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Arr. L—General Remavks on the Tem?eraiure .of the Terrestrial

Globe and the Planetary Spaces; by Baron Fourier.*
Translated from the French, by Mr. Esexezer Burcess, of Amherst Collége.

THE question of terrestrial temperature, one of the.most remark-
able and difficul¢ in natural- philosophy, involves very different ele-
ments which require to be considered in a generallight. *I have
thought it would be useful to have condensed in a single essay, all
the results of this theory. The analytical details bere admitted, are
found in works which I have already publxshed 1 was specially
desirous of presenting to philosophers, in a concise table, a complete
view of the phenomena and the mathematical relatxons which exist
between them.

The heat of the earth is derived from tbree sources, which should
first be distinctly mentioned.

1. The earth is heated by the solar rays the unequal dlsmbutlon
of which causes diversities of climate.

* TO PROFESSOR SILLIMAN.

Dear Sir—Although it is several years since they were published in France, 1 .
have never met with a translation of any of Baron Fourier’s able papers on the
temperature of the globe, nor seen in the English language a full view of the im-
portant principles which they develop. Ihave, therefore, requested Mr. Ebene-
zer Burgess, a tutor in Amherst College, to make a translation from the 27th No.
of the Annales de Chimie'et de Physique, of an article of Fourier, in which he
gives a summary. of the results to which he has come on the subject, by the use of
mathematical analysis. And should your views of the value of this paper cor-
respond with my own, I hope you may find a place for it, even at this late day, in

your Journal. - 'With much respect,
Ambkerst College, July 4th, 1836. : Epwarp Hircucock.,
Vor. XXXII.—No. 1. 1




2 ~ Tempcrature of the Terrestrial Globe.

2. It partakes of the common temperature of the planetary
spaces ; being exposed to the radiations from the innumerable stars
which surround the solar system. :

3. The earth preserves in its interior a part of that primitive heat
which it had at the time of the first formation of the planets.

We shall separately examine each of these three causes, and the
phenomena which they produce. We will show, as clearly as we
are able in the present state of the science, the principal features of
these phenomena. For the purpose of giving a general idea of this
great question, and showing at a glance the results of our researches,

~ we present them in the following summary, which is in some meas-
ure a synoptic table of the contents of this artlcle, and of several
which have preceded it.

The solar system is situated in a region of’ the universe, every
point of which has a common and constant temperature, determined
by the rays of light and heat which proceed from the surrounding
stars, 'This low temnperature of the planetary space, is a little below
that of the polar regions of the earth. The earth would have only
the same temperature with the "heavens, were it not for two causes
which are concurring to heat it. One is the “internal heat which it

" possessed at its formation, a part of which only is dissipated through

the surface; the other is the continued action' of the solar rays,
which penetrate the whole mass, and produce at the surface, the
diversities of climate. :

The primitive heat of the globe has no longer any sensible effect
upon the surface: but it may be very great as we approach the

center. - The temperature of the surface does not exceed by the

thirtieth of a centesimal degree, ({%° Fahrenheit,) the lowest state
to which it can’ ever be reduced. At first it diminished very rap-
idly : but at present with the greatest slowness.

The observations heretofore collected seem to show that the tem-
perature of different points of the same vertical line, is proportional
to the depth, and that this increase of temperature, as we advance
 towards the center, is about one degree for every thirty or forty me-

ters. Such a result supposes a very high internal temperature. It
cannot proceed from the action of the sun’s rays; and it is naturally
~ explained by the heat which belonged to the earth at its formation.

This increase of temperature, of about one degree for thirty-two
meters will not always remain the same. It gradually diminishes;
but many ages must elapse before it can be reduced to half its pres-
ent value.
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If other causes hitherto unknown, can explain the same facts, and
if there exist other sources of terrestrial heat, either general or acci-
dental, they will be discovered by com parmg the results of this theory
with those of observation. -~ - ,

The rays of heat which are contmually proceeding from the sun
to the earth, produce upon its surface two very distinct effects : oneis
periodical, and reaches no fartlier than the exterior crust. The other.
is constant. It is observed at great depths, say thirty meters, from
the surface. The temperature of these places undergoes no sensible
change in the course of the year; it is fixed. = But it is.very differ-
ent in different climates; it results from the continual action of the
solar rays, and from the unequal exposure of - different parts of the
surface between the equator and the poles. . We can determine the
time which must pass before the effect of the sun’s rays could produce
that difference in climate which now exists. All these results agree
with those of the dynamic theorles wlnch have proved to us the sta-
bility of the axis of the earth.. R Sl

The periodical effects of the solar heat, arise from the dlurnal or
annual variations. -~ This order of facts.is explamed exactly, and in
all its details, by the theory. The comparison-of the results with
the observations will serve to measure the conducting power of those
substances of which the crust of the globe is composed.- _

" 'The pressure of the atmosphere and bodies of water, has the gen-
eral effect to render the distribution of heat more uniform. In the
ocean and in the lakes, the coldest particles, . or rather those whose

* density is the greatest, are continually tending downwards, and the

motion of heat depending on this cause is much more rapid than that

which takes place in solid masses in consequence of their connecting

power. The mathematical examination of this effect would require
exact and numerous observations. These would enable.us to under-
stand bow this internal motion prevents the mtemal heat of the globe
from becoming sensible in deep waters..

Liquids are very poor conductors of heat ; but they have, hke
aerlform media, the property of carrying it rapidly in certain direc-
tions. ‘This is the same property which, combining with the centri-
fugal force, displaces. and mmgles all' parts of the atmosphere as
we]l as the. ocean, and maintains in them regular and immense cur-
rents. :

- The interposition of: the air very much modxﬁes the effects of the
.heat upon the surface of the globe. The solar rays traversing the
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4 ' Temperaturc of the Terrestrial Globe.

atmospheric strata which are condensed by their own weight, heat
them very unequally: those which are rarest are likewise coldest,
because they extinguish and absorb a smaller part of the rays. The
heat of the sun, coming in the form of light, possesses the property
of penetrating transparent solids or liquids, and loses this property
entirely, when by communication with terrestrial bodies, it is turned
into heat radiating without light. , T
This distinction of luminous and non-lumjnous heat, explains the
elevation of temperature caused by transparent bodies. The mass
of waters whicli cover a great part of the globé, and the ice of the
polar regions, oppose a less obstacle to the admission of luminous
heat, than to the heat without light, which returns in a contrary di-
rection to open space. The pressure of the atmosphere produces
an effect of the same kind : but an effect, which, in the present state
of the theory, and from want of observations ‘compared with each
other, cannot be exactly defined. Whatever it may be, we cannot
doubt that the effect which should be attributed to the impression
of the solar rays upon a solid body of very large dimensions, by far
surpasses that which would be observed in exposing a common ther-

“mometer to the same rays.

The radiation-of the most elevated strata of the atmosphere, the
cold of which is very intense and almost constant, has an influence
upon all the meteorogical facts of our observation ; it can be ren-
dered more sensible by reflexion from the surface with concave mir-
rors. 'The presence of the clouds which intercept these rays,- miti-
gates the cold of the nights. - ‘ S

We see that the surface of the terrestrial globe is placed between
a solid mass, the central part of which- may surpass that of matter
heated to whiteness, and an immense girdle, whose temperature is
below that requisite for the’ congelation of mercury. T

All the preceding results can be applied to other planetary. bo-
dies. They can be considered as placed in a medium whose con-
stant and common temperature is little below that of the terrestrial
poles. - This same temperature of the heavens is that of the surface .
of the most distant planets; for the impression of the rays of the
sun, even when augmented by the disposition of the superficies,
would be too feeble to occasion sensible effects; and we know by
the condition of the terrestrial globe, that, in the planets whose
formation cannot be less ancient, there exists upon the surface no
longer any elevation of temperature to be attributed to internal heat.
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~- It is equally probable, that in respect to most of the planets; the
temperature of the poles is little above that of the surrounding space,
with respect to the temperature which each of these bodies owes to
the sun, it is not known ; because it may depend on the pressure of
an atmosphere and -the condition of the surface. We can-only ap-
proximate to the truth in assigning the mean temperature which the
earth would have acquired situated in‘the place of the planet. - .
After this exposition, we shall examine successively, the different
- parts of this question. We would first make a remark which has a
relation to all these parts, because it is-founded upon the ‘nature
of differential equations of the motion of heat, - It is this: the effects
of each of the tliree causes we have mentioned, may- be calculated
separately, - as if’ it had no connection ‘with the others... It is suffi-
cient afterwards to unite these partial effects: ils se superposent li-
brement comme les dernieres oscillations des corps. - -
~We shall describe in the first place the principal results of -the
prolonged action of the solar rays upon the terrestrial globe, =
A If a thermometer is placed 'ata considerable depth below the.sur-

) . S s
;)4/' face of the solid earth, forty meters for example, - the’instrument in-

dicates a fixed temperature. - This fact is observed in-every part of
the globe. . This temperature of deep places is always the same in
the ‘'same . place ; but it is not the same in- different climates. .- It
generally decreases as we advance towards the poles. - i
If we observe the temperature of points much nearer the surface
of the earth, for example, at the depth of one, five, or ten meters, -
we see very different effects.- The temperature varies during a single
day or year. But wecan suppose the crust or envelop in which
these variations take place, to be removed, and consider the fixed
temperatures of the points of the new superficies of the globe, - °
We can conceive that the state of the mass has varied continually
in proportion to the heat received from™ the origin of heat itself.
This variable state of internal temperature bas changed by degrees,
and has approached nearer and nearer to a final state, which is sub-
ject to no change. Then each point of the solid sphere has acquir-
ed, and preserves, a temperature, a fixed temperature, which de-.
" pends only on the situation of the point itself. R
" The final state of the mass, the heat of which has penetrated all
its parts, can very justly be compared - to that of a vessel which re-
ceives-by openings at the top, liquid from some constant source, and
“permits exactly an equal quantity to escape by orifices. '
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Thus the solar heat has accumulated in the interior of - the globe
and is there continually renewed. It penetrates the parts of the
surface near the equator, and is dissipated through the polar regions.
The first question of this kind which has been submitted to the cal-
culus, is found in a memoir which I read to the French Institute, at
the close of -the year 1807, Art. 115, page 167. - ‘This article is
deposited in- the archives. I then took up this first question to ex-
‘hibit a remarkable example of the application of the new theory ex-

posed in the memoir; and to show how the analysis points out the -

tract followed by the solar heat.in the interior of the earth.

~ If now we replace this exterior envelop of the earth, whese points
are not sufficiently deep-to have a fixed temperature, we remark an
order of facts more compound, the complete expression of which is
given by our analysis. At a moderate depth, as three or four me-
ters, the temperature observed does not vary during each day, but
the change is-very perceptible in the course of a year; it varies and
and falls alternately. The extent of these ‘variations,.. that is, the
difference- between the maximum and minimum of temperature, is
not the same at all depths; it is inversely as the distance from the
surface. - The different points of the same vertical line. do not arrive
at the same time at the extreme temperatures.” The extent of the
variatious, -the times of the year, which correspond to the greatest,
to the mean, or to the least temperatures, change with the positioh
of -the point in the vertical line. There are the same quantities of
heat which-fall . and rise alternately ; all these values have a- fixed

" relation between themselves, which are indicated by experiments

and expressed distinctly by the analysis. - The results observed are
in accordance with those furnished - by the theory ; no phenomenoﬁ
is niore_completely explained.. - The mean annual temperature of
of any point whatever in the vertical line, that’is, the mean value of
all those which might be observed in the course of a year, at this
point, is independent of the depth. - It is the same for all points of
the vertical, and consequently that which would be observed imme-
diately below . the-surface ;: it is the fixed temperature which - exists
at great depths. - . | S o
It is evident that in the enunciation of this proposition, we make
no account'of the'internal heat of the globe, and those acé,essory
causes which would modify: this result ina particular placé.. Our
principal object is to ascertain general phenomena.  We have be-
fore remarked that the different effects can be separately considered.
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Temperature of the Terrestrial Globe. 7

We ought likewise  to observe respecting ‘all. the numerical values
mentioned in this memoir, that they are presented here only as ex-
amples of the calculus. The meteorological observations proper for -
furnishing the necessary data, those which would show the capacity
for heat and the permeability of the substances-which compose the
globe,. are too uncertain and too limited, to enable us, by the cal-
culus to deduce accurate results. But we mention-these numbers to
show, how formulas ought to be-applied :- and however much they
‘may differ from true results, these values are much- more suitable
for giving a correct idea of the phenomena, than general expressions
without their numerical application. ~: “ - T
~+ In those parts of the- crust nearest_the surface, the " thermometer
rises-and falls during each day.  These: diurnal variations cease to
" be sensible_at the depth of two or-three meters, " Below this we can
perceive only annual variations, and these again become insensible
at a still greater depth. . 1 . ..
_* 1f the rapidity of the motion of the earth around its"axis were to
be infinitely increased, and the same weré supposed .to. take . place
respecting its motion round the sun,-the'diurnalfand’annual,_variation's
-would po longer be observed, the points of the ‘surface would: have

acquired and would- preserve the fixed temperatures of placesata -

great depth. - In general the depth .which we- must reach in order
that the variations may become'insensible, has'a very simple ratio
to the duration of the period which * reproduces ‘the same effects at
the surface. - This depth_is exactly proportional to the square root
of the period. . It is for this reason that the diurnal variations pene-
. trate only to one nineteenth of the depth at which the annual varia-
‘tions " are observed. The question of a’ periodical motion of .the
solar heat was examined for the first time, and resolved in a separate
paper, submitted to the French Ihstitute_in'Oc_tober,. 1809. - L again
brought forward. this solution in a paper’ submitted at’ the close" of
1811, and printed-in the collection of our 'memoirs. -~ L
The same theory furnishes the means-of measuring the quantity
~of 'heat which in the course of a year determines. the succession of
the seasons. .« . el it
~ The design of this example of .the application of formulas is to
show that there exists a necessary.relation between the laws of peri-
~ odical variation and the whole quantity of ' heat which - effects . this
variation :"so that this law being known :byobservations- made in a
given climate, we can determine the quantity of heat which pene-
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trates the earth and returns into the air. Considering, therefore, a
- law similar to this, which-is established of |Lsel['m the i mtenox of the
- globe, 1 have obtained the IolIO\\nw results, L

In oue eighth of w vear alier the temperature at- thc a\,ll]d(,e I
raised to its meun v.tlue, the eurth begius to be heated ;. the rays of
the sun penetrate it during six wonths. *.Then the heat of the earth
takes an opposite direction ; it comes out and is dissipated in the air
and external space.. Now .the quantity of heat which undergoes
these variations in the course of a year is expressed by the calculus.
If the.crust of the earth was formed of a metallic substance of forged
iron, (the substance which I have chosen for an example, after hav-
ing . measured. the_specific coefficients,) the heat. which . produces
the succession of the seasons, would be for the climate of Paris, and
for a square meter of surface, equivalent to what would melt a cylin-
drical column of ice, having for its base this square. meter, and a
height of about three meters and one tenth. - Although  the. value
of ,the coefficients for substances of> which the .globe .is composed,
has not as yet been measured, we can easily see that they would
give.a result much less than we have just mentioned. It is propor-
tioned to tlie square root of the product of the capacity‘for-_ heat,
considered in relation to volume and the permeability. . '

- We will now consider the second cause of terrestrial heat whxch
as we.think, resides in the planetary spaces.  The "temperature of
this space exactly defined, is that which a thermometer would indi-
cate, supposing the instrument placed in any part of the space occu-
pied by the.solar system, 'md the bodxes which compose this system
anuihilated.- ,

. 'We shall give a detail of the punc:pal facts from whwh we. have
ascertamed the " existence "of this ‘heat, ‘peculiar to- the planetary
spaces, which is mdependent of ‘the presence -of the sun, and of the
original heat which the earth has preserved. To obtain a knowledge
of this singular phienomenon, it is necessary to-ascertain what would
be the thermormetrical state of the terrestrial mass, if it received only
the heat from the sun.- To facilitate ‘this enquiry we may at first
leave the atmosphere out of the account, Now if there existed no
cause sufficient to give the planetary spaces a common and constant
‘temperature, that is, if the earth and all the bodies of the solar sys-
tem, were placed in space deprived of all heat, the phenomena.o
served would be altogether contrary to what.we now witness. ~The

polar-regions would be subject to an intense cold and the decrease

Temperature of the Terrestrial Globe. -9

of temperature from the equator to the poles would be mcomparably
more rapid and extended.

In this bypothesis of the absolute cold of space, ifit’is possnb]e to
conceive of it, all the effects of heat which we observe atithe surface
of the earth, should be attributed to the presence of the sun. The
least variations in the distance of that body from the- earth, would
occasion very considerable changes of temperature.

ferent from what we observe.

The surfaces of bodies, would be exposed all at once, at the com-
mencement of night, to a cold of infinite intensity. Animals and
vegetables could not resist the sudden and powerful change which
would be produced at the rising of the sun. , »

The primitive heat preserved in the interior of. the earth could
not increase the external temperature of space, and would prevent
none of the effects which we have just described ; for we know with
certainty, by theory and observation, that the effect of this central
heat has long since become insensible at the surface, -although it
may be very greatat a moderate depth. We conclude from these

observations, and chiefly from the mathematical examination of  the

subject, that there -exists a physical causg always . present. which
modifies the temperature -and gives this
planct a fundamental heat, which is both independent of the gctxonm
of the sun and that internal ternal_heat preserved in its own center. “This
fixed temperature, which the earth receives from space, differs but
little from that which is measured at the poles. It is necessarily
less than that of the coldest regions; but in this comparison we

ought to admit only accurate observations, and should not consider

the accidental effects of a very intense cold which may be caused -

by evaporation, by violent winds, and extraordinary .dilatation of air.
After ascertaining the existence of this fundamental temperature

of space, without which the effects of heat observed upon the surface °
‘of our globe could not be explained, we proceed to remark, that the

origin of this phenomenon, thus.to call it, is evident. It is_to be
atinibuted to the radiation from all the bodies in the universe, whose

. light and heat can reach us; the stars visible to the naked eye, the

innumerable multitude of telescopic stars or opaque bodies, which

fill the universe, the atmospheres which surround these immense

bodies, the rare matter disseminated through every part of space,

concur in forming rays which penstrate every part of the planetary
Vor. XXXIL —No. 1. T
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10 Temperature of the Terrestrial Globe.

regions. We cannot conceive of the existence of such a system of
luminous and heated bodies without admitting that any point of space
whatever which contains these bodies acquires a fixed temperature.
~"The immense number of bodies compensates for the inequalities
in their temperatures, and renders radiation sensible and uniform.
~' "This temperature of space is not the same in different regions of
the universe ; but it does not vary in the regions in which are situa-
ted the planetary bodies; because the dimensions of this space are
incomparably smaller than those distances which separate it from
the radiating bodies ; for example, in all points of the orbit of the
earth this planet finds the same temperature. . '
It is the samne with other'planets of our system : they all equally
participate in the common temperature, which is more or less aug-
mented for each one of them, by the rays of the sun, according to
the distance of the planet from that body., Respecting the inquiry

what must be the temperature of each of the planets, the principles -
which must settle it,” furnished by an exact theory, are as follows,

The intensity and distribution of heat on the surface of these bodies
results from the distance of the sun, the inclination of the axes of
rotation to the orbit, and the state of the surface. It is very differ-
ent even in its mean value, from what would be indicated by a ther-
mometer insulated in the place of the planet, for the solid state,
the very great dimensions, and doubtless the presence of an atmos-
phere and the nature of the surface, determine the mean value.
The original heat which has been preserved in the interior, has
long since ceased ‘to have a very sensible effect upon the surface.
- For the present state of the crust of the earth shows us that the
primitive heat of the surface is almost entirely dissipated. From
the constitution of the solar system it is very probable that the tem-
perature of the poles of each planet, or at least of the greatest part
of them, is little less than that of space. This polar temperature is
the same for all these bodies, although their distances from the sun
may be unequal. ’
' We can determine with some degree of precision, the temperature
which the earth would have acquired if situated in the place of each
~ of the planets; but the temperature of the planets themselves, can-
not be ascertained ; for in order to that we must know the ‘state of
the surface and the atmosphere. However, this uncertainty no longer
exists as to the bodies which are placed at the extremities of the solar
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upon this planet is evidently insensible. -/ The temperature of ithe
surface differs therefore, very little from that of planetary spaces, or
from that which is observed at the poles of our globe. -‘We have
made known this last result in a discourse recently delivered before
the Academy. It is evident we can -apply it only. to. the . most dis<
tant planets. We know of no means of assigning with any precision
the mean temperature of the other planetary bodies. The motion
of the air and waters, the extent of the seas, the elevation.and form
of the surface, the effects of human industry and all the accidental
changes of the earth’s surface, modify the temnperatures of each cli-
mate. . The character of phenomena attributable to general causes
exists: but the thermometrical effects observed at. the surface are
different from what they would be without the influence of accessory
causes. : . a P g
The motion of the waters and of the air, tends to modify the ef-
fects of ‘heat and cold. . e S
It renders their distribution more uniform, but it would be impos-

Where to supply the.place of_that universal cause
which supports the common temperature of the planetary; spaces ;

‘and if this cause did not exist, we should observe, notwithstanding
the atmosphere and seas, an enormous difference between the tem-
peratures of the equatorial and polar regions. B T P
It is difficult to know how far the atmosphere influences the mean
temperature of the globe ; and in this examination we are no longer
guided by a regular mathematical theory. It is to the celebrated’
traveller, M. de Saussure, that we are indebted for a capital experi-
ment, which appears to throw some light on this question, . ..
‘The experiment consists in exposing to.the rays of: the sun, a
vessel covered with one or more plates of glass, very. transparent,
and placed at some distance one above the other..: The interiop .of
the vessel is furnished with a thick covering: of. black cork,! proper
for receiving and preserving heat. The:heated airis contained.in
all parts, both in the interior of the vessel and in the spaces between
the plates. - Thermometers placed in the vessel itself and in;the
intervals above, mark the degree of heat in each space. - This- in-
strument was placed in the sun about noon, and the thermometer in
the vessel was seen to rise to 70°, 80°, 100°, 110°, (Reaumur,) °
and upwards. 'The thermometers placed in the- intervals between
the glass plates indicated much lower degrees of heat, and the heat
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system like ‘the planet Uranus. The impression of the solar rays decreased from the bottom of the vessel to the highest interval. -
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The effect of solar heat upon air confined within transparent cov-
erings, has long since been observed. The object of the apparatus
we have just described, is to carry the acquired heat to its mazimum ;
and especially to compare the effect of the solar ray upon very high
fnountains, with what is observed in plains below. This experiment
is chiefly worthy of remark on account of the just and extensive
inferences drawn from it by the inventor. It has been repeated sev- !

The mobility of the air, which is rapidly displaced in every direc-
tion, and which rises when heated, and the radiation of non-lumin-
ous heat into the air, diminish the intensity of the effects which
would take place in a transparent and solid atmosphere, but do not
entirely -change their character. * The decrease of heat in the higher
regions of the air does not cease, and the temperature can be aug-
mented by the interposition of the atmosphere, because heat in the _%

eral times at Paris and Edinburgh, and with analogous results.
The theory of the instrument is easily understood. It is sufficient
to remark, 1st, that the acquired heat is concentrated, because it is

the sun, has properties different from those of heat without light.
The rays of that body are transmitted in considerable quantity

the vessel.. They heat the air and the partitions which contain it.
Their -heat thus communicated ceases to be luminous, and preserves
only the properties of non-luminous radiating heat. In this state
it cannot pass through the plates of glass covering the vessel.
It is accumulated more and more in ghe interval which is sur-
rounded by substances of small conducting power, and the tempera-
ture rises till the heat flowing in, shall exactly equal that which -is
dissipated. "This explanation might be verified, and the results

- ored or blackened glasses, and exhausting the air from the intervals
which contain the thermometers. When this effect is examined by
the calculus, results are obtained in exact accordance with those of
observation. It is necessary to consider attentively this order of
facts, and the results of the calculus when we would ascertain the
influence of the atmosphere and. waters upon the thermometrical
state of our globe. , ' '

-preserved their density with their transparency, and lost only the
mobility which is peculiar to them, this mass of air, thus become
solid, on being exposed to the rays of the san, would produce an
effect the same in kind with that we have just described. The heat,
‘coming in the state of light to the solid earth, would lose all at
once, and almost entirely, its power of passing through transparent
‘solids : it would accumulate in the lower strata of the atmosphere
which would thus acquire very high temperatures. We should ob-’-

as we go from the surface of the earth.

not dissipated immediately by renewing the air; 2d, that the heat of

through the glass plates into all the intervals, even to the bottom of

made more apparent, by varying the conditions and employing col-

In short, if all the strata of air of which the atmosplhere is forrﬁed, .

serve at the same time a diminution of the degree of acquired heat, .

b

state of light finds less resistance in penetrating the air, than in re-
passing into the air when. converted into non-luminous heat. We
shall now consider that peculiar heat which our globe had at the
time of the formation of the planets, and which continues to be dis-
sipated at the surface under the influence of the low temperature of
the planetary space. o ‘ o ’
The opinion of an internal fire as a perpetual cause of many re-
markable phenomena, has been renewed 'in every age of- philoso-
pby. The end we have in view at this time, and which the latest
progress of mathematical science enables us to reach, is to ascertain
exactly by what laws a solid sphere heated by a‘long immersion in

" a medium, would discharge that primitive heat if it were transported

c,afo\\ ™" into a space of a constant temperature inferior to that of the first me~
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dium. The design of the experiment is, to ascertain if the present
temperature of the, surface of the globe can yet undergo any sensi-
ble changes. ~ The form of the terrestrial spheroid, the regular order
of the lower strata, made manifest by experiments with the pendulum,
their density increasing with the depth, and divers other considera-
tions, concur in proving that a heat of very great intensity has at some

 previous period penetrated every part of the globe. 'This heat is dis-

sipated by radiation into surrounding space, which has a temperature
much below that of the congelation of water.” Now the mathemat~
ical expression for the law of cooling shows that the primitive "heat
contained in a spherical mass of as great dimensions as the earth,
diminishes much more rapidly at the surface- than in parts situated
at a great depth. These latter preserve almost all their heat for

 an immense period of time.  There can be no doubt respecting the ,

truth of these results, because we have calculated these times for
metallic substances, which have a greater conducting power than
those of which the globe is composed. '

. But it is evident that theory alone can only teach us the laws to
which phenomena are subject. It remains now to inquire whether
in penetrating the earth, we find any indications of a central heat.
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We must ascertain, for example, whether the temperature increases
with the depth as we go below those points whose diurnal and an-
nual variations have ceased to he sensible. Now all observations
collected and examined by the most learned philosophers of our day,
show us that such an increase actually exists. It has been estimated
at about one degree for thirty or forty metres.” The experiments
with which we have lately entertained the Academy, relating to the
heat of springs, confirm the results of preceding obscrvations.

The object of the inquiry we propose, is to discover the certain
consequences of this single fact, admitting it to be given by direct
observation ; and to prove that it determines, first, the situation of
the source of heat, and, sccondly, the excess of temperature which
still exists at the surface. C

It is casy to,conclude, (and the same result is obtained from an

exact analysis,) that the incrcase of temperature as we go towards
the centre cannot be produced by a prolonged action of the sun’s
rays. The heat proceeding from that Lody is accumulated in the
iinterior-of the earth ; but the progress has almost entirely ceased,
-and if the accumulation was still continued, we should obsefve that
dncrease in a direction precisely contrary to what we have mentioned.
“The cause which gives to deep strata a higher temperature, is,
therefore, an internal 'source of constant or variable heat, situated .be-
dow where man has been able to penetrate. This cause raises the
temperature of the surface above what it would have been from the
simple action of the sun’s rays. But this excess of temperature of
the surface has become almost insensible. Of this we are assured,
because there exists a mathematical ratio between the value of jn-
crease by metre and the quantity, by which the temperature of the
surface still exceeds that which would be found, if the internal cause
of which we are speaking did not exist. To measure the ingrease
by unity of depth, is the same thing as to measure the excess of
temperature at the surface, : : - -

In a globe of iron the increase of a thirtieth of a degree per me-

tre, would only give a fourth degree of actual elevation of tempera-

turc at the surface. ~ This elevation is in direct ratio to the conduct- -

ing power of the substance of which the crust is formed, all other
conditions remaining the same. Thus the excess of temperature,
which the terrestrial surface has at present, in consequence of this
internal source, is very small ; it is probably below the thirtieth of a
«centesimal degree, (;%° Fahrenheit.). We ought to remark that
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this last result can be applied to all suppositions which can be made
upon the cause, whether it be regarded as local .or univgrsal, con-
stant or variable. ) : '

When we examine all the observations relative to the figure of the
earth attentively, and according to principles of dynamics, we can-
not doubt that the earth received at its origin a very high tempera-
ture. On the other hand, thermometrical observations show that
the actual distribution of heat in the crust of the carth, is/pre-
cisely what it would be if the earth had been formed in a medium
of very high temperature, and bad afterwards been left gradu.ally to
cool. It is important to notice the agreement of these two kinds of

observations. ) g , :
The question of terrestrial temperature has always appeared to us

as one of -the most important inquiries relating to cosmogony ; and
we bave had this principally in view in establishing the mathemat-
ical theory of heat. From the commencement of our researches we
have Leen desirous of ascertaining the laws of internal temperature
in a solid sphere, heated at first by immersion in-a medium, and af-
terwards left to cool in a medium of lower temperature. - The me-
moir of 1807, before cited, contains a complete solution of that ques-

* rtion, which was never before examined.. =+

o

. 'We have therefore determined the variable state of a globe, of a
substance whose specific qualities we know, by experiment, and
which after being immersed for some time ina heated medijum, is
transported to a colder space.  'We have considered likewise the va-
riable state of a sphere which, having been plunged successively and
for some time in two or more media of different temperatures, should
undergo a final cooling in a medium of constant temperature, .

After having noticed the general consequences of th'e solution of
that question, we have examined particularly tlfe case in Whichthe
primitive temperature acquired in a heated medium,! might become

- common to the whole mass, * And supposing the solid sphere to be

of very great dimensions, we have endea‘fored to ascertain the law
of progressive diminution of temperature in' those strata nearest the
surfaice. If we apply the results of this analysis to our globe, to as-
certain what would be the successive effects of a primitive formation
like that we have just supposed: we find that the increase of a thir-
ticth of a degree per metre, considered as the resultant. of central
heat, has in former periods been much greater, and that this increase
is now almost a constant quantity, since more than thirty thousand -




R R R RS R T AT

16 Temperature of the Terrestrial Globe.

years must elapse before it would be reduced to half its present
value.

Respecting the excess of temperaturc at the surface, it varies ac-
cording to the same law. The quantity by which it diminishes each
century, is equal to the present value divided by double the number
of centuries which have elapsed since the cooling process commen-
ced: and since the limit of this number is given by historical monu-
ments, we conclude that, from the Greek school at Alexandria, till
the present time, the temperature of the surface has not diminished,
on this account, the three hundredth part of a degree, (51;° Fah-
renheit.) Here again we find that stability which the great phe-
nomena of the universe every where present. 'This stability, fur-
thermore, is a necessary result, and independent of the primitive
state, since the present excess of temperature is extremely small,
and will diminish for an infinite length of time.

The effect of the primitive ‘heat which our globe still preserves,
has become nearly insensible at the surface of the crust; but it be-
comes more sensible at accessible depths, since the temperature
augments with the distance from the surface. This augmentation,
considered by unity of measure, would not bave the same value for
depths very much greater. It diminishes with this depth; but the
same theory shows that the excess of temperature, which is almost
nothing at the surface, can become enormous at a distance of some
thousands of metres, so that the heat of the intermediate strata would
exceed by far that of substances heated to whiteness. » -

The course of centuries will produce great changes in these in-
ternal temperatures; but at the surface these changes are at an end,
and the continual loss of internal heat cannot hereafter occasion any

cooling ol climate.

It is important to remark, that the mean temperature of any place
may undergo, from other accessory causes, variations more sensible
by far than those which are produced by the continued cooling of
the globe.

The establishment and progress of human society, and the action

of natural powers, may, in extensive regions, produce remarkable
changes in the state of the surface, the distribution of the waters,
and the great movements of the air.” Such eflects, in the course of

- some centuries, must produce variations in the mean temperature for

such places ; for the analytical expressions contain coefficients which
are related to the.state of the surface, and have a great influence on
the temperature.

B s
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Although the effect of internal heat may be no longer sensible at
the surface, the sum total of this heat which escapes in a given time,
as in a year or a century, is measurable, and has been ascertamed
"That which escapes in a century through a square metre, and is dis-
sipated in the celestig] space, would melt a column of ice, of which
the base should be a square metre, and height three metres.

This result is derived from a fundamental proposition, which can
be applied to all questions relating to the motions of heat, and espe-
cially to that of terrestrial temperature. I allude to the differential
equation, which expresses for each moment the state of surface.
This equation,.the truth of which is plain, and easily demonstrated,
establishes a simple relation between the temperature of an element
of the surface and the normal motion of heat. What renders this
result of theory very important, and more valuable than any other
for throwing light upon the questions which form the subject of this
article, is, that it exists independent of the form and dimensions of
bodies, and of the nature of the substances, whether homogeneous

or not, of which the internal mass may be composed.  The results’

of this equation are absolute : they are the same, whatever may have
been the material constilution or original state of the globe. ‘
‘We have published in the “Annales de Chimie et de Physique,”
the abstract of a memoir, which has not yet been printed, and the
object of which is to apply to the terrestrial ‘globe the analyses of
the motions of heat in a sphere or plane solid, of great dimensions.
In that extract the principal formulas were exhibited, particularly
those which express the variable state of a solid uniformly heated at

" a determinate and very great depth, or in its whole depth. If the

original temperature, instead of being the same to a very great depth,
results from successive immersions in several media, the consequen-
ces ar¢ not less simple or remarkable. But this case, and several
others which we have considered, are compnsed in the general ex-
pressions which have been mentioned. e

After having explained separately the prmcxples of the inquiry
respecting the temperature of the earth, in order to form a correct
idea of these phenomena united, we ought to give, in a geneml
statement, all the effects we have just described. :

The earth receives the rays of the sun, which penetrate its mass,
and are converted into non-luminous heat: it likewise possesses an
internal heat with which it was created, and which is continually
dissipated at the surface : and lastly, the earth receives s rays of light

. Vor, XXXII. -—-No. 1. 3
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and heat from innumerable stars, in the midst of which is placed the
solar system. These are three general causes which determine the
temperature of the earth. The third, thatis, the influence of the
stars, is equivalent to the presence of an immense hollow sphere,
with the earth in the ceuter, the constant temperature of which
should be a little below what would be observed in the polar regions.

We might, doubtless, suppose radiating heat to possess properties -

hitherto unknown, which might, in some way, take the place of this
fundamental temperature, which we attribute to space. But in the
present state of physical science, all known facts are naturally ex-
plained without having recourse to other properties than those deri-
ved from actual observation. It is sufficient to represent the plane-
tary bodies as occupying a space, the temperature of which is
constant. We have* endeavored, therefore, to ascertain what this
temperature ought to be, in order that the effects on the thermome-
ter should be what we now observe. Now they would be entirely
different if we were to admit an absolute cold in space: but if we
progressively increase the common temperature of the girdle or hol-
low sphere which encloses this space, we should see effects produced
similar to what we now witness. We can, therefore, affirm, that the
actual phenomena are such as would be produced if radiation from
the stars was giving this temperature to all points of the planetary
space. ‘The primitive internal heat which is not yet dissipated, pro-
duces now but a very slight effect upon the surface of the earth : it
manifests itself by an increase of temperature at great depths. = At
still greater distances from the surface it may exceed the highest
temperatures which have ever been measured. : :
- The effect of the solar rays is periodical in the superficial strata
of the terrestrial crust. It is fixed in all points of great depths.
This fixed temperature of the internal parts is not the same for all
points. It depends principally upon the latitude of the place.

The solar heat has accumulated in the interior of the globe, the

* state of which has become unchangeable. That which penetrates
in the equatorial regions is exactly balanced by that which escapes

at the parts around the poles. Thus the earth gives out to celestial
space all the heat which it receives from the sun, and adds a part. of
what is peculiar to itsell.

All the terrestrial effects of solar heat are(modnﬁed by the inter-

position of the atmosphere and the presence of water. The great
motions of these fluids render the distribution motre uniform. The

Temperature of the Terrestrial Globe. 19

transparency of the waters appears to concur with that of the air in
augmenting the degree of heat already acquired, because luminous
heat flowing in, penetrates, with little difficulty, the interior of the
mass, and non-lummous heat has more difficulty in ﬁndm" xts way
out in a contrary direction.

The succession of the seasons is maintained by an immense quan-
tity of solar heat, which oscillates in the crust of the earth, passing
below the surface during one half of the year, and returning into the
airin the other half. " Nothing can contribute more to throw light upon
this part of the inquiry than the experiments, the object of. which
is, to measure with precxsnon the effects of the solar rays upon the
carth’s surface. For this reason, we heard with the greatest interest
the reading of the memoir presented by Prof. Pouillet; and if in
the course of this article we have not mentioned his experimental
rescarches, it is simply from the wish not to antlclpate ‘the report
which will soon be made.

I have united in this article all the principal elements of the apaly-
sis of terrestrial temperature. It is made up from the results of my

researches long since given to the public.-~ When I began the inves--

tigation of such questions there -existed no ‘mathematical theory of
heat, and we might well- bave doubted that such a theory could be
possible. * Those memoirs and treatises in which I have established
this theory, and which contain the exact solution of the fundamen-
tal questions, have been submitted and publicly read, or printed and

analyzed in the % Recueils Scientifiques,” of the last few years. The -
‘object of this last article is to invite attention to one of the most im-

portant questions of natural philosophy, and to present general views
and results. It would be impossible to resolve all doubts connected

with a subject so extensive ; which comprises,:besides the results of

a new and different analysis, physical considerations very varied in

their natures. . Exact observations will hereafter be multiplied. "'The -

laws on which depends the motion of heat in liquids and air, will be
studied. Perbaps other properties of radiating heat will be discov-
ered, or causes which ' modify the temperatures of the globe. - But
all the principal laws of the motion of heat are known. . This the-
ory, which rests upon immutable. foundations, constitutes ‘'a new
branch of mathematical science. It is composed, at preseat, of differ-

ential equations of the motion of heat in solids and liquids, and of the -

integrals of these first equations, and theorems relative to the equx-
librium of - radiating heat. EART <

<
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These theories will be hereafter much fariher extended, and noth-

ing will contribute more to bring them to perfection than numerous.

series of exact experiments; for mathematical analysis can deduce
from general and simple phenomena, the expressions of the laws of
nature ; but the application of these laws to very complicated effects,
requires a long course of accurate observations.

JRPR

Arr. Il.—dccount of an Ercursion to Mount Kutahdin, in Maine;

by J. W. BaiLey, Acting Professor of Chemistry, &c. U. S. Mili-
tary Academy, West Point. .

. TO PROFESSOR SILLIMAN, .

Sir—During a short visit which I made this summer to Water-
ville, in Maine, my curiosity was cxcited by the accounts I read
and heard concerning Mount Katahdin, the highest mountain in the
State. Its elevation ‘and isolated position, together with the tradi-
tionary legends of the Penobscot Indians, that Katahdin'is the resi-
dence of evil spirits, have given to this mountain considerable local
celebrity. It has, however,’ been visited by few white men,.-and-
of their observations no accurate accounts bave been published. " Not
being aware of the proposed geological survey of the State, (which,
since my return, I learn has been assigned to able bands,) and in
bopes that by visiting this mountain some interesting geological and
botanical observations might be made, I proposed to Prof. Keely of
Waterville College an excursion, on which Prof. Barnes of the same-
institution promised to accompany us. . o ',

In this communication, the objeet of which is to give a sketch of
.our journey and observations, I have purposely entered into some
details, which may appear too trivial for admission into a scientific
journal, but I believe these will be useful, by giving to any persons
who may wish to visit Katahdin some idea of the manner of life
they may expect to lead, the preparations to be made, and the route
to be pursued. ' ' T

Having procured a light wagon, Mr. Keely and myself proceeded
on Saturday, the 6th of August, for Bangor. Our route lay through
Clinton, Dixmont and Hampden. ' The rock passed over this day
was argillite or graywacke slate, divided into very thin, nearly ver-
tical lamina, slightly dipping to the southeast. - The direction or

e
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bearing of the edges of the laminz is almost invariably about north-
east and southwest, subject however in some places to most singular
contortions, the general direction being still preserved.” This argil-
lite is-well exposed in the bed of the Kennebeck at Waterville, and
at the beautiful falls in West Waterville. This day we saw it in the
Ded of the Sebasticook at Clinton, and observed it often on the road
to Diximont, where it rises to a considerable elevation, and forms
part of the dividing ridge between the Kennebeck and Penobscot -
valleys. Over the slate is generally spread a deposit of bluish

.gray clay, much used in making bricks, and upon the clay a dilu-
vial deposit of boulders, principally of granite. We stopped for
‘the .night at a tavern near Hampden, ‘and the next morning rode

through Bangor and Stillwater, to Orono or Old Town. In the Pe-
nobscot at Bangor, and all the way to Old Town, the slate was seen’
preserving all.its usual characters. At Orono it forms both banks of
the Penobscot, and continucs eastward, but how far I had no means
of detetinining. ' g o o
. -At Old Town, it being Sunday, we remained through the day and
until noon on Monday, awaiting the arrival of Prof. Barnes, who had
promised to join us at this place. During our stay we visited the In-
dian island belonging to the miserable remnant of the Penobscot tribe. -
The greater part of the Indians were absent on a fishing expedition
to the sea-coast. 'They have here a neat chapel, and several frame
houses, besides huts. A Roman Catholic priest resides with them.
We. asked one of the Indians how he liked his priest; he answered,
¢ Oh, middling!” On Monday at noon, as Mr. Barnes had not ar-
rived, we went on without him, and; proceeded .on the left bank of the
river, by a fine road, to the tavern at Piscataquis, where we found as
good accommodations as could be. desired. We were particularly
struck during our ride with the great: quantity of Epilobium spica-
tum, which is generally known in- this. state: by the name of - Fire
weed, from the abundancein which-it.springs up in fields recently
burned over. - Near Old Town I observed beds of . Calla palustris
in flower.  From a short distance above Old Town, we did not ob-
serve along the road any argillite in situ, although its occasional
appearance, in loose masses, indicated its close proximity. At the
Piscataquis Fails, it again appears in situ. ' ,
Tuesday Morning.—We set out_early for' Matawamkeag Point,
and proceeded as far as Lincoln on the good state road ; breakfasted at
Lincoln, and then proceeded on the military road leading by Mata-






