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EDITOR’S PREFACE.

As may be seen in page xxii. of the English translation
of the author’s preface to vol. i., in p. 8 of vol. ii., and
in p. 13 of the present volume, it was the author’s
intention that the fourth and concluding volume of the
“ Kosmos ” should contain, for the telluric portion of
the universe, a notice of the specialities of the several
branches of science of which the mutual connection
had been indica,téd in the “general view of nature”
presented in the first volume; the specialities of the
uranological portion having been treated in volume iii.
It has proved impossible, however, to comprise within
the limits of an ordinary single volume the treatment
of both the *inorganic and organic domains” of ter-
restrial nature, as co‘ntemplated in p. 13 of the present
volume, or even the whole of what is there indicated as

appertaining to the first of these divisions: the fourth
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vi EDITOR’S PREFACE.

volume will, therefore, consist of two parts, of which
the first was published in the German original at the
commencement of the present year, and is now pre-
sented in the English translation; the possibility of
publishing the work in English within so short a time
of its appearance in German being the result of the
early possession of the larger portion of the proof
sheets, for which advantage the editor and translator
are indebted to the good offices of M. de Humboldt
himself, and to the obliging permission of the German
publisher, Mr. Cotta.

The first 224 pages of the original text and notes
were printed early in 1854. The long attachment of
the illustrious author to the subject of terrestrial mag-
netism, which is contained therein, and which in a very
large measure owes to him, and to the impulse given by
him, the position which it now occupie:s, rendered him
even peculiarly desitous that its treatment should corre-
spond fully to the latest progress of our knowledge.
That progress has been such as to render the years
which have elapsed since 1854 equivalent to a much
longer interval in other departments of science. In
this view, therefore, besides making himself some brief
but important additions in pp. 449 to 452, M. de Hum-
boldt has expressed, on several occasions in the course

of our correspondence, a desire that I should make in
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the English translation further rectifications and en-
largements, which he might afterwards embody in the
work itself, on the completion of its concluding portion.

In compliance with this honourable and gratifying
request, I have ventured to make some corrections in
pp- 104 to 107 of the original (114 to 117 of the
translation), and have added three notes — one on the
figure of the earth, and two on subjects in terrestrial
magnetism ; these will be found in pp. 453 to 516.
That in so doing I have not gone beyond either the
letter or the spirit of M. de Humboldt’s express desire
will, I think, best appear by the following extracts from
his correspondence, which I therefore permit myself to
make : —

“Tout ce qui appartient aux détails des corrections
spéciales, comme pp. 113-117, que je posséde déja im-
primées en votre traduction, peut étre réservé a la
nouvelle édition de tout le ¢ Kosmos’ qui sera publiée
quelques mois aprés que le 4™ volume, seconde et
derniére partie, sera terminé. Tous les changemens que
vous daignerez faire dans la traduction actuelle du 4™°
volume, partie premiére (et je vous supplie d’en faire
beaucoup), seront employés consciencieusement.”. .. ¢ Je
ferai la plus vive attention & toutes les corrections que
vous daignerez ajouter en notes i la traduction, comme

aux changemens que vous introduirez immédiatement
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dans le texte. Je réserve tout cela pour des additions &
lafin du vol. iv, seconde et derniére section. C’est la que
trouveront leur places les changemens que je découvre
dans vos pp. 113-117. Vous sentez, mon cher ami,
qu’il sera plus utile de réunir tout ce dont votre tra-
duction aura enrichi Pouvrage, et de le placer & la fin
de louvrage, en traduisant en allemand les passages
entiers quelques longs qu'ils puissent étre.”. .. < Je veux
que rien ne se perde pour I'Allemagne de ce qui vient
de vous, ayant la prétention de donner dans mon
¢ Kosmos’ vos travaux dans leur grand ensemble, comme
ils ne se trouvent encore nulle part.”

Some passages which occur in the commencement of
the first volume of ¢ Kosmos,” relating to the physica]
sciences generally, and to the manner in which, in
different stages of their progress, their results are more
or less susceptible of being presented under general
points of view, appear to me so appropriate to the
past and p'resent state of the science of terrestrial
magnetism, that in attempting the following brief ex-
planation of the manner in which I have endeavoured to
fulfil the wish conveyed in the preceding extracts, I adopt
those expressions in great measure as conveying the views

‘which I entertain, and by which I have been guided.
Amongst the many branches into which terrestrial mag-

netism divides itself, it is only very recently that some
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have begun to emerge from that state in which ¢ facts,
though studied with assiduity and sagacity, still appear
for the most part unconnected, with little mutual rela-
tion, and it may be even in some instances in seeming
contradiction with each other.” I venture to think that
these, the most advanced branches of terrestrial mag-
netism, have already in some measure reached the
stage at which “observations having multiplied, and
having been combined by reflection, more and more
points of contact and links of mutual relation are
discovered,” and the intricacies arising from the  ex-
cessive combination of pheenomena” are already yield-
ing to a “knowledge of the primary laws by which
they are regulated,” which knowledge is, in its tuin,
conducting to still “higher and more extensive general-
isations” — thus preparing the way for that yet more
advanced stage, when “a deeper insight into natural
forces may be attained.” Yet while in regard to these
branches it is already becoming “more and more pos-
sible to develop general truths with conciseness without
superficiality,” that task is still one of very great
difficulty, and admits of only imperfect and pa.rtia;l
realisation. Therefore, inasmuch as it was impossible
for me to comprehend within any admissible limits a
complete résumé of all that has already been gained in

terrestrial magnetism, I have, on the present occasion,
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written notes on two branches only of the general sub-
ject—viz. on the magnetic disturbances, and on the solar
diurna] variation of the declination ; in respect to these
branches ¢ combination, by reasoning, of the aggregation
of observed facts,” their * generalisation,” and the pro-
Lressive “discovery of laws,” have advanced so far that
it has become possible, agreeably to the presiding idea
of M. de Humboldt’s work on the Kosmos, to ““arrange
the phenomena in such a connection and sequence as
may facilitate the insight into their causal connection.”
To treat these two subjects “ without superficiality ” has
fully engrossed all the space that I could permit myself
to occupy, seeing the number of pages to which the

present volume has extended.

EDWARD SABINE.

18, Ashley Place, London :
April 14th, 1858.
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COSMOS:

A PHYSICAL DESCRIPTION OF THE UNIVERSE.

SPECTAL RESULTS OF OBSERVATION IN THE DOMAIN OF
TERRESTRIAL PHANOMENA,

INTRODUCTION.

In a work of very extensive scope, in which facility of
comprehension and the production of a clear and distinct
general impression are especially aimed at, the structure of
the work, and the co-ordination and arrangement of the
several parts which compose the whole, are almost even
more important than the richness and abundance of the
materials. This is the more sensibly felt in the ¢ Cosmos,”
or “Book of Nature,” where it is necessary to separate
carefully the generalisation of our theme, both in the ob-
jective view of external pheenomena and in the reflection of
nature in the mirror of man’s inner being, from the nar-
ration of the several results of observation. The first two

volumes of my work were devoted to the generalisation thus
B2
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spoken of, first in the contemplation of the universe as a
natural whole, and next in an endeavour to show how in
the course of centuries, at different periods in the history
of the human race, and in the most different regions of the
earth, mankind had progressively advanced towards a recog-
nition of the concurrent action of the forces of nature.
Although the arrangement in a significant order of the
descriptions of pheenomena is in itself adapted to lead us to
recognise their causal connection, yet it could not be hoped
that a general representation should appear fresh, animated,
and life-like, unless restricted within such limits as should
not permit the general effect to be lost, under the excessive
and too crowded accumulation of separate facts.

As in coliections of geographical or geological maps,
representing graphically the configuration of land and sea,
or the characters and arrangement of the rocks at the earth’s
surface, general maps are made to precede special ones; so
it has appeared to me most fitting that in the Physical De-
seription of the Universe, its representation as a whole,
contemplated from more general and higher points of view,
should be followed by the separate presentation, in the two
last volumes, of those special results of observation on which
the present state of our knowledge is more particularly based.
These two last volumes, therefore (as T have already remarked,
Bd. iii. 8. 4—9; Engl. p. 4—9), are to be regarded simply
as an extension and more careful elaboration of the general
representation of Nature, which constituted my first volume ;
and as the third was devoted exclusively to the uranological
or sidereal domain of the Cosmos, so the present and last
volume is designed to treat of the telluric sphere, or of the
plienomena belonging to the globe which we inhabit. We
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thus retain the highly ancient, simple, and natural division
of creation into the Heavens and the Earth, as preserved to
us in the earliest monuments of all nations.

If already, in the course of the last volume, in passing
from the consideration of the heaven of the fixed stars—in
which countless suns shine either singly, or revolving round
each other, or are known to us only as constituting the faint
light of distant nebulee,—we felt the transition to our own
planetary system to be a descent from the great and universal
to the relatively small and special, the field of contemplation
becomes restricted within yet far narrower limits, in passing,
as we are now to do, from the totality of the varied solar
system to one only of the planets which circle round its
central luminary. The distance of the nearest of the fixed
stars, « Centauri, is still 263 times greater than the dia-
meter of the solar system taken to the aphelion of the comet
of 1680, and yet the latter distance is itself 853 times
greater than that of our Earth from the Sun. (Kosmos,
Bd. iii. S. 582 ; Engl. p. 261). These numbers (in which
the parallax of « Centaurl is taken at 07-9187) assign
approximately the distance of a comparatively near region
of sidereal space from the conjectured outermost limit of the
solar system, and the distance of this latter limit from the
Earth.

Uranology, which oceupies itself with the contents of the
remote regions of space, still preserves its ancient prerogative
of affecting the imagination by the most powerful impres-
sions of the sublime, the inconceivable vastness of the rela-
tions of space and number which it presents, the recognised
order and law which govern the movements of the celestial
bodies, and lastly, from the tribute of our admiration called
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forth by those conquests from the dominion of the unknown,
which have been achieved by observation and intellectual
research, The sense of this regularity and periodicity had
impressed itself so early onthe minds of men, that we often
find it reflected in their forms of speech, indicating a refe-
rence to the preordained course of the heavenly bodies. To
this it may be added, that among the laws which men have
as yet been enabled to recognise in the material umiverse,
those which regulate the movements of bodies in celestial
space are perhaps the most admirable by their simplicity ;
being founded exclusively on the measure and distribution
of aggregated ponderable matter, and its powers of attraction.
The impression of the sublime arising from the sensibly vast
and immeasurable, passes, almost unconsciously to ourselves,
by virtue of the mysterious bond which links the sensuous
with the supersensuous, into a higher region of ideas. There
dwells in the image of the immeasurable, the boundless, the
infinite, a power which disposes the mind to a serious and
solemn tone, with which, as with the impression of what-
ever is intellectually great or morally exalted, emotion
mingles.

The effect which the occurrence of unwonted celestial
pheenomena produces so generally and simultaneously on
entire masses of population, testifies the influence of this
association of feelings. The power exercised on more sen-
sitive minds by the simple aspect of the star-strewn canopy
of heaven, is further augmented by augmented knowledge,
and by the application of instruments, which, invented by
man, extend his visual powers, and with them the horizon of
his observation. The impression of the incomprehensible
immensity of the universe thus subjected to law and regu-



INTRODUCTION. 7

lated order, calls forth the feeling of tranquillity and repose.
This feeling takes from the unsearchable depths of space, as
of time, that which to the excited imagination had otherwise
attached to them, of shrinking awe. In all regions of the
earth, man, in the impulse of his natural sensibility, has
praised the “calm repose of a star-light summer night.”

If, then, immensity of space and magnitude of mass belong
especially to the Sidereal portion of the Physical Description of
the Universe, in which the eye is the only organ of contempla-
tion, on the other hand the Telluric portion has the more than
countervailing privilege, of offering a greater scientifically-
distinguishable variety in the multifarious elementary sub-
stances with which it is conversant. 'We are in contact with
terrestri:d nature through the medium of all our senses ; and
as astronomy, or the knowledge of moving luminous heavenly
bodies, has given occasion to the admirable augmentation
which has taken place in the brilliant domain of the higher
analysis and the wide range of optical science ; so, on the other
hand, it is the terrestrial sphere alone which, by the diversity
of substances, and the complicated action of the forces
manifested in those substances, has afforded the foundation
of chemistry, and of all those physical sciences which treat
of pheenomena distinguishable from light- and heat-exciting
undulations. Each of these great divisions of the study of
Nature exercises, in virtue of the character of the problems
which it proposes for solution, a special influence on the
character of the intellectual labour to which it has given
rise, and to the enrichment of human knowledge which is
the fruit of that labour

All cosmical bodies, excepting our own planet, and the
aerolites which are attracted by it, are, so far as we can
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recognise them, simply homogeneous gravitating matter,
without specific, or, what is called, elementary diversity of
substance. This simplicity, however, is by no means to be
regarded as belonging to the actual nature and constitution
of those distant orbs themselves ; it is founded solely on the
simplicity of the conditions of which the assumption suffices
for the explanation and prediction of their movements in
celestial space, and (as I have already more than once had
occasion to remark : Kosmos, Bd. 1. S. 56—60, and 141 ;
Bd. iii. S. 4, 18, 21—25, 594, and 626; Engl. Vol. i.
p. 50—>54 and 126 ; Vol. iii. p. 4, 18, 21—25, 421, and
448) on the exclusion of all direct and assured perception on
our parts of diversities of substance in the heavenly bodies.
‘We thus have presented to us for solution the great problem
of a system of celestial mechanics, subjecting all that is
variable in the uranological sphere solely to the doctrine of
the laws of motion. '
Periodical changes in the appearance of the light reflected
from the surface of Mars do indeed indicate difference of
seasons and meteorological phenomena, 7. e. precipitations
occasioned by the cooling of the atmosphere of the planet
at its opposite poles in the opposite portions of its year
(Kosmos, Bd. iii. S. 513; Engl. p. 871). Guided by
analogy and connection of ideas, we may indeed ¢zfer from
hence the existence of ice or snow (and therefore of oxygen
and hydrogen, the constituents of water) in the planet
Mars; as we may also infer the existence of different kinds
of rock in the erupted masses and flat annular plains of the
Moon ; but we cannot assure ourselves of the actual state of
things by direct observation. Newton only permitted him-
self to entertain conjectures as to the elementary constitution
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of the planets belonging to the same solar system, as we
learn from an important conversation held by him with
Conduit at Kensington (Kosmos, Bd. i. 8. 137 and 407 ;
Engl. p. 122 and 389).  The uniform spectacle of apparently
homogeneons gravitating matter aggregated in celestial orbs
has struck the imagination of man in various ways, the most
remarkable instance being, perhaps, the myth which lends
to the soundless deserts of space the magic of musical tones
(Kosmos, Bd. iii. S. 487—439 ; Engl. p. 315—317).

In the all but infinite variety of chemically-distinct sub-
stances, and the manifestations of force which they exhibit,—
in the formative and productive activity of the whole of
organic nature, and of many inorganic substances,—and in
the changes which produce the never-ending appearance of
origination and destruction,—the order-seeking intellect,
ranging through the terrestrial domain, looks, often unsatis-
fied, for simple laws of motion. In the Physics of Aristotle,
it is said, “the fundamental principles of all nature are
variation and motion ; whoso does not recognise these, does
not recognise nature” (Phys. Auscult. iii. 1, p. 200, Bekker) ;
and, alluding to ““diversity of substance,” ¢ difference of
essence,” he terms motion, in respect to the category of
“ qualitatives,” transformation,” eM\owsic; a term very
different from simple “mixture,” pééec, and an interpene-
tration, which does not exclude re-separation (De gener. et
corrupt. 1. 1, p. 327).

The unequal ascent of fluids in capillary tubes; en-
dosmose, so active in all organic ceils, which is probably a
consequence of capillarity; the condensation of gases in
porous bodies (oxygen gas in platinum under a pressure of
above 700 atmospheres, and carbonic acid gas in beeche

.
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wood-charcoal, where more than a third of the quantity of
gas is condensed in a liquid form on the walls of the cells) ;
and the chemical action of * contact substances,” which by
their presence (catalytically) occasion or destroy combina-
tions without taking themselves any part therein,—all these
phenomena teach that substances exercise upon each other,
ab infinitely small distances, an attraction dependent on
their specific essences. Such attractions cannot be con-
ceived without motion excited by them, although escaping
our visual perception. In what relation this mutual mole-
cular attraction, viewed as a cause of perpetual motion
on the surface of the globe, and, it is highly probable, also
in its interior, may stand to the attraction of gravitation, by
virtue of which the planets, and the central bodies around
which they revolve, are in perpetual motion, is wholly
unknown to us. Even a partial solution of such a purely
physical problem would constitute the highest and most
glorious prize, which the combination of experiment with
intellectual reasoning could attain in such lines of research,
In the above allusions to molecular, and what is commonly
called Newtonian attraction, I have not been willing to
employ the latter term to designate exclusively the attraction
which prevails in the regions of space, extending to illimitable
distances, and acting inversely as the square of the distance.
Such an application of the word Newtonian appears to me
almost an injustice to the memory of that great man, who
already recognised both the manifestations of force, whilst
at the same time, as if anticipating future discoveries, he
attempted, in his appendix to his work on Optics, to at-
tribute capillarity, and the little that was then known of
chemica] affinity, to universal gravitation (Laplace, Expos.

-
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du Syst. du Monde, p. 384 ; Kosmos, Bd.iii. S. 22, and 32
Anm. 39 ; Engl. p. 21, and vii.,, Note 39).

As in the visible world it is especially on the oceanic
horizon, that optical illusions often hold out to the expec-
tation of the discoverer the promise of new lands, which for
a llme remains unrealised, so has it been on the bounds of
the ideal horizon, in the remotest regions of the intellectual
world, that to the earnest inquirer many promising hopes
have arisen and have again faded away.  Great discoveries
in recent times are indeed suited to heighten expectation on
this subject; such are contact-electricity,—rotation-mag-
netism, which can be excited by substances either in a fluid
or a solid state,—the attempt to regard all affinity as a con-
sequence of the electric relations of atoms to a predominating
polar force,—the theory of isomorphous substances applied
to the formation of erystals,—many pheenomena of the electric
state of the living muscular fibre,—and the knowledge gained
of the influence of the height of the Sun (the temperature-
raising solar rays) on the greater or less magnetic suscepti-
bility of a constituent of our atmosphere, oxygen. When
we see new light dawning from a previously unknown group
of pheenomena in the material world, we may the more
hopefully think ourselves on the verge of new discoveries,
if the relations of the new facts to those with which we
were previously acquainted, appear obscure or even con-
tradictory.

I have by preference adduced examples in which dyramic
actions of motive forces of attraction appear to open the
path by which we may hope to approach nearer to the solu-
tion of the problems of the original, invariable (and therefore
termed elementary) heterogeneity of substances (as oxygen,
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hydrogen, sulphur, potash, phosphorus, tin, &c.), and the
degree of their tendency to combine, or their chemieal
affinity.  Differences of form and composition are, however,
I here repeat, the elements of the whole of our knowledge
of matter; they are the abstractions under or through which,
by means of measuremeni and analysis, we endeavour to
comprehend the whole of the material world. The detonation
of fulminates with a slight meckanical pressure, and the
still more violent explosion, accompanied by fire, of chloride
of nitrogen, contrast with the explosive combination of
chlorine and hydrogen gas on exposure to the direct inci-
dence of a solar ray, more especially the violet ray. Change
of substance, combination and decomposition, mark the
perpetual circuit of the elements in inorganic nature, as
well as in the animated cells of plants and animals. “ The
quantity of the existing substances, however, remains the
same ; the elements only change their relative positions.”

Thus the sentence anciently enounced by Anaxagoras,
still holds good, that ¢ that which exists in the universe
suffers neither augmentation nor decrease;” and that what
his contemporaries termed the perishing of things, was a
mere dissolution of previous combinations. Tt is indeed
true that the terrestrial sphere, inasmuch as it is the seat of
the only organic corporeal world aceessible to our observa-
tion, appears a continual field of death and of corruption ;
but it is also true, that the great natural process of slow
combustion, which we term corruption, does not bring with
it any annihilation. The disengaged substances recombine
in other forms, which, by the forces residing in them,
become the means of calling forth fresh life from the bosom
of the earth.
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B.

RESULTS OF OBSERVATION IN THE TELLURIC PORTION
OF THE PHYSICAL DESCRIPTION OF THE UNIVERSE.

Ix endeavouring to bring an immeasurable mass of mate-
rials, consisting of the most multifarious objects, into the
desired subjection,—:. e. to arrange the pheenomena in such
a connection and sequence as shall facilitate the insight into
their causal connection,—it is necessary, in order to make the
representation at once clear and comprehensive, not to allow
particular details, especially in long-explored and mastered
fields of observation, to escape from the higher point of view
of cosmical unity. The telluric, as opposed to the uranologic
portion of the Physical Description of the Universe, naturally
divides itself into two parts :—the Inorganic and the Organic
domain. The first comprises the magnitude, figure, and
density of the terrestrial globe ; its internal heat, and electro-
magnetic activity; the mineralogical constitution of the
earth’s crust ; the reaction of the interior of the planet on
its surface, acting dynamically as in earthquake movements,
and chemically as in the processes of the formation and
alteration of rocks ; the partial covering of the solid surface
by the liquid expanse of seas; the outline and configuration
of the more elevated portions of the solid surface, forming
continents and islands; and the general, outermost, gaseous
envelope of the earth, the atmosphere.  The second, or the
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organic domain, will embrace, not the different animated or
vegetable forms themselves, as in a description of nature,
but rather their places in reference to the solid and liquid
parts of the earth’s surface, or the geography of plants and
animals and the gradations of races and tribes distinguishable
in the specific unity of mankind.

This division into two domains also belongs in a certain
degree to antiquity. A line of demarcation was drawn be-
tween the elementary processes, change of form and transi-
tion of substances into each other, on the one hand, and the
life of plants and animals on the other. The distinction
between plants and animals (in the entire absence of any
means of augmenting the visual powers) () was made to
rest either solely on intuitive apprehension, or on the dogma
of self-nourishment (Aristot. de Anima, ii. 1, T. i. p. 412,
a 14 Bekker), and internal impulse or volition leading to
motion. That kind of intellectual conception which I have
called intuitive apprehension, or rather intuition, and still
more, the Stagirite’s own peculiar acuteness in the fruitful
combination of ideas, led him to discern the apparent transi-
tion from the inanimate to the animate, from the elementary
substance to the plant, and even to the view that, in the pro-
gressively higher processes of formation, there might be
found intermediate gradations from plants to the lower
kinds of animals. (Aristot. de part. Animal. iv. 5, p. 681,
a 12 ; and Hist. Animal. viil. 1, p. 588, a 4 Bekker). The
history of organic nature (taking the word history in its
primary signification,—therefore in relation to earlier periods
of time, to the periods of the ancient Floras and Faunas)
is so intimately allied to geology, 7. e. to the sequence of
the successive superimposed strata of the earth’s surface,
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Magnitude, Figure, and Density of the Earth—Internal Heat of the
Earth, and its Distribution—Magnetic Activity, manifesting itself
in variations of Inclination, Declination, and Force—DMagnetic
Storms—Polar Light, or Aurora.

THERE is contained in all languages, though it may be
etymologically represented under different symbolical forms,
an expression equivalent to that of “Nature,” (and some-
times, as man is inclined to refer always primarily to the
seat of his own habitation, “ Terrestrial Nature”), desig-
nating the result of the harmonious concurrent action of a
system of impelling forces, which are themselves only known
to us through their effects in the production of motion,
combination, and separation, and partially in the formation
of organic tissues (living organisms), which reproduce their
like.  ““Naturgefiihl,” the feeling for, or sentiment of
Nature, is, in dispositions accessible to such impressions, the
vague, but exciting and elevating impression of this general
systematic action. Curiosity is first arrested by the rela-
tions in space and magnitude of our planet, a globular mass
of almost imperceptible minuteness in the immeasurable
universe. A system of concurrent activities uniting, or (by
polar action) separating, substances, supposes dependence of
each particle on the others, in the elementary processes of
inorganic formation, as well as in the elicitation and main-
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tenance of organic life. The size and figure of the ter-
restrial globe—its mass (i. e. the quantity of matter of
which it consists, and which, compared with its volume,
determines its density, and thereby, under certain conditions,
. its internal constitution, as well as the measure of its
attracting force) ;—are all connected with each other by an
interdependence, more distinctly recognisable and more
accessible to mathematical ireatment than that which we
have as yet been able to perceive in the vital processes
above alluded to, in thermal currents, or in the tellurie
conditions of electro-magnetism and chemical changes of
substances. Relations which, in .complicated phénomena,
we are not yet able to measure quantitatively, may yet exist,
and may be rendered probable on grounds of mduction.
Although we cannot, in the present state of our know-
ledge, reduce to the same law the two kinds of attraction—
viz. that which acts at sensible distances (as the mutual
gravitation of the heavenly bodies), and that which acts at.
distances immeasurably small (molecular or contact-attrac-
tion),—yet it is not on that account the less credible, that
capillary attraction, and the action of endosmose, so im-
portant in the ascent of sap and other juices and for the
“whole of vegetable and animal physiology, may be affected
by the amount and relations of gravity, as may also electro-
magnetic processes and chemical action. We may assume,
to take extreme circumstances, that if our planet had only
the mass of the Moon, so that the force of gravity at its
surface should have only about one-sixth of its present
intensity, the meteorological processes of our climates, the
hypsometrical relations of our mountain-chains, and the

physiognomy (facies) of our vegetation, would all be very
YOL. IV. ¢



18 MAGNITUDE, FIGURE, AND

different from what they are. The absolute size of our globe,
with which we are about to occupy ourselves, becomes im-
portant in the general economy of nature, on account of the
proportion subsisting between it and the mass and velocity of
rotation ; for, speaking generally throughout the universe, if .
the dimensions of planets, the quantity of substance, or mass,
of each, and their respective velocities and distances, were all
to be increased or decreased in one and the same proportion,
then in this ideal Macro- or Micro-cosmos, all phenomena
dependent on relations of gravitation would remain un-
changed. (2,

2. Magnitude, Figure (Ellipticity), and Density of the
Earth.

(Extension of the ‘¢ Picture of Nature” in Kosmos, Bd. i.

S. 171—178 and 420—425.  In the English, Vol. i.
p. 134—161 and 400—405.)

The Earth has been measured and weighed to obtain its
exact form, dénsity, and mass. The precision which has
been constantly aimed at in these terrestrial determinations
has at the same time benefitted astronomy by the improve-
ments in measuring instruments and in methods of analysis
which the pursuit has called forth, no less than by the solu-
tion of the problem itself. Indeed, a considerable part of
the operation of the measurement of degrees is itself astro-
nomical ; altitudes of stars determine the curvature of the arc
of which the length is found by geodesical operations.
Methods have been discovered, in the higher branches of
mathematics, for obtaining from given numerical elements
the solution of the difficult problems of the form of the
Earth,—the figure of equilibrium of a fluid homogeneous
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mass, or that of a solid shell-like non-homogeneous mass,
rotating round a fixed axis. From Newton and Huygens, -
the most celebrated geometricians of the eighteenth century
were occupied with this solution. Here, as always, it is
well to remember, that whatever is achieved by intellectual
effort and mathematical research, derives its value; not alone
from that which is actually discovered and added to the
domain of human knowledge ; but also, and more especially,
from the higher perfection and power to which the analytical
instrument has been wrought in the course of the investi-
gation. :

¢ The geometrical, as distinguished from the actual phy-
sical, figure of the Earth,(3) is determined by what would be
the surface of water in a network of canals everywhere
covering the earth in connection with the ocean. This
ideal geometric surface (the extension and completion
of the oceanic surface) is everywhere perpendicular to the
direction of the forces compounded of all the attractions
proceeding from the several particles of which the earth is
composed, combined with the centrifugal force corresponding
to its velocity of rotation.() This figure can only be
regarded as approximating, on the whole, very nearly to
that of an elliptic spheroid of revolution; for irregularities
in the distribution of the mass in the inferior of the earth
produce, not only local variations of density, but also
irregularity in the geometric surface, which is the produet
of the concurrent action of unequally distributed elements.
The physical surface of the earth is that of the actually
existing land and water.” Geological reasons render it not
nmprobable that accidental alterations which may take place

in the molten materials in the interior of the earth, easily
¢ 2
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mobile notwithstanding the great pressure to which they
are subject, may cause internal displacements of mass, which
may modify, after very long intervals of time; the geometric
_surface itself in the curvature of the meridians and parallels
within small distances; while the physical surface is ex-
posed, in ifs oceanic portion, to a constantly recurring
periodical displacement of mass by the ebb and flow of the
tides. The smallness of the effect on gravitation of the
first-named supposed class of phznomena, may cause a very
slow and gradual change taking place in continental regions
to escape discovery by actual observation: according to
Bessel’s calculation, in order to increase the height of the
pole at any particular place only 17, there must be supposed
to be displaced in the interior of the earth a mass of such
weight as that, its density being taken as equal to the mean
density of the earth, its bulk shall be equal to 114 cubic
geographical (German) miles. (German geographical miles
are 15 to a degree). (5) Large as this volume may appear
for the supposed displaced mass when we compare it with
the volume of Mont Blanc, of Chimborazo, of Kinchinjunga,
it will seem less so when we recollect that the terrestrial
spheroid contains above 2650 millions of such cubic
‘miles.

The problem of the figure of the Earth—the connection of
which with the geological question respecting an earlier fluid
state of the rotating planetary body had already been recog-
nised at the great epoch (6) of Newton, Huygens, and Hooke,
—has been attempted to be solved, with unequal success, in
three different ways: by astro-geodesical measurement of
degrees, by pendulum experiments, and by the inequalities
of the Moon in latitude and longitude. The first method
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divides itself in its application into two : viz. the measure-
ment of degrees of latitude on an arc of the meridian, and
the measurement of degrees of longitude on different
parallels.  Although seven years have now elapsed since I
included in my “ General Representation of Nature” the re-
sults of Bessel’s important memoir on the dimensions of the
Earth, yet his investigation cannot even now be replaced by
a more comprehensive one, based on later measurements of
degrees.  There are, indeed, to be soon expected, one
important addition, and one more perfect revision,—the
publication of the nearly completed Russian Arc, extending
almost from the North Cape to the Black Sea; and the
careful comparison of the standard employed in the Indian
Arc, whereby the results of the latter will be more assured.
By the determinations published by Bessel in 1841, the
mean dimensions of our planet, according to the most exact
investigation (7) of ten measured arcs, are as follows: the
semi-major axis of the spheroid of rotation, which approxi-
mates most nearly to the irregular figure of the Earth, is
327%077,14 toises ; the semi-minor axis, 3261139¢,33 ; the
length of a quadrant of the Earth, 5131179481 ; the length
of a mean degree of latitude, 57013109 ; the length of a
degree of longitude, on the equator, 57108520, and in
latitude 45° 404494371 ; the ellipticity, or flattening at
the poles, y5r:; and the length of a German geographical
mile of 15 to an equatorial degree, 3807%,23. The following
Table shows the increase of the length of a degree of the
meridian from the equator to the poles, as found by ob-

servation,—modified, therefore, by local disturbances of
attraction :—
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The determination of the figure of the Earth by the mea-
surement of degrees of longitude in different parallels of
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latitude, requires great exactness in the observed differences
of longitude. Cassini de Thury and Lacaille, as early as
1740, availed themselves of powder signals in the measure-
ment of an arc perpendicular to the meridian in the parallel
of Paris. At a more modern period, the length of parallel
arcs, and the differences of longitude, were measured with
far better instrumental means, and with greater certainty, in
the course of the great Trigonometrical Survey of England ;
the determinations ‘were between Beechy Head and Dunnose,
and between Dover and Falmouth,(8) the differences of
longitude being indeed only 1° 26" and 6° 22’ respectively.
The most brilliant operation of this kind was undoubtedly
the measurement of the arc between the meridians of
Marennes on the west coast of France, and Fiume. It
crosses the most western chain of the Alps, and the
Lombard plains of Milan and Padua: the measurement was
executed by Brousseaud and Largeteau, Plana and Carlini,
and extends over a direct distance of 15° 32" 27”7, almost
entirely under the middle parallel of 45°.  The many pen-
dulum experiments which were made in the neighbourhood
of the mountains confirmed in a remarkable manner the
previously recognised inflaence of local attraction, shown
by the comparison of the astronomical latitudes with the
results of the geodesical measurements. (9)

Next to these two classes of direct measurements of de-
grees, (@) of meridianal, and () of parallel arcs, mention
should be made of a purely astronomical mode of determining
the Earth’s figure. It is founded on the influence exercised
by the Earth on the motion of the Moon (i e. on the
inequalities in her latitude and longitude). Laplace, who
first recognised the cause of these inequalities, also indicated
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the mode of applying them to this question, and sagaciously
remarked, that this method has a great advantage which
detached measurements of degrees and pendulum experi-
ments cannot have, in giving in a single result the
mean figure of the Farth (or the form belonging to the
entire planet). T recall with pleasure the happy expressions
by which this method was characterised by its inventor, (29)
“that an astronomer, without quitting his observatory,
might learn from the motions of a single heavenly body the
precise form of the Harth which he inhabits.”  According
to a final revision of the inequalities in latitude and
longitude of our satellite, and the employment of several
thousand observations by Burg, Bouvard, and Burckhardt,(2)
Laplace found for the figure of the Earth an ellipticity of
h5th, which approximates very nearly to that given by the
measurements of degrees, viz. o1 ,.

The oscillations of a pendulum offer a third method of
determining the figure of the Earth (i. e. the ratio of the
major to the minor axis, under the assumption of the form
being that of an elliptic spheroid), by finding the law
according to which the force qf gravity increases in pro-
ceeding from the equator to the poles.  The oscillations of
a pendulim had been first applied to the determination of
time by the Arabian astronomers, and in particular by
Ebn-Junis, at the end of the tenth century, in the brilliant
period of the Abasside Caliphs ;(12) and after being neglected
for six centuries, were again employed by Galileo and by
Riccioli at Bologna.(**) . By combination with wheel-work
for regulating the march of time-pieces (employed first in
the imperfect attempts of Sanctorius at Padua in 1612, and
subsequently in the finished work of Huygens in 1656), the
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pendulum became, 1 Richer’s comparison of the march of
the same astronomical clock at Paris and at Cayenne (in
1672), the first experimental proof of the variation in the
force of gravity in different latitudes.  Picard had, indeed,
been occupied in the preparations for this important expe-
dition, but he does not on that account attribute to himself
the merit of the first proposition.  Richer left Paris in
October 1671, and Picard, in the description of his mea-
surement of a degree, published in the same year (1671},
remarked simply (1), that “at a meeting of the Academy,
one of the members expressed an opinion, that, on account
of the Barth’s rotation, weights might be found to be less
heavy, or have less gravity, at the equator than at the pole.”
He adds doubtingly, * that, indeed, according to some
observations made in London, Lyons, and Bologna, it would
seem as it the seconds pendulum required to be skortened
in approaching the equator: but that, on the other hand,
he is not sufficiently convinced of the accuracy of those
measurements, because, at the Hague, the length of the
seconds pendulum was found to be quite the same as at
Paris, notwithstanding the difference of latitude.” We
unfortunately cannot learn when Newton first obtained the
knowledge, which was to him so important, of Richer’s
pendulum results, obtained in 1672 but first published in
a printed form in 1679 ; or of Cassini’s discovery, in 1666,
of the ellipticity of Jnpiter; or, at least, we cannot learn it
with the same exactness and certainty which we possess in
regard to his very late knowledge of Picard’s arc. At a
period when, with so happy an emulation, theoretical views
stimulated to the undertaking of observations, and the
results of observation reacted in their turn on theory, the
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exact knowledge of particular dates has a great interest in
the history of the establishment of physical astronomy on
mathematical foundations. '

If the direct measurements of arcs of meridians and pa-
rallels (particularly the French arc (15) of the meridian
between lat. 44° 42" and 47° 80’, and the parallel arc
between points situated east and west of the Graian, Cot-
tian, and Maritime Alps), (1) show great deviations
from the mean ellipsoidal figure of the Earth,—the irregu-
larities in the measure of the ellipticity given by pendulum
stations differently distributed or grouped as respects
geographical relations, are much more striking. The de-
termination of the figure of the Earth by the increase or
decrease of gravity (intensity of attraction at the respec-
tive places) supposes that the intensity of the force at the
surface of the terrestrial rotating spheroid has remained the
same as ab the period of solidification from a fluid state,
and that no subsequent changes of density have taken place
init.(*?) Notwithstanding the great improvement of instru-
ments and methods by Borda, Kater, and Bessel, there are at
present in both hemispheres, from South Shetland to Spitz-
bergen—therefore from 62° 56” 8. to 79° 50" N, latitude—
only between 65 and 70 points very irregularly distributed
over the earth’s surface, () at which the length of the
simple pendulum has been determined with the same exact-
ness as the position of the place in latitude, longitude, and
height above the sea.

The pendulum experiments made on the part of an arc of
the meridian measured by the French astronomers, as well as
the observations made by Captain Kater in connection with
the Trigonometrical Survey of Great Britain, showed that the
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results could by no means be represented in every case bya
variation in the force of gravity in the ratio of the square of
the sine of the latitude. The English government decided,
therefore (al the recommendation of the Vice-President of
the Royal Society, Davies Gilbert), on sending out a scien-
tific expedition for the extension of the inquiry at stations
far more widely removed from each other, which was entrusted
tomy friend Edward Sabine, who had previously accompanied
Captain Parry, on his first Arctic expedition of discovery, as
astronomer. e visited in the years 1822 and 1823, for
the purpose of pendulum experiments, the West Coast of
Africa from Sierra Leone to the Island of St. Thomas near
the equator, Ascension, the coast of South America from
Bahia to the mouth of the Orinoco, the West Indies, and
New York, and subsequently the high Arctic north as far
as Spitzbergen, and a previously unvisited part of Tast
Greenland, concealed behind formidable icy barriers, in
lat. 74°3%’. This brilliant and successfully executed under-
taking had the advantage of being directed to a single sub-
ject of research as its principal object, and of comprehending
points extending over 93 degrees of latitude.

The field of observation along the French arc was indeed
less near to the equinoctial and Arctic regions, but it had the
great advantage of a linear distribution of the places of obser-
vation and of direct comparison with the curvature found by
the geodesical and astronomical operations.  Biot, in 1824,
continued the series of pendulum experiments from Formen-
tera in 38° 89" 56” lat., where he had previously observed
with Arago and Chaix, to Unst, the northernmost of the
Shetland Islands, in 80° 45” 25”; and in conjunction with
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Mathieu made similar determinations on the parallel of
Bourdeaux, Figeac, and Padua, to Fiume.(19) These pen-
dulum results, taken together with those of Sabine, give for
the whole northern quadrant the ellipticity of w1+ ; but if
divided into two parts, the results are far less accordant,(20)
i. e. from the equator to lat. 45° -, and from lat. 45° to
the pole 2. The influence of the presence of the denser
kinds of rock, such as basalt, greenstone, diorite, and mela-
phyre, as compared with the specifically lighter sedimen-
tary and tertiary formations, as well as the effect of voleanic
islands,(2!) in increasing the intensity of gravity, has been
recognised in most: cases in both hemispheres; but there
still remain anomalies which are not wholly explained by
the geological character of the rocks accessible to our
observation.

For the southern hemisphere we possess a small series of
excellent observations, thinly scattered, however, over a wide
extent, by Freycinet, Duperrey, Fallows, Liitke, Brisbane
and Rumker, [and Foster]. They confirm what had already
appeared so strikingly from the observations in the northern
Lemisphere, that the intensity of gravitation is not the
same at all places having the same latitude ; so much so,
that the increase of gravity from the equator to the poles
would appear to be subjected to unequal laws under dif-
ferent meridians. Lacaille’s pendulum experiments at the
Cape of Good Hope, and those made in the Spanish voyage
of circumnavigation of Malaspina, might have caused it to
be believed that the southern hemisphere was in general
considerably more flattened than the northern one; but, as
I have already stated,(**) more exact results at the Falkland
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Talands, and in New Holland, compared with New York,
Dunkirk, and Barcelona, have proved the contrary.

From what has been said, it appears to follow, that the
pendulum,— (no unimportant instrument of geological in-
vestigation, being a kind of sounding-line by which the
deep unseen terrestrial strata may be reached),—affords us
less well-assured knowledge respecting the figure of our
planet than that which may be gained from measurements
of degrees and the lunar movements. Strata concentric,
elliptic, each taken separately homogeneous, but increasing
in density according to certain functions of the distance in
proceeding from the surface towards the centre of the earth
(which are the supposed theoretical conditions), may, by
their actual diversity of constitution, position, and order of
density in different parts of the earth, occasion at the sur-
face local deviations in the force of gravity. If the circum-
stances which produce these deviations are much more
recent than the hardening of the outer terrestrial crust, we
may conceive the fgure of the earth’s surface as not having
been locally modified by the internal movement of the
molten masses. At all events, the diversities of the results
of measuremenis by means of the pendulum are far
too great to be now ascribed to errors of observation.
When pendulum .stations are grouped or combined in
various ways, s0 as to give accordance or systematic regu-
larity in the general results derivable from such com-
binations, they are still always found to give a greater
amount of ellipticity than measurements of degrees have
hitherto done.

If we take the result of these latter as now most generally
received, according to Bessel’s last determination, viz.:
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mo; the increase of the radius of the earth at the
equator, (23) in comparison with that at the poles, is the
difference between 3272077 and 3261189 toises ; being
10938 toises, or 65628 Paris, or 69943 English, feet, or
not quite 114 geographical miles.  As it has been customary
to compare this equatorial convexity of the earth’s surface
with well-measured mountain-elevations, I select as objects
of comparison the highest known summit of the Himalaya,
Kinchinjunga, 4406 toises, 26436 Paris or 28178 English
feet, as measured by Colonel Waugh, and that part of the
Platean of Thibet which is nearest to the Sacred Lakes, Rakas-
Tal and Manassarovar, and which, according to Lieut. Henry
Strachey, attains the mean elevation of 2400 toises, or about
15347 English feet. 1t would follow from hence that the
enlargement of our planet in its equatorial zome is mnot
three times as great as the elevation of the summit of the
liighest terrestrial mountain above the level of the sea, nor
five times as great as the general elevation of the Eastern
Plateau of Thibet.

This is the proper place for remarking that differences
between the results obtained for the amount of the earth’s
ellipticity by measurements of degrees taken alone, and by
the combination of measurements of degrees and pendulum
experiments, are actually far smaller than we might be
inclined to suppose at the first sight of the fractions in
which those results are expressed. (2¢) The difference
between 51y and 1, as the extreme results for the in-
equality of the equatorial and polar axes, is little more than
6600 Paris (7034 English) feet: not twice the height of
such small mountains as Vesuvius and the Brocken.
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As soon as the measurements of degrees in very different
latitudes had manifested that the interior of the earth
cannot be assumed to be of uniform density, since their
results showed an. ellipticity much inferior to that assumed
by Newton (;25), and greatly exceeding +1, the amount
corresponding to the hypothesis of Huygens of the whole
attraction being concentrated at the centre of the earth,—
the connection of the amount of ellipticity with the *law of
density” in the interior of the terrestrial spheroid could not
but become an important subject for analytical investigation.
Theoretical speculations on gravity led early to the conside-
ration of the attraction which might be exercised by moun-
tain masses rising like banks from the dry bottom of the
atmospheric ocean. Newton had already examined, in his
¢ Treatise of the System of the World in a popular way,
1728,” how much a mountain 2500 Paris feet high, and
having a diameter of 5000 such feet, would deflect the
plumb line from its vertical direction. It was probably this

examination which gave occasion to the not very satisfactory
experiments of Bouguer at Chimborazo,(%) and of Maske-
lyne and Hutton at Schehallien in Perthshire, near Blair
Athol’; to the comparison of the lengths of the seconds
pendulum on the sea-shore and at 6000 French feet above
the sea (at the Hospice on Mount Cenis by Carlini, and
near Bourdeaux by Biot and Mathieu) ; and lastly, to the
delicate and alone decisive experiments of Reich and Baily,
made with the ingeniously.devised ¢ Torsion Balance,”
invented by John Mitchell, (*) and transmitted through
Wollaston to Cavendish.

These three different modes of determining the density of
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our planet have slready been so far treated of in detail,
(Kosmos, Bd. i: S. 176—178 and 424, Anm. 6 ; Engl. p. 159
—160 and 404), that it will be sufficient to subjoin here the
result of the fresh experiments by Reich in 1847 and 1850,
published in a later memoir by that indefatigable investi-
gator.(*”)  According to the present state of our knowledge,
the results of the three methods are the following; the
density of water being taken as unity.

The Schehallien experiments ; mean of Playfair’s
maximum 4-867, and his minimum 4-559 .... 4:713
Pendulum observations at Mont Cenis, by Car-

lini, with Giulio’s correction ..........cceeeeesseees 4950
Torsion Balance; Cavendish, according to

IBATIVES Soalelation ur . oir: s cess e fiossatas s 5448
IRETPNNBLRS . = 108 o nismearhs verhis Tonget dost shisasiont e MR A
BaalVs 1848 ... . o0 eatetnssinducrsiins tanssonamenamitir e DUSEE
Reich, 1847—1850 ...tteiismesmsisensosssssmistaiose 5:577

The mean of the two last results gives the density of the
earth 5°62; much exceeding, therefore, that of the densest
and finest-grained basalts (according to Leonhard’s nume-
rous experiments, from 2:95 to 3:67); exceeding that of
magnetic iron ore (4-9—52); and but little inferior
to the native arsenic of Marienberg or Joachimsthal.
I have already remarked (Kosmos, Bd. i. S. 177; Eng-
lish edition, p. 160), that, viewing the great proportion of
the visible strata of our continents which are secondary,
tertiary, or alluvial, (the collective extent of voleanic or
basaltic islands is exceedingly small,) the average densily of
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the superficies of that part of the outer crust of the globe
which is not covered by water, probably scarcely amounts to
between 24 and 2:6. If, with Rigaud, we take the ratio of
the dry land to the water-covered surface as 10 : 27, and
remember that ocean soundings have given a depth or sf}‘atum
of water of more than 27000 English feet, it will follow
that the mean density of the external portion of our planet,
consisting partly of land and partly and more extensively of
water, scarcely attains the density of 1-5. It is certainly in -
correct, as a celebrated geometrician, Plana, has remarked,
that the author of the “Mécanique céleste” should have’
ascribed to the exterior terrestrial crust the density of granite,’
which density has itself been rated rather highly by Laplace
at =3°0, (*8) whence he obtained the density of the centre’
of the earth=10-047. The latter is, according to Plana,
16-27 if we take the upper strata at=1-83 (which differs’
little from 15 or 1°6 as the density of the fozal crust).’
The horizontal pendulum (the torsion balance) may, indeed,’
have been called, as well as the vertical pendulum, a geo--
gnostical instrument ; but the geology of the inaccessible
internal parts of the earth is, like the astrognosy of “ dark’
heavenly bodies,” only to be treated with great caution. In
the voleanic section of this work, I shall have to touch
on questions which have been propounded by others,
respecting currents in the generally fluid interior of the
earth, the probability or improbability of a movement of
periodical ebb and flood in detached basins not entirely
filled, and on the existence of spaces of less density beneath
upheaved mountain-chains. (*) We ought not to omit in
the “Cosmos™ any consideration to which actual observa-

tions, or not remote analogies, appear to lead.
VOL. IV. D
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B. Internal Heat of the Earth, and its Distribution.

u(Enlargement of the Representation of Nature in Kosmos,
Bd. i. S.179—184, 425—427, Anm. 7—10; Engl.
Vol.i. p. 161—167 and p. 405—407 ; Notes 137—140).

Considerations respecting the internal heat of the earth, the
importance of which has been so much enhanced by their
now so generally acknowledged connection with volcanic
action and phenomena of elevation, are based partly on
direct, and therefore incontestable observation of tempera-
tures in springg, borings, and mines ; and partly on analytical
combinations respecting the gradual cooling down of our
planet, and the influence which the diminution of tempera-
ture may have exercised on its velocity of rotation,(3?) and
on the direction of internal thermal currents in primeval
time. The form of the flattened terrestrial spheroid is itself
again dependent on the law of increasing density in con-
centric superimposed non-homogeneous shells. The first-
mentioned, which is the experimental, and therefore more
assured portion of the investigation to which we here confine
ourselves, can, however, only shed light on the earth’s
crust of inconsiderable thickness; while the second, which
is the mathematical part of the inquiry, is, from the nature
of its applications, suited to afford negative rather than
positive results. Offering the charm which is afforded by
sagacious combinations of thought, (%) it leads to problems
which, together with conjectures respecting the origin of
volcanic forces, and the reaction of the molten interior
against the solid outer shell, or crust, cannot remain altogether
unnoticed. Plato’s geognostic myth of the Pyriphlege-
thon, (%) as the origin or fount of all hot springs and volcanie
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fiery currents, had its source in the early and generally felt
desire of discovering a common cause for a great and com-
plicated series of pheenomena.

Viewing the variety of conditions which the surface of
the earth presents in respect to the reception and absorption
of the solar rays, and to the facility with which heat radiates
from the earth into space, as well as the great diversity in
the conduction of heat by reason of the various composition
and density of different rocks, it is not a little wonderful
that where observations have been made with care and under
favourable circumstances, such (generally speaking) accordant
results for the increase of temperature with increasing depth
should have been obtained in such different localities. Borings,
especially where they are filled with water rendered rather
thick and muddy by the presence of clay, and thus less
favourable to the generation of internal currents, and sup-
posing there to be few lateral openings from whence affluents
from cross-fissures at different heights could be received,
present the greatest certainty; and on this account, as well
as on account of their great absolute depth, we will begin
with the two most remarkable Artesian Wells,—that of
Grenelle at Paris, and of Neu-Salzwerk in the Oeynlausen
Soolbade, near Minden. I subjoin the most accurate deter-
minations at both.

According to the measurements of Walferdin, (3) to whose
ingenuity we are indebted for a variety of delicate apparatus
for determining temperatures at depths either of the sea or
of wells, the floor of the Abattoir du Puits de Grenelle is
36m,24 above the sea. The highest level to which the
water of the spring ascends is 33™,33 higher. This total

height to which the water rises above the level of the sex
D 2
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(69™,57) is in absolute elevation about 60 metres lower
than the out-cropping of the green-sand stratum in the
hills near Lusigny, south-east of Paris, to the infiltrations
of which the ascent of the water in the Artesian Well of
Grenelle is ascribed. The water was reached by the boring
at a depth of 547™ (1683 Paris, or 1794 English, feet) below
the floor of the Abattoir, or 1675 English feet below the level
of the sea: the whole ascent of the water, therefore, is
1908 English feet. The temperature of the spring is
27°75 Cent. (81:95 Fahr.) The increase of temperature
is in this case 1° of the Centigrade thermometer for every
99} Paris feet, or 1° of Fahr. for 58'9 English feet.

The height at which the boring commenced at Neu-
Salzwerk, near Rehme, is 218 Paris feet above the level of
the sea (i. e. above the Pegel at Amsterdam), and it reached
an absolute depth of 2144 Paris feet below the point at
which the work began. The Sool-spring, therefore, which
comes out impregnated with much carbonic acid, is 1926
Trench, or 2053 English, feet below the level of the sea ; are-
lative depth the greatest perhaps which has ever been reached
by man. Its temperature is 32°8 Cent., or 91°:04 Fahr.;
and as the mean aunnal temperature of the air at Neu-
Salzwerk is about 9°:6 Cent., or 49°:28 Fahr., we may infer
an increase of temperature of 1° Cent. for 924 Paris, or 985
English, feet, or of 1° Fahr. for 5472 English feet.

The boring of the well of Neu-Salzwerk,(3¢) compared
with that of Grenelle, has a greater absolute depth of 461
French feet ; a greater relative depth below the level of the
sea of 354 French, or 877 English, feet; and the tempera-
ture of its water is 5°1 Cent., or 9°18 Fahr., higher.
The increase of temperature is therefore mnearly ¢



AND ITS DISTRIBUTION. 37

less rapid at Paris, or at the rate of about 7-1 French
feet more for each centesimal degree. I have already
noticed(3%) that a very similar result was obtained by
Auguste de la Rive and Marcet in a boring examined by
them at Bregny, near Geneva, having a depth of only 680

~ French, or 724°7 English feet, although situated at more
than 1600 English feet above the Mediterranean.

If to the three wells which have been mentioned, which
attain depths of from 680 to 2144 Paris, or 725 to 2285
English, feet, we add that of Wearmouth, near Newcastle
(being the pit waters of the coal-mine in which, according to
Phillips, men work at a depth of 1404 French, or 1496
English, feet below the level of the sea), we find the remark-
able result, that at four places so distant from each other,
the increase of temperature only varies between 91 and 99
Paris feet for 1° Centigrade.(3¢) Such an accordance
cannot, however, from the nature of the means employed,
be everywhere looked for in inquiries into the internal heat
of the earth at given depths. Admitting that the meteoric
water falling on heights, and penetrating by infiltration,
produces by hydrostatic pressure, as in connected tubes, the
ascent of springs at lower points; and that the subterranean
waters assume the temperature of the strata with which they
come into contact; they may nevertheless, in certain cases,
have channels of communication with still deeper clefts,
from whence they may reccive accessions of still warmer
water from unknown depths. Such an influence, which is
to be altogether distinguished from different degrees of con-
ducting power in the surrounding rocks, may take place at
points very distant from the shaft or boring of the well. It
is probable that the subterranean waters exist somelimes in
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confined spaces, as in river-like fissures (and hence it often
happens that, of several borings in near proximity to each
other, only some are successful), while sometimes they may
form basins of wide extent in a horizontal direction,—a dis-
tribution very favourable for yielding supplies of water, and
which only in very rare cases betrays an open communication
with the surface of the earth by the presence of eels, shells,
and vegetable remains. ~ If from such causes as have been
mentioned, ascending springs are sometimes warmer than
might be anticipated from the small depth of the boring
through which they rise, on the other hand an opposite
effect is produced by colder waters flowing in laterally through
openings from cross-fissures.

It has been remarked already that the maxima and minima
of the variations of atmospheric temperature, occasioned by
the height of the sun at the different hours of the day and
seasons of the year, reach points sitnated in the same vertical
line, at small depths below the surface, at very different
times. According to the always very exact observations of
Quételet,(37) the diurnal variations cease to be sensible at
Brussels at the small depth of 3-8 French feet ; and in respect
to anumal variations, a thermometer placed 24 French, or
256 English, feet below the surface at Brussels, did not show
the maximum of temperature during the year until the 10th
of December, and the minimum until the 15th of June.
Also, in the fine series of experiments made by Forbes in the
vicinity of Edinburgh, on the conducting power of different
kinds of rock, the maximum temperature in the basaltic trap
of Calton Hill was observed to take place on the 8th of
January, at a depth of 23 feet.(38) According to Arago’s
serics of many years’ observations in the garden of the
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Observatory at Paris, only very slight differences of tempe-
rature are discernible at 28 Paris, or 30 English, feet below
the surface. Bravais still found a difference of 1° Cent.
(1°-8 Fahr.) at a depth of 264 French feet in the high North,
at Bossekop in Finmarken, lat. 69°58’. The difference be-
tween the maximum and minimum temperatures of the year
becomes rapidly less as we descend ; diminishing, according
to Fourier, in geometrical, as the depth increases in arith-
metical, progression.

In reality, however, the depth of the “invariable stra-
tum” below the surface, or the depth at which no sensible
change of temperature takes place, is not everywhere the
same. It depends on the latitude of the place, on the heat-
conducting power of the rock, and on the amount of
difference between the temperatures of the hottest and coldest
seasons. In the latitude of Paris (48°50°), the observa-
tions in the ““Caves de I'Observatoire” give 86 Paris feet,
or 92 English feet as the depth, and 11%834 Cent., or
53°-3 Fahr., as the temperature of the “invariable stratum.”
Since Cassini and Legentil in 1783 fixed a very exact
mercurial thermometer in those subterranean spaces whicl
are parts of ancient stone-quarries, the mercury has risen
0°22 (Cent.) in the tube.(39) It is still doubtful whether
this rise is caused by an accidental alteration in the thermo-
meter scale, (which, however, was very carefully verified by
Arago in 1817), or whether it is {o be ascribed to a real
increasc of temperature. The mean temperature of the air
at Paris is 10°°822 Cent., or 51°48 Fahr, DBravais believes
the thermometer in the Caves de 1'Observatoire to be below
the invariable stratum ; although Cassini considered he had
found a difference of two-hundredths of a centesimal degree
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between the winter and summer temperatures, (4°) the winter
temperature being the higher. If we take the mean of many
observations of temperature at and below the surface of the
ground between the parallels of Zurich (lat. 47°22’) and
Upsala (lat. 59° 51’), we find a mean increase of 1° Cent. for
the depth of 67} French, or 72 English, feet. The diffe-
rences due to latitude are not more than from about-13 to 16
English feet, and do not show any regular systematic varia-
tion from south to north; probably because the undounbtedly
existing effect of latitude is at present inextricably blended
with the influence of the varying heat-conducting powers of
the different rocks, and with errors of observation.

As, according to the theory of the distribution of heat, the
underground stratum in which we begin to find no difference
of temperature in the course of the annual cycle, is so muel
the less deep beneath the surface as the maxima and minima
of temperature in the year are less distant from each other,
my friend Boussingault was led by this consideration to the
ingenious and convenient method of determining the mean
temperature of places within the tropics (more particularly
within 10° on either side of the equator) by observing a
thermometer buried about a foot deep within a well-covered
space. At the most different hours, and even in different
months, (asis shown by the experiments of Colonel Hall
near the sea-shore of Choco, in Tumaco ; those of Salaza at
Quito ; and those of Boussingault in the Vega de Zupia, at
Marmato, and Anserma Nuevo in the Cauca Valley), the
temperature did not vary two-tenths of a centesimal degree
(0°-36 Fahr.), and was identical within almost the same
timits with the mean atmospheric temperature at places
where the latter had been derived from hourly observations.
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Tt is well deserving of notice that this agreement remained
the same whether the “thermometric soundings” of only
one foot were made on the hot shores of the Pacific at
Guayaquil and Payta, or at an Indian village on the side of
the Volcano of Purace, the height of which above the level
of the sea I found by barometric measuremenis to be 1356
toises (or 8671 English feet). The mean temperatures
differed at these different elevations fully 14° Cent. (25°2
Fahr.) (1)

Two observations made by myselt in the mountains of
Peru and Mexico, are, I think, deserving of particular atten-
tion, because made in mines situated at elevations higher
than the summit of the Peak of Teneriffe ; and higher, I
believe, than any mines into which a thermometer has yet
been taken. Thirteen thousand feet above the level of the
sea, I found the subterranean air 14° Cent. warmer than
the external air. The little town of Micuipampa,(¢2) in
Peru, is situated, according to my determinations of its
geographical position and elevation, in 6°43’ S. latitude,
and at a height of 1857 toises (11875 English feet) above
the sea, at the foot of the Cerro de Gualgayoc, celebrated for
its mineral (silver) wealth. The summit of this almost 1so-
lated, castle-like, and picturesque mountain is 240 toises
above the pavement of the strect of Micuipampa. The
temperature of the external air at a proper distance from
the entrance of the Mina del Purgatorio was 5%7 Cent.
(42°:26 Tahr.) ; but everywhere in the interior (at a height
of about 2057 toises, or 15153 English feet above the sea) I
saw the thermometer show 19°8, being a differcnce of
14°1 Cent., or 25%4 Fahr. The limestone rock was
perfectly dry, and there were very few miners at work. In
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the Mina de Guadalupe, which is at the same elevation, I
found the internal temperature 14°4 Cent. (57°9 Fahr.),
the difference from the external air being therefore 8*7, or
15°8 Fahr. The waters which were streaming down in this
very wet mine showed 11°3 Cent. (52°3 Fahr.) The
mean anunual temperature of the air at Micuipampa is
probably not above 74° Cent., or 454° Fahr. In Mexico,
in the rich silver mines of Guanaxuato, I found at the
Mina de Valenciana(#3) the temperature of the external air
near Tiro Nuevo (7122 Paris, or 7590 English, feet above
the sea) 21°-2 Cent., or 70%16 Fahr.; and the airin the
deepest part of the mine, in the Planes de San Bernardo
(1630 English feet below the opening of the shaft of Tiro
Nuevo), fully 27° Cent., or 80°5 Fahr., which is about
the mean temperature of the shore of the Gulf of Mexico.
In a part of the mine situated 147 feet higher than the floor
of the Planes de San Bernardo, there bursts out from the
rock a spring of water of the temperature of 29°3 Cent.,
or 84°74 Fahr. The mountain town of Guanaxuato,
situated, according to my determination, in 21° N. lat.,
has a mean temperature falling, approximately, somewhere
between 15°8 and 16°2 Cent., (60°44 and 61°-16 Fahr.)
It would be unsuitable to enter here into conjectures, diffi-
cult to establish on any very certain grounds, as to the
causes, possibly of very local influence, which thus raise
the temperature of subterranean spaces, in ranges of moun-
tains from six to thirteen thousand feet high.

A remarkable contrast to the above is presented by
the circumstances of the ground-ice in the steppes of
Northern Asia. Even the existence of this phenomenon
was formerly doubted, notwithstanding the testimony early
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given hy Gmelin and Pallas concerning it. 1t is only very
recently, that, through the excellent investigations of Erman,
Baer, and Middendorff, correct views have been gained
respecting the extent and thickness of this stratum of sub-
terranean ice. From the descriptions of Greenland by
Crantz, of Spitzbergen by Martens and Phipps, and of the
shores of the Sea of Kara by Sujeff, an incautious genera-
lisation had represented the whole northern part of Siberia
as destitute of vegetation, and with a constantly frozen and
snow-covered surface, even in the plains. The extreme limit
of the growth of high forest-trees in Northern Asia is not
the parallel of 67° latitude, as was long assumed, and as
is actually the case near Obdorsk, owing to the influence of
sea-winds and the vicinity of the Gulf of Obi. The valley of
the great river Lena has lofty trees up to the latitude of
71°. In the desert islands of New Siberia large herds of
reindeer and countless lemmings still find sufficient vegetable
sustenance(**). The two Siberian journeys of Middendorf,
a traveller eminent for the spirit of observation as well as for
boldness of enterprise and perseverance in laborious re-
search, were made from 1543 to 1846, and were directed
northwards, info the Taymir country, to nearly 76° N. lat. ;
and to the south-east as far as the upper Amour and the
Sea of Ochozk. The first of these adventurous journeys led
the learned traveller into a previously wholly unvisited region,
the more important and interesting because situated at an
equal distance from the east and west coasts of the old
continent.  The instructions of the Petersburg Academy
of Sciences, commended to him as a leading object of his
expedition (in conjunction Wwith the limits of the various
forms of organic life towards the high north, depending
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principally on climatic relations), the accurate determina-
tion of the temperature of the soil, and the thickness of the
subterranean or ground-ice. He accordingly examined the
latter questions by means of borings and excavations from
21 to 61 feet deep, at more than twelve points (at Turu-
chansk, on the Ienisei, and on the Lena), at distances of
from 1600 to 2000 geographical miles apart.

The most important point, however, for geothermic obser-
vations, was the Schergin Shaft(45) at Iakutzk (lat. 62° 2"),
where the subterranean icy stratum has been pierced for a
thickness of more than 882 English feet. Thermometers
have been inserted in the side walls of the shaft, at
eleven points situated vertically in respect to each other,
between the surface of the earth and the deepest part of
the shaft reached in 1837. The observer, in descend-
ing, had to read the thermometer scales standing in a
bucket, and holding by one hand to the rope. The series
of observations, of which the mean error is estimated af only
0°-25 Cent., or 0°45 Fahr., extended over the interval
from April 1844 to June 1846. The decrease of cold was
not indeed always in proportion to the depth at each of the
separate points, but on the average the increase of tempera-
ture with increasing depth was found as follows :—

Engl. Feet. Réz(\’umur. Fahorenheit.
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By a thorough discussion of all the observations, Mid-
dendorff obtained, as the general rate of increase of
temperature;(4#5) 1° of Réaumur for between 100 and
117 Erglish feet, or 1° Fahr. for from 44-4 to 52-1
English feet. This is a more rapid rate of increase than
is given by several very accordant results from different
excavations in Middle Furope (see above, p. 37). The
mean annual temperature of Iakutzk is considered to
be —&%>13 Réaum., or 18°:71 Fahr. Neveroff’s observa-
tions, continued during fifteen years (1829—1844), give
the variation of temperature between winter and summer
so great, that sometimes the temperature of the air, for
14 successive days in July and August, is from 20° to
28%4 Réaum., or from 77° to 84°6 Fahr.; while for
120 successive days in winter (November to February)
the cold fluctuates between —33° and —44°8 Réaum.,
or —42°25 and —68%8 Fahr. The depth beneath
the surface of the earth at which the lower limit of the
frozen ground, or the temperature of 0° Réaum. and Cent.,
or 32° Fahr., would be met with, is celculated approxi-
mately from the increase of temperature found in piercing
the icy stratum so far as has yet been done. Middendorff’s
estimate, from his observations in the Schergin Shaft, in
accordance with the much earlier one of Erman, assigns from,
612 to 642 French, or 652 to 684 English, feet. On the
other hand, the increase of temperature in the excavations:
of Mangan, Schiloff, and Davydoff (scarcely four miles
from Iakutzk, in the chain of hills on the left bank of
the Lena), which, however, vare not quite sixty feet deep,
would place the temperature of 0° (or 32° Fahr.), at a
depth of little more than 800 feet.(47) Is this great
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difference in the two situations more than accidental?
A numerical determination depending on such inconsiderable
depths must be regarded as exceedingly uncertain, and the
increase of temperature may not always follow a uniform
law. Ought we to infer that if a gallery were to be driven
horizontally for many hundred fathoms from the lowest
depth of the Schergin Shaft, it would encounter everywhere,
and in every direction, frozen earth, and that with a tempe-
rature of —2°%5 Cent. below 32°7

Schrenk has examined the ground-ice in 674° lat. in the
Samoied country, at Pustoienskoy Gorodok. In this case
the sinking of the well was aided by the application of fire.
In the middle of summer the frozen stratum was encountered
at a depth of little more than 5 feet ; it was followed through
a thickness of 67 feet, when the work was suddenly stopped.
The neighbouring lake of Ustie continued to be frozen over
and passable by sledges throughout the summer of 18183.(45)
On my Siberian expedition with Ehrenberg and Gustav
Rose, we had a hole dug in the boggy or turfy soil near
‘Bogoslowzk (lat. 59°44/) on the road to the Turjin Mine(49)
in the Oural Mountains. At a depth of about 5} feet, we
came upon pieces of ice forming a kind of breccia with
frozen earth; then solid ice, which continued to the depth
of 10 or 11 feet further, at which we left off.

The geographical extent of the ground- or subterranean-
ice,—i. e. the position and course of the southern limit, in
the old continent from Scandinavia to the eastern coast of
Asia, at which we begin to find in August, and throughout
the year, ice or frozen earth at a certain depth, is, according
to Middendorf’s sagacious generalisations from observation,
like all other geothermic relations, often more depen-
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dent on local eircumstances than on the temperature of the
aimosphere. No doubt the latter has on the whole the most
determining influence; but yet, as Kupffer has already
remarked, the isogeothermal lines are not parallel in their
concave and convex inflections to the climatic isothermals
which are given by the mean atmospheric temperature.  The
amount of rain, and the depth to which it penetrates, the
ascent of warm springs from depths, and the very various
conducting power of the soil,(5°) all appear to be particularly
influential. ¢ At the northernmost point of Europe, in Fin-
marken, in 70° and 71°lat., there is no connected ¢ground-
ice”  Proceeding eastward to the valley of the Obi,
we find the ground-ice at Obdorsk and Beresow 5° wore
southerly than the North Cape. The cold of the ground
continues to increase as we advance eastward, with the ex-
ception of Tobolsk on the Trtish, where the temperature of
the ground is lower than at Witimsk in the valley of the
Lena, which is 1° more to the north. At Turuchansk
(65° 547 lat.) the ground is still not frozen, but the limit
at which the ground-ice begins is very near. At Amginsk,
south-east of Takutzk, the ground is as cold as at Obdorsk,
5° further to the north; so also at Oleminsk on the
Tenisel. From the Obi to the Ienisei, the curve which
bounds the ground-ice appears to rise 2° of latitude more
towards the north; and then to re-descend, to cross the
valley of the Lena, almost 8° south of the parallel in which
it crosses the Tenisel. Turther to the east the line re-ascends
towards the north.”(51)  Kupfler, who has visited the mines
of Nertschinsk, has pointed out, that apart from the great
connected region of the ground-ice, the same phenomenon
occurs more to the south in detached patches, or as it were,
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in an insular manner. It is quite independent, generafly
speaking, of the limits of vegetation and of the presence of
Ligh trees. :

The gradual acquirement of a true general or cosmical
view of the thermal relations of the crust of the earth in
the northern parts of the old continent, is an important
step in the progress of knowledge, as is the recognition that
the limit of the ground-ice, as well as the limits of particular
mean annual temperatures, and of the growth of trees, are
found in very different latitudes in different meridians, —a
fact which must occasion the production of perpetual thermal
currents in the interior of the earth. In the north-west
of America, Franklin found the ground frozen in the
middle of August, at a depth of 17 inches. At a more
easterly part of the coast, in 71° 12’ latitude, Richardson
saw in July the ice-stratum thawed as far down as three feet
below the herb-covered surface. It is to be desired that
scientific travellers may soon obtain for us a more general
knowledge of the geothermic relations subsisting in this part
of the world and in the southern hemisphere. Research
into the connection of pheenomena leads us most surely to
the recognition of the causes of apparently complex or
anomalous facts, or of what is somelimes too hastily called
irregularity.
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v. Magnetic Activity of the FEarth in its three
manifestations of Force, Inclination, and Declina-
tion—Points (termed Magnetic Poles) at which the
Inclination is 90°—Line on which no Inclination is
observed (Magnetic Equator)—Four Points of greatest,
but unequal, Intensity of the Magnetic Force~—Curve
or Line of the weakest Magnetic Force—Extraor-
dinary Disturbances of the Declination (Maynetic
Storms)—Polar Light.

(Extension of the Representation of Nature, in Kosmos,
Bd.i. S. 184—208, and 427—442, Anm. 11—49;
Bd. i, S.872—376, and 515, Anm. 69—74 ; Bd. iii.
S. 399—401, and 419, Anm. 30: Engl. Vol. i. p.
167—189, and 407—424, Notes 141—179; Vol. ii.
p- 3381—335, and cxix., Notes 509—514;, bis; Vol. iii.
p- 289—290, and eciv., Note 489.)

The magnetic constitution of our planet can only be inferred
from those manifestations of its magnetic force which pre-
sent measurable relations in reference either to place or
time. These manifestations are characterised by perpetual
variability in the phenomena which they present, and this
in a far higher degree than such other variable phaenomena
as the temperature, aqueous vapour, and electric tension of
the lower strata of the atmosphere. The continual changes
which take place in the kindred magnetic and electric con-
ditions of matter, form an essential distinction between the
phenomena of electro-magnetism, and those which depend
on that primary, fundamental force of molecular and mass-

attraction of all matter, which, at unchanged distances,
VOL. TV. E
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remains ever the same. The investigation of the dominion
of law amidst variability, is itself the proximate object, or
the goal immediately aimed at, in every investigation into a
force in nature. ~ While the labours of Coulomb and Arago
have demonstrated that the electro-magnetic process can be
elicited in the most various substances, Faraday’s brilliant
discovery of diamagnetism, on the other hand, shows us
here also, in the distinction of north and south axiality in
one class of substances, and east and west axiality in
others, that influence of the diversity or heterogeneity of
substances of which molecnlar or mass-attraction is wholly
independent. Oxygen gas, enclosed in a thin glass tube,
when placed under the action of a magnet in its vicinity,
assumes “ paramagnetically” a north and south direction,
like iron; nitrogen, hydrogen, and carbonic acid gas,
remain unaflfected ; while phosphorus, leather, and wood,
under the same circumstances, range themselves *dia-
magnetically,” 4. e. in an equatorial or east and west
direction.

The facts known in Greek and Roman antiquity were:
the adhesion of iron to the loadstone; magnetic attraction
and repulsion ; the propagation of the attracting influence
through iron vessels, and also through rings(52) forming
links in a chain (one ring being in contact with the load-
stone) ; and the non-attraction of wood, or of other metals
than iron. Of the polar directive force which magnetism
could impart to a body susceptible of its influence, the
carly western nations (Pheenicians, Etruscans, Greeks and
Romans) knew nothing. It is not until the 11th and 12th
centuries of our era that we find among the European
nations any knowledge existing of this “ dircctive force,”
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which has exerted so powerful an influence on the improve-
ment and extension of navigation, and, in consequence of
the practical and material services which it has thus rendered,
has given so persistent an impnlse to the study of an all-
pervading, yet formerly little regarded, natural force. In
the history of the principal epochs in the Physical Contem-
plation of the Universe,(53) the subject of the earth’s
magnetism, which we now bring under one general view,
assigning the several sources or authorities from whence the
information is derived, fell under several different chrono-
logical heads, and was there divided smong different
sections.

It is among the Chinese that we find the first application
of the magnetic directive force to practical purposes by the
employment of magnetised needles floating on water, which
goes back to an epoch anterior perhaps to that of the
Doric migration and the return of the Heraclides to the
Peloponnesus. It is remarkable that in this part of Asia
the use of needles, the south end of which was the one dis-
tinguished, as with us the north, commenced in land journeys
before their employment in sea navigation. Instead of a
ship’s compass they used a magnetic car, on the front part
of which a floating needle carried a little figure, whose out-
stretched arm and hand pointed to the south. Such an
apparatus, Fse-nan (indicator of the south), was presented,
under the dynasty of the Tschen, 1100 years before our era,
to the ambassadors from Tunkin and Cochin-china, to
guide them across the great plains on their return from
China to their own country. The magnetic car continued
to be used as late as the 15th century.(54) Many such
instruments were - kept in the Emperor’s palace, and it

B2
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was also customary to use them in determining the direction
of the walls when building Budhistic convents. Their
frequent employment led some of the more acute thinkers to
form physical speculations respecting the nature of the
magnetic pheenomena, The Chinese panegyrist of the
magnetic needle, Kuopho, a contemporary of Constantine
the Great, compared the attractive force of the magnet
to that of rubbed amber. It is,” he says, “as if a
mysterious breath passed through both, communicating
itself with the swiftness of an arrow.” The symbolical
expression of “a breath” reminds us of the equally
symbolical expressions used in Grecian antiquity by
the founder of the Tonic school, Thales, in reference
both to the magnetic stone and to amber, which were
said to be “ animated,” or imbued with a “soul” or  spirit,”
meaning evidently an indwelling principle of motive
activity. (55)

As the too great mobility of these Chinese floating
needles was found inconvenient, they were replaced in
the beginning of the 12th century by a different con-
struction, in which the needle was suspended freely in
the air by a cotton or silken thread, quite in the manner
of the “ Coulomb” suspension, which was first employed in
Europe by Gilbert. With this improved apparatus,(56)
the Chinese even determined early in the 12th century
the amount. of the west declination, which appears to
undergo only very slow and minute changes in that part
of Asia. At length the compass came to be employed at
sea as well as on land. Under the dynasty of Tsin, in the
4th century, Chinese ships guided by compasses visited the
ports of India and the eastern coast of Africa.
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Two centuries earlier, in the reign of Marcus Aurelius
Antoninus (called An-tun by the Chinese writers of the
dynasty of Han), Roman legates had come by water by Tunkin
to China ; but it was not through so transitory a communi-
cation that the use of the compass reached Europe; where
it was not introduced until the 12th century, after its use
had become general throughout the Indian seas and the coasts
of Persia and Arabia. The introduction was effected either
directly by the influence of the Arabians, or through the me-
dium of the Crusaders, who since 1096 had been in contact
with Egypt and the Levant. In historical inquiries of this
class, the only epoch which can be assigned with certainty is
that which must be regarded as the latest or limiting date.
In a political satirical poem of Guyot of Provins, in 1199, the
mariner's compass is spoken of as an instrument long known
among the nations of Christendom; and this is also the
case in a description of Palestine which we owe to Jaques
de Vitry, Bishop of Ptolemais, and which was finished
between 1204 and 1215. Guided by the compass, the
Catalans sailed to the northern isles of Scotland, and to
the west coast of tropical Africa; the Basques to the whale
fishery ; and the Normans to the Azores (the Bracix Islands
of Picigano). In the first half of the 13th century,
the Spanish ““ Leyes de las Partidas,” the work “ del sabio
Rey Don Alonso el Nono,” extols the compass-needle as the
faithfol mediatrix (medianera) between the ¢ magnetic
stone”—la piedra”—and the “north star.”” Gilbert, in
his celebrated work “de Magnete Physiologia nova,”
speaks of the compass as a Chinese invention, but adds,
which is clearly incorrect, that it was first brought to Italy by
Marco Polo, ““ qui apud Chinas artem pyxidis didicit.”  As
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Marco Polo began his travels in 1271, and returned in
1293, the evidence of Guyot de Provins and Jaques de
Vitry shows that the compass was used in European naviga-
tion at least sixty or seventy years before the commencement
of his travels. The names of Aphron and Zohron, given to
the north and south poles of the needle by Vicentius of
Beauvais in his “ Mirror of Nature” (1254), indicate that
Arab pilots were the channel through which the nations of
Europe received the Chinese compass, being obviously
derived from that learned, ingenious, and active race,
traces of whose language are so frequent in our star-maps,
though appearing there too often in a mutilated form.

From all these circumstances, there can be no doubt that
the general employment of the magnetic needle in ocean
navigation by the Europeans from the 12th century, (and
in a limited degree probably still earlier), proceeded from
the Mediterranean and its shores, and took place chiefly
through the agency of Moors, Genoese, Venetians, Major-
cans, and Catalans.  Catalan sailors, under the conduct of
the cclebrated navigator, Don Jaime Ferrer, advanced in
1346 to the mouth of the Rio de Ouro, 23°40" N. latitude,
on the west coast of Africa; and from the evidence of
Raymund Lully (in his nautical work, Fenix de las Mara-
villas del Orbe, 1286), it appears that long before Jaime
Ferrer, the Barcelonese used sea-charts, astrolabes, and sea-
compasses.

The knowledge of the existence of a greater or less
amount of magnetic declination (its early name was simply
“variation,” without any adjunct) had naturally been
also diffused over the Mediterranean, by report from China,
through the medium of Indian, Malay, and Arab mariners.
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This element, so indispensable for the correction of ships’
reckonings, was, at that early period, determined less often
by sunrise and sunset than by the pole-star, and in either
case with much uncertainty; it was, however, entered on
nautical charts,—for example, on the rare chart of Andrea
Bianco, sketched in 1436. Columbus, who was certainly
not the first who recognised the fact of magnetic decli-
nation,—any more than Sebastian Cabot, of whom it has
sometimes been stated,—has the praise of having been the
first who determined the position of a line of no declination,
which he did astronomieally, in 21 degrees east of the Island
of Corvo (one of the Azores), on the 13th of September,
1492. In traversing the western part of the Atlantic
Ocean, he was the first who observed the ¢ variation”
change gradually from north-east to north-west. Ie was
led thereby to conceive the idea, which has so often engaged
the attention of navigators in later centuries, of making use
of the declination lines,—which he imagined to be parallel
to the meridians,—for finding the- longitude. We learn
from his journals, that, on his second voyage (1496), when
uncertain of his position, he sought it by means of declira-
tion observations. A view of the possibility of such a
method was also, without doubt, that infallible secret of the
longitude at sea, which, on his death-bed, Sebastian Cabot
boasted of possessing through special divine revelation.

In the excitable imagination of Columbus, there were
connected with the Atlantic line of mno declination other
and rather fanciful ideas of supposed change of climate,
anomalous figure of the terrestrial spheroid, and extraor-
dinary views respecting the movements of the heavenly
bodies, in all of which he found reasons for proposing the
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conversion of a physical line into a political line of demar-
cation. The “raya,” on which the “agujas de marear”
point direct to the pole-star, became the boundary line
between the crowns of Castile-and Portugal by virtue of a
Papal decree, whose arrogance proved of great and lasting,
though undesigned and unforeseen, benefit to the enlarge-
ment of nautical astronomy and the improvement of mag-
netic instruments, in consequence of the importance which
naturally attached to determining, with astronomical accuracy,
the geographical longitude of such a boundary on both sides
of the equator. (Humboldt, Examen critique de la Géogr.
.T. iii. p. 54.) Felipe Guillen, of Seville (1525), and, at a
still earlier period, probably the cosmographer Alonso de
Santa Cruz, teacher of mathematics to the young Emperor
Charles V., constructed new *variation compasses,” with
which solar altitudes could be taken. In 1530-—a century
and a half, therefore, before Halley—the same Alonso
de Santa Cruz drew the first general “variation map,”
founded, it must be admitted, on very imperfect materials.
" The voyage of Juan Jayme, who sailed from the Philippines
to Acapulco with Francisco Gali in 1585, solely for the
purpose of trying, during the long passage across the Pacifie,
a new declination instrument which he had invented, shows
how animated an impulse had been given in the 16th
century, and after the death of Columbus, to the study of
terrestrial magnetism, by the controversy respecting the
Papal “line of demarcation.”

This disposition to pursue observation could not but be
accompanied by its unfailing attendant,—if not, as is still
oftener the case, its precursor,—a fondness for theoretical
speculations,  Many of the old sea-stories of the Indians,
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as well as of the Arabs, speak of rocky islands.which cause
disasters to mariners, either by drawing out, by virtue of
their natural magnetic power, all the iron which held the
wooden framework of the ship together, or by attracting
and immovably enchaining it. Under the influence of
such imaginations, the idea of the polar conjunction of all
the lines of declination had associated with it, in early times,
the more material image of a high magnetic mountain, in
near proximily to one of the poles of the earth. In the
remarkable map of the new continent, appended to the .
~ Roman edition of 1508 of Ptolemy’s Geography, we find
to the north of Greenland (Gruentlant), which is repre-
sented as belonging to the eastern part of Asia, the north
magnetic pole figured as a mountainous island rising
out of the sea. Its position was gradually removed farther
to the south in the “Breve Compendio de la Sphera” of
Martin Cortez, in 1545, as well as in Livio Sanuto’s
“ Geographia de Tolomeo,” in 1588. Great expectations
were attached to reaching this point, which was termed el
calamitico;” and from some notion, which was very late
in disappearing, it was supposed that whoever should reach
the magnetic pole would find “ alcun miraculoso stupendo
effetto.”

Until near the end of the 16th century, the magnetic
declination, which is the element exercising the most direct
influence on the requirements of navigation, was the only
one which received attention. Instead of the one *line of
no variation,” found by Columbus in 1492, the learned
Jesuit Acosta, in 1589, thought, from the information which
he had gathered from Portuguese seamen, that he could state,
in his excellent work, * Historia natural de las Indias,” the
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existence of four such lines. As a ship’s reckoning requires
an exact knowledge of the distance passed over, as well as
of the exact direction of the course (given by the angle mea-
sured by the corrected compass), the introduction of the
use of the “log,” imperfect as this kind of measurement is
even at the present day, was yet an important epoch in the
history of navigation. I think I have proved, contrary to
the prevailing opinion hitherto, that the first certain evi-
dence(®”) of the employment of the log (la cadena de la
popa, la corredera) is to be found in Antonio Pigafetta’s
ship’s journal in Magellan’s voyage, in an entry appertaining
to the month of January, 1521. Columbus, Juan de la
Cosa, Sebastian Cabol, and Vasco de Gama, were all un-
acquainted with the log and its applications. They
estimated the ship’s rate of movement by the eye alone,
and judged of the distance passed over by ‘hour glasses,”
i. e. by the running-out of sand in the “ampolletas.” At
length, in 1576, in addition to the horizontal declination
from the geographical north, which had been so long ex-
clusively regarded, the second element, the inclination, or
dip of the needle below the horizontal line, came also to
be measured. Robert Norman, the first who determined
it, did so in London with an instrument of his own inven-
tion, and with no inconsiderable degree of accuracy. Fully
two centuries more elapsed before any attempt was made to
measure the third element, viz. the intensity of the earth’s
maguetic force.

A man whom Galileo admired, although Bacon altogether
overlooked his merits, William Gilbert, brought forward,
at the end of the 16th century, the first enlarged and
comprehensive view(*®) of the earth’s magnetism. He first
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distinguished clearly between magnetism and electricity in
respect to their effects, while he yet regarded both as
emanations of 4 single fundamental force inherent in all
matter. As is the privilege of genius, from feeble ana-
logies he successfully divined much. From the clear con-
ceptions which he formed of terrestrial magnetism (de
magno magnete tellure), he even at that time correctly
ascribed the origin of magnetic poles in the upright iron
bars of crosses on old church-towers, to impartation from
the magnetism of the earth. e was the first in Europe
who showed how to render iron magnetic by rubbing it with
the loadstone, which indeed the Chinese had known and
practised almost 500 years before.(*%)  Gilbert also already
gave steel the preference over soft iron, becanse capable of
appropriating to itself and retaining more permanently the
magnetic force imparted to it.

In the course of the 17th century, the navigation of
the Dutch, English, Spaniards, and French (which had so
greatly increased in extent through the improvement in the
means of determining the direction of a ship’s course, and the
length or amount of distance traversed by her), augmented
the knowledge alveady possessed of different isogonic lines,
and more particularly of the lines of no declination, which,
as already mentioned, Acosta had attempted to form into a
system.(®) In 1616, Cornelius Schouten pointed out in
the middle of the Pacific Ocean, near the Marquesas, places
where the needle had no variation. We still find in this
region a singular “closed” system of isogonic lines, within
which the declination changes in amount in successive con-
centric curves.(*!) The eagerness to discover new methods
of determining the longitude, for which it was thought not
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only that the declination, but also that the inclination, of
the magnetic needle might be made available,—(such a use
of the inclination, with a clouded starless sky, “per aére
caliginoso,” Wright called worth much gold,”) (%*)—led
to the construction of many and various magnetic instru-
ments, and stimulated the activity of observers., The Jesuit
Cabeus of Ferrara, Ridley, Lieutaud in 1668, and Henry
Bond in 1676, distingnished themselves in this way. The
controversy between Bond and Beckborrow, together with
Acosta’s view of the existence of four lines-of no declination
dividing the entire surface of the globe into four parts,
may, perhaps, have had some influence on Halley’s theory
of “four magnetic poles, or points of convergence,” pro-
jected as early as 1683.

Halley’s name constitutes an important epoch in the
history of terrestrial magnetism. Heassumed the existence
in each hemisphere (northern and southern) of two mag-
netic poles, a stronger and a weaker pole ; and we now find
an analogous distribution of the magnetic force in four
points of maximum force, two in each hemisphere, one
stronger than the other, as shown by the rapidity of the
vibrations performed by a needle oscillating in the direction
of the magnetic meridian. The strongest of Halley’s four
poles was placed in 70° 8. lat. and 120° E. long. from
Greenwich, or almost in the meridian of King George’s
Sound, in New Holland.(63) Halley’s three voyages in
1698, 1699, and 1702, followed the first sketch of his theory,
which was founded only on the observations obtained on his
voyage to St. Helena seven years before, and on the
imperfect variation (declination) observations of Baffin,
Hudson, and Cornelius von Schouten. Halley’s expeditions
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were the first undertaken by a government for a great
scientific objeet, viz. for the investigation of an element
of the earth’s force, on which the safety of navigation
especially depends. He advanced as far as 52° S. lat.,
and was thus enabled to construct the first extensive
variation- or declination-chart, which chart now supplies
to the theoretical investigators of the 19th century a point
of comparison, although not indeed a very remote one, for
the representation of the progressive change of position of
the declination lines.

It was a happy undertaking of Halley’s to connect graphi-
cally by lines or curves all the points on the map where the
magnetic declination was the same.(64) Clearness of repre-
sentation, and the advantage of gaining a general view of the
connection of detached results, were thus first introduced.
My isothermal lines, i. e. lines of equal temperature (mean
annual, summer, or winter temperature), which have been
favourably received by physicists, were formed in strict
analogy with Halley’s isogonic curves. The object of the
isothermal lines, especially since their great extension and
improvement by Dove, has been to throw light on the
distribution of temperature over the earth’s surface, and on
the dependence of that distribution in a great degree on the
configuration, extent, and relative position of the portions of
the surface occupied by land and water. Halley’s purely
scientific expeditions stand out as the more remarkable,
because they were not designed, like so many subsequent
expeditions undertaken at the public expense, as voyages
for geographical discovery, but were strictly for scientific
research. Halley’s stay at St. Helena in 1677 and 1678
had for its fruit, in addition to the data furnished to the
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knowledge of terrestrial magnetism, an important catalogue
of southern stars, which it may be remarked, in passing, was
the first star-catalogue undertaken since the combination of
telescopes with measuring apparatus introduced by Morin
and Gascoigne.(65)

As the close of the 17th century had been marked by
progress towards a better knowledge of the position of the
declination lines, and by the first theoretical attempt to
determine their.points of convergence as magnetic poles, so
the first half of the 18th century produced the discovery of
the horary periodic variation of the declination. Graham, in
London, in 1722, has the uncontested merit of being the
first to observe these variations with accuracy and perseve-
rance. Celsins and Hiorter, at Upsala, who were in episto-
lary communication with Graham,(66) further enlarged the
knowledge of the pheenomena in question. It was not until
the latter' part of the century, in 1784—1788, that Brug-
manns and Coulomb, the latter gifted with a more mathe-
matical mind, penetrated more deeply into the essence
of terrestrial magnetism. Their acutely devised physical
experiments embraced the magnetic attraction of all matter,
the distribution of the force in a bar-magnet of a given
form, and the law of magnetic action at a distance. In the
methods adopted by them for obtaining exact results, they
sometimes employed the vibrations of a horizontal needle
suspended by a thread, and sometimes deflections measured.
by a torsion balance.

Science is indebted for the first knowledge of the variation
in the intensity of the earth’s magnetic force at different points.
of its surface, obtained by the vibration ofa needle suspended
vertically and placed in the magnetic meridian, solely to the
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sagacity of the Chevalier Borda, not by successful experi-
ments made by himself personally, but by those suggested
by his sagacious anticipations, and carried into execution in
consequence of the influence which he perseveringly exercised
on travellers and voyagers preparing for distant expeditions.
His long-cherished conjectures were first confirmed by
Lamanon, the companion of La Pérouse, in the years
1785—1787. These observations, although their results
had been made known so early as the summer of the last-
named year to the Secretary of the Académie des Sciences,
Condorcet, remained unnoticed and unpublished. The
credit of the first, although on this account incomplete,
recognition of the important law of the variation of the mag-
netic force with the magnetic latitude, belongs without
dispute to the ill-fated expedition of La Pérouse,(57) the
preparations for which were of the highest scientific merit ;
but the law itself, I venture to believe, first became a living
fact in science by the publication of my observations made
from 1798 to 1804 in the south of France, in Spain, the
Canaries, and the interior of tropical America north and
south of the equator, and in the Atlantic and Pacific Oceans.
The scicntific voyages of Le Gentil, Feuillée, and Lacaille,—
the first attempt to construct an inclination map, by Wilke
in 1768,—and the memorable voyages of circumnavigation of
Bougainville, Cook, and Vancouver,—all deserve honorable
mention for the data they afforded in respect to the previ-
ously much neglected element of the inclination, so impor-
tant for the establishment of the theory of terrestrial
magnetism. The instruments employed were, indeed, of very
unequal merit, and the determinations (which, although
widely distributed over the earth’s surface, were generally
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limited to the sea and to its immediate vicinity) were far
from being contemporaneous. Towards the end of the 18th
cent u‘ry, the observations of the declination made with
better instruments, at fixed stations, by Cassini, Gilpin, and
Beaufoy (1781 to 1790), showed more decidedly a periodical
influence of hours and seasons, and gave a more animated
and general impulse to magnetic research, :

In the 19th century, of which little more than the half
has now elapsed, this branch of scientific inquiry has assumed
a peculiar character distinguishing it from all others. This
character consists in an almost simultaneous advance of all
parts of the study of terrestrial magnetism, in which physical
discoveries relating to the elicitation and distribution of mag-
netism, and the first and brilliant projection of a theory of ter-
restrial magnetism based on strict mathematical reasoning, by
Friedrich Gauss, have accompanied the unprecedented exten-
sion of numerical determinations of all the magnetic elements,
—the declination, inclination, and intensity of the force.

The means which have led to this result have been :—
the improvement of instruments and methods of observation ;
scientific naval expeditions, on a scale and in number such
as no previous century had witnessed, carefully equipped at
the costs of the governments which sent them forth, and
favoured by a happy choice of commanders and observers ;
land journeys, penetrating far into the interior of continents;
and lastly, the establishment of a considerable number of
fixed observatories, extending partially over both hemi-
spheres, in corresponding mnorth and south latitudes, and in
almost antipodal longitudes.

These magnetical and, at the same time, meteorological
observatories form a kind of net-work over the earth’s
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surface, and by the judicious combination of the observations
made at them, important and unexpected results have been
arrived at. The subjection of the manifestations of the
magnetic force, as displayed on the earth’'s surface, to
determinate laws,—which subjection, in relation to all
forces, is the proximate, but not the ultimate object of all
scientific inquiry,—has been already satisfactorily esta-
blished and investigated in several particular phases of the
phenomena. In the path of physical experimentation, on
the other hand, the discoveries which have been made of the
relations of terrestrial magnetism to electricity in motion, to
radiant heat, and to light; the recent generalisation of the
phenomena of diamagnetism, and the discovery of the
specific property of the oxygen of the atmosphere to acquire
polarity,—all open to us the cheering prospect of a nearer
approach to the nature of the maguetic force itself.

In order to justify the praise which I have ventured to
bestow on the magnetic labours, taken generally, of the
fitst half of the present century, T append a brief notice of
the more prominent among them, arranging them sometimes
singly in chronological order, and sometimes, where they
appear to have called each other forth, in groups.(¢8)

1803—1806. Krusenstern’s Voyage of Circumnaviga-
tion, 1812. The magnetical and astronomical portion of the
work is by Horner. (Bd. iii. S. 317.)

1804. Examination of the law of increase of the intensity
of the earth’s magnetic force north and south of the mag-
netic equator, founded on observations made from 1799 to
1804. (Humboldt, Voyage aux Régions équinoxiales du

Nouveau Continent, T. iii. p. 615—623; Lametherie,
VOL. 1V. F
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Journal de Physique, T. lxix. 1804, p. 433, with the first
sketch. of a map of the intensity ; Kosmos, Bd. i. S. 482,
Anm. 29 ; Engl. ed. p. 416, Note 159). Subsequent ob-
servations have shown that the minimum of intensity is not
situated on the magnetic equator ; and that the increase of
force in either hemisphere does not extend to the magnetic
pole.

1805—1806. Gay-Lussac and Humboldt’s observations
on the magnetic force in the South of France, Italy, Switzer-
land, and Germany (Mémoires de la Société d’Arcueil, T. i.
p- 1+—22.) Compare therewith the observations of
Quételet, 1830 and 1839, published in the Mém. de
PAcadémie de Bruxelles, T. xiv., with a map of the hori-
zontal magnetic force between Paris and Naples ; Forbes’s
observations in Germany, Flanders, and Italy, in 1832 and
1837 (Transactions of the Royal Society of Edinburgh,
Vol. xv. p. 27); the very exact observations of Rudberg in
France, Germany, aund Sweden, 1832 ; and the observations
of Bache (Director of the Coast-Survey of the United
States), of inclination and force, at 21 stations in 1837
and 1840.

1806—1807. A long series of observations at Berlin
on the horary variations of the declination, and on the
recurrence of ¢ magnetic storms,” (perturbations or dis-
turbances), by Humboldt and Oltmanns, made chiefly at
the solstices and equinoxes for five or six, or sometimes
even nine, successive days and nights, with a Prony’s
magnetic telescope reading to 7 or 8 seconds of arc.

1812. Statement by Morichini at Rome that unmagnetised
steel needles became magnetic by contact with light (with
the violet ray). On the long controversy occasioned by this-
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statement, and by Mary Somerville’s ingenious experiments,
down to the wholly negative results of Riess and Moser,
see Sir David Brewster’s Treatise on Magnetism, 1837,
p- 48.

1815—1818, and 1823—1826. The two voyages of cir-
cumnavigation of Otho von Kotzebue; the first in the
¢ Rurik,” the second in the ¢ Predprijatie,” five years later.

1817—1848. The series of great scientific naval expedi-
tions sent by the French government, and which have been
so fruitful in results contributing to the knowledge of terres-
trial magnetism ; begiuning with Freycinet, in the ¢Ura-
nie,” 1819—1820 ; followed by Duperrey, in the ¢ Coquille,’
1822—1825 ; Bougainville, in the ¢ Thetis,” 1824—1826 ;
Dumont d'Urville, in the ¢ Astrolabe,” 1826—1829, and in
the Antarctic Regions in the ¢Zélée,” 1837—1840; Jules
de Blosseville in India, 1828 (Herbert, Asiatic Researches,
Vol. xviii. p. 4 ; Humboldt, Asie centrale, T. iii. p. 468),
and in Iceland, 1833 (Lottin, Voyage de la Recherche,
1836, p. 876—409); du Petit Thouars (with Tessau), in
the ¢ Vénus,” 1887—1839 ; Le Vaillant, in the ¢Bonite,’
1836—1837 ; the expedition of the Commission Scientifique
du Nord (Lottin, Bravais, Martins, and Siljestrém) to
Scandinavia, Lapland, the Feroe Islands, aud Spitzbergen,
in the corvette ¢ Recherche,” 1835—1840; Bérard, to the
Gulf of Mexico and North América, 1838, and to the
Cape of Good Hope and St. Helena in 1842 and 1846,
(Sabine, in the Phil. Trans. for 1849, Pt. ii. p. 173); and
Francis de Castelnau, Voyage dans les parties centrales de
Y Amérique du Sud, 1847—1850.

1818—1853. The long series of important expeditions

sent {o the Arctic Seas by the British Government, to which
F2
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the first impulse was given by the praiseworthy zeal of John
Barrow: Edward Sabine’s magnetical and astronomiecal
observations in John Ross’s Voyage to Davis Straits, Baffin’s
Buy, and Lancaster Sound, 1818 ; and in Parry’s Voyage (in
the ‘Hecla’ and ‘Griper’) through Barrow’s Straits to Melville
Island, 1819—1820 ; Franklin, Richardson, and Back, 1819
—1822 ; the same, 1825—1827 ; and Back alone, 1883 —
1835. (In the first of these last-named expeditions, almost the
only food for several weeks was a lichen, Gyrophora pustu-
lata, Tripe de Roche of the Canadian hunters, chemically exa-
mined by John Stenhouse in the Phil. Trans. for 1849, Pt. ii.
p- 393) ; Parry’s second expedition with Lyon, in the ¢ Fury’
and ‘Hecla,” 1821—1823 ; and third voyage with James
Clark Ross, in 1824—1825 ; Parry’s fourth voyage (an at-
tempt to reach the North Pole over the ice to the north of
Spitzbergen) with the same, and Lieutenants Foster and
Crozier, 1827, when they reached lat. 82° 45’: John Ross,
with his distinguished nephew James Clark Ross (the ex-
penses of this voyage, which proved so perilous from its
long duration, 1829—1833, were defrayed by a private
individual, Felix Booth); Dease and Simpson (of the
Hudson’s Bay Company) 1838—1839; and recently, in the
search for Sir John Franklin, the voyages of Austin,
Ommaney, and Penny, 1850—1851. - Of these, Penny
advanced farthest to the north,—to lat. 77° 6" in Victoria
or Queen’s Channel, which opens from Wellinglon Strait.

1819—1821. Bellinghausen’s voyage in the Antarctic
Seas.

1819. The publication of the great work of Hansteen,
Magnetismus der Erde, which had, however, been finished
as early as 1813. This excellent work has exercised
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an unmistakable influence in the animation and better
direction of researcles in terrestrial magnetism. It was
followed by Hansteen’s general maps of lines of equal
inclination and equal force for a considerable portion of the
earth’s surface. :

1819. Observations of Admiral Roussin and Givry on the
coast of Brazil, between the mouths of the Amazon and the
River Plate.

1819—1820. Oersted’s great discovery of the fact that a
conductor traversed by an electric current, forming a com-
plete and continuous circuit, exercises, so long as the current
continues, a definite influence on the direction of the mag-
netic needle dependent on their relative position. The
earliest extension of this discovery, as well as of those of the
separation of the mefals from the alkalies, and of double
polarisation, the most brilliant of the discoveries of
the age,(69) was Arago’s observation that a connecting
wire through which an electric current flows, though made
of copper or platinum, attracts and retains iron filings like a
magnet ; and also, that needles placed inside a galvanic coil re-
ceive opposite poles according as the turns of the coil are given
an opposite direction (Annales de Chimie et de Physique,
T. xv. p. 93). The discovery of these phenomena, which
were traced under a variety of circumstances, was followed
by Ampere’s ingenious theoretical combinations on the
reciprocal electro-magnetic actions of the molecules of pon-
derable bodies. These combinations were supported by
much new and ingeniously-devised apparatus, and led to a
recognition of laws in many phaenomena of magnetisra which
had previously appeared contradictory.

1520—1824. Wrangel and Anjou’s journeys to the North
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Coast of Siberia and on the Tcy Sea. (Important pheeno-
mena of the Aurora Borealis: Th. ii. 8. 259.)

1820. Scoresby, Account of the  Arctic Regions:
(experiments on the magnetic force : Vol. ii. p. 537—
554.) .

1821. Seebeck’s discovery of thermo-magnetism and
thermo-electricity. The contact of two metals (first tried
with bismuth and copper), or differences of temperature at
the two points of contact of a metallic ring, are recognised
as sources of excitement of magneto-electric currents.

1821—1823. Weddell’s voyage in the Southern Polar
Sea, to latitude 74° 15" S.

1822—1823. Sabine’s two important expeditions for the
exact determination of the magnetic inclination and variations
of the magnetic force, and of the length of the pendulum
in different latitudes (west coast of Africa to the Equator,
Brazil, Havanna, Greenland to latitude 74° 28’, Norway
and Spitzbergen to latitude 79° 50”). This comprehensive
work was published in 1824 : (Account of Experiments to
determine the Figure of the Earth, p. 460—509.)

1824. Erikson’s magnetic observations on the shores of
the Baltic.’

1825. Arago discovered rotation-magnetism. This
unexpected discovery was a consequence of his noticing,
when at Greenwich, that the time required by a dipping
needle, when set in vibration, to come to rest, was influenced
by neighbouring non-magnetic substances. In Arago’s rota-
tion experiments the vibrations of a needle were found to be
affected by water, ice, glass, charcoal, and mercury.(7°)

1825—1827. Boussingault’s magnetic observations in
different parts of South America (Marmato, Quito).
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1826—1827. Keilhau’s observations of the magnetic
force at twenty stations (in Finmarken, Spitzbergen, and
Bear Island); and Keilhau and Boeck’s observations in
in South Germany and Italy (Schum. Astr. Nachr. No.
146.)

1826—1829. Liitke’s Voyage of Circumnavigation.
The magnetic part was drawn up with great care in 1834
by Lenz. (See Partie nautique du Voyage, 1836.)

1826—1830. Captain Philip Parker King’s observa-
tions on the east and west coasts of South America
(Brazil, Monte Video, Straits of Magellan, Chiloe, and
Valparaiso).

1827—1839. Quételet, Etat du Magnétisme terrestre
(Bruxelles) pendant douze années. Very exact obser-
vations.

1827. Sabine, Comparison of the relative intensity of
the earlh’s magnetic force in Paris and in London. An
analogous comparison of the force in Paris and at Christiania
was made by Hansteen, 1825 and 1828 (British Asso-
ciation Reports, 1837, p. 19—23). The numerous results
of French, English, and Scandinavian travellers, on the in-
tensity of the horizontal force, were first brought into nume-
rical connection, so as to afford relative values, by means of
these two comparisons, in which intercompared needles were
vibrated at the three above-named places. The relative
numbers found were : for Paris, 1'848 by me ; for London,
1-372 by Sabine ; and for Christiania, 1423 by Hansteen.
All are relative to the intensity of the earth’s magnetic
force at a point of the * magnetic equator” (or line without
inclination), where it intersects the Peruvian Cordillera,
between Micuipampa and Caxamarca in S. latitude 7° 2/,



79 TERRESTRIAL MAGNETISM.

~

and W. longitude 78° 46, and where the intensity is taken
as=1:000. It was to this point (Humboldt, Recueil
&’Observ. astr., T. ii. p. 382—385; and Voyage aux
Régions équinox. T. iii. p. 622) that for forty years the
reductions in all tables of the force were referred as a basis
(Gay-Lussac, in the Mém. de la Soc. d’Arcueil, T. i. 1807,
p. 21; Hansteen uber den Magnetismus den Erde, 1819,
S. 71; Sabine, in the Report of the British Association at
Liverpool, p. 43—58.) It has since been justly objected,
that the point so taken as unity does not afford an appro-
priate general standard, since the line of no inclination(7?)
does not correspond with the points of weakest intensity
in many meridians, and that no point on the earth’s surface
can be taken as a permanent unity, on account of secular
change. (Sabine, in the Phil. Trans. for 1846, Part iii.
p- 254 ; and in the Manual of Scientific Inquiry for-the use
of the British Navy, 1849, p. 17.)

1828—1829. Hansteen and Due’s expedition to Siberia :
magnetic observations in' Buropean Russia and Eastern
Siberia, as far as Irkutzk.

1828—1830. Adolph Erman’s journey through Northern
Asia, and voyages in the Pacific and Atlantic Oceans in
the Russian frigate Krotkoi. The identity of the instru-
ments used, the employment of the same or similar methods
throughout, the exactness of the astronomical determinations
of geographical position, and the whole of the observations
being made by the same thoroughly informed and practised
observer, returning to the same point after having gone
round the globe, are all circumstances which combine in
assigning a high value to this enterprise, executed at
private expense.  (See the General Map of the Declination,
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founded on Erman’s observations, in the Report of the
Committee of Physics of the Royal Society on the occasion
of the Antarctic Expedition, 1840, Plate iii.)

1828—1829. Humboldt’s continnation of the observa-
tions at the solstices and equinoxes with a Gambey’s needle
on horary variation and extraordinary perturbations, begun
in 1800 and 1807 in a magnetic house built expressly
for the purpose at Berlin. Corresponding determinations
made at Petersburg, Nikolajeff, and in the mines at
Freiberg, by Professor Reich, at 216 feet below the surface.
Dove and Riess continued these observations until Nov.
1830, including both declination and intensity of the hori-
zontal force. (Poggend. Annalen, Bd. xv. S. 318—836 ;
Bd. xix. S. 875—391, with 16 Tables; Bd. xx. S. 545—
555.)

1829—1834. The botanist David Douglas, who was
killed at Owyhee by falling into a pit into which a wild bull
had previously fallen, made a fine series of magnetic obser-
vations on the mnorth-west coast of America and in the
Sandwich Islands, including one station on the edge of the
crater of Kiraueah (Sabine, at the British Association
Meeting at Liverpool, p. 27—3?).

1829. Kupffer, Voyage au Mont Elbrouz dans le Cau-
case (p. 68 and 115).

1829. Humboldt, observations on terrestrial magnetism,
together with astronomical determinations of geographical
position, on a journey by command of the Emperor Nicholas
in Northern Asia, from the long. of 11° 8’ to that of
80° 12’ east of Paris, near Lake Dzaisan, and from the lat.
of 45° 43’ (in the Island of Birutschicassa in the Caspian) to
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58° 52" in the northern partof the Oural Mountains at
Werchoturie. (Asie centrale, T. iii. p. 440—478.)

1829. The Imperial Academy of Sciences at St. Peters-
burg consented to my proposition for the establishment of
magnetical and meteorological stations in the most varied
climatic zones of the Russian dominions in Europe and
Asia, and for the erection of a physical central observatory
in the capital of that empire, under the active and able
direction of Professor Kupffer. (Compare Kosmos, Bd. i.
S. 436—439, Anm. 36; Engl. p. 419—421, Note 166 ;
Kupffer, Rapport adressé a ' Acad. de St.-Pétersbourg relatif
3 I'Observatoire physique central fondé auprés du Corps
des Mines, in Schum. Astr. Nachr. No. 726 ; and in the
Annales- magnétiques, p. xi.) = By the unfailing support
given by Count Cancrine, the Minister of Finance, to every
great scientific undertaking, it was found possible to com-
mence a portion of the corresponding observations(72)
from the Crimea to the White Sea, and from the Gulf of
Finland to the shores of the Pacific in Russian America, as
early as 1832. A permanent magnetic station was esta-
blished in Pekin in the old convent which had been periodi-
cally inhabited by monks of the Greek Church since the
time of Peter the Great. A highly informed and scientific
observer, the astronomer Fuss, who had taken the chief part
in the measurements for determining the difference of level
between the Caspian and the Black Sea, was selected to make
the first magnetic arrangements in China. Subsequently,
Kupffer visited the magnetical and meteorological stations
as far eastward as Nertschinsk in long. 117° 16" east from
Paris, in order to compare the instruments established at
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them with the proper standards. The (no doubt) excellent
observations made by Fedoroff, in Siberia, are still unpub-
lished.

1830—1845. Colonel Graham (of the topographical
engineers of the United States): observations on the
magnetic force on the southern boundary of Canada. (Sabine,
in the Phil. Trans. for 1846, Pt. iii. p. 242).

1830. Fuss : magnetic, astronomic, and hypsometric obser-
vations (Report of the Seventh Meeting of the Brit. Assoc.
1837, p. 497—499) on a journey from Iake Baikal
through Ergi Oude, Durma, and the region of Gobi (which
is only about 2500 feet high), to Pekin, in order to
found there the magnetical and meteorological observatory
in which Kovanko has observed for ten years. (Humboldt,
Asie centrale, T. i. p. 8; T. 1. p. 141; T. iii. pp. 468 and
477.)

1831—1886. Captain Fitz Roy, in a voyage of circum-
navigation in the Beagle,” as well as in the survey of the
coasts of the southern extremity of America; observations
with a Gambey’s Inclinatorium, and horizontal needles
received from Hansteen.

1831. Dunlop, Director of the Astronomical Observa-
tory of Paramatta: observations on a Voyage to Australia,
(Phil. Trans. for 1840, Pt. i. p. 133—140).

1831. Faraday’s Induction-currents, the theory of which
has been extended by Nobili and Antinori; great discovery
of the production of light by magnets.

1833 and 1839 are the two important epochs of the first
promulgation of the theoretical views of Gauss:—1. Intensitas
vis magnetice terrestris ad mensuram absolutam revocata,
1833 (p. 3, “élementum tertium, intensitas, usque ad
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tempora recentiora penitus neglectum mansit”); 2. The
immortal work, Allgemeine Theorie des Erdmagnetismus,
in the Resultate aus den Beobachtungen des magnetischen
Vereins im Jahr 1838, herausgegeben von Gauss und Weber,
1839, 8. 1—57, (General Theory of Terrestrial Magnetism,
published in English in Vol. ii. of the Scientific Memoirs,
p. 184—251; and Supp. Vol. ii. p. 318—317).

1833. Barlow’s investigations on the attraction of ships’
iron, and the means of determining its deflecting influence
on the compass ; examination of electro-magnetic eurrents
in “Terellas.” General Maps of the Declination. (Compare
Barlow’s “Essay on Magnetic Attraction,” 1833, p. 89,
with Poisson, “sur les déviations de la boussdle produites
par le fer des vaiseaux,” inthe Mém. de I'Institut, T. xvi. p.
481—b555 ; Airy, in the Phil. Trans. for 1839, Pt. 1. p. 167,
and for 1843, Pt. ii. p. 146; Sabine, in the account of Sir
James Ross’s observations, in the Phil. Trans. for 1849
Pt.ii. p. 177—195.)

1833. Moser, in Poggendorf’s Annalen, Bd. ii. 8. 58—
64, on a method of ascertaining the position and force of
the variable magnetic poles.

1833. Christie on the Arclic observations of Captain
Back, Phil, Trans. for 1886, Pt. ii. p. 377. See also his
earlier and important Memoir in the Phil. Trans. for 1825,
Pt.i. p. 23.

1834. Parrot’s Reise nach dem Ararat (Journey to Mount
Ararat), Magnetismus, Bd. ii. S. 33—64.

1836. Major Estcourt in Colonel Chesney’s Euphrates
expedition. A part of the Force observations was lost in
the steamer *Tigris,” a circumstance which is the more to
be regretted because there is so entire an absence of exact
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observations in this part of Western Asia, and generally
south of the Caspian,

1836. Lettre de M. de Humboldt & S. A. R. le Duc de
Sussex, Président de la Soc. Roy. de Londres, sur les
moyens propres A perfectionner le connaissance du magné-
tisme terrestre par I’établissement de stations magnétiques
et d’observations correspondantes (Avril, 1836). On the
happy results of this application, and its influence in
contributing towards the great Antarctic Expedition of Sir
James Ross, see Kosmos, Bd. i. 8. 438 (Engl. p. 421);
and Sir James Ross’s Voyage to the Southern and Antarctic
Regions, 1847, Vol. 1. p. xii.

1837. Sabine on the variations of the intensity of the
magnetic force of the earth: British Association Reports,
Liverpool Meeting, p. 1—85. This is the most complete
work which has been published on this branch of the subject.

1837-—1838. Establishment of a magnetic observatory
at Dublin by Professor Humphry Lloyd. On the observa-
tions made there from 1840 to 1846, see Trans. of the
R. I. A. Vol. xxii. Pt. i. p. 74—96.

1837. Sir David Brewster: A Treatise on Magnetism,
p. 185—263.

1837—1842. Sir Edward Belcher’s observations in a
voyage to Singapore, the Chinese Seas, and the West Coast
of America: Sabine, in the Phil. Trans. for 1848, Pt. ii. p.
113, 140, 142. The observations of the inclination viewed
mn connection with mine in 1803 indicate a very unequal
progression in the secular change at different places. I
found, for example, the inclinations at Acapuleo, Guayaquil,
and Callao + 38° 48’, +10°42’, and —9° 54’ ; Sir Edward
Beicher, +37° 57, +9°1’,and -9°54’. May the frequent
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earthquakes on the Peruvian coast exert a local influence on
the phenomena of the earth’s magnetic force ?

1838—1842. Wilkes’s Narrative of ' the United States
Exploring Expedition (Vol. i. p. xxi.)

1838. Lieutenant Sulivan’s observations in a voyage from
Falmouth to the Falkland Islands: Sabine, in the Phil.
Trans. for 1840, Pt. i. p. 129, 140, and 143.

1838 and 1839. Establishment of the magnetic obser-
vatories in the two hemispheres at the cost of the British
Government, and under the able direction of Colonel Sabine.
The instruments were sent out in 1839 ; the observations
began at Toronto in Canada, at Hobarton in Van
Diemen Island, and at St. Helena, in 1840, and at the
Cape of Good Hope in 1841. (Sir John Herschel in the
Quarterly Review, Vol. lxvi. 1840, p. 297; Becquerel,
Traité d’Electricité et de Magnétisme, T. vi. p. 173). By
a laborious and profound investigation and treatment of the
rich treasure of observations obtained from these stations,
embracing all the elements or variations of the earth’s
magnetic activity, Colonel Sabine, as Superintendent of the
Colonial Observatories, has discovered laws previously un-
known, and opened new views to science. The results of
his investigations have been published by him in a long
series of memoirs, entitled Contributions to Terrestrial
Magnetism, Nos. I. to IX. (and other detached memoirs)
in the Phil. Trans. as well as in separate volumes, and
constitute an essential part of the foundation of this branch
of cosmical knowledge. I will name only some of the most
remarkable among them. 1. Observations on days of
unusual magnetic disturbance, Vol. i. 1840 to 1844 inclu-
give; and Phil. Trans, for 1851, Pt. i. p. 123—139.
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2. Observations made at the magnetical observatory at
Toronto (N.lat.43°39"; W.long. 79°21"5), Vol.i. 1840,
1841, and 1842; and Vol. ii. 1843, 1844, and 1845.
3. The very different march of the magnetic declination in
the two half-years at St. Helena (8. Jat. 15° 55/, W. long.
5°41') : Phil. Trans. for 1847, Pt. i. p. 54. 4. Observa-
tions made at the magnetical and meteorological observatory
at the Cape of Good Hope, 1841—1846: Vol. i. Magnetism.
5. Observations made at the magnetical and meteorological
observatory at Hobarton (8. lat. 42° 52, E. long. 147°27"5)
in Van Diemen Island, and on the Antarctic Expedition,
Vols. i., ii., and iii., 1841—1852 (on the separation of the
eastern and western disturbances, see Vol. ii. p. ix.—xxxvi.)
6. Magnetic pheenomena in the Antarctic circle, and in Ker-
guelen and Van Diemen Islands: Phil. Trans. for 1843,
Pt. ii. p. 145—231. 7. On the Isoclinal and Isodynamic
Lines in the Atlantic Ocean in 1837 : Phil. Trans. 1840,
Pt.i. p. 129—155. 8. Declination Map of the Atlantic
Ocean, representing the lines of magnetic declination
between 60° N. and 60° S. latitude for 1840 : Phil. Traus.
1849, Pt. ii. p. 173—233. 9. On the means adopted at
the British Colonial observatories for determining the abso-
lute values, secular change, and annual variation of the
magnetic force : Phil. Trans. 1850, Pt. i. p. 201—2109.
(Coincidence shown of the epoch of the Earth’s greatest proxi-
mity to the Sun, with the greatest intensity of the terrestrial
magnetic force in both hemispheres, and with the greatest
amount of inclination, p. 216.) 10. On the isoclinal and
isodynamic lines in the northern parts of the North Ame-
rican continent, and on the geographical position of the
point of maximum force, deduced from the observations of
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tions of Captain Lefroy : Phil. Trans. 1846, Pt. iii.
p- 237—336. 11. On the periodic laws of the disturb-
ances of the declination (magnetic storms) at Toronto in
Canada, and at Hobarton in Van Diemen Island, and on
the accordance of the approximately decennial period of the
magnetic variations depending on the sun, with the also
approximately decennial period, discovered by Schwabe of
Dessau, in the pheenomena of the solar spots: Phil. Trans.
1852, Pt. i. p. 121—124.

1889. Isoclinal and isodynamic lines in the British
Islands, from observations of Humphry Lloyd, John
Phillips, Robert Were Fox, James Ross, and Edward
Sabine. In 1833, the British Association, at Cambridge,
pointed out the importance of systematic observations of
the inclination and force being made in different parts of
the kingdom ; and already, in the summer of 1834, their
wish had begun to be fulfilled by Professor Lloyd and
Colonel Sabine ; in 1835 and 1836 the work was extended
to Wales and Scotland, and in 1838 complete isoclinal and
isodynamic maps of the British Islands were presented to
the British Association, and published in the Report of the
Meeting at Newcastle, p. 49—196.

1838—1843. The important voyages of Sir James Clark
Ross towards the South.Pole, equally admirable for the
knowledge gained thereby of the existence of the much-
doubted Antarctic lands, and for the new light thrown on
the magnetic condition of very-large and important portions
of the earth’s surface. The numerical values of the three
elements of terrestrial magnetism were determined over
almost two-thirds of the area of the higher latitudes of the
Southern hemisphere.  Sir James Ross's magnetic obser-



TERRESTRIAL MAGNETISM. 81

vations have been co-ordinated and published by Colonel
Sabine in the Phil. Trans. for 1848, Art. x., and for 1844,
Art. vii.; and part yet remains to be published.

1839-—1851. Kreil’s observations on the variations of
the three magnetic elements, continued for more than
twelve years at the Imperial Astronomical Observatory at
Prague, and published in annual volumes, with valuable
co-ordinations and discussions.

1840. Hourly magnetic observations with a Gambey’s
declination-needle, made during a ten years’ sojourn in
Chili by Claudio Gay. (See his Historia fisica y politica
de Chile, 1847.)

1840—1851. Lamont, Director of the Astronomical.
Observatory at Munich: Results of his magnetic obser-
vations compared with those of Gottingen, which go back
@ far as 1885 : important law of a decennial period in the
diurnal variation of the declination. {Lamont, in Poggend.
Ann. der Phys. 1851, Bd. Ixxxiv. S. 572—582 ; and Rels-
huber, 1852, Bd. Ixxxv. S.179—184.) The already noticed
conjecture of a connection between the periodical magnetic
variations which follow laws depending upon solar hours
(magnetic storms and diurnal variation), and the periodical
“frequency of the solar spots,” was first made by Col. Sabine,
in the Phil. Trans. for 1852 ; and four or five months later,
but without his having known of Colonel Sabine’s published
paper, by the learned Director of the Astronomical Obser-
vatory at Berne, Rudolph Wolf, in the Schriften der
schweizerischen Naturforscher.(?3) Lamont’s Handbuch
des Erdmagnetismus (1848) contains an account of the

most recent German apparatus and methods of computing
the results of observation.
O IY. | [}
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1840 —1845. Bache, Director of the Coast Survey of
the United States : Observations made at the Magnetical
and Meteorological Observatory at Girard’s College (Phila-
delphia), published 1847.

1840—1842. Lieutenant Gilliss (U.S.): Magnetical and
meteorological observations made at Washington, pub-
lished 1847 (p. 2—319; magnetic storms, p. 836).

1841—1843. Sir Robert Schomburgk : Declination ob-
servations in the forest region of Guyana between Mount
Roraima and the village of Pirara, between the parallels of
4°57 and 8° 89'. (Sabine, in the Phil, Trans. for 1849,
Part ii. p. 217.) :

1841—1845. Magnetical and meteorological observa-
tions made at Madras.

1848—1844. Magnetic observations at Sir Thomas
Brisbane’s observatory at Makerstoun (Roxburghshire,
Scotland), in latitude 55° 84",  (See Transact. of the Royal
Society of - Edinburgh, Vol. xvii. Part ii. p. 188; and
Vol. xviii. p. 46.) :

1843—1849. Kreil on the influence of the Alps on the
manifestations of the terrestrial magnetic force. (Com-
pare Schum. Astr. Nachr. No. 602.)

1844—1845. Expedition of the ¢Pagoda’ to high Ant-
arctic latitudes (64°—67°), E. longitude 2° to 115°, em-
bracing all the three elements of terrestrial magnetism, under
the command of Lieut. Moore, R.N., who had previously
been emploped in the Antarctic Expedition ; the observa-
tions being made jointly by him and Lieut. Clerk, of the
Royal Artillery, who had previously directed the magnetic
observatory at the Cape of Good Hope ;—a worthy comple-
tion of the Antarctic labours of Sir James Clark Ross.
(Sabine, in Phil, Trans. 1846},
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1845. Proceedings of the Magnetical and Meteorological
Conference held at Cambridge.

1845, Observations made at the Magnetical and Me-
teorological Observatory at Bombay, under the superin-
tendence of A. B. Orlebar. The observatory was built in
1841, on the little island of Colaba.

1845—1850. Six volumes of Results of the Magnetical
and Meteorological Observations made at the Royal Ob-
servatory at Greenwich. The magnetic observatory was
built in 1838.

1845. Simonoff, Prof. at Kazan : Recherches sur I’Action
magnétique de la Terre.

1846—1849. Captain Elliot (Madras Engineers) : Mag-
netic Survey of the Eastern Archipelago, sixteen stations,
several months being passed at each, in Borneo, Celebes,
Sumatra, the Nicobar, and the Keeling Islands, and
extending between N. latitude 16° and S. latitude 12°,
longitudes 80° and 125° E. (Phil. Trans. for 1851, Part i.
p- 287—3831, and p. L—clvii.) There are appended maps
of the lines of equal inclination and declination, as well
as of the horizontal and total forece. This work, which
also represents the positions of the magnetic equator, or
line of no inclination, and of the line of no declination, is
one of the most remarkable and comprehensive of modern
times. '

1845—1850. Faraday’s brilliant physical discoveries :
1. On axial (paramagnetic) and equatorial (diamagnetic)
direction assumed by different bodies when freely sus-
pended and placed under external magnetic influences.(74)
(Phil. Trans. for 1846, §2420; and Phil. Trans. for
1851, §2718—2796); 2. On the relation of electro-

G 2
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magnetism to a polarised ray of light, and the rotation of
the polarised ray under the intervention of an altered mole-
colar condition of the substance which is made the conduct-
ing medium both of the ray and of the magnetic current
(Phil. Trans. for 1846, § 2195 and 2215—R2221);
8. On the remarkable property possessed by oxygen gas
(the only one of the gases which is paramagnetic) similar to
that possessed by soft iron only in a much weaker degree,
of assuming polarity under the inducing influence of the
earth, as soft iron does in the presence of a permanent
magnet(75). (Phil. Trans. 1851, § 2297—2967.)

1849. Professor William Thompson, of Glasgow: A
mathematical theory of magnetism, Phil. Trans. for 1851,
Part i. p. 243—285. (On the problem of the distribution
of the magnetic force, compare § 42 and 56, with Poisson,
in the Mém. de IInstitut, 1811, Part i. p. 1; Part ii.
p. 163.)

1850. Airy on the present state and prospects of the
Science of terrestrial magnetism, a fragment of a very
promising essay.

1852. Kreil, Influence of the Moon on the magnetic
declination at Prague in the years 1839—1849. On the
earlier labours of this exact observer, and on his first con-
jectures regarding the lunar infiuence, see Osservazioni sull’
intensita e sulla direzione della forza magnetica istituite negli
anni 1836—1838, all’ 1. R. Ossexrvatorio di Milano, p. 171 ;
aud his Mag. und Met. Beobachtungen zu Prag, Bd.' i
S. 59.

1853. Faraday on lines of magnetic force, and their
definite character.

1853. Sabine: on the lunar diurnal variation of the
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Declination at Toronto, St. Helena, and Hobarton. (Phil.
Trans. 1853.) >

1853—1854. Sabine’s new proofs from the observations
at Toronto, Hobarton, St. Helena, and the Cape of Good
Hope (from 1841 to 1851), of the character of the annual
variation superimposed upon the mean diurnal variation of
the Declination, and of the correspondence of its semi-
annual epochs with those of the Sun’s passage of the Equator.
(Toronto Observations, Vol. ii. p. xxii.; and Proceedings of
the Royal Society of London, May 1854.)

The preceding chronological enumeration of the advances
which have been made in our knowledge of terrestrial mag-
netism in the course of the last half-century (during which
T have myself uninterruptedly devoted the warmest interest
to the subject) shows that they have had a two-fold character.
The most considerable portion of these labours is that which
has been devoted to the observation of the manifestations
of the earth's magnetic activity, and to their variations
according to time and place; the smaller portion has been
-given to experiments, or to the calling forth of phaenomena
promising to conduct us to a comprehension of the essential
nature of the activity so manifested. These two lines of
research,—on the one hand, that of observation of the
manifestations of terrestrial magnetism (in direction and
force), and on the other, that of physical experimentation
on magnetic force in general,—have acted and reacted on
each other, and have concurrently animated and carried
forward our knowledge of Nature. Observation alone,—
independent of any hypothesis on the causal connection of
the phenomena, or on the as yet immeasurable and
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unsesrchable reciprocal action of molecules in the interior
of substances,—has led to important numerical "laws ; and
the admirable sagacity of experimenting physicists has
succeeded in discovering, in solid and gaseous substances,
previously wholly unsuspected polar properties peculiarly
connected with temperature and with atmospheric pressure.
Important and undoubted as are these discoveries, they
cannot, in the present state of our knowledge, be yet
regarded as affording satisfactory bases of explanation of
the laws derived from the observations of the terrestrial
magnetic phenomena. The surest means of exhausting the
measurable variations as respects space, and of enlarging
and completing the mathematical theory of terrestrial mag-
netism, so grandly sketched by Gauss, is to prosecute
continuously successive determinations of the three mag-
netic elements at well-chosen points of the globe, each such
determination referring to a definite epoch. ~ The anticipa-
tions which I have myself formed of the great results which
will follow hereafter from the combination of experiment
with mathematical reasoning, have been already touched
upon in the earlier pages of the present volume.(76)

We look in all the physical pheenomena which take place
on our planet, for cosmical connection. The word Planet
of itself leads us to dependence on a central body, and to
connection with a group of heavenly bodies of very various
magnitudes, probably having all the same origin. The
influence of the Sun’s position in the heavens on the
manifestation of the Karth’s magnetic force was very early
recognised ;—most clearly, in the discovery of an horary
variation in the declination of the needle; more obscurely,
in the conjecture formed by Kepler, a century before, of the
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axes of all the planets being directed towards the same
quarter. Kepler said expressly, “that the sun may be a
magnuetic body, and that the force which moves the planets
may therefore reside in the sun.” (77)  Mass-attraction
and gravitation appear here under the symbol of magnetic
attraction. Horrecbow,(78) who did not confound gravi-
tation with magnetism, was the first who termed the solar
light “a perpetual Aurora in the sun’s atmosphere, pro-
duced by magnetic forces”” In more modern times (and
the difference is important), the views which have been
formed respecting the modus operands of the sun’s action
have diverged into two distinct classes.

It has been considered either that the sun, without being
itself magnetic, acts on the magnetism of the earth solely
through the medium of its effects in causing variations of
temperature (this has been the view entertained by Canton,
Ampere, Christie, Lloyd, and Airy),—or, as supposed by
Coulomb, that the sun being enveloped in a magnetic atmo-
sphere(79) influences the magnetism of the earth by direct
action. Faraday’s striking discovery of the paramagnetic
property of oxygen would indeed remove one great difficulty
opposing the first-named view, 7. e. the difficulty of supposing
with Canton that the sea and the solid crust of the earth
have their temperature instantaneously and considerably raised
by the passage of the sun over the meridian of the place ;
but on the other hand, Colonel Sabine's very extensive
combination and sagacious discussion of all the facts of
observation have led to the result, that the periodical varia-
tions in the earth’s magnetic activity do not correspond to,
and therefore cannot be assumed to be caused by, the peri-
odic variations of temperature which take place within the
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part of the atmosphere accessible to our observation. Neither
the principal epochs of the diurnal and annual variations of
the declination (the annual have been accurately represented
for the first time by Sabine from a vast body of observa-
tions), nor the periods of the mean intensity of the earth’s
force, (30) agree with the periods of maxima or minima in
the temperature either of the atmosphere or of the
earth’s outer crust.  The turning-points in the most
important magnetic phenomena are the solstices and the
equinoxes.

The epoch at which in both hemispheres the intensity
of the earth’s force is greatest, and the direction of the
dipping-needle is most nearly vertical, is that of the
greatest proximity of the Farth to the Sun,(®!) when also
the Earth has the greatest velocity in its movement of trans-
lation in its orbit. But at the period of perihelion
(D ecember, Jannary, and February), and at that of aphelion
(May, June, and July), the circumstances of temperature
in the two hemispheres, northern and southern, are diame-
trically opposed to each other: it follows, therefore, that the
turning-points, or change from decreasing to increasing
magnetic force, and wice-versd, cannot be ascribed to the
. sun as the source of heat.

Annual mean values derived from the observations at
Munich and Géttingen have led the active director of the
Royal Bavarian Observatory, Lamont, to infer the remark-
able law of a variation-period of 10} years in the amount of
the mean diurnal variation of the magnetic declination in
different years.(32) In a series lasting from 1841 to 1850,
the monthly means of the variations of the declination
attained their minimum in 1843} and their maximum in

’
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1848}, and this in a very regular manner. Without his
being aware of these results, the comparison of the monthly
means of the same years, 1843—1848, derived from obser-
vations taken at places separated from each other by almost
an entire diameter of the globe (Toronto in Canada, and
Hobarton in Van Diemen Island), had led Colonel Sabine
to infer the existence of a similar variation-period in the
frequency and amount of the magnetic disturbances or
storms. He suggested that a purely cosmical cause might
be found in the perturbations observed to take place in the
sun’s atmosphere with a frequency varying according to the
same approximately decennial peribd.(83) Schwabe, the
most diligent observer of the solar spots among asironomers -
now living, had found (as I have related in a preceding
volume), (3) in a long series of years, from 1826 to 1850,
a periodical variation in the frequency of the spots, the
maxima falling in the years 1828, 1837, and 1848 ; and
the minima in the years 1833 and 1843. “I have not,”
he adds, “had the opportunity of examining a continuous
series of older observations, but I willingly subscribe to the
opinion that this period may itself be a variable one.”. An
analogy to such “periods within periods” as are here
supposed, is presented to us in the luminous processes of
other self-luminous celestial bodies or suns, as in the very
complicated periodicity of the variations in the light of
B Lyre and Mira Ceti, investigated by Goodricke and
Argelander. (*%)

If we consider with Sabine, that the magnetism of the
Sun manifests itself in the increased magnetic force of the
Earth at the time of her perihelion (i. e. when she is nearest
to the Sun), we may be the more surprised that, according
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to Kreil’s extensive investigation of the Moon’s magnetic
influence no sensible difference according to the varying
phases of the Moon, or to her different distances from the
Earth, has yet been found. It would seem asif the near
proximity of the Moon, as compared with the Sun, does not
compensate for the smallness of her mass. The principal
result(®6) of the examination which has been made into the
magnetic influence of our satellite, which, according to
Melloni, shows only afaint trace of thermal influence, is
that the magnetic declination observed at the surface of our
globe undergoes, in the course of a lunar day, a regular
variation, attaining two maxima and two minima. Kreil
remarks very justly, that <“if the Moon produces at the
surface of the Earth no sensible increase of temperature”
(?. e. no increase cognisable by our ordinary thermometers),
“ she cannot produce any variation in the Earth’s magnetic
force by thermal agency ; and if, therefore, we do, neverthe-
less, find such a variation, we must conclude that it is
produced by some mode of action other than thermal.” In
all actions which do not present themselves at once as the
unmistakable results of a single cause, we can only, as here
in the case of the Moon, recognise their independent exist-
tence after carefully excluding, or eliminating, many extra-
neous disturbing elements.

But although at the present time the magnetic variations
of largest amount, and of most decided character, are not, it
must be admitted, satisfactorily explained by the maxima
and minima of the variations of temperature, it is yet scarcely
possible to doubt that when, at some future but.not dis-
tant period, there shall be a more complete and deeper
insight into the whole process of magnetic action, the great
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discovery of the polar properties of the oxygen of the atmo-
sphere which surrounds our globe will present an element
in the explanation which shall then be given of the genesis
of that process. It is hardly conceivable that in the
harmonious concurrent action of all natural forces this
property of oxygen, and its modification by changes of
temperature, should have no share in calling forth magnetic
phenomena. If, in accordance with the conjecture expressed
by Newton, the substances belonging to the same planetary
system are, in all probability, for the most part the same, (87)
we may also be led, by inductive reasoning, to surmise that
the endowment of gravitating matter with electro-magnetic
activity is not confined to our own globe. To assume the
contrary, would be to impose arbitrarily dogmatic limits on
cosmical views. Coulomb’s hypothesis respecting the influ-
ence of the magnetic sun on the magnetic earth is certainly
not opposed to any analogy furnished by the knowledge we
have as yet acquired.

If we now pass to the purely objective representation of
the magnetic pheenomena presented to us by the Earth, at
the different parts of its surface, and in its different positions
relatively to the Sun, we must distinguish, in the numerical
results of observation, the variations which are included
within short periods, from those which extend over very long
periods.  All are intermingled and intersecting, like circles
of undulation in fluids to which a movement is given, some-
times reinforcing, and sometimes partially or wholly com-
pensating and destroying each other. °

In the geographical distribution of the pheenomena, there
present themselves more particularly to our notice :—
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Two magnetic poles, one in each hemisphere, at un-
equal distances from the earth’s poles of rotation : these
are points on the earth’s surface at which the magnetic
inclination is 90°, and at which, therefore, the horizontal
force vanishes.

The magnetic equator: ¢. e. the curve or line encompass-

" ing the earth, on which the inclination of the needle is 0°.

Lines of equal declination, and on which the declina-
tion of the needle is 0° (isogonic lines, and lines of no
declination).

Lines of equal inclination (isoclinal lines).

Four points of greatest intensity of the earth’s
maguetic force ; two, of unequal strength, in each hemi-
sphere. :

Lines of equal terrestrial magnetic force (isodynamic
lines).

The undulating line which connects those points at
which the force is weakest in each meridian, and which
has, on that account, been termed a “ dynamic equator,”
or “equator of force.” (%) Tt does not coincide either
with the geographical or the magnetical equator.

The boundaries of the zone (generally of very weak
magnetic force), in which the horary (or diurnal) varia-
tions of the needle at certain hours of the day conform,
during one part of the year to the diurnal variation of
the pheenomena in the northern, and during the other

-part of the year to those of the southern, magnetic
hemisphere ;(%9) taking part, therefore, alternately in the
variations of both hemispheres.

In this enumeration I have reserved the word ¢ pole”
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exclusively for the two points on the earth’s surface at
which the horizontal force vanishes ; because (as has been
already remarked) these points, in which the maxima of
force are not situated, have occasionally, in modern times,
been confounded with the four points of maximum intensity
of the earth’s force.(9°) Gauss has also shown that it is
objectionable to give the mame of ““magnetic axis of the
carth” to the cord connecting the points above-named, at
which the inclination of the needle at the surface of the
globe is 90°.(%') The various points and lines which
have been thus noticed are so connected with each other,
that we are enabled to describe the complicated phaenomena
of terrestrial magnetism under three heads only, or as
belonging to three « elements” or manifestations of one and
the same activity, or force ; termed respectively,—magnetic
“force,” “ inclination,” and * declination.”

Intensity of the Magnetic Force.

The recognition and examination of this, the most
important element of terrestrial magnetism, by the direct
measurement of the strength of the total force, did not
follow, until after considerable delay, the recognition and
examination of the direction of the same force measured in
the horizontal and vertical planes (declination and inclina-
tion). Experiments in which a magnetic needle is made to
vibrate for the purpose of inferring from the duration of the
vibrations the intensity of the magnetic force, were first
brought into use towards the close of the last century:
during the present century they have been constantly and
earnestly prosecuted. Graham, in 1723, measured the
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vibrations of his dipping-needle, with the view of examining
whether they were constant,(92) and of ascertaining the
ratio of the directive force to the force of gravity. The
first attempt to determine, by the number of vibrations
performed in equal times, the comparative force of magne-
tism at points of the earth distant from each other, was
made by Mallet, in 1769. With very imperfect instru-
ments, he found no difference in the number of vibrations
performed in the same interval of time at St. Petersburg
in lat. 59° 56', and at Ponoi, in lat. 67° 4/,(%3) whence
arose the erroneous opinion, which continued to the time of
Cavendish, that the intensity of the earth’s magnetic force
is the same in all latitudes. Borda, indeed, as he has often
related to me, on theoretical grounds never shared in this
error, nor did Le Monnier; but Borda himself, in his expe-
dition to the Canaries in 1776, was prevented by the
imperfection of his dipping-needle (friction on its pivots)
from discovering any differences of magnetic force at places
distributed over an interval of 85° of latitude,—Paris,
Toulon, Santa Cruz in Teneriffe, and Goree (Voyage de la
Pérouse, Vol. i. p. 162). By the aid of improved instru-
ments, these differences were found for the first time in the
ill-fated expedition of La Pérouse, in the years 1785 and
1787, by Lamanon, and were communicated by him from
Macao to the Secretary of the Paris Academy ; but, as Thave
already remarked (p. 63), they remained till a much later
period, unnoticed, and buried in the Archives of the
Academy.

The first published observations of the variation of the
force (which were also begun at Borda’s request) were my
own, made in my travels to the equinoctial regions of
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America in the years 1798—1804. Still earlier results on
the earth’s magnetic force had been obtained by my friend
De Rossel in 1791 and 1794 in the Indian Seas, but they
were not printed until four years after my return from Mexico.
In 1829 I had the advantage of being enabled to add to my
determinations of the magnetic force and inclination, so as
to make them extend over 188° of longitude (or more than
half the circumference of the globe), viz. from the shores of
the Pacific Ocean eastward to the Siberian frontier of the
Chinese territories, two-thirds of the interval being across
the interior of continents. The differences of latitude were
from 60° N. to 12° S., or 72°

If, in examining the distribution of the magnetic foree over
the surface of the earth, we consider carefully the direction of
the successive isodynamic lines (or curves of equal magnetie
force) enclosing each other, and proceed from the outer or
weakest force to the inner curves of successively stronger
force, we find in each hemisphere, at very unequal distances
both from the poles of the earth and the magnetic poles,
two points, or, as they have been called, ¢ foci,” of maximum
force, one stronger and the other weaker. Of these four
points on the earth’s surface, we find, taking the northern
hemisphere first,(94) the strongest (the American focus) in
lat. 52° 19/, and long. 91°:58 W. ; and the weaker (often
termed the Siberian focus) in lat. 70° N., long. 120° E.,
or perhaps a few degrees less easterly. Erman, in 1829, in
travelling from Parchinsk to Iakutzk, found the curve of
greatest intensity (1'721<2) near Beresowski Ostrow, in long,
117° 53" E., lat. 59° 44’ N.); Erman, Magnet. Beob.
S. 172 and 540 ; Sabine, in the Phil. Trans. for 1850
(Pt. i. p. 218). Of these two determinations, that of the
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American focus is the more secure, particularly in respeet to
latitude : “the longitude,” it is said, “is probably rather
too westerly ;” it places the oval which encloses the stronger
of the two northern foci in the meridian of the western end
of Lake Superior. We are indebted for this determination
to the important land expedition in 1848 of Captain
Lefroy, of the British Royal Artillery, formerly Director of
the St. Helena, and since of the Toronto, Magnetic Obser-
vatory. “The junction of the two loops of the lemniscate
appears to be situated north-east of Behring’s Straits, some-
what nearer to the Asiatic than to the American focus.”
‘When, in 1802, on the Peruvian chain of the Andes
(between Micuipampa and Caxamarca, in lat. 7° 2 8. and
long. 81° 8" W, from Paris), I intersected the magnetic
equator or line on which the inclination is 0, and when I
found the magnetic force increase as I proceeded either to
the north or to the south from this remarkable spot,—there
being at that time, and long afterwards, an entire absence
of all other points of comparison,—I wasled by an erroneous
generalisation of these, the only data which observation
then presented, to believe that the earth’s magnetic force
would be found to increase continuously from the magnetie
equator to each of the magnetic poles, or points of 90°
inclination, which I thought were probably also the points
of greatest terrestrial magnetic force. When we come for
the first time on the trace of a great natural law, the views
first taken almost always require some subsequent rectifica-
tion. Sabine(%) has shown, by his own observations (made
through an extensive range of latitude, in the years 1818 fo
1822), and by a careful combination of these with those of
many other observers (experiments of vibration with vertical
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and lhorizontal needles having become more and more
general), that the magnetic force and the inclination undergo
very dissimilar modifications,—that the minimum of force
is in many places considerably distant from the line of no
dip; and even, that in the northern part of Canada and
the Hudson Bay territories, in the meridian of about 92° or
93° W. long., the intensity of the magnetic force, instead
of increasing, decreases from about the lat. of 52° to the
magnetic pole in lat. 70°. At the Canadian focus of
greatest magnetic force in the northern hemisphere, deter-
mined from Lefroy’s observations, the inclination of the
needle, in 1845, was only 73° 7', and in both hemispheres
the maxima of magnetic force are found associated with
inclinations much less than 90°.(%)

Excellent and abundant as are the observations of mag-
netic force which we owe to the expeditions of Sir James
Ross, and Captains Moore and Clerk, in the Antarctic Seas,
yet there still remains much doubt respecting the positions
of the stronger and the weaker focus in the southern Lemi-
sphere.  James Ross crossed the isodynamic curves of
highest value in several places, and after a careful discussion
of his observations Sabine places the one focus about the
lat. of 64° S.,.long. 137° 30" E. Ross himself, in the
narrative of his great voyage,(*”) supposes the one focus to
be in the vicinity of the Terre Adélie discovered by 1)’Ur-
ville, or in about lat. 67° S., long. 140° E. He thought
he was approaching the other focus in 60° S. lat., and 125°
W. long. ; but was afterwards inclined to place it consider-
ably farther to the south, nearer the magnetic pole, and
therefore in a more easterly meridian. (%)

VOL. IV. I
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After assigning the positions of the four maxima of
magnetic force, it remains to give the ratio of their
respective degrees of intensity. These are stated either
according to the old relative and arbitrary scale which,
has been so often alluded to, 7. e. by comparison with the
intensity found by me at the above-mentioned point of the
magnetic equator in lat. 7° 2’ 8., and long. 81° 8’ W. from
Paris,—or in absolute measure, as first proposed by Poisson
and Gauss(%9). 1In the relative scale in which the force
observed by me on the magnetic equator is taken as
=1-000, the magnetic force in Paris and in London, (em-
ploying the determination of the ratio of the force in Paris
to that in London made in 1827, and mentioned in
p. 71 of the present volume), is 1:348 in Paris, and
1-872 in London. These numbers converted into the abso-
lute scale would be about 1020 and 10°38; and the force
observed by me in Peru, and taken as =1-000 in the arbi-
trary scale, would be, according to Sabine, 7:57 ; this is
higher, therefore, than the force at St. Helena, which is 64
in the same absolute scale. All these numbers have still to
undergo further alterations on account of the different years
in which the comparisons were made: in both scales, the rela-
tive or arbitrary, and the absolute (the latter being the pre-
ferable scale), the above data are to be regarded simply as pre-
visional ; but even with their present imperfect degree of
exactness they cast a clear light on the distribution of the
terrestrial magnetic force,—an element concerning which,
half a century ago, the most entire ignorance prevailed.
They have also the very great cosmical value of presenting
historic points of commencement from whence to date those
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changes which future centuries shall manifest,—changes
depending, it may be, on the influence produced by the mag-
netie force of the sun on the magnetism of the earth.

In the northern hemisphere the determination of the force
at the strongest or Canadian focus (lat. 52° 19’, long.
92° W.), by Lefroy, is the most satisfactory. It is expressed
in the relative scale by 1:878, the force in London being
1-372; and in the absolute scale by 14:21(1%). Even so
far south as New York, in lat. 40° 42°, Sabine had found
the magnetic force not much less than at the maxzimum,
viz. 1-803. At the weaker northern focus, the Siberian
one (lat. ? 70°, long. 120° E.), the force was found, in the
relative scale, by Erman, 1:74, and by Hansteen, 1:76; or,
expressed in absolute measure, 13-3. The Antarctic Expe-
dition of Sir James Ross has taught us, that the difference of
force between the two foci of the southern hemisphere is
probably less than between the two foci of the northern
hemisphere; and that the intensity of the force is itself greater
at each of the southern foci than at either of the northern
foci. The intensity of the force at the stronger southern
focus (lat. 64° 8., long. 137° 30" E.) is in the relative
scale at least 2:06, (') in the absolute scale 15-60 : at the
weaker southern focus,(1®®) lat. 60° 8., long. ?125° W,
still, aceording to Sir James Ross, it is in the relative scale
1-96, and in the absolute 14:90. The greater or less
distance apart of the two foci in the same hemisphere is
recognised as an important element of their individual
strength and of the whole distribution of the magnetic force
at the surface of the earth. ¢ Although the foci of the
southern hemisphere present a strikingly greater magnetic

force (in absolute measure 1560 and 14-90) than those of
H 2
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the northern hemisphere (14-21 and 13'30), yet the mag-
netic force of the one hemisphere is not to be regarded as
greater on the whole than that of the other.”

It is quite otherwise, however, if we divide the earth into
an eastern and a western hemisphere by a great circle
formed by the meridians of 100° and 280° E. long., so
- that the eastern (and the more continental) hemisphere shall
comprehend South America, the Atlantic Ocean, Europe,
Africa, and Asia almost to Lake Baikal; and the. western
(which is the more oceanic and insular) shall contain
almost the whole of North America, the Pacific Ocean,
New Holland, and the eastern part of Asia. These meri-
dians are, the one about 4° west of Singapore, the other
13° west of Cape Horn; the latter being also thie meridian
of Guayaquil. In this division all four foci of maximum
magnetic force, and even the two magnetic “poles themselves,
all belong to the western and more oceanic hemisphere. (193)

Adolph Erman’s important observation of the least or
minimum magnetic force m the Atlantic Ocean, on the
east side of the Province of Espiritu Santo in Brazil (lat.
20° S., long. 85° 02" W.), has been already referred to in
Vol. 1.(1*%).  He found in the relative scale 0706 ; in the
absolute, 5:35. This region of weakest intensity was also
crossed twice by the Antarctic Expedition of Sir James
Ross, (1) between latitudes 19° and 21° S., and by Lieute-
nant Sulivan and Mr. Dunlop, on the passage from England
to the Falkland Islands.(106) Sabine has represented the
curve of least magnetic force [corresponding to the year
1840], which Ross terms ¢ the equator of least intensity,”
on the 1sodynamic map of the whole Atlantic Ocean, draw-
ing it from shore to shore. It cuts the west coast of Africa
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at the Portuguese colony of Mossamedes (lat. 15° S.),
has its concave summit in the middle of the ocean in lung.
18° W., and touches the Brazilian coast in 20° 8. lat.
Future observations will show more clearly whether there
may not also be a region of comparatively weak magnetic
force (0-97 of the arbitrary scale) to the north of the
equator in 10° to 12° N. lat., and about 20° to the east of
the Philippines.

According to the data at present possessed, T believe L
have little to alter in the ratio given in Vol. I. of the weakest
to the strongest terrestrial magnetic force. It falls between
1:2} and 1:3, but nearest to the latter; some
diversity of statement being caused by alterations having
veen rather arbitrarily made, sometimes in the minima only,
and sometimes in both minima and maxima at once.(107)
Sabine(108) has the great merit of having first called atteu-
tion to the importance of the ¢ dynamic equator,” (the curve
of least intensity of the magnetic force). “This eurve, which
undulates in its progress round the globe, connects the
points in each geographical meridian at which the earth’s
magnetic force is least, the force increasing everywhere in
receding from it on either side towards the higher latitudes
of the two hemispheres. It marks the physical separation
between the two magnetic hemispheres more decidedly than
does the line of no dip, on which the direction of the
magnetic force is perpendicular to the direction of gravity.
For the theory of magnetism all that relates to the force
has a more immediate bearing than what relates to the
direction of the needle, either in the horizontal or vertical
plane ; those planes, although necessarily used by us both
in observation and discussion, not having in themselves
any direct relation to mugnetism. The inflexions of the



102 TERRESTRIAL MAGNETISM,

dynamic equator are complex, because they depend on forces
which have four points or foci of greatest intensity which
_ are unsymmetrically distributed on the surface of the globe,
and are of unequal strength. The most remarkable of these
inflections is the great convexity towards the southern pole,
in the Atlantic Ocean, between the coast of Brazil and the
Cape 6f Good Hope.”

Does the intensity of the terrestrial magnetic force
diminish sensibly at accessible distances above the surface
of the earth? or increase sensibly in descending below that
surface? The problem which these questions propose for
solution is an exceedingly complicated one, in so far as it
has to be determined by observations made above or below
the ordinary level of the earth’s surface. In attempting to
solve it by means of mountain journeys or descents into mines,
the facts that the upper and lower stations of observation are
seldom situated vertically in respect to each other,—that the
observations are frequently influenced by the character of the
rocks and the presence perhaps of hidden mineral veins,—and
that the fluctuations, regular or irregular, of the magnetic
force itself, where the observations are not strictly simulta-
neous, require to be allowed for ;—are all circumstances which
are likely to affect the results(198), and to cause to be ascribed
to differences of height or depth what may be by no means
due to them. Among the numerous mines which I have
visited, descending to considerable depths, in Europe, Peru,
Mexico, and Siberia, I have never found localities which were
suited to inspire me with confidence in reference to this ques-
tion :(1®) it must also be remembered, that considering the
normal plane to be that of the level of the sea (viewed as the
mean general surface of the terrestrial spheroid), many mines,
thoueh offerine cons<iderable denths below the surface of the
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ground, never can reach the sea-level. Thus the works in
the Joachimsthal, in Bohemia, have reached 2000 feet of
absolute descent, but the lowest part is still 250 feet above
the sea.(119)  Agrostatic ascents offer very different and far
more favourable conditions. Gay-Lussac ascended to 21600
French feet above Paris, a height eleven times greater than
the greatest dep?/ attained in Furope, (speaking even merely
of depth beneath the surface of the ground, without
reference to the level of the sea). The results of my own
mountain observations between the years 1799 and 1806
led me on the whole to rcgard a decrease of force in ascend-
ing as probable, although, (perhaps from the perturbing
causes above alluded to), several amongst them gave indica-
tions of a contrary character. I have placed together in a
note, (') data obtained by me in the course of 125 determi-
nations of magnetic force in the chain of the Andes, in the
Alps, and in Ttaly and Germany. My observations extended
from the level of the sea to the limits of perpetual snow, and
to a height of 14960 French, or 15944 Xnglish, feet ; but
the greatest elevations did not give the most assured results.
The most satisfactory among them are afforded by the steep
declivity of the Silla de Caracas, 8100 French feet above
the closely-adjacent coast of La Guayra; the Santuario de
Ntra Sra de Guadelupe, on the summit of a limestone cliff
rising immediately - above the town of Bogota, giving a
difference of elevation of 2000 feet; and the volecano of
Purace, 8200 French feet above the Plaza Mayor of the
town of Popayan. Kupffer(!'?) in the Caucasus, Forbes in
many parts of Europe, Laugier and Mauvais on the Canigou,
Bravais and Martins on the Faulhorn, and in their adven-
turous sojourn very near the summit of Mont Blane, have
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indeed all remarked a decrease of magnetic force with increas-
ing elevation. It would seem, from the general discussion by
Bravais, asif the decrease were greater in the Pyrenees than
in the Alps.(113)

Quételet’s entirely opposite results, obtained in a journey
from Geneva to the Col de Balme and: the great St. Ber-
nard, render it donbly desirable that in order to obtain a
finally decisive reply to so important a question, recourse
should be had to the only effectual means, i.e. balloon
ascents, in which the surface of the earth is quitted alto-
gether, (a step taken so long ago as 1804, by Gay-Lussac,
first conjointly with Biot on the 24th of August, and then
alone on the 16th of September), and that a consecu-
tive series of experiments should be thus made. The time
of vibration of needles carried in agronautic ascents to
elevations of eighteen or twenty thousand feet and upwards,
can only be made to afford just inferences respecting the
degree of the earth’s magnetic force propagated through the
free atmosphere, when the temperature correction of the
needles employed is determined with great precision both
before and after the ascent. The neglect of any such correction
caused it to be erroneously inferred from Gay-Lussac’s
experiments that the magnetic force remains unaltered to an
elevation of 21600 feet ;(114) whereas the experiment really
went to indicate the decrease of the force, since the colder
temperature of the higher region must be supposed to have
acted in accelerating the vibrations of the needle.(115)
Neither ought Faraday’s brilliant discovery of the paramag-
netic force of oxygen to be left out of view in considering
the subject before us. That great physicist calls attention
to the consideration, that the cause of the diminution of the
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magnetic force in the higher strata of the atmosphere should
not be looked for solely in the increased distance from the
source of the force, the solid terrestrial globe,—but may
with ne less probability be sought in the exceedingly rarefied
state of the air at those elevations, whereby the quantity of
oxygen contained in a cubic foot of atmospheric air is much
less than at the surface of the earth. It appears to me that
we should not be justified in extending this supposition
further, than to say that the diminishing paramagnetic
property of the oxygen with increased rarefaction of the
air, at increased elevations, may be a concurrent modifying
cause of the phenomenon in question. Modifications of
temperature and of density, by the action of ascending
aérial currents, will, again, modify the measure of this con-
current action ;(116) and disturbing influences thus assuming
a variable and local character, will act in the atmosphere as
do the different kinds of rock at the surface of the earth.
At every cheering step in advance towards the better know-
ledge of the constituents of the gaseous envelope of our
planet, and their physical properties, we become awarc of
fresh liabilities to error amidst the varying concurrent action
of forces, and are admonished thereby of the need of still
greater caution in arriving at conclusions.

The intensity of the earth’s magnetic force measured at
determinate points of the earth’s surface, has (like all the
other phznomena of terrestrial magnetism) its hourly, and
also its secular variations. The former were distinctly re-
cognised in Parry’s third voyage, by that distinguished
navigator, and by Lieutenant Foster, in 1823, at Port
Bowen. In the middle latitudes the increase of the inten-
sity of the magnetic force from the morning to the evening
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had been the subject of very careful examination by Chris-
tie,(*17) Arago, Hansteen, Gauss, and Kupffer, But as,
notwithstanding the great improvements in the construction
of dipping-needles, their time of vibration in the wertical
plane could not be ascertained with the same accuracy as
that of needles vibrating in the horizontal plane, a know-
ledge of the horary variations of the total force could not
be obtained from the latter, without a more exact knowledge
of the horary variations of the ¢nclination than could be
gained by the instrumental means in use before the existence
of the magnetic observatories.  The establishment of
magnetic stations in the northern and southern hemi-
spheres has since afforded the great advantage of supply-
ing results at once the most numerous and the best
assured, with magnetometers measuring the horary varia-
tions of the horizontal and vertical components of the
force, and thus enabling their theoretical equivalents,
the horary variations of the inclination and of the total force,
to be learnt. It will be sufficient here to consider two
of these stations,(118) both extra-tropical, and situated
at nearly equal distances on eitherside of the equator ; viz.
Toronto in Canada, in 43° 32" N. lat., and Hobarton in
Van Diemen Island in 42° 58" S. lat.; their difference of
longitude being- about 15 hours. In the simultaneous
system of hourly observations, the observations of the
winter months of the one station are made during the
summer of the other, and the greater part of the night
observations at the one correspond in like manner to the
day observations at the other. The declination is at
Toronto 1° 83’ W., and at Hobarton 9° 57" E. ; the incli-
nation and force at the two stations are very similar, the
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dip of the north end of the needle at Toronto being 75° 15,
and that of the south end at Hobarton 70° 84”,—and the
total force in absolute measure 1890 at Toronto, and 13-56
at Hobarton. Of these iwo so well-chosen stations, the
Canadian shows, according to Sabine’s investigation,(11°)
four, and that of Van Diemen Island only two, turning-
points in the diurnal variation of the total force. At Toronto
there appears to be a principal maximum at 5 h., and a prin-
cipal minimum between 15 h. and 16 h.; with a weaker
secondary maximum varying in different months from 18 h.
to 20 h., and a weaker secondary minimum at 22 h. or 23 h.
At Hobarton, on the other hand, the intensity of the force
follows a single progression from a maximum between 5 h.
and 6 h. to a minimum between 20 h. and 21 h. ; although
the inclination at that station has, as at Toronto, four
turning-points.(***) By combining the variations of ineli-
nation with those of the horizontal force, Sabine has found
that at both stations the total force is greatest from October
to February, and least from April to August; October to
February being months of winter at Toronto, and of summer
at Hobarton ; and April to August being months of summer
at Toronto and winter at Hobarton. He thence infers that
it is not to differences of temperature that we should ascribe
these variations, and suggests that the increase of the total
magnetic force in both hemispheres during the months
when the Sun is in the southern signs, may be caused by the
greater proximity of the Earth in that portion of her orbit to
~ the Sun acting as a magnetic body.(12!) At Hobarton, the
intensity of the force is in the summer of that station in
absolute measure 13°574, and in winter 13:543. The
secular change of the total magnetic force rests as yet on
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the observations of very few years. The comparison of my
results with those of Rudberg, in the years 1806 and 1832,
would indicate for Berlin a small decrease.(122)

Inclination.

- We are indebted for the knowledge we possess of the
geographical position of both the magnetic poles where the
Inclination is 90° to the observations and scientific activity
of one and the same adventurous navigator, Sir James Ross':
in the north, in the second expedition(1?) of his uncle Sir
John Ross, (1829 to 1838), and in the south in the Antaretic
expedition commanded by himself (1839—1843). According
to his observations, the northern magnetic pole (in 70° 5’ N.
lat., 96° 43" W. long.) is five degrees of latitude further from
the pole of the earth than the southern (75° 5" S. lat.,
154° 10" E. long.) ; and the difference of longitude between
the two magnetic poles is 109°. The northern pole is situ-
ated on the large island of Boothia Felix (very near the
American continent), a part of which had been previously
called by Captain Parry, North Somerset. The observations
of Sir James Ross place the pole, at the date referred to, at a
short distance from the western coast of Boothia Felix, not
far from Cape Adelaide, which projects between King
William’s Sca and Victoria Strait.(1*4) The south magnetic
pole has not been, like the northern one, directly reached.
On the 17th of February, 1841, Sir James Ross in the
¢ Erebus,” attained 76° 12’ S. lat. in the meridian of
168° 02" E. long., but the magnetic inclination did not
exceed 88° 40’ so that the south magnetic pole was supposed
to be still 160 English nautical miles distant.(**5) Numerous
and very exact observations of declination, (determining the
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intersection of the magnetic meridians), render it very
probable that the present position of the south magnetic
pole is in the interior of the great Antarctic land called
South Victoria, west of the Albert Mountains, of which the
active volcano Mount Erebus, rising to the height of more
than 12000 feet, forms a part. !

The situation, and the alterations in the form of the
magnetic equator, or line on which the dip is 0, have been
already spoken of by me in the “ Description of Nature” in
Vol. i. (S. 190—192 and 431 ; Engl. p. 172—174, and
411). The earliest determination of the African node
(the intersection of the geographical and magnetical
equators) was by Sabine, at the commencement of his
Pendulum Expedition in 1822(126) : ata later period, 1840,
the same savant, by combining the observations of Duperrey,
Allen, Dunlop, and Sulivan, formed a map of the magnetic
equator(1?7), from the west coast of Africa, (4° N. lat.,
9° 32" E. long.) through the Atlantic Ocean and Brazil
(16° S. lat. between Porto Seguro and Rio Grande), to the
point where I had found north dip change to south, on the
Cordilleras, not far from the Pacific. The African node,
or point of intersection of the two equators, was, in 1837, in
3°02' E. long. ; in 1825 it had beenin 6:57” E. long. The
secular movement of the node, in receding to the westward
from the lofty basaltic island of St. Thomas, had there-
fore been at the annual rate of rather less than half a degree,
thus causing the line of no dip to impinge on the African
coast at a progressively more northern point; whilst at the
same time it descended more to the south on the Brazilian
coast. The convex summit of the magnetic equator con-
tinues to be directed towards the south, its maximum
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distance from the geographical equator in the Atlantie
Ocean being 16°.  Inthe interior of South America, in the
Terra incognita of Matto Grosso, between the great rivers
Xingu, Madera, and Ucayale, there is an entire absence of
observations until the chain of the Andes is reached, where,
68 miles east of the Pacific, between Montan, Micuipampa,
and Caxamarca, I determined astronomically the place of
the magnetic equator, (7° 2 8. lat., 78° 46" W. long.);
which is there in course of ascending to the north-west(**8)

The most complete investigation which we possess
towards a knowledge of the whole course of the magnetic
equator, is that made by my friend Duperrey, for the years
1823—1825. In the course of his voyage of circumnavi-
gation, he crossed the magretic equator six times, and has
been enabled to lay it down from his own observations for
220 degrees of longitude.(**) The two nodes are situated,
according to Duperrey’s map of the magnetic equator, one in
about 6° E.long. in the Atlantic Ocean, the other in 1774°
E.long., in the Pacific, between the meridians of the Viti and
Gilbert Islands. After quitting the west coast of the South
American continent, probably between Punta de la Aguja and
Payta, the magnetic equator continues, in its prolongation
westward, to approach the geographical equator, until, in the
meridian of the Mendafia group of islands, the two equators
are only two degrees apart.(*°) Ten degrees further to the
west, in the meridian of the western part of the Paumotu
Islands, or Low Archipelago, in 154° E. long., Captain
Wilkes, in <1840, found a similar distance of fully two
degrees of latitude between the geographic and magnetic
equators.(*!) The intersection or mode in the Pacific is
not 180° from the node in the Atlantic, being situated, not
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in 174° W. long., but in the meridian of the Viti group,
in about 1772° E. or 1824° W. long., Therefore, in
proceeding to the west from the coast of Africa, we find the
distance between the two nodes 84° greater than the earth’s
semi-circumference,—a proof that the curve in question is
not a great circle.

According to the excellent and widely-extended determi-
nations of Captain Elliot (1846—1849), which between the
meridians of Batavia and Ceylon are remarkably accordant
with those of Jules de Blosseville (see p. 67 of the present
volume), the line of no inclination passes across the north
of Borneo, and running in an almost exactly east and west
direction, touches the north point of Ceylon (9° 45’ N. lat.)
The curve of least total force is in this part of the world
almost parallel with that of the magnetic equator.(?3?) The
latter enters the east coast of Africa south of Cape Gardafui:
this important point has been determined with great exact-
ness by Rochet d’Hericourt in his second Abyssinian expe-
dition (1842—1845), and by the able discussion of that
traveller’s magnetic observations.(%3) Tt is situated south
of Gaubade, between Angolola and Angobar (the principal
town of the kingdom of Shoa), in 10° 7" N. lat. and
41° 18" E. long. The course of the magnetic equator
through the interior of Africa, from Angobar to the Bight
of Biafra, is as entirely unexamined as is the portion of the
same line which passes through that part of the interior of
South America which is east of the chain of the Andes and
south of the geographical equator. These two continental
spaces are of about equal extent in an east and west direc-
tion, and taken together occupy 80 degrees of longitude, or
nearly a quarter of the earth’s circumference, in which there
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is thus as yet an entire absence of magnetic determinations.
My own observations of inclination and force through the
whole Znterior of South America (from Cumana to Rio
Negro, as well as from Cartagena de Indias to Quito) were
confined to the tropical zone north of the geographical
equator ; those in the southern hemisphere, from Quito to
Lima, only extended over the narrow district adjacent to the
western coast.

The movement of translation of the African node to the
westward from 1825 to 1837, noticed in a preceding page,
is confirmed, on the east coast of Africa, by a comparison ‘of
the inclination observed by Panton, in 1776, with Rochet
d’Héricourt’s observations. The last-mentioned traveller
found the line of no dip much nearer the Straits of Bab-el-
Mandeb, ¢.e. 1° south of the island of Socotora in 8° 40’
N. lat. Thus there would appear to have been in 49 years
only an alteration of 1° 27" in latitude : the alteration in
longitude in the same interval of time, by the movement of
the node as estimated by Arago and Duperrey, would
amount to 10° to the westward. The direction of the
movement due to secular change on the eastern side
of Africa has therefore been quite the same as on
the western, but the quantity or amount of the move:
ment still requires to be determined by more exact
results.

The periodicity of the variations in the magnetic inclina-
tion, in reference to hours and seasons, the existence of
which has been already remarked, has only been established
definitively, and in its entire character, within the last twelve
years, or since the formation of the British magnetic stations
in the two hemispheres. Arago, to whom so much is due
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in reference to magnetism, had indeed recognised in the
autumn of 1827 that “the inclination is greater at 9 a.ar.
than at 6 p.y.; while the intensity of the magnetic force, as
measured by the vibrations of a horizontal needle, attains its
minimum at the former, and its maximum at the latter, of
these two epochs.”(1%4) The whole diurnal march of the
inclination has now been solidly established by means of
many thousand regularly continued hourly observations at
the British magnetic observatories since 1840, and by their
laborious discussion.  This is the place for bringing together
the obtained facts as the foundations .of a general theory of
terrestrial magnetism. Before doing so, it is desirable to
remark that, in considering the periodic fluctuations of the
three elements of terrestrial magnetism in their entire
character, we ought, with Sabine, to distinguish in the
¢ turning hours,” or hours of maxima or minima, between
two greater, and therefore important, extremes ; and other
intervening minor (though for the most part not less
regular) fluctuations. The recurring movements of the
inclination and declination needles present to us, then, as
do the variations of the intensity of the total force, principal
and secondary maxima and minima ; in {the most usual cases
both principal and secondary, forming a double progression
with four turning hours, but less commonly a single maximum
and minimum only, forming a simple progression with but
two turning hours. The march of the total force in Van
Diemen Island, for example, is of the latter description, while
the inclination at the same station follows a double progres-
sion; and at Toronto, in Canada, a place whose position in
the northern hemisphere corresponds almost exactly to that of

Hobarton in the southern hemispliere, the diurnal march of
YOL, IV. 1
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the total force is a double progression, whilst that of the incli-
nation is a double progression only from October to March,
and a single progression from April to September.(}35) At
the Cape of Good Hope the inclination has only a single
maximum and single minimum, whilst the total force has a
double progression, the principal minimum occurring at the
same hour as the minimum of inclination.

We must also distinguish between results obtained by a
series of observations with a dipping-needle at certain hours
of the forenoon compared with a similar series at certain
hours in the afternoon (which can at most only give the
difference in the amount of the inclination at those two
‘periods of the twenty-four hours), and results obtained by
hourly observations of the horizontal and vertical force
magnetometers, which give the horary variations of the incli-
nation and total force for every hour. Amongst the horary
variations of the inclination obtained by either of these
methods may be cited the following :—

1. In the Northern Hemisphere.

Greenwich. From observations with a dipping-needle
three hours before and three hours after noon, the north dip
was found to be greater at 9 a.ar. than at 3 p.m. The
difference in 1847 was 0"7. In four years out of five, the
dip was higher at 9 s.m. than at 3 P, but in one year
(1845) the reverse appeared, the dip being greater by
1”3 at 3 p.. than at 9 aar.

Paris. From observations with a dipping-needle at 9 ..
and 6 p.11., the mean north dip appeared to be greatest at
9 aa,
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Petersburg. From observations with a dipping-needle
at 8 4., and 10 p.., the mean north dip appeared to be
greatest at 8 A.m.

Toronto, in Canada. From hourly observations during
51 years with horizontal and vertical force magnetometers,
a principal maximum is found in all months of the year
about the hour of 4 ».m., occurring, however, somewhat
earlier from April to September than from October to
March ; and a principal minimum about 10 a.x. or 11 axr.,
occurring also earlier from April to September than from
October to March. The progression from the maximum at
10 or 11 a.M. to the minimum at 4 ».p. is continuous and
rapid. From April to September the inclination increases,
with occasional very slight interruptions, from the minimum
at 4 p.y. to the maximum at 10 a.m. At this season,
therefore, the horary variation scarcely differs from a single
progression, the decrease taking place in the six hours from
10 a.m. to 4 p.v., and the increase, more slowly, in the
remaining eighteen hours.  In the opposite season, 7. e. from
October to March, a secondary maximum shows itself at
from midnight to 2 a.ar, and a secondary minimum at
about 6 a.m. (Sabine, Toronto, Vol. ii. p. Ixx.) The north
dip is greater in the six months when the Sun is in the
southern signs (75° 17”°84) than in the six months when
the Sun is in the northern signs (75°16"-57). The intensity
of the total force is also greater by about two-thousandth

.parts of its whole amount in December and January, when
the Earth is nearest to the Sun, than in June and July,
when the Earth is most distant from the Sun. (Toronto
Obs. Vol. ii. pp. Ixxxvii. and xcii. and xeiii.)

12
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IL. In the Southern Hemisphere.

Hobarton, Van Diemen Island. TFrom hourly observa-
tions during six years with horizontal and vertical force
maguetometers, the principal maximum (of south dip) occurs
at 114 a.m.; the principal minimum at 6 a.x. ;] a secondary
maximum at 10 p.M.; and a secondary minimum at 5 .M.
(Sabine, Hobarton, Vol. i. p. 1xvii.) The south dip is greater
in the six months when the Sun is in the southern signs
(—170° 8660) than when in the northern signs
(—70° 3542). The intensity of the total force 1s also
greater at Hobarton from December to February than
from June to August. (Hobarton Obs. Vol. ii. p. xlvi.)

Cape of Good Hope. From hourly observations during
41 years with horizontal and vertical force magnetometers,
a single progression is found. Maximum at 8 h. 34 m. A ;
minimum at 0°’34 p.a.; with a very small intervening
fluctuation between 7 a.u. and 9 sz

In comparing the two stations of Toronto and Hobarton,
situated in corresponding latitudes on either side of the
equator, we notice remarkable correspondencies in respect
to the turning hours; thus

10 to 11} A is the epoch of principal minimum at

Toronto, and of principal maximum at Hobartou.

4 p.M. is the epoch of principal maximum at Toronto,
and 5 p.M. of secondary minimum at Hobarton.

6 A is the epoch of principal minimum at Hobarton,
and of secondary minimum at Toronto; and from
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10 .M. to 2 A.M. a secondary maximum occurs at both

stations.

The four turning hours of the inclination at Toronto
are almost exactly reproduced at Hobarton, only the sig-
nification is altered. This complex action is very deserving
of attention ; as is also the comparison of the two stations
in respect to the sequence of the turning hours of the varia-
tions of the inclination and of the total force.(136)

The periods of the inclination at the Cape of Good Hope
do not agree either with Hobarton, which is in the same
hemisphere, or with any of the northern stations which have
been referred to. The minimum of inclination even takes
place at an hour when the inclination at Hobarton has
almost reached its maximum. :

The determination of the secular change of the inclination
requires observations of equal and satisfactory accuracy,
repeated so as to include long intervals of time. We do
not, for example, find that we can go back to Cook’s
voyages with the desired degree of certainty ; for although
in his third voyage the poles of the dipping-needle were
always reversed, yet differences from forty to fifty-four
minutes occur between that great navigat;)r’s observations
in the Pacific and those of Bayley,—attributable probably to
the then very imperfect construction of the needles, and
especially to their want of free movement. For London,
we are reluctant fo go back beyond Sabine’s observations in
August 1821, which, compared with the excellent deter-
mination by James Ross, Sabine, Johnson, and Fox, in
1838, gave for that interval an annual rate of decrease of
273 ; in near accordance with which, Lloyd, with equally
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cxact instruments, but in a shorter interval of time, found for
Dublin 238 annual decrease.(1*7) In Paris the inclination
is also diminishing, and more rapidly than in London. The
very ingenious methods of determining the dip devised by
Coulomb were mnot practically successful in the hands of
their inventor, for he was led by them to erroneous
results. The first observation with a good instrument of
Lenoir’s was made in 1798 at the Observatory of Paris,
when, conjointly with Chevalier Borda, I found by several
repetitions 69° 510 ; in 1810, I found, conjointly with
Arago, 68° 502; and in 1826, with Mathieu, 67° 56"17.
In 1841 Arago found 67°9"0; and in 1851 Laugier and
Mauvais found 66° 35": all these determinations were’
made by the same method, and with similar instruments,”
The entire period, exceeding half a century, (1798 to
1851) gives a mean annual decrease of inclination at Paris
of 8”69, being for the several intervals:

. from 1798 — 1810 at the rate of 508
1810 — 1826 b 337
1826 — 1841 s 318
1841 — 1851 & 340

The rate of decrease underwent a remarkable retardation
between the first and second interval, but the change was a
gradual one, for a very careful observation of Gay-Lussac’s,
made in 1806 on his return from Berlin, where he had
accompanied me after our return from our Italian journey,
gave the inclination 69°12’, corresponding to a rate of
decrease of 4-87. The nearer the node of the magnetic
equator, in its secular movement from east to west, ap-
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proaches the meridian of Paris, the more the rate of decrease
appears to slacken, the retardation being in the course of
half a centary from 508 to 3’-40. In a memoir which T
presented to the Berlin Academy in April 1829, a short
time before my Siberian expedition,(*8) I collected and
compared the observations made by me,—I think I may
venture to say, always with equal care. Sabine measured
the inclination and the force at the Havannah fully twenty-
five years after my observations there, thus giving for that
tropical station the variation of two important magnetic
elements for a considerable interval. ~ Hansteen (1831) has
examined the annual variation of the inclination in either
hemisphere in a very meritorious and more comprehensive
work (%%) than mine.

While the observations of Sir Edward Belcher in 1838,
compared with mine in 18083, indicate considerable changes
of inclination along the west coast of America, between
Lima, Guayaquil, and Acapulco (vide page 77) (the longer
the interval, the greater the value of the results), the secular
change in other parts of the Pacific appears to have been re-
markably small. At Otaheite, Bayley found,in 1773, 29° 43’;
Fitz Roy, in 1885, 80°14”; Belcher, in 1840, 30°17/, so
that in sixty-seven years the mean annual increase would
hardly have been 051(4%) In Northern Asia, also, a
very careful observer, Mr. Sawelieff, twenty-two years after
my visit to those regions, found on a journey which he
made from Kasan to the shores of the Caspian, that very
unequal changes had taken place in the inclination on the
north and south sides of the varallel of 50° of geographical
latitude. (141)
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Humboldt. Sawelieff,
1829. 1851.
Kasan. . . . 68°26"7 68° 30”8
Saratoff . . . 64°409 - 64° 48"7
Sarepta . . . 62° 159 62° 39”6
Astrachan . . 59° 583 60° 279

For the Cape of Good Hope we possess a very long, and
if we do not go further back than from Sir James Ross and
Du Petit Thouars in 1840, to Vancouver in 1791, a very
satisfactory comparison of observations of inclination, com-
prising an interval of almost fifty years.(142) g

The question whether the height of ihe station has any
unequivocally discernible influence on the magnetic inclina-
tion and force,(43) was the subject of careful examination
by me in my journeys in the Andes, the Ural, and the
Altai Mountains. I have already remarked, in the section
on the Force, how few unfortunately are the localities which
are suited to throw any certain light upon this inquiry, as
the points compared ought to be so near to each other as
to avoid all suspicion that the magnetic differences may be
due, not to the difference of elevation, but to the inflections
of the isodynamic and isoclinal curves, or to diversity in
the character of the rocks. I will confine myself to the
four principal results of the inclination in respect to which
I thought at the time, and on the spot, that they indicate,
with greater certainty than the force observations, an
influence of elevation in diminishing the inelination of the
needle.

On the Silla de Caracas, which rises almost perpendicu-
larly 8100 French feet above the sea-coast of La Guayra,
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south of the coast and north of the town of Caracas,
incl. 41°:90 : La Guayra, elev. 10 feet; incl. 42°-20 : town
of Caracas, elev. 2484 French feet; incl. 42°95. (Hum-
boldt, Voy. aux Régions équinox. T. i. p. 612.)

Santa Fé de Bogota: Elev. 8196 French feet; incl.
27°15: Chapel de Nuestra Sefiora de Guadalupe, on a
precipice above the town, elev. 10128 French feet ; incl.
26°-80.

Popayan : Elev. 5466 French feet ; incl. 23°25 : moun-
tain village of Purace, on the declivity of the volcano,
elev. 8136 French feet; incl. 21°:80 : summit of the vol-
cano of Purace, elev. 13650 French feet; incl. 20°-30.

Quito: Flev. 8952 French feet; incl. 14°85: San
Antonio de Lulumbamba, where the geographical equator
passes through the hot valley; elev. of the bottom of the
valley, 7650 French feet; incl. 16°02. All the above
inclinations are given, as observed, in centesimal degrees, as
their comparative value is the only point under consideration.

On account of the too great horizontal distances between
the stations, and the influence of adjacent rocks, I do not
lay any stress on my European observations : as, for example,
at the Hospice on St. Gothard (6650 French feet), incl.
66° 12',compared to Airolo (3502 Freuch feet),incl. 66° 54/,
and Altorf, incl. 66° 55"; or (which seem to tell the other
way) Lans le Bourg, incl. 66° 9’; Hospice on Mount Cenis
(6358 French feet), incl. €6° 22 ; and Turin (707 French
feet), incl. 66° 3; or at Naples, Portici, and the crater of
Vesuvius; or in Bohemia, the summit of the great Mili-
schauer (a Phonolite!), incl. 67°53”; Toplitz, incl. 67°19"5;
and Prague, incl. 66°4776.(14¢) In 1844 Bravais, in
company with Martins and Lepileur, made a series of
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excellent comparative horizontal force observations (pub-
lished in great detail) at 35 stations, including the
summits of Mont Blanc (14809 French {feet), the Great
St. Bernard (7848 French feet), and the Faulhorn (8175
French feet) ; contemporancously with which were observa-
tions of the inclination on the Grand Plateau of Mont
Blane (12097 TFrench feet), and at Chamounix (3201
French feet). If the comporison of these results would
indicate a diminution of inclination with increased ele-
vation, observations on the Faulhorn and at Brienz
(1754 French feet) on the other hand, would give the
contrary indication. Thus no satisfactory solution of the
problem was obtained by either class of experiment.
(Bravais sur Vintensité du Magnétisme terrestre en France,
en Suisse et en- Savoie, in the Annales de Chimie et de
Physique, 3eme Série, T. xviil. 1846, p. 225.) In a
manuscript of Borda’s on the subject of his expedition to
the Canaries in 1776, (preserved in the Dépot de la Marine
at Paris, and for the communication of which I am indebted
to Admiral Rosily), I have found the proof that Borda made
the first attempt to examine the influence of height on this
magnetic element. He found the inclination on the summit
of the Peak of Teneriffe 1° 15" greater than in the port of
Santa Cruz,—a difference, no doubt, in great part at least,
the consequence of the local attraction of the lavas, similar to
that which I have myself often observed on American
voleanoes and on Vesuvius. (Humboldt, Voy. aux Rég.
équinox. T. i. pp. 116, 277, and 288.)

With the view of trying the analogous question of the
influence of depth below the earth’s surface, being at Frei-
berg in July 1828, I made observations of the inclination
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with the greatest care of which I am capable, and always
reversing the poles of the needles, in a mine in which the
strictest examination could detect no influence of the rock
(gneiss) upon a magnetic needle. The depth below the
surface was 802 French feet. The difference of the subterra-
nean inclination from that observed at a point immediately
above it is, indeed, only 206, but from the precautions
taken in the whole proceeding, the results of the several
needles which are stated in a note,(4%) induce me to
believe that the inclination is really greater below than at the
surface. It is very desirable to repeat similar trials with
care, in favourable localities and where it can be ascertained
that the strata are free from all local influence, in mines of
greater depth,—as that of Valenciana, near Guanaxuato in
Mexico, 1582 French feet,—in English coal mines more
than 1800 feet deep,—orin the now ruined Eselschacht,('46)
at Kuttenberg in Bohemia, 8545 French feet in vertical
depth ! ;

After a violent earthquake at Cumana, on the 4th of
November, 1799, I found the inclination was diminished
90 centesimal minutes, or nearly a whole degree. The
circumstances under which I obtained this result, of
which T have given elsewhere an exact relation,(1¢7) offer no
satisfactory reason for supposing an error. A short time
after landing at Cumana, T had found the inclination
4353 (Centesimal). The accident of having seen, a few
days before the earthquake, in an otherwise estimable
Spanish work, Mendoza’s Tratado de Navegacion, T. il.
p- 72, the erroneous opinion, that the diurnal and annual
variations of the inclination are greater than those of tle
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declination, had occasioned me to institute, in the harbour
of Cumana, a series of careful observations. From the
1st to the 2nd of November the inclination continued with
great steadiness to show.a mean amount of 43°65. The
instrument remained untouched and properly levelled, in
the same place. On the 7th of November, three days after
the strong earthquake shocks, the instrument, after being
levelled afresh, gave 42°75. The intensity of the magnetic
force, measured by vertical oscillations, was unaltered. I
hoped that the inclination would return, perhaps gradually,
to its former value; but it remained the same. On return-
ing to Cumana in September 1800, after travelling by
river and land journeys on the Orinoco and Rio Negro
upwards of two thousand geographical miles, the same
dipping-needle of Borda’s, which had accompanied me every-
where, gave the inclination 42°:80,—very nearly the same as
in the last observation before it left Cumana. As mechanical
agitations and electric shocks, by altering the molecular con-
dition in soft iron, elicit poles, so we may conceive it possible
that there may be a connection between the direction of
magnetic currents and that of earthquake shocks; but
although my attention was strongly directed towards a
phenomenon of the objective reality of which I had in
1799 no reason to doubt, yet, in the numerous earthquake
shocks which I experienced during the three years subse-
quently passed in South America, I never again met with a
sudden alteration of the magnetic inclination which I could
ascribe to such a cause, various as were the directions in
which the undulatory movement of the terrestrial strata
was propagated. A very accurate and experienced observer,
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Erman, also found, after an earthquake on Lake Baikal on
the 8th of March, 1828, no disturbance either in the amount
of the declination or in its periodic variation.('4)

Declination.

I have alrcady touched, in the earlier part of the present
volume, on the historical facts of the earliest recognition of
phenomena relating to the third element of terrestrial
magnetism,—the declination. In the 12th century of our
era, the Chinese were not only acquainted with the fact of
the deviation of a horizontal magnetic needle, suspended by
a cotton thread, from the geographical meridian, but they
also knew how to determine the amount of this deviation.
When afterwards, by the intercourse of the Chinese with
the Malays and Indians, and of these with the Arabs and
the Moorish pilots and navigators, the use of the mariners’
compass became common among the Genoese, Majorcans,
and Catalans in the Mediterranean, on the west coast of
Africa, and in the Northern Seas, indications of the varia-
tion (or declination) came to be introduced in nautical
charts of different parts of the ocean, even as early as
1436.(%%) The geographical position of a line of no
variation, on which the needle pointed to the true north or
pole of the Earth’s rotation, was determined by Columbus
on the 13th of September, 1492 : it even did not escape
him that the knowledge of the magnetic declination might
serve to determine the geographical longitude. I have
shown elsewhere, from his ship’s journal, that on his second
voyage (April 1496), when uncertain about his ship’s
reckoning, he sought to aid himself by observations of
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declination.(*5%) The horary variations or changes of decli-
nation were recognised as facts by Hellibrand and Tachard,
at Louvo, in Siam; they were first observed, circumstan-
tially and almost satisfactorily, by Graham in 1722. Celsius
was the first who arranged concerted simultaneous measure-
ments of these variations by different observers at two
distant points. (15)

Passing now to the pheenomena presented by the declina-
tion of the magnetic needle, we will consider them, first, in
reference to their variations according to the hours of the
day or night, the seasons of the year, and their mean state
in different years; next in regard to the influence exercised
on those variations by the extraordinary, and yet periodic,
disturbances, and by the position of the places of obser-
vation to the north or south of the magnetic equator; and
lastly, we will consider them according to the linear relations
of places on the earth’s surface having equal, or (it may be)
no, declination. These linear relations are indeed that part
of the acquired knowledge which is the most important in
its direct and practical application to navigation; but all
the general magnetic pheenomena (among which the extra-
ordinary disturbances, or magnetic storms, acting often
simultaneously at such great distances, are among the most
mysterious), are so intimately connected together, that, with
a view to the gradual completion of the mathematical
theory of terrestrial magnetism, we should neglect none of
them.

In the middle latitudes of the northern magnetic hemi-
sphere (dividing the earth at the magnetic equator), the
north end of the needle, . e. the end which points in those
Iatitudes towards the north, points more to the east at
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8}a.m. (20} astronomical reckoning) than at any other hour,
making then the nearest approach to the true or geographical
north at all places where the declination is westerly. From
that hour this end of the needle moves gradually westward
until 1% .M., when it reaches its most westerly elongation.
This movement to the westward is general; it takes place
in the same direction at all places in the middle latitudes of
the northern hemisphere, whether they have west declination,
as the whole of Europe, Pekin, Nertschinsk, and Toronto
in Canada; or east declination, as Kasan, Sitka (in Russian
America), Washington, Marmato in New Granada, and
Payta on the coast of Peru. (25%) From the above-mentioned
most westerly pointing at 1§ h., the needle returns towards
the east during the afternoon and a portion of the night
until 12 h. or 13 h.,—often making, however, a small pause
at about 6 h. In the night there is again a small movement
to the westward, after which the easterly march is resumed
until the most easterly pointing of the needle is attained,
which, as already stated, isat 201 h. astr., or 81 a.m. This
nocturnal period, which was formerly quite overlooked,—a
gradual and uninterrupted progression to the east from
1§ p.r. until the morning hour of 8 having been the
general belief,—strongly engaged my attention at Rome,
when I was oceupied there with Gay-Lussac in examining
the horary variations of the declination with a Prony’s
magnetic telescope.  The needle being generally more
unquiet while the sun is below the horizon, this small
nocturnal movement to the west presents itself on that
account both less frequently and less distinctly to the
recognition of the observer. When it does show itself
distinctly, I have noticed it to be unaccompanied by any
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agitation of the needle. Quite differently from what is the
case during what I have termed magnetic storms, the needle
in this small westerly night excursion travels quietly from
one scale division to another, just as it does in the well-
assured and strongly characterised day movement between
204 h. and 13 k. It is very noticeable, and well deserving
of attention, that when the needle exchanges its continuous
westerly movement for an easterly one, or wvice-versd, it
does not remain for a time without altering its direction,
but (especially in the case of the 20} h. to 1% h. period)
turns suddenly back. The small westerly movement
usually takes place between midnight and early morning;
but it has been noticed in Berlin, in the Freiberg subterra-
nean observations, at Greenwich, at Makerstoun in Scotland,
at ‘Washington, and at Toronto, as early as between 10 and
11, or 11 and 12 hours.

The four movements of the declination-needle recognised
by me in 1805(15%) are presented as the result of many
thousand two-hourly observations made at Greenwich in the
years 1845, 1846, and 1847, four turning hours being
there assigned as follows(!54) :—Principal minimum of
westerly declination at 20 h. ; principal maximum at 2 h,;
secondary minimum at 12 h. or 14 h.; secondary maximum
at 14 h. or 16 h. (the declination being westerly). I must
here content myself with giving the mean hours, and calling
attention to the circumstance that in our northern zone the
hour of the principal morning minimum (20 h.) is not at
all altered by the earlier or later time of sunrise. During
two solstitial and three equinoctial periods, for each of
which Oltmanns and myself followed the march of the
horary variation of the declination for five or six daysand as
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many nights, I always found the easternmost turning-point
of the needle, in the summer as in the winter months,
between 193 h. and 20% h.; being very slightly,(*%5) if it
might be said to be at all, accelerated, by the earlier time ot
sunrise in the summer.

In the high northern latitudes, near or within the arctic
circle, the regularity of the horary variation has been as
yet but imperfectly made out, although we possess a number
of very exact observations. In Ieeland, Lottin, in the
French scientific expedition of the ¢ Lilloise’ in 1836, was
almost afraid (considering the local influence of rocks, and
the frequency of Auroras) to derive any determinate results
in respect to the turning hours, either from his own
extensive and laborious observations, or from the earlier
ones (1786) of the meritorious Lowenorn. On the whole, at
Reikiavik, in Iceland, lat. 64° &', as well as at Godthaab on
the Greenland coast according to the missionary Genge’s
observations, the minimum of westerly declination appears
to fall almost as in the middle latitudes, at 21 h. or 22 h.,
but the maximum notuntil @ h. or 10 h. in the evening. (156)
Further to the north, at Hammerfest, in Finmarken, in
lat. 70° 40/, Sabine found the march of the declination
tolerably regular,(!57) and similar to that in the south of
Norway and in Germany; westerly minimum at 21 I,
westerly maximum at 1} h.; but he found it very different
in Spitzbergen in lat. 79° 50, where the corresponding
turning hours were 18 h. and 74 . For the Arctic Tslands
north of America, we have at Port Bowen, on the eastern
side of Prince Regent’s Inlet (lat. 73° 147), from Captain
Parry’s third voyage (1825), & fine series of five months’
consecutive observations by Lieuts. Foster and James Ross:

VOL. IV. X
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but although the needle passed twice in the twenty-four hours
through the direction regarded as the mean magnetic
meridian of the place,—and although for fully two months
(April and May) no Aurora was seen,—yet the times of the
principal elongations varied from four to six hours ; nay, more,
the mean epochs of the maxima and minima of west declina-
tion from January to May were only one hour apart! The
amount of variation was so great that on some days the
declination varied from 14° to 6° and 7°; (within the
tropics the differences hardly reach as many minutes.(158)
Not only within the polar circle, but also within the tropies,
e. g. at Bombay (lat. 18° 56'), there is great complexity in
the periods of the horary variation of the declination. They
there fall under two principal classes, being very different
from April to October and from October to December ; and
these again subdivide into two minor periods, which are
far from being well defined.(159)

Luropean nations knew from their own experience nothing
respecting the direction of the magnetic necedle in the
southern hemisphere until the second half of the 15th
century, when through the adventurous voyages of Diego
Cam and Martin Behaim, Bartholomew Diaz and Vasco
de Gama, some slight notice on the subject reached Europe.
The importance which, as we learn from their early writers,
was attached to the sout% end of the magnetic needle by the
Chinese (who, as well as the inhabitants of Corea and of
the islands of Japan, guided themselves at sea as well as
on land by the compass as early as the 3rd century of our
era), was no doubt occasioned principally by the circumstance
that their navigation was mainly directed to the south and
south-west. On these southern voyages it had not escaped
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them that the south end of the needle by which they
steered did not point precisely due south. We have even
the statement belonging to the 12th century, from one of
their determinations, of the amount of the ‘¢ variation to the
south-east.””(169) The extension of the use of the mariners’
compass was much favoured by the very ancient connection
of China and India with Java,('6!) and in a still greater
degree by the visits of people of Malay race to Madagascar,
and their settlements there.

Although, judging from the present very northerly position
of the magnetic equator, it is probable that when the mis-
sionary Guy Tachard remarked the existence of horary
variations of the declination in 1682 at the town of Louve
in Siam, that place was nearly out of the northern magnetic
hemisphere,—yet it must be acknowledged that accurate
horary declination-observations were not made in the south-
ern magnetic hemisphere until a full century later. In 1794
and 1795, John Macdonald followed the march of the
needle both at Fort Marlborough on the south-west coast
of Sumatra, and at St. Helena.(262) The results then
obtained called the attention of physicists to the great
decrease in the amount of the diurnal variation of the decli-
nation in the lower latitudes; the differences between the
extremes at these slations amounting only to 3 or 4 minutes.
A more comprehensive and deeper knowledge of the phea-
nomenon was gained by the scientific expeditions of Freycinet
and Duperrey ; but it is the establishment of magnetic ob-
servatories at three important points of the southern magnetic
hemisphere,—at Hobarton in Van Diemen Island, at St.
Helena, and at the Cape of Good Hope (at which places

hourly observations on the variation of the three elements
X 2
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of terrestrial magnetism have been made on a uniform system
for several years),—which has first supplied general and com-
plete data. The march of the needlein the middle latitudes
of the southern magnetic hemisphere is quite the opposite
of its march in the northern hemisphere ; for as in the south,
the end of the needle which points towards the south moves
from morning to noon from the east towards the west, it
follows that the north-pointing end of the same needle is
moving at the same time from the west towards the east,
contrary to what we have described above as‘its march
during those hours in our own hemisphere.

Sabine, to whom we are indebted for the sagacious dis-
cussion of all these variations, has so combined five years
of hourly observation at Hobarton (42° 53 S. lat., 8° 57
E. decl.) and at Toronto (43° 39" N. lat., 1° 33" W. decl.),
that the periods from October to February and from April
to August are distinguished from each other, the omitted
intervening months of March and September presenting, as
it were, transitional phenomena. At Hobarton the north
end of the needle has daily two easterly and two westerly
maxima of elongation.(®)) In the portion of the year
from October to February, the movement takes place towards
theeast from 20h. or 21h. to 2h. ; there is then a small move-
ment towards the west from 2h. to 11h., from 11h. to L5h.
again to the east, and from 15h. to 20h. the needle returns
tothe west, TIn the portion of the year from April to August
the eastern turning hours are retarded to 8h. and 16h., and
the western turning hours are made earlier, being at 22h.
and 11h. In the northern hemisphere, the westward move-
ment of the needle from 20h. to 1h. is greater when the Sun
1s in the northern than when he is in the southern signs:
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in the sonthern hemisphere, where between those two hours
the digection of the movement of the needle is an opposite
one, its amount is greater when the Sun is in the southern
than when he is in the northern signs.

The question which I touched upon seven years ago in
Vol. i. of this work (164),—¢. e. whether there be a region of
the earth, perhaps between the geographical and magnetic
equators, in which, asa transitional region between the parts
of the earth in which the declination-needle moves at the
same hours in opposite directions, o horary variation might
be found P—appears from subsequent experience, and es-
pecially from Sabine’s perspicuous discussion of the obser-
vations at Singapore (1° 17° N. lat.), at St. Helena
(15° 56’ 8. lat.), and at the Cape ot Good Hope (33° 56’
S. lat.), to require to be answered in the negative. Hitherto
no place has been found at which the needle is without
diurnal movement (horary variation) : and through the estab-
lishment of the magnetic stations we have been made aware
of the important ana very unexpected fact, that there are in
the southern magnetic hemisphere places at which the diurnal
variation of the maguetic needle appears to participate in the
pheenomena, or to conform to the type, of either hemisphere
alternately. The Island of St. Ielena is sitnated very near
to the line of weakest intensity of the earth’s magnetic force,
in a part of the earth where that line recedes widely both
from the geographical equator and from the line of mno
inclination. At St. Helena, the march of the north end of
the needle in the hours of the forenoon, in the months
from May to September, is the opposite of the march fol-
lowed by the same end of the needle in the corresponding
hours from October to February. According to five years
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of hourly observation in the first-named portion of the year,
viz. from May to September, while the Sun is in the nqrthern
signs, being the winter of the southern hemisphere, the
declination-needle points at 19h. furthest to the eas¢ of its
mean direction, and from that hour moves as it does in the
middle latitudes of Europe and North America towards. the
west until 22h., and remains nearly stationary until 2h.
On the other hand, in the opposite portion of the year, from
October to February, the summer of the southern hemisphere,
when the Sun is in the southern signs, and the Earth is nearest
to the Sun, the needle points at 20h. most to the west, and
its movement from thence to noon is to the east, pre-
cisely in accordance with the type of Hobarton (in 42° 58’
S. lat.) and other places in the middle latitudes of the
southern hemisphere. At the time of the equinoxes, or soon
after, in March and April, and in the latter portion of Sep-
tember, the march of the needle fluctuates on different days,
forming periods of transition from the type of the southern
to that of the northern, and from that of the northern to
that of the southern hemisphere. (16%)

Singapore is situated a little to the north of the geogra-
phical equator, between it and the magnetic equator, which
in this part of the earth is almost coincident, according to
Elliot, with the line of least force. ~ According to the ob-
servations made every two hours at Singapore for the years
1841 and 1842, Sabine finds there the same opposite types
in the diurnal march of the needle from May to August, and
from November to February, as ai St. Helena; and so also
at the Cape of Good Hope, although the latter station is 34°
from the geographical equator, and doubtless still further
from the magnetical one (the magnetic dip at the Cape
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being 53° 8.) ; and the Sun of course never passes through
its zenith.(166) We already possess several years of published
hourly observations, from which it appears that at this station,
almost precisely as at St. Helena, the needle from May to
September moves westward from its extreme eastern position
at 194ih. until 231h.; and from October {o March the
movement is, on the 'contrary, eastward from 20-1h. to 11h.
or 2h. The discovery of this phznomenon, of which the
existence is so well demonstrated, while at the same time
its causal connection is still veiled in such profound obscurity,
shows forcibly the importance of the system of hourly ob-
servations continued uninterruptedly for several years.
Disturbances which, as we shall presently see, deflect the
needle persistently, at one time to the west and at another
to the east, would prevent any well-assured inferences being
derived from isolated observations by travellers.

The extension of navigation, and the use of the compass
In geodesical surveys, led very early to the remark of oc-
casional extraordinary disturbances in the direction, accom-
panied by fluctuating, starting, or tremulous movements, of
the needles employed. This used to be ascribed to a certain
condition of the particular needle: it was very characteris-
tically termed, in the French nautical language, “I’affolement
de T'aiguille,” and it was recommended that ““ une aiguille
affolée” should be magnetised afresh, and more powerfully.
Halley was the first who stated the Aurora to be a magnetic
phenomenon(167),—on the occasion of his being asked by the
Royal Society of London, to explain the ““great meteor’” of
the 6th of March, 1716, seen over the whole of England, and
which, in his reply, he considered to be ¢ analogous to that
to which Gassendiin 1621 had first given the name of Aurora
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borealis.”  We know from his own statement that prior to
1716 Halley had never seen either a northern or a southern
Aurora ; although, in his voyages for determining the decli-
nation lines, he had advanced to the 52nd degree of south
latitude :—and southern Auroras are assuredly sometimes
seen within the tropics, as in Peru. It would appear, there-
fore, that Halley had never himself observed the remarkable
disturbances and fluctuations of the needle in conjunction
with seen (or unseen) northern or southern Awuroras,
Olav Hiorter and Celsius, at Upsala, were the first who,
in 1741 (before Halley’s death), confirmed by a long
series of observations the connection between a visible
Aurora and disturbance from the normal march of the
magnetic needle, which was only conjectured by Halley.
This meritorious undertaking gave occasion to the first
concerted simultaneous observations in conjunction with
Graham in London : extraordinary disturbances of the de-
clination accompanying displays of Aurora were examined
specially by Wargentin, Canton, and Wilke.

Observations which I had the opportunity of making
together with Gay-Lussac in 1805, at Rome, on the Monte
Pincio, and more particularly a more extensive series which
I was thereby led to undertake in conjunction with Oltmanns,
at the equinoxes and solstices of 1806 and 1807, in a large
and well-detached garden at Berlin (employing a magnetic
telescope of Prony’s, and a distant point of reference well illu-
minated by a lamp),—made me early aware that that part of
the telluric magneticactivity described under the general name
of ““extraordinary disturbances,” which acts so powerfully
at particular periods and in no merely local manner, deserved,
and from its complicated character required, a persistent
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system of examination. The arrangement of the mark and
of the cross of wires in the telescope, which was suspended
by either a silken or metallic thread, and enclosed in a large
- glass case, permitted readings to be taken to eight seconds
of are. In this method of observation, the room in which
the magnetic telescope was placed might be left dark, thus
avoiding the disturbing effects of currents of air, which may
be occasioned by the means required for illuminating the
scale of otherwise excellent declinometers furnished with
microscopes. Entertaining the opinion which I then ex-
pressed, that “a continued uninterrupted hourly or half-
hourly process of observation (observatio perpetua) for several
days and nights was to be preferred to the detached observa-
tions of many months,” we observed consecutively for five,
seven, ot eleven days, and as many nights, (18) at the periods
of the solstices and equinoxes, epochs of which all the most
recent investigations have confirmed the great importance.
We soon recognised, that in order to study the proper phy-
sical character of these anomalous disturbances, it was not
sufficient to determine the measure or quantity of the devia-
tion from the change in the declination, but that there should
be added thereto a numerical estimate of the degree of in-
quietude of the needle, by noting the elongation of its os,
cillatory movements. We found the ordinary diurnal march
of the needle so quiet, that among 1500 results drawn from
6000 observations, from the middle of May 1806 to the end
of June 1807, the oscillations were mostly only of half a scale
division, or 1° 12”. The needle was often quite still,
or moving only 02 or 0-3 of a scale division during
very tempestuous and rainy weather; but on the arrival
of the mugnetic storm, ot which the more intense and later
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manifestation is the Aurora or polar light, the oscillations were
from 14 to 38 minutes of arc, each oscillation being performed
in from 1% to 8 seconds of time. On many occasions the
magnitude and inequality of the oscillations, which extended -
far beyond the limits of the divided scale on one or other, or
on both sides, made any observation impossible.(}*) For ex-
ample, on the night of the 24th of September, 1806, this was
uninterruptedly the case from 14h. 40m. to 15h. 32m., and
again for the still longer interval from 15h. 57m. to 17h. 4m,

Most often in magnetic storms (the ‘“ unusual” or “larger
magnetic disturbances”) the middle point of the arcs of
oscillation was in course of constant though unequal progress
to one or the other side, 7. e. east or west; but in other
and more rare cases, extraordinary oscillations were remarked
wvithout any increase or decrease of the declination,—that is
to say, without displacement of the middle point of the
oscillations from its normal place at the particular hour.
After a long time of comparative repose, we sometimes saw
very unequal movements take place suddenly (describing
arcs of from 6 to 15 minutes, the different magnitudes being
either alternately or irregularly intermixed), and then the
needle would as suddenly become calm again. It was at
night that such alternations of total repose, and violent
fluctuation without progressive movement towards either
side, were particularly striking.(1”°)  Another peculiar
modification of these movements should be mentioned ; it
occurred very rarely, and consisted in a particular kind of
affection of the inclination of the north end of the needle,
continuing for 15 or 20 minutes of time, with only very
moderate horizontal fluctuations, or even with an entire ab-
sence of any. In the registers of the British observatories,



TERRESTRIAL MAGNETISM. 139

where all the attendant eircumstances are so diligently noted,
I find this purely vertical trembling (“constant vertical
motion, the needle oscillating vertically””) mentioned three
times in the case of the declination magnet at Hobarton;(*7)
and frequent notices of the vibration of the vertical and
horizontal force magnets at Toronto when no change took
place in their mean readings.

It appeared to me, that the average hour of the occurrence
.of the larger magnetic disturbances at Berlin was the third
hour after midnight, and that they ceased most usually at
5 aM. We observed small disturbances in the afternoon
between 5 and 7 e, often on the same days in the
month of September when there ensued after midnight such
magnetic “storms,” that the magnitude and rapidity of the
oscillations made any reading, or any appreciation of the
middle point of the oscillation, impossible. I was very early
so convinced that the magnetic storms occur in groups, re-
turning on successive nights, that I announced this pecu-
liarity to the Berlin Academy, and invited friends to visit
me at predetermined hours, to enjoy the sight of the
phenomenon: and our, expectations were more often
realised than disappointed.(172) Kupffer, during his journey
to the Caucasus in 1829, and afterwards Kreil, in his valu-
able Prague observations, corroborated this disposition of
the magnetic storms to return at the same hours.(173)

Since the establishment of the British Colonial magnetic
observatories, the rich mass of materials which they
have afiorded, and the able treatment of these materials
by Colonel Sabine, have caused the facts relating to the ex-
traordinary disturbances of the declination, which I had
recognised only in a general manner in my equinoctial and
solstitial observations of 1806, to bhecome one of the wmost
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Important of the acquisitions which have been gained towards
a complete knowledge of terrestrial magnetism. Sabine
has distinguished the disturbances, in the results of both
hemispheres, into classes, according to the hours of their
occurrence, whether in the day or in the night,—ihe seasons
of the year,—and the direction in which they deflect the
needle, whether to the east or to the west. At Toronto
and at Hobarton, the disturbances were twice as great, both
in frequency and value, in the night as in the day,('7¥) as
in the older observations at Berlin; but in from 2600 to
3000 disturbances at the Cape of Good Hope, and more
particularly at St. Helena, the direct contrary was the case,
as shown by a similarly thorough investigation of the phee-
nomena at those observatories by Captain Younghusband.
At Toronto, the principal disturbances were observed, on the
average, from midnight to 5 in the morning; occasionally
only they were observed earlier, between 10 p.m. and mid-
night,—predeminating, therefore, in the night at Toronto as
at Hobarton. After a very laborious and well-devised examina-
tion of 3940 disturbances (of the declination) at Toronto, and
3470 at Hobarton, taken from six years of observation, 1843
—1848, (the observations selected as disturbed making the
ninth and tenth portions of the entire mass), Sabine has
drawn the conclusion,(1%) that the disturbances belong to a
peculiar class of periodically recurring variations, following
recognisable laws dependent on the position of the Sun in
the ecliptic, and on the diurnal rotation of the Earth upon its
axis; that they ought no longer to be called irregular
movements ; and that we may distinguish in them, together
with a particular local type, general processes affecting the
whole globe. Inregard to the different amount of disturbance
in different years, the same years in which the disturbances
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were most frequent at Toronto in the northern hemisphere
were also those in which they were most numerous at
Hobarton in the southern hemisphere,—and that nearly in
an equal degree. In regard to the differences in different parts
of the year, the disturbances were, on the whole, twice as
numerous at Toronto in the summer months of the station
(April to September), as in its winter months (October to
March). (In my Berlin observations of 1806 the greatest
number in any month belonged to the month of September
at the time of the autumnal equinox.) (%) They are more
rare in the winter months of each station ; 7. e. more rare from
November to February at Toronto, and from May to August
at Hobarton. The times of the Sun’s passage over the equator
are also, according to Captain Younghusband, in a high degree
remarkable for the greater frequency of disturbances at St.
Helena and the Cape of Good Hope. In the higher latitudes
of both hemispheres the disturbances are less frequent in the
winter than in the summer, 7.e. less frequent at Hobarton from
May to September, and at Toronto from November to March.

A most important feature in the phanomenon also first
made known by Sabine, is the regularity, in both hemi-
spheres, of the disturbances in the direction of the needle
either to the east or to the west. At Toronto, where there
was a small west declination (1° 33"), the number of distur-
bances which deflected the needle to the east preponderated
in summer (June to September), and that of those which
deflected it to the west, in winter (December to April);
and this in no inconsiderable ratio—411 : 290. The case
is similar at obarton, according to the seasons of the
southern hemisphere. In the winter months of that station
(May to August) the disturbances are strikingly less fre-
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quent.(77)  The analysis of six years cf observation at the two
opposite stations of Toronto and Hobarton, has conducted
Colonel Sahine to the remarkable result,—that in both
hemispheres, not only the number of disturbances, but also
the amount of average diurnal variation from the mean
or normal place and the latter (obtained from all the obser-
vations of the year omitting the 3469 storms), increased gra-
dually in the five years from 1848 to 1848, from 7”65 to
1058; and that simultaneously with this a similar increase
could be traced in the variations of the inclination and of the
total force. This result gained a yet higher degree of impor-
tance when he found both a confirmation and a generalisation
of it in Lamont’s detailed investigation of Sept. 1851, “on a
decennial period presented by the diurnal movement of the
declination needle.” According to observations at Gottingen,
Munich, and Kremsmiinster,(!78) the mean amount of the
diurnal variation of the declination was at a minimum from’
1848 to 1844, and at a maximum from 1848 to 1549.
After the declination has increased five years, it decreases
for the same number of years, asis shown by a scries of
observations which lead back to a maximum in 1786..(17)
In order to find a general cause for such a periodicity
in all the three elements of terrestrial magnetism, one is
inclined to have recourse to some cosmical connection.
Such a connection is found, according to Sabine’s con-
jecture,(1¥%) in the variations which take place in the photo-
sphere of the Sun, 4. . in the luminous gaseous envelopes
of the dark solar orb ; for, according to Schwabe’s researches,
extending over a long series of years, the periods of greatest
and least frequency of the solar spots coincide perfectly with
those discovered in the variations of terrestrial magnetism.
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Sabine was the first to call attention to this accordance or
coincidence, in his paper presented to the Royal Society of
London in March 1852. Schwabe said, in a passage with
which he enriched the astronomical portion of my Cosmos,
“There is no doubt that, at least from the year 1826 to
1850, the solar spots have shown a period of about ten years
with maxima in 1828, 1837, and 1848, and minima in
1883 and 1848.”(*)  Sabine also sagaciously adduces, in
cenfirmation of the powerful direct influence of the Sun upon
terresirial magnetism, the remark that in doz% hemispheres
the period when the intensity of the Earth’s magnetic force is
greatest, and the direction of the needle most near to the ver-
tical, is in the months from October to February, which is just
the period when the Earth is nearest to theSun, and is moving
with the greatest velocity in its orbit. (*8?)

The simultaneity of many magnetic storms, apparently
propagated instantaneously between places many thousand
miles apart, and even almost round the entire globe (as on
the 25th of September, 1841, between Canada, Bohemia,
Cape of Good Hope, Van Diemen Island, and Macao), has
been already treated of in Vol. i.(*%3) : examples were also
cited of cases in which the perturbation appeared to have a
more local character, extending from Sicily to Upsala, but not
beyond Upsala to Altyn or Lapland. In the simultaneous
observations of declination arranged by Arago and myself in
1829, to be made with similar instruments of Gambey’s at
Berlin, Paris, Freiberg, St. Petersburg, Kasan, and Nicolaieft,
some considerable perturbations showed themselves at Berlin
which did not extend to Paris, or even to a mine at Freiberg
where Reich was making subterranean magnetic observations.
Great deflections and oscillations of the needle aceompanying
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Auroras at Toronto, were synchronous with magnetic
storrus at Kerguelen Island in the southern hemisphere,
but not at Hobarton. Considering the all-pervading
character of magnetic as well as gravitating force in all
matter, it seems indeed difficult to form a clear concep--
tion of any obstacles to the propagation of magnetic
force through the globe, analogous to those which im-
pede the undulations of sound, or those which intercept
earthquake waves, so that at some nearly adjacent places
the earthquake shocks have never been known to occur
simultaneously.('®*) May it be that the intersection of
magnetic impulses may oppose their propagation ?

I have described both the regular and the seemingly
irregular movements presented by horizontally-sus-
pended needles. Having examined the regular periodi-
cally-recurring march of the needle, and found the mean
direction around, or, in other words, on either side of
which the oscillations have taken place —say, from one
solstice to the return of the same solstice in the follow-
ing year—this mean direction is the magnetic meridian
of the place for the given year. The comparison of the
angle made by the magnetic meridians of different
places on the globe with their geographical meridians,
first led to the recognition of  variation-” (4. e. declina~
tion-) lines of strikingly different values (which Andrea
Bianco in 1436, and Alonso de Santa Cruz, the cosmo-
grapher of the Emperor Charles V., thus early attempted
to enter on charts); and subsequently to the happily
devised generalisation of isogonic curves, or lines of equal
declination, to which the grateful recollection of English
navigators long gave the historic name of ¢ Halleyan
lines.” Among these lines of various curvature, running
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in some places almost parallel to each other, more rarely
returning into themselves, and, where they do so, form-
ing closed systems of an oval form, especial attention has
been given to the lines on which the declination is 0°,
at all points of which the direction of the compass-
needle is that of true or geographical north and south,
—and in receding from which lines on either side,
opposite declinations are found (7. e. east declinations
on one side, and west on the other), the amount of
declination increasing unequally with increased dis-
tance. (') I have shown elsewhere how Columbus’s
first discovery of a “line without variation” in the
Atlantic Ocean, on the 13th of September 1492, gave an
impulse to the study of terrestrial magnetism, — which,
however, for two centuries and a half was directed
solely towards the improvement of ships’ reckonings.
Greatly as in modern times the higher scientific
training of navigators, and the improvements which
have taken place in instruments and in methods, have
extended our knowledge of detached parts of the lines
of no declination in the north of Asia, the Indian
Archipelago, and the Atlantic Ocean, yet in this de-
partment of knowledge, where the want of a general
or cosmical view is felt, there is still reason to com-
plain of slowness of progress, and absence of the desired
completeness in the research. Iam aware that a count-
less number of observations, made during accidental
passages across the lines of no declination, have been
entered into ships’ journals; but comparison and com-
bination of the materials are wanting;— nor can the
results of such a labour (even supposing it to be under-

taken), either on this subject, or on that of the position
VOL. IV. L
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of the line of no inclination for a definite epoch, have
all the desired importance, until ships charged with
the sole duty of tracing these lines uninterruptedly
throughout their course shall be sent contempora-
neously to different seas. I here renew a solicitation
to- which I have repeatedly permitted myself to give
free expression. (*¢) For systematic investigations in
terrestrial magnetism it is of primary importance that
the determinations should be contemporaneous.
According to our present general knowledge of the
“lines of no declination,” instead of four such lines
running as meridians from pole to pole, as was sup-
posed at the end of the 16th century, (1¥7) there appear
to be three very differently shaped systems, using the
word “system ” in this case to denote a group of
isogonic lines which include a line of no declination
unconnected, so far as we know, with any other such
line. Of these three systems, which I shall presently
describe separately, the Atlantic one consists simply of
a line of no declination directed from SSE. to NNW,,
and recognised as extending from the 65th degree of
south to the 67th degree of north latitude. The second
system is situated fully 150 degrees to the eastward of-
the first (looking in both cases only at the points of
intersection of the lines of no declination with the
geographical equator); it is the broadest and most
complex system, and occupies the whole of Asia and
Australia. It has one summit directed to the north,
and one to the south: in the north-eastern part the
line of no declination takes an oval shape, and returns
into itself, surrounding lines of successively and rapidly
increasing declination., The east and west sides of this
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ellipse, like the Atlantic of 0°, have a direction from
south to north, and between the Caspian and Lapland,
from SSE. to NNW. The third system, that of the
Pacific Ocean, which has been least examined, is less
than the others, and is almost entirely confined to the
south of the geographic equator: it forms a clased oval
of concentric lines of successively decreasing east de-
clination. On the African continent, inferring from
what we know of the declination on its coasts, ('*)
there are only lines having a west declination of from
6° to 29°; the Atlantic line of no declination quitted
the south point of Africa (Cape of Good Hope), ac-
cording to Purchas, as early as 1605, moving from east
to west. As far as we are acquainted with the facts,
there is not in the interior of central Africa an oval
group of concentric declination lines similar to that in
the Pacific.

The Atlantic part of the American curve of no de-
clination has been accurately determined and laid down
in an excellent work by Colonel Sabine, “On the De-
clination Lines over the Atlantic Ocean, between the
parallels of 60° north and 60° south latitude, for the
year 1840,” based on 1480 observations either made in
that year, or reduced to it by careful allowance for
secular change. Tracing this line of no declination
from its most southern known point (in lat. 70°S.,
where it was found in about 19° W. long.), (**) it runs
NNW. to 3° west of Cook’s Sandwich Land, and to 91°
east of South Georgia; it then approaches the Brazilian
coast, which it enters at Cape Frio, two degrees east of
Rio Janeiro; continues within the South American
eontinent to S. lat. 0° 36’, and quitting the continent

L2
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again a little to the east of Para, near Cape Tigioca, at
one of the mouths of the Amazon (Rio de Para), it cuts
the geographic equator in 48° 30’ W. long., and runs at
a distance of nearly ninety miles from the coast of
Guyana up to 5° of North latitude, from whence, follow=
ing the curve of the smaller West-Indian Islands, it
ascends to 18° N, lat., and passes from thence to the coast
of North Carolina, which it enters in lat. 34° 50/, W. long.
76°30/, near Cape Lookout, south-west of Cape Hatteras.
In the interior of North America this curve continues its
north-west direction to lat. 411° long. 80°, towards
Pittsburgh, Meadville, and Lake Erie. There is reason
to suppose that it may already have moved, in some
parts of its course, more than a degree to the west since
1840. ’

The Australo-Asiatic curve of no declination,—if, with
Erman, we regard the line which at Kasan trends north-
wards to Archangel and Russian Lapland, as part of the
same line which passes the Moluccas and the Sea of
Japan, — can scarcely be traced in the southern hemi-
sphere so far as the 62d degree of latitude. Its most
southern known point is more to the west of Van
Diemen Island than was previously supposed. The
three points at which Sir James Ross, ('*°) in his ant-
arctic voyages of discovery, crossed it in 1840 and 1841,
in the parallels of 62°, 541°, and 46°, were all between
the longitudes of 13320’ and 135°40/ East, showing an
almost north and south direction in this part of its
course. It then traverses Western Australia, entering
the south coast of Nuyts Land (about ten degrees west
of Adelaide), and quitting- the northern coast near
Vansittart River and Mount Cockburn. From hence it
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enters the Indian Archipelago, where the declination,
inclination, total force, and line of minimum intensity of
the total force, and of maximum intensity of the hori-
zontal force, have all been investigated with admirable
exactness, in 1846-—1848, by Captain Elliot. Here the
line of no declination passes immediately to the south of
the Island of Flores, through the small ¢ Sandal Wood ”
Island, (**') and from 120° to 94° E. long. in a due east
and west direction;— as, indeed, Barlow had laid it down
correctly sixteen years before. From the last-named
meridian, and about 9%° S. lat., it seems probable —
judging by the line of 1° E. declination which Captain
Elliot has traced up to Madras — that the line of no
declination takes a new direction trending to the north-
west. It is impossible at present to form any certain
conclusion as to whether, in its further prolongation, it
cuts the geographic equator in the meridian of Ceylon,
and enters the continent of Asia either between the Gulf
of Cambay and Guzerat, or further to the west in the
Bay of Muscat, (%) and so is identical with the curve
of no declination, (19%) which appears torun to the south-
ward from the shores of the Caspian ;— or whether, on
the contrary (as Erman thinks), it bends back to the
east, and passes between Borneo and Malacca, and,
ascending towards the north, reaches the Sea of
Japan, (') and enters North-eastern Asia through the
Sea of Ochotsk. It is greatly to be regretted that the
very numerous determinations which must have been
obtained in the frequent navigation to India, Australia,
the Philippines, and the north-east coast of Asia, have
not yet been co-ordinated and rendered conducive to
general views, by connecting the south of Asia with its
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better magnetically explored northern regions, or to the
solution of questions which have been raised since
1840. Not to mix the uncertain with the certain, I will
therefore limit myself in the foIloWing description to the
Siberian portion of the Asiatic continent, so far as it is
known to us down to the parallel of 45° by the observa-
tions of Erman, Hansteen, Due, Kupffer, Fuss, and
myself. There is no other part of the earth’s surface on
which magnetic lines could have been traced over so
great an extent of continental territory,—a circumstance
which appears to me of some importance, as it did long
since to Leibnitz when speaking of the importance of
the Russian dominions in Europe and Asia in reference
to this subject. (1%)

Advancing from the west towards the east as the
usual direction followed by European expeditions to
Siberia, and commencing at the northern part of the
Caspian Sea, we find that, at what may be termed a
group of stations, viz. the little island of Birutschikassa at
Astrachan, the Elton Lake in the Kirghis steppe, and
Uralsk on the Jaik, —places situated between the
latitudes of 45° 43’ and 51° 12/, and the East longitudes
of 46° 37’ and 51° 24/, — the declination ranges from
0° 10’ E. to 0° 37" W. (*¢) Further to the north this
line of declination inclines rather more to the north-
west, passing near Nishnei Novgorod, (') — (in 1828,
between Osablikowo and Doskino, in lat. 56° long. 43°).
It is prolonged towards Russian Lapland, passing
between Archangel and Kola, or more exactly, accord-
ing to Hansteen in 1830, between Umba and Ponoi. ('%¢)
In advancing eastward from this point, between the
parallels of 50° and 60°, it is not until we have traversed
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nearly two thirds of the breadth of Northern Asia in this
its widest part (a space now entirely occupied by east
declination), that we arrive at a line of no declination,
which, at the north-eastern part of Lake Baikal, west of
Viluisk, ascends towards a point situated in the meridian
of Takutsk, or in about 130° E. long., and as much as
68° N. lat., from whence it redescends towards Ochotsk
(in 143° 10’ E. long.), forming the outermost line of the
eastern side of the oval-shaped group of concentric
declination-lines which has been before alluded to, and
then crosses the Kurile Islands, passing south into the
Sea of Japan. The isogonic lines from 5° to 15° east
declination, which occupy the space between the east
and west Asiatic lines of no declination, are all concave
towards the north. Their greatest curvature falls,
according to Erman, in long. 80°% or in a meridian
nearly intermediate between Omsk and Tomsk, and not
very different from that of the southern point of the
peninsula of Hindostan. The longer axis of the closed
oval group extends through twenty-eight degrees of
latitude, or about to the Corea.

A similarly shaped group or system of declination-
lines, but of larger dimensions, presents itself to our
observation in the Pacific. The closed curves there
form an oval extending from 20° N. to 42° S. latitude.
The principal axis is situated in 130° W. long. The
most remarkable feature of distinction between this
singular group (the greater portion of which is in the
southern hemisphere, and which is wholly oceanic), and
the previously described continental group of Eastern
Asia, is that in the Pacific group it is East declination
which decreases, while in the Asiatic oval it is West
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declination which increases, in penetrating towards the
interior of the oval. In the Pacific oval we only know
at present declinations of from —8°to —5° May there
be, more in the interior, another line of no declination
enclosing a space of westerly declination ?

The curves of no declination, like all the magnetie
lines, have each their own proper history, ‘although .it
can only in any ecase be very imperfectly traced back
beyond ‘two centuries. We possess, indeed, detached
materials of an earlier date, going back even to the
14th and 15th centuries, Hansteen has here also the
great merit of having assembled and compared the data
with great judgment. It would appear as if the north
magnetic pole were moving from west to edst, and the
south magnetic pole from east to west: but we know
from exact observations, that different portions of the
isogonic curves advance at very unequal rates of pro-
gression,— that where they were once parallel, they are
now no longer so,— and that adjoining regions, over
which declinations of opposite denominations prevail,
enlarge and contract in very different directions. The
lines of no declination in Western Asia and the Atlantic
Ocean advance from east to west. The former (or West
Asiatic) passed through Tobolsk in about 1716 ; Catha-
rinenburg (in Chappe’s time) in 1761 ; and between
Osablikowo and Doskino (not far from Nishnei Nov-
gorod) in 1829; so that in 113 years it had advanced
24%° towards the west. If the line of no declination of
the Azores, determined by Columbus on the 13th of
September 1492, was the same line which, according to
the observations of Davis and Keeling, passed in 1607
through the Cape of Good Hope, (**?) and the same
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which we now see in the western part of the Atlantic
Ocean, passing from the mouth of the Amazons to the
coast of North Carolina;—we are led to ask what has
become of the line of no declination which passed in
1600 through Konigsberg; in 16207 through Copen-
hagen ; in 1657 — 1662 through London (and yet, ac-
cording to Bicard, only in 1666 through Paris, which is
to the east of London); and rather before 1668 through
Lisbon ? (*%) There are particular parts of the globe
in which, throughout a long interval of time, no secular
change has been remarked. Sir John Herschel has
called attention (2!) to such a long period of suspension
of change in Jamaica, as Euler (**?) and Barlow (*%) had
already done to a similar one in South Australia.

Polar Light, or Aurora.

I have treated in detail the three elements of Ter-
restrial Magnetism, or the magnetic “Declination,” ¢ In-
clination,” and “Force,” in their connection with
geographical position, and their variations according to
hour and season. The “extraordinary disturbances,” or
perturbations, which were first observed in the decli-
nation, are, as Halley conjectured, and as Dufay and
Hiorter recognised, partly the precursors and partly the
accompaniments of the magnetic polar light, or aurora
borealis or australis. In the “Representation of Nature”
contained in the first volume of my work, I have dis-
cussed with some degree of fullness the peculiarities
belonging to this “telluric luminous process,” often so
remarkable by its beautiful display of colours; and
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more recent observations have in general been favour-
able to the views there expressed, in which ¢ the aurora
was not regafded as the cause of the disturbance in the
equilibrium of the distribution of the earth’s magnetism,
but rather as the result of a state of telluric activity
excited to the point of the production of a luminous
phenomenon ; an activity manifesting itself on the one
hand by the fluctuations of the needle, and on the other
by the appearance of the brilliant auroral light.” In
this' view the polar light might appear as a kind of
silent discharge,—as the termination of a magnetic
storm. In electric storms the equilibrium of the dis-
turbed electricity is also restored by a development of
luminosity,—by the flashing lightning, accompanied by
the noise of thunder. In a phaenomenon so complex and
mysterious, the repeated bringing forward of a deter-
minate hypothesis (***) has at least the advantage of
inviting a more sustained and careful observation of all
those details by which it may be confuted or corroborated.

In dwelling on the purely objective description of
these pheenomena, and availing myself principally of
the fine uninterrupted eight-months series of examina-
tions for which we are indebted to the sojourn of several
distinguished physicists (2%%) in the extreme north of
Scandinavia in 1838-—1839, I would direct the atten-
tion in the first place to the dark misty wall which rises
gradually on the horizon, and is called the black
segment of the aurora borealis.” (**®) The blackness, as
Argelander remarks, is not a result of contrast, for it is
sometimes seen before the luminous arch begins to
bound it:—it is a process going forward in a part of the
atmosphere, for hitherto we have had no evidence of
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any admixture of foreign matter causing the darkness.
The smallest stars are perceived by the telescope in the
dark segment as well as in the coloured and bright parts
of the fully developed aurora. The black segment
seems to be much more rare in the higher than in the
middle latitudes: the observers above spoken of did not
see it once during the whole of February and March,
although auroras were abundant and the sky extremely
serene ; nor did Keilhau see it once during an entire
winter passed by him at Talving in Lapland. By exact
determinations of stars’ altitudes, Argelander has shown
that they are not in the least influenced by any part of
the aurora. Even out of the segment there appear,
although rarely, black rays, which Hansteen (**?) and I
have more than once seen stream upwards: together
with these, there appear roundish black patches, enclosed
by luminous borders, to which Siljestrom has given
especial attention.(?®) Also, in that rare pheenomenon,
the auroral corona, which, by the effect of linear
perspective projection, corresponds in altitude to the
magnetic inclination of the place, the middle of the
corona is mostly a very deep black. Bravais regards both
this and the black rays merely as optical effects of con-
trast. Several luminous arches often appear at the same
time—in rare cases as many as seven or eight, advan-
cing parallel to each other towards the zenith; sometimes
they are entirely absent. The bundles of rays and lumi-
nous streamers assume the most varied forms: curved,
wreathed like garlands, indented, hooked, in waving
sheets, or like ships’ ensigns floating in the breeze. (%)

 In high latitudes, “the usually prevailing colour of
the polar light is white, milk-white indeed when the
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intensity is feeble. As the tone of colour becomes more
vivid it passes into yellow, the middle of the broad beam
becoming full yellow, and detached red and green
appearing at either margin, 'When the beams are long
and narrow, the red is above and the green below.
When the motion is lateral from left to right, or vice
versd, the red always appears on the side towards which
the'movement is directed, and the green remains behind.”
Of these complementary colours, green and red, it is
very rare to see one without the other. Blue is not seen
at all; and a dark red, resembling the reflection of a
fire, is so rare in the North, that Siljestrom only saw it
once.(#%) The illuminating power of the aurora borealis
never quite equals, even in Finmarken, that of the full
moon,

The connection so long maintained by me as probable,
of the polar light with the formation of the *smallest
and most attenuated cirrus, or light fleecy clouds, the
parallel” equidistant lines of which most often follow
the direction of the magnetic meridian,” has indeed
found in more recent times many defenders ; but whether,
as the northern traveller Thienemann and Admiral
Wiangel think, these lines of cirri form the substratum
of the aurora, or whether they are not rather, as' has
been the opinion of Franklin, Richardson, and myself,
the effects of a meteorological process accompanying and’
produced by the magnetic storm, still remains unde-
cided. ()

Besides the general conformity of the direction of the
magnetic declination with that of the regularly arranged
and very delicate cirrus (“bandes polaires”), my atten-
tion was strongly attracted, both in Mexico.in 1803 and’
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in Asia in 1829, by the rotation, or movement in
azimuth, of the points of convergence. When the
phaenomenon is very complete, the two apparent points
of convergence do not remain fixed, the one in the
north-east, the other in the south-west, (in the direction
of the line which unites the highest points of the
nocturnally bright auroral arches,) but the line turns, so
as gradually to bring those points more towards the east
and west.(?2) A perfectly similar movement in the line
which joins the summits of true auroral luminous arches
(the ends of feet changing in azimuths from E.—W.
towards N.—8.) has been observed with great exactness
more than once in Finmarken. (*!¥) In the view here
taken, the cirri arranged as “polar bands ” correspond in
position to the “ streamers” or “ bundles of rays” which
shoot upwards towards the zenith from the auroral arch
of which the span is most often E.—W., and are not
therefore to be confounded with the arch itself; the
latter was once seen by Parry in the arctic regions
during daylight, it having continued visible after a
night of aurora. A similar phenomenon was witnessed
on the 9th of September 1827 in England. It was
even possible to recognise the streamers ascending from
the arch in daylight.(*'¥)

It has been often stated that a perpetual evolution of
light, or aurora, takes place around the north magnetic
pole. Bravais, who observed without intermission for
200 nights, in which 152 auroras admitted of exact
description, does indeed assure us that nights without
any aurora are very exceptional ; but yet he sometimes
either saw no trace of auroral light during a very clear
night, and with an uninterrupted horizon, or the “mag-
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netic storm ” only began very late. The greatest abso-
lute number of auroras were seen towards the latter part
of the month of September, and as March also showed
relative frequency as compared with February and
April, we may surmise here also, as in other magnetic
pheenomena, a connection with the equinoxes. In addi-
tion to instances of aurora borealis seen in the southern
hemisphere in Peru, and of aurora australis seen so far
north as Scotland, I may mention a coloured aurora
borealis seen and observed for two hours by Captain
Lafond in the ¢ Candide’ on the 14th of January 1831,
south of New Holland, in latitude 45° (*'%)

The sound sometimes attributed to the aurora has
been negatived by the French physicists, and by Siljes-
trém at Bossekop, (*'°) as decidedly as by Thienemann,
Parry, Franklin, Richardson, Wrangel, and Anjou.
Bravais estimated the elevation or height of the aurora
above the earth at 100,000 metres, or more than fifty
miles; while a very meritorious observer, Mr. Farqu-
harson, had estimated it as only four thousand feet.
The grounds on which all these estimations are based
are exceedingly uncertain, and are liable to be altogether
vitiated as well as by optical illusions, as by unproved
assumptions of the actual identity of a luminous arch
seen simultaneously from two distant places. On the
other hand, the influence of the aurora on the declina-
nation, inclination, and intensity, both horizontal and
total, of the magnetic force (on all the elements, there-
fore, of the earth’s magnetism), is undoubted, although
very unequal at different stages of the phznomenon,
and in the effect produced on the different elements.
The most complete observations on this subject are
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those of Siljestrém (?'7) and Bravais (1838—1839) in
Lapland, and those at Toronto in Canada (1840—1841),
discussed with much perspicacity by Sabine.(*¥) In
our concerted simultaneous observations made at Berlin
in Mendelssohn’s and Bartholdy’s garden, at Freiberg
below the earth’s surface, at Petersburg, Kasan, and
Nicolaieff, a derangement of the magnetic declination
was perceived at all the stations during an aurora seen
at Alford in Aberdeenshire (lat. 57° 15") on the 19th
and 20th of September 1829 ; —and at those among
them at which the other magnetic elements were also
observed, the dip and force were also seen to be
affected. (*'¥) During the fine aurora borealis observed
at Edinburgh by Professor Forbes, on the 21st of
March 1833, the magnetic inclination in the mine at
Freiberg underwent a remarkable decrease, and the
declination was so disturbed that it was hardly possible
to take any readings. A phenomenon which appears
deserving of particular attention, is a decrease of the
total magnetic force during increasing activity of the
auroral process. The results obtained by Oltmanns
and myself at Berlin, during a fine aurora borealis on the
20th of December 1806, (**°) and which were printed
in Hansteen’s « Untersuchungen iiber den Magnetismus
der Erde,” have been corroborated by Sabine and by the
French physicists in Lapland in 1838. (%)

As in the foregoing careful attempt at an account of
the state of our positive knowledge in regard to the
phenomena of terrestrial magnetism, I have limited
myself to a simply objective representation, inasmuch
as theoretical views drawn by inductive reasoning from
analogies have not yet assumed a sufficiently satisfactory
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form,—T have no less designedly avoided the attempt to
infer geognostical connections between the direction of
great mountain-chains or stratified rocks, and of the
magnetic lines, more especially the isoclinal and isody-
namic lines. I am far from denying the possible
influence of cosmical primeval forces, of dynamic and
chemical forces as well as of magnetic and electric
currents, on the formation of crystalline rocks and the
filling up of veins;(???) but seeing the progressive
movement, accompanied by change of form, of all the
magnetic lines, it cannot be supposed that the position
which they may be found to occupy at any particular
time, can throw any light on the relations of direction
of mountain-chains upheaved at exceedingly remote
but very different epochs, or on the foldings or corruga-
tions then taking place in the gradually hardening,
heat-exhaling crust of the earth.

There are indeed other relations, not affecting the
earth’s general magnetism, but only of a very partial
and local character, subsisting between geognostic and
magnetic phenomena, which may be called “mountain-
or rock-magnetism.”(*®) I was much interested by
these when examining in 1796 (previous to my depar-
ture for America) the magnetic serpentine rock of the
Haidberg in Franconia, and theéy then gave rise in
Germany to a good deal of literary debate. They
present a series of problems very accessible to observa-
tion and experiment, in which there remains much to
be determined. The intensity of the rock-magnetism
may be tested in detached fragments of hornblende- and
chloride-slate, serpentine, syenite, dolerite, basalt, mela-
phyre, and trachyte, by experiments of deflection and
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vibration of magnetic needles. In this manner, by
comparison of the specific weight, and by applying the
microscope to finely pulverised portions, it may be
decided whether the strength of the polarity does not
often proceed less from the quantity of the interspersed
grains of magnetic iron and iron oxide, than from the
relative position of the grains. A more important
question, however, in cosmical respects, and which was
propounded by me long since in connection with the
Haidberg, is: whether there are mountain-ridges in
which an opposite polarity is found on the opposite
sides? (**) An accurate astronomical determination of
the magnetic axis of such a mountain would become of
great interest, if after considerable intervals of time
there should be recognised either an alteration in the
direction of the axis, or an (at least apparent) indepen-
dence of the three variable elements of the general
magnetic force of the earth,

VOL. IV, M
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II.

Reaction of the interior of the earth on its exterior, showing itself,
— (a) dynamically, by waves of agitation, or “ earthquakes;”
— () by the increased temperature of the water of springs,
and the admixture of other substanees, as salts and gases, in
mineral and thermal springs ; — (¢) by the breaking forth of
elastic fluids, accompanied at times by phznomena of spon-
taneous ignition (gas- and mud-voleanoes, burning naphtha,
and salses) ;—(d) by the grand and powerful action of
volcanoes proper, in which, (by permanent channels of com-
munication with the atmosphere through fissures and craters),
earths molten at profound terrestrial depths are erupted as
glowing scorie, partly subjected, at the same time, to pro-
cesses whereby they are changed into crystalline rocks, and
partly poured forth in long narrow streams of lava.

IN order to maintain, in accordance with the fundamental
plan of my work, the connecting links uniting all tellurie
phznomena, and to preserve the representation of the
concurrent action of forces in a single system, we must
here recall how, beginning from the general properties
of matter, and the three principal directions of their
activity (attraction, light- and heat-exciting undulations,
and electro-magnetic processes), the first division of the
present volume treated of the magnitude, figure, and
density of our planet; its internal distribution of heat ;
and its magnetic condition. The above-named classes
of activity in the material universe (molecular and
mass-attraction or gravitation, light- and heat-exciting
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undulations, and electro-magnetic activity) are nearly
allied manifestations (??%) of one and the same primary
force, among which the first is the most independent of
diversity of substance. We have in all the above
respects represented our planet in its cosmical relation
to the central body of its system : its primitive internal
heat, generated possibly by the condensation of a rotating
nebulods ring, is modified by the solar action; and, as
has been above stated, according to the latest hypotheses
a periodical action is exercised on terrestrial magnetism
by a particular condition of the Sun, manifested to us
by the periodically varying frequency of the solar spots,
or openings in the outer envelopes of the Sun.

This second division of the present volume will be
devoted to the group of telluric phenomena which are
attributed to the reaction, still going forward, of the in-
terior of the earth on its exterior.(*?¢) I designate the
whole of these pheenomena by the general name of volea-
nism or volcanicity, and I regard it as an advantage not
to divide effects having the same causal connection, and
differing only by the strength of the manifestation of
the acting force, and by varieties in the complication of
the physical processes involved. In this gemerality of
view, small and apparently insignificant pheenomena
acquire a greater significance. An observer not scienti-
fically prepared, who visits for the first time a basin
filled by a hot spring, and sees ascend from it gases
which extinguish the flame of a candle, or walks
between rows of variable cones of mud-volcanoes
hardly exceeding in height kis own stature, would
not divine that the place now thus harmlessly occupied

has been repeatedly the scene of fiery eruptions as-
M 2
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cending to the height of many thousand feet, and that
the same internal force is at work as that which gives
rise to colossal craters of elevation, and even to the
mighty devastating, lava~pouring volcanoes of Etna and
the Peak of Teneriffe, and to those of Cotopaxi and
Tunguragua from which scoriw are ejected.

Among the manifold and cumulative pheenomena of
the reaction of the interior against the external crust,
I will first consider separately those whose essential
character is simply dynamical, and which consist of un-
dulations of the solid strata, — being a volcanic activity
not necessarily accompanied by chemical alteration of
substances, or by the eruption or production of any fresh
substance. In the other phznomena of the reaction of
the interior against the exterior,— in gas- and mud-
volcanoes, in burning naphthas and salses, and in the
great burning mountains which were first, and for a
long time exclusively, termed volcanoes,— there are
always present, the production of some fresh sub-
stance (gaseous or solid), processes of decomposition
and evolution of gases, and the formation of rock from
particles arranged in ecrystalline order. These are,
speaking in the most genera] terms, the distinctive
marks or signs of the volcanic vital activity of our
planet. In so far as this activity is to be principally
ascribed to the high temperature of the interior of the
earth, it is probable that all heavenly bodies which have
been condensed from a gaseous to a solid state, with an
accompanying enormous extrication of heat, must
present analogous phenomena. The little that we
know of the configuration of the Moon’s surface seems
to afford indications(®¥7) in correspondence with this
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view. We can imagine upheavings and formative acti-
vity in the production of crystalline rocks from a molten
mass, even in a body supposed to be destitute of air and
water.

A genetic connection between the classes of volcanic
phznomena which have been mentioned is indicated by
many and various traces of simultaneity, and accompa-~
nying transitions of the simpler and less powerful actions
into the more energetic and complicated ones. The
sequence in which I have arranged my materials, in the
mode of presentation which I have selected, is justified
by considerations of this nature. The magnetic activity
of our planet (of which the seat is not, indeed, to be
looked for in the molten interior, although, according to
Lenz and Riess, iron in a molten state is capable
of acting as the conductor of an electric or galvanic
current,) produces, when enhanced, a development of
light at the magnetic poles of the earth, or at least in
their vicinity. The first division of the present or tel-
luric volume of my work closed with this terrestrial lu-
minosity. I place at the opening of the second division,
or next in succession to this phsenomena of a light-ex-
citing undulation of the ether caused by magnetic forces,
and first among volcanic phenomenon, that class of
volcanic activity which in its essential manifestations
acts only, as does the magnetic activity, dynamically:
exciting motions or undulations in the solid crust of the
earth, not producing or altering substances, Other not
essential, but in this point of view secondary, pheenomena
(flames rising during earthquakes, eruptions of water,
and evolution of gas (**) following after the earthquake)
recall to the mind the phxnomena of thermal waters
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and salses. Salses sometimes show outbursts of flames,
visible to distances of very many miles, and rocks torn
from internal depths hurled into the air and scattered
around.(*®) These, as it were, prepare the way for the
grand phenomena of volcanoes proper, which in turn,
in the intervals between distant epochs of eruption, ex-
hale, like salses, .only aqueous vapours and gases from
fissures, Thus striking and instructive are the analo-
gies presented in different stages by the gradations of
volcanism.

a. Earthquakes.

(Extension of the Representation of Nature, in Kosmos,
Bd. I. 8. 210—225; Engl. Vol. L p. 191-—205.)

Since the publication of the first volume of the present
work (in 1845), and of the general description there
given of earthquake phenomena, the obscurity prevail-
ing respecting their seat and their causes has been but
little diminished; but by the labours of (%3°) Mallet
(1846) and Hopkins (1847) some valuable light has
been shed on the nature of the movement, the connection
of operations apparently diverse, and the separation to
be made between physical and chemical processes, asso-
ciated or occurring simultaneously. Here, as elsewhere,
advantage cannot fail to be derived from the application
of mathematical reasoning, as in the precedent set by
Poisson. In theoretical considerations on the dynamics
of earthquakes, the analogies between the undulations
of solid bodies, and the atmospheric waves of sound, to
which Thomas Young had called attention, (%) are
particularly adapted to lead to more simple and more
satisfactory views,
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Change of place, agitation, uplifting, and the produc-
tion of fissures, mark the essential character of the
phenomenon. 'We must distinguish between the acting
force which gives the first impulse to the vibration, and
the constitution, propagation,and enhanced or diminished
intensity of the agitation-wave. In the ‘ Representa-
tion of Nature,” I described those effects which present
themselves immediately to the senses, and which I had
myself the opportunity of observing for so many years
on the sea, on sea-like plains (the llanos), on elevations
of from eight to sixteen thousand feet, on the margin of
the craters of active volcanoes, and in granitic and mica-
slate districts distant about twelve hundred geographical
miles from any fiery eruption, —in districts where at
particular periods the inhabitants no more count the
number of earthquake shocks than we in Europe count
the number of showers of rain, — where Bonpland and
myself, in journeying through the forest, had to dismount
from our mules on account of their becoming unruly
from uneasiness at the earth trembling uninterruptedly
bepeath their feet for fifteen or eighteen minutes. By
being so long habituated to these phznomena, (an
advantage shared subsequently in a still higher degree
by Boussingault,) one becomes better disposed for calm
and accurate observation, for collecting and collating
with critical care, at the time and on the spot, various
and perhaps discordant accounts, and better prepared
for learning what have been the circumstances attendant
on great changes of the surface, of which fresh traces
are seen. Although, when we were on the spot, five
years had elapsed since the dreadful earthquake of
Riobamba, by which, on the 4th of February 1797,
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more than 30,000 human beings lost their lives in
the course of a few minutes, (#*?) we still saw the once-
moving cones of Moya (?*%) which had been then pro-
truded from the ground, and the combustible substance
of which they consisted employed in the huts of
the Indians for cooking. I could describe changes
of surface resulting from that catastrophe, quite analo-
gous, on a larger scale, to those presented by the cele-
brated Calabrian earthquake (February 1783), and the
accounts of which were long declared to be incorrect and
exaggerated, because not explicable by too hastily formed
theories. '

Since, as I have already said, the considerations re-
specting the cause of the impulse to motion ought to be
carefully separated from those which relate to the nature
and the propagation of the waves of motion, the subject
is thereby divided into two classes of problems of very
unequal accessibility. In the first, as in so many cases
where we desire to ascend to the higher links in the chain
of causation, we cannot, in the present state of our
. knowledge, look for any generally satisfactory results.
Nevertheless, while our efforts are directed to the dis-
covery of laws in ph@nomena which we are unable to
make the subject of actual observation, great cosmical
interest attaches to our at the same time keeping con-
stantly in view the different modes of genetic explanation
which have been put forward as probable. The greater
part of these (as in regard to all volcanic action or
voleanicity) relate, under various modifications, to the
high temperature and to the chemical constitution of
the molten interior of the earth ; one other most recently
proposed mode of explanation of earthquakes in trachytic
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regions is furnished by geological conjectures respecting
the non-connection of volcanically upheaved masses of
rock. I have brought together the following brief no-
tices of the different views which have been taken of
the possible nature of the first impulse in earthquake
movements : —

In one of these views the interior of the earth is
regarded as being in a state of igneous fluidity;— the
result of the process of formation of planets from a
gaseous state, whereby, in the transition from fluid to
solid, great disengagement of heat took place; the
external strata, by radiation of their heat into space,
having been the first to cool down and solidify. The
unequal ascent of elastic vapours (formed at the limits
between the fluid and solid, either from the molten
mass of the earth only, or by the penetration of sea-
water), the sudden opening of fissures thereby occa-
sioned, and the sudden approach of these vapours,
formed at great depths, and having therefore great
heat and tension, to the higher rocky strata nearer
to the earth’s surface,—are supposed to occasion agi-
tation, and to give the first impulse to the earthquake-
wave. An auxiliary influence, due to a non-telluric
cause, is supposed to exist in the attraction of the
moon and sun (?3!) acting on the fluid molten surface
of the earth’s nucleus, whereby there must, arise in-
creased pressure,—either immediately, against a solid
superincumbent rocky vault,—or mediately, where in
subterranean basins the solid is separated from the
liquid molten mass by elastic vapours.

In another view the nucleus of our planet is regarded
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as consisting of unoxidised masses of the metallic bases
of earths and alkalies; and it is supposed that water
and air gain access to these and thus that volcanic
activity is excited. ~Volcanoes do, indeed, send forth
great quantities of aqueous vapour into the atmo-
sphere; but the hypothesis of a penetration of water
to the volcanic hearth would have to encounter great
difficulties in respect to the mutual pressure (%)
of the external column of water and the internal lava ;
and the absence during eruptions, or at least the
great rarity of ignited hydrogen, which is not ade-
quately replaced by the formations of hydrochloric
acid, ammonia, and sulphuretted hydrogen,(2%) led
the illustrious originator of this hypothesis sponta-
neously to relinquish it.(%¥7)

According to the third view, which is that of the ac-
complished South-American traveller, Boussingault,
a want of continuity in the masses of trachyte and
dolerite, of which the upheaved volcanoes of the chain
of the Andes are composed, is regarded as a principal
cause of many and very widely acting earthquakes in
those regions. The colossal cones and dome-shaped
summits of the Cordilleras are in this view supposed
to have been by no means upheaved in a state of soft-
ness or semi-fluidity, but are regarded as consisting of
enormous angular fragments, which have been pushed
up and heaped one upon another. In the course of
these operations it would necessarily have followed
that, in the vast piles so formed, great intervals and
cavities would have occurred, and that by subsidence,
and by the occasional fall of imperfectly supported
masses, commotions would ensue. (%)



ON ITS EXTERIOR. EARTIQUAKES. 171

With greater clearness of view than is attainable in
considerations respecting the nature of the first impulse
(which, indeed, may be supposed to be of different kinds),
we are able to reduce the action originated by it, i.e.
the undulations of the earthquake-~waves, to simple me-
chanical theories, As I have already remarked, this
part of our knowledge of nature has latterly been very
materially augmented. The undulations have been de-
scribed in their progress and in their propagation through
rocks of different degrees of density and elasticity ; (2%°)
and the causes of the diminution in their velocity of
propagation by the occurrence of interruptions, reflexions,
and interferences of waves (*°) have been mathematically
investigated. The apparently rotatory (or ¢ vorticose”)
shocks, of which the obelisks in front of the convent of
San Bruno, in the little town of Stephano del Bosco in
" Calabria (1783) present an example which has been
much discussed, have been attempted to be reduced to
rectilinear shocks. (#!) Waves or undulations of air, of
water, or of earth, do, indeed, all follow as respects
space the same known dynamical laws ; but the earth-
waves are accompanied in their devastating action by
ph@nomena which by their nature remain enveloped in
greater obscurity, and belong to the class of physical
processes.  Such are exhalations or outpourings of
vapours in a state of tension, gases, or (as in the small
moving Moya-cones of Pelileo,) gritty mixtures of py-
roxene crystals, carbonaceous matter, and silicious-
shelled infusoria. These moving cones have overturned
many Indian huts. (%'?)

In the general Description of Nature in the first
volume, in connection with the great catastrophe of
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Riobamba, Feb. 4, 1794, many facts were collected by
me on the spot from the lips of survivors, and with
the most solicitous desire to elicit historic truth. Some
of these, as has been already stated, were analogous
to circumstances which took place in the great Cala-
brian earthquake of 1783; others, which were new,
were especially characterised by an explosive action from
below upwards. The earthquake itself was neither an-
nounced nor accompanied by any subterranean noise :
but a prodigious noise, still designated simply as el gran:
ruido,” was first heard eighteen or twenty minutes later,
and only under the two towns of Quito and Ibarra, at a
distance from Tacunga, Hambato, and the chief theatre
of devastation. In the history of catastrophes suffered
by man, there is no other instance in which in the
course of a few minutes, and in a thinly peopled moun-~
tainous country, so many thousand lives were lost by -
the production and passage of a few earth-waves, accom-
panied by the opening of fissures. In reference to this
earthquake, of which the first accounts were given by
the celebrated Valencia botanist, Don José Cavanillas,
particular attention is further due to the following
ph®nomena: — Fissures, which alternately opened and
closed, so that persons partially engulfed were saved by
extending their arms that they might not be swallowed
up ; portions of long trains of muleteers and laden mules
(recuas), disappearing in suddenly opening cross fissures,
whilst other portions, by a hasty retreat, escaped the dan-
ger ; vertical oscillations, by the non-simultaneous rising
and sinking of adjoining portions of ground, so that
persons standing in the choir of a church, sixteen feet
above the pavement of the street, found themselves
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lowered to the level of the pavement without being
thrown down; the sinking down of massive houses, (*4%)
with such an absence of disruption or dislocation, that
the inhabitants could open the doorsin the interior, pass
uninjured from room to room, light candles, and debate
with each other their chances of escape, during two days
which elapsed before they were dug out; lastly the en-
tire disappearance of great masses of stones and building
materials. The old town had possessed churches, con~
vents, and houses of several stories, but in the places
where they had stood, we found, on tracing out among
the ruins the former plan of the city, only stone heaps,
of from eight to twelve feet high. In the south-western
part of old Riobamba (in the former Barrio de Sigchu-
guaica), we could distinctly recognise the signs of an
explosion from beneath, the action of a force from
below upwards. On the cone called Cerro de la Culea,
which rises some hundred feet and appears above and
on the north side of the Cerro de Cumbicarca, rubbish
from the stone buildings lay mingled with the ske-
letons of men. Movements of translation in a hori-
zontal direction, whereby avenues of trees were re-
moved without being wuprooted, or fields, bearing
different kinds of  cultivation, became intermixed,
showed themselves repeatedly, both in Quito and in
Calabria. A still more striking and complicated phee-
nomenon was the finding articles belonging to one house
among the ruins of others at a considerable distance —
a discovery which gave rise to some lawsuits. Isit, as
the inhabitants of the country believe, that the earth
throws out again at one spot that which it has swallowed
up at another? or, is it (notwithstanding the distance)
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a simple transport over the earth’s surface? As in
nature effects are reproduced on the return of similar
conditions, we ought unhesitatingly to mention even
incomplete observations in order to direct the attention
of future observers to special phenomena.

It is not to be forgotten that in most cases of the
production of fissures, the earth-wave or undulation, by
which the solid parts are agitated, is associated, accord-
ing to my experience, with a concurrent action of very
different forces, manifested in emanations of gases and
vapours. If, in the undulatory movement, the extreme
limijt of the elasticity of the material (of the different
kinds of rock or loose earthy strata) is overpassed, and
rupture or separation ensues, elastic fluids in a state of
tension may escape through the openings thus formed,
bringing from the interior to the surface different sub-
stances, whose outburst may again become in turn a
cause of fresh translafory movement. To the class of
these merely accompanying phenomena of the primary
agitation or earthquake, belongs the elevation of uncon-
testedly moving Moya cones; and, probably, also the
transport of objects on the surface of the earth. (%)
When, in the formation of great fissures, they close again
in their upper portions only, the subterranean cavities
thus produced may not only become the cause of fresh
earthquakes,—inasmuch as, according to Boussingault’s
conjecture, ill-supported masses become in time detached,
and, in sinking, eause commotion,—but we may also
conceive it possible that in the fissures opened by earlier
earthquakes, elastic fluids may become active in occa-
sioning fresh earthquakes in places to which they for-
merly had no access. It would thus be the accompanying
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or secondary phenomenon, and not the intensity of the
undulation which had traversed a portion of the
earth’s crust, which would be the true occasion of the
gradual, very important, and too little regarded exten-
sion of circles of commotion, or earthquake regions, (%)

Manifestations of volcanic activity, to the lower gra-
dations of which earthquakes belong, almost always
comprise at once pheenomena of movement, and physical
production of substances. I have already noticed in
the Description of Nature in the first volume, how
there rise from fissures at a distance from any volcano : —
water and hot steam; carbonic acid gas and other
suffocating exhalations; black smoke, (as, for many
days, at the rock of Alvidras in the Lisbon earthquake
of Nov. 1, 1755); flame, sand, mud, and Moya with
intermixed carbonaceous matter. The great geologist
Abich has pointed out the connection between the ther-
mal springs of Sarcin (about 5382 feet high), in Ghilan
in Persia, on the road from Ardebil to Tabreez, and the
earthquakes by which those highlands are visited at
intervals of two years. In October 1848, an undulatory
movement of the ground, which lasted an entire hour,
obliged the inhabitants of Ardebil to leave the town,
and at the same time the temperature of the springs,
which is between 44° and 46° Cent. (111-2° and 1148°
Fahr.), rose for a whole month to scalding heat.(%°)
Perhaps there is no place on the earth where, as Abich
has told us, “the intimate connection of earthquakes
producing fissures, with the phenomena of mud vol-
canoes, salses, inflammable gases permeating through
loose soil, and petroleum springs, is more distinctly
indicated, and may be more clearly recognised, than at
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the south-eastern extremity of the Caucasus between
Shemacha, Baku, and Sallian. It is that portion of the
great Aralo-Caspian depression in which the ground is
most frequently agitated.” (*7) When in Northern Asia,
I was myself struck by the circumstance that the circle
of commotion, or earthquake region, of which the
district of Lake Baikal appears to be the centre, extends
to the westward only as far as the easternmost part
of the. Russian Altai, as far as the silver mines of
Riddersk, the trachytic rock of Kruglaia Sopka, and
the hot springs of Rachmanowka and Arachan, but not
to the chain of the Oural. Farther to the south,
beyond the parallel of 45° lat., there is found in the
chain of the Thian-schan, a zone running east and west,
characterised by every kind of manifestation of volcanie
activity. Not only does it extend from the  fire-dis-
trict” (Ho-tscheu) in Tourfan through the small Asferah
chain to Baku, and from thence past Mount Ararat to
Asia Minor, but it is even thought that it may be traced
between the latitudes of 38° and 40°, through the vol-
canic basin of the Mediterranean to Lisbon and the
Azores. I have treated this important subject of vol-
canic geography in detail elsewhere.(**®) In Greece also,
which has suffered more than any other part of Europe
from earthquakes (Curtius, Peloponesos, Bd. i. 8. 42—
46), a countless number of warm springs, either still
flowing or which have disappeared, have broken forth
during earthquake shocks. A thermic connection of
this kind was already pointed out in the remarkable
hook of John Lydus on earthquakes. (De Ostentis, cap.
liv. p. 189, Hase.) The great natural event of the de-
struction of Helice and Bura, in Achaia (373 B. ¢.),
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gave especial occasion to the formation of hypotheses
respecting causal connection in voleanic activities. It
was then that Aristotle originated the singular theory of
the power of winds entangled in the bowels of the earth.
(Met. II. p. 368.) The frequency of earthquakes in
Greece and Lower Italy, by destroying the monuments
of the most flburishing period of Art, has exercised a
most unfavourable influence on the study of the Greek
and Roman cultivation at different periods. Egyptian
monuments also (for example a colossal statue of Mem-
non, 27 B. ¢.) have suffered from earthquake shocks,
which, as Letronne has shown, were not so rare in the
Valley of the Nile as has been supposed. (Les Statues
Vocales de Memnon, 1833, p. 23-27, and 255.)

The considerations on which we have been dwelling
will make it appear still more remarkable, that so many
warm sanatory springs should have retained their com-
position and their temperature unaltered for centuries;
and must therefore flow from fissures which have appa-
rently undergone no changes either at their bottom or
sides. Channels of communication opened with higher
strata would have diminished, and with lower strata
would have increased, the temperature of the spring.

At the great outburst of the volcano of Conseguina in
the State of Nicaragua, on the 23rd of January 1835,
the subterranean noise (*°) (los ruidos subterraneos)
was heard simultaneously in the island of Jamaica and
on the highlands of Bogota (nearly 9000 feet above the
sea); a distance greater than that between Algiers and
London. I have already remarked elsewhere that at
the eruption of the volcano in the Island of St. Vincent,

on the 30th of April 1812, at two in the morning, a
VOL, IV, N
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noise similar to a cannonade, unaccompanied by any sen-
sible earthquake movement, was heard over a space of
10,000 (German) geographical square miles, 15 to a
degree. (*) It is well deserving of notice that when
earthquakes are associated with subterranean noise,
which is by no means always the case, the loudness of
the noise does not increase with the ‘strength of the
earthquake. The most singular and wonderful pheeno-
menon of the production of sound of which we have any
record is still the subterranean and roaring * bramidos de
Guanaxuato,” from the 9th of January to the middle
of the following month in 1784 ; respecting which I
was able to obtain the first well assured intelligence
from the lips of living witnesses, and from original offi-
cial documents. (Vol. L p. 196, and note 187.)

The velocity of earthquake propagation at the surface
must be supposed to undergo a considerable modifica-
tion from the very different densities of rocks, (granite
and gneiss, basalt and trachytic porphyry, Jurassic
limestone and gypsum,) and of alluvial soil or detritus,
passed through by the undulation. It would, however,
be exceedingly desirable to learn something as to the ex-
treme limits between which the rates of velocity vary.
It is probable that the most violent earthquakes are by
no means always the most rapidly propagated, The
measurements, moreover, do not always apply to the path
which the earthquake-waves may have followed. Ac-
curate mathematical determinations are greatly wanted.
Quite recently, a result has been obtained with great
exactness and judicious consideration of all circum-
stances, by Julius Schmidt, assistant at the Astrono-
mical Observatory of Bonn, on the Rhine earthquake
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of the 29th of July 1846. The velocity of propagation
obtained for that earthquake was 1466 English feet in
a second. This is a rapidity exceeding that of the wave
of sound in the air; but if we consider that the velo-
city of the sound-wave in water is, according to Colladon
and Sturm, 5016 English feet, and in cast-iron tubes,
according to Biot, 11,393 feet in a second, the result
found for the earthquake-wave will appear to us very
small. For the Lisbon earthquake of Nov. 1, 1755,
from the coast of Portugal to that of Holstein, Schmidt ;
found (from less accurate data) a velocity more than
five times greater than in the case of the Rhine earth-
quake of the 29th of July 1846. Between Lisbon and
Gluckstadt (a distance of 1180 English geographical
miles), the rate derived by him is 7955 English feet in
a second ; which is still 3438 feet less than takes place
in cast iron. (") :
Earthquakes, and sudden fiery eruptions of volcanoes,
recurring after long intervals of repose, — whether they
send forth merely scorie, or, like intermitting water-
springs, pour forth fluid molten earths in lava streams,
— have indeed the same causal connection, or common
origin, in the high temperature of the interior of our
planet ; but one of these ph@nomena shows itself in most
cases quite independently of the other. For example,
violent earthquakes, in their linear extension along the
chain of the Andes, agitate regions in which there are
volcanoes which are not extinet, and are indeed often in
a state of activity, yet without causing in them any per-
ceptible excitement. In the great catastrophe of Rie-
bamba, the neighbouring voleano of Tunguragua and the
rather more distant one of Cotopaxi remained quite tran-
N2
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quil ; and inversely, volcanoes have had great and long-
continued eruptions without earthquakes having been felt
in the country around, either previously or at the same
time. The most devastating earthquakes recorded in
history, and which have passed through very many
thousands of square miles, are precisely those which, so
far as could be perceived at the surface of the earth, had
no connection with the activity of volcanoes. This class
has latterly been termed plutonic,—in opposition to
properly volcanic earthquakes which are mostly limited
to lesser areas. This nomenclature, which would require
far the greater number of earthquakes to be called
plutonie, is not to be approved as respects more ge-
neral views.

We have everywhere beneath our feet that which may
produce earthquake shocks; and the consideration that
almost three fourths of the earth’s surface are covered by
sea, and (omitting a few sporadically scattered islands)
without any permanent communication between the in-
terior and the atmosphere (7.e. without active volcanoes),
sufficiently refutes the erroneous but widely-spread
belief, that all earthquakes are to be attributed to
the eruption of a distant volcano. Continental earth-
quakes are indeed often propagated over the bottom of
the sea, and the agitation communicated from the
coast, causes those formidable sea-waves of which the
earthquakes of Lisbon, Callao, and Chili have given
such memorable examples.  When, on the other
hand, the earthquake proceeds from the bottom of the
sea, from the dominions of the earth-shaking Poseidon
(oetoiybwv, kwnaiyfov), and is not accompanied by an
upheaval producing an island (as in the ephemeral
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existence of the Island Sabrina or Julia), there may be
remarked at points where yet the mariner would not
feel any shock, an ufiusual heaving and rolling of the
waves. The inhabitants of the Peruvian coast often
directed my attention to this pheenomenon. In the
harbour of Callao, and at the Island of San Lorenzo
which is opposite to it, in perfectly calm, windless
nights, in this exceedingly tranquil part of the Pacific,
I have myself seen suddenly wave rise upon wave to a
height of eleven to fourteen feet, continuing for a few
hours. Nor can we, in these latitudes, as we might do
elsewhere, explain the phenomenon by the supposition
of a violent storm having occurred far out at sea.

To begin with agitations of the earth limited to the
smallest space, and obviously owing their origin to the
activity of a voleano, I will mention first what I ob-
served when seated with my chronometer in my hand
at night in the crater of Vesuvius, at the foot of a
small cone of eruption; it was after the great earth-
quake at Naples, on the 26th of July 1805, and after
the eruption of lava which followed seventeen days
later. I regularly felt the ground of the crater shake
every twenty or twenty-five seconds, immediately before
each eruption of glowing scorize or cinders. Of these,
which were thrown to a height of fifty or sixty feet, part
fell back into the opening from which they had issued,
and part covered the sides of the cone. The regularity
of the phenomenon rendered the observation free from
danger. The repeated small shocks which I felt were
not sensible beyond the ecrater, 7.e. at the Atrio del
Cavallo, or at the hermitage del Salvatore. The pe-
riodicity of the shaking showed that it depended on
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a definite degree of tension, which it was necessary that
the vapours should reach before they could burst through
the molten mass in the interior of"the cone of cinders.
Just as in the case described, in which no shocks were
felt on the sides of the cinder-cone of Vesuvius, so in
a quite analogous phenomenon, though on a far grander
scale, on the cone of ashes of the volcano of Sangai, which
rises south east of the city of Quito to a height of
17,100 English feet, a very distinguished observer, Herr
Wisse, having (in December 1849) approached within a
thousand feet of the summit and crater, perceived no
quaking of the ground,(?*?) although 267 explosions
(eruptions of scorie) were counted in the course of a
single hour.

A second, immensely more important, class is the very
numerous one which consists of earthquakes usually
accompanying or preceding great eruptions, whether of
volcanoes which, like our European ones, pour forth
streams of lava; or of volcanoes which, like Cotopaxi,
Pichincha, and Tunguragua in the Andes, send forth
only scoriz, ashes, and vapours. It is especially in
regard to this class that volcanoes may be viewed as
safety-valves, or vents, according to the early remark
of Strabo on the fissure from which lava flowed, near
Lelante, in the island of Eubeea. The earthquakes
cease when a considerable eruption has taken place.

The most wide-spread devastations (25?) are those occa~-
sioned by earthquake-waves which traverse partly non-
trachytic and non-volcanic countries, and partly trachytic
and volcanic ones, as the Cordilleras of South America
and Mexico, without exercising any influence on the
neighbouring volcanoes.  These form the third class or
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group of phenomena, and it is that which points most
strongly to the existence of a general cause in the
thermic constitution of the interior of our planet. To
this third group belongs also a case of rare occurrence
in which, in countries non-volcanic and rarely visited by
earthquakes, the ground trembles uninterruptedly for
several months, on a very restricted space, seeming to
presage an upheaval, and the formation of an active vol-
cano. This took place in the beginning of the present
century in the Piedmontese valleys of Pelis and Clusson,
as well as at Pignerol in April and May 1808, and also
in the spring of 1829, in Murcia, between Orihuela and
the sea-coast, on a space rather less than a (German)
square mile. When in the interior of Mexico, on the
western slope of the high land of Mechoacan, the cul-
tivated flat of Jorullo was incessantly shaken for ninety
days, the volcano rose surrounded by many thousand
small cones, about five or seven feet high (los hornitos),
and poured forth a brief but powerful stream of lava.
On the other band, in Piedmont and in Spain, the
shaking of the earth gradually ceased without any great
natural event ensuing.

I have thought it useful to enumerate the wholly
different kinds of manifestation of the same volcanic
activity (or reaction of the interior of the earth on
its exterior), in order to guide the observer, and#id in
providing materials which may lead to fruitful results
respecting the causal connection of the ph@nomena.
Sometimes the volcanic activity embraces at one time,
or at times little distant from each other, so large a
portion of the earth, that the shocks which are felt may
be attributed to several kindred causes at once. The
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years 1796 and 1811 ‘especia.lly offer remarkable ex-
amples (***) of such a grouping of phznomena.

b. Thermal Springs.

(Enlargement of the Picture of Nature in Cosmos, Vol. I.
p. 207—211.)

We have deseribed Earthquakes as a result of the
vital activity of the interior of our planet, manifesting
itself in irregularly repeated and often fearfully de-
structive phenomena. In earthquakes, regarded accord-
ing to their essentially inherent character, the volcanic
power displayed acts dynamically only, or as an energy
giving rise to motion ; although in some localities, under
particular collateral conditions, it may be the means, not
indeed of producing particular kinds of substances (as
do volcanoes proper), but of bringing them to the
surface of the earth. In like manner as in earthquakes,
water, vapours, petroleum, mixtures of gases, or pasty
masses (mud, and “moya”) are occasionally, and
during periods of brief duration, brought to the surface
and emitted through suddenly opened fissures;—so
fluids, both liquid and gaseous, flow permanently from
the bosom of the earth through the existing generally
distributed network of intercommunicating fissures.
We thus place by the side of the transitory and tumul-
tuous pheenomena of emission, that vast and tranquil
system of springs, wells, and fountains, by which organic
life is beneficently nourished and refreshed, and by
means of which, for thousands of years, the moisture
withdrawn from the atmosphere by the fall of rain, is
restored to the service of the organic creation. Analo-
gous phanomena in the great ecomomy of nature are



ON ITS EXTERIOR. THERMAL SPRINGS. 185

mutually illustrative of each other, and some allusion
to such connecting links as can be recognised between
them should not be omitted where generalisation of
view is desired.

The division of springs into warm and cold, which is
in such general use, and 1 ordinary parlance appears so
natural, will be seen to rest only on very uncertain
foundations, if it is wished to reduce it to definite nu-
merical expression. If the temperature of springs is
to be compared with that of the human body (the in-
ternal heat of which Brechet and Becquerel found with
thermo-electric apparatus tobe from 98:1° to 98-6° Fahr.)
the degree of the thermometer scale at which a liquid
when placed in contact with parts of the body would be
called cold, warm, or hot, will differ considerably ac-
cording to individual feelings. No absolute degree of
temperature can be determined on, as that above or
below which a spring shall always be termed warm or
cold. The proposal to call, in each climatic zone, a
spring, whose mean annual temperature does not ex-
ceed the mean annual temperature of the air in the
same zone, a cold spring, offers, at least, scientific
accuracy in the comparison of definite numbers. It has
also the advantage of leading to considerations respecting
the different origin of springs; since the agreement
with the mean annual atmospheric temperature is to be
looked for in ‘“invariable” springs directly, and in
“variable ” ones (as Wahlenberg and the elder Erman
have shown) in the mean of their summer and winter
temperatures. But according to this criterion, in one
zone a spring may be termed “warm,” whose tempera-
ture is scarcely a seventh or an eighth part of that of
another which being situated in the equatorial regions
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is termed “cold.” I take the difference between the
mean temperatures of St. Petersburg (38:1° Fahr.),
and the banks of the Orinoco. The purest spring
waters that I ever drank while I remained in the
district of the Cataracts of Atures and Maypures, (**)
or in the forests of Atabapo, had a temperature of up-
wards of 26° Cent. or 78:8° Fahr. And the tempera~
ture of the great rivers of tropical South America
corresponds to that of these which would in such case
be technically called “ cold ” springs ! (%)

The flowing forth of springs, occasioned by various
causes of pressure, and by the interconnection of fissures
containing water, is a phenomenon so general over the
earth’s surface, that at some points it takes place in the
highest uplifted mountain strata, and at others at the
bottom of the sea. In the first quarter of the present
century, Leopold von Buch, Wahlenberg, and I collected
numerous results respecting the temperature of springs
and the distribution of heat in the interior of the earth
in both hemispheres, from the 12th degree of south to the
71st degree of north latitude. (*7) The springs which
bave an “invariable” temperature were carefully dis-
tinguished from those which vary with the seasons; and
Von Buch remarked the powerful influence of the dis-
tribution of the fall of rain in the course of the year,
or the relative frequency and abundance of winter-
and summer-rains, on the temperature of the *vari-
able springs,” which are, generally speaking, the most
numerous and widely diffused class of springs. This
influence has recently been placed in a clearer light,
both in a geographical and hypsometrical view (or
‘according to latitude and to elevation), by de Gasparin,
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Schouw, and Thurmann. (®) Wahlenberg maintained
that in wery high latitudes the mean temperature of
variable springs is somewhat higher than the mean
temperature of the air; he looked for the cause of this,
not in the dryness of very cold air and the consequent
less abundance of winter rain, but in the protecting
covering of snow diminishing the radiation of heat
from the ground. In those parts of the great plains of
Northern Asia in which a perpetual “ stratum of ice,”
or at least frozen soil with interspersed pieces of ice, is
found at a depth of a few feet, (*°) the temperature of
springs cannot, without great caution, be used in making
out Kupffer'’s important theory of isogeothermal lines.
In such situations there takes place a twofold radiation
of heat from the upper stratum of the earth; upwards
towards the atmosphere, and downwards towards the ice
 stratum.  An extensive series of valuable observations
collected by my friend and companion Gustav Rose, in
the Siberian Expedition, in the heat of summer (often
in wells still surrounded with ice), between the Irtysch,
the Obi, and the Caspian Sea, showed a great complica~
tion of local disturbances. Similarly perturbing in-
fluences, arising from entirely different causes, show
themselves in results obtained within the tropies, from
mountain springs issuing forth on vast table-lands eight
or ten thousand feet above the sea (Micuipampa, Quito,
Bogota), or on slender isolated summits many thousand
feet still higher; these comprehend a more extensive
part of the earth’s surface, and are useful in leading
to the consideration of analogous thermic relations in
mountainous countries in the temperate zone.
In this important subject it is first of all necessary to
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separate actual observations from the theoretical con-
clusions which have been based upon them. The ob-
ject we aim at, enounced in its greatest generality, is
a threefold one:—the distribution of heat, in the ac-
cessible part of the earth’s crust, in the aqueous cover-
ing (the ocean), and in the atmosphere. In the liquid
and gaseous coverings of the globe, an opposite variation
of temperature takes place in the vertical direction.-
In the solid parts of the globe, the temperature in-
creases with increasing depth ; the variation being here
the same in direction (though the ratio is very different)
as in the atmospheric ocean, in which elevated plateaus
and variously shaped mountain summits represent shoals
and submarine rocks. We are acquainted by direct
experiment with the distribution of heat in the at-
mosphere, geographically or in different latitudes and
longitudes, and hypsometrically or at different amounts
of vertical elevation above the level of the sea. This
knowledge is, however, almost wholly confined to the
near vicinity of the solid or liquid surface. Scientific
and systematically arranged investigations, by means of
aérostatic explorations of the aérial ocean beyond the
immediate proximity of the disturbing influences of the
earth, are still so much too few in number, that they
have for that reason been little capable of affording the
requisite numerical data for mean conditions. In re-
gard to the decrease of temperature in the depths of
the ocean, observations are not wanting; but currents
bringing water from different latitudes and depths, and
of different densities, interpose almost greater obstacles
to the attainment of general results than do the currents
of the atmosphere. The thermic conditions of the two
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coverings of our planet, which will be treated of more
particularly in the sequel, are here referred to in pass-
ing, in order that the influence of the vertical distri-
bution of temperature in the solid crust of the earth,
(the system of “geoisothermals,”) may not be looked
at in too isolated a manner, but that it may be regarded
rather as a portion of the all-pervading movement of
heat, — a true “cosmical activity.”

Instructive as are in many respects observations on
the unequal decrease of temperature with increasing
elevation of their point of issue of such springs as do
not vary with the seasons, yet the local law of such de-
crease ought not to be regarded, as it too often is, as a
general “geothermic” law. If we were assured that
the springs came from unmixed waters, resting on very
extensive horizontal strata, we might indeed believe
them to have gradually acquired the temperature of the
solid materials in the vicinity; but the great network
of fissures by which the upheaved masses are inter-
sected must render this only a rare case. Colder waters
from higher levels mix with the lower ones. Our
mining operations, small as is the depth to which they
penetrate, are very instructive in this respect; but we
shall not arrive directly at the knowledge of the geo-
thermal lines until observations are obtained at very
various elevations above the level of the sea by Bous-
singault’s method, 4.e. by sinking the thermometers
into the earth below the depth to which the influence
of the variations of the adjacent atmosphere extends.(2%°)
From the 45th parallel of latitude te the parts of
the tropics nearest to the equator, the depth at which
the “invariable ” stratum begins decreases from 64 feet
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to about 2 feet. It is therefore only within the tropies,
or at no great distance beyond them, that this method
of arriving at the knowledge of the mean temperature
of the ground is easily practicable. The valuable re-
source offered by Artesian wells (which, with absolute
depths of from 750 to 2340 feet in round numbers,
have shown an increase of temperature of 1° Fahr. for
a mean descent of 56 feet,) has as yet only been
available to physical inquirers in districts not more
than 1600 feet above the level of the sea. (36') I have
visited excavations made in search of silver ores in the
Andes 6° 45" south of the equator, at an elevation of
13,200 feet, and I there found the temperature of the
waters oozing out of the fissures in the limestone rock
52-3° Fahr.(*?) The waters which on the ridge of the
Andes, at the Paso del Assuay, were warmed for the
baths of the Inca Tupac Yupanqui, came probably from
the springs of the Ladera de Cadlud; where, by baro-
metric measurement, I found the elevation of the path
(near which ran also the ancient skilfully constructed
Peruvian road,) 15,525 feet above the sea, or nearly
equal to the height of Mont Blane.(*62) These are the
highest points at which I was ever able to observe
spring water in South America. In Europe, in the
Eastern Alps, the brothers Schlagintweit, at the height
‘of 9440 feet, found the temperature of the water in the
gallery of a gold mine (the “ Goldzeche *), and of small
springsnear themouth of the gallery, only 33-4° Fahr.,(264)
at a distance from either snow or glacier ice. The
limits of elevation at which springs are met with differ
with differences of latitude and of the height of the
‘line of perpetual snow; and also with the ditferent pro-
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portions which the elevations of the loftiest peaks bear
to those of the general crests of the mountains and of
the table-lands.

If the semi-diameter of our planet were increased by
the height of the Himalayan summit of Kinchinjunga,
28175 feet, this addition of only about 544 of the earth’s
radius would scarcely make any difference (according
to Fourier’s analytic theory) in the temperature of the
surface as cooled by radiation; the thermal condition of
the upper portion of the crust of the earth would be
almost exactly the same as it now is. But where par-
ticular parts of the surface rise into the atmosphere,
whether in mountain chains, or in isolated summits,
there takes place in the interior of the upheaved strata a,
decrease of warmth from below upwards, which decrease
is modified by contact with strata of air of unequal
temperatures ; by the different capacity for heat and the
different heat-conducting power of different kinds of
rock; by the exposure to the sun’s rays of the bare or
forest-covered summits and declivities; and by the
greater or less radiation from the mountain, according
to the particular. form of its relief, whether forming a
wide mass, or one or more narrow cones or pyramids.
The particular height of the region of clouds; the
extent of icy or snowy covering (varying according to
the different heights of the snow limit); and the
frequency of the currents of colder air, which at par-
ticular parts of the twenty-four hours roll down the
steep declivities; all modify the effects of terrestrial
radiation. As the soaring jagged peaks become colder,
there arises in the interior a faint current of heat from
below upwards, tending towards, but never attaining,
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the production of a state of equilibrium. The recog-
nition of so many agencies affecting the vertical
distribution of heat, leads to well-founded conjectures
respecting the connection of complicated local phzno-
mena, but-not to the derivation of any direct numerical
determinations. In mountain springs, (and the higher
ones, being important to the Chamois hunters, are
carefully sought out,) a doubt often subsists as to their
being mixed, either with waters which sinking down
from above bring a colder temperature, or with waters
rising from below and bringing with them the higher
temperature of more deeply seated strata. From
nineteen springs observed by Wahlenberg, Kimtz
draws the conclusion that in the Alps we require to
ascend between 960 and 1020 feet, to see the tempe-
rature of springs diminish 1-8° Fahr. (average, 550 feet to
1° Fahr.) More numerous and more carefully selected
observations by Hermann and Adolph Schlagintweit, in
the eastern Carinthian, and the western Swiss Alps round
Monte Rosa, give a more rapid decrease of temperature,
viz. 1'8° Fahr. to only 767 feet (426 feet to 1° Fahr.).
According to the great work of these excellent ob-
servers, (%) “the rate of decrease of the temperature
of the springs with increasing elevation is in every case
somewhat slower than that of the mean annual tem-
perature of the atmosphere, which in the Alps gives
319 English feet for 1°Fahr. The springs there are,
generally speaking, warmer than the mean tempera-
ture of the air at the same level; and this difference
between the temperature of the air and the springs
increases with the elevation. The temperature of the
ground at equal heights is not the same throughout
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the Alps; for, apart from the influence of geographical
latitude, the elevation of the isothermal planes, con-
necting the points at which the springs have the same
mean temperature, increases with the increasing mean
elevation of the surrounding country: all in accordance
with the laws of the distribution of heat in a solid body
of varying thickness, to which the relief (or mass ele-
vation) of the Alps may be compared.”

In the Andes, and precisely in that volcanic portion
of the chain which presents the greatest elevations, the
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