year by year, and so
brought more and more under the earth’s influence.
She travels, therefore, continually faster and faster;
though the change is indeed but a very minute one—
only to be detected in long intervals of time. Also
the moon’s acceleration, as the change is termed, is
6nly temporary, and will in due time be replaced by
an equally gradual retardation.

When Laplace had calculated the extent of the
change due to the cause he had detected, and when it
was found that ancient eclipses were now satisfactorily
accounted for, it may well be believed that there was
triumph in the mathematical camp. But this was not
all.  Other mathematicians attacked the same problem,
and their results agreed so closely that all were con-
vinced that the difficulty was thoroughly vanquished.

A very noteworthy result flowed from Laplace’s
calculations. Amongst other solutions which had been
suggested, was the supposition (supported by no less
an authority than Sir Isaac Newton, who lived to see
the commencement of the long conflict maintained by
mathematicians with this difficulty), that it is not the
moon travelling more quickly, but our earth rotating
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more slowly, which causes the observed discrepancy.
Now it resulted from Laplace’s labours—as he was
the first to announce—that the period of the earth’s
rotation has not varied by one-tenth of a second per
century in the last two thousand years. The question
thus satisfactorily settled, as was supposed, was shelved
for more than a quarter of a century. The result,
also, which seemed to flow from the discussion—the
constancy of the earth’s rotation-movement— was
accepted ; and, as we have seen, our national system -
of measures was founded upon the assumed constancy
of the day’s duration.

But mathematicians were premature in their re-
joicings.  The question has been brought, by the
labours of Professor Adams—co-discoverer with Le-
verrier of the distant Neptune—almost exactly to the
point which it occupied a century ago. We are face
to face with the very difficulties—somewhat modified
in extent, but not in character—which puzzled Halley,
Euler, and Lagrange. It would be an injustice to
the memory of Laplace to say that his labours were
thrown away. The explanation offered by him is
indeed a just one, but it is insufficient. Properly esti-
mated, it removes only half the difficulty which had
perplexed mathematicians. It would be quite impos-
sible to present in brief space, and in form suited to
these pages, the views propounded by Adams. What,
for instance, would most of our readers learn if we
were to tell them that, < when the variability of the
eccentricity is taken into account, in integrating the
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differential equations involved in the problem of the
lunar motions—that is, when the eccentricity is made a
function of the time—non-periodic or secular terms
appear in the expression for the moon’s mean motion’
—and soon? Let it suffice to say that Laplace had
considered only the effect of the sun in diminishing
the earth’s pull on the moon, supposing that the slow
variation in the sun’s direct influence on the moon’s
motion in her orbit must be self-compensatory in long
intervals of time. Adams has shown, on the contrary,
that when this variation is closely examined, no such
compensation is found to take place; and that the
effect of this want of compensation is to diminish by
more than one-half the effects due to the slow varia-
tion examined by Laplace.

These views gave rise at first to considerable con-
troversy. Pontecoulant characterised Adams’s pro-
cesses as ‘analytical conjuring-tricks ;’ and Leverrier
stood up gallantly in defence of Laplace. The contest
swayed hither and thither for awhile; but gradually
the press of new arrivals on Adams’s side began to
prevail.  One by one, his antagonists gave way; new
processes have confirmed his results, figure for figure ;
and no doubt now exists, in the mind of any astro-
nomer competent to judge, of the correctness of
Adams’s views.

But, side by side with this inquiry, another had
been in progress. A crowd of diligent labourers had
been searching with close and rigid scrutiny into the
circumstances attending ancient eclipses. A new light
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had been thrown upon this subject by the labours of
modern travellers and historians. One remarkable
instance of this may be cited. Mr. Layard has iden-
tified the site of Larissa with the modern Nimroud.
Now, Xenophon relates that when Larissa was besieged
by the Persians, an eclipse of the sun took place, so
remarkable in its effects (and therefore undoubtedly
total), that the Median defenders of the town threw
down their arms, and the city was accordingly cap-
tured. And Hansen has shown that a certain estimate
of the moon’s motion makes the eclipse which occurred
on August 15, 310 B.C., not only Zotal, but central at
Nimroud. Some other remarkable eclipses—as the
celebrated sunset eclipse (total) at Rome, 399 B.C.,
the eclipse which enveloped the fleet of Agathocles as
he escaped from Syracuse; the famous eclipse of
Thales, which interrupted a battle between the Medes
and Lydians; and even the partial eclipse which
(probably) caused the ¢ going back of the shadow upon
the dial of Ahaz’—have all been accounted for satis-
factorily by Hansen’s estimate of the moon’s motion ;
80, also, have nineteen lunar eclipses recorded in the
Almagest.

This estimate of Hansen’s, which accounts so satis-
factorily for solar and lunar eclipses, makes the moon’s
rate of motion increase more than twice as fast as it
should do according to the calculations of Adams.
But before our readers run away with the notion that
astronomers have here gone quite astray, it will be
well to present, in a simple manner, the extreme

E
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minuteness of the discrepancy about which all the coil
has been made.

Suppose that, just in front of our moon, a false moon
exactly equal to ours in size and appearance (see note
at the end of this paper) were to set off with a motion
corresponding to the present motion of the moon, save
only in one respect—namely, that the false moon’s
motion should not be subject to the change we are
considering, termed the acceleration. Then one hun-
dred years would elapse before our moon would fairly
begin to show in advance. She would, in that time,
have brought only one-one-hundred-and-fiftieth part of
her breadth from behind the false moon. At the end .
of another century, she would have gained four
times as much; at the end of a third, nine times as
much : and so on. She would not fairly have cleared
her own breadth in less than twelve hundred years.
But the whole of this gain, minute as it is, is not left
unaccounted for by our modern astronomical theories.
Half the gain is explained, the other half remains to
be interpreted ; in other words, the moon travels fur-
ther by about half her own breadth in twelve centuries
than she should do according to the lunar theory.

But in this difficulty, small as it seems, We are not
left wholly without resource. We are not only able
to say that the discrepancy is probably due to a
gradual retardation of the earth’s rotation-movement,
but we are able to place our finger on a very sufficient
cause for such a retardation. One of the most firmly
established principles of modern science is this—that
where work is done, force is, in some way or- other,
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expended. The doing of work may show itself in a
variety of ways—in the generation of heat, in the
production of light, in the raising of weights, and so
on; but in every case an equivalent force must be-
expended. If the brakes are applied to a train in
motion, intense heat is generated in the substance of
the brake ; now, the force employed by the brakesman
is not equivalent to the heat generated. Where, then,
is the balance of force expended? We all know that
the train’s motion is retarded, and this loss of motion
represents the requisite expenditure of force. Now, is
there any process in nature resembling, in however
remote a degree, the application of a brake to check
the earth’s rotation? There is. The tidal wave,
which sweeps; twice a day, round the earth, travels in
a direction contrary to the earth’s motion of rotation.
That this wave ¢ does work,” no one can doubt who has
watched its effects. The mere rise and fall in open
ocean may not be strikingly indicative of ¢ work done ;’
but when we see the behaviour of the tidal wave in
narrow channels, when we see heavily-laden ships
swept steadily up our tidal rivers, we cannot but
recognise the expenditure of force. Now, where does
this force come from? Motion being the great ¢ force-
measurer,” what motion suffers that the tides may work?
We may securely reply, that the only motion which
can supply the requisite force is the earth’s motion of
rotation. Therefore, it is no idle dream, but a matter of
absolute certainty, that, though slowly, still very surely,
our terrestrial globe is losing its rotation-movement.
E2
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Considered as a time-piece, what are the earth’s
errors? Suppose, for a moment, that the earth was
timed and rated two thousand years ago, how much
has she lost, and what is her ‘rate-error?’ She has
lost in that interval nearly one hour and a quarter, and
she is losing now at the rate of one second in twelve
weeks. In other words, the length of a day is now
more by about one-eighty-fourth part of a second than
it was two thousand years ago. At this rate of change,
our day would merge into a lunar month in the course
of thirty-six thousand millions of years. DBut after a
while, the change will take place .more slowly, and
some trillion or so of years will elapse before the full
change is effected.

Distant, however, as is the epoch at which the
changes we have been considering will become effec-
tive, the subject appears to us to have an interest apart
from the mere speculative consideration of the future
physical condition of our globe. Instead of the recur-
rence of ever-varying, closely intermingled cycles of
fluctuation, we see, now for the first time, the evidence
of cosmical decay—a decay which, in its slow progress,
may be but the preparation for renewed genesis—but
still, a decay which, so far as the races at present sub-
sisting upon the earth are concerned, must be looked
upon as finally and completely destructive.*

(From Chambers's Journal, October 12, 1867.)

* In the Quarterly Journal of Science for October 1866, a more
detailed but somewhat less popular account of the subject of the above
paper is presented. A few months earlier, a charmingly-written paper
on the same subject, from the pen of Mr. J. M. Wilson, of Rugby, had
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ENCKE THE ASTRONOMER.

Four years have passed since Encke died. Even
those four years have witnessed notable changes in the
aspect of the science he loved so well. But we must look
back over more than fifty years, if we would form an
estimate of the position of astronomy when Encke’s
most notable work was achieved. At Seeberge, under
Lindenau, Encke had been perfecting himself in the

appeared in the Eagle, a magazine written by and for members of St.
John's College, Cambridge. Although my paper in the Quarterly Journal
of Science was written quite independently of Mr. Wilson's (which,
however, I had read), yet it chanced that in describing the same mathe-
matical relations, and the same sequence of events, I here and there
used language closely resembling his. I fear this led for awhile to
some misconception; but I was fortunately able to show in Mr.
De la Rue’s address to the Astromomical Society, on the same sub-
Jjeet, passages yet more strikingly resembling some in Mr. Wilson’s
paper (written subsequently and quite independently). The fact would
seem to be that if two persons describe the same events, and deal with
the same mathematical relations, it is almost certain that in more than
one passage they will use somewhat similar expressions.

I was actually indebted to Mr. Wilson’s paper for one illustration,
however,—that derived from the movements of a supposed artificial
moon ; and I think that had his paper appeared in a magazine printed
for general circulation, I should have referred to it. As it was, this
seemed useless so far as the readers of the Quarterly Journal of Science
were concerned. The circumstances of the case were, indeed, far
from calling for a reference; while I had in a sense made the illustra-
tion my own by detecting an important miscalculation in the original
(the amount of advance being €ither doubled or halved—I forget which).
.Had T referred to Mr. Wilson’s paper, I must needs have mentioned
this mistake ; and it would have appeared as though I had had no other
purpose in making the reference.

I mention these matters to explain what I fear my esteemed fellow-
collegian was disposed at the time to regard as either a wrong or a
slight. Nothing was further from my intention than either.



54 LIGHT SCIENCE FOR LEISURE HOURS.

higher branches of mathematical calculation. He took
the difficult work cf determining the orbital motions of
newly-discovered comets under his special charge, and
Dr. Bruhns tells us that every comet which was detected
during Encke’s stay at Seeberge was subjected to rigid
scrutiny by the indefatigable mathematician. Before
long a discovery of the utmost importance rewarded his
persevering labours. Pons had detected on Novem-
ber 26, 1818, a comet of no very brilliant aspect, which
was watched first at Marseilles, and then at Mannheim,
until December 29. Encke next took up the work,
and tracked the comet until January 12. Combining
the observations made between December 22 and
January 12, he assigned to the body a parabolic orbit.
But he was not satisfied with the accordance between
this path and the observed motions of the body. When
he attempted to account for the motions of the comet
by means of an orbit of comparatively short period, he
was struck by the resemblance between the path thus
deduced and that of Comet I, 1805. Gradually the
idea dawned upon him that a new era was opening for
science. Hitherto the only periodical comets which had
been discovered except Lexell’s—the €lost comet’—
had travelled in orbits extending far out into space
beyond the paths of the most distant known planets.
But now Encke saw reason to believe that he had
to deal with a comet travelling within the orbit of
Jupiter. On February 5, he wrote to the eminent
mathematician Gauss, pointing out the results of his
inquiries, and saying that he only waited for the en-
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couragement and authority of his former teacher to
prosecute his researches to the end towards which they
already seemed to point. Gauss, in reply, not only
encouraged Encke to proceed, but counselled him as
to the course he should pursue. The result we all
know. Encke showed conclusively that the newly-
discovered comet travels in a path of short period, and
that it had already made its appearance several times
in our neighbourhood.

From the date of this discovery, Encke took high
rank among the astronomers of Kurope. His subse-
quent lé:bours by no means fell short of the promise
which this, his first notable achievement, had afforded.
If he effected less as an astronomical observer than
many of his contemporaries, he was surpassed by few
as a manipulator of those abstruse formule by which
the planetary perturbations are calculated. It was to
the confidence engendered by this skill that we owe
his celebrated discovery of the acceleration of the
motion of the comet mentioned above. Assured that
he had rightly estimated the disturbances to which the
comet is subjected, he was able to pronounce confidently
that some cause continually (though all but impercep-
tibly ) impedes the passage of this body through space,
and so—by one of those strange relations which the
student of astronomy is familiar with—the continually
retarded comet travels ever more swiftly along a con-
tinually diminishing orbit.

Bruhns’ Life of Encke is well worth reading, not only
by those who are interested in Encke’s fame and work
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as an astronomer, but by the general reader. Encke
the man is presented to our view, as well as Encke the
astronomer. With loving pains the pupil of the great
astronomer handles the theme he has selected. The
boyhood of Encke, his studies, his soldier life in the
great uprising against Napoleon in 1813, and his work
at the Seeberge Observatory ; his labours on comets and
asteroids; his investigations of the transits of 1761
and 1769; his life as an academician, and as director
of an important observatory; his orations at festival
and funeral ; and lastly, his illness and death, are de-
scribed in these pages by one who held Encke in
grateful remembrance as ¢ teacher and master,’ and as
‘a fatherly friend.’

Not the least interesting feature of the work is the
correspondence introduced into its pages. We find
Encke in communication with Humboldt, with Bessel
and Struve, with Hansen, Olbers, and Argelander;
with a host, in fine, of living as well as of departed
men of science.

(From Nature, March 10, 1870.)

VENUS ON THE SUN'S FACE.

MogE than a century ago scientific men were looking
forward with eager interest to the passage of the
planet Venus across the sun’s face in 1769. The
Royal Society judged the approaching event to be of
such extreme importance to the science of astronomy,
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that they presented a memorial to King George III.,
requesting that a vessel might be fitted out, at govern-
ment expense, to convey skilful observers to one of the
stations which had been judged suitable for observing
the phenomenon. The petition was complied with,
and after some difficulty as to the choice of a leader,
the good ship ¢ Endeavour,” of 370 tons, was placed
under the command of Captain Cook. The astrono-
mical work entrusted to the expedition was completely
successful ; and thus it was held that England had
satisfactorily discharged her part of the work of utilis-
ing the rare phenomenon known as a transit of Venus.

A century passes, and science is again awaiting with
interest the approach of one of these transits. But
now her demands are enlarged. It is not one ship that
is asked for, but the full cost and charge of several
expeditions. And this time, also, science has been
more careful in taking time by the forelock. The first
hints of her requirements were heard some fourteen years
ago, when the Astronomer-Royal began that process
of laborious inquiry which a question of this sort neces-
sarily demands. Gradually, her hints became more
and more plain-spoken; insomuch that Mr. Airy—her
mouthpiece in this case—stated definitely, a few months
ago, what he thought science had a right to claim from
England in this matter. When the claim came before
our government, it was met with a liberality which
was a pleasing surprise after Mr. Lowe’s placid refer-
ence of scientific people to their own devices. The
sum of ten thousand five hundred pounds has been
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granted to meet the cost of several important and well-
appointed expeditions; and doubtless further material
aid will be derived from the various government obser-
vatories.

And now let us inquire why so much interest is
attached to a phenomenon which appears, at first sight,
to be so insignificant.  Transits, eclipses, and other
phenomena of that nature are continually occurring,
without any particular interest being attached to them.
The telescopist may see half-a-dozen such phenomena
in the course of a night or two, by simply watching
the satellites of J upiter, or the passage ‘of our moon
over the stars. Even the great eclipse of 1868 did
not attract so much interest as the coming transit of
Venus, yet that eclipse had never been equalled in
importance by any which has occurred in historic times,
and hundreds of years must pass before such another
happens, whereas transits of Venus are far from being
$0 uncommon.

The fact is, that Venus gives us the best means we
have of mastering a problem which is one of the most
important within the whole range of the science of
astronomy. We use the term important, of course,
with reference to the scientific significance and interest
of the problem. Practically, it matters little to us
whether the sun is a million of miles or a thousand
millions of miles from us. The subject must in any
case be looked upon as an extra-parochial one. But
science does occasionally attach immense interest to
extra-parochial subjects. And this is neither unwise
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nor unreasonable, since we find implanted in our very
nature—and not merely in the nature of scientific
men—a quality which causes us to take interest in a
variety of matters that do not in the least concern our
personal interests. Nor is this quality, rightly con-
sidered, one of the least noble characteristics of the
human race.

That the determination of the sun’s distance is im-
portant, in an astronomical sense, will be seen at once
when it is remembered that the ideas we form of the
dimensions of the solar system are wholly dependent
on our estimate of the sun’s distance. Nor can we
gauge the celestial depths with any feeling of assur-
ance, unless we know the true length of that which is
our sole measuring-rod. It is, in fact, our basis of
measurement for the whole visible universe. In some
respects, even if we knew the sun’s distance exactly,
it would still be an unsatisfactory gauge for the stellar
depths. But that is the misfortune, not the fault of
the astronomer, who must be content to use the mea-
suring-rod which nature gives him. All he can do is
to find out as nearly as he can its true length.

‘When we come to consider how the astronomer is to
determine this very element—the sun’s distance—we
find that he is hampered with a difficulty of precisely
the same character.

The sun being an inaccessible object, the astronomer
can apply no other methods to determine its distance—
directly—than those which a surveyor would use in
determining the distance of an inaccessible castle, or
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rock, or tree, or the like. We shall see presently that
the ingenuity of astronomers has, in fact, suggested
some other indirect methods. But clearly the most
satisfactory estimate we can have of the sun’s distance
is one founded on such simple notions and involving in
the main such processes of calculation as we have to
deal with in ordinary surveying.

There is, in this respect, no mystery about the solu-
tion of the famous problem. Unfortunately, there is
enormous difficulty.

When a surveyor has to determine the distance of
an inaccessible object, he proceeds in the following
manner :—He first very carefully measures a base-line
of convenient length. Then from either end of the
base-line he takes the bearings of the inaccessible
object—that is, he observes the direction in which it
lies. It is clear that if he were now to draw a figure
on paper, laying down the base-line to some convenient
scale, and drawing lines from its ends in directions
corresponding to the bearings of the observed object,
these lines would indicate, by their intersection, the
true relative position of the object. In practice, the
mathematician does not trust to so rough a method
as construction, but applies processes of calculation.

Now it is clear that in this plan everything depends
on the base-line. It must not be too short in com-
parison with the distance of the inaccessible object ; for
then, if we make the least error in observing the bear-
ings of the object, we get an important error in the
resulting determination of the distances. The reader
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can easily convince himself of this by drawing an
illustrative case or two on paper.

The astronomer has to take his base-line for deter-
mining the sun’s distance, upon our earth, which is
quite a tiny speck in comparison with the vast distance
which separates us from the sun. It had been found
difficult enough to determine the moon’s distance with
such a short base-line to work from. But the moon is
only about a quarter of a million of miles from us,
while the sun is more than ninety millions of miles off.
Thus the problem was made several hundred times
more difficult—or, to speak more correctly, it was
rendered simply insoluble unless the astronomer could
devise some mode of observing which should vastly
enhance the power of his instruments.

For let us consider an illustrative case. Suppose
there were a steeple five miles off, and we had a base-
line only two feet long. That would correspond as
nearly as possible to the case the astronomer has to
deal with. Now what change of direction could be
observed in the steeple by merely shifting the eye
along a line of two feet? There is a ready way of
answering. Invert the matter. Consider what a line
of two feet long would look like if viewed from a dis-
tance of five miles. Would its length be appreciable,
to say nothing of its being measurable? Yet it is just
such a problem as the measurement of that line which
the astronomer would have to solve.

But even this is not all. In our illustration only
one observer is concerned, and he would be able to use
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one set of instruments. Suppose, however, that from
one end of the two-feet line an observer using one set
of instruments took the bearing of the steeple; and
that, half a year after, another observer brought another
set of instruments and took the bearing of the steeple
from the other end of the two-feet line, is 1t not obviouns
how enormously the uncertainty of the result would
be increased by such an arrangement as this? One
observer would have his own peculiar powers of obser-
vation, his own peculiar weaknesses; the other would
have different peculiarities. One set of instruments
would be characterised by its own faults or merits, so
would the other. One series of observations would be
made in summer, with all the disturbing effects due to
heat; the other would be made in winter, with all the
disturbing effects due to cold.

The observation of the sun is characterised by all
these difficulties.  Limited to the base-lines he can
measure on earth, the astronomer must set one observer
in one hemisphere, another in the other. Each observer
must have his own set of instruments; and every ob-
servation which one has made in summer will have to
be compared with an observation which the other has
made in winter. A

Thus we can understand that astronomers should
have failed totally when they attempted to determine
the sun’s distance without aid from the other celestial
bodies.

It may seem at first sight as though nothing the other
celestial bodies could tell the astronomer would be of
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the least use to him, since these bodies are for the
most part farther off than the sun, and even those which
approach nearest to us are still far beyond the limits of
distance within which the simple plan followed by sur-
veyors could be of any service. And besides, it might
be supposed that information about the distance of one
celestial body could be of no particular service towards
the determination of the distance of another.

But two things aid the astronomer at this point.
First of all, he has discovered the law which associates
together the distances of all the planets from the sun;
so that if he can determine the distance of any one
planet he learns immediately the distances of all. Se-
condly, the planets in their motion travel occasionally
into such positions that they become mighty indices,
tracing out on a natural dial-plate the significant lesson
from which the astronomer hopes to learn so much. To
take an instance from the motions of another planet
than the one we are dealing with. Mars comes some-
times so near the earth that the distance separating us
from him is little more than one-third of that which
separates us from the sun. Suppose that, at such a
time, he is seen quite close to a fixed star. That star
gives the astronomer powerful aid in defermining the
planet’s distance. For, to observers in some parts of
the earth, the planet will seem nearer to the star than
he will to observers elsewhere. A careful comparison
of the effects thus exhibited will give significant evi-
dence respecting the distance of Mars. And we see
that the star has served as a fixed mark upon the vast
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natural dial of the heavens, just as the division-marks
on a clock-face serve to indicate the position of the
hands.

Now we can at once see why Venus holds so im-
portant a position in this sort of inquiry. Venus is
our nearest neighbour among the planets. She comes
several millions of miles nearer to us than Mars, our
next neighbour on the other side. That is the primary
reason of her being so much considered by astronomers.
But there is another of equal importance. Venus
travels nearer than our earth to the sun. And thus
there are occasions when she gets directly between the
earth and the sun. At those times she is seen upon
his face, and his face serves as a dial-plate by which to
measure her movements. When an observer at one
part of the earth sees her on one part of the sun’s face,
another observer at some other part of the earth will
see her on another, and the difference of position, if
accurately measured, would at once indicate the sun’s
distance. As a matter of fact, other modes of reading
off the indications of the great dial-plate have to be
adopted. Before proceeding to consider those modes,
however, we must deal with one or two facts about
Venus’s movements which largely affect the question
at issue.

Let us first see what we gain by considering the
distance of Venus rather than that of the sun.

At the time of a transit Venus is of course on a line
between the earth and the sun, and she is at somewhat
less than a third of the sun’s distance from us. Thus
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whatever effect an observer’s change of place would pro-
duce upon the sun would be more than trebled in the
case of Venus. But it must not be forgotten that we
are to judge the motions of Venus by means of the
dial-plate formed by the solar disc, and that dial-plate
is itself shifted as the observer shifts his place. Venus
is shifted three times as much, it is true; but it is only
the balance of change that our astronomer can recog-
nise. That balance is, of course, rather more than
twice as great as the sun’s change of place.

So far, then, we have not gained much, since it has
been already mentioned that the sun’s change of place
is not measurable by any process of observation astro-
nomers can apply.

It is to the fact that we have the sun’s disc whereby
to measure the change that we must chiefly trust; and
even that would be insufficient were it not for the fact
that Venus is not at rest, but travels athwart the great
solar dial-plate. We are thus enabled to make a time
measurement take the place of a measurement of space.
If an observer in one place sees Venus cross the sun’s
face at a certain distance from the centre, while an
observer at another place sees her follow a path slightly
farther from the centre, the transit will clearly seem
longer to the former observer than to the latter.

This artifice of exchanging a measurement of time
for one of space—or vice versi—is a very common
one among astronomers. It was Edmund Halley, the
friend and pupil of Sir Isaac Newton, who suggested
its application in the way above described. It will be

F
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noticed that what is required for the successful applica-
tion of the method is that one set of observers should
_ be as far to the north as possible, another as far to the
south, so that the path of Venus may be shifted as
much as possible. Clearly the northern observers will
see her path shifted as much to the south as it can pos-
sibly be, while the southern observers will see the path
shifted as far as possible towards the north.

One thing, however, is to be remembered. A
transit lasts several hours, and our observers must be
so placed that the sun will not set during these hours.
This consideration sometimes involves a difficulty.
For our earth does not supply observing room all over
her surface, and the very region where observation
would be most serviceable may be covered by a widely-
extended ocean. Then, again, the observing parties
are being rapidly swayed round by the rotating earth;
and it is often difficult to fix on a spot which may not,
through this cause, be shifted from a favourable
position at the beginning of the transit to an unfavour-
able one at the end.

Without entering on all the points of difficulty in-
volved by such considerations as these, we may simply
indicate the fact that the astronomer has a problem of
considerable complexity to solve in applying Halley’s
mode of observation to a transit of Venus.

It was long since pointed out by the French as-
tronomer Delisle that the subject may be attacked
another way—that, in fact, instead of noticing how
much longer the transit lasts in some places than in
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others, the astronomer may inquire how much earlier
it begins or ends in some places than in others.

Here is another artifice, extremely simple in prin-
ciple, though not altogether so simple in its application.
Our readers must bear with us while we briefly de-
scribe the qualities of this second method, because in
reality the whole question of the transit and all the
points which have to be attended to in the equipment
and placing of the various observing parties depend
on these preliminary matters. Without attending to
them—or at least to such primary points as we shall
select—it would be impossible to form a clear con-
ception of the circumstances with which astronomers
are about to deal. There is, however, no real dif-
ficulty about this part of the subject, and we shall
only ask of the reader to give his attention to it for a
very brief space of time.

Suppose the whole of that hemisphere of the earth
on which the sun is shining when the transit is about
to begin were covered with observers waiting for the
event. As Venus sweeps rapidly onwards to the
critical part of her path, it is clear that some of these
observers will get an earlier view of the commencement
of the transit than others will ; just as at a boat-race,
persons variously placed round a projecting corner of
the course see the leading boat come into view at
different times.. Some one observer on the outer rim
of the hemisphere would be absolutely the first to see
the transit begin. Then rapidly other observers would
see the phenomenon; and in the course of a few

F 2
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minutes some one observer on the outer rim of the
hemisphere--almost exactly opposite the first—would
be absolutely the last to see the transit begin. From
that time the transit would be seen by all for several
hours—we neglect the earth’s rotation, of course,—
but the end of the transit, like the beginning, would
not be seen simultaneously by the observers. First
one would see it, then in succession the rest, and last
of all an observer almost exactly opposite the first.

Now here we have had to consider four observers
who occupy exceptional positions. There is (1) the
observer who sees the transit begin earliest, (2) the one
who sees it begin latest, (3) the one who sees it end
earliest, and (4) the one who sees it end latest. Let
us consider the first two only. Suppose these two
observers afterwards compared notes, and found out
what was the exact difference of time between their
respective observations. Is it not clear that the result
would at once afford the means of determining the
sun’s distance ? It would be the simplest of all possible
astronomical problems to determine over what pro-
portion of her orbit Venus passed in the interval of
time which elapsed between these observations; and
the observers would now have learned that that portion
of Venus’s orbit is so many miles long, for they know
what distance separated them, and it would be easy to
calculate how much less that portion of Venus’s orbit
is. Thus they would learn what the length' of her
whole orbit is, thence her distance from the sun, and
thence the sun’s distance from us.
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The two observers who saw the transit end carliest
and latest could do the like.

Speaking generally, and neglecting all the com-
plexities which delight the soul of the astronomer, this
is Delisle’s method of utilising a transit. It has ob-
viously one serious disadvantage as compared with the
other. An observer at one side of the earth has to
bring his observations into comparison with those made
by an observer at the other side of the earth. Kach
uses the local time of the place at which he observes,
and it has been calculated that for the result to be of
value there must not be an error of a single second in
their estimates of local time. Now, does the reader
appreciate the full force of this proviso? Each ob-
server must know so certainly in what exact longitude
he is, that his estimate of the time when true noon
occurs shall not be one second wrong! This is all
satisfactory enough in places where there are regular
observatories. DBut matters are changed when we are
dealing with such places as Woahoo, Kerguelen’s
Land, Chatham Island, and the wilds of Siberia.

Here, however, as in so many other cases, the
astronomer must take what he can get and be thankful.
If Nature insists on not revealing her secrets unless
astronomers will betake themselves to all manner of
desert and uncanny places, all astronomers can do is
to face with boldness the difficulties thus placed in
their way, and to do their utmost to bring them into
complete subjection. '

In the coming transit there are many such difficulties
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to be encountered. In fact, it is almost impossible to
conceive a transit the circumstances of which are more
inconvenient. On the other hand, however, the transit
is of such a nature that if once the preliminary diffi-
culties are overcome, we can hope more from its indi-
cations than from those of any other transit which will
happen in the course of the next few centuries.

The transit will begin earliest for observers in the
neighbourhood of the Sandwich Islands, latest for
observers near Crozet Island, far to the south-east of
the Cape of Good Hope. It ends earliest for ob-
servers far to the south-west of Cape Horn, latest for
observers in the north-eastern parts of European
Russia. Thus we see that so far as the application
of our second method is concerned, the suitable spots
are not situated in the most inviting regions of the
earth’s surface. As the transit happens on December 8,
1874, the principal northern stations will be very
bleak abodes for the observers. The southern stations
are in yet more dreary regions,—notwithstanding the
fact that the transit occurs during the summer of the
southern hemisphere. :

For the application of Halley’s method we require
stations where the whole transit will be visible, and as
the days are very short at the morthern stations in
December, it is as respects these that we encounter
most difficulty. However, it has been found that
many places in Northern China, Japan, Eastern
Siberia, and Mantchouria are suitable for the purpose.
The best southern stations for this method lie unfor-
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tunately on the unexplored Antarctic continent and
the islands adjacent toit; but Crozet Island, Kerguelen
Land, and some other places more easy of access than
the Antarctic continent, will serve very well. Indeed,
England has so many stations to occupy elsewhere
that it is doubtful whether she will care to undertake
the dangerous and difficult task of exploring the Ant-
arctic wastes to secure the best southern stations. The
work may fairly be left to other nations, and doubtless
will be efficiently carried out.

‘What England will actually undertake has not yet
been fully decided upon. We may be quite certain
that she will send out a party to Woahoo or Hawaii
to observe the accelerated commencement of the transit.
She will also send observers to watch the retarded
commencement, but whether to Crozet Island, Ker-
guelen Land, Mauritius, or Rodriguez is uncertain.
Possibly two parties will be sent out for this purpose,
and most likely Crozet Island and Mauritius will be
the places selected. It had been thought until lately
that the sun would be too low at these places when the
transit begins, but a more exact calculation of the
circumstances of the transit has shown this to be a
mistake. Both Crozet Island and Kerguelen Land are
very likely to be enveloped in heavy mists when the
transit begins—that is, soon after sunrise—hence
the choice of Mauritius or Rodriguez as a secondary
station.

England will also be called on to take an important
part in observing the accelerated end of the transit.
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A party will probably be sent to Chatham Island or
Campbell Island, not far from New Zealand. It had
been thought that at the former island the sun would
be too low ; but here, again, a more exact consideration
of the circumstances of the transit has led astronomers
to the conclusion that the sun will be quite high
enough at this station. .

The Russian observers are principally concerned
with the observation of the retarded end of the transit,
nearly all the best stations lying in Siberia. But
there are several stations in British India where this
phase can be very usefully observed ; and doubtless
the skilful astronomers and mathematicians who are
taking part in the survey of India will be invited—
as at the time of the great eclipse—to give their ser-
vices in the cause of science. Alexandria, also, though
inferior to several of the Indian stations, will probably
be visited by an observing party from England.

Tt will be seen that England will thus be called on
to supply about half-a-dozen expeditions to view the
transit. All of these will be sent out in pursuance of
Delisle’s mode of utilising a transit, so that, for reasons
already referred to, it will be necessary that they
should be provided with instruments of the utmost
delicacy, and very carefully constructed.* They will
have to remain at their several stations for a long time
before the transit takes place—several months, at least

* It is held to be of the utmost importance that all the observing
parties should use similar telescopes. It would be well if the class of
telescope selected were Browning’s 6-inch reflectors.
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—so that they may accurately determine the latitude
of the temporary observatories they will erect. This
is a work requring skilled observers and recondite
processes of calculation. Hence it is that the cost of
sending out these observing parties is so considerable.

The only English party which will apply Halley’s
method of observation is the one which will be stationed
at Crozet Island or Kerguelen Land. This part of
their work will be comparatively easy, the method only
requiring that the duration of the transit should be
carefully timed. In fact, one of the great advantages
of Halley’s method is the smallness of the expense it
involves. A party might land the day before the
transit and sail away the day after, with results at least
as trustworthy as those which a party applying Delisle’s
method could obtain after several months of hard work.
It is to this, rather than any other cause, that the small
expense of the observations made in 1769 is to be
referred. And doubtless had it been decided by our
astronomical authorities to apply Halley’s method
solely or principally, the expense of the transit-obser-
vations would. have been materially lessened. There
would, however, have been a risk of failure through
the occurrence of bad weather at the critical stations ;
whereas now—as other nations will doubtless avail
themselves of Halley’s method—the chance that the
transit-observations will fail through meteorological
‘causes is very largely diminished. Science will owe
much to the generosity of England in this respect.

It is, indeed, only recently that the possibility of
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applying Halley’s method has been recognised. Tt
had been thought that the method must fail totally in
1874. But on a more careful examination of the
circumstances of the transit, a French astronomer,
M. Puiseux, was enabled to announce that this is not
the case. Almost simultaneously the present writer
published calculations pointing to a similar result; but
having carried the processes a few steps further than
M. Puiseux, he was able to show that Halley’s method
1s not only available in 1874, but is the more powerful
method of the two.

Unfortunately, there is an element of doubt in the
inquiry of which no amount of care on the part of our
observers and mathematicians will enable them to get
rid. We refer to the behaviour of Venus herself. It
is to the peculiarity we are now to consider that the
quasi-failure of the observations made in 1769 must be
attributed. It is true that Mr. Stone, the eminent
first-assistant at the Greenwich Observatory, has man-
aged to remove the greater part of the doubts which
clouded the results of those observations. But not
even his skill and patience can serve to remove the
blot which a century of doubt has seemed to throw
upon the most exact of the sciences. We shall now
show how much of the blame of that unfortunate
century of doubt is to be ascribed to Venus.

At a transit, astronomers confine their attention to
one particular phase—the moment, namely, when
Venus just seems to lie wholly within the outline of
the sun’s disc. This at least was what Halley and
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Delisle both suggested as desirable. Unfortunately,
Venus had not been consulted, and when the time of
the transit came she declined to enter upon or leave
the sun’s face in the manner suggested by the astro-
nomers. Consider, for example, her conduct when
entering on the sun’s face :—

At first, as the black disc of the planet gradually
notched the edge of the sun’s disc, all seemed going on
well. But when somewhat more than half of the
planet was on the sun’s face, it began to be noticed
that Venus was losing her rotundity of figure. She
became gradually more and more pear-shaped, until at
last she looked very much like a peg-top touching with
its point the edge of the sun’s disc. Then suddenly—
‘as by a lightning flash,” said one observer—the top
lost its peg, and then gradually 'Venus recovered her
figure, and the transit proceeded without further
change on her part until the time came for her to leave

.the sun’s face, when similar peculiarities took place in

a reversed order.

Here was a serious difficulty indeed. For when
was the moment of true contact? Was it when the
peg-top figure seemed just to touch the edge of the
sun? This seemed unlikely, because a moment after
the planet was seen well removed from the sun’s edge.
‘Was it when the rotund part of the planet belonged to
a figure which would have touched the sun’s edge if
the rotundity had been perfect elsewhere? This,
again, seemed unlikely, because at this moment the
black band connecting Venus and the sun was quite
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wide. And, besides, if this were the true moment of
contact, what eye could be trusted to determine the
“oceurrence of a relation so peculiar? Yet the interval
between this phase and the final or peg-top phase
lasted several seconds—as many as twenty-two in one
instance in 1769—and the whole success of the obser-
vation depended on exactness within three or four
seconds at the outside.

We know that Venus will act in precisely the same
manner in 1874. If we had been induced to hope
that improvements in our telescopes would diminish
the peculiarity, the observations of the transit of
Mercury in November 1868 would have sufficed to
destroy that hope, for even with the all but perfect
instruments of the Greenwich Observatory, Mercury
assumed the peg-top disguise in the most unpleasing
manner.

It may be asked, then, What do astronomers propose
to do in 1874 to prevent Venus from misleading them
again as she did in 1769? Much has already been
done towards this end. Mr. Stone undertook a series
of careful researches to determine the law according to
which Venus may be expected to behave, or to mis-
behave herself ; and the result is, that he has been able
to tell the observers exactly what they will have to
look for, and exactly what it is most important that
they should record. In 1769, observers recorded their
observations in such doubtful terms, owing to their
ignorance of the real significance of the peculiarities
they witnessed, that the mathematicians who had to
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make use of those observations were misled. Hinc
ille lacryme. Hence it is that an undeserved reproach
has fallen upon the  exact science.’

The amount of the error resulting from the misin-
terpretation of the observations made in 1769 was,
however, very small indeed, when its true character is
considered. It is, indeed, easy to make the error seem
enormous. The sun’s distance came out some four
millions of miles too large, and that seems no trifling
error. Then, again, the resulting estimate of the dis-
tance of Neptune came out more than a hundred
million miles too great; while even this enormous
error was as nothing when compared with that which
resulted when the distances of the fixed stars were
considered. T

But this is an altogether erroneous mode of estimat-
ing the effect of the error. It would be as absurd to
count up the number of hairs’ breadth by which the
geographer’s estimates of the length and breadth of
England may be in error. In all such matters it is
relative and not absolute error we have to consider.
A microscopist would have made a bad mistake who
should over-estimate the length of a fly’s proboscis by
a single hair’s breadth; but the astronomer had made
a wonderfully successful measurement of the sun’s dis-
tance who deduced it within three or four millions of
miles of the true value. For it is readily calculable
that the error in the estimated relative bearing of the
sun as seen from opposite sides of the earth corresponds
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to the angle which a hair’s breadth subtends when
seen from a distance of 125 feet.

The error was first detected when other modes of
determining the sun’s distance were applied by the
skilful astronomers and physicists of our own day.
We have no space to describe as fully as they deserve
the ingenious processes by which the great problem
has been attacked without aid from Venus. Indeed,
we can but barely mention the principles on which
those methods depend. But to the reader who takes
interest in astronomy, we can recommend no subject
as better worth studying than the masterly researches
of Foucault, Leverrier, Stone, and Hansen upon the
problem of the sun’s distance.

The problem has been attacked in four several ways.
First, the tremendous velocity of light has been
measured by an ingenious arrangement of revolving
mirrors; the result combined with the known time
occupied by light in travelling across the earth’s orbit
immediately gives the sun’s distance. Secondly, a
certain irregularity in the moon’s motion, due to the
fact that she is most disturbed by the sun when
traversing that half of her path which is nearest to
him, was pressed into the service with similar results.
Thirdly, an irregularity in the earth’s motion, due to
the fact that she circles around the common centre of
gravity of her own mass and the moon’s, was made a
means of attacking the problem. Lastly, Mars, a
planet which, as we have already mentioned, approaches
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us almost as nearly as Venus, was found an efficient
ally.

The result of calculations founded on these methods
showed that the sun’s distance, instead of being about
95,000,000 miles, is little more than 91,500,000 miles.
And recently, by a careful re-examination of the
observations made upon Venus in 1769, Mr. Stone
has shown that they point to a similar result.

Doubtless, however, we must wait for the transit of
Venus in 1874 before forming a final decision as to
the estimate of the sun’s distance which is to take its
place in popular works on astronomy during the next
century or so. Nothing but an unlooked-for com-
bination of unfavourable circumstances can cause the
failure of our hopes. Certainly, if we should fail in
obtaining satisfactory results in 1874, the world will
not say that the generosity of the English Government
has been in fault, since it would be difficult to find a
parallel in the history of modern science to the munifi-
cence of the grant which has been made this year for
expeditions to observe a phenomenon whose interest
and importance are purely scientific.

; (From St. Paul's, October 1869,)

RECENT SOLAR RESEARCHES.

SINCE the great eclipse of August 1868, our know-
ledge respecting the constitution of the sun has been
steadily progressing. One discovery after another has
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been made, and there really seems to be no reason for
believing that we have as yet nearly reached the limits
of the knowledge which spectroscopic analysis is capable
of supplying. Indeed, the invention of a new form of
spectroscope—the ingenious automatic spectroscope of
Mr. Browning—promises soon to be rewarded by a
series of discoveries as important as any which have
hitherto been made. 'We propose briefly to indicate
the present position of our knowledge respecting the
great central luminary of our system.

The spectroscopic observation of the eclipse of
August 1868 had shown that the strange prominences
seen during total eclipses of the sun are vast masses
of luminous vapour,—hydrogen flames, we may call
them, considering how largely hydrogen enters into
their constitution. Only we must remember that it is
hydrogen glowing from intensity of heat simply, and
not burning hydrogen, that constitutes these promi-
nences. Now it had long been recognised that the
coloured prominences spring from an envelope of a
similar nature surrounding the whole surface of the
sun. Father Secchi, of the Collegio Romano, in a lecture
given to the pupils of the Ecole Ste. Geneviéve, had
thus in 1867 described this envelope (whose existence
he was the first to recognise):—‘The observation
of eclipses furnishes indisputable evidence that the sun
is really surrounded by alayer of red matter, of which
we commonly see no more than the most elevated
points.” One of the first and most interesting results
of the eclipse observations was Mr. Lockyer’s con-



RECENT SOLAR RESEARCHES. 81

firmation of the justice of this opinion. He and Jannsen
had independently shown that the existence of promi-
nences can be recognised when the sun is not eclipsed ;
and the same method supplied clear evidence of the
existence of this red envelope, to which Mr. Lockyer
gave the name of the Chromosphere. Remembering who
first indicated its existence as ¢ indisputable,” we may
conveniently call it Secchi’s Chromosphere. (See note
at the end of this paper.)

Both the chromosphere and the prominences consist
of glowing vapour. But there is a difference in their
constitution. In the prominences there are usually but
very few constituent vapours. Hydrogen is there,and
another vapour, whose nature is as yet undetermined,
while occasionally there are the vapours of other ele-
ments. But in the chromosphere there are commonly
several elements, and sometimes there are many.

Here, then, we have above the photosphere of the
sun a vaporous envelope, obviously of a complicated
structure, and perhaps far more complicated than it has
yet been proved to be. For it must be remembered
that the lowest layers of this envelope might be com-
posed of the vapours of numerous elements, and yet no
record of their existence be recognised. A depth of
ten miles would correspond to so small a proportion of
the sun’s diameter (about the 85,000th part) as to be
wholly unrecognisable by any telescopic power men
can hope to obtain. If any of our readers are tele-
scopists, they wiil know what force lies in the remark
that such a distance would subtend about the 44th

G
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part of a second of arc, so that no less than twenty-six
such distances could be placed between the components
of that well-known test-object, the double companion
of the star Gamma Andromede.*

Next below this coloured envelope there is the
mottled photosphere, either a white-hot surface with
relatively dark pores all over it, or, according to other
and better authorities, a surface of white-hot spots
spread over a relatively dark background. Here we
are describing merely its appearance; what the con-
stitution of this surface may in reality be remains yet
to be determined.

Beneath the photosphere there are vast depths of
vapour, for when the photosphere is broken through
where spots are formed, the spectroscope tells us that
the relatively dark regions thus disclosed are filled
with the vapours of various elements. We know that
the dark lines which cross the rainbow-tinted solar
spectrum are caused by the light-absorbing action of
the vapours which surround the sun, and these lines
are seen more distinctly in the spectrum of a sun-spot
than in that of the photosphere.

Now it is worthy of notice that all that has thus far
been discovered tends to confirm the theory put for-

* The view here presented was completely confirmed during the
eclipse of last December. Professor Young and Mr. Pye independently
recognised a layer whose spectrum showed all the Fraunhofer lines
reversed. By observing at the place where the moon had just concealed
the last fine sickle of the solar disc, they obviated the effects of diffrac-
tion, which render the observation wholly impossible in the case of the
uneclipsed sun.
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ward nearly a century ago by Sir William Herschel.
That thoughtful observer recognised in the solar photo-
sphere a widely-extended layer of luminous clouds,
while he regarded the light of the penumbra of sun-
spots as coming from a lower cloud-layer. He con-
ceived that up-rushes of vapour, thrusting aside both
layers, caused the appearance of a solar spot. We have
heard a great deal lately of the English and Conti-
nental theories of the solar constitution; but the
evidence we have recently obtained goes far to show
that, after all, Sir William Herschel, without the aid
of spectroscope or polariscope, formed a juster view of
the solar constitution than any which has been recently
propounded. IHe was doubtless mistaken in the view
(which he put forward as a mere hypothesis) that the
real surface of the sun may be not very intensely
heated. We have every reason to believe that the
whole mass of the sun is raised to an inconceivable
degree of heat. But for the rest, there seems far more
reason to believe in Sir William Herschel’s cloud-
layer theory than in any other which has been put
forward in recent times.

Let us consider some of the consequences of such a
constitution. Imagine the ascent of vapours of many
elements from the fluid surface of the solar oceans.
This mixed atmosphere is in reality aglow with the
intensest heat and light, so that if we could examine
its spectrum separately, we should see the bright lines
of the various vaporous elements which constitute it.
But intensely hot as it is, it must yet be less hot than

G 2
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the surface from which it has risen, because the forma-
tion of vapour is a process in which heat is used up.
And therefore, by a well-known law, the spectrum of
the light from the white-hot surface shining through
the atmosphere will be a rainbow-tinted streak, crossed
by the dark lines corresponding to the various elements
composing that atmosphere. But as the lighter vapours
in this mixed atmosphere ascend, they reach a region
of less pressure, and a region where they can part more
freely with their heat. Thus, precisely as the cumulus
clouds form in our own atmosphere, so would a layer
of clouds be formed somewhat low down in the solar
atmosphere. But from the upper surface of this layer
the vapours of the elements composing the clouds would
rise, again to condense at a higher level, much as the
light cirrus clouds in our own atmosphere form at a
great height above the layer of cumulus clouds.

The great difference between this process and what
takes place in our own atmosphere would consist in
the fact that whereas the only kind of cloud which can
form in our air is a water-cloud, there can be formed in
the solar atmosphere clouds of iron, copper, zine, and
other such elements, each element having its own
distinct range, so to speak, within the limits of the
solar atmosphere.

Now with such processes as these going on, we can
conceive how rushes of heated gas might from time to
time thrust aside the cloud-layers; and how where this
happened we should occasionally recognise the bright
lines corresponding to the more intensely heated gas,
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as well as the dark lines corresponding to the deep
vapour-masses laid bare by the removal of the photo-
sphere. And precisely in this way do the observations
recently made by Mr. Lockyer seem alone to be explic-
able. He sees the glowing vapours above the photo-
sphere stirred from time to time as by fierce tempests—
nay, he is enabled to measure (very roughly, of course)
the velocity with which these solar winds urge their
way through the chromosphere itself, in the neighbour-
hood of the spots. The progress of these hurricanes
is often indicated by the appearance of bright lines in
those parts of the spectrum where usually dark lines
are seen.

Truly Kirchhoft’s discovery of the significance of the
spectral lines is bearing wonderful fruit! Who would
have thought that researches carried on with a few
triangular prisms of glass on the light from such a
substance as sodium, the basis of our commonplace
soda, would lead to the result that solar tornadoes
could be watched as readily with the spectroscope as
in Galileo’s time the sun-spots themselves could be
traced across the sun’s disc with the telescope ?*

(From the Spectator for July 2, 1870.)

* I give this paper as it appeared in the Spectator. But there are
some points requiring correction. In the first place, the objectionable
word chromosphere (for chromatosphere) should be replaced by sierra.
Secondly, there is an error as to the absolute priority of Secchi in
recognising the sierra. He went considerably beyond all others in the
matter, having not only reasoned upon, but seen and photographed the
sierra, and having furthermore found evidence as to its nature when
studying sun-spots. But Professors Grant and Swan, as well as Von
Littrow, the Imperial Astronomer of Austria, had recognised the existence
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GOVERNMENT AID TO SCIENCE.

AMmoxGe the questions which will occupy the attention
of the new Parliament, we think we may safely include,
in anticipation, the subject of State intervention to
secure the progress of physical science.* It will be
remembered that this subject was brought before the
notice of the British Association, at its recent meeting,
by Lieutenant-Colonel Strange, and a committee—in-
cluding the names of Professors Sir William Thomson,

of the sierra before Secchi, and Leverrier had also independently arrived
at the same conclusion as Secchi, and at about the same time. Ihadnot
known of some of these claims and had forgotten others when I wrote
the above paper. This will scarcely seem surprising when it is re-
membered that the views of Grant, Swan, Von Littrow, and Leverrier
had not been made widely public—as Secchi’s had—by being published
in popular treatises and in lectures. It was with some surprise, there-
fore, that I found myself charged, not only with ignorance, but, incon-
gruously enough, with injustice also, by a fellow-worker in astronomy,
who addressed a letter to the editor of the Spectator, advocating in
needlessly warm terms the prior claims of Grant and Swan. It is
perhaps unnecessary for me to say that the charge of injustice was
wholly undeserved ; and I think the writer of the letter would have
inferred this had he considered a parallel instance which had recently
occurred. For a well-known worker had claimed the very same discovery
only a few months before as Ais own; and although the subject was
specially his, he had not known even of Secchi’s numerous public state-
ments respecting the sierra, yet no one thought of charging him with
injustice. The writer of the letter could scarcely have forgotten the
circumstance, since that worker was no other than himself.

* The reader need hardly be told that the hopes here expressed were
completely disappointed.
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Tyndall, Frankland, Williamson, Stokes, Fleming,
Jenkins, Hirst, and Huxley, Messrs. Glaisher and
Huggins, and Drs. Stenhouse, Balfour Stewart, and
Mann—was appointed to consider and report upon the
subject. Science has now reached a peculiar stage in
that long and remarkable career of progress which was
inaugurated towards the close of the sixteenth century.
Hitherto those who have been able and willing to take
part in scientific researches have had the means of
doing so without incurring great expense, and many
have even found it possible to do good and useful
service in the cause of science while prosecuting, at the
same time, the labours of their profession or trade.
But now the case is very different. A man who would
assist in forwarding the progress of science must give
his whole energies to the cause; he must be prepared
to incur large expenses; and all this he must do with-
out the hope that science will make him any pecuniary
return. Theoretically, indeed, it may be argued that
he will labour best who hopes for no return for his
labours ; who works, not for profit, but from pure
love of science, and so on. But as a matter of fact,
many of those who would serve science best, and
hundreds of those who could do yeoman’s service in her
cause, are simply debarred from scientific pursuits by
the necessity of earning the means of subsistence.
And there are crowds of others who, though they may
be independent in means, are yet unable to provide
themselves with the expensive instruments by which
alone any useful work can now be done. For, as



88 LIGHT SCIENCE FOR LEISURE HOURS,

Colonel Strange observes, ¢ Science can no longer be
cultivated as in by-gone times it used to be. In
astronomy the man with his table spy-glass cannot
now furnish acceptable results. In chemistry, the
Wollaston tea-tray and wine-glasses are superseded by
well-equipped laboratories. In optics we see elaborate
spectroscopes, not Newton’s simple prism. In meteor-
ology, and in every investigation of continuous pheno-
mena, we are satisfied with nothing less than self-
recording instruments. In electricity, in microscopy,
and in other branches, our appliances are every day
more and more amplified. The age of great discoveries
made, and, above all, extensive series of facts accu-
mulated with limited -means, is passing away ; and we
are every day compelled to employ more perfect
appliances and more systematic agencies in unravelling
the secrets of nature.’ _

It is scarcely necessary to point out that the aid of
the State in securing the progress of physical science
is not asked without the promise of a guid pro quo. It
is not as though the State were called upon to aid in
antiquarian, or entomological, or numismatic researches,
or in any subject of inquiry which, however interesting,
has no practical bearing on the wants of daily life, or
on the appliances by which the social state of man may
be benefited and improved. Nor is it to secure the
spread of scientific knowledge that State aid is called
for, but to secure the progress of physical science.
That that progress cannot fail to bring with it im-
portant advantages to mankind it is almost needless to



GOVERNMENT AID TO SCIENCE, 89

assert. We have only to look around us to.see what
science has done for mankind. But those are best
acquainted with the practical value of scientific know-
ledge who are themselves engaged in scientific re-
searches, or are at least proficient in scientific matters.
Hundreds, for example, might see in the complicated
instruments which are to be found in the Greenwich
Observatory nothing but ingenious applications for the
solution of theoretical problems; it is only astronomers,
or those who are versed in the processes of astronomy,
who know that our whole system of commerce would
be affected injuriously if those instruments were de-
stroyed or left unused. Here we have an instance of
science working under State patronage, working in
the cause of the State; and what Colonel Strange
proposes is to multiply instances of this sort. The
State profits by the labours of the Greenwich astro-
nomers, and those astronomers would for the most part
be unable or unwilling to continue their labours but
for the pecuniary reward which they receive from the
State. But assuredly the State would suffer more
than the astronomers if the establishment at Greenwich
were done away with. And precisely in the same way
the State would reap important advantages from the
labours of proficients in other departments of science
who are now debarred by considerations of expense, or
by the necessity of earning a livelihood, from applying
their skill to forward the cause of scientific progress.
Colonel Strange’s proposal includes the establish-
ment of national institutions expressly for the practical
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advancement of scientific research. He remarks that
‘men engaged in science need hardly be told that
when they discover a new substance, the determination
of the physical properties of which is attended with
cost and labour, they experience a great—perhaps
insuperable—difficulty in obtaining its examination.
A new theory, or the confutation or confirmation of an
old one, if dependent on any considerable accumulation
of facts, shares evena worse fate.” Important benefits
could not fail to result if difficulties such as these
were removed from the paths of physical research, by
the institution of bodies whose duty it would be to
undertake, and complete in an accurate and systematic
manner, costly and tedious investigations on which
vast interests may be dependent.
(From the Daily News for December 9, 1869.)

AMERICAN ALMS FOR BRITISH SCIENCE.”

OUR astronomers have received an invitation which is
as pleasing to them as men of science as it is painful

* This was one of a series of articles which appeared in the Daily
News during the months which followed the announcement that the
British Government would give no aid to the eclipse expedition. To
the liberality with which the Daily News gave space for these appeals
may fairly be ascribed the fact that eventually the eclipse committee
was roused to something like energetic action. When the real state of
the case became known to Government, ample assistance was rendered.
The shortness of the time eventually left for preparation may be regarded
as accounting for subsequent seeming short-comings on the part of the
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to them as Englishmen. As our readers know, sixty-
eight persons had volunteered to go to Spain and Sicily
to view the total eclipse of December 22 ; our scientific
societies had voted large sums of money for the equip-
ment of the two observing parties; and everyone was
certain that Government would supply the means of
transport. But everyone was mistaken. The Admiralty’
discovered that the nation would assuredly disapprove if
room were found for mere men of science and their trum-
pery in any of Her Majesty’s ships; and accordingly,
Jjust when the extensive preparations requisite for the
expeditions were in full progress, news came that the
means of transport must be found by the observers
themselves. We do not care here—we hardly have
patience, indeed—to discuss the probable cause of a
refusal so discreditable to the scientific repute of Eng-
land. It had been announced by the Astronomer-
Royal (in connection with another matter), that Govern-
ment would always be found liberal in scientific
matters, if a sufficient cause were shown by persons
in whom they had trust; and we do not care to inquire
whether the Astronomer-Royal was mistaken in this
matter, or whether the Government declined to put
trust in him or in the Presidents of our Astronomical
and Royal Societies, or whether, lastly, the sufficient
cause was not brought before the Government with

Organising Committee; while fortunately the zeal of the expeditionists
averted the risk (which at one time seemed serious) that rather brusque
usage would cause some of the most important members of the expedi-
tions to withdraw their aid.
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proper earnestness. Let the explanation be what it
may, the fact remains—England has been exhibited to
all the nations as turning her back on science, and
English men of science have been discredited before
the world as unworthy of England’s confidence.

But now news comes that the Government of the
United States has not only found means of trans-
port for two American parties, but has made the
handsome grant of 6,0007, to furnish suitable appli-
ances for observing the eclipse. The American men
of science have reached England. They recognise
the pitiable condition to which our astronomers have
been reduced by the Government, and they invite our
sixty-eight volunteers to sail with them. A letter has
been sent to these volunteers, inviting them, in the
name of the American expeditionary parties, to accept
this much-needed assistance. The offer is most gene-
rous; it is mostinviting ; it is one which no astronomer
is justified in declining on account of sentimental con-
siderations. But it certainly is a new and a painful
position for an English man of science to be placed in,
thus to find scientific alms offered him as a reparation
for the insult he has, in effect, received from his own
Government.

Many may be disposed to wonder why so much in-
terest is attached to this particular eclipse. During
many former total eclipses—even when they have been
visible at more conveniently accessible stations—less
care was taken to fit out expeditions. And what is
even more to the point, observations have been made
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on eclipse after eclipse, in former times, without adding
jot or tittle to our knowledge of solar physics. But
during recent eclipses things have altered. In 1860
the celebrated ¢ Himalaya Expedition’ sailed to Spain
from England ; while other parties came from France,
Italy, and Germany. And though the old fault of
wasting observing energy on matters already known
or demonstrated prevailed very largely, yet De la Rue
and Secchi, by photographing the eclipsed sun, well
repaid the whole cost of these expeditions. In the
great total eclipse of August 1868, Europe sent out
many observing parties to India, and the great dis-
covery that the red prominences seen round the totally
eclipsed sun are masses of glowing vapour sufficiently
repaid the cost. In August 1869, the Americans
availed themselves right skilfully and worthily of the
passage of the moon’s shadow across their continent ;
and though they failed in the main purpose they had
set themselves, they made preliminary observations of
the utmost importance and value. That purpose was
to ascertain the nature of the glorious aureole of light
seen around the sun during total eclipses; and it is
with the same purpose that the expeditions formed for
observing the present eclipse were to have set forth.
The questions to be answered are full of interest, even
now when their full significance is not known ; while it
may well be that when we begin to have accurate in-
formation about them, we shall find they have a real
importance wholly unlooked for. As the last direct
rays of the sun are concealed by the advancing moon,
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there springs into view a glorious crown of coloured
light—pearly white in parts, faintly pink beyond, and
at the extreme verge showing tints of mauve and
violet and green—delicate and beautiful beyond de-
seription. Through this coronal glory there extend
rays of bluish-white light, reaching often to a vast dis-
tance from the black disc of the moon. Commonly
remaining unchanged in position, these rays sometimes
—if all the narratives can be trusted—exhibit very
obvious signs of motion, resembling in this respect
those streamers of coloured light which we have lately
so much admired in the aurora. Indeed, wonderful as
it may seem, the corona has lately come to be regarded
as associated in some way with the Aurora Borealis.
We know that those auroral streamers which form so
wonderful a display in our ewn skies are due to solar
influences. In whatever way it may be brought about,
certain it is that disturbances of the sun are reflected
in terrestrial auroral displays. The auroras which
have occurred lately were predicted by astronomers,
who know that the sun is undergoing during the
present year disturbances of the most amazing nature.
Solar spots, of various dimensions, have been counted
by the hundred of late; and we now know that when
the sun is thus spotted our earth sympathises with the
central orb. Thrilling from pole to pole in magnetic
tremor, she spreads out over both hemispheres the
auroral banners that indicate the progress of electric
revolutions. The devices of her children for utilising
her electric forces are for the time set at naught, and
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the telegraph clerk finds for a while that Mother
Earth is having her own way and will not obey his be-
hests. If the sun, ninety millions of miles away from
us, thus affects the earth’s frame, and thus illuminates
terrestrial skies, it need not be greatly wondered at
should it be proved that he illuminates with no dis-
similar light the regions lying more closely around him.
If there are no planets like our earth in these regions,
no large bodies on which the sun can exert his incon-
ceivable powers, there are yet in these spaces—unless
astronomers are at fault—uncounted millions of minute
bodies, those tiny ¢ pocket-planets > which pass at times
through our own atmosphere, and are called by us
falling stars, or meteors. Amongst these tiny bodies
auroral gleams may pass, producing by their united
lustre the glories of the solar corona.

But whether this view be just, or whether, as Mr.
Lockyer holds, the corona is only a phenomenon of our
own air, or is due (as the fanciful M. Faye once
thought of the coloured prominences) to some sort of
lunar mirage, certain it is that just now it is a matter
of extreme interest that further observations should be
made. Undoubtedly, what we have lately learned re-
specting the sun gives an interest and importance to
this matter of the solar corona which it never before
possessed. Yet this is the problem respecting which
our Government is understood to have said to astro-
nomers, ¢ As far as we can, we will prevent you from
solving it.’

Truly it would be difficult to show that any material
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profit can be gained by solving the problems associated
with the solar corona. The tree of science has its
blessoms as well as its fruits, and perhaps the results
of the observations we are advocating will belong to
the former rather than the latter. But what then?
Can we limit science to remunerative researches alone ?
As well might we attempt to get fruit from a tree
whose leaves and blossoms we systematically plucked
off. Latent though the power of science now is in
great part, yet science is the greatest power our country
possesses. It has been treated for a long while as a
troublesome beggar—a few hundreds doled out here
and a few thousands there. The country does not yet
know its own interest. Because little has been asked,
it has thought little could be returned. The time is
coming when not hundreds or thousands will be asked
for science, but millions freely and eagerly given—
when the example of other countries, rapidly passing
in advance of England through their scientific resources,
will force on our attention the folly of a system which
grants thirty millions yearly to secure the means of
carrying on war, and refuses a few paltry thousands to

secure the noblest portion of our strength.
(From the Daily News for November 5, 1870.)
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THE SECRET OF THE NORTH POLE.

IF an astronomer upon some distant planet has ever
thought the tiny orb we inhabit worthy of telescopic
study, there can be little doubt that the snowy regions
which surround the arctic and antarctic poles must have
attracted a large share of his attention. Waxing and
waning with the passing seasons, those two white patches
afford significant intelligence respecting the circum-
stances of our planet’s constitution. They mark the
direction of the imaginary axial line upon which the
planet rotates; so that we can imagine how an astro-
nomer on Mars or Venus would judge from their posi-
tion how it fares with terrestrial creatures. There may,
indeed, be Martial Whewells who laugh to scorn the
notion that a globe so inconveniently circumstanced
as ours can be inhabited, and are ready to show that if
there were living beings here they must be quickly
destroyed by excessive heat. On the other hand, there
are doubtless sceptics on Venus also who smile at the
vanity of those who can conceive a frozen world, such
as this our outer planet, to be inhabited by any sort
of living ereature. But we doubt not that the more ad-
vanced thinkers both in Mars and Venus are ready to
admit that, though we must necessarily be far inferior
beings to themselves, we yet manage to ¢live and move
and have our being’ on this ill-conditioned globe of
H
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ours. And these, observing the earth’s polar snow-caps,
must be led to several important conclusions respecting
physical relations here.

It is, indeed, rather a singular fact to contemplate,
that ex-terrestrial observers, such as these, may know
much more than we ourselves do respecting those mys-
terious regions which lie close around the two poles.
Their eyes may have rested on spots which with all our
endeavours we have hitherto failed to reach. Whether,
as some have thought, the arctic pole is in summer
surrounded by a wide and tide-swayed ocean; whether
there lies around the antarctic pole a wide continent
bespread with volcanic mountains larger and more
energetic than the two burning conés which Ross found
on the outskirts of this desolate region; or whether the
habitudes prevailing near either pole are wholly differ-
ent from those suggested by geographers and voyagers
-—such questions as these might possibly be resolved
at once, could our astronomers take their stand on some
neighbouring planet, and direct the searching power of
their telescopes upon this terrestrial orb. For this is
one of those cases referred to by Humboldt, when he
said that there are circumstances under which man is
able to learn more respecting objects millions of miles
away from him than respecting the very globe which
he inhabits.

If we take a terrestrial globe, and examine the actual
region near the North Pole which has as yet remained
unvisited by man, it will be found to be far smaller than
most people are in the habit of imagining. In nearly
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all maps the requirements of charting result in a con-
siderable exaggeration of the polar regions. This is
the case in the ordinary ¢ maps of the two hemispheres’

* which are to be found in all atlases. And it is, of
course, the case to a much more remarkable extent in
what is termed Mercator’s projection. Ina Mercator’s
chart we see Greenland, for example, exaggerated into
a continent fully as large as South America, or to seven
or eight times its real dimensions.

There are three principal directions in which ex-
plorers have attempted to approach the North Pole.
The first is that by way of the sea which lies between
Greenland and Spitzbergen. We include under this
head Sir Edward Parry’s attempt to reach the pole by
crossing the ice-fields which lie to the north of Spitz-
bergen. The second is that by way of the straits
which lie to the west of Greenland. The third is that
pursued by Russian explorers who have attempted to
cross the frozen seas which surround the northern shores
of Siberia.

In considering the limits of the unknown north-polar
regions, we shall also have to take into. account the
voyages which have been made around the northern
shores of the American continent in the search for a
¢north-western passage.” The explorers who set out
upon this search found themselves gradually forced to
seek higher and higher latitudes if they would find a
way round the complicated barriers presented by the
ice-bound straits and islands which lie to the north of
the American continent. And it may be noticed in

H 2
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passing, as a remarkable and unforeseen circumstance,
that the farther north the voyagers went the less severe
was the cold they had to encounter. 'We shall see that
this circumstance has an important bearing on the con-
siderations we shall presently have to deal with.

One other circumstance respecting the search for the
north-west passage, though not connected very closely
with our subject, is so singular and so little known that
we feel tempted to make mention of it at this point.
The notion with which the seekers after .a north-west
passage set out was simply this, that the easiest way of
reaching China and the East Indies was to pursue a
course resembling as nearly as possible that on which
Columbus had set out—if only it should appear that
no impassable barriers rendered such a course imprac-
ticable. They quickly found that the American conti-
nents present an unbroken line of land from high
northern latitudes far away towards the antarctic seas.
But it is a circumstance worth noticing, that if the
American continents had no existence, the direct
westerly course pursued by Columbus was not only not
the. nearest way to the East Indian Archipelago, but
was one-of the longest routes which could possibly have
been selected. Surprising as it may seem at first sight,
a voyager from Spain for China and the East Indies
ought, if he sought the absolutely shortest path, to set
out on an almost direct northerly route! He would
pass close by Ireland and Iceland, and so, near the
North Pole, and onwards into the Pacific. This is
what is called the great-circle route ; and if it were only
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a practicable one, would shorten the course to China by
many hundreds of miles.

Let us return, however, to the consideration of the
information which arctic voyagers have brought us
concerning the north-polar regions.

The most laborious researches in arctic seas are those
which have been carried out by the searchers after a
north-west passage. We will therefore first consider
the limits of the unknown region in this direction.
Afterwards we can examine the results of those voy-
ages which have been undertaken with the express
purpose of reaching the North Pole along the three
principal routes already mentioned.

If we examine a map of North America constructed
in recent times, we shall find that between Greenland
and Canada an immense extent of coast-line has been
charted. A vast archipelago covers this part of the
northern world. Or, if the strangely-complicated coast-
lines which have been laid down really belong to
but a small number of islands, the figures of these must
be of the most fantastic kind. Towards the north-west,
however, we find several islands whose outlines have
been entirely ascertained. Thus we have in succession
North Devon Island, Cornwallis Island, Melville Island,
and Port Patrick Island, all lying north of the seventy-
fifth parallel of latitude. But we are not to suppose
that these islands limit the extent of our seamen’s re-
searches in this direction. Far to the northward of
Wellington Channel, Captain de Haven saw, in 1852,
the signs of an open sea—in other words, he saw,
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beyond the ice-fields, what arctic seamen call a ¢ water-
sky.” In 1855 Captain Penny sailed upon this open
sea; but how far it extends towards the North Pole
has not yet been ascertained.

It must not be forgotten that the north-west passage

2

has been shown to be a reality, by means of voyages
from the Pacific as well as from the Atlantic. No arctic
voyager has yet succeeded in passing from one ocean
to the other. Nor is it likely now that any voyager
will pursue his way along a path so beset by dangers
as that which is called the north-west passage. Long
before the problem had been solved, it had become well
known that no profit could be expected to accrue to
trade from the discovery of a passage along the
perilous straits and the ice-encumbered seas which lie
to the north of the American continent. But Sir
Edward Parry having traced out a passage as far as
Melville Island, it seemed to the bold spirit of our arctic
explorers that it might be possible, by sailing through
Behring’s Straits, to trace out a connection between
the arctic seas on that side and the regions reached by
Parry. Accordingly, M‘Clure, in 1850, sailed in the
¢ Investigator,” and passing eastward, after traversing
Behring’s Straits, reached Baring’s Land, and eventu-
ally identified this land as a portion of Banks’ Land,
seen by Parry to the southward of Melville Island.

It will thus be seen that the unexplored parts of the
arctic regions are limited in this direction by suffi-
ciently high latitudes.

Turn we next to the explorations which Russian
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voyagers have made to the northward of Siberia. It
must be noticed, in the first place, that the coast of
Siberia runs much farther northward than that of the
American continent. So that on this side, indepen-
dently of sea explorations, the unknown arctic regions
are limited within very high latitudes. But attempts
have been made to push ‘much farther north from
these shores. In every case, however, the voyagers
have found that the ice-fields, over which they hoped
to make their way, have become gradually less and
less firm, until at length no doubt could remain that
there lay an open sea beyond them. How far that
sea may extend is a part of the secret of the North
Pole; but we may assume that it is no narrow sea,
since otherwise there can be little doubt that the ice-
fields which surround the shores of Northern Siberia
would extend unbroken to the farther shores of what
we should thus have to recognise as a strait. The
thinning-off of these ice-fields, observed by Baron
Wrangel and his companions, affords, indeed, most
remarkable and significant testimony respecting the
nature of the sea which lies beyond. This we shall
presently have to exhibit more at length; in the
meantime we need only remark that scarcely any
doubt can exist that the sea thus discovered extends
northward to at least the eightieth parallel of latitude.

We may say, then, that from Wellington Channel,
northward of the American continent, right round
towards the west, up to the neighbourhood of Spitz-
bergen, very little doubt exists as to the general
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characteristics of arctic regions, save only as respects
those unexplored parts which lie within ten or twelve
degrees of the North Pole. The reader will see
presently why we are so careful to exhibit the limited
extent of the unexplored arctic regions in this direc-
tion. The guess we shall form as to the true nature
of the north-polar secret will depend almost entirely
on this consideration.

‘We turn now to those two paths along which aretic
exploration, properly so termed, has been most suc-
cessfully pursued.

It is chiefly to the expeditions of Drs. Kane and
Hayes that we owe the important knowledge we have
respecting the northerly portions of the straits which
lie to the west of Greenland. Each of these ex-
plorers succeeded in reaching the shores of an open
sea lying to the north-east of Kennedy Channel, the
extreme northerly limit of those straits. Hayes, who
had accompanied Kane in the voyage of 1854-5,
succeeded in reaching a somewhat higher latitude in
sledges drawn by Esquimaux dogs. But both expe-
ditions agree in showing that the shores of Greenland
trend off suddenly towards the east at a point within
gome nine degrees of the North Pole. On the other
hand, the prolongation of the opposite shore of
Kennedy Channel was found to extend northwards
as far as the eye could reach. Within the angle thus
formed there was an open sea ‘rolling,” says Captain
Maury, ¢ with the swell of a boundless ocean.’

But a circumstance was noticed respecting this sea
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which was very significant. The tides ebbed and
flowed in it. Only one fact we know of —a fact to
be presently discussed—throws so much light on the
question we are ‘considering as this eircumstance does.
Let us consider a little whence these tidal waves can
have come.

The narrow straits between Greenland on the one
side, and Ellesmere Land and Grinnell Land on the
other, are completely ice-bound. 'We cannot suppose
that the tidal wave could have found its way beneath
such a barrier as this, ¢I apprehend,’ says Captain
Maury, ¢ that the tidal wave from the Atlantic can
no more pass under this icy barrier, to be propagated
in the seas beyond, than the vibrations of a musieal
string can pass with its notes a fret on which the
musician has placed his finger.’

Are we to suppose, then, that the tidal waves were
formed in the very sea in which they were seen
by Kane and Hayes? This is Captain Maury’s
opinion :—* These tides,” says he, ‘must have been
born in that cold sea, having their cradle about the
North Pole.’

But if we carefully censider the theory of the tides
this opinion seems inadmissible. Every considera-
tion on which that theory is founded is opposed
to the assumption that the moon could by any pos-
sibility raise tides in an arctic basin of limited extent.
It would be out of place to examine at length the
principle on which the formation of tides depends. It
will be sufficient for our purposes to remark that it is
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not to the mere strength of the moon’s ¢pull’ upon
the waters of any ocean that the tidal wave owes its
origin, but to the difference of the forces by which
the various parts of that ocean are attracted. The
whole of an ocean cannot be raised at once by the
moon ; but if one part is attracted more than another,
a wave is formed. That this may happen, the ocean
must be one of wide extent.» In the vast seas which
surround the Southern Pole there is room for an
immensely powerful ¢ drag,” so to speak; for always
there will be one part of these seas much nearer to
the moon than the rest, and so there will be an appre-
ciable difference of pull upon that part.

The reader will now see why we have been so
careful to ascertain the limits of the supposed north-
polar ocean, in which, according to Captain Maury,
tidal waves are generated. To accord with his views,
this ocean must be surrounded on all sides by impass-
able barriers either of land or ice. These barriers,
then, must lie to the northward of the regions yet
explored, for there is open sea communicating with
the Pacific all round the north of Asia and America.
It only requires a moment’s inspection of a terrestrial
globe to see how small a space is thus left for Captain
Maury’s land-locked ocean. We have purposely left
out of consideration, as yet, the advances made by
arctic voyagers in the direction of the sea which
lies between Greenland and Spitzbergen. We shall
presently see that on this side the imaginary land-
locked ocean must be more limited than towards the
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shores of Asia or America. As it is, however, it
remains clear, that if there were any ocean commu-
nicating with the spot reached by Dr. Kane, but
separated from all communication—by open water—
either with the Atlantic or with the Pacific, that
ocean would be so limited in extent that the moon’s
attraction could exert no more effective influence upon
its waters than upon the waters of the Mediterranean
—where, as we know, no tides are generated. This,
then, would be a tideléss ocean, and we must look
elsewhere for an explanation of the tidal waves seen
by Dr. Kane.

We thus seem to have primé facie evidence that the
sea reached by Kane communicates either with the
Pacific or with the Atlantic, or—which is the most
probable view—with both those oceans. When we
consider the voyages which have been made towards
the North Pole along the northerly prolongation of
the Atlantic Ocean, we find very strong evidence in
favour of the view that there is open-water communi-
cation in this direction, not only with the spot reached
by Kane, but with a region very much nearer to the
North Pole.

So far back as 1607, Hudson had penetrated within
eight and a half degrees (or about 600 miles) of the
North Pole on this route. When we consider the
clumsy build and the poor sailing qualities of the
ships of Hudson’s day, we cannot but feel that so
successful a journey marks this route as one of the
most promising ever tried. Hudson was not turned
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back by impassable barriers of land or ice, but by
the serious dangers to which the floating masses of ice,
and the gradually thickening ice-fields exposed his
weak and ill-manned vessel. Since his time, others
have sailed upon the same track, and hitherto with no
better success. It has been reserved to the Swedish
expedition of last year to gain the highest latitudes
ever reached in a ship in this direction. The steam-
ship ¢ Sofia,” in which this successful voyage was
made, was strongly built of Swedish iron, and ori-
ginally intended for winter voyages in the Baltic.
Owing to a number of delays, it was not until Sep-
tember 16 that the ¢ Sofia’ reached the most northerly
part of her journey. This was a point some fifteen
miles nearer the North Pole than Huadson had reached.
To the north there still lay broken ice, but packed so
thickly that not even a boat could pass through it.
So late in the season, it would have been unsafe to
wait for a change of weather and a consequent breaking-
up of the ice. Already the temperature had sunk six-
teen degrees below the freezing-point ; and the enter-
prising voyagers had no choice but to return. They
made, indeed, another push for the north a fortnight
later, but only to meet with a fresh repulse. An ice-
block with which they came into collision opened a
large leak in the vessel’'s side; and when after great
exertions they reached the land, the water already
stood two feet over the cabin floor. In the course of
these attempts, the depths of the Atlantic were
sounded, and two interesting facts were revealed.
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The first was that the island of Spitzbergen is con-

_nected with Scandinavia by a submarine bank; the
second was the circumstance that to the north and
west of Spitzbergen the Atlantic is more than two
miles deep !

‘We come now to the most conclusive evidence yet
afforded of the extension of the Atlantic Ocean
towards the immediate neighbourhood of the North
Pole. Singularly enough, this evidence is associated
not with a sea-voyage, nor with a voyage across ice
to the borders of some northern sea, but with a journey
during which the voyagers were throughout sur-
rounded as far as the eye could reach by apparently
fixed ice-fields.

In 1827 Sir Edward Parry was commissioned by
the English Government to attempt to reach the
North Pole. A large reward was promised in case
he succeeded, or even if he could get within five
degrees of the North Pole. The plan which he
adopted seemed promising. Starting from a port in
Spitzbergen, he proposed to travel as far northward
as possible in sea-boats, and then, landing upon the
ice, to prosecute his voyage by means of sledges.
Few narratives of arctic travel are more interesting
than that which Parry has left of this famous ¢ boat-
and-sledge’ expedition. The voyagers were terribly
harassed by the difficulties of the way; and, after a
time, that most trying of all arctic experiences, the
bitterly cold wind which comes from out the dreadful
north, was added to their trials. Yet still they
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plodded steadily onwards, tracking their way over
hundreds of miles of ice with the confident expecta-
tion of at least attaining to the eighty-fifth parallel, if
not to the Pole itself.

But a most grievous disappointment was in store
for them. Parry began to notice that the astronomical
observation by which in favourable weather he esti-
mated the amount of their northerly progress, showed
a want of correspondence with the actual rate at
which they were travelling. At first he could hardly
believe that there was not some mistake; but at
length the unpleasing conviction was forced upon him
that the whole ice-field over which he and his com-
panions had been toiling so painfully was setting
steadily southwards before the wind. Each day the
extent of this set became greater and greater, until at
length they were actually carried as fast towards the
south as they could travel northward.

Parry deemed it useless to continue the struggle.
There were certainly two chances in his favour. It
was possible that the north wind might cease to blow,
and it was also possible that the limit of the ice might
soon be reached, and that his boats might travel easily
northward upon the open sea beyond. But he had
to consider the exhausted state of his men, and the
great additional danger to which they were subjected
by the movable nature of the ice-fields. If the ice
should break up, or if heavy and long-continued
southerly winds should blow, they might have found it
very difficult to regain their port of refuge in Spitz-
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bergen before winter set in or their stores were
exhausted. DBesides, there were no signs of water in
the direction they had been taking. The water-sky
of aretic regions can be recognised by the experienced
seamen long before the open sea itself is visible. On
every side, however, there were the signs of widely-
extended ice-fields. It seemed, therefore, hopeless to
persevere, and Parry decided on returning with all
possible speed to the haven of refuge prepared for the
party in Spitzbergen. He had succeeded in reaching
the highest northern latitudes ever yet attained by
man.

The most remarkable feature of this expedition,
however, is not the high latitude which the party
attained, but the strange circumstance which led to
their discomfiture. What opinion are we to form of
an ocean at once wide and deep enough to float an
ice-field which must have been thirty or forty thou-
sand square miles in extent? Parry had travelled
upwards of three hundred miles across the field, and
we may fairly suppose that he might have travelled
forty or fifty miles farther without reaching open
water; also that the field extended fully fifty miles on
each side of Parry’s northerly track. That the whole
of so enormous a field should have floated freely before
the arctic winds is indeed an astonishing circumstance.
On every side of this floating ice-island there must
have been seas comparatively free from ice; and could
a stout ship have forced its way through these seas, the
latitudes to which it could have reached would have
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been far higher than those to which Parry’s party was
able to attain. For a moment’s consideration will
show that the part of the great ice-field where Parry
was compelled to turn back must have been floating
in far higher latitudes when he first set out. He
reckoned that he had lost more than a hundred miles
through the southerly motion of the ice-field, and by
this amount, of course, the point he reached had been
nearer the Pole. It is not assuming too much to
say that a ship which could have forced its way round
the great floating ice-field would certainly have been
able to get within four degrees of the Pole. It seems
to us highly probable that she would even have been
able to sail upon open water to and beyond the Pole
itself.

And when we remember the direction in which Dr.
Kane saw an open sea—namely, towards the very
region where Parry’s ice-ship had floated a quarter of
a century before—it seems reasonable to conclude that
there is open-water communication between the seas
which lie to the north of Spitzbergen and those which
lave the north-western shores of Greenland. If this
be so, we at once obtain an explanation of the tidal
waves which Kane watched day after day in 1855.
These had no doubt swept along the valley of the
Atlantic, and thence around the northern coast of
Greenland. It follows that, densely as the ice may
be packed at times in the seas by which Hudson,
Scoresby, and other captains have attempted to reach
the North Pole, the frozen masses must in reality be
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floating freely, and there must therefore exist channels
through which an adventurous seaman might manage
to penetrate the dangerous barriers surrounding the
polar ocean.

In such an expedition, chance unfortunately plays a
large part. Whalers tell us that there is great uncer-
tainty as to the winds which may blow during an
arctic summer. The icebergs may be crowded by
easterly winds upon the shores of Greenland, or by
westerly winds upon the shores of Spitzbergen, or,
lastly, the central passage may be the most encum-
bered, through the effects of winds blowing now from
the east and now from the west. Thus the arctic
voyager has not merely to take his chance as to the
route along which he shall adventure northwards, but
often, after forcing his way successfully for a consider-
able distance, he finds the ice-fields suddenly closing
in upon him on every side, and threatening to crush
his ship into fragments. The irresistible power with
which, under such circumstances, the masses of ice
bear down upon the stoutest ship has been evidenced.
again and again; though, fortunately, it not unfre-
quently happens that some irregularity along one side
or the other of the closing channel serves as a sort of
natural dock, within which the vessel may remain in
comparative safety until a change of wind sets her free.
Instances have been known in which a ship has had so
narrow an escape in this way, and has been subjected
to such an enormous pressure, that when the channel
has opened out again, the impress of the ship’s side has

I
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been seen distinctly marked upon the massive blocks
of ice which have pressed against her.

Notwithstanding the dangers and difficulties of the
attempt, and the circumstance that no material gains
can reward the explorer, it seems not unlikely that
before many months are passed the North Pole will
have been reached. Last year two bold attempts were
made—one by the Swedes, as already mentioned, the
other by German men of science. In each case the
result was so far successful as to give good promise for
future attempts. This year both these nations will
renew their attack upon the interesting problem. The
German expedition will consist of two vessels, the ¢ Ger-
mania’ and the ‘Greenland.” The former is a screw-
steamer of 126 tons, and well adapted to encounter the
buffets of the ice-masses which are borne upon the
arctic seas. The other is a sailing yacht of 80 tons,
and is intended to act as a transport-ship, by means of
which communication may be kept up with Europe.
The ¢Germania’ will probably winter in high northern
latitudes; and we should not be much surprised if
before her return she should have been carried to the
very Pole. Nor can the prospects of the Swedish
expedition be considered less promising, when we re-
member that last year, though hampered by the late-
ness of the season and other difficulties, they succeeded
in approaching the Pole within a distance only a few
miles greater than that which separated Parry from
the Pole in 1829.

Certainly England has reason to fear that before
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the year 1870 has closed she will no longer be able to
claim that her flag has approached both Poles more
nearly than the flag of any other nation. There are
considerations which make the recent supineness of
our country in the matter of arctic travel much to be
regretted. In the winter of 1874 there will occur
one of those interesting phenomena by which Nature
occasionally teaches men useful lessons respecting her
economy. We refer to the transit of Venus on
December 8 in that year. Ome of the most effec-
tive modes of observing this transit will require
that a party of scientific men should penetrate far
within the recesses of the desolate Antarctic Circle,
‘Where are the trained arctic seamen to be found who
will venture upon this service? Most of our noted
arctic voyagers have earned their rest; and, as Com-
mander Davis said at a recent meeting of the Geogra-
phical Society, those who go for the first time into the
arctic or antarctic solitudes are too much tried by the
effects of the new experience to be fit to undertake
important scientific labours. He spoke with special
reference to the transit of 1882, for the observation of
which there is (I have lately shown) small occasion to
employ arctic voyagers. It is just possible that for the
transit of 1874 trained explorers belonging to the old
school of arctic travel may still be found. But if not,
no time should be lost in supplying the deficiency. I
have shown within the last few months that journeys to
the antarctic regions will be required for this transit,
and not for the later transit (as had been supposed).
12
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The Astronomer-Royal has expressed his desire that the
discovery may be rendered available by suitable expe-
ditions. ¢ Every series of observations,” he remarks,
¢ which can really be brought to bear upon this im-
portant determination will be valuable.” Therefore, for
this reason alone, and even if the reputation of Xngland
in the matter of arctic travel were altogether worthless,
it would be well that efforts should quickly ‘be made
to prepare crews and commanders for the work of 1874,
by ‘sending them to school,” as Commander Davis ex-

pressed it, €in the arectic seas.’
(From St. Paul's, June 1869.)

18 THE GULF STREAM A MYTH?

THE Gulf Stream has recently attracted a large share
of the attention of our men of science. The abnormal
character of the weather which we experienced last
winter has had something to do with this. The in-
fluence of the Gulf Stream upon our climate, and the
special influence which it is assumed to exercise in miti-
gating the severity of our winters, have been so long
recognised that meteorologists began to enquire what
changes could be supposed to have taken place in the
great current to account for so remarkable a winter as
the last. DBut it happened also that at a meeting of the
Royal Geographical Society early in the present year
the very existence of the Gulf Stream was called in
question, just when meteorologists were disposed to
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assign to it effects of unusual importance. And in
the course of the discussion whether there is in truth
a Gulf Stream—or rather whether our shores are
visited by a current which merits such a name—a
variety of interesting facts were adduced, which were
either before unknown or had attracted little attention,
As at a recent meeting of the same society these doubts
have been renewed, we propose to examine briefly, in
the first place, a few of the considerations which have
been urged against the existence of a current from the
Gulf of Mexico to the neighbourhood of our shores;
and then, having rehabilitated the reputation of this
celebrated ocean river—as we believe we shall be able
to do—we shall proceed to give a brief sketch of the
processes by which the current-system of the North
Atlantic is set and maintained in motion.

In reality the Gulf Stream is only a part of a sys-
tem of oceanic circulation; but in dealing with the
arguments which have been urged against its very
existence, we may confine our attention to the fact
that, according to the views which had been accepted
for more than a century, there is a stream of water
which, running out of the Gulf Stream through the
Narrows of Bemini, flows along the shores of the
United States to Newfoundland, and thence right
across the Atlantic to the shores of Great Britain.
It is this last fact which is now called in question.
The existence of a current as far as the neighbour-
hood of Newfoundland is conceded, but the fact that
the stream flows onward to our shores is denied.
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The point on which most stress is placed is the
shallowness of the passage called the ‘Bemini Narrows,’
through which it is assumed that the whole of the Gulf
current must pass. This passage has a width of about
forty miles, and a depth of little more than six hundred
yards. The current which flows through it is perhaps
little more than thirty miles in width, and a quarter of
a mile in depth. It is asked with some appearance of
reason, how this narrow current can be looked upon as
the parent of that wide stream which is supposed to
traverse the Atlantic with a mean width of some five
or six hundred miles. Indeed, a much greater width
has been assigned to it, though on mistaken grounds ;
for it has been remarked that since waifs and strays
from the tropics are found upon the shores of Portugal,
as well as upon those of Greenland, we must ascribe
to the current a span equal to the enormous space
separating these places. But the circumstance here
dwelt upon can clearly be explained in another way.
‘We know that of two pieces of wood thrown into the
Thames at Richmond, one might be picked up at
Putney, and the other at Gravesend. Yet we do not
conclude that the width of the Thames is equal to the
distance separating Putney from Gravesend. And
doubtless the tropical waifs which have been picked up
on the shores of Greenland and of Portugal have
found their way thither by circuitous courses, and not
by direct transmission along opposite edges of the
great Gulf current.

But certainly the difficulty associated with the nar-
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rowness of the Bemini current is one deserving of
careful attention. Are we free to identify a current
six hundred miles in width with one which is but thirty
miles wide, and not very deep? An increase of width
certainly not less than thirtyfold would appear to cor-
respond to a proportionate diminution of depth. And
remembering that it is only near the middle of the
Narrows that the Gulf Stream has a depth of four
hundred yards, we could scarcely assign to the wide
current in the mid-Atlantic a greater depth than ten
or twelve yards. This depth seems altogether. out of
proportion to the enmormous lateral extension of the
current.

But besides that even this consideration would not
suffice to disprove the existence of a current in the
mid-Atlantic, an important circumstance remains to be
mentioned. The current in the Narrows flows with
great velocity,—certainly not less than four or five miles
an hour. As the current grows wider it flows more
sedately ; and opposite Cape Hatteras its velocity is
already reduced to little more than three miles an hour.
In the mid-Atlantic the current may be assumed to
flow at a rate little exceeding a mile per hour, at the
outside. Here, then, we have a circumstance which
suffices to remove a large part of the difficulty arising
from the narrowness of the Bemini current, and we can
at once increase our estimate of the depth of the mid-
Atlantic current fivefold.

But this is not all. It has long been understood
that the current which passes out through the Narrows
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of Bemini corresponds to the portion of the great
equatorial current which passes into the Gulf of Mexico
between the West Indian Islands. We cannot doubt
that the barrier formed by those islands serves to
divert a large portion of the equatorial current. The
portion thus diverted finds its way, we may assume,
along the outside of the West Indian Archipelago,

and thus joins the other portion—which has in the
" meantime made the circuit of the Gulf—as it issues
from the Bemini Straits. All the maps in which the
Atlantic currents are depicted present precisely such
an outside current as we have here spoken of, and
most of them assign to it a width exceeding that of
the Bemini current. Indeed, were it not for the doubts
which the recent discussions have thrown upon all the
currents charted by seamen, we should have been con-
tent to point to this outside current as shown in the
maps. As it is, we have thought it necessary to show
that such a current must necessarily have an existence,
since we cannot lose sight of the influence of the West
Indian Isles in partially damming up the passage along
which the equatorial current would otherwise find its
way into the Gulf of Mexico. Whatever portion of
the great current is thus diverted must find a passage
elsewhere, and no passage exists for it save along the
outside of the West Indian Isles.

The possibility that the wide current which has
been assumed to traverse the mid-Atlantic may be as-
sociated with the waters which flow from the Gulf of
Mexico, either through the Narrows or round the out-
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side of the barrier formed by the West Indies, has
thus been satisfactorily established. But we now have
to consider difficulties which have been supposed to
encounter our current on its passage from the Gulf to
the mid-Atlantic.

Northwards, along the shores of the United States,
the current has been traced by the singular blueness
of its waters until it has reached the neighbourhood of
Newfoundland. Over a part of this course, indeed,
the waters of the current are of indigo blue, and so
clearly marked that their line of junction with the
ordinary sea-water can be traced by the eye. ¢ Often,’
says Captain Maury, €one-half of a vessel may be
perceived floating in Gulf-Stream water, while the
other half is in common water of the sea—so sharp is
the line, and such the want of affinity between the
waters, and such, too, the reluctance, so to speak, on
the part of those of the Gulf Stream to mingle with
the littoral waters of the sea.’

But it is now denied that there is any current be-
yond the neighbourhood of Newfoundland—or that
the warm temperature, which has characterised the
waters of the current up to this point, can be detected
farther out.

It is first noticed that, as the Gulf current must
reach the neighbourhood of Newfoundland with a
north-easterly motién, and, if it ever reached the shores
of the British Isles, would have to travel thither with
an almost due easterly motion, there is a change of
direction to be accounted for. This, however, is an
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old, and we had supposed exploded, fallacy. The
course of the Gulf Stream from the Bemini Straits to
the British Isles corresponds exactly with that which
is due to the combined effects of the motion of the
water and that of the earth upon its axis. Florida being
much nearer than Ireland to the equator, has a much
more rapid easterly motion. Therefore, as the current
gets farther and farther north, the effect of the easterly
motion thus imparted to it begins to show itself
more and more, until the current is gradually changed
from a north-easterly to an almost easterly stream.
- The process is the exact converse of that by which the
air-currents from the north gradually change into the
north-westerly trade-winds as they get farther south.
But it is further remarked that as the current
passes out beyond the shelter of Newfoundland, it is
impinged upon by those cold currents from the arctic
seas which are known to be continually flowing out of
Baffin’s Bay and down the eastern shores of Greenland;
and it is contended that these currents suffice, not merely
to break up the Gulf current, but so to cool its waters
that these could produce no effect upon the climate of
Great Britain if they ever reached its neighbourhood.
Here, again, we must remark that we are dealing
with no new discovery. Captain Maury has already
remarked upon this peculiarity. ¢ At the very season
of the year,” he says, ¢ when the Gulf Stream is rush-
ing in greatest volume through the Straits of Florida,
and hastening to the north with the greatest rapidity,
there is a cold stream from Baftin’s Bay, Labrador,
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and the coasts of the north, running south with equal
velocity. . . . . One part of it underruns the Gulf
Stream, as is shown by the icebergs, which are carried
in a direction tending across its course.” There can
be no doubt, in fact, that this last circumstance indi-
cates the manner in which the main contest between
the two currents is settled. A portion of the arctic
current finds its way between the Gulf Stream and
the continent of America; and this portion, though
narrow, has a very remarkable effect in increasing the
coldness of the American winters. But the main part,
heavier, by reason of its coldness, than the surrounding
water, sinks beneath the surface. And the well-known
fact mentioned by Maury, that icebergs have been
seen stemming the Gulf Stream, suffices to show how
comparatively shallow that current is at this distance
from its source, and thus aids to remove a difficulty
which we have already had occasion to deal with.
Doubtless the cooling influence of the arctic cur-
rents is appreciable; but it would be a mistake to
suppose that this influence can suffice to deprive the
Guf current of its distinctive warmth. If all the
effect of the cold current were operative on the Gulf
Stream alone, we might suppose that, despite the enor-
mous quantity of comparatively warm water which is
continually being carried northwards, the current
would be reduced to the temperature of the surround-
ing water. But this is not so. The arctic current
not only cools the Gulf current, but the surrounding
water also—possibly to a greater extent, for it is com-
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monly supposed that a bed of ordinary sea-water
separates the two main currents from each other. Thus
the characteristic difference of temperature remains
unaffected. But in reality we may assume that the
cooling effect actually exercised by the arctic current
upon the neighbouring sea is altogether disproportionate
to the immense amount of heat continually being
carried northwards by the Gulf Stream. It is as-
tonishing how unreadily two sea-currents exchange
their temperatures —to use a somewhat inexact
mode of expression. The very fact that the littoral
current of the United states is so cold —a fact
thoroughly established—shows how little warmth this
current has drawn from the neighbouring seas. Another
fact, mentioned by Captain Maury, bears in a very
interesting manner upon this peculiarity. He says: ¢ If
any vessel will take up her position a little to the north-
ward of Bermuda, and steering thence for the capes
of Virginia, will try the water-thermometer all the
way at short intervals, she will find its reading to be
now higher, now lower ; and the observer will discover
that he has been crossing streak after streak of warm
and cool water in regular alternations.”. Each portion
maintains its own temperature even in the case of such
warm streaks as these, all belonging to one current.
Similar considerations dispose of the arguments
which have been founded on the temperature of the
sea-bottom. It has been proved that the living creatures
which people the lower depths of the sea exist under
circumstances which evidence a perfect uniformity of
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temperature; and arguments on the subject of the
Gulf Stream have been derived from the evidence of
what is termed a minimum thermometer—that is, a
thermometer which willindicate the lowest temperature
it has been exposed to—Ilet down into the depths of
the sea. All such arguments, whether adduced against
or in favour of the Gulf-Stream theory, must be held
to be futile, since the thermometer in its descent may
pass through several submarine currents of different
temperature.

Lastly, an argument has been urged against the
warming effects of the Gulf Stream upon our climate,
which requires to be considered with some attention.
It is urged that the warmth derived from so shallow a
current as the Gulf Stream must be, by the time it has
reached our shores, could not provide an amount of
heat sufficient to affect our climate to any appreciable
extent. The mere neighbourhood of this water at a
temperature slightly higher than that due to the
latitude could not, it is urged, affect the temperature
of the inland counties at all.

This argument is founded on a misapprehension of
the beautiful arrangement by which Nature carries heat
from one region to distribute it over another. Over
the surface of the whole current the process of eva-
poration is going on at a greater rate than over the
neighbouring seas, because the waters of the current
are- warmer than those which surround them. The
vapour thus rising above the Gulf Stream is presently
wafied by the south-westerly winds to our shores and
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over our whole land. But as it thus reaches a region
of comparative cold the vapour is condensed—that is,
turned into fog, or mist, or cloud, according to circum-
stances. It is during this change that it gives out the
heat it has brought with it from the Gulf Stream.
For precisely as the evaporation of water is a process
requiring heat, the change of vapour into water—
whether in the form of fog, mist, cloud, or rain—is a
process in which heat is given out. Thus it is that the
south-westerly wind, the commonest wind we have,
brings clouds and fogs and rain to us from the Gulf
Stream, and with them brings the Gulf-Stream
warmth.

‘Why the south-westerly winds should be so common,
and how it is that over the Gulf Stream there is a sort
of air-channel along which winds come to us as if by
their natural pathway, we have not space here to
enquire (see p. 166). The subjectis full of interest, but
it does not belong to the question we are considering.

It would seem that a mechanism involving the
motion of such enormous masses of water as the
current-system of the Atlantic should depend on the
operation of very evident laws. Yet a variety of con-
tradictory hypotheses have been put forward from time
to time respecting this system of circulation, and even
now the scientific world is divided between two oppos-
ing theories.

Of old the Mississippi River was supposed to be the
parent of the Gulf Stream. It was noticed that the
current flows at about the same rate as the Mississippi,
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and this fact was considered sufficient to support the
strange theory that a river can give birth to an ocean-
current. X

* It was easy, however, to overthrow this theory.
Captain Livingston showed that the volume of water
which is poured out of the Gulf of Mexico in the form
of an ocean-stream is more than a thousand times
greater than the volume poured into the Gulf by the
Mississippi River.

Having overthrown this old theory of the Gulf
Stream, Captain Livingston attempted to set up one
which is equally unfounded. He ascribed the current
to the sun’s apparent yearly motion and the influence
he exerts on the waters of the Atlantic. A sort of
yearly tide is conceived, according to this theory, to be
the true parent of the Gulf current. It need hardly
be said, however, that a phenomenon which remains
without change through the winter and summer seasons
cannot possibly be referred to the operation of such a
cause as a yearly tide.

It is to Dr. Franklin that we owe the first theory of
the Gulf Stream which has met with general acceptance.
He held that the Gulf Stream is formed by the outflow
of waters which have been forced into the Caribbean
Sea by the trade-winds: so that the pressure of these
winds on the Atlantic Ocean forms, according to Dr.
Franklin, the true motive power of the Gulf Stream
machinery. According to Maury, this theory has
¢come to be the most generally received opinion in the
mind of seafaring people.” It supplies a moving force
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of undoubted efficiency. We know that as the trade-
winds travel towards the equator they lose their
westerly motion. It is reasonable to suppose that this
is caused by friction against the surface of the ocean,
to which, therefore, a corresponding westerly motion
must have been imparted.

There is a simplicity about. Franklin’s theory which
commends it favourably to our consideration. But
when we examine it somewhat more closely, several
very decided flaws present themselves to our attention.

Consider, in the first place, the enormous mass of
water moved by the supposed agency of the winds.
Air has a weight—volume for volume—which is less
than one eight-hundredth part of that of water. So
that, to create a water-current, an air-current more
than eight hundred times as large and of equal velocity
must expend the whole of its motion. Now the trade-
winds are gentle winds, their velocity scarcely exceed-
ing in general that of the more swiftly-moving portions
of the Gulf Stream. DBut even assigning to them a
velocity four times as great, we still want an air-
current two hundred times as large as the water-
current. And the former must give up the whole of
its motion, which, in the case of so elastic a substance
as air, would hardly happen, the upper air being un-
likely to be much affected by the motion of the lower.

But this is far from being all. If the trade-winds
blew throughout the year, we might be disposed to
recognise their influence upon the Gulf Stream as a
paramount, if not the sole one. But this is not the
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case. Captain Maury states that, ¢ With the view of
ascertaining the average number of days during the
year that the north-east trade-winds of the Atlantic
operate upon the currents between twenty-five degrees
north latitude and the equator, log-books containing
no less than 380,284 observations on the force and
direction of the wind in that ocean were examined.
The data thus afforded were carefully compared and
discussed. The results show that within these lati-
tudes—and on the average—the wind from the north-
east is in excess of the winds from the south-west only
111 days out of the 365. Now, can the north-east
trades,’ he pertinently asks, ¢ by blowing for less than
one-third of the time, cause the Gulf Stream to run
all the time, and without varying its velocity either to
their force or to their prevalence ?’

And besides this, we have to consider that no part
of the Gulf Stream flows strictly before the trade-
winds. Where the current flows most rapidly, namely,
in the Narrows of Bemini, it sets against the wind, and
for hundreds of miles after it enters the Atlantic ©it
runs,” says Maury, ‘right in the “ wind’s eye.”’ It
must be remembered that a current of air directed
with considerable force against the surface of still
water has not the power of generating a current which
can force its way far through the resisting fluid. If
this were so, we might understand how the current,
originating in sub-tropical regions, could force its way
onward after the moving force had ceased to act upon
it, and even carry the waters of the current right

K
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against the wind, after leaving the Gulf of Mexico.
But experience is wholly opposed to this view. The
most energetic currents are quickly dispersed when
they reach a wide expanse of still water. For example,
the Niagara below the falls is an immense and rapid
river. Yet when it reaches Lake Ontario, ¢instead of
preserving its character as a distinct and well-defined
stream for several hundred miles, it spreads itself out,
and its waters are immediately lost in those of the
lake.” Here, again, the question asked by Maury
bears pertinently on the subject we are considering.
“Why,” he says, ‘should not the Gulf Stream do the
same? It gradually enlarges itself, it is true; but,
instead of mingling with the ocean by broad spread-
ing, as the immense rivers descending into the northern
lakes do, its waters, like a stream of oil in the ocean,
preserve a distinctive character for more than three
thousand miles.’

The only other theory which has been considered in
recent times to account satisfactorily for all the features
of the Gulf-Stream mechanism was put forward, we
believe, by Captain Maury. In this theory, the
motive power of the whole system of oceanic circula-
tion is held to be the action of the sun’s heat upon
the waters of the sea. We recognise two contrary
effects as the immediate results of the sun’s action. In
the first place, by warming the equatorial waters, it
tends to make them lighter; in the second place, by
causing evaporation, it renders them salter, and so
tends to make them heavier. We have to enquire
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which form of action is most effective. The enquiry
would be somewhat difficult, if we had not the evidence
of the sea itself to supply an answer. For it is an
enquiry to which ordinary experimental processes
would not be applicable. We must accept the fact
that the heated water from the equatorial seas actually
does float upon the cooler portions of the Atlantic, as
evidence that the action of the sun results in making
the water lighter.

Now, Maury says that the water thus lightened
must flow over and form a surface-current towards the
Poles; while the cold and heavy water from the polar
seas, as soun as it reaches the temperate zone, must
sink and form a submarine current. He recognises in
these facts the mainspring of the whole system of
oceanic circulation. If a long trough be divided into
two compartments, and we fill one with oil and the
other with water, and then remove the dividing plate,
we shall see the oil rushing over the water at one end
of the trough, and the water rushing under the oil at
the other. And if we further conceive that oil is con-
tinually being added at that end of the trough origi-
nally filled with oil, while water is continually added
to the other, it is clear that the system of currents
would continue in action: that is, there would be a
continual flow of oil in one direction along the surface
of the water, and of water in the contrary direction
underneath the oil.

But Sir John Herschel maintains that no such effects
as Maury describes could follow the action of the sun’s

K 2
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heat upon the equatorial waters. He argues thus:
Granting that these waters become lighter and expand
in volume, yet they can only move upwards, down-
wards, or sideways. There can be nothing to cause
either of the two first forms of motion; and as for
motion sideways, it can only result from the gradual
slope caused by the bulging of the equatorial waters.
He proceeds to show that this slope is so slight that
we cannot look upon it as competent to form any .
sensible current from the equatorial towards the polar
seas. And even if it could, he says, the water thus
flowing off would have an eastward instead of a
westward motion, precisely as the counter-trade-winds,
blowing from equatorial to polar regions, have an east-
ward motion.

It is singular how completely the supporter of each
rival view has succeeded in overthrowing the argu-
ments of his opponent. Certainly Maury has shown
with complete success that the inconstant trade-winds
cannot account for the constant Gulf current, which
does not even flow before them, but, in places, exactly
against their force. And the reasoning of Sir John
Herschel seems equally cogent, for certainly the flow
of water from equatorial towards polar regions ought
from the first to have an eastward, instead of a west-
ward motion; whereas the equatorial current, of which
the Gulf Stream is but the continuation, flows from
east to west, right across the Atlantic.

Equally strange is it to find that each of these emi-
nent men, having read the arguments of the other,
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reasserts, but does not effectually defend, his own
theory, and repeats with even more damaging effect
his arguments against the rival view.

Yet one or other theory must at least point to the
true view, for the Atlantic is subject to no other agen-
cies which can for a moment be held to account for a
phenomenon of such magnificence as the Gulf Stream.

It appears to us that, on a close examination of the
Gulf-Stream mechanism, the true mainspring of its
motion can be recognised. Compelled to reject the
theory that the trade-winds generate the equatorial
current westward, let us consider whether Herschel’s
arguments against the € heat theory ’ may not suggest
a hint for our guidance. He points out that an over-
flow from the equator polewards would result in an
eastward, and not in a westward current. This is
true. It is equally true that a flow of water towards
the equator would result in a westward current. But
no such flow is observed. Is it possible that there may
be such a flow, but that it takes place in a hidden
manner? Clearly there may be. Sub-marine currents
towards the equator would have precisely the kind
of motion we require, and if any cause drew them to
the surface near the equator, they would account in
full for the great equatorial westward current.

At this point we begin to see that an important
circumstance has been lost sight of in dealing with the
heat theory. The action of the sun on the surface-
water of the equatorial Atlantic has only been consi-
dered with reference to its warming effects. But we
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must not forget that this action has drying effects also.
It evaporates enormous quantities of water, and we
have to enquire whence the water comes by which the
sea-level is maintained. A surface-flow from the sub-
tropical seas would suffice for this purpose, but no such
flow is observed. Whence, then, can the water come
but from below? Thus we recognise the fact that a
process resembling suction is continually taking place
over the whole area of the equatorial Atlantic, the
agent being the intense heat of the tropical sun. No
one can doubt that this agent is one of adequate power.
Indeed, the winds, conceived by Franklin to be the
primary cause of the Atlantic currents, are in reality
due to the merest fraction of the energy inherent in the
sun’s heat.

We have other evidence that the indraught is from
below in the comparative coldness of the equatorial
current. The Gulf Stream is warm by comparison
with the surrounding waters, but the equatorial cur-
rent is cooler than the tropical seas. According to
Professor Ansted, the southern portion of the equa-
torial current, as it flows past Brazil, ¢is everywhere a
cold current, generally from four to six degrees below
the adjacent ocean.’

Having once detected the mainspring of the Gulf-
Stream mechanism, or rather of the whole system of
oceanic circulation—for the movements observed in the
Atlantic have their exact counterpart in the Pacific—
we have no difficulty in accounting for all the motions
which that mechanism exhibits. We need no longer
look upon the Guif Stream as the rebound of the
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equatorial current from the shores of North America.
Knowing that there is an underflow towards the
equator, we see that there must be a surface-flow
towards the Poles. And this flow must as inevitably
result in an easterly motion, as the underflow towards
the equator results in a westerly motion. We have,
indeed, the phenomena of the trades and counter-trades

exhibited in water-currents instead of air-currents.
(From St. Paul’s, September 1869.)*

FLOODS IN SWITZERLAND.

DuriNG the past few weeks we have witnessed a suc-
cession of remarkable evidences of Nature’s destructive
powers. The fires of Vesuvius, the earth-throes of the
sub-equatorial Andes, and the submarine disturbance
which has shaken Hawaii, have presented to us the
various forms of destructive action which the earth’s
subterranean forces can assume. In the disastrous
floods which have recently visited the Alpine cantons
of Switzerland, we have evidence of the fact that
natural forces which we are in the habit of regarding
as beneficent and restorative may exhibit themselves
as agents of the most widespread destruction. We
have pointed out elsewhere (see p. 228) how erormous
is the amount of power of which the rain-cloud is"the
representative; and in doing so we have endeavoured
to exhibit the contrast between the steady action of

* See also The Student for July 1868.
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the falling shower and the energy of the processes of
which rain is in reality the equivalent. But in the
floods which have lately ravaged Switzerland we see
the same facts illustrated, not by numerical calcula-
tions or by the results of philosophical experiments,
but in action, and that action taking place on the most
widely extended scale. The whole of the south-eastern,
or, as it may be termed, the Alpine half of Switzer-
land, has suffered from these floods. If a line be
drawn from the Lake of Constance, in the north-east
of Switzerland, to the Col de Balme, in the south-
west, it will divide Switzerland into two nearly equal
portions, and scarcely a canton within the eastern of
these divisions has escaped without great damage.

The cantons which have suffered most terribly are
those of Tessin, Grisons, and St. Gall. The St.
Gothard, Splugen, and St. Bernhardin routes have
been rendered impassable. Twenty-seven lives were
lost in the St. Gothard Pass, besides horses and
waggons full of merchandise. It is stated, that on the
three routes upwards of eighty persons perished. In
the village of Loderio alone, no less than fifty deaths
occurred. So terrible a flood has not taken place since
the year 1834. Nor have the cantons of Uri and
Valais escaped. From Unterwalden we hear that the
heavy rains which took place a fortnight ago have
carried away several large bridges, and many of the
rivers continue still very swollen. We have already
described how enormous the material losses are which
have been caused by these floods. Many places are
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under water; others in ruins or absolutely destroyed.
In Tessin alone the damage is estimated at forty thou-
sand pounds sterling.

A country like Switzerland must always be liable to
the occurrence, from time to time, of catastrophes of
this sort. Or rather, perhaps, we should draw a dis-
tinction between the two divisions of Switzerland
referred to above. Of these the one may be termed
the mountain half, and the other the lake half of the
country. It is the former portion of the country which
is principally subject to the dynamical action of water.
A long-continued and heavy rainfall over the higher
lands cannot fail to produce a variety of remarkable
effects, where the arrangement of mountains and passes,
hills, valleys, and ravines, is so complicated. There
are places where a large volume of water can accumu-
late until the barriers which have opposed its passage
to the plains burst under its increasing weight; and
then follow those destructive rushes of water which
sweep away whole villages at once. It is, in fact, the
capacity of the Swiss mountain region for damming up
water, far more than any other circumstance, which
renders the Swiss floods so destructive.

And then it must be remembered, that there are at
all times suspended over the plains and valleys which
lie beneath the Alpine ranges enormous masses of
water in the form of snow and ice. Although in gene-
ral these suffer no changes but those due to the partial
melting which takes place in summer, and the renewed
accumulation which takes place in winter, yet when
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heavy rains fall upon the less elevated portions of the
Alpine snow, they not only melt that snow much more
rapidly than the summer sun would do, but they wash
down large masses, which add largely to the destruc-
tive power of the descending waters.

The most destructive floods which have occurred in
Switzerland have usually been those which take place
in early summer. The floods which inundated the
plains of Martigny in 1818 were a remarkable instance
of the effects which result from the natural damming
up of large volumes of water in the upper parts of the
Alpine hill-country. The whole of the valley of
Bagnes, one of the largest of the lateral branches of the
main valley of the Rhone above Geneva, was converted
into a lake, in the spring of 1818, by the damming up
of a narrow pass into which avalanches of snow and
ice had been precipitated from a lofty glacier over-
hanging the bed of the river Dranse. The icy barrier
enclosed a lake no less than half a league in length
and an eighth of a mile wide, and in places two hundred
feet deep. The inhabitants of the neighbouring vil-
lages were terrified by the danger which was to be
apprehended from the bursting of the barrier. They
cut a gallery seven hundred feet long through the ice,
while the waters had as yet risen to but a moderate
height ; and when the waters began to flow through
this channel, its course was deepened by the melting of
the ice, and at length nearly half the contents of the
lake were safely carried off. It was hoped that the
process would continue, and the country be saved from
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the danger which had been so long impending over it.
But as the heat of the weather increased, the central
part of the barrier slowly melted away, until it became
too weak to bear the enormous weight of water which
was pressing against it. At length it gave way, so
suddenly and completely that all the water which re-
mained in the lake rushed out in half an hour. The
downward passage of the water illustrated, in a very
remarkable way, the fact that the chief mischief of
floods is occasioned where water is checked in its
outflow. For it is related that, ¢in the course of
their descent the waters encountered several narrow
gorges, and at each of these they rose to a great height,
and then burst with new violence into the next basin,
sweeping along forests, houses, bridges, and cultivated
land.’ Along the greater part of its course the flood
resembled rather a moving mass of rock and mud than
a stream of water. Enormous masses of granite were
torn out of the sides of the valleys and whirled for
hundreds of yards along the course of the flood. M.
Escher relates that one of the fragments thus swept
along was no less than sixty yards in circumference.
At first the water rushed onwards at a rate of more
than a mile in three minutes, and the whole distance
(forty-five miles) which separates the valley of Bagnes
from the Lake of Geneva was traversed in little more
than six hours. The bodies of persons who had been
drowned in Martigny were found floating on the
farther side of the Lake of Geneva, near Vevey.
Thousands of trees were torn up by the roots, and the
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ruins of buildings which had been overthrown by the
flood were carried down beyond Martigny. In fact,
the flood at this point was so high that some of the
houses in Martigny ¢ were filled with mud up to the
second storey.” DBeyond Martigny the flood did but
little damage, as it here expanded over the plain, and
was at once reduced in depth and velocity.
(From the Dasly News for October 20, 1868.)

A GREAT TIDAL WAVE.

DurixG the last few days anxious questionings have
been heard respecting the next spring tides. A certain
naval officer, who conceives that he can trace in the
relative positions of the sun and moon the secret of
every important change of weather, has described in
the columns of a contemporary the threatening signifi-
cance of the approaching conjunction of the sun and
moon. He predicts violent atmospheric disturbances ;
though in another place he tells us merely that the
conjunction is to cause  unsettled weather,” a state of
matters to which we in England have become tolerably
well accustomed.

But people are asking what is the actual relation
which is to bring about such terrible events. The
matter is very simple. On October 5, the moon will
be new—in other words, if it were not for the bright-
ness of the sun, we should see the moon close by that
luminary on the heavens. Thus the sun and moon
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will pull with combined effect upon the waters of the
earth, and so cause what are called spring tides. This,
of course, happens at the time of every new moon.
But sometimes the moon exerts a more effective pull
than at other times ; and the same happens also in the
case of the sun; and on October 5, it happens that
both the sun and the moon will give a particularly
vigorous haul upon the earth’s waters. As regards
the sun, there is nothing unusual. Every October his
pull on the ocean is much the same as in preceding
Octobers. But October is a month of high solar tides
—and for these reasons. In September, as everyone
knows, the sun crosses the equinoctial; and other
things being equal it would be when on the equinoctial
that his power to raise a tidal wave would be greatest.
But other things are not equal; for the sun is not
always at a fixed distance from the earth. He is
nearest in January; so that he would exert more
power in that month than in any other if his force
depended solely on distance. As matters actually
stand, it will be obvious that at some time between
September and January the sun’s tidal power would
have a maximum value. Thus it is that October is a
month of high solar tidal waves.

But it is the lunar wave which will be most effectively
strengthened at the next spring tide. If we could
watch the lunar tidal wave alone (instead of always
finding it combined with the solar wave) we should
find it gradually increasing, and then gradually dimin-
ishing, in a period of about a lunar month. And we
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should find that it was always largest when the moon
looked largest, and vice versd. In other words, when
the moon is in perigee the lunar wave is largest. But
then there is another consideration. The lunar wave
would vary according to the moon’s proximity to the
equinoctial ; and (other things being equal) would be
largest when the moon is exactly opposite the earth’s
equator. If the two effects are combined, that is, if
the moon happens to be in perigee and on the equi-
noctial at the same time, then of conrse we get the
largest lunar tidal wave we can possibly have.

Now this ¢ largest lunar wave’ occurs at somewhat
long intervals, because the relation on which it depends
is one which is, so to speak, exceptional. Still the
relation does recur, and with a certain degree of regu-
larity. 'When it happens, however, it by no means
follows that we have a very high tide; because it may
occur when the tides are near ‘neap ’; in other words,
when the sun and mocn exert opposing effects. The
largest lunar wave cannot stand the drain which the
solar wave exerts upon it at the time of neap tides.
Nor would the large lunar tidal wave produce an
exceptionally high tide, even though it were not the
time of ‘neap,” or were tolerably near the time of
¢spring ’ tides. Only when it happens that a large
lunar wave combines fully with the solar wave do we
get very high tides. And when, in addition to this
relation, we have the solar wave nearly at a maximum,
we get the highest of all possible tides, This is what
will happen, or all but happen, on October 5 next.
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The combination of circumstances is almost the most
effective that can possibly exist.

But, after all, high tides depend very importantly
on other considerations than astronomical ones. Most
of us remember how a predicted high tide some two
years ago turned out to be a very moderate, or, if we
may use the expression, a very ‘one-horse’ affair
indeed, because the winds had not been consulted, and
exerted their influence against the astronomers. A
long succession of winds blowing off-shore would re-
duce a spring tide to a height scarcely exceeding the
ordinary neap. On the other hand, if we should have
a long succession of westerly winds from the Atlantic
before the approaching high tide, it is certain that a
large amount of mischief may be done in some of our
river-side regions.*

As for the predicted weather changes, they may be
regarded as mere moonshine. A number of predictions,
founded on the motions of the sun and moon, have
found a place during many months past in the columns
of a contemporary; but there has been no greater
agreement between these predictions and the weather
actually experienced than anyone could trace between
Old Moore’s weather prophecies and recorded weather
changes. In other words, there have been certain
accordances which would be very remarkable indeed
if they did not happen to be associated with as many
equally remarkable discordances. Random predictions
would be quite as satisfactory.

* The wave did little mischief.
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A very amusing misprint has found its way into
many newspapers in connection with the coming tide.
It is interesting as serving to show how little is
really known by the general public about some of the
simplest scientific matters. The original statement
announced that the sun would not be in perihelion by
so many seconds of semi-diameter, in itself a very in-
correct mode of expression. Still it was clear that
what was meant was, that the earth would be so far
from the place of nearest approach to the sun that the
latter would not look as large as it possibly can by
so many seconds of semi-diameter. In many papers,
however, we read that the ‘sun will not be in perihe-
lion by so many seconds of mean chronometer!’ Who
first devised this marvellous reading is unknown—he

should have a statue.
(From the Daily News for September 27, 1869.)

DEEP-SEA DREDGINGS.

MEN have ever been strangely charmed by the
unknown and the seemingly inaccessible. The as-
tronomer exhibits the influence of this charm as he
constructs larger and larger telescopes, that he may
penetrate more and more deeply beyond the veil which
conceals the greater part of the universe from the
unaided eye. The geologist seeking to piece together
the fragmentary records of the past which the earth’s
surface presents to him, is equally influenced by the
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charm of mystery and difficulty. And the microscopist
who tries to force from nature the secret of the infinitely
little, is led on by the same strange desire to discover
just those matters which nature has been most careful
to conceal from us.

The energy with which in recent times men have
sought to master the problem of deep-sea sounding
and deep-sea dredging is, perhaps, one of the most
striking instances ever afforded of the charm which the
unknown possesses for mankind. Not long ago, one of
the most eminent geographers of the sea spoke regret-
fully about the small knowledge men have obtained of
the depths of ocean. ¢ Greater difficulties,” he remarked,
¢ than any presented by the problem of deep-sea re-
search have been overcome in other branches of
physical enquiry. Astronomers have measured the
volumes and weighed the masses of the most distant
planets, and increased thereby the stock of human
knowledge. Is it creditable to the age that the depths
of the sea should remain in the category of unsolved
problems ? that its “ooze and bottom ” should be a
sealed volume, rich with ancient and eloquent legends,
and suggestive of many an instructive lesson that
might be usetul and profitable to man ?”’

Since that time, however, deep-sea dredging has
gradually become more and more thoroughly under-
stood and mastered. Recently, when the telegraphic
cable which had lain so many months at the bottom of
the Atlantic was hauled on board the Great Eastern
from enormous depths, men were surprised and almost

L
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startled by the narrative. The appearance of the
ooze-covered cable as it was slowly raised towards the
surface, and the strange thrill which ran through those
who saw it and remembered through what mysterious
depths it had twice passed; its breaking away almost
from the very hands of those who sought to draw it on
board ; and the successful renewal of the attempt to
recover the cable,—all these things were heard of as
one listens to a half-incredible tale. Yet when that
work was accomplished deep-sea dredging had already
been some time a science, and many things had been
achieved by its professors which presented, in reality,
greater practical difficulties than the recovery of the
Atlantic Cable.

Recently, however, deep-sea researches have been
carried on with results which are even more sensational,
so to speak, than the grappling feat which so surprised
us. Seas so deep that many of the loftiest summits of
the Alps might be completely buried beneath them
have been explored. Dredges weighing with their
load of mud nearly half a ton have been hauled up
without a hitch from depths of some 14,000 feet. But
not merely has comparatively rough work of this sort
been achieved, but by a variety of ingenious con-
trivances men of science have been able to measure the
temperature of the sea at depths where the pressure is
0 enormous as to be equivalent to a weight of more
than 430 tons on every square foot of surface.

The results of these researches are even more re-
markable and surprising, however, than the means by
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which they have been obtained. Sir Charles Lyell has
fairly spoken of them as so astonishing ¢ that they have
to the geologist almost a revolutionary character.’
Let us consider a few of them.

No light can be supposed to penetrate to the enor-
mous depths just spoken of. Therefore, how certainly
we might conclude that there can be no life there. If,
instead of dealing with the habitability of planets,
Whewell, in his ¢ Plurality of Worlds,” had been con-
sidering the question whether at depths of two or three
miles living creatures could subsist, how convincingly
would he have proved the absurdity of such a suppo-
sition. Intense cold, perfect darkness, and a persistent
pressure of two or three tons to the square inch,—
such, he might have argued, are the conditions under
which life exists, if at all, in those dismal depths.
And even if he had been disposed to concede the bare
possibility that life of some sort may be found there,
then certainly, he would have urged, some new sense
must replace sight—the creatures in these depths can
assuredly have no eyes, or only rudimentary ones.

But the recent deep-sea dredgings have proved that
not only does life exist in the very deepest parts of
the Atlantic, but that the beings which live and move
and have their being beneath the three-mile mountain
of water have eyes which the ablest naturalists pro-
nounce to be perfectly developed. Light, then, of
some sort must exist in those abysms, though whether
the home of the deep-sea animals be phosphorescent,
as Sir Charles Lyell suggests, or how light may

L2
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reach these creatures, we have no present means of
determining.

If there is one theory which geologists have thought
more justly founded than all others, it is the view that
the various strata of the earth were formed at different
times. A chalk district, for example, lying side by
side with a sandstone district, has been referred to a
totally different era. Whether the chalk was formed
first, or whether the sandstone existed before the
minute races came into being which formed the
cretaceous stratum, might be a question. But no
doubt existed in the minds of geologists that each
formation belonged to a distinct period. Now, how-
ever, Dr. Carpenter and Professor Thomson may
fairly say, ¢We have changed all this” It has
been found that at points of the sea bottom only eight
or ten miles apart, there may be in progress the
formation of a cretaceous deposit and of a sandstone
region, each with its own proper fauna. ¢ Wherever
similar conditions are found upon the dry land of the
present day,” remarks Dr. Carpenter, ‘it has been
supposed that the formation of chalk and the formation
of sandstone must have been separated from each other
by long periods, and the discovery that they may
actually co-exist upon adjacent surfaces has done no
less than strike at the very root of the customary
assumptions with regard to geological time.”*

Even more interesting, perhaps, to many, are the

* This opinion Dr. Carpenter has since somewhat modified. It will

be remembered, of course, that the evidence derived from the nature of
superposed strata is in no way affected by what is shown above to hold

as respects adjacent deposits,
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results which have been obtained respecting the varying
temperatures of deep-sea regions. The peculiarity
just considered is, indeed, a consequence of such varia-
tions ; but the fact itself is at least as interesting as
the consequences which flow from it. It throws light
on the long-standing controversy respecting the oceanic
circulation. It has been found that the depths of the
equatorial and tropical seas are colder than those of the
North Atlantic. In the tropics the deep-sea tempera-
ture is considerably below the freezing-point of fresh
water: in the deepest part of the Bay of Biscay the
temperature is several degrees above the freezing-point.
Thus one learns that the greater part of the water
which lies deep below the surface of the equatorial and
tropical seas come from the Antarctic regions, though
undoubtedly there are certain relatively narrow
currents which carry the waters of the Arctic seas to
the tropics. The great point to motice is that the
water under the equatorial seas must really have
travelled from polar regions. A cold of 30 degrees
can be explained in no other way. We see at once,
therefore, the explanation of those westerly equatorial
currents which have been so long a subject of contest.
Sir John Herschel failed to prove that they are due to
the trade winds, but Maury failed equally to prove
that they are due to the great warmth and consequent
buoyancy of the equatorial waters. Infact,while Maury
showed very convincingly that the great system of
oceanic circulation is carried on despite the winds,
Herschel proved in an equally convincing manner that
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the overflow conceived by Maury should result in an
easterly instead of a westerly current. Recently the
theory was put forward that the continual process of
evaporation going on in the equatorial regions leads to
an indraught of cold water in bottom-currents from the
polar seas. Such currents coming fowards the equator,
that is, travelling from latitudes wherei the earth’s east-
wardly motion is less to latitudes in which that motion
is greater, would lag béhind, that is, would have a
westwardly motion. It seems now placed beyond a
doubt that this is the true explanation of the equatorial
ocean-currents.

Such are a few, and but a few, among the many
interesting results which have followed from the recent
researches of Dr. Carpenter and Professor Thomson

into the hitherto little-known depths of the great sea.
(From the Spectator, December 4, 1869.)

THE TUNNEL THROUGH MONT CENIS.

MEN flash their messages across mighty continents and
beneath the bosom of the wide Atlantic; they weigh
the distant planets, and analyse the sun and the stars;
they span Niagara with arailway bridge, and pierce the
Alps with a railway tunnel: yet the poet of the age in
which all these things are done or doing sings, ¢ We
men are a puny race.’” And certainly, the great works
which belong to man as a race can no more be held to
evidence the importance of the individual man than the
vast coral reefs and atolls of the Pacific can be held to
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evidence the working power of the individual coral
polype. But if man, standing alone, is weak, man
working according to the law assigned to his race from
the beginning—that is in fellowship with his kind—is
verily a being of power.

Perhaps no work ever undertaken by men strikes
one as more daring than the attempt to pierce the Alps
with a tunnel. Nature seems to have upreared these
mighty barriers as if with the design of showing man
how weak he is in her presence. Even the armies of
Hannibal and Napoleon seemed all but powerless in
the face of these vast natural fastnesses. Compelled
to creep slowly and cautiously along the difficult and
narrow ways which alone were open to them, decimated
by the chilling blasts which swept the face of the rug-
ged mountain-range, and dreading at every moment
the pitiless swoop of the avalanche, the French and
Carthaginian troops exhibited little of the pomp and
dignity which we are apt to associate with the opera-
tions of warlike armies. Had the denizen of some
other planet been able to watch their progress, he might
indeed have said ‘these men are a puny race.” In this
only, that they succeeded, did the troops of Hannibal
and Napoleon assert the dignity of the human race.
Grand as was the aspect of nature, and mean as was
that of man during the progress of the contest, it was
nature that was conquered—man that overcame. And
now man has entered on a new conflict with nature in
the gloomy fastnesses of the Alps. The barrier which
he had scaled of old he has now undertaken to pierce.
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And the work—bold and daring as it seemed—is three
parts finished.

The Mont Cenis tunnel was sanctioned by the Sar-
dinian Government in 1857, and arrangements were
made for fixing the perforating machinery in the years
1858 and 1859. DBut the work was not actually com-
menced until November 1860. The tunnel—which
will be fully seven and a half miles in length—was to
be completed in twenty-five years. The entrance to
the tunnel on the side of Franceis near the little village
of Fourneau, and lies 3,946 feet above the level of the
sea. The entrance on the side of Italy is in a deep
valley at Bardonéche, and lies 4,380 feet above the sea
level. Thus there is a difference of level of 434 feet.
But the tunnel will actually rise 445 feet above the
level of the French end, attaining this height at a dis-
tance of about four miles from that extremity; in the
remaining three and three-quarter miles there will be a
fall of only ten feet, so that this part of the line will be
practically level.

The rocks through which the excavations have been
made have been for the most part very difficult to work.
Those who imagine that the great mass of our moun-
tain ranges consist of such granite as is made use of in
our buildings, and is uniform.in texture and hardness,
greatly underrate the difficulties with which the engi-
neers of this gigantic work have had to contend. A
large part of the rock consists of a crystallised calcareous
schist, much broken and contorted; and through this
rock run in every direction large masses of pure quartz.
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It will be conceived how difficult the work has been of
piercing through so diversified a substance as this. The
perforating machines are calculated to work best when
the resistance is uniform; and it has often happened
that the unequal resistance offered to the perforators
has resulted in injury to the chisels. But before the
work of perforating began, enormous difficulties had to
be contended with. It will be understood that, in a
tunnel of such vast length, it was absolutely necessary
that the perforating processes carried on from the two
ends should be directed with the most perfect accuracy.
It has often happened in short tunnels that a want of
perfect coincidence has existed between the two halves
of the work, and the tunnellers from one end have
sometimes altogether failed to meet those from the
other. But in a short tunnel this want of coincidence
is not very important, because the two interior ends of
the tunnellings cannot in any case be far removed from
each other. But in the case of the Mont Cenis tunnel
any inaccuracy in the direction of the two tunnellings
would have been fatal to the success of the work, since
when the two ought to meet it might be found that they
were laterally separated by two or three hundred yards.
Hence it was necessary before the work began to sur-
vey the intermediate country, so as to ascertain with
the most perfect accuracy the bearings of one end of
the tunnel from the other. €It was necessary,” says
the narrative of these initial labours, € to prepare accu-
rate plans and sections for the determination of the
levels, to fix the axis of the tunnel, and to * set it out”
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on the mountain top; to erect observatories and guid-
ing signals, solid, substantial, and true.” When we
remember the nature of the passes over the Cenis, we
can conceive the difficulty of setting out a line of this
sort over the Alpine range. The necessity of con-
tinually climbing over rocks, ravines, and precipices in
passing from station to station involved difficulties
which, great as they were, were as nothing when com-
pared with the difficulties resulting from the bitter
weather experienced on those rugged mountain heights.
The tempests which sweep the Alpine passes—the
ever-recurring storms of rain, sleet, and driving snow,
are trying to the ordinary traveller. It will be under-
stood, therefore, how terribly they must have interfered
with the delicate processes involved in surveying. It
often happened that for days together no work of any
sort could be done owing to the impossibility of using
levels and theodolites when exposed to the stormy
weather and bitter cold of these lofty passes. At length,
however, the work was completed, and that with such
success that the greatest deviation from exactitude was
less than a single foot for the whole length of seven
and -a half miles.

Equally remarkable and extensive were the labours
connected with the preparatory works. New and solid
roads, bridges, canals, magazines, workshops, forges,
furnaces, and machinery had to be constructed; resi-
dences had to be built for the men, and offices for the
engineers; in fact, at each extremity of the tunnel a
complete establishment had to be formed. Those who
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have traversed Mont Cenis since the works began have
been perplexed by the strange appearance and character
of the machimery and establishments to be seen at
Modane and Fourneau. The mass of pipes and tubes,
tanks, reservoirs, and machinery, which would be mar-
vellous anywhere, has a still stranger look in a wild

and rugged Alpine pass.
(From the Daily News.)

TORNADOES.

THE inhabitants of the earth are subjected to agencies
which—beneficial doubtless in the long run, perhaps
necessary to the very existence of terrestrial races—
appear, at first sight, energetically destructive. Such
are—in order of destructiveness—the hurricane, the
earthquake, the voleano, and the thunderstorm. When
we réad of earthquakes such as those which overthrew
Lisbon, Callao, and Riobamba, and learn that one
hundred thousand persons fell victims in the great
Sicilian earthquake in 1693, and probably three hun-
dred thousand in the two earthquakes which assailed
Antioch in the years 526 and 612, we are disposed to
assign at once to this devastating phenomenon the fore-
most place among the agents of destruction. But this
Judgment must be reversed when we consider that earth-
quakes—though so fearfully and suddenly destructive
both to life and property—yet occur but seldom com-
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pared with wind-storms, while the effects of a real
hurncane are scarcely less destructive than those of
the sharpest shocks of earthquake. After ordinary
storms, long miles of the sea-coast are strewn with the
wrecks of many once gallant ships, and with the bodies
of their hapless crews. In the spring of 1866 there
might be seen at a single view from the heights near
Plymouth twenty-two shipwrecked vessels, and this
after a storm, which, though severe, was but trifling
compared with the hurricanes which sweep over the
torrid zones, and thence—scarcely diminished in force—
as far north sometimes as our own latitudes. It was in
such a hurricane that the Royal Charter was wrecked,
‘and hundreds of stout ships with her. In the great
hurricane of 1780, which commenced at Barbadoes
and swept across the whole breadth of the North
Atlantic, fifty sail were driven ashore at the Bermudas,
two line-of-battle ships went down at sea, and upwards
of twenty thousand persons lost their lives on the
land. So tremendous was the force of this hurricane
(Captain Maury tells us) that ¢the bark was blown
from the trees, and the fruits of the earth destroyed;
the very bottom and depths of the sea were uprooted
—forts and castles were washed away, and their great
guns carried in the air like chaff'; houses were razed ;
ships wrecked; and the bodies of men and beasts
lifted up in the air and dashed to pieces in the storm’
—an account, however, which (though doubtless
faithfully rendered by Maury from the authorities he
consulted) must perhaps be accepted cum grano, and
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especially with reference to the great guns carried in
the air ¢like chaff.’*

In the gale of August 1782, all the trophies of
Lord Rodney’s victory, except the Ardent, were
destroyed, two DBritish ships-of-the-line foundered at
sea, numbers of merchantmen under Admiral Graves’
convoy were wrecked, and at sea alone three thousand
lives were lost.

But quite recently a storm far more destructive
than these swept over the Bay of Bengal. Most of our
readers doubtless remember the great gale of October
1864, in which all the ships in harbour at Calcutta
were swept from their anchorage, and driven one upon
another in inextricable confusion. Fearful as was the
loss of life and property in Calcutta harbour, the
destruction on land was greater. A vast wave swept
for miles over the surrounding country, embankments
were destroyed, and whole villages, with their inhabi-
tants, were swept away. Fifty thousand souls, it is
believed, perished in this fearful hurricane.

The gale which has just ravaged the Gulf of Mexico
adds another to the long list of disastrous hurricanes.
As we write, the effects produced by this tornado are
beginning to be made known. Already its destructive-
ness has become but too certainly evidenced.

The laws which appear to regulate the generation

* We remember to have read that in this hurricane guns which had
long lain under water were washed up like mere drift upon the beach.
Perhaps this circumstance grew gradually into the incredible story
above recorded.
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and the progress of cyclonic storms are well worthy of
careful study.

. The regions chiefly infested by hurricanes are the
West Indies, the southern parts of the Indian Ocean,
the Bay of Bengal, and the China Seas. Each region
has its special hurricane season.

In the West Indies, cyclones occur principally in
August and September, when the south-east monsoons
are at their height. At the same season the African
south-westerly monsoons are blowing. Accordingly
there are two sets of winds, both blowing heavily and
steadily from the Atlantic, disturbing the atmospheric
equilibrium, and thus in all probability generating the
great West Indian hurricanes. The storms thus
arising show their force first at a distance of about six
or seven hundred miles from the equator, and far to
the east of the region in which they attain their
greatest fury. They sweep with a north-westerly
course to the Gulf of Mexico, pass thence northwards,
and so to the north-east, sweeping in a wide curve
(resembling the letter U placed thus &) around the
West Indian seas, and thence travelling across the
Atlantic, generally expending their fury before they
reach the shores of Western Europe. This course is
the storm-track (or storm- < as we shall call it). Of
the behaviour of the winds as they traverse this track,
we shall have to speak when we come to consider the
peculiarity from which these storms derive their names
of ¢cyclones’ and ¢ tornadoes.’

The hurricanes of the Indian Ocean occur at the

)
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¢ changing of the monsoons.’ ¢During the interreg-
num,’ writes Maury, ‘the fiends of the storm hold
their terrific sway.” DBecalmed often for a day or
two, seamen hear moaning sounds in the air, fore-
warning them of the coming storm. Then, suddenly,
the winds break loose from the forces which have for
awhile controlled them, and ¢ seem to rage with a fury
that would break up the fountains of the deep.’

In the North Indian seas hurricanes rage at the
same season as in the West Indies.

In the China seas occur those fearful gales known
among sailors as ¢ typhoons,” or ¢ white squalls.” These
take place at the changing of the monsoons. Generated,
like the West Indian hurricanes, at a distance of some
ten or twelve degrees from the equator, typhoons
sweep—in a curve similar to that followed by the
Atlantic storms—around the East Indian Archipelago,
and the shores of China to the Japanese Islands.

There occur land-storms, also, of a cyclonic character
in the valley of the Mississippi. €I have often ob-
served the paths of such storms,” says Maury, ¢ through
the forests of the Mississippi. There the track of
. these tornadoes is called a ““ wind-road,” because they
make an avenue through the wood straight along, and
as clear of trees as if the old denizens of the forest had
been cleared with an axe. I have seen trees three or
four feet in diameter torn up by the roots, and the top,
with its limbs, lying next the hole whence the root
came.” Another writer, who was an eye-witness to
the progress of one of these American land-storms,
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thus speaks of its destructive effects. €I saw, to my
great astonishment, that the noblest trees of the forest
were falling into pieces. A mass of branches, twigs,
foliage, and dust moved through the air, whirled
onwards like a cloud of feathers, and passing, disclosed
a wide space filled with broken trees, naked stumps,
and heaps of shapeless ruins, which marked the path
of the tempest.’

If it appeared, on a careful comparison of observa-
tions made in different places, that these winds swept
directly along those tracks which they appear to follow,
a comparatively simple problem would be presented to
the meteorologist. But this is not found to be the
case. At one part of a hurricane’s course the storm
appears to be travelling with fearful fury along the
true storm-c{; at another less furiously directly
across the storm-track; at another, but with yet
diminished force, though still fiercely, in a direction
exactly opposite to that of the storm-track.

All these motions appear to be fairly accounted for
by the theory that the true path of the storm is a
spiral—or rather, that while the centre of disturbance
continually travels onwards in a widely extended
curve, the storm-wind sweeps continually around the
centre of disturbance, as a whirlpool around its
vortex.

And here a remarkable circumstance attracts our
notice, the consideration of which points to the mode
in which cyclones may be conceived to be generated.
It is found, by a careful study of different observations
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made upon the same storm, that cyclones in the
northern hemisphere invariably sweep round the on-
ward travelling vortex of disturbance in one direction,
and southern cyclones in the contrary direction. If
we place a watch, face upwards, upon one of the
northern cyclone regions in a Mercator’s chart, then
the motion of the hands is contrary to the direction in
which the cyclone whirls; when the watch is shifted
to a southern cyclone region, the motion of the hands
takes place in the same direction as the cyclone
motion. This peculiarity is converted into the follow-
ing rule-of-thumb for sailors who encounter a cyclone,
and seek to escape from the region of fiercest storm :—
Facing the wind, the centre or vortex of the storm lies
to the right in the northern, to the left in the southern,
hemisphere. Safety lies in flying from the centre in
every case save one—that is, when the sailor lies in
the direct track of the advancing vortex. In this
case, to fly from the centre would be to keep in the
storm-track ; the proper course for the sailor when
thus situated is to steer for the calmer side of the
storm-track. This is always the outside of the i, as
will appear from a moment’s consideration of the spiral
curve.traced out by a cyclone. Thus, if the seaman
scud before the wind—in all other cases a dangerous
expedient in a cyclone*—he will probably escape un-
scathed. There is, however, this danger, that the

* A ghip by scudding before the gale may—if the captain is not
familiar with the laws of cyclones—go round. and round without
escaping. The ship ¢Charles Heddle’ did this in the East Indies,
going round ro less than five times.

M
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storm-track may extend to or even slightly overlap
the land, in which case scudding before the gale would
bring the ship upon a lee-shore. And in this way
many gallant ships have, doubtless, suffered wreck.

The danger of the sailor is obviously greater, how-
ever, when he is overtaken by the storm on the inner
side of the storm-—. Here he has to encounter the
double force of the cyclonic whirl and of the advancing
storm-system, instead of the difference of the two
motions, as on the outer side of the storm-track. His
chance of escape will depend on his distance from the
central path of the cyclone. If near to this, it is
equally dangerous for him to attempt to scud to the
safer side of the track, or to beat against the wind by
the shorter course which would lead him out of the
storm- c{ on its inner side. It has been shown by
Colonel Sir W. Reid that this is the quarter in which
vessels have been most frequently lost.

But even the danger of this most dangerous quarter
admits of degrees. It is greatest where the storm is
sweeping round the most curved part of its track,
which happens in about latitude twenty-five or thirty
degrees. In this case, a ship may pass twice through
the vortex of the storm. Here hurricanes have worked
their most destructive effects. And thus it happens
that sailors dread, most of all, the part of the Atlantic
near Florida and the Bahamas, and the region of the
Indian Ocean which lies south of Bourbon and
Mauritius.

To show how important it is that captains should
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understand the theory of cyclones in both hemispheres,
we shall here relate the manner in which Captain
J. V. Hall escaped from a typhoon of the China seas.
About noon, when three days out from Macao, Captain
Hall saw ¢a most wild and uncommon-looking halo
round the sun.” On the afternoon of the next day, the
barometer had commenced to fall rapidly ; and though,
as yet, the weather was fine, orders were at once given
to prepare for a heavy gale. Towards evening, a bank
of cloud was seen in the south-east, but when night
closed the weather was still calm and the water smooth,
though the sky looked wild and a scud was coming on
from the north-east. ‘I was much interested,” says
Captain Hall, ¢ in watching for the commencement of
the gale, which I now felt sure was coming. That
bank to the south-east was the meteor (cyclone)
approaching us, the north-east scud the outer north-
west portion of it; and when at night a strong gale
came on about north, or north-north-west, I felt certain
we were on its western and south-western verge. It
rapidly increased in violence ; but I was pleased to see
the wind veering to the north-west, as it convinced me
that I had put the ship on the right track, namely on
the starboard tack, standing, of course, to the south-
west. From ten A.M. to three P.M. it blew with great
violence, but the ship being well prepared rode com-
paratively easy. The barometer was now very low,
the centre of the storm passing to the northward of us,
to which we might have been very near had we in the
first place put the ship on the larboard tack.’

M 2
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But the most remarkable point of Captain Hall's
account remains to be mentioned. He had gone out
of his course to avoid the storm, but when the wind
fell to a moderate gale he thought it a pity to lie so far
from his proper course, and made sail to the north-
west. ¢In less than two hours the barometer again
began to fall and the storm to rage in heavy gusts.’
He bore again to the south-east, and the weather
rapidly improved. There can be little doubt that but
for Captain Hall’s knowledge of the law of cyclones,
his ship and crew would have been placed in serious
jeopardy, since in the heart of a Chinese typhoon a
ship has been known to be thrown on her beam-ends
when not showing a yard of canvas.

If we consider the regions in which cyclones appear,
the paths they follow, and the direction in which they
whirl, we shall be able to form an opinion as to their
origin. In the open Pacific Ocean (as its name, indeed,
implies) storms are uncommon’; they are infrequent
also in the South Atlantic and South Indian Oceans.
Around Cape Horn and the Cape of Good Hope,
heavy storms prevail, but they are not eyclonic, nor are
they equal in fury and frequency, Maury tells us, to
the true tornado. Along the equator, and for several
degrees on either side of it, cyclones are also unknown.
If we turn to a map in which ocean-currents are laid
down, we shall see that in every ¢ cyclone region * there
is a strongly-marked current, and that each current
follows closely the track which we have denominated
the storm- . In the North Atlantic we have the
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great Gulf Stream, which sweeps from equatorial
regions into the Gulf of Mexico, and thence across the
Atlantic to the shores of Western Europe. In the
South Indian Ocean there is the ¢south-equatorial
current,” which sweeps past Mauritius and Bourbon,
and thence returns towards the east. In the Chinese
Sea, there is the north equatorial current, which
sweeps round the East Indian Archipelago, and then
merges into the Japanese current. There is also the
current in the Bay of Bengal, flowing through the
region in which, as we have seen, cyclones are com-
monly met with. There are other sea-currents besides
these which yet breed no cyclones. But we may

notice two peculiarities in the currents we have named. -.-

They all flow from equatorial to temperate regions,
and, secondly, they are all ¢ horse-shoe currents.” So
far as we are aware, there is but one other current
which presents both these peculiarities, namely—the
great Australian current between New Zealand and
the eastern shores of Australia. We have not yet
met with any record of cyclones occurring over the
Australian current, but heavy storms are known to
prevail in that region, and we believe that when these
storms have been studied as closely as the storms in
better-known regions, they will be found to present the
true cyclonic character.

Now, if we inquire why an ocean current travelling
from the equator should be a ¢ storm-breeder,” we shall
find a ready answer. Such a current, carrying the
warmth of intertropical regions to the temperate zones,
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produces in the first place, by the mere difference of
temperature, important atmospheric disturbances. The
difference is so great, that Franklin suggested the use
of the thermometer in the North Atlantic Ocean as a
ready means of determining the longitude, since the
position of the Gulf Stream at any given season is
almost constant.

" But the warmth of the stream itself is not the only
cause of atmospheric disturbance. Over the warm
water vapour is continually rising; and, as it rises, is
continually condensed (like the steam from a loco-
motive) by the colder air round. ¢An observer on
the moon,” says Captain Maury, ¢ would, on a winter’s
day, be able to trace out by the mist in the air, the
path of the Gulf Stream through the sea.” But what
must happen when vapour is condensed? We know
that to turn water into vapour is a process requiring—
that is, using up—a large amount of heat; and, con-
versely, the return of vapour to the state of water sets
free an equivalent quantity of heat. The amount of
heat thus set free over the Gulf Stream is thousands
of times greater than that which would be generated
by the whole coal supply annually raised in Great
Britain. Here, then, we have an efficient cause for
the wildest hurricanes. For, along the whole of the
Gulf Stream, from Bemini to the Grand Banks, there
is a channel of heated—that is, rarefied air. Into
this channel the denser atmosphere on both sides is
continually pouring, with greater or less strength.
When a storm begins in the Atlantic, it always makes
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for this channel, ¢ and, reaching it, turns and follows it
in its course, sometimes entirely across the Atlantic.’
¢ The southern points of America and Africa have won
for themselves,” says Maury, ¢ the name of * the stormy
capes,” but there is not a storm-find in the wide
ocean can out-top that which rages along the Atlantic
coasts of North America. The China seas and the
North Pacific may vie in the fury of their gales with
this part of the Atlantic, but Cape Horn and the Cape
of Good Hope cannot equal them, certainly in fre-
quency, nor do I believe, in fury’ We read of a
West Indian storm so violent, that ¢it forced the Gulf
Stream back to its sources, and piled up the water to
a height of thirty feet in the Gulf of Mexico. The
ship ¢ Ledbury Snow ” attempted to ride out the
storm. When it abated, she found herself high up on
the dry land, and discovered that she had let go her
anchor among the tree-tops on Elliott’s Key.’

By a like reasoning we can account for the cyclonie
storms prevailing in the North Pacific Ocean. Nor
do the tornadoes which rage in parts of the United
States present any serious difficulty. The region
along which these storms travel is the valley of the
great Mississippi. This river at certain seasons is
considerably warmer than the surrounding lands,
From its surface, also, aqueous vapour is continually
being raised. When the surrounding air is colder,
this vapour is presently condensed, generating in the
change a vast amount of heat. Wehave thus a channel
of rarefied air over the Mississippi valley, and this
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channel becomes a storm-track, like the corresponding
channels over the warm ocean-currents. The extreme
violence of land-storms is probably due to the narrow-
ness of the track within which they are compelled to
travel. For it has been noticed that the fury of a
sea-cyclone increases as the range of the ¢whirl’
diminishes, and vice versd.

There seems, however, no special reason why cy-
clones should follow the storm-c in one direction
rather than in the other. We must, to understand
this, recall the fact that under the torrid zones the
conditions necessary for the generation of storms prevail
far more intensely than in temperate regions. Thus
the probability is far greater that cyclones should be
generated at the tropical than at the temperate end of
the storm- . Still it is worthy of notice, that in the
land-locked North Pacific Ocean, true typhoons Zave
been known to follow the storm-track in a direction
contrary to that commonly noticed.

The direction in which a true tornado whirls is
invariably that we have mentioned. The explanation
of this peculiarity would occupy more space than
we can here afford. Those readers who may wish to
understand the origin of the law of cyclonic rotation
should study Herschel’s interesting work on Meteor-
ology. .

The suddenness with which a true tornado works
destruction was strikingly exemplified in the wreck of
the steam-ship ¢ San Francisco.” She was assailed by
an extra-tropical tornado when about 300 miles from
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Sandy Hook, on December 24, 1853. In a few
moments she was a complete wreck! The wide range
of a tornado’s destructiveness is shown by this, that
Colonel Reid examined one along whose track no less
than 110 ships were wrecked, crippled, or dismasted.
(From ZTemple Bar, December, 1867.)

VESUVIUS.

THE eruption in progress, as we write, from Mount
Vesuvius, and the numerous and violent eruptions
from this mountain during the two last centuries, seem
to afford an answer to those who think there are traces
of a gradually diminishing activity in the earth’s inter-
nal forces. That such a diminution is taking place, we
may admit; but that its rate of progress is perceptible
—that we can point to a time within the historical
epoch, nay even within the limits of geological evi-
dence, at which the earth’s internal forces were certainly
more active than they are at the present time—may,
we think, be denied absolutely.

When the science of geology was but. young, and
its professors sought to compress within a few years
(at the outsidé) a series of events which (we now
know) must have occupied many centuries, there was
room, indeed, for the supposition that modern volcanic
eruptions, as compared with ancient outbursts, are but
as the efforts of children compared with the work of
giants. And accordingly, we find a distinguished
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French geologist writing, even so late as 1829, that in
ancient times ¢tous les phénoménes géologiques se
passaient dans des dimensions centuples de celles
qu’ils présentent aujourd’hui” But now we have such
certain evidence of the enormous length of the intervals
within which volcanic regions assumed their present
appearance—we have such satisfactory means of de-
termining which of the events occurring within those
intervals were or were not contemporary—that we are
safe from the error of assuming that Nature at a single
effort fashioned widely extended districts just as we
now see them. And accordingly, we have the evidence
of one of the most distinguished of living geologists,
that there is no volcanic mass ¢ of ancient date, distinctly
referable to a single eruption, which can even rivel in
volume the matter poured out from Skaptir Jokul in
1783,

In the voleanic region of which Vesuvius or Somma
is the principal vent, we have a remarkable instance of
the deceptive nature of that state of rest into which
some of the principal volcanoes frequently fall for
many centuries together. For how many centuries
before the Christian era Vesuvius had been at rest, is
not known ; but this is certain, that from the landing
of the first Greek colony in Southern Italy, Vesuvius
gave no signs of internal activity. It was recognised
by Strabo as a voleanic mountain, but Pliny did not
include it in the list of active volcanoes. In those
days, the mountain presented a very different appear-
ance from that which it now exhibits. In place of the
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two peaks now seen, there was a single, somewhat
flattish summit, on which a slight depression marked
the place of an ancient crater. The fertile slopes of
the mountain were covered with well-cultivated fields,
and the thriving cities Herculaneum, Pompeii, and
Stabiw, stood near the base of the sleeping mountain.
So little did any thought of danger suggest itself in
those times, that the bands of slaves, murderers, and
pirates which flocked to the standard of Spartacus
found a refuge, to the number of many thousands,
within the very crater itself.

But though Vesuvius was at rest, the region of
which Vesuvius is the main vent was far from being
so. The island of Pithecusa (the modern Ischia) was
shaken by frequent and terrible convulsions. It is
even related that Prochyta (the modern Procida) was
rent from Pithecusa in the course of a tremendous
upheaval, though Pliny derives the name Prochyta
(or ‘poured forth’) from the supposed fact of this
island having been poured forth by an eruption from
Ischia. Far more probably, Prochyta was formed
independently by submarine eruptions, as the volcanic
islands near Santorin have been produced in more
recent times.

So fierce were the eruptions from Pithecusa, that
several Greek colonies which attempted to settle on
this island were compelled to leave it. About 380
years before the Christian era, colonists under King
Hiero of Syracuse, who had built a fortress on
Pithecusa, were driven away by an eruption. Nor
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were eruptions the sole cause of danger. Poisonous
vapours, such as are emitted by volcanic craters after
eruption, appear to have exhaled, at times, from ex-
tensive tracts on Pithecusa, and thus to have rendered
the island uninhabitable.

Still nearer to Vesuvius lay the celebrated Lake
Avernus. The name Avernus is said to be a corrup-
tion of the Greek word Aornos, signifying ¢ without
birds,” the poisonous exhalations from the waters of the
lake destroying all birds which attempted to fly over
its surface. Doubthas been thrown on the destructive
properties assigned by the ancients to the vapours
ascending from Avernus. The lake is now a healthy
and agreeable neighbourhood, frequented, says Hum-
boldt, by many kinds of birds, which suffer no injury
whatever even when they skim the very surface of the
water. Yet there can be little doubt that Avernus
hides the outlet of an extinct volcano; and long after
this volcano had become inactive, the lake which con-
cealed its site ¢ may have deserved the appellation of

“atrl janua Ditis,”

emitting, perhaps, gases as de-
structive of animal life as those suffocating vapours
given out by Lake Quilotoa, in Quito, in 1797, by
which whole herds of cattle were killed on its shores,
or as those deleterious emanations which annihilated
all the cattle in the island of Lancerote, one of the
Canaries, in 1730.

‘While Ischia was in full activity, not only was
Vesuvius quiescent, but even Etna seemed to be

gradually expiring, so that Seneca ranks this volcano
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among the number of nearly extinguished craters. At
a later epoch, Ailian asserted that the mountain itself
was sinking, so that seamen lost sight of the summit at -
a less distance across the seas than of old. Yet within
the last two hundred years there have been eruptions
from Etna rivalling, if not surpassing, in intensity the
convulsions recorded by ancient historians.

We shall not here attempt to show that Vesuvius
and Iitna belong to the same volecanic system, though
there is reason not only for supposing this to be the
case, but for the belief that all the subterranean regions
whose effects have been shown from time to time over
the district extending from the Canaries and Azores,
across the whole of the Mediterranean, and into Syria
itself, belong to but one great centre of internal action.
But it is quite certain that Ischia and Vesuvius are
outlets from a single source.

‘While Vesuvius was dormant, resigning for awhile
its pretensions to be the principal vent of the great
Neapolitan volcanic system, Ischia, we have seen, was
rent by frequent convulsions. But the time was ap-
proaching when Vesuvius was to resume its natural
functions, and with all the more energy that they had
been for awhile suspended.

In the year 63 (after Christ) there occurred a
violent convulsion of the earth around Vesuvius,
during which much injury was done to neighbouring
cities, and many lives were lost. From this period
shocks of earthquake were felt from time to time for
sixteen years. These grew gradually more and more
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violent, until it began to be evident that the volcanic
fires were about to return to their main vent. The
obstruction which had so long impeded the exit of the
confined matter was not however readily removed, and
it was only in August of the year 79, after numerous
and violent internal throes, that the superincumbent
mass was at length hurled forth. Rocks and cinders,
lava, sand, and scorie, were propelled from the crater,
and spread many miles on every side of Vesuvius.

We have an interesting account of the great
eruption which followed in a letter from the younger
Pliny to the younger Tacitus. The latter had asked
for an account of the death of the elder Pliny, who
lost his life in his eagerness to obtain a near view of
the dreadful phenomenon. ¢He was at that time,’
says his nephew, ¢ with the fleet under his command at
Misenum. On August 24, about one in the afternoon,
my mother desired him to observe a cloud of very
extraordinary size and shape. He had just returned
from taking the benefit of the sun, and, after bathing
himself in cold water, and taking a slight repast, had
retired to his study. He arose at once, and went out
upon a height whence he might more distinctly view
this strange phenomenon. It was not at this distance
discernible from what mountain the cloud issued, but
it was found afterwards that it came from Vesuvius.
I cannot give a more exact description of its figure
than by comparing it to that of a pine-tree, for it shot
up to a great height in the form of a trunk, which
extended itself at the top into a sort of branches ;
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occasioned, I suppose, either by a sudden gust of air
which impelled it, whose force decreased as it advanced
upwards, or else the cloud itself, being pressed back
by its own weight, expanded in this manner. The
clond appeared sometimes bright, at others dark and
spotted, as it was more or less impregnated with earth
and cinders.’ ‘

These extraordinary appearances attracted the curi-
osity of the elder Pliny. He ordered a small vessel
to be prepared, and started to seek a nearer view of
the burning mountain. His nephew declined to ac-
company him, being engaged with his studies. As
Pliny left the house, he received a note from a lady
whose house, being at the foot of Vesuvius, was in
imminent danger of destruction. He set out, accord-
ingly, with the design of rendering her assistance, and
also of assisting others, ¢ for the villas stood extremely
thick upon that lovely coast.” He ordered the galleys
to be put to sea, and steered directly to the point of
danger, so cool in the midst of the turmoil around ¢as
to be able to make and dictate observations upon the
motions and figures of that dreadful scene’ As he
approached Vesuvius, cinders, pumice-stones, and
black fragments of burning rock, fell on and around
the ships. ¢They were in danger, too, of running
aground, owing to the sudden retreat of the sea; vast
fragments, also, rolled down from the mountain and
obstructed all the shore.” The pilot advising retreat,
Pliny made the noble answer, ¢ Fortune befriends the
brave,” and bade him press onwards to Stabie. Here
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he found his friend Pomponianus in great consterna-
tion, already prepared for embarking and waiting only
for a change in the wind. Exhorting Pomponianus to
be of good courage, Pliny quietly ordered baths to be
prepared; and ¢having bathed, sat down to supper
with great cheerfulness, or at least (which is equally
heroic) with all the appearance of it.” Assuring his
friend that the flames which appeared in several places
were merely burning villages, Pliny presently retired
to rest, and ¢ being pretty fat,’ says his nephew, ¢ and
breathing hard, those who attended without actually
heard him snore.” But it became necessary to awaken
him, for the court which led to his room was now
almost filled with stones and ashes. He got up and
joined the rest of the company, who were consulting
on the propriety of leaving the house, now shaken
from side to side by frequent concussions. They
decided on seeking the fields for safety ; and fastening
pillows on their heads, to protect them from falling
stones, they advanced in the midst of an obscurity
greater than that of the darkest night—though beyond
the limits of the great cloud it was already broad day.
When they reached the shore, they found the waves
running too high to suffer them safely to venture to
put out to sea. Pliny ¢having drunk a draught or
two of cold water, lay down on a cloth that was spread
out for him; but at this moment the flames and
sulphurous vapours dispersed the rest of the company
and obliged him to rise. Assisted by two of his
servants, he got upon his feet, but instantly fell down
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dead; suffocated, I suppose,’ says his nephew, ¢by
some gross and noxious vapour, for he always had
weak lungs and suffered from a difficulty of breathing.’
His body was not found until the third day after his
death, when for the first time it was light enough to
search for him. He was found as he had fallen, €and
looking more like a man asleep than dead.’

But even at Misenum there was danger, though
Vesuvius is distant no less than fourteen miles.
The earth was shaken with repeated and violent
shocks, ¢insomuch,” says the younger Pliny, ¢ that
they threatened our complete destruction.” When
morning came, the light was faint and glimmering ;
the buildings around seemed tottering to their fall,
and, standing on the open ground, the chariots which
Pliny had ordered were so agitated backwards and
forwards that it was impossible to keep them steady,
even by supporting them with large stones. The sea
was rolled back upon itself, and many marine animals
were left dry upon the shore. On the side of Vesuvius,
a black and ominous cloud, bursting with sulphurous
vapours, darted out long trains of fire, resembling
flashes of lightning, but much larger. Presently the
great cloud spread over Misenum and the island of
Caprem. Ashes fell around the fugitives. On every
side ‘nothing was to be heard but the shrieks of
women and children, and the cries of men: some were
calling for their children, others for their parents,
others for their husbands, and only distinguishing
each other by their voices: one was lamenting his own

N
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fate, another that of his family; some wished to die,
that they might escape the dreadful fear of death;
but the greater part imagined that the last and eternal
night was come, which was to destroy the gods and
the world together.” At length a light appeared,
which was not, however, the day, but the forerunner
of an outburst of flames. These presently disappeared,
and again a thick darkness spread over the scene.
Ashes fell heavily upon the fugitives, so that they
were in danger of being crushed and buried in the
thick layer rapidly covering the whole country. Many
hours passed before the dreadful darkness began slowly
to beé dissipated. When at length day returned, and
the sun was seen faintly shining through the over-
hanging canopy of ashes, ‘every object seemed changed,
being covered over with white ashes as with a deep
snow.’

Tt is most remarkable that Pliny makes no mention
in his letter of the destruction of the two populous
and important cities, Pompeii and Herculaneum. We
have seen that at Stabie a shower of ashes fell so
heavily that several days before the end of the eruption
the court leading to the elder Pliny’s room was begin-
ning to be filled up; and when the eruption ceased,
Stabie was completely overwhelmed. Far more
sudden, however, was the destruction of Pompeii and
Herculaneum.

It would seem that the two cities were first shaken
violently by the throes of the disturbed mountain.
The signs of such a catastrophe have been very com-
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monly assigned to the earthquake which happened in
63, but it seems far more likely that most of them
belong to the days immediately preceding the great
outburst in 79. ¢ In Pompeii,” says Sir Charles Lyell,
¢both public and private buildings bear testimony to
the catastrophe. The walls are rent, and in many
places traversed by fissures still open.” It is probable
that the inhabitants were driven by these anticipatory
throes to fly from the doomed towns. For though
Dion Cassius relates that ¢ two entire cities, Hercu-
laneum and Pompeii, were buried under showers of
ashes, while all the people were sitting in the theatre,’
yet € the examination of the two cities enables us to
prove,’ says Sir Charles, ¢ that none of the people were
destroyed in the theatre, and, indeed, that there were
very few of the inhabitants who did not escape from
both cities. Yet,” he adds, ¢ some lives were lost, and
there was ample foundation for the tale in all its most
essential particulars.’

‘We may note here, in passing, that the account of
the eruption given by Dion Cassius, who wrote a
century and a half after the catastrophe, is sufficient
to prove how terrible an impression had been made
upon the inhabitants of Campania, from whose descen-
dants he in all probability obtained the materials of
his narrative. He writes that, ¢ during the eruption,
a multitude of men of superhuman stature, resembling
giants, appeared, sometimes on the mountain, and
sometimes in the environs; that stones and smoke
‘were thrown out, the sun was hidden, and then the

N 2
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giants seemed to rise again, while the sounds of trum-
pets were heard '—with much other matter of a similar
sort.

In the great eruption of 79, Vesuvius poured forth
lapilli, sand, cinders, and fragments of old lava, but no
new lava flowed from the crater. Nor does it appear
that any lava-stream was ejected during the six erup-
tions which took place during the following ten cen-
turies. In the year 1036, for the first time, Vesuvius
was observed to pour forth a stream of molten lava.
Thirteen years later, another eruption took place ;
then ninety years passed without disturbance, and
after that a long pause of 168 years. During this
interval, however, the volcanic system of which
Vesuvius is the main but not the only vent, had been
disturbed twice. For it is related that in 1198 the
Solfatara Lake crater was in eruption ; and in 1302,
Ischia, dormant for at least 1,400 years, showed signs
of new activity. For more than a year earthquakes
had convulsed this island from time to time, and at
length the disturbed region was relieved by the out-
burst of a lava stream from a new vent on the south-
east of Ischia. The lava stream flowed right down to
the sea, a distance of two miles. For two months, this
dreadful outburst continued to rage ; many houses were
destroyed ; and although the inhabitants of Ischia were
not completely expelled, as happened of old with the
Greek colonists, yet a partial emigration took place.

The next eruption of Vesuvius occurred in 1306 ;
and then three centuries and a quarter passed during
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which only one eruption, and that an unimportant one
(in 1500), took place. ¢ It was remarked,’” says Sir
Charles Lyell, ¢ that throughout this long interval of
rest, Etna was in a state of unusual activity, so as
to lend countenance to the idea that the great Sicilian
volcano may sometimes serve as a channel of discharge
to elastic fluids and lava that would otherwise rise to
the vents in Campania.’

Nor was the abnormal activity of Etna the only
sign that the quiescence of Vesuvius was not to be
looked upon as any evidence of declining energy in
the volcanic system. In 1538 a new mountain was sud-
denly thrown up in the Phlegrean Fields—a district
including within its bounds Pozzuoli, Lake Avernus,
and the Solfatara. The new mountain was thrown up
near the shores of the Bay of Baie. It is 440 feet
above the level of the bay, and its base is about a mile
and a half in circumference. The depth of the crater
is 421 feet, so that its bottom is only six yards above
the level of the bay. The spot on which the mountain
was thrown up was formerly occupied by the Lucrine
Lake; but the outburst filled up the greater part of
the lake, leaving only a small and shallow pool.

The accounts which have reached us of the formation
of this new mountain are not without interest. Falconi,
who wrote in 1538, mentions that several earthquakes
took place during the two years preceding the outburst,
and above twenty shocks on the day and night before
the eruption. ¢ The eruption began on September 29,
1538. It was on a Sunday, about one o’clock in the
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night, when flames of fire were seen between the hot-
baths and Tripergola. In a short time the fire in-
creased to such a degree that it burst open the earth
in this place, and threw up a quantity of ashes and
pumice-stones, mixed with water, which covered the
whole country. The next morning the poor inhabitants
of Pozzuoli quitted their habitations in terror, covered
with the muddy and black shower, which continued
the whole day in that country—flying from death, but
with death painted in their countenances. Some with
their ¢hildren in their arms, some with sacks full of
their goods ; others leading an ass, loaded with their
frightened family, towards Naples. . . . The sea had
retired on the side of Baiw, abandoning a consider-
able tract; and the shore appeared almost entirely
dry, from the quantity of ashes and broken pumice-
stones thrown up by the eruption.’

Pietro Giacomo di Toledo gives us some account of
the phenomena which preceded the eruption: < That
plain which lies between Lake Avernus, the Monte
Barbaro, and the sea, was raised a little, and many
cracks were made in it, from some of which water
issued; at the same time the sea immediately adjoining
the plain dried up about two hundred paces, so that
the fish were left on the sand, a prey to the inhabitants
of Pozzuoli. At last, on September 29, about two
o’clock in the night, the earth opened near the lake,
anddiscovered a horrid mouth, from which were furiously
vomited smoke, fire, stones, and mud composed of
ashes, making at the time of the opening a noise like
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the loudest thunder. The stones which followed were
by the flames converted to pumice, and some of these
were larger than an ox. The stones went about as
high as a cross-bow will carry, and then fell down,
sometimes on the edge, and sometimes into the mouth
itself. The mud was of the colour of ashes, and at
first very liquid, then by degrees less so; and in such
quantities that in less than twelve hours, with the help
of the above-mentioned stones, a mountain was raised
of 1,000 paces in height. Not only Pozzuoli and the
neighbouring country were full of this mud, but the
city of Naples also; so that many of its palaces were
defaced by it. This eruption lasted two nights and
two days without intermission, though not always with
the same force; the third day the eruption ceased,
and I went up with many people to the top of the
new hill, and saw down into its mouth, which was a
round cavity about a quarter of a mile in circumference,
in the middle of which the stones which had fallen
were boiling up just as a cauldron of water boils on
the fire. The fourth day it began to throw up again,
and the seventh day much more, but still with less
violence than the first night. At this time many
persons who were on the hill were knocked down by
the stones and killed, or smothered with the smoke.’
And now, for nearly a century, the whole district
continued in repose. Nearly five centuries had passed
since there had been any violent eruption of Vesuvius
itself; and the crater seemed gradually assuming the
condition of an extinct volcano. The interior of the
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crater is described by Bracini, who visited Vesuvius
shortly before the eruption of 1631, in terms that
would have fairly represented its condition before the
eruption of 79 :—¢ The crater was five miles in ecir-
cumference, and about a thousand paces deep; its
sides were covered with brushwood, and at the bottom
there was a plain on which cattle grazed. In the
woody parts, wild boars frequently harboured. In
one part of the plain, covered with ashes, were three
small pools, one filled with hot and bitter water,
another salter than the sea, and a third hot, but taste-
less.” But in December 1631, the mountain blew
away the covering of rock and cinders which supported
these woods and pastures. Seven streams of lava
poured from the crater, causing a fearful destruction
of life and property. Resina, built over the site of
Herculaneum, was entirely consumed by a raging
lava-stream. Heavy showers of rain, generated by
the steam evolved during the eruption, caused in their
turn an amount of destruction scarcely less important
than that resulting from the lava-streams. For,
falling upon the cone, and sweeping thence large
masses of ashes and volcanic dust, these showers pro-
duced destructive streams of mud, consistent enough
to merit the name of ¢ aqueous lava’ commonly as-
signed to it.

An interval of thlrty-ﬁve years passed before the
next eruption. DBut since 1666 there has been a
continual series of eruptions, so that the mountain has
scarcely ever been at rest for more than ten years
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together. Occasionally there have been two eruptions
within a few months ; and it is well worthy of remark -
that, during the three centuries which have elapsed
since the formation of Monte Nuovo, there has been
no volcanic disturbance in any part of the Neapolitan
voleanic district save in Vesuvius alone. Of old, as
Brieslak well remarks, there had been irregular dis-
turbances in some part of the Bay of Naples once in
every two hundred years ;—the eruption of Solfatara
in the twelfth century, that of Ischia in the fourteenth,
and that of Monte Nuovo in the sixteenth; but ¢ the
eighteenth has formed an exception to the rule.” It
seems clear that the constant series of eruptions from
Vesuvius during the past two hundred years has
sufficed to relieve the volcanic district of which Vesu-
vius is the principal vent.

Of the eruptions which have disturbed Vesuvius
during the last two centuries, those of 1779, 1793,
and 1822, are in some respects the most remarkable.

Sir William Hamilton has given a very interesting
account of the eruption of 1779. Passing over those
points in which this eruption resembled others, we may
note its more remarkable features. Sir William
Hamilton says, that in this eruption molten lava was
thrown up in magnificent jets to the height of at least
10,000 feet. Masses of stones and scoriz were to be
seen propelled along by these lava jets. Vesuvius
seemed to be surmounted by an enormous column of
fire. Some of the jets were directed by the wind
towards Ottajano ; others fell on the cone of Vesuvius,
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on the outer circular mountain Somma, and on the
valley between. Falling, still red-hot and liquid, they
covered a district more than two miles and a half wide
with a mass of fire. The whole space above this
district, to the height of 10,000 feet, was filled also
with the falling and rising lava streams; so that there
was continually present a body of fire covering the
extensive space we have mentioned, and extending
nearly two miles high. The heat of this enormous
fire-column was distinctly perceptible at a distance of
at least six miles on every side.

The eruption of 1793 presented a different aspect.
Dr. Clarke tells us that millions of red-hot stones were
propelled into the air to at least half the height of the
cone itself'; then turning, they fell all around in noble
curves. They covered nearly half the cone of Vesuvius
with fire. Huge masses of white smoke were vomited
forth by the disturbed mountain, and formed them-
selves, at a height of many thousands of feet above the
crater, into a huge, ever-moving canopy, through
which, from time to time, were hurled pitch-black jets
of volcanic dust, and dense vapours, mixed with
cascades of red-hot rocks and scoriz. The rain which
fell from the cloud-canopy was scalding hot.

Dr. Clarke was able to compare the different ap-
pearances presented by the lava when it burst from
the very mouth of the crater, and lower down when it
had approached the plain. As it rushed forth from its
imprisonment, it streamed a liquid, white, and brilliantly
pure river, which burned for itself a smooth channel
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through a great arched chasm in the side of the moun-
tain. It flowed with the clearness of ¢ honey in regular
channels, cut finer than art can imitate, and glowing
with all the splendour of the sun. Sir William
Hamilton had conceived,” adds Dr. Clarke, ¢that
stones thrown upon a current of lava would produce
no impression. I was soon convinced of the contrary.
Light bodies, indeed, of five, ten, and fifteen pounds’
weight, made little or no impression, even at the
source; but bodies of sixty, seventy, and eighty
pounds were seen to form a kind of bed on the surface
of the lava, and float away with it. A stone of three
hundredweight, that had been thrown out by the
crater, lay near the source of the current of lava. I
raised it up on one end, and then let it fall in upon
the liquid lava, when it gradually sank beneath the
surface and disappeared. If I wished to describe the
manner in which it acted upon the lava, I should say
that it was like a loaf of bread thrown into a bowl of
very thick honey, which gradually involves itself in
the heavy liquid, and then slowly sinks to the bottom.’

But, as the lava flowed down the mountain slopes,
it lost its brilliant whiteness; a crust began to form
upon the surface of the still molten lava, and this
crust broke into innumerable fragments of porous
matter, called scoriz. Underneath this crust—across
which Br. Clarke and his companions were able to
pass without other injury than the singeing of their
boots—the liquid lava still continued to force its way
onward and downward past all obstacles. On its
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arrival at the bottom of the mountain, says Dr. Clarke,
“the whole current,’ encumbered with huge masses of
scorie@, ‘resembled nothing so much as a heap of
unconnected cinders from an iron-foundry,” ¢ rolling
slowly along, he says in another place, ‘and falling
with a rattling noise over one another.’

After the eruption described by Dr. Clarke, the
great crater gradually filled up. Lava boiled up from
below, and small craters, which formed themselves
over the bottom and sides of the great one, poured
forth lava loaded with scoriz. Thus, up to October
1822, there was to be seen, in place of a regular
crateriform opening, a rough and uneven surface,
scored by huge fissures, whence vapour was continually
being poured, so as to form clouds above the hideous
heap of ruins. But the great eruption of 1822 not
only flung forth all the mass which had accumulated
within the crater, but wholly changed the appearance
of the cone. An immense abysm was formed, three-
quarters of a mile across, and extending 2,000 feet
downwards into the very heart of Vesuvius. Had the
lips of the crater remained unchanged, indeed, the
depth of this great gulf would have been far greater.
But so terrific was the force of the explosion that the
whole of the upper part of the cone was carried clean
away, and the mountain reduced in height by nearly a
full fifth of its original dimensions. From the time of
its formation the chasm gradually filled up; so that,
when Mr. Scrope saw it soon after the eruption, its
depth was reduced by more than 1,000 feet.
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Of late, Vesuvius has been as busy as ever. In
1833 and 1834 there were eruptions; and it is but
twelve years since a great outburst took place. Then,
for three weeks together, lava streamed down the
mountain slopes. A river of molten lava swept away
the village of Cercolo, and ran nearly to the sea at
Ponte Maddaloni. There were then formed ten small
craters within the great one. DBut these have now
united, and pressure from beneath has formed a vast
. cone where they had been. The cone has risen above
the rim of the crater, and as we write torrents of lava
are being poured forth. At first the lava formed a
lake of fire, but the seething mass found an outlet, and
poured in a wide stream towards Ottajano. Masses of
red-hot stone and rock are hurled forth, and a vast
canopy of white vapour hangs over Vesuvius, forming
at night, when illuminated by the raging mass below,
a glory of resplendent flame around the summit of the
mountain.

It may seem strange that the neighbourhood of so
dangerous a mountain should be inhabited by races
free to choose more peaceful districts. Yet, though
Herculaneum, Pompeii, and Stabiz lie buried beneath
the lava and ashes thrown forth by Vesuvius, Portici
and Resina, Torre del Greco and Torre dell’ Annun-
ziata bave taken their place; and a large population,
cheerful and prosperous, flourish around the disturbed
mountain, and over the district of which it is the some-
what untrustworthy safety-valve.

It has, indeed, been well pointed out by Sir Charles
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Lyell that, ‘the general tendency of subterranean
movements, when their effects are considered for a
sufficient lapse of ages, is eminently beneficial, and
that they constitute an essential part of that mechanism
by which the integrity of the habitable surface is pre-
served. Why the working of this same machi