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ENCYCLOPZAEDIA METROPOLITANA ;

OR,

UNIVERSAL DICTIONARY OF KNOWLEDGE.

Second Bivigion,

METEOROLOGY.

INTRODUCTORY OBSERVATIONS.

deex. (1) THE condition of Man is so intimately connected
oogy.  with the various phenomena of the atmosphere, that he
e~~~/ may, without impropriety, be regarded as a Meteorolo-
lumduc-  rigt by nature. In all the varied cifcumstances of his
?ﬁ":"' state, whether as a wild and uncultivated savage, ex-
posed to the fury and inclemency of the weather, or in
the first stages of his civilization, when he has discovered
some feeble means by which he can shelter himself from
the descending torrent and the scorching energy of the
sun; or when, as a shepherd and agriculturist, his in-
terest leads him to watch with more anxiety the varying
cnsection 2Spect of the sky, or as a mariner to connect the agita-
d¥eteor- tions of the ocean with the terrible force of the sweep-
dozy with- ing wind, he finds much of his happiness, and, at times,
:‘:"“’;.. even his safety and existence, identified with the mighty
and changeful character of the great fluid ocean, in

which it has pleased the Almighty to place him.
Dificalt to (2.) 1t would be difficult to trace the probable steps by
te the . Which Man, during a long succession of Ages, has arrived
smsofits at his present limited knowledge of atmospherical pheno-
aiy His. mena. The great causes' which impeded the general
. march of Physical Science, necessarily exercised their in-
fluence on this branch as on others ; and when we consider
the peculiarly intricate conditions connected with every
atmospherical problem ; the large advances that must
be made in many capital portions of knowledge, before
Cuses O0€ successful step can be made in this; the subtile
which have Bature of the medium which is the subject of investi-
miarded its gation ; its singular relations to moisture; the changes
dnace. it undergoes with every alteration of temperature; in
ezt one region influenced by the full power of a vertical
sun, and in another chilled by the frozen masses of the
Polar zones ; altering its circumstances on lofty hills,
and again assuming new conditions in valleys; the
islands of the West receiving the air that a few hours
before lingered over the countries of the East ; the warm
breath of the South softening the rigours of the colder
regions of the North; the vapour rising from the
bosom of the Atlantic, dropping richness and fertility

VOL. V.

on the verdant shores of Britain; all these, and a Meteor-
thousand more complicated inquiries, beset the investi- ol:gy.
gator at the very threshold of Meteorology, stimu- ‘= -t
lating him to ardent investigation, and inspiring him

with wholesome caution.

(3.) Meteorology, therefore, is not an insulated de- Connected
partment of knowledge, detached from every other, but with many
is intimately related to many of its most important of the most
branches. With Chemistry, for example, it stands con- LM“‘,"""‘
nected in a highly interesting manner, and is blended g;:':l:; :f
with almost every page of its splendid History. The 8
Chemical constitution of the atmosphere, must at all With Che-
times have been an interesting ohject of research ; and mistry.
in later days, when this beautiful branch of inquiry
has assumed so perfect a form, and unravelled so many
of the hidden mysteries of Nature, its relations to
Meteorology have been contemplated with redoubled
interest. With the properties of Heat, and with the Heat:
distribution of temperature over the varied and unequal '
surface of the globe, Meteorology necessarily holds an in-
timate connection. The principles are singularly curious
which mark the gradations of climate, and disclose the Gradations
interesting system of changes by which the atmospheric °f climate.
currents are produced; and a fertile and instructive
branch of inquiry is opened by tracing, amidst the ap-
parent uncertainty which characterises these diversified
operations, something like the existence of laws; and
by endeavouring to embody, in general analytical forms,
representative values for them. It is thus that the
Meteorologist has been enabled to obtain at the level of
the sea, an approximative value of the temperature of
his place of observation; and it is some evidence that
a few successful steps, at least, have been made in the
inquiry, when the mean temperature of a place can
thus be obtained, sometimes within the fraction of a Gradations
degree. Connected also with the same inquiry, is the of temper-
consideration of the laws which mark the gradations :;2:,3’ we
of temperature, as we ascend above the Earth. There above the
are approximative laws which the ingenuity of the Earth,

B



2 METEOROLOGY.

Meteor-  Scientific Meteorologist has reached, which connect
ology.  the temperature of the loftier regious of the air with
that of strata more accessible to Man ; and in following

up the gradual systew of changes.which mexk the de-.

crements. of Heat, to the poiat at- which water cone

Plane of  geals, he has been enabled to fix in every latitude the
perpetual  limits of perpetual frost in the air; tracing it to its
frost. greatest point of elevation between the tropics, follow-

ing it as it descends in the temperate regions, until it
Vicissitudes sinks to its lowest possible level in the frigid zones. In

0{.‘:“' great tracing also the varying altitudes of this magnificent
plage.
marking its ascent during the tide of summer, and its
descent when chilled by the blasts of winter; its
Northern portion rising, when by the increments of the
solar declination the temperature of Europe and Asia
are augmented ; or its Southern portion falling, as cor-
responding regions of the globe lose a part of the sun’s
vivifying power,—tle subject has become connected with
many other departments of the Natural Sciences, with
the Geographical distribution of plants, for example,
and has given to Meteorology another claim to high and
attentive consideration. .

(4.) With all the inquiries connected with radiant Heat,
the subject of Meteorology is also most intimately con-
nected. The atmosphere is influenced in different forms
by the innumerable objects of the material world, each
having a radiating power of its own, and all exercising
an influence on the air. To trace in their fullest
extent all the conditions connected with solar radiation,
it became necessary for the Meteorologist to measure
its effects in different latitudes; to follow its changing
influence through the different months of the year;
to estimate its progress during the several hours of
the day; to trace its power on the varied tribes of
vegetation ; and to discover, under all its diversified
circumstances, its maximum force. In like manner, in
order to trace the laws which regulate terrestrial radia-
tion, the Meteorologist has found the extent of its power
in different latitudes; compared itsinfluence upon plains
aud mountains, and measured its effects in the several
months.  All these inquiries have much extended the
labours of the Meteorologist, and opened to him most
fertile and instructive fields.

(5.) While, by the agency of the Thermometer, these
interesting phenomene have been disclosed, the Bare-~
meter has unfolded the most singular relations respecting
the density of the air. The early cultivators of Meteor-
Incessant ology must have almost despaired of being able to trace
fluctuations, any thing like uniformity, amidst the incessant fluctua-

tions which the Baremeter displayed. Inflaenced, ap-
parently, by a multitude of capricious causes, it must
have secemed as if no clue existed by which any
resemblance to a law could be detected; yet later
observers, employing instruments of a more perfect
construction, and extending their observations over a
longer period of time, have arrived at many important
conclusions of the greatest interest to Meteorology, and
to the Physical Sciences in general. One of the most
useful of these, is that equality of pressure which the
mean altitude. of the Barometer, at the level of the sea,
has in every latitude disclosed, and which, as a standard
Applica- in so many interesting Physical investigations, is of
tions of the Very great importunce. In the applications of this
Barometer instrument, ulso, to many important objects connected
to Physical with Physical Geography; in making us better ac-
Geography. quainted, for example, with the varied irregularities

Radiant
Heat.

Solay radja-
tion.

TFerrestrial
radiation,

Deusity of
the air.

plane during the uncertain vicissitudes of the seasons ;.

Meteor-

existing on the surface of the globe; determining the l
ology.

altitudes of the loftiest mountains, fixing the elevations
of the sources of rivers, and of the positions of cities
whiah the.enterprise of Man has reared, in many situa-
tions far above the level of the sea; and making
known, in all its minutest forms, the exact conditions
of the terrestrial surface, an interest of the most im-
portant kind is given to this application of the re-
sources of Meteorology. The refinements, also, which Refinements
have been introduced into Barometrical measurements, I','e';kl? ‘::"
by the employment of corrections; for the influ- quoed inty
ence of capillary attraction, and the accession of the Barometri-
minutest atoms of moisture; the varied shapes which cal measure-
the ingenuity of the analyst has given to the for- ments.
mule of computation, all impart deep interest to this

important branch of Meteorology. But it is from Atmosphe-
the delicate and uniform changes which the atmo- ric tides.
spheric tides display, that the Barometer becomes

most important. In the torrid zone, these remark- Their re-
able oscillations are disclosed with such admirable markable
uniformity, that the Meteorologist contemplates the i““:{;"'t"“’f 1
horary changes of the mercurial column, with a part of :,ne.e orm
the certainty which marks the anticipations of the
Astronomer. And even in the more varying regions of Discover-
the temperate zone, where the changes from heat to cold able also in
are most capricious, and where the winds, ever chang- the temper-
ing, seem to impress the character of perpetual uncer- ste z0ne.
tainty on every thing connected with the Barometer, the
Meteorologist has been enabled to detect an analogous

system of changes. C

(6.) The state in which aqueous vapour exists in the Virious re-
atmosphere is also another important braneh of Meteor- lations of
ology, and has been the object of much anxious in- 2quecus
quiry. Tt is conuected with all the interesting relations ;;f&“o:;,o
of the Hygrometer; with the series of laws regulating o8y
the force, the weight, and the expansion of vapour ; the
discovery of the term at which precipitation takes place
from an alteration of temperature ; the rate of evapora-
tion under different temperatures and with different
velocities of the wind ; the consideration of the altera=
tion of volume which air undergoes from Heat, and from
the accession of vapour; its alterations of density, and
the changes of its Specific Gravity in different states of
saturation.

(7.) The subject of dew likewise uunfolds to the in- pew.

quiring Meteorologist very interesting properties. No
other investigation developes in a more perfect man-
ner the singular relations of radiant Heat, and' the
laws by whieh caloric is communieated from one body
to anether. The vegetable world in particular opens a
fertile and most interesting train of observation. Ofthe
different grasses, each draws from the atmosphere during
the night a supply of dew to recruit ita energies, de~
pendent on its form and its peculiar radiating power.
Every flower has a force of radiation of its own, sub-
ject to changes. during the day and the night; and the
deposition of moisture on it is regulated by the peculiar.
law which this radiating power obeys; and this pewer
will itself be influenced by the aspect which the flower
presents to the sky, unfolding to the contemplative mind
the most beautiful examples of creative wisdom.

(8.) With the phenomena of rain, its primary forma- Rain, hail,
tion, and the principles which regulate its descent ; the $no%.
formation of hail, the consideration of the laws that
occasionally impart to it its beautiful crystalline forms ;
the still more delieate. creation of snow, and the in-
vestigation of the endless groups te which particular
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Newer-  vonditioms of temperature, and the pecoliar circum- is a sign to the inhabitants of St. Kilda, that the West If;.t;l\;-

dory.  stances attendant on the vapowr actually existing in wind is very distant from them. 3
\e~=~ the air give birth, it is needless to say how closely (13.) ‘With the most exalted branch of Physical N/
Meteorolagy je conneéted. knowledge, Astronomy, the Science of Meteorology “;::l‘;':’:"g’
Cioads, (9.) 'Fhe formation and classification of clouds, the stands in many interesting relations. In determining practical
ke,  Waried and ineeseant changes which they present; the the exact situation of a celestial object, the conditions Astronomy.

of the internal and external temperatures require con-
stant observation ; nor must the movements of the
Barometer be neglected, when the delicate problem of
‘the Astronomical refractions is to be applied. Meteor-
-ology has indeed furnished to the laiter many df its
-most important elements.

(14.) In the inquiries also connected with the figure Figure and
and extent of the atmesphere, the most beautiful appli- extent of the
cations of the law of gravitation have been made. The *tmosphere.
Mathematician, in considering the figures of the atmo-

wnz, &c. lwws which regulate their suspension, and their gradual
and sometimes suodden-destruction by rain, belong all
to this branch of Meteorological inquiry. So also the
vonsideration of the laws which appear to influence the
formation of ‘haloes, corene, parhelia, &c. all of which
owe their origin to the presence of aqueous particles
existing in the air, place Meteorology in a most interest-
ing relation to Light.

Decial  (10.) With all the phemomena of Electricity, the

pencmens. Meteorologist has claimed an intimate connection, ever

Aurora

since Franklin identified lightning with the ordinary
eleetric fluid. The first conception of the thunder red,
was ome replete with magnificence. To draw down
silently from a cloud the matter, which, if discharged,
would hurl destruction upon thousands, and destroy the
finest momuments of Art, is an operation which seems to
impart to the feeble hand of Man, a.portion ef the power
of the Sapreme. The beautiful phenomena of the Aurora
Borealis, illuminating by their splendour those unex-

spheres of the Planets, is necessarily led, in a peculiar
degree, to notice the volume of air surrounding the
-sphere which he inhabits. Its spheroidal form has called
into action the most profound theories of analysis; and
the Meteorologist rejoices to find, that the great laws
which Newton delivered respecting the system of the
World, meet with some of their most interesting appli-
cations in that atmesphere, whose incessant mutations
it is his constant object to wasch and record.

(15.) In this rapid sketch of the relations of Meteor- These dif-
ology to some of the leading departments of Physical ferent rela-
Science, an attractive picture is exhibited of the im- tions of Me-
portance and value of the inquiry. The Meteorologist, :,’i‘:"l‘?‘{he
while he is engaged, either for his amusement or in- imgoﬂ’;nce
struction, in tracing some of the steps of the great and value
system of atmospheric changes; in recording the im- of the in-
cessamnt fluctuations of the Barometer, marking the 3U7-

plored regions of Nature, which are covered at all times
with a hoary desolaticn ; their occasional descent into
the temperate zones of the Earth ; and the influence which
their changeful coruscations is said to exercise in par-
ticular cases on the Magnetic needle, have identified in
an especial manner the Science of Electricity with that
of Meteorology.

Wisds, (11.) The general theory of winds, and their many

Sa ad

modifications, opens also another interesting amd in-
structive field of Meteorological inqeiry. To trace
the sources which produce those tremendous hurri-
cames and storms, that spread desolation over the
fairest p of Nature, and which communicate
likewise to the ocean its awful character and power;
to consider the causes also of local winds; to aeccount
for the econowry of Nature, in providing for the in-
hebitants of the tropical regions the refreshing inter-
changes of sea and land breezes: and for the exist-

badbreeses ence of those periedical winds, which in some of the

regiens of the Earth perform, for definite periods, with
the momt exact uniformity, their stated and particular
comrses ; facilitating the objects of navigation, and
jmpressing & character of uniformity on the latitndes
in which they abound ; these, and many other inquiries
of en anal kind, awaken in an uncemmon degree
the attention of the Meteorologist.

(12.) The cultivation of Meteorology is cennected
slwo, in ar especial manner, with many of the depart-
ments of Natural History. With the habits of particular
smimals it is intimately identified, the sagacious ob-
server being enabled to amicipate many atmospheric
changes frem an attentive observation of them. The
commen ‘Sweallow has always been considered as a
weather-guide ; and not only may the appreach of
mim be expected when she dips her wings in the
stream, but even the gradations of climate may be
marked by her epproach. The voice of the solitary
Crow, the clamonrs of the Pintado, and the activity of
Ants, are all indications of coming rain; and by the
wariner, the approach of the stormy Peterel, seeking for
shelter under the wake of his vessel, is d as the
harbinger of a storm. So that of the Fulmar to land,

vicissitudes of temperature, or estimating the force and
influence of aqueous vapour, is thus preparing, some-
times unconsciously, mraterials for perfecting many of
the other Sciences. While his primary object is, per-
‘baps, to arrive at some of the elements connected with
the great problem of climate, he is aiding the Astrono-
mer in forming his catalogues of the stars. The inquiry
therefore is not only valuable in itself, but is vendered
doubly so by the relations which it bears to so many of
the other Sciences.

(16.) The condition of Meteorology at the present Present
moment is one of very great interest. Much has been condition of

wttained, and much, very much, remains to be done.
‘The chief wants appearto be improvement in the in-
struments of observation, and unily amongst the ob-
servers. To copy the example of the most perfect of
the Physical Sciences, Astronomy, it may be remarked,
shat that splendid department of kaowledge has ad-
vanced to its present perfection, by the improvements
that have been gradually imparted to its instruments
of abservation, and to the cantious and accurate deduc-
tiens that have been drawn from their saecessful em~
ployment. In like manner must Meteorology advance, if
similar methods be adopted. Itis trwe that the elements
connected with the imquiries of this Science are much
more uncertain and variable ; but an ertension of the field
of observation, both as regards space and lime, must sar-
mount many of them. ‘The successive improvements
of the Telescope have revealed to the Astronomer un-
mumbered clusters of stars.; and the Micrometer, advanos
ing from year to year in improvement, has enabled him
to measure, with unhoped-for accuracy, the minutest
imtervals of space. So must an improved construction
of the Darometer and other instraments employed in
B 2
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Meteorological observations, guided by a more cau-
tious spirit of induction, lead, in process of time, to
like satisfactory results. When we reflect on the general
condition of Physical Science, at the time when Bacon
laid down the rules according to which Philosophical
inquiries ought to be prosecuted, and contrast it with
its condition now; how by the steady application of his
inductive precepts many of its branches, which were
characterised by uncertainty and doubt, have been re-
duced to comparative certainty and order; it is not too
much to expect, that Meteorology, although still sur-
rounded with so much difficulty and error, will here-
after attain its proper rank in the scale of the Sciences.
The indefatigable recorder of atmospheric changes will
then no longer be classed with the mere empiric. A
survey of the past History of Physical knowledge will
lead us to consider this conviction as neither romantic
nor unnatural.

(17.) The great error which the cultivator of Meteor-

the Meteor- Ology has to avoid, is that tendency, which has more

ologist has
to avoid.

or less existed in different stages of its History, to a
premature generalization departing from the narrow
and cautious path which Bacon laid down. To

His objects, accomplish an analysis of all the complicated phe-

nomena of the atinosphere into simple and original
principles, ought to be the aim and object of the Philo-
sopher, and it is one well worthy of his lofty ambition
and hope. But to proceed with success, ‘it is neces-
sary to ascertain facts before we begin to reason, and
to avoid generalizing in any instance, till we have com-
pletely secured the ground which we have gained. Such
a caution, which is necessary in all the Sciences, is, in
a more peculiar manner, necessary here, where the
very facts from which all our inferences must be drawn,
are to be ascertained only by the most patient atten-

General  tion.”*  There is something specious and seductive in
theories  all attempts at generalization ; and it seems as if the
:l:;:‘:t‘i‘::"d mind, from the influence of improper habits, rather

clung to the consideration of general principles, than
to those severe and rigorous modes of observation,
which the pure principles of the Inductive Logic re-
quire. But the History of knowledge is filled with
the most melancholy proofs of the absolute futility
of all attempts of the kind; and notwithstanding the
splendour and success that have resulted from the
application of the legitimate rules of Philosophy as
laid down by Bacon, we yet find a strong tendency
to violate them. It seems as if the mind delighted
in hanging every thing on a single point, and adopt-
ing some principle as an iufallible rule, to make
the whole framework of Nature bend to its dictates.
¢ It required nothing less,” says an eminent Philoso-
pher,t *““than the united splendour of the discoveries
brought to light by the new Chemical School, to tear
the minds of men from the pursuit of a simple and
primary element ; a pursuit renewed in every Age with
an indefatigable perseverance, and always renewed in
vain;” and the History of Meteorology is filled with
like impotent attempts. But checked as its growth
has been by the application of mistaken rules, it
must yet advance with success, if the principles of
the Inductive Logic be rigorously applied to it. In
all the other Sciences,} the progress of discovery has

* Stewart's Philosophy of the Mind, vol. i. p.400, 3d edition.

4+ De Gerando, Hist. de Systémes, tom. ii. EABI. 482.

1 We have here applied to Meteorology what the eloquent Dugald
Stewart has with so much truth said respecting the pecyliar difficulties

METEOROLOGY.

been gradual, from the less general to the more gene-
ral laws of Nature; and it would be singular, indeed, if,
in so complicated an inquiry as Meteorology, one
which labours under so many disadvantages peculiar to
itself, a step should, all at once, be made to a single
principle comprehending all the particular phenomena
which we know. The Meteorologist must be content,
like the cultivators of all the other departments of
Natural Science, to advance by careful induction; to
interrogate Ngture underall her forms, and not toaban-
don the subject in despair, if her responses be not im-
mediate.

Meteor-
ology.

(18.) There is one peculiarity, however, belonging Helps
to the Science of Meteorology, which distinguishes it in which
a particular degree from all the other Sciences; and Meteorology
that is the helps it may receive from popular observa. MY derive

tions of phenomena. Saussure has remarked,* that

from popu-
lar observa-

“it is humiliating to those who have been much occupied tions of
in cultivating the Science of Meteorology, to see an phenomena,

agriculturist or a waterman, who has neither instru-
ments nor theory, foretell the future changes of the
weather many days before they happen, with a preci-
sion, which the Philosopher, aided by all the resources
of Science, would be unable to attain.” But there
are no just grounds for the humiliation which the Swiss
Philosopher has here alluded to; for “ the knowledge
of the Philosopher differs from that sagacity which
directs uneducated men in the business of life, not in
kind, but in degree, and in the manner in which it is
acquired.”t And when we consider, that the agricul-
turist and the waterman are always employed in the
open air, with their minds constantly occupied with an
object which interests them more immediately than it
does the Philosopher, it can be no wmatter of surprise
that they often group together facts, which, like the
instinct of animals, serve to guide them in their
predictions. The local sign which directs them may
be a fog which rises at a particular hour, in some
peculiar locality, the appearance of a cloud on the
summit of a mountain, to which their attention has
been directed by many early associations, or the song
or migration of certain birds. But if these limited
interpreters of Nature be transported to new seats, the
symbols which guided them in their own locality will
no longer be efficient ; and other trains of observation
must be begun, to fit them for their new condition. The
views of the Philosopher are much more extended and
general. His aim is not to limit his conclusions to a
single locality, but to develop them under their most
general form ; and it is then that the superiority of well-
directed observations becomes manifest. If, indeed,
the Scientific Meteorologist could be constantly occupied
like the agriculturist and the waterman, in watching
the appearances of the heavens, our knowledge of at-
mospheric phenomena would soon be prodigiously in-
creased ; but unable thus to employ himself, it will be
the object of the genuine cultivator of Meteorology ta
draw from the experience of even uneducated men all
the helps he is able.

(19.) In the present rage for innovation, and for’

which beset the Philosophy of the Mind. Many of the reasonings
of Stewart, such is their truth and generality, are as applicable to
Physics as to Metaphysics.
® Essais sur [ Hygrométrie, ch. x.
+ This beautiful and highly Philosophic maxim is taken from
Stewart's Owtlines of Moral thy, p. 4, 4th edition, and is
i t re us,

P I 1’ .Frl' ble to the L"

Examptes..

More gene-~
ral views of
the Philo-
sopher.
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%ena- ToOting up what are commonly called popular supersti-

dofy. tions, much valuable information may be lost. Many
‘=’ of the common adages respecting the weather, have
irswbe doyhtless had their origin in the observance of Meteor-

fom g

alogical phenomena ; and that Philosopher would but

irrot-  half perform his duty, who, dazzled by the splendid re-
woutall  sults which modern Scieuce now discloses, should aban-
ncllction don without any examination the traditions that time
dpmir  has handed down. There are some phenomena of the

atmosphere, which seem to have suggested to Man
in different conditions of his state, ideas and forms
of expression of the same common kind. In investi-
gating these, under the dark und shadowy forms which
the mutations of language have imparted to them,
much important information may be disclosed; and
connected as many of them are with cycles and periods
of observation, they possess a very high value. Some
attempt at a classification of the phenomena to which
these traditions relate, would not be unproductive of
sdvantage. Most of them have some foundation in
Nature, and it is at least prudent for a Philosopher to
keep them in view in the course of his inquiries.

(20.) It is thus by watching appearances, and dili-
gently recording phenomena, generalizing observations,
and disclosing in their fullest extent the grand system
of signs by which Nature works, that Meteorology will
advance to that perfection which its ardent cultivators
desire,

Constitution of the atmosphere.

(esie-  (21.) The great volume of the atmosphere is com-
tadths posed of permanently elastic fluids, the whole of which

This cousti-

are retained on the surface of the Earth by the law of
gravitation. All eudiometrical processes, when skil-
fully performed, concur in proving that, apart from the
carbonic acid and aqueous vapour which are present in
atmospheric air, 100 volumes consist of 79 oxygen,
and 21 nitrogen; or, including the two former ingre-
dients, that it is constituted, at a mean temperature and
pressure, of

Nitrogen gas.... 77.5 by measure, 75.55 by weight.
Oxygengas .... 210 ....... . 2332
Aqueous vapour. 142 ........ 1.03
Carbonic acid... 0.08 ........ 0.10
100.00 100.00

(22.) It is the business of Chemistry to unfold the
delicate processes by which these different relations
are determined, and for these we refer the reader
to our Essay on that Science ; but we may notice here
the remarkable fact, that with the exception of the
aqueous vapour, the quantity of which varies with the
temperature, as will be hereafter explained, the other
ingredients of the atmosphere bear at all times, in
every region of the globe, whether on the summits of

wime the loftiest mountains, or at the lowest levels of the

deepest valleys, the same relative proportion to each

ceyngion other. Thus, air from the Alps analyzed by the younger

Exrth. Saussure, from Spain by De Marti, from France and

Egypt by Berthollet, from England and the Coast of
Guinea by Davy, from the Peak of Teneriffe and from
near the summit of the Andes by Humboldt, and from
the still loftier elevation of 22,000 feet by Gay Lussac
and Thenard, all gave results approaching as nearly as
possible to each other.

(23.) It has been commonly supposed that the at= Meteor-
mosphere must contain, diffused throughout it, minute  ology.
portions of the vapours of all those substances with
which it is in contact, even down to the earths and -
metals ; and although the unknown ingredients which
are occasionally mingled with the atmosphere, and
wkich impart to it deleterious properties, are either of
too subtile a nature, or present in too small a propor-
tion, to be discovered by our imperfect instruments, yet
Mr. Faraday has shown, in the Philosopkical Trans- Mr.Fare-
actions for 1826, that a limit exists to the production of 42y's dix
vapour of any tension by bodies placed in vacuo, or in fi‘:ﬁ%"v:
feih:(tlic media, beneath which limit they are perfectly porization.

xed.

(24.) Two views have been entertained of the nature Chemical
of the union which exists among the several elastic constitution
fluids constituting the atmosphere. By the greater ° 'h;:"
part of Chemists it has been considered as a Chemical ™"*P'*™
compound, chiefly from the uniform nature of its com-
position, and from the fact that its several ingredients
do not separate and arrange themselves according to
their relative Specific Gravities. Mr. Dalton was the
first who presented, under a distinct point of view, the
remarkable theory, that of the various elastic fluids
constituting the atmosphere, the particles of one have Mechanical
neither attractive nor repulsive power towards those of g?“t;m“‘t'“
another, but that the weight or pressure, upon any one mo,l,eh:,;,
particle of any fluid mixture of this sort, arises solely
from the- particles of its own kind. According to this
hypothesis, oxygen, azotic, and carbonic acid gases
may exist together under any pressure, and at any tem-
perature, while each of them occupies the whole space
allotted for all. Each ingredient of the atmosphere,
according to this view, exerts its own separate pressure
in supporting the mercury of the Barometer, and per-
forms, says Dr. Henry, the part assigned to it in the
following table :

Inches of

mercury.

The nitrogen gas exerts a pressure equivalent to 23.36
The oxygen gas ................. ceeeess.. 618
The aqueous vapour ........ Ceeraenans e 0,44
The carbonic acid gas ............... eeeees 002
30.00

(25) Tn the Philosophical Transactions for 1826, Latestviews

- Mr. Dalton has entered into an extended view of the of Mr. Dal-

principles by which he conceives the constitution of the ton respect-
atmosphere may be regulated; and to illustrate his ;:'ifug’:n”;’ )
views, hg imagines two equal cylindrical tubes, A and (pe ..mof
B, to exist in contact with each other, perpendicular to sphere.
the horizon, of indefinite lengths, closed at the bottom,

but open at the top. Into the tube A he supposes an
atmosphere of hydrogen to be introduced, equivalent

to a mercurial column of 80 inches ; and into the other

tube B, an atmosphere of carbonic acid gas, capable

also of supporting a column of 80 inches of quick-

silver. Now supposing, he says, these atmospheres to-

remain, for an instant, of uniform density throughout the

extent of each column, and that density to be the same us

exists at the surface of the Earth, the altitude of the
atmosphere of hydrogen would be about 66 miles, and

that of the carbonic acid about 3.3 miles ; these heights

being to each other nearly in the ratio of 20 to 1. And

if these atmospheres be afterwards expanded to their

natural extent, equal elasticities of the two gases would -
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be found to exist at altitudes, also in the ratio of 20 to
1; that is, if at two miles of elevation the atmosphere of
carbonic acid supported 15 inches of mercury, that of
hydrogen would support the same at 40 miles’ elevation.
Conceiving now these atmospheres to have acquired
their perfect equilibrium, Mr. Dalton imagines nume-
rous air-tight, horizontal partitions to be formed across
the tubes, at equal intervals from the ground upwards ;
these intervals being either a foot or a mile, as may suit
our purpose.

(26.) Supposing now a communication to be opened
betweea each two horizontal portions of the tubes,
an intermixture of the gases would follow, and finally
such an equilibrium be obtained, that one-kalf of the
gas existing at first in each division, would pass into the
divisien opposite, and the other half remain in its ori-
ginal position. The whole weight of the gases in each
entire tube would therefore be unchanged, and equi-
valent as before to 80 inches of mercury, half in each
tube being carbosic acid, aad half hydrogen gas.

(27.) In tracing the conditions of the gases as we
ascend in the tubes, great differences would be found
to exist, both as regards volume and weight. In the
lowest division we should find equal volumes of carbo-
nic acid and of hydrogen. At the height of two miles,
one volume of the former gas would be found mixed
with two of the latter; at four miles' elevation, the
carbonic acid would be to the hydrogen nearly as one to
four ; and at 40 miles all the carbonie acid will have
probably disappeared, but the hydrogen would remain
of one-half its density in the primitive cell. Above the
limits of the carbanic acid, wherever it may be, nething
but hydrogen gas would be found in each tube, up to
the limits of the hydeogen atmosphere.

(28.) After a complete equilibrium has taken place
between every two adjacent eells, Mr. Dalton conceives
the horizontal divisions to be withdrawn. The descent
of the upper part of the hydrogen column in each tube
will be immediate, as there will be vacuities to be filled
up in it. The same would take place in the column of
carbonic acid, but the great body or weight of the mixed
atmospheres would remain unchanged, excepting a
slight condensation. The column of hydrogen in each
tube would support 15 inches of mercury, and in all
respects would resemble the upper half of the first
column A, of hydrogen, that supported 30 inches, ex-
cepting a slight ditFerence occasiened by distance from
the earth and temperature ; and the same may be said
of the carbenic acid column in each tube.

(29.) But would this constitution of the mixture,
Mr. Dalton asks, be permanent? Would a mixed
atmosphere, which, in fact, as a whole, consisted of equal
weights of earbonic acid and hydrogen, continue to ex-
hibit, at the surface of the Earth, equal volumes only in
mixtere ? Or, on the other hand, would not the whole
he wrought up in due time into one uniform composi-
tion in all its extent, of twenty volumes of hydrogen
with one of carbonic acid, as many suppose to be the
nature of the Earth’s atmosphere with regard to its com-
ponent pasts ? To these questions, Mr. Dalton replies,

by ehserving, that from what we kmow of the nature of -

mixed gases, each of the twe gases would be disposed
in the same manner as if the other was not present.
They would be mixed in equal volumes at the Earth’s
surface ; the carbonic acid would repidly diminish in
density as it ascends, terminating perhaps at 28 or 30
miles of elevation; and the hydrogen would slowly

diminish m ‘density, {erminating perhape.at an ultitude Meteor-
of eleven or twelve hundred mibes. - ology.

(80.) In epplymg this doctrine to the Earth’s atmo- ="

sphere, supposing it to be in a quiescent state, Mr.
Dalton neglects the carbonic acid and aqueous vapour,
as inconsiderable in weight, and fizing the weight of
the atmosphere at 30 inches of Mercury, he finds £
of 30=6.8 inches, fer the weight of the oxygenous
atmosphere; and [P of 80 =23.7 inches, for the
weight of the atmosphere of azote, since the weights of
the respective atmospheres in this view are proportional
to the volumes found at the surface of the Earth, and
totally independent of their Specific Gravities. 'The
weight of the aqueous vapour being variable, he fixes
at 0.4 inches of mercury, and that of the carbonic acid
at 0.03 inches.

(81.) This train of investigation has been conducted
on the supposition of a quiescent atmosphere, or of one
in a state of perfect equilibrium. How the case would
be with regard to the Earth's atmosphere, such as it
actually is, in a state of continual agitation, it is not
easy to ascertain ; and it is besides, says Mr. Dalton,
rather a question to be decided by experiment and ob-
servation than by theory. Mr. Dalton, it appears, has
a series of observations already made on this important
subject; and he has promised to add them, as a sup-
plement, to the paper from which these interesting ex-
tracts have been made.

(32.) The labours of Mr. Dalton, on the constitu-
tion of the atmosphere, have become the foundation of
much of our knowledge in this important department of
Science ; and, accordingly, Mr. Daniell, the latest writer Inquiries of
on the subject, has grounded his inquiries entirely on Mr. Daniell.
the principles established by the Manchester Philoso-
pher. In his Essays on the Constitution of the Atmo-

here, Mr. Daniell has divided his inquiries into four

anches. In the first part, investigating the habitudes Division
of an atmosphere of perfectly dry, permanently elastic into fouc
Auid, under particular conditions ; in the second, thage P2rts:
of an atmosphere of pure, aqueous vapour ; in the third,
the compound relations arising from a mixture of the
two ; and in the fourth, the application of such principles
as the former sections of his inquiry may Rave disclosed,
to some of the observed phenomena of the atmosphere of
the carth. :

(83.) In tracing the habitudes of an atmosphere of Investiga-
perfectly dry, permanently elastic fluid, surrounding a tion of the
sphere in a state of rest, of uniform temperature in all °'f":;'"“g“
its parts, and to the centre of which it gravitates ;mfm:’t
equally, Mr. Daniell first shows that its height, density, temperature
and elasticity must be everywhere equal at equal uniform.
elevations ; and that the column of mercary which it
would support in the Barometer, would be everywhere
the same at the surface of the sphere. This is a neces-
sary consequence of the law of Hydrostatics. The
second condition is, that its density must decrease in a
geometrical progression, in ascending through equal
stages to its higher regions, because the density must
be everywhere proportional to the superincumbent
weight; and, thirdly, that its sensible heat must de-
crease progressively from below upwards.

(34.) Mr. Daniell next supposes the temperature The tem-
of the sphere to rise generally and equally in all itg perature to
parts, and traces the consequent increase of elasticity, i €55
and total augmentation of height. There beimg no equ’;n, n
alteration in the ponderable matter of the vertical sec-.all its parts.
tions into which the atmosphere may be supposed to’
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Mume  be divided, the total pressure will remain.the same as
4% before, and the Barometer at the base remain unaf-
fected; but as a different distribution of the weight in
the different horizantal sections. must take place, the
altituds of the marcurial column will be changed in every
other situation.
Teripera- (35.) Advancing a step higher in his inquiry, Mr.
wrwis- Dadiell next imagines the temperature of the sphere
case by ronnd which the atmosphere is diffused, to increase by
ﬂ':;; equal increments from the Poles to the Equator; and
“+ Poles 1o assuming zero for the temperature at the former, sup-
uzBquor. poses that of the latter to be 80°. By limiting the
pressure of the atmosphere to 30 inches of mercury at
all parts of the surface of this sphere, the elasticity of
the air must remain constant, but its Specific Gravity at
the Poles will be much greater than at the Equator, and
hence the atmospheric column in the Polar regions must
be proportionally shorter than that in the Equatorial.
parad  (86.) The unequal densities of the aerial columns
Lorial must produce a current from the Poles to the Equator;
amaS bt as the difference of gravity becomes less as we
ascend from the surface, and at a certain point is neu-
tralized ; so, on the other hand, the elasticity, which is
constant at the surface, varies with the height; and the
barometer stands higher, at equal elevations, in the
equatorial than in the Polar column. This dispropor-
tion increasing with the elevation must, at some defi-
nite elevation, much more than compensate for the

lr

unequal density of the lower strata, and thus occasion Meteor-
a counter-flux from the Equator to the Poles, ' ology.

(87.) These differences of gravity and elasticity may ‘===’

be regarded as distinct and'opposite powers, their forces
being measured upon the same scale. The excess of
gravity mmy be estimated from the comsideration, that
the pressures of equal columns are as their Specific
Gravities; and as, by Mr. Daniell’s supposition, this
excess of gravity is umopposed at the surface of the:
sphere by any excess of elasticity, so is it the exact:
measure of the force with which a Polar atmosphere
would press upon an Equatorial, supposing the two in
juxtapesition. The same excess of gravity is also the
measure of the pressure which would be required at the:
Equator to equalize its density with that of the Poles.
Could this increase of pressure' actually take place,
the aerial current would be reversed, and flow with the
same force from the Equatorto the Potes, the current
being now oecasioned by excess of -elasticity; as it was
before: caused by excess of gravity.

(38.) After assigning limits to the elevations of these yjj,strative
currents, Mr. Daniell proceeds to estimate their velo- Table,
cities, and then furnishes, as in the following Table, the
elasticity, Specific Gravity, and temperature of such an
atmosphere, calculated upon his peculiar data, for
every ten degrees of latitude, from the surface, by equal
altitudes, to the height of 30,000 feet.

Taste 1. — Numerical Values of the Elasticity, Specific Gravity, and Temperature, for every Ten Degrees
of Latiude, of an Atmosphere of Dry Air surrounding a Sphere unequally heated from the Poles
to the Equator, logether with the Decrease of eack, due lo diffirent Elevations.

Height. : Poles. Latitude 80. Latitude 70. Latitude 60. Latitude 50.

Fo Blast. 8. Grav. Temp. Elast.. 8. Geav. Temp. Elast. 8. Grav, ! Temp. Elast. 8. Grav. Temp. Blast. 8.Grav. Temp.
0 |i30.000}1.06666 | O 130.000)1.06038 3.2 (|30.000/1.04685 9.6 {130.000}1.02707 19.2 (130.000,1.00000 | 32
%00 (3,597 .86935 | —18.5 [[23.652| .86542 | —15.2 [[23.707| .85684 | — 8.5 [|23.793] .84427 1.6 |123.949] .82656 14.8
10000 |18.587] .70856 | —37.8 ||18.630] .70637 | —34.3 |{18.724] .70140 | —27.3 |{18.893| .69405 | —16.9 ||19.106] .68321 [— 3.1
15000 ({14.591] .57752 | —58.8 [[14.642] .57654 | —55.1 |[14.775] 57407 | —47.7 ({14.962| .57061 | —36.8 |[15.229] .56472 |—22.4
000 f11.411) .47071 | —82.1 ||11.484] .47057 | —78.2 ||11.617| .46991 | —70.2 ||11.827| .46904 | —58.8 [{12.044] .46677 |—43.6
%000 || 5.990} .38865 [—109.1 |[,8.965| .38408 |—104.7 || 9.102| .38463 | —96.3 || 9.314| .38558 | —83.8 || 9.579] .38582 |—67.5
00 || 6.906! .31270 |—140.3 || 6.978] .31352 |—135.7 || 7.100| .31483 |—126.5 || 7.302| .31699 [—112.7 || 7.566] .31890 |—95.1

Height. Latitude 40. Latitude 30. Latitude 20. Latitude 10. Equator.
Fost. Elast, 8. Grav. Temp. Elast. |8.Grsv. | Temp, Elast. [8. Grav. | Temp. Elast. | 8.Gmav. | Temp. Elsst. | 8.Grav. | Tomp.
0 {130.000].965668] 48 |!30.000(.93360 60.8|130.000/.91978] 70.4{(30.000{.90625| 76.81(30.000}.90000| 80
5000 .072].80402] 31.4{{24.215|.78533{ 44.6/124.279(.77135| 54.5/24.319].76160| 61.1{(24.342].75737] 64.4
10800 ﬁ‘ .66878] 14.1)19.531|.65639| 27.9}19.675}.64693| 38.1/(19.738|.64017| 44.9](19.779].63735| 48.4
15000 {115. 55629 — 4.3l{15.739|.54863| 10. ([15.898]|.54258| 20.7|(16.012|.53806| 27.7|(16.060|.53640| 31.4
20000 |{12.409].46273| —24.5(|12.673].45856] — 9.4I 12.811}.45507| 1.7|(12.974].456220] 9.3|[13.043|.45150| 12.8
. 25000 || 9.915}.38489|—47 |/10.162|.38327[—31.210.342|.38166|—19.4|/10.467|.38010|—11.6/10.521]|.37980 — 7.6
- 30000 ,7.852}.33016 —75.3J 8.1351.32435 —55.9| 8.313}.32010{—43.2)| 8.424]|.31948}—35. || 8.483.31980|—30.7

(89.) The force of the Polar and Equatorial currents,

mext Toble,

as estimated on the same hypothesis, is given in ‘he
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/
Meteor-

ology. Tasre I1.—Showing the Force of the Currents for different Heights at every Ten Degirees of Latitude. ‘:f:;;""
A 4 N
Height. || Latitudes 90 & 80. Latitudes 80 & 70. Latitudes 70 & 60. Latitudes 60 & 50. Latitudes 50 & 40.
FPoet. Elast. | 8.Grav. Bal. Elast. | 8. Grav. Bal, Elast. | 8. Grav. Bal. Elast. | 8.Grav. Bal. Elast. 8.Gnav, Bal
0| — |+.178[+.178) — |+.387|4.387| — [4.575[4.575) — |i.810[4.810] — [41.034 |41.034
5000 [l —.055|+.112(+.057||—.055| 4 .246| 4-.191)| ~ .086| 4+ .367|+ .281)(— 1564 .531 |+ .375(| - .123| +.693 | 4.570
10000 ||—.043|4+.062|+.019]|—.094| +.142| 4048/ —.169|4- .214| +.045]| - .213] +.325) 4 .112]{ - .232| +.449 | 4+.217
15000 |[|—.051)+.028{—.023)|—.133|4-.070| —.063)|—.194|+ .101|— , 093 — .260(+ .176|— .084[[—.296| 4-.261 | —.035
20000 [(—.073|+4.004| —.069)— .133|4.021(—.112]| - .210|+.025|—.185| - .217|+.068|— .149)| - .365| 4.126 | —.239
25000 (|—.065 ~.013| —.078}|—.137|—.015[— .152(| = .212| — .028(— .240}{ — .265| — .007|—.272|| —.336| +.029 | —.307
30000 —-.072l—-.023 —.095(| —.122]|—.039| — .16 1{| — .202| — .062| — .264||— .264| ~ .057|— .321||— .286| —.036 | —.322
Latitudes 40 & 30. Latitudes 30 & 20, Latitudes 20 & 10, Latitudes 10 & 0.
Elast. | 8.Grav. | Bal Elsst. |8.Grav. | Bal Elast. |S.Grav. | Bal Elast. |S8.Grav. | Bal “
— |4+.854|4.854| — |+.648|4+.648)| — |+.447[4.447f — |4.208|4.208
~.143)4 .597| +.454)|— .064| 4 .456| 4-.392[| - . 040+ . 322 4 .282(|— 023 4-.141|+.118
Lower Polar Current.
—.193|4-.408|+.215/| —. 144 4,309 4. 165 ~ .063| 4 . 222| +.159{| — . 041| 4-.094| 4 .053
—.2144.245|4.031|[— .159 4 .197| 4 .038{| - . 114] 4-.150| 4- . 036{| — . 048] +-. 0564 .008
—.264]4.133|—.131|[—.138] 4. 114| — .024| — . 163) 4. 095| ~ .068|| — .069] 4. 024| — . 045
—.247(4-.051|— .196| - .180|4-.052| — .128|— .125| 4-.051| — ,074|{ — .064| 4-.010| — .054|| -Upper Equatorial Current,
—.283| - .008)—.291(| - .178/4.008| — .170|| — .111| 4. 021 —.090“—.059 —.011{ = .070
Remarkson  (40.) It may be remarked, with reference to these heat communicated will be felt in the superior strata,

the preced- Tables, that a change of temperature, which equally
ing Tables. pervades a column of air throughout its whole length,

may effect an adjustment of density without disturbing
the equiponderant mercurial column situated at its
base ; but the force of the compensating currents will
be altered, and, under some circumstances, their courses
even changed. An alteration of temperature, for ex-
ample, in latitude 50° will increase the force of the
current from latitude 60° to 50° in its original direction,
while that from 50° to 40° will be reversed : the wind,
which had blown on the surface between the former
parallels with a force of 0.810 inches, being increased
to 2.560 inches; and that which moved between the
latter parallels with a force of 1.034 inches, blowing
now in the opposite directions with a force of 0.840
inches. Corresponding changes of velocity and direction
ensue in the upper currents, and thus the compensation
of pressure takes place.

(41.) Any cause also which tends to diminish gra-
dually the Specific Gravity of a permanently elastic fluid
column at its base, or, on the contrary, to augment its

but those in the lower regions must, by the supposi-
tion, remain unchanged, The first effect which results
will be an augmentation of elasticity in the upper beds
of the atmosphere, which, exerting its force upon the
high Equatorial current, will accelerate its velocity on
one side, and diminish it on the other. The expanding
air, not being laterally confined by a proportionate ex-
pansion of the neighbouring sections, will not accumu-
late above, but, flowing off, will cease its vertical pres-
sure upon that column. The upper regions, therefore,
will be rarefied, and become lighter, and pressing with
less weight upon the lower, the Barometer will fall at the
surface of the sphere, in proportion to the degree of
expansion. The density of an elastic fluid being the
result of its gravity acting upon its elasticity, by the
reaction of these powers, any change in the vertical
column must be communicated instantaneously through-
out its entire length, and no inequality of density can
for a moment exist.

(43.) To generalize still further, let us again imagine 1,0 -
with Mr. Daniell, the local accession of heat, instead euu%n‘zf

temperature at its superior limit, will affect it through
its entire length ; so that, if its heat be slowly increased
below, its temperature must rise from one extremity to
the other, and vice versi. But although such a change

of pervading at once the whole of either horizontal sec- heat, com-
tion, to commence at some definite point, and gradually ®¢nCing a:
extend itself in depth. The disturbing cause will then 55 e Pit®

affect the lower current, and the expanding volumes mmd

Lflectsofan
increase of
temperature

of the uppe!
strata of

14

may take place, without increasing the length of the
mercurial column at its lower extremity, at all higher
stations the Barometer will rise.

(42.) Letus next follow Mr. Daniell, when he ima-
gines heat to be communicated to the upper strata of
his atmosphere, and which, from some temporary

the cause, does not originate in, or extend to the lower.

atmosphere. For this purpose, he supposes some increase of tem-

perature at a definite altitude. The influence of the

of air, not being checked by a simultaneous increase of

extendjng

elasticity in the adjoining columns, will rush forward in depth,

with accelerated velocity, and the diminution of density
occasioned by the excessive drain will be distributed
throughout the column by mechanical adjustment. The
fall of the Barometer would be proportionate to the
extent to which the rise of temperature would reach in
this progressive manner. A small increase, thus ope-
rating, will produce the same amount of depression, as
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Meteor- if 8 greater expansion had been exerted in a more limited Barometer is exhibited of a small partial increase of Meteore

cogy.  space. temperature, gradually extending itself throughout the ology.
‘== " (44.) In the following Table, the effect upon the aerial column, in conformity to the preceding changes, ‘===’
Dantive  TABLE III.—Showing the Effect upon the Baromeler of a small partial Increase of Temperature, gradually
Table, extending itself throughout the Column.

:‘:;m"' (45.) In the next Table, the effect of the preceding changes upon the force and direction of the currents is

ad direc.
::f TasLe IV.—Showing the Effect of the preceding Changes upon the Force and Direction of the Currents.
First Modification. Second Modification. Third Modification,
Latitudes 40 & 30. Latitades 20 & 30. Latitudes 40 & 30, Latitudes 20 & 30. Lautitudes 40 & 30. Latitudes 20 & 30.
Negh || Buast. 8. Grav. Bal. Elast. |8. Grav. Bal Elast. | 8. Orav. Bal Elast. | 8. Grav. Bal. Blast. | 8.Grav. Bal. Elast. | 8. Grav. Bal.
of +.63(41.44/42.07][+0.63| 0. |40.63]| +.63|+1.44/42.07] +.63] 0. |4+0.63|| +.63|+1.44]42.07|| +.63| 0. |o0.63
+.37|41.09] 41.46[|+0.58(+0.08|4+0.66{ +.12|+1.00|+1.21] +.73/+0.08|+0.81f| +.26|+1.09|+1.35] 4+.47|-+0.08]+0.55
+.21/40.81| 41.02]+0.55 40140/ 4+0.69|| +.0 |+0.81/+0.81(| +.35{+0.14]40.49]| +.12|40.81(+0.93] +.46(+0.14|+0.60
15000 —.21|40.60{40.39][+0.16]4-0.18| 4.0.34|| +.11(+0.60|+0.71]| +.48(4+0.18+0.66|| +.02{+0.60|+0.62] +.39|40.18|40.57
—.26]40.43] 4:0.17[{+0.14/40.20 +-0.34] +.0 |+0.43/+0.43) +.41(40.20|40.61(| —.06|+0.43|+0.37]l +.34/4 0.20|+0.54
—.25} 4+0.30|40.05|[40.18| 4-0.21| 4:0.39{| —.03]+0.30(40.27[ +.40(+0.21|+0.61]| —.10[40.30(+0.20)| 4+.33|+0.21|40.54
—.28|+0.21{—0.07]|4+0 18]4.0.22{40.39|| —.11{40.21[+0.10 +.35(+0.22!40.57] —.13[+0.21|40.08|| +.33{+0.22|+0.55

From latitude 40 to 30, it will be observed, thal the
force of the Polar current is greatly increased ; while
from 30 to 20, the effect is entirely reversed.

(46.) It may readily be imagined, continues Mr.
Daniell, that irregularities thus introduced into these
compensating movements, the consequence of dimi-
pished mechanical pressure, must of themselves be
liable to produce changes of temperature in the atmo-
spheric columns, foreign to the natural gradation; and
that, amongst others, the atmosphere, in its upper parts,
may be liable to greater depressions of heat than would
result from the elevation alone. A gradual process of
cooling taking place in the higher portions of a body of
air, would communicate itself to the whole mass, in an
analogous manner to the equal diffusion which would
ensue from the slow communication of heat to the
lower parts ; that is to say, without producing any
effect upon the Barometer at the surface of the sphere,
or any irregularity in the gradation of temperature. But
where the change is effected suddenly, by the admixture
of a large body of cold air, a mechanical effect is pro-
duced by the increased pressure of the mass; and the

VOL. V.

equilibrium of density takes place before the adjustment
of temperature. An atmosphere hence results, the heat
of which decreases in a greater proportion than is due to
the decrease of density; and the effect is analogous to
that which arises from an irregular increase; and the
Barometer must also rise to equalize the specific gravity.
(47.) It is not required here that we should point
out all the means by which such changes of heat as we
have alluded to may be effected, or that we should trace
further the endless modifications of densities and cur-
rents which would result from their different applica-
tions. It is sufficient, says Mr. Daniell, at present, to
have shown that, supposing them to arise, certain gene-
ral consequences must follow.
(48.) In the preceding review of the labours of Mr.
Daniell, we have found that he has contemplated the
various changes that have been alluded to, with reference Effects of
to the particular column of the atmosphere in which the preced-
they had their origin. We shall now make our readers ing changes
acquainted with his estimate of their effects upon those -"a*"::::h::_d'
with which they are connected. For this purpose, we Jumns of the
must remember, that it has been established as a prin- atmosphere.
c
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Meteor- ciple, that the equal height of the Barometer, in every TasLe V.—Showing the Effocts upon the Almospheric Meteor-

sitvation upon the surface of the sphere, was dependant
upon the maintenance of the Equatorial and Polar cur-
rents, with a certain determinate velocity in the different
parts of their courses; and that no disproportionate
alteration or interruption in these could take place,
without a corresponding effect upon the mercurial
column. Now, upon a reference to Tables I. and II,,
continues Mr. Daniell, it will be found, that to keep
the Barometer at 30 inches, under the parallel of 40, a
current is required of the force of 0.854 inches towards
the parallel of 80, counterbalanced by ome in the con-
trary direction, of the force of 0.291 inches at the eleva-
tion of 30,000 feet ; but by the unequal alteration of
temperature, arising from the gradual extension of heat
from one stratum of the atmosphere to another, the
current at the surface will be increased to 2.07 inches,
and continue with decreasing force to the height of
80,000 feet in the same direction. It is clear, there-
fore, that a much greater drain takes place upon this
latitude, without an adequate compensating supply ;
and the Barometer must fall throughout the column.
The atmosphere incumbent upon the parallel of 20 will
be similarly affected by the same change of temperature
at latitude 80. In its original state, the lower Polar
current flows upon the surface with a force of 0.648
inches, and feeds this column with a supply of air. It
is balanced at the height of 30,000 feet by an Equatorial
current of 0.170 inches. The course of the former is now
reversed, and the drain isincreased in the contrary direc-
tion. A rapid fall of the Barometer must therefore ensue.

(49.) On the other hand, an increased afflux of air,
beyond the usual supply, to any portion of the atmo-
sphere, occasioned by the expansion of any of the
neighbouring parts, must cause an increase of density ;
and the equiponderant column will of course be length-
ened. It is easy to perceive, that these secondary
effects must widely extend the influence of the original
disturbing cause; and it is obvious, that every depres-
sion of the Barometer must be accompanied by an equi-
valent rise in distant parts of the elastic medium, and
vice versi. The local impulse, continues Mr. Daniell,
extends its influence in this, as in all other fluids, by the
laws of undulation. The mean pressure, at any moment
of time, of all the waves upon the surface of the sphere,
will be the pressure of the atmosphere at rest, and the
average of a large number of oscillations at any parti-
cular spot, will approximate to the same quantity.

(50.) In the preceding inquiries we have considered
the atmospheric changes to operate alone in a direction
from the Equator to the Poles, or from the Poles to the
Equator, as if the changes of temperature had operated
entirely in parallels of latitude round the sphere. But
Mr. Daniell enters also into the changes produced in
a longitudinal direction from the operation of similar
causes.

(51.) The atmospherical arrangements represented in
Tables I. and II. resulted from the temperature of the
sphere itself; but let us suppose the change referred to
immediately following the last-quoted Table, to extend
its influence to 10 degrees of longitude as well as to 10
degrees of latitude ; is it not apparent that currents will
be established at right angles to the directions of the
former winds, and that they will tend to compensate
the irregularity which has been introduced? The fol-
lowing Tubles present the results of the calculation of
these easterly and westerly currents.

Columns of a general Alteration of Temperature in _ °W8Y-
f Temper . ,

the direction of the Longétude,

Longitude 20 and 350, Longitude 10.

Illustrative
Fables.

Height. || Elsst 8, Grav. | Temp. Elast. | 8.Grav. | Temp.

0/(0.000 1.00000(32.  |[30.000{.53060(60.8
5000(123.949| .82656(14.8 [l24.215].7853344.6
10000{/19.106] .68321] —3.1 [19.531{.65639]27.9
15000(115.220] .56472] —22.4{t5.739|.54863]10.

20000[[12.044] .46677|~43.6{/12.673].458568{—9.4
25000 9.579| .38582|—67.5]|10.162].38327{—31.9}
30000]| 7.566| .31890! —95.1| 8.135|.32035|—55.9

TasLe VI.—Skowing the Force of the Currents occa-
sioned by the preceding Alterations.

Lougitudes 360 or 20 and 10.

Height. | Blasticity. | Sp.Graeigy. | Mulanca

of o | +41.929 +1.929
5000{| —.266 | +1.301} +1.635
10000|| —.425 | 4-0.837| +0.412
15600{ —.510 | 40.496] —0.014
20000 —.629 | +0.251| —0.378
25000{] —.583 | 4-6.076] —0.507

—.569 | —0.043] —0.619,

(52.) The preceding forces operating, one in the Interme-
direction of the meridian, and the other at right angles fg‘:‘:“:_
to it, must necessarily produce a system of interme- ducedpby

diate currents, which will reach their destination with a tbe Polar

§

Northern or Southern deflection. and Equa- -
(58.) There is, however, another of Mr. Daniell’s torial cur-

views on this interesting subject, which we must not Tents.

omit to notice ; and that is, the increase of ten degrees

ts of

an increase *

of temperature which he supposes to take place along of tempera-:
the entire range of a given meridian, and a diminution ture dong

of heat of equal amount at the opposite point, all the av entire
meridians 01:1 each side being similiap:';y nﬂ'e‘::oted in same meridian:
ratio between the two. Mr. Daniell has computed the
distribution of heat upon these two meridians, and also

the two intermediate, for every ten degrees of latitude,

the results of which are to be found in the next Table.

4

TasLe VIL.—Showing the Distribution of Heat all over Nustrative

the Sphere, upon the supposition of a gradual Increase Table,
of Heat between the opposite Meridians.

Hbongilude Longttude|Longitude| Longitude

270 0 90 180

Lat. 90 0 10. 0 —10.
Lat. 80 3.2 13.2 | 3.2 | —-6.8
Lat. 70 9.6 19.6 9.6 | — 0.4
Lat. 60 || 19.2 29.2 | 19.2 (| 4 9.2

Lat. 50 32. 42, 32. 22.

Lat. 40 )| 48. 58. 48. | 38.
| Lat. 30 || 60.8 70.8 60.8 50.8
Lat. 20 f| 70.4 80.4 | 70.4 60.4
Lat. 10 || 76.8 86.8 96.8 66.8

Lat. 0 || 80. 80, 80. 70.

o
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(54.) This incresse of heat Mr. DanieR limits to the
condition, that it takes place in so a manner,

"~ 28 not to affect the Barometer at the bases of the differ-

eat atmospheric columas. There will thea be two cur-
resis esiablished upon the surface of the sphere, in
opposite directions om either side of the cold meridian
towards the hotter, with a force of 1.804 inches; or
nather, the bedy ef air, which was before in motion from
Nerth to South, will now be deflected with this foree
to the East and West ; and the whole lower atmosphere,
upon these lines where the effect would be
null, will move from the Poles to the Equator with a
greater-or less bend to the East and West. If the
cause prodacing this variation of heat be supposed to
move round the sphere from East to West, then will
every meridiaa in succession be subjected to alterations
of currents from the East and West.
(55.) Let us now sappose motion to be communi-

oemsia- cated to ¢he sphere with am uniform velocity from West

b of mo~

tioe to the

to East, that the force of gravity is equal, and for the
present that cemtrifugal foree produces no effect. Since
this rotatory metion must be greatest at the Equator,
and is directed Eastward, the air in its passage from
the Poles, not having attained the maximum velocity,
will have a relative motion Westward ; and hence the
motion of the wind in the Northern hemisphere will be
from North-East to South-West, and in the Southern
hemisphere from Scuth-East to North-West. When-
ever this apparent tendency coincides with an actual
impulse in the same direction, derived from other
sources, it will augment its force; and when opposed
to one im a comtrary direction, it will tend to neutralize
it. Thus, in the supposition which has been just made,
of an accession of temperature through the entire range
of any meridian, the current, which we found would
thence arise from the East towards that meridian, would
be increased by this further mechanical impulse; while
the Western current acting on the opposite side would
be decreased, if not annijhilated.

But as the lower Polar current would thus have a
relative Westerly direction, with regard to the motion of
the sphere itself, so the upper Equatorial current would
have an absolute movement in the contrary direction.
The particles of air, which are tramsported from the
Polar regions to the Equator, have not time to assume
the velocity of the different parallels of latitude as they
reach them; and are, therefore, necessarily behind as
they revolve. To other bodies, therefore, possessing
that velocity, they oppose a resistance which appears
to proceed from the Eastern quarter. Those, however,
which are transported above from the Equator to the
Poles, have an excess of absolute motion from West to
East above those parts of the globe towards which they
zre carried. And as the heating power, which is the
source of all the motions of the imaginary atmosphere,
is in the sphere itself, it follows that the upper perts,
which are most remote from it, will become cooled;
while those which are nearer to, or in contact with it,
maintain their proper temperature. As they cool they
of course become specifically heavier and descend;
their place being supplied by tbe subjacent wanmer strata,
Another kind of circulation becomes thus established in
a direction perpendicutar to the horizontal currents;
and if we contemplate the motion of a single particle of
adr, we shall find that it maintains an angular course,
in a direction compounded of these two motions. The
upper Equatorial current having also a movement of
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rotation from West to East, greater than that of the
Polar latitudes towards which it is carried, the effect
must be felt by the particles in their descent from the
higher to the lower stream, and the coasequence will
be, that the latter will be deflected from its course, the
Northern current receiving a Westerly direction at the
point where this influence reaches its stream with suf-
ficient power.

We shall now proceed to the second part of Mr.
Daniell’s inquiry,

On the Habitudes of an Atmosphere of Pure Aqueous
: Vapour.

(56.) This atmosphere of vapour must be first con-
templated as surrounding a sphere entirely covered with
water, and of uniform temperature throughout. This
temperature is limited by Mr. Daniell to 32° as in his
first hypothesis of the permanently elastic fluid.

(57.) The elastic force of steam, for the different
degrees of heat within the range of atmospheric temper-
ature, has been determined with great precision by Mr.
Dalton; the results of which may be seen in the Table at
p- 333 of our Essay orn Hear. Aceording to that Table,

Meteor-
alogy.
e o/

Atmosphers
of vapour
surrounding
a sphere
covered
with water,
of uniform
temperature

with a temperature of 32° the equivalent column of

mercury would be .200 inch, which would moreover be
the same at every point of the spherical surface. The den-
sity of the vapour, like that of the gaseous atmosphere,
must diminish in a geometrical ratio for equal eleva-
tions, and the temperature also will decline proportionally
with it. The ratio, however, of its diminution will be
of a different value. Mr. Daniell then traces the decrease
of density and temperature in an atmosphere of aqueous
vapour, of the force alluded to, at different elevations ; and
infers, that with such an arrengement, there would be a
perfect equilibrium in the aqueous mass in all points of
the sphere. Neither would precipitation or evaporation
take place, but the atmosphere would remain transpa-
rent and undisturbed. Such also must be the state to
which an atmeosphere of vapour would tend, potwith-
standing any obstacles that might be presented to
oppose it. And hence also Mr. Daniell infers, that, if
condensation were to take place in any part of an
atmosphere so constituted, evaporation must also take
place to maintain the equilibrium ; and conversely, that
evaporation must be accompanied by precipitation.

(58.) Should the temperature of the sphere rise

gradually and uniformly over every part of its surface,
the elasticity of the steam would increase without any
disturbance ; and obeying its own law of decrease for
different elevations, it would remain perfectly transparent.

(59.) In comsidering again, with Mr. Daniell, the
second condition, namely, that of an elevation in
the temperature of the sphere from the Poles to the
Equator, it may first be remarked, that a pure unmixed
atmesphere of vapour could by no means render itself
abedient 80 such a law. The elasticity of the whole
wauld be measured by that of the lowest point; and
the water would distil from the hottest to the coldest
point with such a rapidity, as to occasion a strong ebul-
lition at the former. The condensation of vapour may
be effected not only by decrease of temperature, but by
an increase of ; it is not necessary, therefore,
that it should pass from the hottest to the coldest point
to be precipitated, which would be a gradual process ;
but the elastic force, arising from an increase of density
at one extremity, would instantly be felt at the other,

c2

Effects of
an elevation
of tempera-
ture from
the Poles to
the Equator.
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the impression being conveyed as through a spring.
Mr. Daniell illustrates this effect by the beautiful Cry-
ophorus of Dr. Wollaston, in which the force of the
vapour is so much reduced by the cold applied to one
‘extremity of the instrument, as speedily to produce con-
gelation at the other by the rapidity of the consequent
evaporation. The rapidity of action is, however, not
necessary for the present investigation; for we must
imagine the passage of heat from one point to another
to be so mechanically retarded, as to enable it to assume
all the gradations due to the heat of the sphere. This
will enable us to estimate the relative force and pressure
of two of the vertical columns at different stations ; and
Mr. Daniell having computed the decrease of density
and temperature in an atmosphere of aqueous vapour
of the force of 1.00 inches, at different elevations, ob-
serves, that unlike the case of the permanently elastic
fluid, both the density and elasticity will be found greatly
to increase with the temperature; and that therefore
the Equatorial columns must press upon the Polar
columns throughout their entire length. A circulation will
hence arise very different from that of the nerial currents.
The vapour would flow in a mass from the Equator
to the Poles; and being necessarily condensed in its

METEOROLOGY.

course, would return from the Poles to the Equator in  Meteor-

the form of water. Great evaporation would be cone

ology.

stantly going on at the latter station, and condensation “= =’

at every other; so that the atmosphere, excepting at the
Equator, would be rendered turbid by perpetual clouds
and rain. As in the case of the permanently elastic
fluid, the temperature of the sphere would by this pro-
cess soon become equalized, did not our hypothesis
provide for its permanency: the Equatorial parts would
become quickly cooled by the evaporation, and the
Polar become warmed by the heat evolved during the
process of condensation. .

(60.) It is further worthy of attention, that the elas«
ticity of vapour increasing nearly in a geometrical pro-
portion for equal increments of heat, the decrease of
temperature in ascending in this atmosphere will be in
arithmetical proportion only; the diminution being
nearly three degrees for every 5000 feet. .

(61.) Upon the hypothesis of the gradation of tem-
perature before assumed, in the case of the gaseous
atmosphere, Mr. Daniell furnishes the following Table
to represent the corresponding elasticity and density of
the vapour at the surface of the sphere, for every ten
degrees of latitude.

TasLe VIIL.—Showing the Force and Density of an Atmosphere of Aqueous Vapour, for every Ten Degrees of

. Latitude, surrounding a Sphere unequally hegfed.
Poles, Latitude 80, Latitude 70. Latitude 60. Latitude 50.
Elast. | Density, | Temp. Elast, Dudq Temp. Elsst. | Demsity. | Temp. Elast, | Density. | Temp. Elst. | Density. | Temp.
.064 {0.340] O .072 (0.380| 3.2 || .089 |0.466 | 9.6 || .125 |0.641}| 19.2 || .200 | 1.000| 32
Latitude 40. Latitude 30. Latitude 20. Latitude 10. Equator.
Elagt. | Density. | Temp. Elast. | Denelty. | Temp. Elast. | Density, | Temp. Blast. | Denaity. | Temp. Elset. | Density. [ Temp.
.351 | 1.700| 48 .539 12.547 | 60.8 || .731 [3.403| 70.4 || .900 | 4.143| 76.8 ||1.000 |4.571| 80

(62.) Let us next imagine, that the temperature of
any particular latitude is raised to the level of that
which adjoins it. This will cause condensation to cease
at that point, evaporation to commence, and the atmo-
sphere to become transparent. The quantity of water
precipitated will be proportionally increased ou the

other side. But if, on the contrary, the temperature of
the parallel be lowered to that of the parallel next
above, the precipitation will be increased, and the
higher latitude be cleared of its turbid matter. The
next Table represents the condition of Latitude 30 under
these interesting circumstances.

~

Ilustrative 'TABLE IX.—Showing the State of the Atmospheres arising from Alterations of Temperature in any intermediate

Table.

Effects of

Columns.
Latitude 40. Latitude 30. Latitude 20.
CLOUDY. CLEAR. CLOUDY,
.351 I 1.700 | 4 || 731 |3.4os ‘ 70.4 || .731 ' 3.403 | 70.4
CLEAR. CLOUDY. CLOUDY., .
.351 | 1.700 [ .351 [1.700 | .731 | 3.403 | 70.4

(63.) Again, if the mechanical retardation of the

to the velocity of its passage: thus, supposing the

Evaporation flowing vapour were subject to variation, the quantity of evaporation from a given surface at a given tempera-~

evaporation and precipitation would be proportionate

ture, and under a given resistance, to be three grains
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per minute, that quantity would be doubled with half
the resistance. The changes at the surface affect the
whole of the superincumbent columnn equally, and the
temperature of the vapour follows its own particular
law of decrease. But what, says Mr. Daniell, will be
the consequence, if the vapour should be forced to adapt
itself to a progression of temperature different from its
own; and if, from some cause, the heat of the upper
regions should diminish at a greater rate than is due to
its natural gradation ? :

(64.) Let us, for instance, suppose that the heat of
the water upon the surface is 80° but that at the height
of 5000 feet above the surface, a temperature exists
of only 64°.4, which from that point follows the former
decreasing scale. The water in such a case will have
a tendency to throw off vapour of the same constituent
heat as its own temperature ; but the pressure above,
being rendered too little by the influence of the forced
degree of cold, to preserve the necessary elasticity below,
the atmosphere will only possess the tension due to the
lower degree ; that is to say, the constituent temperature
of the vapour will be only 67°.9. Evaporation must
therefore ensue below, and its concomitant precipitation
above. The calculation of these effects is entered in
the next Table.

TasLe X.—Showing the Effect upon the Atmosphere
of Vapour of a forced gradation of Temperature.

Height. Elasticity. c'i“::-l;‘.‘:"l' Sensible State of
Vapour. Temp. Atmosphere,
0| .673 67.9 80 Clear
5000 | .606 64.4 64.4 | Cloudy
10000 | .542 61 61 Clear
15000 | .490 | 58 | 58 ”
20000 | .443 55 55 .
25000 | .401 52 52 ».
30000 | .363 49 49 »

(65.) The consequence of this supposition will be,
that a Cloud will be formed at the height which has
been named; for the atmosphere will be forced up-
wards by the nascent vapour existing below, and a con-
densation at this point will ensue. The Cloud, how-
ever, supposing the process to be sufficiently gradual,
would not extend very far below, because the water,
during its precipitation, would be redissolved by the
excess of heat in the lower regions, so that they might
remain transparent and undisturbed. The ultimate
effect would be, that the temperature would be slowly
equalized, and the balance of force restored. The
water, in its circulation backwards and forwards, would
act as a carrier of the heat, which it would abstract
from the lower parts by its evaporation, and give
out to the upper by its condensation. The atmo-
sphere would thus gradually recover its state of equi-
librium and repose, the upper regions remaining clear,
because the gradation is there undisturbed.

Jwof  (66.) The sudden decrease of heat need not, however,
:‘::‘ be confined to a single point; but may be supposed to

o atire
Claxn,

* continue throughout the entire column, and to adapt
itself to some progression. Instead also of its being
limited to a single vertical atmospheric column, it may
be taken in connection with other adjacent sections, As
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an example, Mr. Daniell gives the annexed Table,
adapted to the Equator with a temperature of 80°, and
the parallel of 10°, with a temperature of 76°.8, and in
which also the flow of the lateral currents is exhibited.

TasLe XI.—Showing the State of the Atmosphere occa- }l!lﬁ""ﬁ"
able,

sioned by the Intermiziure of Lateral Currents.

Latitude 10. Latitude 0.

Hoight. || Tempe | Somer | Ernst.| Stmon: || Fomp: | Fomn [Rinse. | St
0] 76.8] 51 |[.388 Clear 80 67.9|.673] Clear
5000)| 61.1] 48 |.351|Clear 64.4] 64.4|.606) Clear
10000/ 44.9] 45 |[.316 Cloudy|| 48.4] 19 [.124 Clear
15000ff 27.7] 12 |{.096Clcar 31.4] 16 |.112] Clear
20000 9.3| 9.3[.087Cloudy|| 12.8] 12.8|.100/ Clear
25000||—11.6/—32 .019'Hazy — 7.6/—27 |.027{ Clear
30000)|—35. |—35 .OlGIHazy —30.71—30.7|.020] Clear

(67.) In the Equatorial division of the Table, the first Remarks

Meteor-

ology.

point of condensation is supposed to take place at the relating to-

height of 5000 feet, while, in the other division, it is T
limited to 10,000 feet ; and it will be perccived, that
up to the former elevation, the vapour of the first
column is of much greater elasticity and density than
that of the latter, and thet it must consequently flow
towards it with considerable force. No Cloud, how-
ever, will be formed, as before, at -the point of conden-
sation, because the supply arising from the evaporation
at the surface, will be carried off in a lateral direction,
or, if previously formed, would soon be dissipated by
the same operation. Nor would the transparency
of the parallel of 10° be affected up to this height;
for the current which it would receive would, in its
constituent temperature, still be below what its sensible
heat would maintain. But above this line a dense
Cloud would be precipitated. A counter flow of small
extent towards the Equator will be established at the
altitude of 10,000 feet ; and above this, again, the pres-
sure will return to the fitst direction. The constituent
temperature of the returning current being below the
temperature of the elevation, the transparency of the
Equatorial column will be preserved throughout.

(68.) The preceding hypotheses have been framed upon
the assumption, that the sphere round which the aqueous
atmosphere has been diffused, wus covered entirely
with water, from which a continual supply of vapour
would flow, equivalent to every circumstance of tem-
perature. Let us now suppose, with Mr. Daniell, that
the water is only partially diffused, and that the un-
covered portions are absolutely dry. Vapour, not in
contact with water, is known to be affected in the same
manner as the permanently elastic fluids, by variations
of temperature, its volume expanding or contracting
28oth part for each degree of change above its point of
precipitation, by Fahrenheit’s scale. If a current,
therefore, were to pass over a dry space, of a higher
temperature than itself, the same changes would take
place, in miniature, as we have already traced in the
dry atmosphere. Its density would diminish, while its
elasticity would remain the same upon the surface, and
be increased at all the higher stations. In the case of
vapour becoming heated in .this manner, out of the

the

last
able.

Case where-
in the water
is only par-
tidly{iil:'-
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being dry.
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Meteor- coOntact of water, it may reach its point of depesition at
ology.  a high elevation without producing any sensible Cloud ;

\e=== for although it would be slowly precipitated, it would
be instantly restored to the elastic form by the excess
of heat in the inferior strata; and no accumulation
could be formed for want of a supply from the dry
surface below. A slight haziness might possibly be
the result.

Effectsofa  (69.) Let us now imagine, continues Mr. Daniell, a

t-:;:':rd stream of vapour, of known density, filtering its way late-
passing rally, from one part of the sphere, which is covered with

from a part water of a certain temperature, to another which is
ofthesphere perfectly dry, but of equal or superior temperature.  As
fﬁ:ﬁ';‘:m the vapour arrives at the dry space, it will be rapidly
toapart  diffused; and its elasticity, being no longer confined
serfeclly by sn incumbent atmosphere of like density, will be
ly.

METEOROLOGY.

redueed. and will assume that force which its own dif- Meteor-
fusion will ‘enable it to maintain. Or a stream of ology.

'vapour, of high elasticity, flowing into a space where “==v"="

there already exists an atmosphere of inferior force,
will be reduced in density to that of the general mean.

(70.) Baut the surface upon which an atmosphere of Case where-
any particular density rests, may be neither water, nor in the sur-
Yet perfectly free from it; it may be earth differently face is dif-
embued with moisture and variously heated. A partial :mt:%
supply of moisture, varying in quantity in different with mois-
places, but of the same degree of density, would arise, ture and
and Clouds of more or less opacity would be formed, at variously
corresponding situations, in the planes of deposition beated,
above. Mr. Danicll has calculated the following Table
to illustrate these interesting positions.

Nustrative TasLe XIT.—Showing that the Elasticity of Vapour, yielded by different Surfaces variously heated, is governed
Table, by the incumbent Atmosphere.

Water, Moist Earth, Dry Earth,
‘e Temperature 60.8. Temperature 70. Temperature 80,
noo || 92 | oy onnt ot | Spe [ootomet foremat | o o, [t
0 60.8 A Clear .368 34 Clear .507 34 Clear 786
5000 4.6 31 Clear Density 31 Clear Deasity 31 Clear
10000 27.9 28 Cloudy .368 28 Cloudy .092 28 Hazy ?
15000 10. — 6.4 | Clear = 6.4 | Clear —~ 6.4 | Clear
20000 | — 9.4 || — 9.4 | Cloudy .126 — 9.4 | Hazy .021 ~ 9.4 | Clear
25000 | —31.2 || —31.2 | Hazy .020 ~31.2 | Clear ~31.2 | Clear
30000 || -55.9 || —55.9 | Clear =55.9 | Clear =55.9 | Clear
(71.) This atmosphere, which is supposed to be (O, she Habitudes of an Atmosphere of permanently

of equal force in every part, and in which the same
general temperature prevails, rests upon a surface
covered with water in one part, with moist earth in
another, and on a dry surface in a third. The first
point of precipitation is placed, it will be perceived, at
10,000 feet. The water upon which the first part of the
column rests, is of the same degree of heat as the
general temperature at the surface. The force of evapo-
ration is estimated by Mr. Daniell at 368, and the
supply being equal to the force, the density of the Cloud
is denoted by the same number. The moist earth upon
which the second portion rests, is of the temperature of
70° which makes the force of evaporation 507; but
less steam being given off from the earth than from the
water, the quanlity precipitated is proportiomally dimi-
nished. In the Table, Mr. Daniell has estimated it at
one-fourth. The dry surface of the earth, which sup-
ports the third portion, being heated to 80° yields no
vapour; the evaporating force, which is equal to 7S6,
is wholly unapplied, and no Cloud can therefore be
maintained. The higher points of the atmosphere are
subject to similar modifications. The temperature of
the evaporating surface regulates the quantity of water
vaised in vapour, and the tension of the pre-existing
atmosphere determines its elasticity.

‘We shall now proceed to the consideration of Mr.
Daniell’s third division of his inquiry, viz.

elastic Auid, mized with aqueous vaponr.

(72.) The properties which each possessed in its Considera~
separate state, will be retained in this comnection un- to0 of the
changed ; ‘and the two fluids will exercise no further :::fhm

. . e phere
action upon each other, than a mechanical opposition of perma-
when in motion. The particles of steam, in penetrating nently elas-
the interstices of the permanently elastic fluid, experience tic fuid,
the same species of retardation, as may be supposed to ™*¢d with
exist, if they flowed through the pores of sand or cotton. "::::: .
When an equilibrium is attained, this mutual action
ceases, and the particles of each press only upon those
of their own kind. There are, therefore, continues Mr.
Daniell, two principal points of view under which such
a mixture may be regarded; first, that in which the
particles are in a state of perfect equipoise amongst
themselves ; and, secondly, where they are seeking to
attain an equilibrium by means of intestine motion.
‘With respect to the first, there is no distinction between
such a complete mixture, and that of two or more per-
manently elastic fluids; and it may be regarded like a Coaditionam
mixture of gases, as an homogeneous fluid. of such ama

(73.) Let us now inquire what would be the natural atmospheare
condition of such an atmosphere, when surrounding am.'"“
sphere of uniform temperature throughout. “m;fe :

The first effect of mixing known measures of gases, of uniforme,
with vapour of different degrees of force, is to produce density.
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Mo an increase of bulk, under an equal pressure in the
degy.  permanently elastic fluid; not, however, in proportion
\ev=’ {; the measure of the vapour communicated to it, but
in proportion to its elasticity. The second result is,
that the Specific Gravity of the gas is diminished, but
not exactly in proportion to its expansion; for while
the atoms constituting the vapour are al dilated, their
own weight is added to the mixture. But this weight,
though increasing with the elasticity, being, in all cases,
less than that of an equal bulk of common air, a
decrease of density must follow. This diminution of
temperature becomes greater with every increment of

temperature.

(74.) To place all the circumstances connected with
this interesting subject in a clear point of view, let us,
continues Mr. Daniell, {race the progress of vapour just
beginning to form in a perfectly dry atmosphere. For
this purpose, let the temperature of the sphere be 77°.
The first arrangement will be the same as that repre-
sented under the parallel of 10° in Table I. ¥ we now
suppose water suddenly to overflow the surface, evapo-
ration will instantly commence. No atmosphere of
vapour exists to impede its progress, and the nascent
steam will merely assume such a degree of tension, as
is necessary to overcome the vis inertie of the air which
obstructs its motion. What this force may be, we have
not, perhaps, sufficient data to determine. For the
present, we must give to it an arbitrary value, and
assume, that, at the temperature of 77°, and pressure
of 30 inches, it amounts to .200 of an inch. The con-
stituent heat of vapour of this elasticity is 32°% so that
at the height of 13,500 feet it arrives at its point of
condensation. An aqueous atmosphere of such a degree
of force being now established, a resistance proportioned
to this amount is made to the progress of evaporation;
and the elasticity of the rising steam must in conse-
quence be doubled. 1Its constituent temperature, there-
fore, by Table V. p. 333 of our Essay on Hear, is raised
to 52°, and it cannot pass the height of 7500 feet with-
out decomposition. The resistance upon the surface
now amounts to .601 inch, to overcome which, vapour
at 65° must be emitted. The first point of precipita-
tion, in ascending from the surface, would thus be
fixed at about 3600 feet; and it may now farther be
remarked, that the diffusion of vapour does not cease at
the height of 3500 feet, to which point we had first
traced it, but that the mechanical obstruction is pro-
portionably reduced, and is carried by successive stages

T
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to loftier regions, where its tenuity is so much increased,
that it rapidly eludes all observation,

(75.) With regard to the various points of conden- Paints of
sation, it is probable, continues Mr. Daniell, that, as in oo %
the atmosphere of pure steam, no cloud will be formed (jon,
atany of them. The process of evaporation would be
so gentle under these circumstances, that little above
six grains of water would be raised per minute from a
square foot of surface ; so that, as the gradual precipi-
tation of this quautity took place between the different
stages, it would instantly be redisselved by the excess
of heat into which it would be naturally inclined to fall.
The circulation thus becomes a process of equalization,
by which the temperature of the upper regions is raised:
the heat which is abstracted below by evaporation is
evolved by condensation, the pressure of the vapour
becomes increased, and all the changes tend to that
peeuliar distribution of heat, which we before contem-
plated as the natural state of an unmixed atmosphere of
steam.

(76.) The average quantity of vapour which would Approxima-
exist the hypothesis we have just assumed, while tion to the
the atmosphere maintaimed its proper progression of 3:‘:;':7 of
temperature may be roughly approximated as follows : wl?ich
—A stratum, of the force of .616 inch, extends to the would exist
height of 3600 feet ; another, of the force of .401 inch, upoa such
reaches 3900 feet higher; a third, of only .200 inch, 2n hyeo-
stretches almost as far as both the former together; "o
making a total of 13,500 feet. The mean, therefore,
to this point is nearly -6:—6 + -4—:1 + i:—‘-’ = .354 inch.
For the further distance of 17,500 feet, Mr. Daniell
thinks we cannot greatly err in taking .064 inch, as the
mean pressure, making the average to the height of
81,000 feet, .209 inch. One-third of the atmosphere
beyond this being considered free from vapour, reduces
the mean to .139Y inch.

(77.) Changing now our hypothesis of a sphere of Change of
uniform temperature, for one whose temperature in- hypothesis
creases from (he Poles to the Equator, let us assume !0 that of &
that the Barometer stands every where upon its surface ;?::: teme
at the constant height of 90 inches, The constituent perayure in-
temperatare of the vapoug, also, in the different columns creasesfrom
of this mixed atmosphere, at the surface of the sphere, the Poles to
is to approach to within eleven degrees of the tempera- theEquator.
ture of the several zones. The succeeding Table has
been calculated by Mr. Daniell, to develope the con-
sequent arrangements,

Meteor-
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¥eeor-  (78.) By comparing the results contained in this

dgye Table with those recorded in Table I., it will be seen,
\e~~= that the Specific Gravity aud elasticity of the air is but
Speciee aq Very slightly influenced by the intermixture of the
Mﬁt: of 8queous vapour; so slightly, indeed, that the course
teurbut @nd velocity of the currents, as represented in Table II.,
ightly in- may with safety be adopted, without producing any
twsced by sensible error in the investigation. Their balance also
Sraier- s to be that by which the Barometer is maintained at
e aquecns 8N _unvarying height. It will also be remarked, that
awa.  while the great aerial ocean is divided into two great
strata, flowing in opposite directions from North to
South, and South to North, the aqueous part, which is
nearly confined to the lower current, presses in a con-
trary direction. The adjustment of these particulars
remaining as now supposed, the compensating winds
flow on in the courses which have been described, and
the balance remains undisturbed.

(79.) The admixture of vapour, hitherto considered,
has not yet affected the gradation of temperature, re-
sulting from the decreasing deusity of the atmosphere
in its upper parts, but the process of evaporation must
mnting in time necessarily induce such an alteration. The
fomthe  steam, as it reaches its point of condensation, must
i give out its latent heat, and, during its precipitation,
teqper COmbining with a fresh proportion, it must again
mmof he ascend, and again be evolved in the middle regions.
zzemphere. The atoms of steam may thus be considered as carry-
ing caloric from the surface of the sphere to the higher
strata; and it is obvious how a considerable section of
any one column may thus have its temperature
equalized and fully saturated with aqueous particles.
The currents thus become affected both by the expan-
sive power of the vapour and of the liberated heat;
—causes, the iufluence of which so applied, must be
partial, and cannot reach the higher regions. This
unequal action must produce a fall in the Barometer.

(80.) Again, as, on the one hand, this effect upon the
Barometer is produced by the augmentation of the
quantity of aqueous vapour, so, on the other, a rapid
increase of the latter may be produced by a fall in the
former. The mechanical resistance of the air must of
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course be increased by its motion in opposition. When Meteor-
this is stopped, as it soon is, by any small diminution _ Mey.
of the mercurial column, the vapour will rush forward

with its whole force, retarded only by the kind of fil-

tration which must take place through the quiescent

air; and the temperature of the higher latitude being

unable to support its elasticity, precipitation must fol-

low. From the operation of these causes, the tem- Precipi-
perature of the latitude will be partially affected, the tation of
density of the air be still further reduced, and the moisture,
aerial column become reversed. - The course of the

vapour being thus greatly accelerated, an abundant
precipitation must follow.

(81.) The progress of the precipitated moisture, Further
from the time when its first streaks would be found to effects of
shoot in a visible form across the gtmosphere, to the Precipita-
period when it descends in rain upon the globe, is not "™
without its interest. In proportion to the density of the
vapour, must be the magnitude of the condensed
particles. When first formed in the higher regions,
the cloud would probably assume a light cirriform
appearance, but at lower elevations, their precipi-
tation would be more dense, and the attraction of
aggregation stronger. The mass would. thus gently
subside to a lower station, where the density of the
air would oppose a greater resistance to its descent.

Here, in a higher temperature, the cloud would begin
again to be dissolved, and assume a rounded and more
compact form, and thus the equalizationof the tem-
perature, and the diffusion of the vapour, would be
carried on from several points at once. The different
beds obey the impulse of the winds, and, as they sail
along, enlarge the sphere of their action, till, at length,
the natural equilibrium of the atmosphere can be no
further checked. Hence precipitation will increase,
the strata of the clouds unite, and the air no longer be
capable of buoying up their load. ' .fthc

(82.) In the next Table Mr. Daniell furnishes us f::;f pien
with a view of the force of the aerial current, and the ren¢s be.
counter pressure of the vapour in a mixed ajmosphere, tween the
surrounding a sphere unequally heated in the manner Poles and
already set forth, Equator.

Tasre XIV.—Showing the Force of the different Currents in a Mixed Almosphere of Air and Vapour, between
the Poles and Equalar. ' '

Décaities (83.) We have already stated our difficulties, with
arcmg regard to the amount of resistance which the pores of
- ; the gaseous constituents of the atmosphere offer to the
Ve passage of the vapour in motiop. Experiments are
%o the Wanting to elucidate this subject, but the observations
¥ma va- of Saussure and Dalton throw some light upon the
;i?: subject. The resistance here alluded to may be

regarded as twofold ; first, in connection with the per-

VOL. V. .

manently elastic fluid at rest, and secondly, with it in stituents of
motion, the atmo-

(84.) With regard to the state of rest, the opposition *Phere.
with which vapour passes through air, is in proportion
to its density. Saussure concluded from his experi=
ments, that a diminution in the density of one-third
doubled the rate of evaporation.

(85.) With respect to motion, a breeze acting in

0
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opposition to the stream of vapour, must retard its

ology.. progress as much as one in the same direction favours
‘=== it. Much obscurity, however, envelopes this inquiry,

Veiocity
with which
aqueous
vapour
travels,

from the vagueness of the terms employed in denoting
the velocity of the air. Mr. Dalton has determined
that the rate of evaporation, in a perfect calm, being
denoted by 120, that of a brisk wind is 154, and of a
high wind 189. The retardation of opposing currents
of the same respective forces, way therefore be
reckoned in proportion.

(86.) It is impossible, in the present state of our
knowledge, continues Mr. Daniell, to determine the
absolute velocity with which vapour travels under any

of the circumstances .mentioned ; but the relative rates

of different parts of the same column ‘may be approxi-
mated.® Thus, taking as an example the latitude of
80 laid down in the last Table, the current which blows
in the direction of the parallel of 40 may be deemed
high, and retards the motion of the vapour towards
latitude 20 accordingly. At the elevation of 10,000
feet, the density of the air is reduced one-third, and the
velocity is consequently .doubled. To this must be
added the consideration, that the opposing current, at
the same elevation, declines in strength, thereby
increasing the force in the still higher ratio of 189 to

METEOROLOGY.

154. More vapour, therefore, would probebly pass at Meteor-

this elevation than at the surface, although its excess
of elasticity is only .044 inches at the former station,
and .138 inches at the latter. Whenever a deep
stratum of air has had its temperature and vapour
equalized, in the manner before described, it is easy to
conceive that the aqueous atmosphere may travel in its
upper parts with considerable velocity, in a course
directly opposed to the wind at its lower. The
approximation, however, has been carried a little further
by Mr. Daniell. The effect of aibrisk wind, in accele-
rating evaporation, is equal to an increase of about
three-tenths of the elasticity, that of a high wind being
six-tenths. The retarding influence of the Polar
current, in its regular state, may therefore be appor-
tioned to the different latitudes in Tables XIIL and
XIV., as follows: :

From the Poles to latitude 80 = J;of the elasticity,
to latitude 70 = .&;, latitude 60 = ;, latitude 50-=-%,
latitude 40 = F;, latitude 80 = %, latitude 20 = v,
latitude 10 = «%;, and from latitude 10 to the Equator
- The following Table will then rapresent the effi-
cient force of the vapour in a lateral direction, calovlatel
for the surface of the aphere, .and for the.eltitude of one-
third the density.

Tasie XV.—8howing the gfficient lateral force of Vapour between the Poles and Equator .at the Surfice of the
Sphere, and at the Altitude of one-third the Density. :

ology.

N

Helght.

Latitatles '
80 and 70, !

‘Latitades
00 und 80,

Latitudes
70 and 60.

Latitudes
50 and 50,

Latitudes
50 and 40,

Latitudes
20 and 10.

Latitudes
30 und 20.

Latitudes
40 and 30.

Latitudes
10 and 0.

Effects of
Wind ard
Density.

Effests of | Effects of
Wind and Wind and
Dewsity. Density.

Batince
of Foroe.

Batance
of Force.

Windnt| mitenos
Density. || of Force.

Balance
of Foxce,

0
10000

Baiance
of Posocs.

f I

Effects of
'Wind and
Denaity.

BfRcts of of
Balance ind and|
. || of Fowce.| Density,

and|| Balance
. |} of Force.

i

Bifects of
‘Wind and]| Balance
. Denaity.

“Balanoe
of Fercas

[

Effects of
Wind and
of Porce. | Denaity

—.008]|—.028
—.Ow —1008

—.003
~.001

-.002
-.002

—.010
—.004

-.017
-.017

- .049
-.012

-.025
- .026

|

-~.103
.023

—.069
—.072

-..109
—.088

-.042
- 045

-.138
-.044

~.132
-.050

—.093
—.090

— .088{|—..082
—.074 —.029

—.074!
-.058

This last Table, Mr. Daniell remarks, will give some
idea of the retardation of force, in the vapour, occa-
sioned by the wind, -at .the .surface of the sphere, and
also of the increase of velocity occasioned by diminished
pressure in the upper regions. It is easy to under-
stand that, whenever the derial current coincides with
the direction of the vapour, the progress of the latter is
accelerated in the same proportion.

* Mr. Herschel, at page 51 of the third volume of the Transactions
of the Adromomioal Society, bas the followisg remarks:—¢ On the
night of the 19th of April, the sky had continued peifectly cloudless,
‘with not a breath of air stirring, and a dew so copious as to run off
the telescope in streams till about half past two a. . I had to take
the transit of 25 Herculis as a settling star, which passed at 16
hours 21 minutes, (per Chron.) At 16 hours 8 minutes, one of
Piazzi’s stars passed, and was taken; after which I continued sweep-
ing, the heavens continuing beautifully clear. About 5 minutes
before the expected passage of 25 Herculis, I noticed a dusky clead
bank in the East; it advanced rapidly. Immediately before the
transit, Arcturus was completely invisible: while yet in the act of
bisecting my star, the edge of the haze was on it, and in less than
three minutes from that time had extended to the Western horizon,
obliterating every star by a thick uniform coating of cloud. All the
fime the calm remained quite undisturbed. The least supposable

(87.) The permanency of the Barometric pressure,
on the surface of the sphere, is dependent, as already
Temarked, upon the equal balance of the aerial cur-
rents ; and its fluctuations have been traced to the
destruction of this equipoise, bg unequal .and local ext
pansions and condensations. One of the chief causes
of these latter, Mr. Daniell attributes to the increase
and decrease of the aqueous vapour, counteracting the
natural progression of temperature by the caloric
evolved in its condensation. But there is another
cause, which must exercise a powerful influence, and
to which no allusion has yet been made. It has
hitherto been supposed, for the sake of simplifying the
subject, that the source of heat has been in the sphere
itself, and that.all the regular changes of temperature
emanate from its surface. This so far agrees with the
condition of the atmosphere of the earth, with which
it is Mr. Daniell's final object to identify his different
‘hypotheses ; for while in a transparent state, the sun’s
rays pass through the air without materially affecting:it,
and exiraust their influence upon the surface of the
globe.

But if the atmosphere becomre cloudy and Bffects of

epaque, the rays of heat, emanating from an externa cloudy anc
souree, are in great part absorbed before-they reach the SPiilc =t
sutface, and an increase of temperature and elastic pogphere
vaponr must take place in the middle regions. 'Here on the

arises another source of partial and powerful expan. temperatu

sion. To this also may be added the property which

rapidity of propagation in this case is 300 miles an hour, in the
diréction of the Sun's nivtion; 'snd the cause is obviously the exact
attainment of a determinate temperature in the region of the atmio-
sphere, where the cloud formed, either by radiation, or by a diminu=~
tion of atmospheric' pressare taking place in succession along the
whele rorte of sky, and as it were pursuing the point of the heavens
opposed to the Sun.” .
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Naor- the clouds: pensess, of proventing the madiation of heat

from the surface beneath them, and the greatar com-
ing power of damp, than of dry air.
885 Amongst the numberless modifications of con-
ditien, to whieh an atmosphere of the mature we hawe
been consideriug is liable, there are yet twe or three to

tet of the Which it will be mecessary shortly to refer. The surfage

e,

Firere of

of the sphere has hitherto been chiefly considered as
perfectly plain, and either thoroughly dry ox every-
where covered with water. Let us now contemplate it
as covered with water to the extent of theee-fourths of
its surface, and the remaining fourth of dry earth, un-
even and inters ected by eminences ; conditions which
assimilate it still more closely to the actual terrestrial
atmosphere. Such an intermixture of land and water
must at once introduce inequalities of temperature of a
different character from those which have been hitherto
considered. These will arise chiefly from the greater
rapidity both of heating and cooling, in the dry surface,
dependent upon the peculiar constitution of the watery
element. As the processes by which their impressions
are communicated to the incumbent air are slow and
gradual, they mostly affect the different columns in an
equable manner; so that their influence upon the atmo-
spheric currents resolves itself into the cases which
have been already proposed, of total and regular ex-
pansion. With respect to the vapour, however, the
case is different. The parts of the atmosphere above
the dry spaces cannot remain free from its admixture,
because the elasticity of the surrounding medium will
soon supply the vacuum. The law of this equalization
will depend upon the mechanical obstruction of the air,
which is influenced also by the conditions of the wind.
When once diffused over the land, it will be more sub-
ject to condensation; and the amount of precipitation
must be restored from the great expanse of waters.

(89.) Finally, unevenness of surface will tend, says
Ms. Daciell, to medify the atmesphere in some minor
degree. Any elevation will obviously partake of the
temperature due to the stratum of air into which it may
rise ; but the action must be reciproeal ; and as the
beating surface is raised to higher regions, those re-
gious must be prepertionally sud unequally affected.

We shall now pass to the consideration of some of
the phenomena eonnected with the actual atmesphere
of the easth.

Figure of the Atmosphere.
(90.) The problem of the figure of the atmosphere is

ve Larth's connected with some very refined and delicate points
unphere. of apalysis. Had the Earth been truly of a spherical

form, and entirely at rest, every portion of the atmo-
sphere surrounding it, would, by the action of gravity,
bave assumed a perfectly globular form. But any
velocity of rotation imparted to the Earth, would be gra-
dually communicated to the atmospheric strata that
surround it; and the fricion of these strata against
each other, and against the surface of the body, would
aceelerate the slower motions, and retard the more
rapid, till & perfect equality was established.

(91.) At its surface the atmosphere is only retained
by its weight ; and the form of this surface is such, that
the fosce which results from the contrifugal and attraet~
ive forces of the bedy, is perpemdicular to it. The
atmosphere is flattened towards the Poles, and dis-
tended at its Equator; but this ellipticity has limits,

sad in'the. ¢ase where it is the grealest, the ratio of the Meteor-
Polar and Equatorial axes is as two to three. ology.
In the seventh chapter of the third Book of the ‘==~ ==’
Mécanique: Céleste, Laplace has entered on the consir Limit tothe
deration of the figure of the atmosphares of the celes. 2'mo%Phere
tial bodies, with his usual generalization and skill. ceived by

On the Limits of the Atmosphere.

(92.) The existenge of a definite limit to the
altitude of the stmosphere was first conceived by
Kepler; and he sought to determine its elevation by
means of the duration of the twilight. By an ingenious
dad interesting process, which most writers on Astro~
nomy explain, it is known to extend to between 40 or
-50 miles above the Earth's surface, and even at that
altitnde it still continnes to poseess a density sufficient
for refracting and refleeting the rays of light.

(93.) The authors®* who have written, says Mr.
Ivory,t on the height and figure of the atmosphere,
have likewise assigned a boundary beyond which it
camnot reach, Bat in this they have rather fixed a
limit to the domain peculiarly belonging to the Earth,
than reasoned upon any distinguishing properties of
the atmosphere itself. If we conceive a body that cir-
culates round the Earth by the force of gravitation, in
the time of a diurnal revolution, the path which it de-
scribes will mark the limit whereat the centrifugal force
arising from the rotatory motion of the Earth will just
balance the opposite centripetal force. Therefore any
body that participates in the rotatory motion common
to all, if placed beyond the boundary we have men-
tioned, would continually recede from the Earth, and
be eventually logt in the immensity of space; on if
placed within the same boundary, would fall to the
eommon centre. The radius of the orbit deseribed by
the revolving body is about 25,000 miles, or something
more than three diameters of the terrestrial globe.
Now the air surrounding the Eartk cannot reach so far,
for if it did it would be consinually dissipated ; a sup-
position which is extremely improbable, since we ase
acquainted with no source from which s constant waste
of 80 necessary a fluid could be supplied.

The first writer} who attempted, from Pliysieal con- p;, Wollys-
siderations, to fix a defimite limit to the atmosphere, was ton’s at- °
Dr. Wollastom, in the Phslosaphieal Tranamctions for tempt tofix
1822, who remarks in his interesting Paper, thas, in l.id'etﬂtm?h
attempting to estimate the probable height to which the ‘:;'“;m;
Earth’s atmosphere extends, no phenamenon caused by
its refractive power in directions at which we can view
it, or by reflection from vapours that are suspended in
it, will enable us to determine it. ¥rom the law of its
elasticity, which prevails within certsin limits, we know
the degrees of rarity corresponding te difirent elevations
from the Earth’s surface ; and if we admit that air has
been rarefied so as to sustain only v§; of an inch Baro-
metrical pressure, and that this measure has afforded a
true estimate of its rarity, we should infer from the law,
that it extends to the height of forty miles, with proper-
ties yet unimpaired by extreme rarefaction. Beyend

h. D’ Alembert, Opwo, tom. vi. Laplace, Mécamigue Célesto, liv. iii,
ch. vii,

¥ Philosophical Trameactions for 1823.

3 Mr, Cavendish communicated to Mr. Davies Gilbert, President
of the Royal Society, in the year 1808, the substance of a very in-
teresting investigation relative to the defimite limits of the atmo-

spheze; but this appesrs never hph; been published.
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Meteor- this limit we are lef to conjectures founded on the sup-

ology. posed divisibility of Matter; and if this be infinite, so
also must be the extent of our atmosphere. For, if the
density be throughout as the compressing force, then
must a stratum of given thickness, at every height, be
compressed by a superincumbent atmosphere, bearing a
constant ratio to its own weight, whatever be its distance
from the Earth. But if air consist of any ultimate par-
ticles no longer divisible, then must expansion of the
medium composed of them cease at that distance, where
the force of gravity downwards upon a single particle
is equal to the resistance arising from the repulsive force
of the medium.

(94.) Mr. Faraday, when alluding to the admirable
argument of Dr. Wollaston, observes, that on passing
upwards from the Earth’s surface, the air becomes more
and more attenuated, in consequence of the gradually
diminishing pressure of the superincumbent part, and
its tension or elasticity ic proportionally diminished;
and when the diminution is such, that the elasticity is a
force not more powerful than the attraction of gravity,
a limit to the atmosphere must occur. 'The parti-
cles of the atmosphere there tend to separate with a
certain force ; but this force is not greater than the
attraction of gravity, which tends to make them approach
the Earth and each other; and as expansion would ne-
cessarily give rise to diminished tension, the force of
gravity would then be the strongest, and, consequently,
would cause contraction, until the powers were balanced
as before.

Dr. Wol (95.) Dr. Wollaston, however, has not confined his
lastonex- inquiries to the Earth’s atmosphere ; and, in extending
tended to 'his views to the probable existence of atmospheres

Observa-
tions of Mr.
Faraday.

Views of

theatmo-  round other bodies, he properly remarks, that since the
‘!:l‘:‘"’ of Jaw of definite proportions discovered by Chemists is
:odei:s. the same for all kinds of Matter, whether solid, fluid, or
elastic, if it can be ascertained that any one body con-
sists of particles no longer divisible, we then can scarcely
doubt that all other bodies are similarly constituted ;
and that we must conclude, without hesitation, that those
equivalent quantities, which we have learned to appre-
ciate by psoportional numbers, do really express the rela-
tive weights of elementary atoms, the ultimate objects
. of Chemical research.
:}3‘;“““‘7" (96.) In the first place, the views entertained by
jng to dil;- those, who, believing in the existence of a terrestrial
coverap  atmosphere of indefinite extent, sought to discover the
atmosphere existence of an atmosphere of a similar kind round the
sfv',"g:;_‘: lunar spheroid, may, from the reasoning of Dr. Wollas-
sround the tom, be proved to be utterly fallacious. For, since the
Moon, density of an atmosphere of infinite divisibility at the
surface of the Moon would entirely depend on her gra-
vitating force at that point, that density could not be
greater than the density of our atmosphere at the point
where the Earth’s attraction is equivalent to the Moon's
attraction at her surface. At this height, which by a
simple computation is about 5000 miles above the
Earth’s surface, we obviously can have no perceptible
atmosphere, and, consequently, should not expect to
Approach of discern an atmosphere of similar rarity around the Moon.
Venustothe  (97-) In the next place, the approach of Venus to the

Sun proving Sun, if the latter body were surrounded by an atmo-

that no at- sphere of infinite divisibility, might be reasonably ex-
:}"i:l;i“:i:: pected to present some degree of retardation in her
divisibility apparent motion ; whereas, from the very precise and
surrounds  &ccurate observations of Captain Kater, no such retarda-
the latter. tion can be perceived. If we calculate at what apparent

METEOROLOGY.

distance from the body of the Sun his attractive energy - Meteor-
is equal to the gravitating influence at the surface of the - ology.
Earth, it is there that his power would be sufficient to e~y
accumaulate (from an infinitely divisible medium filling
all space) an atmosphere* fully equal in density to our
own, and, consequently, capable of producing a refrac-
tion of more than one degree in the passage of rays
obliquely through it.

(98.) By considering the mass of the Sun as 330,000
times greater than that of the Earth, the distance at which
his gravitating force will be equivalent to the force of

gravity at the surface of the Earth, will be +/330,000,
or, in’ other words, about 575 times the terrestrial
radius ; and if the radius of the Sun be 111.5 times
that of the Earth, then will the distance here referred

575
tobe 1115
Sun’s apparent semi-diameter on the day of observa-
tion (May 28d) having been 15'49”, it follows that
15' 497 X 5.15 = 1° 21’ 29" was the distance from the
Sun’s centre, at which his gravitating force was just
equivalent to the ordinary force of gravitation at the
Earth’s surface. '

(99.) But the approach of Jupiter’s Satellites to that Strong con-
Planet, instead of being retarded by refraction, is well ﬁ&mm”
known to be perfectly uniform, till they appear in Aforded by
actual contact ; showing that there is not that extent ;rach of
of atmosphere surrounding Jupiter, which that body Jupiter's
should attract to itself from an infinitely divisible Satellites «
medium filling all space. For since the mass of Jupiter,tha

, or 5.15 times the solar radius. Now the

Jupiter is full 309 times that of the Earth, the dis- e of
tance at which his attraction would become equivalent .Eu planet

to the ordinary terrestrial gravity, must be as 4/ 309, is not one
or about 17.6 times the Earth’s radius. And since his zfl,"ﬁb';ii‘f
diameter is nearly eleven times that of the Earth, we V%

shall have -1:—16 = 1.6 times his own radius, for the dis-

tance from his centre, at which an atmosphere, equal in
density to our own, should occasion a refraction exceed-
ing one degree. To the fourth Satellite, this distance
would subtend an angle of about 32 87/; so that an
increase of density equivalent to 3} times the density
of our ordinary atmosphere, would be more than suf-
ficient to render the fourth Satellite visible to us when
behind the centre of the Planet, und, consequently, to
make it appear on all sides of the Planet at the same
time, or rather as a luminous ring surrounding the
entire disc of the Planet.
(100.) Now, though with regard to the argument
respecting the Solar atmosphere, some degree of doubt
may be entertained in consequence of the possible
effects of heat which cannot be appreciated, it is evi-
dent that no error from this source can be apprehended
in regard to Jupiter; and as this Planet has certainly
not its due share of an infinitely divisible atmosphere,
the universal prevalence of such a medium cannot be
maintained ; while, on the contrary, all the phenomena
accord entirely with the supposition that the Earth’s goperal
atmosphere is of finite extent, limited by the weight of cgnclu,;o“
of Dr. W

* Such an atmosphere would, in fact, be of greater densitz on ac- laston re-
count of the far greater extent of the medium affected by the Solar 3pecting tl
attraction, although of extreme rarity; but the addition derived from fnite ex-
this source, may be disregarded in the present estimate, without pre- tent of the
judice to the argument, which will not be found to turn upon any Earth’s at
minute difference, " mosphere,
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sdtimaie of atoms of definite magnitdde no longer
divisible by repulsion of their parls. L

(101.) Mr. Ivory, in a Paper in the Philosophical
Transactions for 1823, on Astronomical Bafract\?ns,
in treating of this highly interesting question, conceives
a cylinder of air to extend indefinitely in a vertical direc-
tion, and to be divided into equal parts of a moderate
length, so that the density of every division may be
considered as uniform; and by abstracting the di-
minution of Gravity and the increase of the cen-
trifugal force, which are inconsiderable at the dis-
tance of 200 or 300 miles from the Earth’s surface,
the weight of air in every portion of the cylinder
will be proportional to its density. If now, conti-
nues Mr. Ivory, we admit the elastic force to be pro-
portional to the density, as it would be in an atmo-
sphere of uniform temperature, it will follow, that the
weights of the several divisions of the cylinder will
vary in the same proportion as their elasticities. But
in the Jowest part of the cylinder, the weight of the
small quantity of air contained in one division, is
incomparably less than its elastic force, which is an
equipoise to the whole atmosphere; and the same
thing will therefore be true of every portion of the
cylinder, however high it is placed. Hence an atmo-
sphere constituted as we have supposed, must neces-
sarily be infinite in its extent. For if it were finite,
since there is no pressure at the surface, the weight of
a volume of air situated there would be in equilibrium
with its elastic force, whereas it has been proved that
lt:lte former is always an inconsiderable part of the

ter.

(102.) But in the foregoing reasoning, says Mr.
Ivory, a cause has been neglected which diminishes the
elasticity of the air as we ascend above the Earth’s
surface, without affecting the force of Gravity in any
degree. In the higher parts of the atmosphere a con-’
tinaally increasing degree of cold is found to prevail,
the effect of which is to contract all bodies in their
dimensions; and therefore, by the operation of this
cause, as we ascend in the atmosphere, the expansive
force of a given volume of air is constantly diminished
and brought nearer to an equality with its weight. To
estimate this effect with greater precisicn, let ', 2/, ¢,
denote the Barometric pressure, the density, and the
temperature by the centigrade Thermometer at the
Earth’s surface; and let the same letters, without the
accent, denote corresponding elements at any height

#; thenif 8 = %—6, the expansion for one centigrade

degree, the known laws that obtain in the expansion
of elastic fluids will lead to this formula, viz.

p _1+48t =

71xge 7
P

Now, here it may be remarked, that I is the measure
of the elastic force at the height x in parts of the same
force at the surface; and we see also that it depends
on the temperature, as well as on the relative density

z . . 14-8t
2 At the Earth’s surface the quantity YT is

equal to unity, but continually diminishes as the tem-
perature becomes less in ascending. We cannot con-

al

ceive that it will become negative, nor can any bounds  Meteor-

1+ 8t
14 8¢
is evanescent, or when £ = — 266°, the elastic force of
the air will cease, and gravity will stop the further
dilatation of the atmosphere. This reasoning, observes
Mr. Ivory, is independent of the law of the densities ;
and it proves both that the atmosphere may be finite in
its extent, and that it may have a finite density at its
upper surface.

(103.) But it may be objected, that the effect of tem-
perature on the air’s elasticity has been verified only
to a certain extent; and that in the case of air of a
great rarity, and subjected to extreme degrees of cold,
the law of dilatation and contraction may be very dif-
ferent from what it has been proved to be in the
limited range of our experiments. This observation is
probably well founded, but it will not destroy the
force of what has been advanced. We know that air
always gives out heat when it is compressed into a less
volume, and absorbs heat when it expands. As long,
therefore, as that fluid retains its elasticity, so long, we
must conclude, will temperature continue to modify
the changes of bulk which that force produces. The
law of dilatation and contraction may, no doubt, under-
go some change in different circumstances, but every
expansion must be productive of cold, and every new
degree of cold must diminish the elastic force of a
given volume of air. Gravity continuing to act with
nearly the same energy, while the elastic force of the
air is continually diminished, these two forces will at
length become equivalent, and will counterbalance one
another, which is all that is necessary for imposing a
limit to the extent of the atmosphere. e have
proved, says Mr. Ivory, that air, if it were confined by
the action of Gravity alone, would extend indefinitely
into space; and it is not unreasonable to consider the
effect of temperature as a contrivance for accurately
attaching to the terrestrial globe a fluid so necessary
in every point of view to the economy of nature.

(104.) Since it is found, continues Mr. Ivory, that
all elastic fluids follow the same laws in regard to heat
and pressure, the foregoing reasoning will be found
equally true, whether we conceive the atmosphere as
composed of one homogeneous fluid, or as a col-
lection of many elastic gases and vapours, however
much they may differ from one another in Specific
Gravity.

be set to its approach to zero. But when

ology.

(105.) It may even be possible, adds Mr. Ivory, to His con.

form some reasonable conjecture as to the actual height
of the finite atmosphere. Gay Lussac ascended ina

jecture

respecting
the altitude

balloon to the altitude of 3816 English fathoms, or ¢}
nearly four miles and a quarter above the level of the Eartys at.
Seine at Paris; the proportion of the heights of the mosphere.

Barometer in the balloon and at the surface of the
Earth being 0.467 nearly, which is therefore the rela-
tive elasticity of the air. The temperatures, as ob-
served at the extremities of the elevation, were 30°.8,
and —9°5 on the centigrade scale; and if we in-
crease 0.467 to what it would have been, had the tem-
perature remained unchanged during the ascent, we
shall find 0.500 for the density of the air at the height
ascended, in parts of the density at the surface of
the Earth. Thus, in the decreasing scale of elasti-
cities, the diminution is from 1 to 0.467; but in the
decreasing scale of densities, it is only from 1 to 0.500.
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Meteor- 'The quantities of the one scale eontinually fiill behind
ology.  those of the other at a rate that must bring them to
zero, whatever be the gradation of the latter. If we
divide 3816 fathoms, the whole height ascended, by
40°3 the difference of temperature, the elevation for
depressing the Thermometer one degree will come out
equal to 95 fathoms; and jf we suppose that the same
rate prevails in all parts of the atmosphere, the whele
height will be 266 x95 fathoms, or mearly 29 miles,
The observations of the twilight show that this is less
than the true altitude ; and hence we must infer, that
the Thermometer falls at a slowerrate in the higher, than
in the lower parts of the atmosphere. But, taking
the observed rate of 95 fathoms for the first 40 degrees,
and allowing, on an average, a double, or even a triple,
elevation for the remaining 226°, we shall still find that
the atmosphere will extend only to a moderate height
above the Earth’s surface.

(106.) Mr. Dalton, in a Paper on the consti-
tution of the atmosphere, published in the Philoso-
phical Fransactions for 1826, and befere slluded to,
has also referred to its fimite extent. He commenees
his observations by referring to the 28d Proposition
of the IId Book of the Principie, wherein Newton
demonstrates, that if homogeneous particles of Matter
were endued with a power of repulsion in the inverse
mtio of their central distances, that, collectively, they
would form an elastic fluid agreeing with atmospherie
air in its mechanical properties. Newton does not,
hewever, infer from this demonstration that elastic
fluids must necessarily consist of sach particles ; and
Ais argument requires that the repulsive power of each
particle terminates, or very nearly so, in the adjacent

es, .

(107.) From the Seholium to this Proposition,
Newton was evidently aware of the difficulty of con-
eeiving how the repulsive action of such particles eonld
terminate s0 abruptly as his sapposition demands ; but
in order to show that such cases exist in nature, he
finds a parallel ene in Magnetism,

(108.) Following up his reasoning Mr. Dalton ob-
phich serves, that on the hypothesis of the demsity of any
limit to the TtmoSphere diminishing in Geometrical progression
atmosphere, t0 intervals of ascent in Arithmetical progression, every
atmosphere must be unlimited, or of infinite extent,
But if an atmosphere is constituted of particles on the
Newtonian hypothesis, s#t.must Aave a limit ; and whick
limit will exist where the repulsion of two particles
becomes equal to the weight of one of them.

(109.) We have no data, continues Mr. Dalton, from
which to determine the absolute height above the sur-
face of the Earth to which any one atmosphere can
ascend ; but we can form a pretty accurate comparison
of the relative heights to which two atmospheres would
ascend, espeeially if the relative weights of their atoms
be known.

(110.) For instance, says he, we know that the dia-
meter of an elastie particle of carbonic acid is nearly,
or exactly, the same as that of a particle of hydrogen
under the same pressure; also that their weights are
as 20to 1. At two miles’ elevation, the elasticity of
an atmosphere of earbomic acid gas is diminished one
half; and at 40 miles’ elevation, that of hydrogen is
diminished one half. New let it be supposed that at
- 80 miles’ elevation the carbonic acid atmosphere ceases

to exist, or terminates, at which elevation its elasticity

‘must be, according to the Geometrical progression,

Mr. Dal-
ton's views
respecting
the finite
exteut of the
atmosphere,

Principle on
which he -

Comparison
of the re-
litive
heights of
two atmo-
spheres,
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nearly ﬁoo ;. then, by the mm.e law, the cIachity of m”
: \e—

the ydrogen stmasphese must be = at the height

of 15 % 40 = 600 miles; also the diameters. of the
particles of the two gases are still equal at those ele-
vations, because they vary as the eube roots of the
elasticitios imversely; that is, if the diameters of the
particles of carbonic acid and hydrogen at the surface
of the Earth be denoted by 1, that of carbonic acid at

30 miles will be represented by 3/38000, and that of

hydrogen at 600 miles’ elevation will also be §/33000,
But by the hypothesis, this distance is capable of sup-
porting a weight as 20, (namely, the weight of one
atom.of carbonic acid ;) the hydrogen atmosphere, there-
fore, must be further elevated, till it is capable of sup-
porting a weight only as 1, (namely, the weight of an
atom of hydrogen;) this will take place when the
elasticity is still further diminished in the ratio of 20%
to 13, or 8000 to I. Hence, we shall have to extend
the atmosphere about 13 x 40 = 520 miles further
before it can terminate, or the height of 1120 miles,
In this estimate we hawe not taken into consideration
the variable force of Gravity. At the height of 1400
miles the force of Gravity is reduced one half, nearly;
on this account the elevation of the hydrogen atmo-
sphere will be increased between one and two hundred
miles more, so as to make it amount to twelve or thir-
teen hundred miles. The variation of temperature in
ascending does not materially affect Mr. Dalton’s
views.

(111.) Thus it appears, that, upon the assumption
made by the Manchester Philosopher, the hydrogen
atmosphere must be 40 times the altitude of the car-
bonic acid atmosphere. If he had assumed the utmost
beight of the carbonic acid atmosphere less than 30
miles, the disproportion of the two heights would have
been still greater; and if more than 30 miles, it would
have been less; but, in this case, the absolute differ-
ence would be greater.

(112.) By applying these principles to the terrestrial
atmosphere, composed as it is of azote, oxygen, car-
bonic acid, and aqueous vapour, and fixing the limit of
altitude in a full atmosphere (of 3C inches of mercury)
of oxygen gas at 45 miles, Mr, Dalton finds that of an
atmosphere of the same gas of 6.8 inches of mercury
will be found to be about 38 miles, the atom of oxygen
being 7 ; and that of azotic gas of 28.7 inches weight
will be found 54 miles, if the atom of azote be taken
as 5; but if the atom of azote be double this weight,
as is supposed by many, but Mr. Dalton thinks with-
out sufficient reason, then the height of the azotic
atmosphere will be only 44 miles. The very fine and
attenuated carbonic acid atmosphere must ascend to
the height of 10 miles, if a full atmosphere of this gas
ascend to 30 miles ; and that of aqueous vapour to the
height of 50 miles, allowing the Specific Gravity of
sleam to be .625, and the weight of its atom 8.

(118.) Mr. Luke Howard, in alluding to this in- Views of
teresting subject, remarks, that the surface of the Mr. Luke
atmosphere is less elevated, and better defined, than Howard.
many imagine. A portion of air, says he, rarefied by
means of the air-pump, does indeed exhibit an elasticity,
which seems limited only by the imaperfection of the
imstrument. For the meost minute residuum still
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Mume  gppears o Al the vessel, and toipress against it in all
degy.  directions. But this .is dene at a temperatuve which,
oy mith that of the extreme beundaries of the

distribution of heat in its general relations to continents  Meteor:
and seas, it hes been usual to comsider as exceptions, olegy.
evary thing which differed from the adopted type ; .or, ‘==

stmosphere, is probably that of the steam in a high-
pe-'eemgme‘p: the gnter inawell. We know that,
in ascending into the atmoaphere, the temperature is
feund to decrease with the decreasing density of the
air; and even under a vertical Sun, between the
Tropics, a line of perpetual snow on the mountains
indicates & boundary within our reach, which the heat
never hus ascended in :mass to penetrate. There is

y ne seurce from whence air, conveyed to
the summit of the atmosphere, could obtain heat neces-
sary to sueh extreme sarefaction ; the whole sensible
beat of the atmosphere béing derived originally from
the Earth’s surface, and distributed in an inverse pro-
poction to the elevation. At an -elevatian, therefore,
perhaps on :a mean more than ten times that of
highest monuntains, or fifty miles at the Equator,
cousiderably less at ihe Rales, there -exists a per-
gero of and with it an effectual
limit to the forther expamsion of the atmesphere.
Here, the spheroidal body of gases, enveloping our
globe, has probebly a well.defined surface, (its extent
eousidered,) where the air, though greatly attenuated,

is much less rave than we ean make it in the ngc.eiverxof

'E!_ﬂ

On the Distribution of ature -on the SBurface of
the Earth. Tsothermal Lines, &c.

Distretion ﬁ'(lu.) The distribution .of heat over the surface of
i wat gver the globe, says Homboldt, belonge to that class of phe-
;—;"ﬁ“ nomena of which the general principles have long

S gobe. heen known, but which were incapable of being sub-

It

mitted t0 an exact calenlation, till experiment .and
observation had furnished the -data from which the
theory might obtain the cosrections of the :different
dements & requires.

(115.) An investigation of the temperature of the
surface of the globe is a problem connected with the
mest interesting inquiries. It involves in its consider-
stion the comditions of the arid plains of a tro-
pical climate, where the wvarious orders of vegetable
ings ave so powerfully influeneed by a vertical Sun;
passing from these into the luxuriaat vegions of the

ive and the vine, :fnditto ﬂ:;d milder and a:::re uni-
temperature Spain; . theace
to ~arinble clitzyau, and the moze verdant
the North, until at length we arrive at
f blighted vegetation, where nothing can
bireh and the pine, and the chain of
vegetable-existence is'at lust terminated in the hoary
desolation -of the Arctic Zone.
- (116.) Amidst-this great circle of Physical changes,
the Philosopher looks for materials on which to rear
the beautiful theories of his creation; though it is
much to he feared, that thearetical considerations have
100 often usurped the place.of the laborious and less
mviting task of imental observation.

(117.) Itis a remarkable circumstance inthe history
of this interesting problem, that Philosophers have
been accustomed to consider the distribution of heat in
a parlicular region, as the type of the laws which
govern the whole globe ; and, in place of estimating the
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by pursuing a method still more dangerous in inves-
tigating the laws of Nature, to take the mean tempera-
tures for every five degrees of latitude, and confound-
ing together places under different meridians.

(118.) The distribution of heat depends by its nature The distri-
on many diversified causes. The Sun may exert its bution of

influence on 8 single point, but that influence will
be immediately modified by the influence of local cir~
ocumstances, and hence the distinction that haes for a
long time been made between the solar and the real
climate of a place. It will be sufficient to mention, in
order to render this distinction evident, how much the
temperatures of different latitudes are influenced by the
mixture of different winds ; the vicinity of seas which
are immense reservoirs of en almost invariable tem-
perature; the unequal and varied surface, the Chemicnl
nature, the colour, the radiating power, and the rate of
evaporation from the soil ; the direction of the chains
of mountains, which act either in faveuring the play
of descending eurrents, or in affording shelter against
particular winds; the shapes of different Countries, their
mass and prolengation towards the Poles ; the quan-
tity of snow which covers them in winter, their tem~
perature, and their reflection in summer; and, finally,
the fields of ice, which form, as it were, ciccumpolar
tontinents, variable in their extent, and whese detached
parts, dragged away by currents, modify in » sensible
manner the climate of the temperate zone. These
modifying causes will be sufficient to show, that a grest
and necessary distinction exists between the -solar and
real climate of a place. 'We must not, howevaer,:foxget,
that the local and multiplied causes which modify the
action of the Sun upon a single paint of the globe, are
themselves but secondary causes, the effects ofithe motian
which the Sun produces in the atmosphere, and which
are propagated to great distances. :

(119.) It is from theory alone that we must expeot
to determine the distribution of heat owver the surface
of the globe, so far as it depends on the immediate
and instantaneous action of the Sun. In the year 1683,
previous to the use of comparable Thermometers, and
to precise iders of the mean temperature of a place,
Halley laid the first foundations of a theory of the
heating action of the Sun under different latitudes.®
He proved that these actions might compensate for the
effect of the obliquity of the rays. The ratios which he
points out do not, however, express the mean heat of
the Seasons, but the heat of a summer-day at the
Equator and under the Polar Circles, which he finds
to he as 1.884 to 2.810, or as 100 to 127.

(120.) In two Memoirs,t Mairan attempted to solve
the problem of the solar action, by treating it in a
much ‘more extended and general manner, and for the
first time compared the results of theory with these. of
observation ; and as he found the difference between
the heat of summer and winter much less than it-ought
to be by calculation, he recognised the permanent heat
of the globe and the effects of radiation. Without
mistrusting the observations he employed, he conceived
the strange theory of central emanations, which in-
crease the heat of the atmosphere from the Equator to

® Phil. Trans, for 1693.
t+ Mém, de F'Acad, 1719 and 1705,

heat de-
pends on
many

causes,

Halley's
theory.

Mairan's
theory.
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the Pole. He supposed these emanations to decrease

ology. to the parallel of 74°, where the solar summers attain
\=—v~~ their maximum, and that they then increase from that

Euler's
theory.

Investiga-
tions of

Lambert,

Of Mayer,

Qf Kirwan

latitude to the Pole.

(121.) Euler was not more successful than Mairan
in his theoretical Essays on the solar heat. He sup-
posed the negative sines of the Sun’s altitude during
the night to give the measure of the nocturnal cooling,
and obtained the extraordinary result,* that, under the
Equator, the cold at midnight ought to be more rigor-
ous than during winter under the Poles. Fortunately
this transcendant analyst attached but little importance
to the result, and to the theory from which it was
deduced.

(122.) Lambert,} dissatisfied with the route followed
by his predecessors, directed his attention to two very
different objects. He investigated analytical expres-
sions for the curves which express the variation of
temperature in a place where it had been observed, and
resumed in its greatest generality the theorem of the
solar action. He gave formula, from which he found
the heat of any day at all latitudes; but being per-
plexed with the determination of the nocturnal dis-
persion of the acquired heat, or the subtangents of the
nocturnal cooling, he gave tubles of the distribution of
heat under different parallels, and in different Seasons,
which differ, however, so widely from observation, that
it would be difficult to ascribe their deviations to the
radiating power of the Earth, or to the influence of
disturbing causes.

(123.) In 1755, Mayer, the celebrated reformer of
the Lunar Tables, published an Essayt essentially dif-
fering from those we have quoted, aud in which the
learned author attempted to deduce the mean heat
empirically, by the application of coefficients furnished
by observation. We shall hereafter allude more parti-
cnlarly to this interesting performance, when we come
to treat of the formule of temperature.

(124.) Kirwan, in his Work on Climates, and in a
learned Meteorological Memoir, contained in the
VIIIth volume of the Memoirs of the Royal Irish
Academy, attempted at first to follow the method pur-
sued by Mayer; but richer in observations than his
predecessors, he soon perceived that, after long calcu-
tions, his results agreed ill with observation.§ In
order to try a new method, he selected, in the vast
extent of sea, those places whose temperature suffered
no change but from permanent causes. These were in
that part of the Pacific Ocean comprised between the
‘parallels 45° North and 40° South latitude, and that
portion of the Atlantic Ocean, contained between the
parallels of 45° and 80°, from the coasts of England
to the Gulf Stream, Kirwan also endeavoured to
determine, for every month, the mean temperature of
these seas in different latitudes; and these results
afforded him terms of comparison with the mean tem-
peratures observed on the solid part of the terrestrial
globe. But it is easy to conceive, says Humboldt,
that this method has no other object, but to distinguish
in climates, that is in the tofal effect of calorific in-
Jiuences, that which is due to the immediate action of

® Comment. Petrop. tom. ii.
Pyrumetrie oder Fom Muase des Feuers, 1779,
De Variationibus Thermometri accuratius definiendis. (Opera
Inedsta, vol. i.)
§ Kirwan’s Estimate of the Temperature of the Globe, ch, lii.
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the Sun on a single point of the globe.
considered the Earth as uniformly covered with a thick

Kirwan first Meteor

ology.

stratum of water, and then compares the temperatures “==v==’’

of this water at different latitudes, with observations
at the surface of continents identified with mountains,
and unequally prolonged towards the Poles.

(125.) This interesting investigation may enable us,
says Humboldt, to appreciate the influence of local
causes, and the effect which arises from the position of
seas, on account of the unequal capacity of water and
Earth for absorbing heat. It is even better fitted for this
object, than the method of means deduced from a great
number of observations made under different meri-
dians; but in the actual state of Physical knowledge,
the method proposed by Kirwan cannot be followed.
A small number of observations made far from the
coasts, in the course of a month, fixes, without doubt,
the mean annual temperature of the sea at its surface;
and, on account of the slowness with which a great
mass of water follows the changes of the temperature
of the surrounding air, the exient of variations in the
course of a month is smaller in the Ocean than in the
atmosphere. But it is still greatly to be deésired,* that
we should be able to indicate by direct experience, for
every parallel and for every month, the mean tempera-~
ture of the Ocean under the temperate zone.

(126.) Kirwan was succeeded by many ingenious of Cotte.

and interesting writers, among whom may be men-

tioned the useful and laborious compiler Cotte; but it of Hum.
is to the enlightened and enterprising traveller Hum- boldt.

boldt, that we owe our comparatively enlarged notions
of the distribution of terrestrial heat. In his Me-
moir on Isothermal Lines, published in the Mémoires
d’Arcueil, tom. iii.,} he has entered with the utmost
generality on the consideration of all the circumstances
connected with this interesting inquiry; and in the
excellent translation given of it by Brewster, in the
early volumes of the Edinburgh Philosophical Journal,}
that Philosopher justly remarks, ¢ that it must be
constantly referred to in all subsequent speculations on
Meteorology, and should be familiar to every person:
who pursues this important study.”

(127.) Humboldt was led to the consideration of
this highly interesting subject, by visiting the most
elevated plains of the %Iew Continent, and tracing the
different vicissitudes of climate existing in the mighty
chain of the Cordilleras. To connect the system of
climates of the Old World with those of the New, this
accomplished traveller endeavoured to find at every 10°
of latitude, under different meridians, a small number of
places whose mean temperature had been correctly ascer-
tained, and through these, as so many standard poiats,
he supposed his isothermal lines, or lines of equal heat,

to pass. These lines were traced upon & map, in & HisIsother

manner analogous to the ordinary Magnetic lines of mallines,

dip and variation, and their properties contemplated in

- & Humboldt, Rélation Historique, tom. i.

+ The interesting Papers contained in the Mcémoires d'Arcueil,
owe their origin to a Society of distinguished men, who assembled
once a fortnight, at the elegant retrcat of the elder Berthollet, in the
little village of Arcueil near Paris. The day was spent in perusing
the latest Scientific publications, reading and discussing Philosophi=
cal papers, projecting new experiments, and in other Philosophical-
occupations. Besides La Place, who appeared rather as a patron and

llor, the bers isted of Humboldt, Decandolle, Biot,
Malus, Thenard,

Gay Luu;c, the younger Berthollet, and Collet
t Edinb. Philosophical Journal, vols. iii., iv., and v,

Descostils.



and Romance, have their levels above the surrounding
seas, and their temperatures at this moment undeter-
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Yeeor- & twofold point of view; first with relation to the Mean ~ Meteor-
dogy. same horizontal plane on the surface of the Earth; Ladinde. Temprs- ology.
‘=’ and, secondly, as rising on the declivities of mountains (Philadelphia.......39°56' 5409 ‘== ==’
in a vertical plane, embracing in this comprehensive g";‘};“k -------- 43 40 538
view, the three rectangular coordinates of latitude, lon- Nt“m“ """"" 27 :13?; g‘: ";
gitude, and elevation above the sea. : Nlples:: e 14050 633
ouzof  (128.) In tracing the courses of these -magnificent
Mesolo- lines through the different regions of the Earth, the 1lI. Parallelsof Peonsylvania, Differeace.. 7 0 9 5.
taes- choice of Meteorological positions, and the character of ‘:if"';eyén dcﬁ’:;'eii':’“" L“ﬁ
::E' the observations made at them, became of the highest ! ’ Ipswich. . ......... 42038° 5000
»iermine importance. No observations could be adopted, but Cambridge, (Amer.).42 25 50 4
selster such as had been spread over a wide surface of time, Vienna ...........48 13 505
riiws.  measured by instruments constructed with Philosophic ,},"“lhe‘m-“-'-- . :g 23 5% 3
accuracy, and vegistered with fidelity and care. Many LRz;:!.‘ Tl 53 20 i
good observations were rejected, says Humboldt, solely
because the absolute height of the place of observation Difference.. 6 30 11 0
was unknown. This was the case with the observa-
tions made in Asia Minor, in Armenia and Persia, and Quebec . ee..oe..46°47° 4109
with the greater part of Asia: and at the time that lect’::’J le{r’;:cc,:“i:’dmz: Upsal .o vennnnnns 49 51 419
Humboldt wrote, the phenomenon, for such it may  South of Germany. g::‘;‘ """""" :g gg gi Z
with the most perfect truth be called, was presented, of T e
500 well-determined points in the Equinoctial regions Difference..13 0 12 6
of the New World, the greater number of which were
simple villages and hamlets of recent growth, contain- Nains ....ec00 57° 0' 26°4/
ing only the germs of civilization, whereas the heights v Okak ...... PR 57 20 298
of Erzerum, of Bagdad and Aleppo, of Teheran, v s:?hnel:f“sl:rdr:i:h g: gm" iear gg 53 3? g
Ispahan, Delhi, and Lassa, places whose names have Courland. Eﬁ?:if. r;e‘: ..... 5 :gs 37 9
been known from a remote antiquity, and associated in Stockholm .. .. ....59 20 42 3
our recollections with all the charms of Oriental Poetry
Difference..11 0 17 1

(131.) This Table* indicates the difference of cli= Remaris
mates, expressed by that of mean temperature, and by on the fore-
the number of degrees which it is necessary to go going Table,

mined.
(129.) In another part of our Paper we shall dis-
cuss the admirable precautions adopted by Humboldt

in taking his averages of temperature, and also in
reducing his different temperatures to general expres-
sions. We now proceed at once to trace the course of
the Isothermal lines on the surface of the globe, and at
the level of the sea.

Texpm.  (130.) A slight attention to the difference of cli-
‘::‘::' mates, at once reveals that the temperatures are not

the same under the same parallels ; and that advancing
paiéy, 70° to the East or West, a sensible alteration in the
heat of the atmosphere is found. Places situated,
however, under the same latitudes do not differ in
America and Europe by so many degrees of tempera-
ture, as has been commonly supposed.

Northward in Europe, in order to find the same quan-
tity of annual heat as in America; and the differences
under the column of latitudes, are the differences between
the latitude of a place in Europe and a place in Ame-
rica, which have the same mean temperature; and the
differences under the column of mean temperatures,
are the differences between the mean temperatures of a
place in Europe and of one in America, having the
same latitude. As a place could not be found in the
Old World, whose mean temperature was 48° the
same as that of Williamsburg, Humboldt supplied it
with an interpolation between the latitudes of two
points, whose mean temperatures are 566°.5, and 59°.4.
By an analogous method, and by employing only good
observations, he found also:

TapLE XVIL 1°. That the Isothermal line of 32° passes betweenUleo Position of
and Enontekies in Lapland, (latitnde 66° to 68°, East :::l'l?"‘h:'" -
Lotense. 752, longitude, from London, 19° to 22°,) and Table Bay gpo '™
Natch 31098 GTS' in Labrador, (latitude 54°, West loongiludc 58°.)
atches........ *28' 64° thermal i o
L Punllelsof Gaorga, of ihe Sae Punchal ... a7 67 (laet:2 ug‘%&” Eant lonlg';“‘ 5 go) nd b%’,,f “’5’;’;”;}““ :
resussippl, of Lower Egypt,{ Orotava........ ’ 4
and Madern” © "% Egyet, Rome. ... 4153 604 St George in Newfoundland, (latitude 48°, and lon-
Algiers..........36 48 70 0  gitude 59°.)

Difference.. 7 0 41

Williamsburg .. .38° 8/ 580/
Bourdeaux .....44 50 56 5
Montpellier.....43 36 59 4
Rome .........41 53 60 4
Algiers ........36 48 70 0

Difference,. 7 0 7 7

IL Parallels of Virginia, Kentucky,
Spain, and the South of Greece.

VYOL. V.

8°. The Isothermal line of 50° passes by Belgium Of50°.
(latitude 51°, East longitude 2°) and nzar Boston, (lati-
tude 42° 30', West longitude 70° 59'.)

4°, The Isothermal line of 59° passes between Rome Of 69°
and Florence, (latitude 43° O, East longitude 11° 40/,)
and near Raleigh in North Carolina, (latitude 36° 0/,
and West longitude 76° 30'.)

Ponl,

¢ See Humboldt’s Proleg de distributione geographicd
plantarum, sccundum celi temperiem et allitudinem montium, p. 68,
 §
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(132.) The direction of these lines of equal heat,
gives for the two systems of temperature known by
v precise observations, viz. part of the middle and West
3:': differ- 4 Europe and that of the coast of America, the fol-
aforded oy lowing ditferences :

these lines

Meteor-
ology.

of equal TasrLe XVIL
heat,
Mesn T emp Mean Pemnp .
Latitude. of the West of the of the East of the Diffurence.
Oid World. New World.

30° 70952 66°.92 3°.60

40 63.14 54.50 8.64

50 50.90 37.94 12.96

60 40.64 23.72 16.92
Isotnermal - (133.) In tracing the directions of the Isothermal
lines ap-  lines from Europe to the Atlantic Provinces of the
m::'::_“’h New World, they are found to approach each other

from parallelism towards the South, and to converge
towards the North, particularly between the Thermome-
tric curves of 41° and 50°. In pursuing these lines to
the West, the Thermometric means prove that they do
not again rise, the quantity of heat which each point of
the globe receives under the same parallels being
nearly the same on the East and West sides of the
Alleghany range.* The presence of the Gleditsia
Monosperma, the Catalpa, the Aristslochia Sypho, and
other vegetable productions several degrees further to
the North, in the basin of the Ohio, than on the coast
of the Atlantic,t led at one time to the supposition, that
there was a difference of temperature amounting to
three degrees; but Humboldt has now clearly ex-
plained, that the migration of vegetables towards the
North are favoured in the basin of the Mississippi, by
the form and direction of the valley which opens from
the North to the South; whereas in the Atlantic Pro-
vinces, the valleys are transverse, and oppose great
obstacles to the passage of plants from one valley to
another.

(134.) If the Isothermal lines remain parallel, or
nearly so, to the Equator, from the Atlantic shores of
the New World to the East of the Mississippi and the
Missouri, it cannot be doubted that they rise again
beyond the Rocky Mountains, on the opposite coast of
Asia, between 35° and 55° of latitude. In New
California, the olive is cultivated with success along
the Canal of Santa Barbara, and the vine from Montercy
to the North of the parallel of 37°, which is that of the
Chesapeake Bay. At Nootka, in the Island of Quadra
and Vancouver, and almost in the latitude of Labrador,
the smallest rivers do not freeze before the month of
January. Through 122° 40’ of West longitude, the
Isothermal line of 50° of temperature appears to pass

wards the
South, and
converge
towards the
North,

Other re-
marks re-
lating to the
parallelism
of Isother-
mal lines.

* The following comparison of the mean temperatures has been
deduced with great care,
CINCINNATI. PRILADELPEIA,

Lat. 36°6' N, Long. 84°24/ W. | Lat. 39° 56/ N, Long. 75°16' W.
Wiater..........3209 Winter ... .,....32°2

Spring....e.....54.1 Spring......ec0.51.4
Summer ........ 72.9 Summer ....... .73.9
Autumn ........ 54.9 Autumn ,,......56.5

Mean. .53.7 Mean. .53.5

- ¥ Humboldt, Essai sur /a Géographie des Plantes, p, 154.
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almost as in the Atlantic part of the Old World, at 50° Meteor
of latitude. The Western coasts of the two worlds  ology.
resemble one another to a certain point.* But these ‘===
returns of the Isothermal lines do not extend beyond

60°. The curve of 32° is already found to the South

of the Slave Lake, and it comes still further South in
approacing Lakes Superior and Ontario.

(135.) In advancing from Europe towards the East,
the Isothermal lines again descend,t but the number of
fixed points are few. The few good materials which The nodes
Humboldt possesses, have enabled him, however, to of the Iso-
trace the curves of 32° and 55°.4; and the nodes of ;’}‘;:;“i““
the latter curve are known round the whole globe. It |, wn
passes to the North of Bourdeaux, (latitude 45° 46’ round the
North, longitude 0°37' West,) near Pekin (latitude whole
89° 54’ North, longitude 116° 27’ East) and Cape &Pbe:
Foulweather to the South of the embouchure of the
Colombia, (latitude 44° 40’ North, and longitude 104°
West,) its nodes being distant at least 162° of longi-
tude.

(186.) It is worthy of observation, that the position of The Isothe
the Isothermal line of 32° bears a remarkable analogy to mal line of
the Magnetic Equator, whose singular inflexions in the f‘;e :‘::L‘
South Sea create so many diversities in the inclination ,p)e ana-
of the needle. The direction and the inflexions of the logy to the
curve of 32° influence the neighbouring Isothermal Magnuetic
lines, and we may even believe, continues Humboldt, Equator,
that, in the distribution of climates, the line of 32°
determines the curve of greatest heat, creating as it
were an Isothermal Equator, and that in America and Isothermal
Asia, through 78° of West and 102° of East longitude, Equator.
the Torrid Zone commences more to the South of the
T'ropic of Cancer, or that it there presents temperatures
of less intensity. An attentive examination of the pheno-
mena, however, proves that this is not the case. When-
ever we approach the ‘Torrid Zone below the parallel of
30°, the Isothermal lines become more and more
parallel to one another and to the Earth's Equator;
and hence Humboldt infers, that the great colds of
Canada and Siberia do not extend their action to the
Equatorial plains.} .

(137.) There are partial inflexions of the Isothermal
lines, forming systems by themselves, modified by par-
ticular local causes. An example of the kind is pre-
sented in the strange inflexions of the Thermometric
curves on the shores of the Mediterranean, between

Partial ip-
flections ¢
Isothermal
lines.

* On account of the influence of West and South.-West winds,
See Dalton’s Meteorological Observations, p. 125.

+ In comparing places from West to East, and nearly uader the
same parallel, we find : !

WEesT, EasT,
Mean ean
Lat, Temp. Lat. Temp.
St. Malo ......48°39’ 54°5 | Vienna ..,....48°13’ 50°5
Awmsterdam....52 21 53.4 | Warsaw ......52 14 48.6
Naples . ......40 50 63.3 | Pekin ........39 54 5.9

Copenbagen ...55 41 45.7 | Moscow ......55 46 40.1

Upsal cov000ed59 62 41.9 | Petersburgh....59 56 38.8

The elevation of Pekin is inconsiderable. That of Moscow is 984
feet. The absolute temperature of Madrid, to the West of Naples, is
59°; but the city is elevated 1978 feet above the level of the sea.

1 If we have long regarded the Old World, says Humboldt, as
warmer between the Tropics than the New World, it is first because,
till 1760, travellers used Thermometers of spirits of wine, coloured,
and affected by light; secondly, because they obscrved them either
under the reflection of a wall, or too near the ground, and when the
atmosphere was filled with sand; and tbirdly, because, in place of
calculating the true mean, they used only the Thermometric maximum

. and minimum,
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Meizce- Marseilles, Genoa, Lucca, and Rome,* and those which
dxy.  determine the difference between the climate of the
‘v~ Western coast and the interior of France. The causes
of these aberrations depend much less on the quantity
of heat received by a part of the globe during the whole
year, than upon the unequal distribution of heat
between winter and summer.
pexton  (138.) The distribution of heat over different parts
sxtin  of the year, differs in the same Isothermal line. This
is remarkably exemplified in the succeeding Table :

TasrLe XVIIL.—Differences of the Seasons from the
Equator to the Polar Circle.

Cisatlantic Region. || Transatlantic Region.

Long. 1° W. and 17° E.|| Long. 58°—72° W.

Mean Temperature, Mean Temperature.

“!'%ﬁfwm Winter. | Summer.| Difl. Winter. | Summer.| DMT.
68° || 59°.0 | 80°6 | 21°6 || 53°6 | 80°6 | 27°0
59 || 44.6 | 73.4 | 28.8 | 39.2|78.8 | 39.6
50 || 35.6 |68.0|32.4| 30.2|71.6|41.4
41 |/ 24.8)|60.8|36.0( 14.0 | 66.2 | 52.2
32 14.0 | 53.6 | 39.6 || 1.4 | 55.4 | 54.0

(139.) This Table shows the increase of the differ-
ence between the winters and summers from 28° and
30° to the parallels of 55° and 65° This increase is
more rapid in the transatlantic zone, where the Iso-
thermal lines of 32° and 50° approach one another
very much; but it is remarkable, that, in the two
zones which form the two systems of different climates,
the division of the annual temperature between winter
and summer is made in such a manner, that upon the
Isothermal line of 32°, the difference of the two seasons
is almost double that which is observed on the Isother-
mal line of 68°.

(140.) There are also some differences worthy of
examination between the winters and summers, in fol-
lowing the same Isothermal line from West to East.
The differences between the seasons of the year are
less near the convex summits of the Isothermal carves,
where these curves rise again towards the North Pole,
than near the concave summits, The same causes
which affect the inflection, or the greatest curvature of
the Isothermal lines, tend also to equalize the temper=
atures of the seasons.

(141.) The whole of Europe, says Humboldt, com-
pared with the Eastern parts of America and Asia,
has an insular climate, and, upon the same Isother-
mal line, the summers become warmer and the win-
ters colder, as we advance from the meridian of Mont
Blanc towards the East or West. Europe may be
considered as the Western prolongation of the Old
Continent ; and the Western paris of all continents
are not only warmer at equal latitudes than the Eastern

2Mean Mean
Lat. Temp. Lat. Temp.
® Bologna ....44°29 56°3 | Marseilles ....43°17' 588

Genoaa...... 44 25 66.6 | Rome........ 41 53 60.4

parts, but even in the zones of equal annual tem- Meteor-
perature, the winters are more rigorous, and the sum-  ology.
mers hotter on the Eastern coasts than upon the ‘=~
Western coasts of the two continents. The Northern
part of China, like the Atlantic region of the United
States, exhibits seasons strongly contrasted,* while the
coasts of New California, and the embouchure of the
Colombia, have winters and summers almost equally
temperate. The Meteorological constitution of these
countries in the North-West, resembles that of Europe
as far as 50° or 52° of latitude. In comparing the
two systems of climates, the concave and convex sum-
mits of the same Isothermal lines, we find at New
York, the summer of Rome and the winter of Copen-
hagen ; at Quebec, the summer of Paris and the winter
of Petersburgh. At Pekin, also, where the mean tem-
perature of the year is that of the coasts of Brittany,
the scorching heats of summer are greater than at
Cairo, and the winters as rigorous as at Upsal.

(142.) The mean temperature of the year being Mean tem-
equal to the fourth part of the winter, spring, summer, perature of

(=]
and autumnal temperatures, we shall have upon the ::z year on
same Isothermal line of 53°.6, " Tsothermal
Jine.

At the comcave summit in 32°4-52°34-75°.6454.°5
America, 74° 40' W, 1ong.}53°-G: i .

At the conver summit in Eu~

40°.14-51°.84-68°.44-54°.1
rope, 2° 20/ West long. }53°-5= §

4

At the concavel summit in), —240,84-54°.7-480°.6-4-54°.3
Asia, }16° 20" Rast long.}J3°ﬁ= 1 .

(143.) This analogy between the Eastern coasts of Analogy
Asia and America sufficiently proves, says Humboldl, between the
that the inequalities of the seasons depend on the pro- Eastern

. . coasts of
longation and cnlargement of coutinents towards the ,.." 4
Pole ; of the size of seas in relation to their cousts; and America,
on the frequency of the North-West wingds, which are
the Vents de Remous of the Temperate Zone, and not on
the proximity of some plateau or elevation of the adja-
cent lands. The great plateaus of Asia do not stretch
beyond 52° of latitude ; and. in the interior of the
New Continent, all the immense basin hounded by the
Alleghany range, and the rocky mountains, and co-
vered with secondary formations, is not more than from
656 to 920 feet above the level of the Ocean, according
to the levels taken in Kentucky, on the banks of the
Monongahela, at Lake Erie.

(144.) The following Table indicates, for all the
habitable parts of the Temperate Zone, the division of
the same quantity of annual heat between the seasons of
summer and winter, The numbers which it contains,
says Humboldt, are either the result of direct observa-
tions, or of interpolations between a great number of
observations made in neighbouring places, and situated
under the same meridian. Humboldt traced each
Isothermal curve from West to East, giving the pre-
ference to places situated near the summits of the curve,
as presenting at the same time the greatest differences
in the distribution of the annual heat. The longitudes
are reckoned from the Observatory at Greenwich.

* Buffon distinguishes places which exhibit great difference in their
warmest aud coldest months, by the name of Excessive Climates.
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¥ d TasLe XIX.—Isothermal Lines from 32° {o 6S°.
. - Mean Tempenture.
Longitude. Latitude.
Wiater. Summer.
82° 100 W. 290 30/ Florida .o.ovvvninnnnnnnnnnnnn., 53°6 80°.6
Isoth, line of 68°. 16 56 W. 32 37 Madeira. . ... Cetereiensietataaae 63.5 72.0
3 0 E. 36 48 North Africa.ec.vivnnnenn.... ees 59.0 80.6
4 89 40 w. 32 30 Mississippi .. ovaeeennee vnnnnn.s 46.4 77.0
Isoth. line of 63°.5. { 4 11 E. | 40 50 | Haly..eceeeeuniinivenennne.n.. | 50.0 | 77.0
84 10 wW. | 35 30 Basin of the Ohio......c0veuuee.. | 39.2 77.9
Tsoth. line of 55°. { 3 —4° E. | 43 30 | Middle of France ...ovv. wuoven.. | 44.6 | 75.2
| [| 84 40 W, 38 30 America, West of Allegh eevevsaes. 34.7 75.2
74 10 wW. 0 0 America, East of Ditto... . eer..... 32.5 77.0
Ioth. line of 5405, | 1 32 W. | 47 10 | Westof France......ou..ur...... | 39.0 | 68.0
9 2 E 45 30 Lombardy......ovcivamennnnnnn. | 34.7 73.4
|| 116 20 E. 40 0 East of Asia....,....... cesesnes 26.6 82.4
71784 20 W. | 41 20 | Americs, Westof Allegh.......... | 31.1 | 71.6
' 71 10 W. | 42 30 | America, East of Ditto............. | 30.2 | 73.4
6 40 W. 52 30 Ireland covvevnneninnnvnnnnnnnns 39.2 59.5
Tsoth. line of 50, g "0 40 W. | 53 30 England coveiviiiiiiniennnna ... | 37.4 62.6
2 20 E. 51 0 Belgium ..0i00iiinneiennnnana.. | 36.5 63.5
19 0 E. 47 30 Hungary....ooiveennnninnnn.... 31.1 G9.8
\| 116 20 E. 40 0 Eastern Asia. . eeveeereeensnans.s 23.0 | 78.8
71 0 W. | 4 42 America, East of Allegh ..,.....,. | 23.9 71.6
. - 2 10 W. [ 57 0 | Scotand.eevevenninvineennnne.. | 36.1 | 56.5
Tsoth. line of 45°5. { 12 .35 E. | 55 40 | Deomark...e......... ......... | 30.3 | 62.6
21 20 E, 53 5 Poland ........v0vene vurnnnn.n 28.0 66.2
71 10 W, 47 0 Canada ...oivnevnenrennnncnnss 14.0 68.0
| 92 E | 6 45 West of Norway.......oe0u.0.... | 24.8 | 62.6
Isoth. line of 41°, 17 20 BE. 60 30 Sweden™. .eo.e.iveninniirnnnnn.. 24.8 60.8
24 20 E. 60 6 Finland......venevunnnnn.... o 23.0 63.5
) 36 20 E. 58 30 Central Russia...o..v.000iesen.. 22,1 68.0
L 71 40 W. 5 o0 Canadace.iciennnnnnnnnne vanne 6.8 60.8
Isoth. line of 36°.5. { 18 5 E. 62 30 West coast of Gulf of Rothnia...... 17.6 57.2
22 20 E. 62 50 East coast of Ditto .. ............ 16.5 59.0
57 40 E. 53 0 Labrador...... D 3.2 51.8
Isoth. line of 32°. { 19 50 E. 65 0 Sweden................... ceean 11.3 53.6
25 20 E. 71 0 North extremity of Norway........ | 23.9 43.7
. 145.) It is impossible to examine the preced;
E::::;;; Tagle 3ithout ‘obs}))erving', that the divisiot? ?t?d ltl}:g TazLe XX.
for the divi- annual heat hetween summer and winter follows, on
sion of each Isothermal line, a determinate type; that the ! Oscillations observed in the Means cal-
Heat. deviations of that type are contained between certain Isother- | Degrees of Meaus. culated.
limits, and that they obey the same law in the zones s =l s -
which pass by the concave or convex summits of the i Sommen. | Hinve
'i[sotl.lermal lines: for example, by 58°f§8° of West 32° | 83 | 302 to 2498 | 5108 to 5306 | 1400 | 5207
ongitude, and 116° of East longitude. -

(146.) The following Table shows the oscillation, 41 1107 1140 24.8 | 62.6 68.0 | 19.4 | 65.3
or the marima and minima, observed in the division 50 1200 [23.0 37.4|62.6 78.830.2]70.7
of the heat between the seasons. Humboldt has also 59 87 |39.0 44.6|75.2 77.0|41.9]75.2
added to it the means of the. winters and summers 68 84 53.6 59.0 | 71.6 80.6 | 56.3 | 77.9

found at different degrees of longitude, and under the
same Isothermal line,
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(147.) If we endeavour to discover on different
Isothermal lines, points at which equal degrees of

\e~~=" winter temperature prevail. a new system of lines will

nex,

'i

be created, which have been denominated Isocheimal
lines. In Europe, it has been found that these Iso-
cheimal lines cut systems of Tsothermal lines which are
9° distant ; and hence it is that the Isocheimal lines
deviate much more than the Isothermal lines from the
terrestrial parallels. The latitudes of two places that
have the same annual temperature cannot differ more
than from 4° to 5°, while two places, whose mean winter
temperature is the same, may differ more than 9° or
10° of latitude. 'The further we advance to the East,
the more rapidly these differences increase.

(148.) If, again, we connect on different Isothermal
lines, points at which equal degrees of summer tem-
perature prevail, another system of lines will arise,
which have been denominated Isotheral lines. These
Tsotheral lines are found to follow a direction exactly
contrary to the Isocheimal lines. The same summer
temperature prevails at Moscow, in the centre of Russia,
as towards the mouth of the Loire, notwithstanding a
difference of 11° of latitude,—the effect of the Earth’s
radiation on a vast continent deprived of mountains.

(149.) It would be interesting to our readers, and to
ourselves, did our limits permit, to follow Humboldt
through the whole of his inquiries respecting the con-.
nection of the Isothermal lines with the varied pro-
ductions of the vegetable world; to trace the tem-
peratures necessary for the coffee-tree, the olive, and
the vine, or the different conditions of the atmosphere
which the varieties of grain require. We may, how-
ever, remark, that the olive is cultivated in our con-
tineut between the parallels of 36° and 44°, wherever
the annual temperature is from 62°.6 to 58°.1, and
where the mean temperature of the coldest month is
pot below 41°.0 or 42°8, and that of the whole sum-
mer 71°.6 or 73°4. The region of potable wines
extends in Europe between the Isothermal lines of
62°.6 and 50°, which correspond to the latitudes of 36°
and 48°. The cultivation of the vine extends, though
with less advantage, even to countries whose annual
temperature descends to 48°.2 and 47°.48; that of
winter to 83°.8, and that of summer to 66°.2 and 68°.
These Meteorological conditions are fulfilled in Europe
as far as the parallel of 50° and a little beyond it
In America, they do not exist further North than
40°. On the continent of Western Europe, the win-
ters, whose mean temperature is 32° do not com-
mence till on the Isothermal lines of 48°.2 and 50° in
from 51° to 52° of latitude; while in America, we find
them already on the Isothermal lines of from 51°.8 to
53°.6, under from 40° to 41° of latitude.

(150.) In all places whose mean temperature is
below 62°.6, the revival of nature takes place in
Spring, in that month whose mean temperature reaches
42°.8, or 46°.4. When the temperature of a month

4109, the Peach tree (Amygdalus Persica) flowers.
risesto { 46°.8, the Plum tree ( Prunus domestica) flowers.

{51°.B, the Birch tree® (Befwla alba) pushes out its leaves.
Barley, in order to be, cultivated advantageously,
requires, during ninety days, a mean temperature of
from 47°.8 t0 48°.2.+ By adding the mean temper-

* Cotte, Météorologie, p. 448 ; Wablenberg, Flor. Lap. P1. 51.
+ Piayfair, Edim. Trone. vol v, p. 203; Waklenberg in Gilberts
Annalem, tom. zli. ,

ature of the months above 51°.8, that is, the temper= Meteor-
atures of those in which deciduous trees vegetate, we  ology.
shall have a sufficiently exact mean of the continuance

and strength of vegetation. As we advance towards 5“'“‘“’ of
the North, the duration of vegetable life is confined to t;::rx:;"'g
a shorter interval. In the South of France, there are mean of the
270 days of the year in which the mean temperature continuance
exceeds 51°.8 ; that is to say, the temperature which andstrength
the birch requires to put forth its first leaves. At :ifo:’g“"‘
St. Petershurgh, the number of these days is only

120, These two cycles of vegetation, so unequal, have

aorze:n temperature which does not differ more than

5°4.

(151.) The whole of the preceding observations, it
will have been perceived, relate to the temperature of
that part of the lower strata of the atmosphere resting
on the solid surface of the globe, in the Northern
hemisphere, and it now remains to follow the steps of
Humboldt in his interesting inquiries respecting the
temperature of the Southern Hemisphere.

(152.) In few departments of Natural Philosophy Tempera-
have Philosophers differed more widely in opinion, ture of the
than in the comparison of the temperatures of the two E°“‘_h°m
hemispheres, From the beginning of the XVIth cen- "emisPhere
tury, the notion prevailed that the Southern hemisphere
was by far the coldest. Mairan and Buffont com-
bated this opinion theoretically, but on inaccurate
grounds, pinus} established it anew; and the dis-
covery of the vast extent of ice round the Southern
pole by the immortal Cook, appeared to widen the dif-
ference between these comparative temperatures. Le
Geatil, and, particularly, Kirwan,§ had the merit of
having first demonstrated, that the influence of the
circumpolar ice extended much less into the temperate
zone than was generally admitted. The less distance
of the Sun from the winter solstice, and his long coun-
tinuance in the Northern Signs, act in an opposite
manner|] on the temperature of the two hemispheres;
and as Lambert has demonstrated in his theorem, that
the quantity of light which a Planet receives from the
Sun increases in proportion to the true anomaly, the
different temperatures of the two hemispheres cannot
be the effect of unequal radiation. 'The Southern
hemisphere receives the same quantity of light, but
the accumulation of heat in it is less,q[ on account of
the emission of the radiant heat which takes place
during a long winter. This hemisphere being also in
a great measure covered with water, the pyramidal
extremities of the continents have there an irregular

* The geographical distribution of insects, also, may be made to
illustrate the general phenomena of temperature and climate. Latreille
has remarked, in his Introduction & la Géographie Générale des
Arachnides et des Insccles, ou des Climats propres d ces Animauz,
that the temperature adapted to the develop t of one ies, is
not always proper for that of another; and the rxtent of country
which certain species occupy, has necessarily deferminate /imits
which they cannot exceed, at least suddenly, without ceasing to
exist. The Southern insects of the Western Hemisphere, do not

.extend so far to the North as in the Eastern. The intelligent Ento-

mologist ought always to take into consideration the heightabove the
sea of the places in which he collects his specimens, and likewise their
mean temperature, and it may be added, to record precisely their
phical positions.
& Théorie de la Terre, tom. i.; Mémoires de I’ Acad. 1765.
De Distributione Caloris, 1761.
Estimate, &2.; Irish Transactions, vol. viii.; Le Gentil, Poyage
dans I Inde, vol. i.
Mairan, Mém. Acad. 1765 ; Lambert, Pyrométrie.
" @ Prevost, De la Chalewr Rayonnante.
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Meteor- climate. Summers of a very low temperature are sue-
ology. ceeded, as far as 50° of South latitude, by winters far
\w===’/ from rigorous. The vegetahle forms also of the tor-
rid zone, says Humboldt, the arborescent ferns, and
the orchideous parasites, advance towards 38° and 42°
of South latitude. The small quantity of land in the
Southern hemisphere,* contributes not only to equalize
the seasons, but also to diminish the annual temper-
ature of that part ef the globe. This cause, [Humboldt
thinks, is much more active than that of the small
eccentricity of the Earth’s orbit. The continents in
summer radiate more heat than the seas, and the
ascending current, which carries the air of the equi-
noctial and temperate zones towards the circumpolar
regions, acts less in the Southern than in the Northern
hemisphere. The cap of ice which surrounds the Pole
to the seventy-first and sixty-eighth degree of South
latitude, advances more towards the Equator, when-
ever it meets a free sea; that is, wherever the pyra-
midal extremities of the great continents are not
opposed to it. There is reason, Humboldt thinks, to
believe, that this want of dry land would produce an
effect still more sensible, if the division of the con-
tinents was as unequal in the equinoctial as in the
temperate zones.t
The differ- (153.) Theory and experience prove, that the dif-
encc of tem- ference of temperature between the two hemispheres,
perature be- eapnot be great near the limit which separates them.}
tweenthe  Je Gentil had already observed, that the climate
spheres, ~ ©of Pondicherry is not warmer than that of Mada-
cannot he  gascar, at the Bay of Antongel, in 12° of South
great near latitude. Under the parallels of 20, the Isle of
?&lr“ France has the same annual temperature, viz. 80°.1,
ratecs m’:};: as Jamaica and St. Domingo. The Indian Sea
between the East coasts of Africa, the Isles of Sonde
and New Holland, form a kind of gulf which is shut up
to the North by Arabia and Hindostan. The Isother-
mal lines there appear to go back to the South Pole ;
for further to the West, in the open sea between Africa
and the New World, the cold of the Southern hemi-
sphere already causes itself to be felt from the twenty-
second degree, on account of insulated mountains and
particular localities. 'The mean temperature of Rio
Janeiro is only 74°3, whilst, notwithstanding the
North winds which bring the cold air of Canada dur-
ing winter into the Guif of Mexico, the mean temper-
atures of Vera Cruz (lat. 19° 11’) and of the Havan-
nah (lat. 23° 10") are 77°.9. The differences of the
two hemispheres become more ‘sensible in the warmest
months. -

TanrLe XXI.

Rio JaNEIRO. Havannan,

Temp.
December covuceeiese. 7108
January ceeeee veee...70.2
July..r.y.'... ........... 83.3
August, ..ee.e..s .....83.8

June ,¢40....
July.eonaenn.
January......
February.......... +.80.6

Equality in
the divi-
sionof an- beldt remarks, very surprising.
nual heat,
10 34° of
North and
South lati-
tude,

heat in 84° of North and South latitude, is, as Hum-
If we attend to the
three continents of New Holland, Africa, and America,

* Humboldt calculates that the dry lands in the two hemispheres
are in the ratio of 3 to 1. .
.t Humboldt remarks, that the dry lands between the tropics are
in the two bemispberes as 5 to 4, and without the tropics as 53 tol,

1 Prevost, p. 343,

(154.) The great equality in the division of annual-

.
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we shall find, that the mean temperature of Port Meteor-

Jackson (lat. 83° 51’) is, after the observations of ology.
Hunter, Peron, and Freycipet.. co..ve v0iuiieeneses..66°7 —y—
That of the Cape of Good Hope (lat. 33° 537 ...... ve..66.9 Two parti-
That of the City of Buenos Ayres (lat. 34°36").......... 67.5 ;:ll;';‘::m’

es

(155.) Again, 60°.8 or 69°.8 of annual temperature correspond
corresponds to the same latitude in the Northem to the same
hemisphere, according as we compare the American* l;‘"“de 1n
system of climates or the Mediterranean one;—the :r: r:::ﬁ'
concave or the convex parts of the Isothermal lines. sphere, ac-
At Port Jackson, where the Thermometer descends cording as
sometimes below the freezing point, the warmest month We compare
is 77°.4, and the coldest 56°.8. We find here, con- ;t‘c:z::;“
tinues Humboldt, the summer of Marseilles and the [,y of the
winter of Cairo.t In Van Diemen’s Land, correspond- Isotbermal
ing nearly in latitude to Rome, the winters are more lines.
mild than at Naples; but the colduess of the sum-
mers is such,} that the mean temperature of the month
of February appears to be scarcely 64°.4, or 66°.2 ;
whilst at Paris, under a latitude more distant from the
Equator by 7°, the mean temperature of the month of
August is also from 64°.4 to 66°.2, and at Rome above
77° Under the parallel of 51° 25 South, the mean
temperature of the Malouine Isles is ascertained to be
47°.8. At the same latitude North, we find the mean
temperature in Europe from 50° to 51°.8, and in Ame-
rica scarcely from 85°.6 to 37°.4., The warmest and
coldest months are at London 66°.2 and 85°.6; at the
Malouine Isles 55°.8 and 37°.4. At Quebec, the mean
temperature of the water is 14°; at the Malouine Isles
89°.6, though those isles are 4° of latitude further from
the Equator than Quebec. These numerical ratios prove,
says Humboldt, that, to the parallels of 40° and 50°,
the corresponding Isothermal lines are almost equally
distant from the Pole in the two hemispheres; and
that, in considering only the system of transatlantic
climates between 70° and 80° of West longitude, the
mean temperatures of the year, under the correspond=
ing geographical parallels, are even greater in the
Southern than in the Northern hemisphere.

(156.) The division of heat between the different Thedivisior
parts of the year, gives a particular character to ;’::‘::‘ e
Southern climates. In the Southern hemisphere, on ¢ o | i
the Isothermal lines of 46°.4 and 50°.0, we find sam= of the year,
mers which in our hemisphere belong only to the givesa par.
sothermal lines of 85°.6 and 40°.0. The mean tem- ticular cha-
perature is not precisely known beyond 51° of South g::f}:o'l:‘
latitude, but it may be observed, that the eternal gipates.
snows, which in 71° of North latitude support them-
selves at the height of 2296 feet above the level of the
sea, descend even into the plains, both in South‘
Georgia§ and in Sandwich Land, in 54° and 58° of

Mean

Latitodes Tewp.

® Natchez...coovieseecneneese K L L «.64°8
Cincinnati se eovsscocncecnassn 39 06 .. 0000000.53.8
Mean)

Latimde, Temp.

+ Cairo..ceaernereriaiacinns 30° 2 ..veenoeeellod
Funchal ceeeeeeeencroeeceees32 37 .itieoee..68.5
Algiers cooivvnnne seeenecca0e36 48 L..illiiie 70.0

1 In Vao Diemen’s Land the Thermometer descends in February,
in the morning, to 45°5. The mean of mid.day is 60°8. At Paris
it is in August 73°4. In Van Diemen's Land, in February the mean
of the maxima is 7828 ; of the minima 54°5. At Rome these means
are 86° and 64°5, D’Entrecasteaux, Poyage, tom. i.

§ It is the more surprising, says Humboldt, to find, in the Island of
Georgia, snow on the banks of the Ocean, because 2°39’ nearer the
Equator, at the Malouine Isles, the mean temperature of the summers.
is 53°.1, or 9° greater than at the point in our hemisphere in 71° of
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Soath latitude. But these phenomens, however strik-
ing they may appear, do not b! any means prove that
the Isothermal line of 32° is 5° nearer the South Pole
than the North Pole. Nor would an equal altitude of
the line of perpetual snow in both hemispheres by any
means indicate an equal mean temperature of the year.
This limit depends particularly® on the coldness of
summer, and this again on the quick condensations of
the vapour caused by the passage of the floating ice.
Near the Poles, the foggy state of the air diminishes in
summer the effect of the solar irradiation, and in winter
that of the radiation of the globe.

(157.) The lower strata of the atmosphere, resting

upon the aqueous surface of the globe, receive the in-
fluence of the temperature of the waters. The sea
radiates less absolute heat than the continents; it
cools the air by the effect of evaporation; it sends
the particles of water cooled and heavier towards
the bottom ; and it is heated again, or cooled, by the
carrents directed from the F.quator to the Poles, or by
the mixture of the superior and inferior strata on the
sides of banks,
The mesa (158.) It is from these causes combined, that, be-
taxntae tween the tropics, and, perhaps, as far as 30° of lati-
:!‘f" 2 tude, the mean temperatures of the air next the sea are
slwer 7 8°6 or 5°4 lower than that of the continental air.
rathatef Under high latitudes, and in climates where the atmo-
wecoatie  sphere is coolest in winter, much below the freezing
wal air, point, the isothermal lines rise again towards the Poles,
or become convex when the continents pass below the
seas.t

Levarstrata
« Se atmo-
shee s

St

Fzz dif-  (159.) With respect to the temperature of the Ocean,
o Y;‘:"‘* Humboldt refers to four very different phenomena :
- temper- 1st. The temperature of the water at the surface cor-
rvolthe Tesponding to different latitudes, the Ocean being consi-
Greaa dered at rest, and destitute of shallows and currents. -
2d. The decrease of heat in the superimposed strata
of water.
3d. The effect of billows on the temperature of the
surface of water.
4th. The temperature of currents, which impel,
with an acquired velocity, the waters of our zone across
the immovable waters of another zone.
T of (160.) The region of warmest waters, observes Hum-
:: boldt, no more coincides with the Equator than the

region in which the waters reach their maximum of
saltness. In passing from one hemisphere to another,
we find the warmest water between 5° 45' of North
latitude, and 6° 15’ of South latitude. Perrins found
their temperature to be 82°.3, Quevedo 83°.5, Chur-
ruca 83°.7, and Rodman 83°8. To the East of the
Galapagos Isles, Humboldt found it to be 84°.7. The
variations of the mean result do not extend beyond
1°.3; and it is remarkable, as Humboldt observes, that
in the parallel of warmest waters, the temperature of
the surface of the sea is from 3°.6 to 5°4 higher than
that of the superincumbent air. As we advance from
the Equator through the torrid zone, the influence of

latitode, where the limit of etual snow exists at 2296 feet of
absolute elevation. Bat it must be observed, first, That the Malouine
Isles are near a continent which is heated in summer, Secondly,
That Georgia is covered with mountaius, and placed not only in a
sea open to the North, but is also under the influence of the perennial
ices of Sandwich Land. Thirdly, That in Lapland 20° of latitude
produce, in certain local circumstances, 10°.8 of difference in the
temperatures of the summers.

® Baron Von Buch’s Travels in Lapland, vol. ii.

1 Humboldt’s Relat, Histor. tom. i. p. 67, 230,242,

.
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the seasons on the temperature of the surface of the sea -Meteor-
becomes very sensible; but as a great mass of water ology.
follows very slowly the changes in the temperature of
the air, the means of the months do not correspond at
the same epochs in the Ocean and in the air. Besides,
the extent of the variations is less in the water than in
the atmosphere, because the increase or decrease in the
heat of the sea takes place in a medium of variable
temperature ; so that the minimum and the marimum
of the heat which the water reaches, are modified b
the atmospherical temperature of the months whicl
follow the coldest of the warmest months of the year.
It is from an analogous cause, continues Humboldt,
that in springs which have a variable temperature, for
example, near Upsal,® the extent of the variations ef *
temperature is only 19°.6, while the same extent in the
air from the month of January to August, is 39°.6. In
the parallel of the Canary Islands, Von Buch found the
minimum of the temperature of the water to be 68°
and the maximnm 74°.8. 'The temperature of the air
in the warmest of the coldest months, is, in that
quarter, from 64°4 to 75°.2. In advancing towards
the North, we find still greater differences of winter
temperature between the surface of the sea and the
superincumbent air. The cooled particles of water
descend till their temperature reaches 39°.2, the point
at which water attains its maximum of density; and
hence in 46° and 50° of latitude, in the part of the
Atlantic which is nearest to Europe, the maximum and
minimum of heat are

In the water at its surface .....o.o0e.eunes ..68°0 and 41°9

In the air from the nrean of ghg warmest and}ﬁﬁ,,.2 and 35°8
coldest months.iod. oo viviiaian. oot

The excess in the .mean temperature of the water
over that of the air, attains its maximum beyend the
Polar circle, where the sea does not wholly freeze. If
it is srue that even in these high latitudes the bottom of
the sea contains strata of water which, at the maximum
of their Specific Gravity, have 39°.2, or 41° of heat, we
may suppose that the water at the bottom contributes
to diminish the cooling at the surface. These circum-
stances have a great influence on the mildness of
countries in continents separated from the I’ole by an
extensive sea.

(161.) We must hasten, however, to conclude this Temper.
very interesting part of our Essay, by a few observa- ature of the
tions concerning the distribution of temperature in the JPPE 55
upper regions of the air, reserving eur remarks respect- s,'
ing the gradations of* temperatare in ascending to the
upper regions of the alinosphere,

(163.) Since the heat of the higher regious of the
atmosphere depends -on the radiation of the plains, we
cannot find under the same geographical parallels, in
the transatlantic climates, the Isothermal lines at the
same height above the Jevel of the sea, as in the system
of European climates. The inflexions which . these
lines experience, when traced on the surface of the
globe, necessarily influence their position in a vertical
plane, whether we uniic points in the atmosphere
placed under the .same meridians, or consider only
those that have the same latitude. Future inquiries Peculiarity
may enable us to trace ‘the Isothermal lines through of inflexions
the different regions of the air; and we may briefly of Isother-
remark; that am the. back of the Cordilleras, at 2000 mal lines.
metres of elevition, we find the.mean temperature of

* Gilbert's Amnalen, 1812, p. 129.
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Calabria and of Sicily. In our temperate zone, in 46°
of latitude, we meet, at the same elevation, with the
mean temperature of Lapland. In the plains of the
Orinoco we find the temperature of the month of
August of Rome; at Popayan (2988 feet) the tem-
perature of the same month of Paris; at Quito (4894
feet) that of the month of May; and in the Para-
mos (5904 feet) the temperature of March, at the
same city.

(163.) Humboldt also finds, in prosecuting this
interesting inquiry, that every hundred metres of per-
pendicular height diminishes the mean temperature of
the year, by the same quantity that a change of 1° of
latitude does in advancing towards the Pole. If we
compare only the mean temperature of summer, the
first 1000 metres are equivalent to 0°.81 Fahrenheit.
From 40° to 50° of latitude, the mean heat of the plains

METEOROLOGY.

in Europe decreases 12°.6 of Fahrenheit; and this
same decrease of temperature takes place on the decli-
vity of the Swiss Alps from 0 to 1000 metres of ele-
vation.

(164.) In the following Table of the distribution of
heat, which embraces a general view of ITumboldt's
results, the temperatures are expressed in degrees of
Fahrenheit ; the longitudes are reckoned from East to
West of the meridian of Greenwich. The mean tem-
peratures of the Seasons have been calculated, so that
those of the months of December, January, and
February, form the mean temperature of winter. An
asterisk (*) is prefixed to those places whose mean
temperatures have been most accurately determined,
in general, by means of 8000 observations. The Iso-
thermal lives have a convex summit in Europe, and
two concave summits in Asia and Eastern America.

TapLe XXII.

" Distribution of Heat in the Maxim.um and

Position. different Seasons. Miniinum.
Loother Names of Places. Mean — — -
= L T ey e
Lot | Lengiate |00 ) | e | ST | s | ST e | "l
I 72 1o20'W.| 0 ||26°42 || —00.60 | 23290 | 48238 | 33°44 || 51°.80 |—11°20

g tg:::.'ﬁeii'es ........... gg 30| 2 ?E, 1356 || 26.96 || +0.68 | 24.98 | 54.86 | 27.32 || 59.54 |— 0.58
E | Hospice de St. Gothard .. 46 30| 823 E. | 6390 ||30.38|| 18.32 | 26.42 |44 96 [31.82 | 46.22] 15.08
plce e . Gothard....... . ¢ -

B, | North Cape eevuveeneensenns |71 0| 25 50 E, 0 ![32.00|| 23.72 |29.66|45.34 [32.08 || 46.58| 22.10
8 (%Uleoreruunnnnen il 65 3| 2526 E. 0| 35.08] 11.84 |27.14|57.74(35.96|61.52| 7.70
2 |*Umeo.. ..., e 163 50] 20 16 E. 0|33.26|| 12.92 |33.80|54.86[83.44 || 62.60| 11.48
T8y (081, Petersburgh oo ovvrenn 59 56|30 19 B.| 01/38.84[| 17.06 |38.12|62.06 [38.66 |65.66| 8.60
£8 [Dronihon eeevvonnniien. |63 24| 10 22 E. 0|/39.92| 23.72 |35.24(61.24|40.10/|64.94| 19.58
2 | Moscow.uronrnnrnonoenunr. |5545| 37 32 K. | 970 ||40.10]| 10.78 |44.06 | 67.10 [38.30|70.52| 6.08

2| Abonnmnnniii e G0 27| 22 18 E, 0 ||40.28 || 20.84 |38.30|61.88 [40.64( — -
* eiveeen.. |5951| 17 38 E 9 || 42.08 || 24.98 |39.38]60.26 |42.80 [ 62.42| 22.46
vls’&'::ﬁ&ﬁi"m'f' RPN 29 90 13 3% 0 ||a2.26|| 25.52 |38.30{61.88 (43,16 ||64.04| 22.82
QuEbEC ..nvrnonrnvnrennn. |46 47| 71 10 W.| 0 [|41.74|| 14.18 |38.84|68.00 |46.04|73.40| 13.81

& | Christiana ..., 00 10011000, 59 55| 1048 E.7| o |l42.80 (| 28.78 |39.02 |62.60|41.18/|66.74 | 28.41
> [*Convent of Peyssenburg .. 47 47| 10 34 E. | 3066 ||42.98 || 28.58 |42.08|58.46 |42.98 |59.36 | 30.20
S loCopeahagen e Bttt |58 41| 12 35 E. 0 |[45.68(| 30.74 |41.18|62.60|48.38]|65.66| 27.14
% |eRendal bennrs 154 17] 246 W.| 0 [[46.22|| 3086 |45014|56.84 |d6.22 | 58.10| 34.88
g | Malouine Islands ......... i ls1 255959 w.| 0 46.94|| 39.56 |46.58|53.06 |48.46|55.76 | 37.40

S |*Prague RIS 50 5|14 24 E. 0 [|49.46|| 31.46 |47.66|68.90 50.18|| — -
s { Gotingen............ 0 |51 32] 953 Bl | 456 ||46.94 | 30.38 |44.24|64.76 |48.74 || 66.38 | 29.66
*Zurich . .....o.00s . |47 22| 832 E. | 1350 |{47.84|| 29.66 |48.20 |64.04 |48.92||65.66| 26.78
*Edinburgh ... . ...... 15557 310 W.| "o 47.84]| 38.66 |46.40|58.28 |48.56(/59.36 | 38.30
Warsaw . ...oonone cls214] 21 2 E. 0 ||48.56{| 28.76 |47.48|69.08 |49.46 |[70.34 | 27.14
E $COITE .. ennnsrnns - |46 50| "9 30 E*| 1876 [{48.92{| 32.36 |50.00]63.32(50.36 || 64.58 | 29.48
2 | Dublio e rnsveenniinonnons |63 211 619 W.| 0 [/49.10] 39.20 |47.30|59.54 |50.00 | 61.16| 35.42
% | Beroe ....ooivve vuvevenn. |46 5| 7 26 E.| 1650 [|49.28 (| 32.00 |48.92|66.56|49.82|[67.28 | 30.56
= |*Geneva venevnenrenininan.. |46 12| .6 8 E. | 1080 [|49.28 || 34.70 |47.66 | 64.94 |50.00 || 66.56 | 34.16
*Macheim .......... 49 29| 828 B | 432 ||50.18(| 38.80 |49.64|67.10 [49.82( 68.72| 33.44
Viena....eeenvnnrnvnnns 148 12| 16 22 B | 420 [|50.54]| 32.72 |51.26|69.26 |50.54 || 70.52| 26.60

. ... |45 46| 3 5 E | 1260 |[50.00|| 34.52 [50.54|64.4051.26 | 66.20| 28.04
tg.l.?am.m'l'f::'.:.'::.'...... :;29 19 1E | 494 ||51.08|| 33.98 |51.08|70.52|52.34||71.60| 27.78
& | Cambridge, (U.S.).eervnuio. |42 25| 70 3 W.| 0({50.36]| 33.98 |47.6670.70|49.82||72.86| 29.84
LOPARS 1. e eneer ureaneen. |48 50 220 B. | 222 |[51.08|| 38.66 [49.28|64.58 [51.44|/65.30| 36.14
2 |eLondot ..aesennne 5130 0 sW.| 0/50.36)| 39.56 |48.56|63.14|50.18 ||64.40| 37.76
% | Dunkirk.seonenrns 51 2 222 E. 0 [[50.54|| 38.48 [48.56 |64.04 [50.90 |64 76| 37.75
e | Amsterdam,rnnns. 5222| 450E. o |[51.62|| 36.86 |51.62|65.84|51.62|66.92| 35.42
§ | Brussels.emrommmenrii |50 50| 122 B, 0 ||51.80 | 36.68 (53.24(66.20 |51.08 67.28| 35.60
= |*Franeker ...... ivesnee vui|5236] 622 E. 0|/51.80( 36.68 |51.08/67.28(54.32169.08| 32.90
Philadelphia. . vvrvvunene.n.. |39 56| 75 16 W.| 0 [|53.42|| 32018 [51.44|73.94|56.48 |77.00| 32.72

E New York ..ovvnv vusensoen |40 40| 73 58 W.| 0 [|53.78]| 29.84 |51.26|70.16 |54.50 {80.78| 25.34
S [*Cincionati .e.vuseeun...... |39 6| 82 40 W.| 510 [|53.78(| 32.90 |54.14|72.86{54.86 {74.30| 30.20
B | St Maowunonnnns IR |48 39| 2 1w.| "o s4.14]| 42.26 |52.16|66.02 |55.76 |66.92| 41.74
S | Nantes......... oo |473| 132 w.| o l54.68|| 40.46 |54.50|68.54|55.58 |70.52] 39.02
Z | Pekinaennnririilil |30 54106 27 B 0 l{54.86 )] 26.42 |56.30|82.58 | 54.32 (84.38| 24.62
= |*Milan .....o.iioiiii 145 28| 9 11 B | 390 ||55.78]| 36.32 |56.12|73.04 |56.84 | 74.66 | 36.14
Bourdeaux ... ............ |44 50| 034 W.| o[ 56.48]] 42.08 |56.48|70.88 |56.30 | 73.04| 41.00

Meteor.
ology.
e, )
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Beleor- X Meteo
- . Distribution of Heat in the Maximum and cteor
,d'n , P“'"‘”". : different Seasons. Minimum, ology. ,
Toother- Names of Places. Mean i Moan
Baads. Temper- || o0 Tem. | Mean Mean Mean T Mean Tem-
et | Lenginie, ("1 TS et | T | Tomv | T | | penn
Spring. | Summer. | Autumn. || Month. Menth.
Marseilles. . ... e . |43°17] 5 22 B. 0 {59200 45°50 | 57°.56 | 72°50 | 60°.08 || 74°.66 | 44°.42
".'gg’ Montpellier ...... vevrve.. |43 36| 352 E. 0 []59.36| 44:06 |56.66 | 75.74 (60.98( 78.08 | 42.08
EE3 eRome.... 4153[1227E, 0|l60.44| 45.86 [57.74|75.20(62.78([77.00| 42.26
2352 Toulon.." 143 7| 5350 E 0 ||62.06| 48.38 |60.80 |75.02|64.40(77.00| 46.40
€ 53| Naogasacki ................ [32 45]129 55 E. 0 |(60.80 | 39.38 |57.56 |82.94|64.22(186.90 | 37.40
- *Natchez ........... veeeses. |31 28( 90 30 W.| 180 ||64.76| 48.56 [65.48 [79.16 [66.02(79.70| 46.94
o Eo
EEX loFunchal .........ee...eve.. [3237) 16 56 W.| 0 [[68.54 64.40 |65.84 72,50 |72.32 [ 75.56 | 64.04
£37| Algiers......oioiiiiiee.... (3648 3 1E, 0 ((69.98( 61.52  65.66)80.2472.5082.76| 60.08
238
=g
E,g.': ®Cairo ..o veviieniiaase. (30 2] 3118 E. 0]/72.32)| 58.46 | 73.58 |85.10 | 71.42)/85.82| 56.12
2« 2f*VeraCruz......00tvevnenees (191196 1 W, 0|(77.72| 71.96 |77.90 |81.50|78.62(|81.86| 71.06
§'F_=’_g *Havaonah ...... eesteseneas (23 10] 82 13 W, 01/78.08]| 71.24 |78.98|83.30|78.98(/83.84| 69.98
=59 ®Cumana.............. eee.s |1027] 6515 W, 0 (|81.86| 80.24 | 83.66 | 82.04 (80.24 ({84.38( 79.16

On the Mean Temperature of the Equator.

(165.) The determination of the mean temperature
of the Equator,” is a Meteorological element of the
greatest importance and value. If we survey the mag-
nificent line to which this part of our inquiry extends,
we shall immediately perceive that many obstacles,
besides those of u Physical kind, present themselves at
the very threshold of our investigation. In the Equa-
torial regions of America, it passes through a region
almost unknown, and in which the light of civilization
and liberty has been but recently kindled; and in its
passage ucross the still more inhospitable deserts of
Africa, obstucles still more formidable are presented.
Nor would observations at Sumatra, Borneo, Celebes,
and Gilolo, unless made on a very extended scale, and
under circumstances variously modified, determine, with
any tolerable approach to precision, the average tem-
perature of this great line. 'The Ocean, too, occupies by
far the greatest portion of the Equatorial regions, the
land occupying but 80 degrees of the great circle, and

Lo iy Water the remaining portion of 280 degrees. Under

berwren the these circumstances, we cannot feel surprised at the

?“,ﬁ*d remark made by Humboldt, that at the present day we
are not acquainted with more than one mean temper-

FSui 8ture observed with any degree of precision between
the parallels of 3° North and 8° South, and that is of
St. Louis de Maranham in Brazil, 2° 29’ South lati-
tude, made by Colonel Antonio Pererira. Deprived
thus of actual observations at the Equator, Philoso-
phers have endeavoured to deduce its meun temperature
from observations made at a distance from it. Mayer,
for example, by knowing the mean temperature under
two different parallels, endeavoured by means of an
empirical equation to deduce the mean Equatorial tem-
perature. This he estimated at 84°, and in this value
he was followed by Kirwan.

(166.) But it is evident, that observations made in
the temperate regions of Europe, could not supply the

* The determination of what may with proprie7 be termed an
Frothermal Egquator, or Curve of greatest heat, will, if the fulure pro-
gress of Metenrology be successful, open & beautiful and instructive
object of inquiry.
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mean temperature of a line, situated so remotely from

them, and it became therefore desirable to collect the

mean temperatures of places situated as nearly as pos-

sible to it. Accordingly Humboldt collected his ele- Humboldt’s
ments in the Old and New World, and among them are ;’i:;:""
the following : }

TasLe XXIII.

0Old World. Latitude. ;f;:. New World. Latitude. %l'::.
Senegambia .. | 15° 0% 79°07 ||Cumana..... 10°27/| 81°86
Madras......[ 13 5(80.42(Antilles......[17 0|81.05
Batavia...... 6 12{80.42||VeraCruz....| 19 11 | 78.08
Manilla...... 14 36 | 78.08 ||Havannah....| 23 10| 78.08

(167.) From a review of all the circumstances con-
nected with these places, Humboldt was led to adopt
81°.5 as the mean temperature of the Equator; and
our learned contemporury, Dr. Brewster, employed it,
with some modifications, as the coefficient of his for-
mula for mean temperature. In the second volume of
the Transactions of the Astronomical Society of Lon-.
don, however, Mr. Atkinson, in an elaborate Paper on
Astronomical and other Refractions, has questioned
the accuracy of Humboldt's conclusion ; and we shall,
therefore, present to our readers the grounds of his
objections.

(168.) Lett, t,t", represent, says Mr. Atkinson, the Doubted by
observed mean temperatures in the latitudes [, /, I”, Mr. Atkin-
&c. ; and if the mean temperature be supposed to vary 28
as any function @ (!) of the latitude, we shall obtain
the following equations :

2.0 Fz=t
2. 0NFz=¢..........(A)
2.Q(UNHz=1",
&e. &e.
x and z being unknown, but constant quantities, to be

determined from the equations.
F



Meteor-  (169.) If the form of the function (9) were rightly obtain for # the.value of 80°53, and for z that of 3°.98  Maeteer-
ology.-  assumed, and the observations made of the temperatare neauly. ology.
‘== were accurate, the resolution of any two of the abeve (172.) These values being substituted in the general ===’

34

equations would determine the values of zand =z. Nei-
ther of these conditions can, however, be fulfilled with
accuracy, and we must therefove be contented with a
close approximation. To accowplish this, ‘we must
first observe that the difference between the first and
second equatiens gives

METEOROLOGY.

equation, give
©0°.53 cos?l 4 3°.98 = ¢;
so that when the latitude vanishes, the value of ¢

becomes
80°.53 4 8°.98 = 84°.51,

: ) — =t =7 which is henee the mean temperature of the Equator

. e -p(}=2-2 according to the observations made at Cumana and

from which we deduce Fort Churchill. If, again, we suppose the value of
t—t to be 90°, we obtain for the mean temperature of the

t:m e s eesaene (B)-

pole 3°.98.

(178.) Mr. Afkinson next endeavours to obtain a Mr. Atkin-

This value for z being substituted in the-first equation, ¢ o 10 of the same kind by means of the four observa- sou's obser-

we obtain by transpasition

e-.90
A0 1G] ©
(170.) Hence the values both of x and g being
found in functions of the observed temperature, will
furaish the n elements for the determination of
the function (). This function, however, is probably
of a complicated nature, it being cbvious that the
mean temperature of any place must be influenced by
the state of those countries from which the prevailing
winds at that place blow ;—by the extent and nature of
the land that surrounds it, by the proximity of open
seas, or of seas that are frozen, and by a variety of
other causes. The obliquity of the Sun’s rays is, how-
ever, the principal cause of the diminution of temper-
ature, as we proceed from the Equator towards either
Pole ; but this obliquity is dependent on the latitude ;
and hence we may consider the variation in the tem-
perature, as some function of the latitude, as has
already been done in the equations of condition, and
afterwards endeavour to estimate what correction must
be applied on account of such disturbing causes, as
may exist in the place selected for consideration. Or,
if we have a sufficient number of good observations
within a given district, we may, says Mr. Atkinson, by
a judicious application of the powers of calculation,
deduce a formula, which shall present in its results a
near approximation for any other place within the same
district, and which may even be extended beyond it,
without producing any material error.
(171.) If now we suppose with Humboldt, that
@ (I) = cos* L,* the equations before deduced for the
values of z and 2, will assume the forms of

o t—t
" cos'l — cos'il

_ (t=t)cos*l’

cos*l — cos*?’

g=t

» e eecec s

and z=
and if we apply these equations to the mean temper-
atures of Cumana and Fort Churchill, as recorded by
Humboldt in his Paper on Isothermal lines, the values
of which are respectively 81°.86, and 25°.3, we shall

* Mr. Atkinson found it necessary to adopt the same law of varia-
tion for the temperature as that employed by Humbeldt,

tions contained in the following ‘Table, drawn from the vations.

same Paper of Humboldt.

TasrLe XXIV.
Names of Phc.ea.' Lattude. Mean |
‘Temperature.
Cumana ...ooocevnnees 10°27 81°86
Aantilles ............ . 17 0 B1.65 |
Vera Cruz cceevoeee.cos \ 91 78.08 i
Havaomah. ..... vevere. | W10 | 78.08 |

and for this purpose, he assumes

(80°.58 4 z') cos*? | 3°.98 + 2’ — t =E,
some unknown error, z’ and 2 being corrections so
adapted to the formula, as to meke it agree with the
temperatures of the places last recorded. Applying
this formula to each, we shall obtain the following
equations of condition :

9672 + 2 + 0°.00 = E'
91562 4+ ¢ — 8. 42 =E"
8927 + 2 —2.27T =E"
8457 + 27 — 6.03 = E™,

and if we regard the sum of the squares of the errors
E, E", E”, E", as a minimom, and deduce the values
of 2 and 2’ according te the method of minimum
squares, we shall have & = — 40,664, and z' = 89.72.
Hence the formmla which best represents the observa-
tions made at Cumana, the Antilles, Vera Cruz, and
the Havannah, if the law of variation be as cos*(, is

89°.866 cos*! - 43°.7 = .

This will give forthe mean temperature of the Equator,
where ! vanishes, { = 83°.566 ; and for the Pole, when
the .cos I becomes zera, { = 43°.7 ; a result altogether
inadmissible, since it makes the temperature of the
Pole 5°.8 greater than that of Quebec. Both the
numerical elements of the formula require therefare
modification.

(174.) To obtain a formula which shall agree with
2s many places as possible between Cumana and Fort
Churchill, Mr. Atkinson presents the following equa-
tions of condition.



f

METEOROLOGY.

TasrLe XXV.

|, Names of Places. ' m“ Equations-of Condition, .IE.";;- l;}:l:,y‘tlro Diffeence.*

F Comanx.......... cetveraerees | T 2T 967 & 4 o 4 000 = E! 81°86 | 85°26 | 43°40 |
Antilles. ... .. 17 0| 9152+ — 3.42=E" 81.05 | 80.79 | —0.26
Vera Crug.. .. coveeenssnvennes. | 19 11| 8922 4 o/ — 2.27 = EM 78.08 | 78.88 | 40.80
Havannah......evencecinnsenss 23 10 | 8462 4y 5 — 6.03 := E 78.08 | 74.91 | —3.17
Natchoz ...oeoverrnnncneee 31 28| 7282 4 o — 2.23 =E" 64.80 | 64.91 | +0.11
Philadelphia......... RN 39 56| .588 1 4 o — 3.57 = Ev 54.90 | 53.06 | —1.84
CincinDati,eeeeeeeeen vuees vero |39 6| 6024 43— T.T2=E" | 53.60 | 54.28 | 40.68
New York «cvoeevncececneenee | 40 40 | 5752 42/ —3.49 =E"# | 53.80 | 51.99 | —1.81
Cambridge ......... cevee eee .. | 42 25| .545.5/ 42 — 2.53 = E& 50.40 | 49.42 | —0.98
Quebec. . .o........... Ceveenes 46 47| 4692/ 4o — 0.16 = E= 41.90 | 42.95 | 4+1.05
Nain.....cuu..ns rrereaaas 57 10 | .294 4 4 o 4 1.25 = Ex 26.40 | 28.10 | 41.70
Fort Churchill. . ........ e 50 2| .265af 4o —0.00==E% | 25.30 | 25.62 | 40.32

The application of minimum squares to these equa-
tions, will give & = 4°.88, and z' = — 0°.84. The
formula, therefore, which best represents the whole of
these mean temperatures, on the hypothesis adopted
by Humboldt after Mayer, that the temperature varies
as the square of the cosine of the latitude, is

84°.91 cos* 1 43°.14 =¢,
and which gives for the Equatorial temperature '88°.05,
and for the Polar 3°.14.

(175.) The next step of Mr. Atkinson’s inquiry is,
to deduce the mean temperature of the Equator from the
sapposition that the law of variation is not as the
square of the cosine, but as some other function of the
latitude ; and for this purpose he adopts cos* ! to
represent it, the exponent n being some unknown but
constant quantity, to be determined by subsequent

imvestigations. In this case the formule (B) and (C)
will assume the form' of’

t—-t
P vl —cos " ®)
(t—t)cos*l
and cos*l — cos*? "7’ (E)-
(IT6.) ThHese values being substituted for z and z
im the third-of the conditional equations (A) will give
—1t)cos”l’ (¢t —t)cos"! _
oos" [ —cos™ ¢ +¢ cos” ! — cos* I! — &,
and from which we deduce
t—t' __ cos”l — cos"l”
t—¢  cos"l— cos” I
a function: from which an approximative value of » may
be obtained, in terms of the latitudes I,.2,.%", and of the
observed temperatures ¢,., ¢'..

(177.) To obtain this value of the exponent n, Mrx.
Atkinson selects three observations near the Equator,
three near the middle regions of North America, and
other three towards the Northern parts of the same
great country, as in the following Table :

z2={ —

¢ The last three columns have been added by Mr. Atkinson, to
sbow the errors of the formula resulting from the equations of con-
dition ; and from which we may readily perceive the degree of
reliance that ought to be placed on it.

for each: combination.

TasLe XXVI.

Names of Places. Nt Qe
Cumana........ eees.. | 10° 271] 81°86 |
" Antilles .. .o00.0i.... |17 0] 81.05
Vera Cruz.ceeo..00.... | 19 11 78.08 |
Philadelphia ........... 39 56 | 54.90
! Cambridge ........... | 42" 25 | 50.40
New York cocveaveenns 40 40 53.80
Naineooonsesns eeseeses 157 10 | 26.40 |
Okak cocovnner vunnen 87 20 | 29.80
Fort Churehill ......... 59 2| 25.30

(178:) These temperatures and latitudes Mr. Atkin-
son has-combined by threes, and deduced the value of »
The following are the results.:.

Cumest . « . ).
New York . } n="1%20.
Fort Chuschil-

Philsdelphia. | m=0°91
Main

..........

‘A:null- .o 'A‘lﬂl‘l'-“} - ﬂ’.‘““'} o0
ambridge . . w=8. ow .. pw==t, ladelphia . }'nael.90.-
Okak . .... Fort Churchdll Nain .....
VeraCruz. .. VeraCruz .. VeraCruz ..
NewYork ..}ez=1.80 Philadeiphis . } n=1:10 camuu...}.m'.u,
Furt Churchill Nain ..... Okak .....

(179.), These form of course only a part of the sys-
tem of combinations which might be framed, but there
is little probability that the mean of the whole would
differ mere than three or four hundredth parts from the
mean of the nine values of 7, and which is found to be

1°.46, or; nearly:

(180.) This value of 7 being- substituted-in-the for=
mule (D) and (E), will produce the equations

r= t—-t
coa‘3
_ - t) cos*l

cos‘}l - cosil'
r2

i

{ — cos

and z2=1

i
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Meteor- - (181.) To apply these formule, Mr, Atkinson adopts

Meteor-
ology. the observations made at the Antilles and Fort (98°.48 + #) cos? 1 — 11°05 +# -t=E, ofo;;t

=== Churchill, and finds £=98°48, and z= —11°05; yhich being applied to each of the places at, or near, ~"v™"’
and hence the formula for the temperature will become the Jevel of the sea, whose mean temperature is known

91°.48 3 - 11°05 =¢ by observation, will furnish as many equations of con-
.48 cos® 1 — 11°.05 = ¢.

dition as there are places, as in the following Table :
(182.) The general expression for finding the equa-
tions of condition will therefore become

Tasre XXVII.
Names of Places. Latede. -rm,'"‘ Equations of Condition. " References for Temperature,

CUMa02 covvernnrcnsccsssacane 10° 27| 81°86 | ,9752 2 4 #' 4 3°.13=E, Edin. Phil. Jour. vol. iii. p. 263.

Antilles. .. eoneeieeceoitananan .| 17 00| 81.05| .9352 24 s’ 4 0.00 =R, Ditto.

Vera Cruz.....oeoneees eveenee 119 11 78.08 | 9179 2/ 4 ' 4 1.26=E, Ditto.

Havanoah ...... etevecntaieans 23 10| 78.08 | .88154' 4 2’ — 2.32=E, Ditto.

Oratava ....coovvvnnccancecnes 28 25 69.80 | .8248 '+ ¢’ 4 0.38 = E, Ditto, p- 256.

Natchez cevevervvaneveneceee.e | 31 28| 64.80 | 7877 2' 42/ 4+ 1.73 =F, Ditto.

‘Williamsburg .. seenreeervnrnnse 38 08| 58.00 | .6976 ' 4=/ — 0.35= E, Ditto. p. 257.
- Philadelphia .......i00v0nnns oo [ 39 56 54.90 | .67152' 4+ ¢/ 4 0.17 =E, Ditto,

New York.. seeveee 2eseeeeens | 40 40 53.80 | .6606 2/ 4 z* + 0.21 = E, Ditto.

Cambridge ... .eoecvscereecee.. | 42 25| 50.40 | 633+ 2 4+ 1.2=E, Ditto.

Ipswich.......... ceereens veeee | 42 38| 50.00 [ .6310 4 # 4+ 1.09=E, Ditto.

Naineoor connnann seressescans 57 10| 26.40 | .39922'+ ¢’ 4+ 1.87 =E, Ditto,

Okak...... teeetriociasanannes 57 20| 29.80 | .3965x 4z — 1.80=E, Ditto.

Fort Churchill sovovanecneencnns 59 02 ] 25.30 | .3691 &' 4+ ¢ -+ 0.00=E, Ditto. p. 265.

(183.) By the application of minimum squares, we
find 2’ = — 1°.40, and z' = + 0°.52 ; and therefore the
formula that harmonizes best with the whole of the pre-
ceding observations, is

97°.08 cos% l—10°53 =1{,

which furnishes for the mean temperature of the Equa-
tor 86°.55, and for that of the Pole — 10°.53.
Attemptto  (184.) Such is the result of this new expression for
deduce the the law of the variation of the temperature adopted.
mean tem- Byt Mr. Atkinson truly remarks, that could we dis-
f::'é"';;& cover any near approximation to the law by which the
from glm.’ altitude and the corresponding variation of temper-
situsted  ature are connected, we might, in all probability, de-
sbove the  dyce the mean temperature of the Equator from a few of
level of the 4o places situated above the level of the sea, and whose
sex latitudes are less than any previously employed. By a
very laborious investigation, founded on an expression
for the diminution of temperature, and which will be
given in the section of our Paper devoted to that in-
teresting inquiry, together with the Table of results
deduced from it, Mr. Atkinson has found, that from the
limits of perpetual snow at the Equator to Winter
Harbour in Melville's Island, the formula

97°.08 cos%l - 10°53 —

=1
h td
&

251 + 200

at the elevation A in the free atmosphere, will corre-
spond in its results very nearly with the mean tem-.
peratures observed. Hence he observes, that a for-
mula which answers so very nearly the whole way from.
latitude 10° 27’ North to 74° 47’ North, will not be far
wrong if it be extended to the Equator itself. The law,.
also, he continues, which holds so nearly the whole.
way from the level of the sea up to more than 15,000
feet of elevation, cannot well lead to any error of con-
sequence in the first 3000 or 4000 feet of altitude.
We have, therefore, only to calculate by the formula,
what corrections must be applied, on account of lati-
tude and altitude, to the observed mean temperature of
any place, situated not too far from the Equator, and -
whose elevation above the level of the sea does not
exceed 4000 feet, to enable us to find the mean tem-
perature of the Equator itself, with almost as great a
degree of accuracy as that with which the mean tem- .
perature of the place of observation has been obtained.
There are only nine places in South America whose
mean temperature has been given by Humboldt, and
whose latitude is less than 11°, and altitude below
3500 feet. By applying this method to each of them, ‘
¥Ii) lAtkimmn has obtained the results of the following
able :—
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N s C on | Tew
Namas of Places. Helght. Ladtuds. Temperaiare; | accomms of fught oo &B:-;';Tﬁ
Fahr, Fahr, Fahr, 3
LaPlata...cccoviiniennnnnns . 3437 2° 24 N. 74°.66 +12°81 40°.13 87°.60
Neiva.....oo0nnes ceesesasnen 1702 3 10 — 77.00 6.56 0.22 83.78
" Tocayma..eece..eerecnccnsn oee 1581 4 16 — 81.50 6.10 0.40 88.00
Carthago .cccvecescecacnnnese 3149 4 46 — 74,84 11.80 0.50 87.14
Tomependa .covevvoencesos 1279 5 33 S. 78.44 4.96 0.68 84.08
Antioquia ,,...... seeviennnns . 1668 7 01 N. 77.00 6.42 1.09 84.51
Caripe .oceveeiierenniinnnn. o | 2959 9 50 — 65.30 11.13 2.13 78.56
Cumans .....cocvvnironinces .ee e 10 27 - 81.86 P 2.41 84.27
Caraceas. . coevvenens sesecnsse | 3906 10 31 — 69.44 10.94 2.44 82.82
’ Mean = 84.53
(185.) The mean temperature, therefore, would very high in the Pacific Ocean, to ithe East of the Gala-
sppear to be 84°.58; but if Caripe be excluded, asit pagos Islands, and recently M. Baron Dirckine, of
seems probable it ought to be, from its differing s0 Holmfeldt, a well-informed officer of the Danish Navy,
much from any of the rest, the mean among the remain- who, at my request, made a great number of thermo-
ing eight would be 85°.275. And should it be thought metrical observations, has found (in latitude 2° 5’ North,
that those places whose altitude is below 2000 feet are and longitude 81° 54’ West) almost in the paraliel of
better adapted to give a correct result, by taking the Punta Guascama, the surface of the water at 87°.1. ™ .
mean of the five places so situated, we shall obtain' 'These maxima, however, do not belong to the Equator ' ™!

84°.93 for the mean temperature of the Equator.

(186.) The general results of Mr. -Atkinson are,
therefore, as follows :

1°. The whole of Humboldl's observations in botl
North and.South America, at or near the level of the
%a, indicate that the mean temperature of the Equator,
at the same level, is 86°.55 Fahrenkeit. 4

2°. All the observations, nine in number, made
within 11° of the Equalor, where the height does not
exceed 8500 feet, indicale that its temperature is 84°.58.
But if Caripe be excluded, the remaining eight give.
85°.275 for the mean temperature of the Equator.

8°. If those places only be taken which are within'
the same limits, and whose height is less than 2000 Jeet,
they indicale that ils mean temperature is 84°.93.

(187.) Humboldt, in referring to the objections of
Mr. Atkinson, has entered on the consideration of the
question, with all that amplitude and generality for
which he is so deservedly celebrated. In an able
Paper On the Temperature of the different Paris of
the Torrid Zone al the Level of the Sea, published in
the Annales de Chimie for September, 1826, he dis-
cusses particularly the question of the mean Equatorial
temperature, and adduces strong and plausible reasons
that be has not underrated the temperature of that line.
If the Equatorial temperature, says he, were that of the
Equatorial zone surrounding the whole globe, and
bounded by the parallels of 8° North and 3° South, we
must first examine the temperature of the Equatorial :
Ocean, forming as it does so very considerable a pro-
portion of the Earth’s circumference in this region. The
mean temperature of .the Ocean,.says Humboldt, be-
tween the limits alluded to,.varies in. general between
80°.24 and 82°.4. I say in general, continues the dis-
tinguished traveller, because we. sometimes find be-
tween these limits maxima restricted to zones scarcely
a degree wide, and whose temperature rises in different -
longitudes, from 83°.7 to 84°.7. I have observed this
last temperature, says he,hich may be regarded as-

. . m tem-
itself. They occur sometimes to the North, and some- ::nlumdm

times to the South of it, and often between the lati- not belong
tudes of 23°. and 6°. The great circle which passes to the Equa
through the points where the waters of the Ocean are the '° itself
warmest, cuts the Equator at an angle which seems to

vary with the Sun’s declination. In the Atlantic Ocean

we may sometimes even pass from the Northern to the

Southern temperate zone, in the zone of the warmest

waters, without observing the Thermometer to rise

above 82°.4. The maxima are according to

Perrins ..... eeeeneens 82°.76
Churrucea vo.ovvvvvnn... 83.66
Quevedo. ..... cebeceennn 83.48
Rodman................ 83.84
Dr.Davy .............. 82.58

Mean ...... 83.26

(188.) The air also which rests upon these Equato~ The air
rial waters is from 1°.8 to 2°.7 colder than the Ocean ; resting on
and it results from these facts, that over nearly five- ‘!‘; E‘i‘t’::’
sixths of the circumference of: the globe, the Equatorial ;colder
aqueous zone, instead of presenting a mean temperature than the
of 84°.5, has probably not one of 83°.3; and Mr. At- Ocean.
kinson ‘himself admits, that the union of the aqueous
and continental parts tends to diminish the mean
temperature of the Equator. .

(189.) In alluding to Mr. Atkinson’s investigations gumboldt's
to deduce the mean temperature of the Equator from the further
assumed law of increase of heat from the Pole to the remarks on
Equator, by the observations made at Cumana, and from Atkinten.
the temperatures observed on the declivity of the Cor-
dilleras, to a height of 500 toises, corrected according
to his hypotheses for the latitude, and for the progres-
sive diminution of heat in a vertical plane, Humboldt
remarks, that in studying in all its generality the pro-
blem of the distribution of heat on the surface of the
globe, and in freeing ‘it of the accessory considerations
of .localities; (for example of the effects of the confi-
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Meteor~ guration, the colour and the geographical relations of
ology.  the soil ; of those of the predominance of certain winds,
= of the proximity of seas, of the frequency of clouds and
fogs, and of the nocturnal radiation towards a. sky more

or less serene,) we shall find that the mean temperature

of a station depends on. the different ways in which the

influence of the meridian altitude of the Sun manifests

itself. This altitude determines at once the duration of

the semi-diurnal arcs, the length and the transparency

of the portion of the atmosphere which the rays traverse

before reachimg the horizon ; the quantity of the ab-

sorbed or heating rays, (a quantity which angments ra-.

pidly when the angle of incidence,. reckoned from the

level of the surface, increases ;) and, lastly, the number

Remarks on Of solar rays which a given horizon embraces. The
the law of 1aw of Mayer; with all the modifications that have been
Mayer, introduced ino it, isian empirical lawv, which represents-
the generelity of the phenomena by approximation, and

often in a satisfactory manner, but it cannot be em-

Remarks Ployed against the testimony of direct observations. If
relative to  the surface of the globe, from the Equator to the parallel.
Cumana. of Cumana, was a desert like that of Sahara, or a Sa-
vannah uniformly eovered with grass like the Lianos

of Calabozo and of Apure, there would undonhtedly be.

an increment of mean temperature from 104° of lati-

tude to the Equater, but it is very probable that this

METEOROLOQGY.

Captain Lyon assure us that they saw, during whole Meteor
months, (perhaps from the sand disseminated in the elogy
air,) the Thermometer at I17° and' I28° can charac- “==v=’
terise the climate of the temperate zone in the North of -
Africa. The three or four degrees nearest to the Equa-

tor, continues Humboldt, are a ferra incognita for cli-
matology. We ara still ignorant. of. the mvean temper-

atuves of Grand Para, Guayaquil, and evem Cayeune.

(193.) From every consideration, therefore, M.. Hum- Humboldt
boldt concludes that the Equatorial temperature never concludes
reaches 84%.56, as is supposed-by Mr. Atkinson. Father 4% =
Beaa, says he, the fust traveller who recommended temperature
observations on the warmest and coldest perieds of the neverreach.
day. believed that he had found in 1686 and 1699, in s the
comparing Siam, Malacca, and Batavia, “ that the heat 2::';:'21
is not greater under the Equator than under 14° of lati- y My,
tude.”” I am of opinion, continues Humboldt, that Atkinson.
there is a difference, but that it is very small, and marked
by the effect of many. causes, which act simultaneously
on the mean temperature of a place. The ohservations
hitherto collected do not afford ws any measure of a
progreseive increase between the Equator and the lati
tude of Cumana.

(194.) TFhere.can be little doubt but. the numerical Necessity
elements we possess relating to the tropical regions in for further
general, require still further observations. to-correct and 2%

vations.

Examplesof
mean tem-
perature.

inerease does not amount to 24° of Fahrenheit. -If T
have fixed, continues M. Humboldt, the mean temper-
ature of the Equnator in round numbaers at 813°, it was
to attribute to the Equatorial zone from 3° Nocth to 8°
South the mean temperature of Cumana 81°.86° This
city, surrounded with arid sands, situated under a sky
always serene, and whose thin vapours. seldom: re-
solve themnselves into rain, possesses a more burning-
climate than all the places which surreundit, and: which.
like it are on the level of the sea. In: advancing
Southward in. America, towards the Eguator, by the
Orinoco and Rio Negro, the heat diminishes, not on
account of the elevation of the soil, which from the fort
of St. Carlos is very little, but on account of the
forests, the frequency of rains, and the.transparency of
the atmosphere, '

(190.) Below 104° of latitude, we know. only the
mean temperatures of

improve them ; but thereis: one circumstance connected
with: Mr. Atkineon’s calculations, witich merits consider-
ation. Mor. Atkinson has confined his investigations
entirely to the temperatuves of the: New World, and
omitted those of the Old World ; and aithough- Hum-
boldt has shown that the temperature of the Equatorial
regions is .nearly the same under all meridians, yet
Dr. Brewster has proved: that the gradations of temper-
ature from the Equator te the Poles are not the same in
the Old and New Worlds; and it is probable, that a
set of observations made in different latitudes of the
Eastern hemisphere, would furnish some other resuit
for the mean temperature of the Equator. Humboldt,
on the oontrary, has generaliged his views, and formed
his. estimate of the mean Equatorial temperature from
observations. made under different meridians, and
situated as nearly as possible to the Equator. Indeed’
of the two, observations made in the Old Weorld are to
be preferred to those in the New, beeause the distribu-

Batavia ............ 6?7;‘};. . 81(?):’?;.2 tion of heat is subject to-fewer anomalies. $till the
Cumana .......... 10 27 N. .... 81.86 investigations of Mr. Atkinson are of a nature to make

(191.) Between 104° of latitude, and. the extremity.
of the torrid zone, we have '

us pause on the inquiry, and' not to be hasty in adopting-
a numerical value for an elenvent of so important a kind
as the mean temperature of the Equator. Dr. Brew-
ster, however, is- decidedly of apinion that Humboldt

Pondicherry .......... ri.f‘"“;;; N.. 32%?;3 has not underrated the mean temperature of that line,

Madras........... ... 13 4.... 80.42 and adduces several observations in support of his opi-

Manilla ............ 14 36 .... 78.08 nion in the VIth volume of the Edinburgh Journal oft

Senegal ............ 1553.... 79.70 Seience.

Bombay .......... .. 1856 ..., 80.06 (196.) His first series of observations are for Ceylon,

%'ac}o ........ veeees 22012 ... 73.94 as-follows : Mos

io Janeiro ......... . 22548,,, 74.80 . )

The Havannah:....... 28 9N... 78.26 Trincomalee .................... 80°.56
And after the observations of ‘Pereira, Bointde Galle .................. g(l) ;g‘

Merasham .. ... 2 20°8.. 8132 Kandys .10 eee

(192.) Hence it appears that the only place in: the Ditto, according to-Dr Dawy .. .... 79.20

ETlinoctial regions, whose mean temperature exceeds:
§1°.86, is Pondicherry, whose. climate can. no: more.
serve to characterise the Equatorial region than the:
Oasis of Maurzouk, where the unfostunate Ritchie and

If now we deduce the Equatorial temperature from

* A correction of 5°.7'is added for altitude, according to Mr. Atkin-
son’s formula,



Teteor
clegy.

METEOROLOGY.

these ebservatioms, chther by tie formuk Eq. temp.

%. sccording #o the principle of Brewster’s for-

In. Bres- T
g: muls, or by the formula Eq.temp:cm, acoerd-
dedace the
mn ez~ ing to the principle of Meyer’s fermula, ‘we shall obtain
e of ghe following results:
te Euator. Mean Tempuraturs of Equator.
T
Egq.temp. = o Egq. temp. = v
Trincomalee. ...... ce...81°46.......... 82°.37
Point dé Galle.......... 81.55% ...... “...82.02
Colombeo. . .......... ...B1.84 .......... 81.93
Kandy .......0c00vunn 79.14 .......... 79.78
Do. according to Dr. Davy 79.84 .......... 80.49
Means....80.66 .......... 81.32
Meaa of both = 80°.99.
Debxcticna It follows, therefore, from the Ceylen observutions,
iz Ceylon, that the mean temperwture of the Equator is less than

814°.

faBumia (196.) By a series of observations furnished by Pro-
withe fessor Moll, of Utrecht, for Batawia, Dr. Brewster

Sapdwich
Himds,

Futher de-
acves
fram o
wreaices
mde at
Parce of
Wales's
Izaad, Sin-
oo, aad
Mixa,

i

fmds the mean temperature of the Equaterto be 81°.82;
amd from a series of observations mude ot the Sand-
wich Istands, he uiso deduces '81°.04 for the measure
of the same element.

(197.) In the Viith velame of the samwe Journal,
Pr. Brewster has given the resuls of observations
made at Prince of Weles's Istamd, within 5° of the
Equater, and at Singapore samd Mwlacce, within 1° and
2 of the same ¥ne. At Singapore, uccording to the
observations of Colonel Farquhar, the

Mewn anmua! temperature at 6 o.m. and 6 ». w. for 1822:="79° 45
noon 84 00
and to deduce the mean daily temperature from these,
Dr. Brewster applies certain corrections deduced from
the hourly observations made at Leith Forth for 1824 and
1825 ; riz. that the mean daily temperature exceeds the
mean of the moming and evening observations by 0.29,
and is less than that of noon by 2°.51, (the grounds of
which corrections will hereafter be explained,) we shall
find the mean Equatorial temperature to be 80°.47.

(198.) It may be objected, however, that corrections
deduced from a Northern climate marked with the
vicissitudes of summer and winter, cannot be strictly
applied to the tropical regions of the Earth, where the
variations in the monthly temperature are 8o exceed-
ingly small. To meet this objectien, Dr. Brewster has
deduced the corrections from the hourly temperatures
of the three summer months, during which the varia-
fions of the daily curve must have a greater resem-
blance to thase of the torrid zone. These corrections
are — 3.08 and — 8.00, and, though differing from
those used above, produce, as will be seen, very little
difference in the mean results,

Mean Temperature of the Pole.

(199.) The probmble mean temperature of the Pole
is an interesting problem in Meteorological inquiry.
In the absence of all positive observations, we are left
entirely to conjecture. It is ohvious the Poles of the
world must undergo some remarkable alterations of
temperuture, between the periods when the Sun, con-

39

wtently shining on one of them, sinks beélow its horizon,
to shed a lustre on the other. In the present state of

our knowledge, we can only approximate to the temper- *

ature of the Pole, by availing onrselves of the observa-
tions of those who have so intrepidly mavigated the icy
seas of the North.

(200.) Previous to ‘the publication of Scoresby®s
#ocount of the Arctic Regions, the North Potar
temperature had been wuriversally assumed hy Meteor-
ologists, #t 30°, 31° or 82° of Fahrenheit; and it
was that active, ingenious, and enterprising wman,
who first ventured to place the temperature of the
North Pole below the quantity that had been com-
monly assigned to it.

Weteor-
ology.

The mean temperatures of the My, Scores-

parallels of 76° 45’ and 78° North, were deduced by by's obser-
Mr. ‘Seoresby from a series of 650 observations, made vations.

by himself in mine snccessive years. In the former
letitude he found the mean temperature to be 18°.86,
end in the latter 16°99, whereas the temperatures
wsuaHy assigned to these latitudes by the formula
of Mayer, then commonly employed by Meteorologists,
differed from the former observation mearly 16°, and
from the latter more than 17°. The difference between
the actual temperatures, and those estimated by the
empirical formula,"Mr. Scoresby attributed to the fri-
gorific influence of the ite; and having found what
this anomaly amounted to at the Pole, he subtracted it
from Mayer’s Polar temperature, to obtain the real
temperatare of the Pdle, which he thus found to be

10°. Buat this Tesult, Dr. Brewster remarks, is ob- Dr. Brew-
viously too great; for since Mayer’s formula errs ster’s re-
much i excess, in those paraftels where there is no marksoa

accumulated ioce to produce an anomaly, it must give
at least an equal error in excess, for the paraflel of
¥6° 45°. Now this error in the latitudes of 63° and
65° in Lapland is 8°; and therefore calling it also 8°
which is far too low for the latitude of 76° 45, we have
for the mean temperature, uminfluenced by the ice,
83°.8 — 8°.0 = 25°8; from which subtracting the
Polar anomaly of 21° as computed by Mr. Scoresby,
we obtain 4°.8 for the mean temperature of the Pole.

(201.) Later inquiries, however, have shown, that Mean tem-
in attempting to calculate the temperature of the Pole, perature of

a considerable alteration will take place, whether we
endeavour to approach the Pole on a meridian of the
Old World, or one of the New.

th

nent, for example, the mean heat in the parallel of 60° which it is
is 40° whereas in the same latitude in the New *pproached.

World, we shall encounter a cold of 24°; and in the
garaﬂel of 78° the second latitude adopted by Mr.
coresby, this cold will have increased to 4°. If then
we deduct for the frigorific influence of the ice, says
Dr. Brewster, according to Mr. Scoresby’s ingenious
process, we shall find the Polar temperature to be
many degrees below the zero of Fahrenheit’s scale.
Or to state the argument more popularly, since the
cold at the Poleis 10° as inferred from observations
made in the mildest meridian, it must fall greatly below
this, and even below zero, if imferred from observations
made in the coldest meridian. The winds which blow
from the continent of Greenland, from the Northern
extremities of America, and from the frozen coast of
Siberia, must produce at the North Pole an influence
scarcely to be felt in the Spitzbergen seas. Dr. Brew-
ster proves from the observations made in the second
voyage of Captain Parry, that the temperature of the
North Pole must be less than — 8° of Fahrenheit.

e Pole in-
fluenced by
'C the mevi-
In the Old Conti- dianon
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(202.) But Dr. Brewster has communicated quite
a new aspect to this interesting inquiry, in his Paper
Se= == on the mean temperature of the globe published
5‘;"‘"" in the Edinburgh Transactions, by comparing the ob-
Brewster. Servations made by Parry in his voyage of 1819, 1820

with those deduced by Scoresby in the Spitzbergen
seas. By means of 4300 observations made in the
parallel of 74° 45/, and in the meridian of 110° West,
Captain Parry found the mean temperature to be so low
as 1°.33, whereas, as we have before remarked, Mr.
Scoresby found the temperature in the latitude of 78°
to amount to 16°.99. A comparison of these observa-
tions indicates a very singular state of the Isothermal
lines at the Pole itself. The thermometric curve of
17°, which rises in the meridian of Spitzbergen to 78°
of North latitude, descends in the meridian of Melville
Island to 65°; and unless we imagine the climate
of those regions to be subject to no law, we are forced
to conclude that the Geographical Pole of the globe is
not the coldest point of the Arctic hemisphere ; and that
there are two points of grealest cold not many degrees
from the Pole, and in meridians nearly at right augles
to that which passes through the West of Europe.

Meteor-

Two points
of greatest
<old.

Their pro- (203.) Observations are still wanting to determine
bable posi- the exact positions of the Isothermal Poles; but they
tions.

appear to be situated in about 80° of North latitude,
and in 95° of East, and 100° of West longitude; the
Transatlantic one being nearly 5° to the North of Gra-
ham Moore’s Bay in the Polar Sea; and the Asiatic
one to the North of the Bay of Taimura, near the North
East Cape.

Further ap- ((204.) By combining the results of Dr. Richardson
proximation with the observations made by Parry in his second
toone of the voyage, Dr. Brewster finds the Pole of maximum cold

Poles of {0 lie within a quadrilateral figure, formed by joining
vl ™ the four points of observation, viz. Fort Enterprise,
’ Melville Island, Igloolik, and Winter Island. Observ-
ations, however, continued for many years, on more
distant Isothermal lines, will be necessary to give the
accurate position of the Pole of maximum cold ; while
observations made near the Pole itself are extremely
valuable in fixing its probable temperature.
These (205.) But we are by no means confined to the sup-
Poles are  position that these Isothermal Poles are limited to the
not limited same temperature, or confined to nearly opposite meri-
b the same diang; and Brewster imagines, that we may obtain even
:t:,‘:" a better expression of the temperatures, by placing the
Poles at different distances from the Equator, and
ascribing to them different intensities of cold. The
existence of a cold and a warm meridian, is a proof that
there are causes which powerfully influence the mean
temperature of the year, independently of the position
of the Earth’s axis with respect to the Sun; so that the
effects which they produce can have no symmetrical
relation to the Pole either in position or intensity.
Formule of Temperature.
General re-  (206.) No greater contrast, it may be remarked, can
marks °"f well _be exhibited than the beautiful uniformity of the
::::‘“"" % celestial movements, and the capricious and ever-
per- . v
ature. changing character that distinguishes the atmosphere

of the Earth; and it is therefore somewhat remarkable,
that the attempt to discover some law or connection
among the anomalous Meteorological results, should
have been made by a man distinguished for his splendid
researches in the heavens, and for his successful attempt

METEOROLOGY.

to reform and improve the lunar tables. From aun al-
lusion made in a preceding division of this Essay, our
readers are prepared to anticipate the name of Mayer;
and occupied as he was in the difficult task of unravel-
ling the intricate problems connected with the move-
ments of the Moon, and of endeavouring to trace uni-
formity and order in the midst of changes more consi-
derable and capricious than distinguish any other body
of our system, it was natural that the energies of such
a mind, being directed to Meteorological registers,
should produce some important and beneficial change.

(207.) The method adopted by this eminent man is
analogous to that which Astronomers in general have
pursued with so much certainty and success, when they
correct by small steps the mean place of a planet,by means
of the inequalities of its motion. It does not, as Hum-
boldt has remarked, present the result of the solar action
disengaged from the influence of foreign circumstances ;
but estimates, on the contrary, the temperatures such
as they are distributed over the surface of the globe,
whatever be the cause of that distribution ; and hence
the object was, by having the mean heat of two places
situated under different parallels of latitude, to discover
by the aid of a convenient formula the temperature of
every other parallel.,

(208.) To accomplish this at the time when Mayer
wrote wus a question of no ordinary difficulty.. The
mean temperature of the Equator, which forms so im~
portant an element of the inquiry, could only be arrived
at by a rude sort of un approximation; nor were the
mean temperatures of three points on the Earth’s sur-
face at that time accurately known. The materials for
the creation of his formula were only to be found, with
any tolerable accuracy, between the parallels of 40°and
50° of North latitude ; and from a diligent examination
of these, he imagined that the temperature at the surface
of the Earth varied as the square of the sine of the
latitude. His formula was exhibited under the form of

T =84 — 52sin¢ L,

which by a ready transformation by the arithmetic of
sines, becomes
T = 58 4 26 cos 2 L.

(209.) By allowing the latitude to vary in the first of Mayer re-
these formule, we shall perceive that Mayer regarded i,"ded ‘.'“:
84° as the mean Equatorial temperature, since when u?:;::;
the latitude is zero, sin® I vanishes, and the value of T 55 gge.
becomes that quantity. On the other hand, he esti-
mated the temperature of the Pole at 32° because
when the latitude is 90°, sin®* L being radius, the value
of T must become that of the freezing point.

(210.) In the second formula, the mean temperature
of the parallel of 45° was estimated at 58° and the
coefficient 26° was regarded as the difference between
the last-mentioned temperature and that of freezing
water at the Pole. '

If these formula be adapted to Reaumur’s scale, we
shall have '

Meteor-
ology.
N

Inquiries of
Mayer.

His method
analogous
to that pur-
sued by
Astronomers

Difficulty of
the under-
taking at
the time
Mayer
wrote.

The tem-
perature ¢
the parall
of 45° as
58°.

T = 24 cos* L,
which, by the arithmetic of sines, becomes-
T =12 + 12 cos 2 L.
(211.) Kirwan, who adopted the views of Mayer,
gave an example by which he deduced the constant co-

efficient, of the formula, as well as the Equatorial tem-
perature. Thus regarding the elements referred to us

Labours «
Kirwan.
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Neeor- indeterminate quantities, the formula may be exhibited
dogy.  under the form of
o i/

T=a—g@sin®L;

and taking the temperatures of the parallels of 40° and
50° at 62°.1 and 52°.9, we shall obtain the equations

a — B sin® 40° = 62°.1,
and a — B sin® 50° = 52°.9.

These equations reduced will give for a the Equatorial

temperature 84° nearly, and for the coefficient 8 53°

nearly. “Hence the temperature of the Pole must be

. ded as 81°.
Partair's (212.) Playfair, by adopting Mayer's formula under
Zotation  the form
ﬁn T =584 26cos 2L,
above deduced, furnishes a neat Geometrical construc-
tion for determining the mesn temperature. In any
line graduated into equal parts to represent the divi-
sions of the Thermometric scale, (fig. 1. plate 1. Me-
TEOROLOGY,). take A C = 84, the mean Equatorial tem-
perature, (according to Mayer,) and A B = 58, which
in the formula indicates the mean temperature of the
parallel of 45°. From B, as a centre, let a semicirele
be described with the radius B C equivalent to 26, the
coefficient of the last term of the formula. Take the
arch C G equal to the double latitude of any parallel ;
and from G draw G O at right angles to A C, then will
A O represent the mean temperature of that parallel,
according to the scale of Fahrenheit.
Lictes- (213.) M. Lichtenberg, the Editor of Mayer’s post-
"!"?“ humous Works, applied this formula to thirteen observa-
;' tions of mean temperature made between the Cape of
Good Hope and Stockholn ; and their agreement was
considered at that time to be remarkable. .
(214.) In the year 1819, M. Daubuisson, in his

Traitt de Géognosie, resumed the subject of the Earth’s
temperature, and gave the formula

T = 27°cos' L

for finding the mean temperature according to the cen-
d scale. This formula is superior in accuracy to
Mayer’s ; but M. Daubuisson considers it as apg)licable
principally between the parallels of 30° and 60° North
latitude. The coefficient 27° is regarded by the author
of the formula as the mean temperature of the Equator,
in order to make the results agree with observations
made in the temperate regions, whereas the mean tem-
perature of the Equator, as ascertained by Hamboldt,
is 27°.5. i '
Brewsters  (215.Y Among other advantages resulting. from the
:-F'-w pablication of Humboldt’s Memoir . on  Isothermal
: u‘r'i:‘lines, was Dr. Brewster’s comparison of Mayer’s for-
te dng. Mula with the observations collected by that distin-
vatios of  guished traveller. Brewster found by comparing the
Humbsidt temperature of the Equator with that of the parallel of
45°, and also with that of the. highest latitude in
Humboldt’s series, that the cold increased much more
rapidly towards the Poles than had been believed ; and
upon extending the comparison to the intermediate
temperatures, he found the mean heat of any place to
be well represented by the radius of its parallel of lati-
tude; or, in other words, that the temperature varies
as the cosine of the latitude. By adopting 81°.5 for
the mean temperature of the Equator, Brewster’s
formula therefore assumed the form of
VOL. V,
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T=81°56cos L......(F), Meteor-'

and which will be found to agree exceedingly well with _l°€J-
ohservations made at the following places ; the positive g & .
and negative errors approaching very nearly to an equi- formuls.
librium.

TasLe XXIX.—Of Mean Temperatures.

I;ll':n'r::l.
Observed ars cal-
Names of Places. Lati Mean Tem. | Sulated by | pigference,
tode. | N re, | Brewter
Equator .......oev. 0o o | 81260 | 8150 | 0°.00
Columbo ...... e00s 658 | 79.50 | 80.90 | 1.404
Chandernagore...... | 22 52 75.56 75.10 0.46—
Caim ...ovvvennne 30 2 72.82 70.56 1.76—
Funchal 32 37 68.54 68.62 0.08+
Rome....... 41 54 60.44 60.66 0.224
Mootpellier . 43 36 59.36 59.03 0.33—
Bourdeaux . 44 50 | 56.48 57.82 1.344
Milan .... 45 28 | 57.18 | 58.28 | 1.104
NECTIUGR e | B S
St. Malo ...... ves 48 39 B . v
Prrise e L1l " |as 50 |51.89 |53.65 |1.76+
Brussels o.v..v..a.. 50 50 | 51.80 | 51.47 | 0.33—
Dunkirk........ .. | 5120 |50.5¢ |51.25 |0.714
London.. «.... 51 30 511)-33 gg-gg g-gg‘-l-
Bu: Heath.. . 51 37 51.2 . 62—
o RN 2107 | dstoz |47:58 | 1564
New Malton ...... 54 10 |48.28 | 47.53 | 0.75—
Lyndon....... 54 34 |48.90 |49.37 1 0.474
Dublin ..... 53 21 49.10 48.65 0.45~
- Copenhagen . 55 41 | 45.68 | 45.95 | 0.27+4
Edinburgh .. .| 5557 |46.23 | 45.64 | 0.59—
Carlscrona.....o. .. 56 16 | 46.04 | 45.46 | 0.58—
Fawside .. »...0000. | 56 58 | 44.30 | 44.26 1°0.04—
Kinfauns ........... | 56 23} | 46.20 |.45.12 | 1.08—
Stockholm ......... 59 20 42.26 41.5% 0.69—
Upsal ........c0.0 59 51 42.08 40.94 1.14—
Abo....... teeacses 60 27 40.00 40.28 0.28+
Umeo cocvvunn ... | 63 50 33.08 35.96 | 2.88+4
Uleo covovvernnnne 65 30 33.26 34.38 1.114

(216.) Reasoning on general principles, we should Comparison
first imagine that %‘he (igistribution of heat over the °‘::t°u:::;
meridians of the New World, would coineide with ob- Fir (0}
gervations made in the Old World ; but as the condi- meridianss
tion of more distant climates was better known, the
severity of a Canadian and a Siberian winter became
proverbial. Humboldt has shown, that though the
temperature of the Equatorial regions is nearly, the
same under all meridians, yet in higher latitudes it
declines rapidly in the New World, and also under the
Eastern meridians of Asia. According to this view, it
would seem as if some correction were necessary for
longitude, and that the latitude ie not the only Geogra=
phical element that requires consideration. The sub-
ject, however, must be approached with extreme caution,
on account of the limited number of observations that
have been made in the regions referred to; and Dr.
Brewster has hence contented himself with the following
modification of his first formula, to denote the temper-
ature of the New World, o

T =181%5cos' L X .l°.l3:- .

This formula makes the Equatorial and Polar temper- yo4igeas
atures of the New World coincide with those of the tjon of
Old World, while in intermediate latitudes, the calcu- Brewster's
lated and observed results do not differ, upon an formuls.
average, so much as 1°, as may be seen by a reference
to the columns of the succeeding Table.

: : «



42
Meteor- TasLe XXX,
ology.
' [Temperstur | Tamperatare Dy O |of N W arid| botwacn OB
Latstede. onld ew and New | calculated by |servation and
Wortd, ‘World. World. the formula. | Calculation.
30° | 70°52 6.°.92 3°.60 69°.07 +2°.15
40 | 63.14 54.50 8.64 54.04 ~0.46
50 |50.90 | 37.94 | 12.96 | 38.06 +0.12
60 40.64 | 23.72 16.92 | 23.02 -0.70
Two points _ (217.) In following up this interesting inquiry, Dr.
of maxi- rewster was led to imagine, as we have before re-

mum cold. marked, the existence of two points of maximum cold
within the frigid zone as extremely probable, and
deduced a formula of mean temperature according to
such a supposition. The gradation of heat on the
Trunsatlantic meridian is so essentially different from
that in the West of Europe, that it is impossible to re-
present the two classes of phenomena by a single
formula, in which the limiting temperatures are to be
found at the Equator and the Pole. Such, indeed, are
the anomalies existing in the distribution of heat in the
Polar latitudes, that observation alone must determine
the form of the Isothermal lines. Dr. Brewster endea-
voured to trace their resemblance to the Isochromatic
curves, and to calculate the temperatures by the pro-
duct of the sines of the distance of the place from the
two Isothermal Poles; but he found, after much labo-
rious inquiry, that this law did not accurately represent
the facts, and that they might be more accurately repre -
sented by the formula
Mean temp, = 82°.8 sin D ;

upon the supposition that the greatest cold is 0° of
Fahrenheit, or

Mean temp. = 86°.3 sin D — 3}°,
upon the supposition that the maximum degree of
cold is — 31° of Fahrenheit, 82°.8 being the mean
temperature of the Equator in the warmest meridian, and
D the distance of the place nearest the Isothermal Pole.

Formula
relating to
the Pole of
maximum
cold,

Applieation  (218.) To bring these formule to the severest possible
of the for- test, Dr. Brewster contrasted them with observations

mule. made in intermediate meridians, both in the Old and the
New World. In this comparison he began with the Asiatic
Pole, supposing it to have a temperature of — 849,
and to be placed in 80° North Iatitude, and 95° East
longitude ; and by employing the formula before given

Mean temp. = 86°.3 sin D — 8}°,

Erroneous he found that the observed temperature exceeded the
assumption, temperature calculated by the formula, in eleven cases
out of thirteen; from which he very properly in-
ferred that he had assumed too great a degree of cold
for the Asiatic Pole. By assuming the temperature of this
Pole at zero of Fahrenheit, as supposed in the formula.
Mean temp. = 82°.8 sin D,
Corrections D€ found that the differences between the observed and
of the for. Calculated temperatures of the same thirteen places,
mule, were far within the limits of the errors of observation ;

but that being negative in general, a more correct ap-
proximation might be found by supposing the Asiatic
Pole to have a temperature of 1° Fahrenheit, which is
4)° warmer than the Transatlantic Pole. The last
formula in this case became, therefore, transformed into

Mean temp. = 81°.8 sin D 4 1°....(G)

METEOROLOGY.

which, applied to the thirteen places before alluded Meteor

to, gave the following results : ology.
TasrLe XXXI. =

Names of Places. ‘:i%‘ .. -&? M eture:” | Difference.
Enontekies.oo.... | 20°39 | 31°03 | 29285 | —1°18

UleO.. eeeeeeeses | 2316 | 33.08 | 33.31 +0.23
Umedee.cenves.. | 26 06 | 33.26 | 35.70 | 42.44

St. Petersburgh’... | 27 11 | 38.84 | 88.37 | —0.47

Stockholm ....... | 29 44 | 42.30 | 41.57 -0.73
Moscow ......e0 e 29 55 | 43.16 | 41.80 | —1.36
Warsaw oo ev..000 | 36 06 | 48.56 1 49.20 | 40.64
Astracan......... | 37 25 | 49.08 | 50.70 | 41.62
Vienna ....e..... | 40 37 | 51.76 | 54.25 | 42.49
Pekin....oe00..0 | 40 56 | 54.86 | 54.59 | —0.27
Nangasaki ....... | 48 57 | 60.80 | 62.69 | +1.89
Seriogapatem..... | 68 04 | 77.00 | 76.92 | —0.08
Columbo ........ 7312 | 79.50 | 79.33 | -0.17

(219.) A comparison of theog with observations Application
made round the Transatlantic Pole, affords results of the theory

equally satisfactory. In this case Dr. Brewster had ¥ observa-

recourse to the formula round the
Mean temp. = 86°.8 sin D — 84°....(H), 'lframﬂuh
the Pole being supposed to be situated in 80° North te

latitude, and 100° West longitude, and to have a tem-
perature of — 33°.

TasLe XXXII.
Distance
Names of Places. :‘m ’;":' .,-T.' Diffuvence.
Melville Island.... | 5°15° | 1°33 | 4°39 | 4-3°06
Upernavick. . .... .]1215 [16.34 | 14.81 | —1.53
Omenak......... | 1368 { 16.60 | 17.33 | 40.42
Godhavneses.e... | 17 08 | 22.04 | 21.92 | —0.12
Godthaab........ [ 20 19 | 26.07 | 26.46 | 40.39
Fort Churchill ..., | 20 58 | 25.3¢ | 27.38 | +2.04
Julisneshash ..... | 24 25 | 30.38 | 32.17 | 41.84
Eysford......... | 24 08 | 32.16 | 31.78 | —0.38
Nain..ee-enveeee | 2516 | 30.03 | 83.3¢ | 43.31
Okkak ., e0c0c... | 24 47 | 31.00 | 32.68 | +1.68
QuebeCesseccer.s | 34 44 | 41.90 | 45.67 | 43.77
Cambridge ....... | 39 04 | 50.36 | 50.89 | +0.53
New York ....... [ 3953 | 53.78 | 51.84 | —1.94 -
Philadelphia...... | 41 08 | 53.42 | 53.27 | —0.15
Williamsburg..... | 43 40 | 58.10 | 56.09 | —2.01
Orotava .... .... | 60 00 | 70.11 | 71.24 | 41.13
W. lon. 100¢ 81.50 0.00
E“““{E. lon. 95° } 8000 |81.30 | g 56 | t+0.08

(220.) By comparing the mean temperature of Van position o
Diemen’s Land with that of the Cape of Good Hope, the Easter
as ascertained by many accurate observations reduced Pole ofma
by Mr. Colebrooke, we obtain a position for the Eastern :ﬂ::‘sz‘:::
Pole of maximum cold in the Southern hemispbere, ¢rn hemi.
corresponding with the position of the opposite Pole in sphere,
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Msoor- the Northern hemisphere. In order to determine this

43
differing 2° from observation. It deserves to be re- Meteore

dgy. point, Dr. Brewster computed the mean temperature marked, however, that both these computed results lie  ology.
of Hobart Town, by supposing the Poles of maximum befween the mean temperature actually observed at “==v=—’
eold to have the same position in the Southern as they Hobart Town and Macquarie Harbour.
have in the Northern hemisphere. If we sappose the (221.) Having reviewed the different formule that Mr. Alkia-
Pole nearest to Hobart Town to have the same degree of have been presented for the purpose of finding the sov’s com-
cold as the American Pole, then the mean temperature mean temperature of a place, we shall add the fol- ll’.'ﬁ"':f
of Hobart Town will be 53°.11, differing little more lowing comparative Tables of their application; for u:, M"
then half a degree from the observed mean temper- which we are indebted to Mr. Atkinson’s excellent formulm.
ature ; and if we suppose it to be the same as the Paper before quoted. The places selected are all
Asistic Pole, the mean temperature will be 54°.67, situated nearly at the level of the sea.
TasLe XXXIII,
Brewster’s formuls.
Mayer's. Davbuisson’s.
1st. 20d.
Names of Places. § Oveurvel {No.or
e e e e e e
Londonoomenmmennnonnnn: | oo | | s0%a | 40o38 | 58905 | 43769 | 52998 | 42057 | 50°88 | 40ea7
Duakirk..e0oueereeeecnrane. | 50.54 51.95 | +0.71 | 54.11 | 43.57 | 53.36 | +2.82 [ 51.23 | 40.68
Amsterdamt ....00cv000000.. | 51.62 5| 49.76 -1.86 | 52.22 +0.60 | 52.13 | +0.51 | 50.12 -1.50
Brussels ......ccc000000000. | 51.80 | 13 | 51.47 —-0.33 | 63.94 | +2.14 | 53.54 | +1.74 | 51.89 | ~0.41
Francker ... cc.o000mevueeo | 51.26 | 11| 49.50 | —=1.76 | 51.70 | 40.46 | 51.92 | +0.66 | 49.93 | ~1.33
RN Maloecoecsrsecraicsenss | 54.14 3| 53.84 —0.30 | 57.32 +4+3.18 | 55.57 | +1.43 | 53.21 -0.93
Naates civece.nccccnssccc.. | 54.68 6| 55.36 | +0.68 | 58.66 | 43.98 | 56.91 | +2.23 | 54.42 | —0.26
Bourdeaux ... ....... eeeeees | 56.48 | 10 | 57.80 | 41.32 | 60.81 +4.33 | 59.16 | +2.68 | 56.44 —0.04
Marseilles........... ceseees | 59.00 7| 59.33 | +0.33 | 61.28 +2.28 60.62 | +1.62 | 57.76 -1.24
Mootpellier ... eesene 59.36 10 | 59.02 —0.34 | 61.23 4+1.87 | 60.32 | +0.96 | 57.49 -1.87
Mean Erros..... esstsencceces eer.| —0.12 +2.61 +1.72 —0.64
Immof  (222.) From this Table, it appears that Brewster’s (223.) The same formul® may also be compared by Application

Sewwnal firgt formula gives the temperature Zoo low by 0°.12,
and the second too high by 2°.61. Mayer’s formula is
too Aigh by 1°.72, and Daubuinson’s {00 low by 0°.64,

of the same
formule to
places si-

tuatedabove

means of places situated above the level of the Ocean,
and thus some notion be formed of their comparative
accuracy; and Mr. Atkinson has prepared the following

at the level of the sea. 'These differences Mr. Atkinson Table to illustrate this view of the subject. the level of
denominates corrections for the level of the sea. the sea.
Tanre XXXIV,
Brewster's formuls.
Mayer’s. Daubuisson’s.
1st. 2o0d. :
Names of Places. Observed |No. of -
Y Caloutaned Calculated Calculated Calculsted
e | vt (05| T | mew | Tpge | we | WE| P | ) R
L 2 Pabr. Fahr. Fahr.

Montmorency....| 498 | 50°74 | 33 | 53749 | 42075 | 56221 | 4947 | 53°26 | 44752 | 62093 | 42019

Paris® .........| 222 |s51.08 |11 |53.65 | 42.57 | 56.37 | 45.29 | 53.40 } +4.32 | 53.06 | +1.98

Strasbarg ......[ 480 |49.28 | .. |53.93 | +4.65[55.65 | +0.37 5.65 | 46.37 | 53.28 | +4.00

Maoheim® ...... 432 50.18 7 | 52.95 4+2.77 | 54.%9 +4.41 54.79 +4.61 | 52.51 +2.93

Vienna® ... 0 |50.5¢ |.. |54.32 | 4+3.78 | 54.47 | +3.93 | 55.99 | +5.45 | 53.59 | 43.05

Boda® .........[ 494 51.08 .. | 55.08 +4.00 | 54.70 +3.62 56.66 +5.58 | 54.20 +3.12

Milan ...... ...l 390 |s5.76 |24 |57.16 | 41.40 | 58.54 | 42.78 | 58.56 | +2.80 | 55.90 | +0.14

Gettingen. ...... 456 ) 46.94 .. | 50.70 +3.76 | 52.14 +45.20 | 52.90 +5.96 | 50.81 +3.87

Weans .........[ 434 +3.21 44.63 { 44,95 +2.58
i ']

© The beiglits of these four places are derived fram the Kdindurgd PHIWJ-;w«,vd.v.p.%.
a
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(224.) Hence it appears, that at the mean elevation
of 424 feet, Brewster’s first formula makes the temper--
ature foo high by 3°.21, and his second by 4°.63.
Em"&“h‘ Mayer's also gives it too high by 4°.95, and Daubuis-
e " son’s by 2°.58. These numbers being the corrections

to be applied when the temperature of a place is required
424 feet above the level of the sea. -

(225.) As the places in Table XXXIV., with the ex-
ception of Montmoreney and Paris, lie further to the
East than those in Table XXXIII., it is manifest that
the results obtained by employing the corrections de-
duced from the latter Table will not be the same as
those obtained by adopting the former ; for Humboldt,
as we have before remarked, has shown, that temper-
ature varies with the longitude as well as the latitude,
only in a much lessdegree. If, therefore, the given place
be situated in the Western regions of Europe, or near the
primary meridian, the corrections in Table XXXIII.
are to be preferred ; but if it lie in about 15° or 20°
of East longitude, the corrections in Table XXXIV.;
and if it be situated in a region about the middle be-
tween these, the corrections in both Tables should be
employed, and the mean of the whole taken.

Attempt o (226.) Hence, says Mr. Atkinson, if we wish to
estimate the know what the temperature would be directly below a
‘?"'P‘!“‘““ given place, supposing the ground taken away from
;1:”" el beneath it to a great extent, we have only to calculate
supposing  its temperature by each of the above four formule.
theground Then if the first set of corrections be applied to the
m"b':'! calculated temperatures, each to each, the four results

neath it,

Meteor-
ology-

Remarks
relative to
the pre-
ceding
Tables.

METEOROLOGY.

would be the temperature, as deduced from the formule Meteor:
respectively, on the supposition that the ground was ology.
removed from under the place, down to the level of the =~
sea. But, if the second set of corrections had been
applied, the mean of the results would be the temper~

ature of a point, directly below the place, but 424 feet

above the level of the sea. And if the mean temper-

ature of the place itself had been accurately observed,

the difference between the observed and calculated tem-
peratures would be the change of temperature due to the

whole height, if the first set of corrections had been
employed ; but if the second set of corrections had

been adopted, the difference would be the alteration of
temperature due to the height diminished by 424 feet.

(227.) The next Table exhibits the differences be- Differences
tween the temperatures of the eleven places mentioned b‘;"l:':ed“"
in it, calculated as directed above, and the observed ;7= ©*
mean temperatures of the same places. From what yyres of
has been already mentiqped respecting the apparent certain
connection between the longitude and the mean temper- places, wd
ature, it might be expected that the differences as de- :I;m‘:;w
duced from the corrections in Table XXXIIL would peratures.
give different results from those deduced from the cor-
rections in Table XXXIV., and accordingly Mr. Atkin-
son found it to be so. Butas the eleven places adopted
in the succeeding Table occupy nearly the central parts
of that portion of Europe in which the eighteen places
in Tables XXXIII. and XXXIV ure situated, it seems
highly probable that the mean of the whole will be a
tolerable approximation to the truth.

TasrLe XXXV.

Difference hetween the Tem- | Difference between the Temperature at

perature at the Level of the | the Height of 424 Feet,and the Mean

Sea and the Observed Tem- | Observed Temperature of each Place.

perature. The 1st Set of | The 2nd Set of Corrections is used

Names of i Corrections is used here. bere.
S Neof | . Helghta | - ‘

Heightstn Moo e | Oty | Prermanes Bewster's, Marers | Doy | Ay |Provsers | Breyiiers| Muyers | Duokeia-

;vaslons muls. mula. mula. |bydddfeet.| mula, muls. muls.

Fahr. Pabr, | Fabr. | Pabr. | Pabr . , . .

Convent of Pys-senburg® ......... .| 3264 | 42298 | 6 [11°96 |10°35 [11°56 |11°60 | 9830 | 8767 | 8034 | 835 | 638
Chamouni® ,...... tetessesscnanns 3372 | 39.20 | .. 17.52 (16.68 [17.12 (16.88 | 2948 |14.19 [14.66 |[13.89 13.66
Zorich} ooeeeeereconacacaecaanas| 13934 47.84 | 6 | 7.48 | 6.29 | 7.21 | 7.09 | 969}| 4.15 | 4.27 | 3.98 | 3.87
Coiret .. oeveencasocnasannns oo| 1933}| 48.92 4 | 6.96 | 5.57 | 6.63 | 6.47 | 1509}| 3.63 | 3.55 | 3.40 | 3.25
Municht «..ooevenviiincennnanns 16593 50.74 3.77 | 2.14 [ 3.59 | 3.55 | 1285} 0.44 | 0.12 | 0.36 | 0.33
Ratisbon ............ sresereeies 1104 | 47.66 6.00 { 4.23 | 5.92 | 5.95 | 680 | 2.67 | 2.21 | 2.69 | 2.73
Bernet ..e0ceneens . 1702}| 49.28 | .. | 7.37 | 6.33 | 6.98 | 6.74 | 12784 4.04 | 4.31 | 3.75 | 3.52
Geneva® .. cecevraacracnsenssans| 1177 | 49.64 7 |7.25|6.45|6.51|6.28| 753 | 3.92 | 4.43 | 3.28 | 3.06
Clermont ......... crecenrsetsens 1260 | 50.00 7 1697 | 6.70 | 6.56 | 6.29 | 836 | 3.64 | 4,68 | 3.33 | 3.07
Dijon ..verirnranreeniinenianns 810 | 50.90 | .. | 4.47 ( 3,90 | 4.20 | 4.08 | 386 | 1.14 | 1.88 | 0.97 | 0.86
Besancon .....oce000000 so0eees| 804 [ 51.26 | .. | 4.18 | 3.44 [ 3.92 | 3.79 | 380 | 0.85 | 1.42 | 0.69 | 0.57
18480 83.87 {72.09 (80.22 |78.72 |13816 47.24 [49.87 RM.GQ 43.30

® The heights of these three places are taken from the Edindurgh
Philosophical Journal, vol. iv. p. 276,

+ The heights of these four places, as given above, are obtained
by taking a mean between the heights adopted in the note at p. 275,
vol. iv., and those given in the Table and its notes, p. 32—39, vol. v.
of the same Journal. There is, probably, a mistake in the observed
mean temperature of Munich, ;:d it been rejected, the mean result

of the whole would have been a little different from the above, but
varying still more from the quantity generally adopted by Philosophers.
It may serve, however, as an example, to show how nec: it is to
employ a great number of places in investigations of this kind,
particularly where the altitude is not great. When the height is
considerable, a small error in the mean temperature makes a less
difference. '
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Neleor- (228.) It is useful sometimes to be able to approxi--

dgy.  mate to the mean temperature of the year, by the aid
=== of observations made during a particular part of it ; and
Yow - accordingly some have been made to discover the month

45

that the mean temperature of -April approached the Meteor~
nearest to that of the year, but Hamboldt conceives it clogy.
to be October. In the next Table, some comparative ‘= ==’
results are afforded of the two months.

wedo  Which approaches the nearest to it. Kirwan supposed
sl from .
\iegh TasLe XXXVI.
b Y
Mean Temperature. i Mean Temperature.
Names of Places. ot e | of Octo. ’ Names of Places. orce | of oo
Year. | ber. |OfApeil Year. | ber. |OfApril.
Cairo...... ceteccenan veves | 7203 | 7203 | 77°9 | Gottingen......eccvenerenss 46°9 | 47°1 | 44°4
Algiers......ccocieuauan 69.8 | 72.1 | 62.6 || Franeker..........ccuovnuan 52.3 | 64.9 | 50.0
Natchez ...... tevscevescess | 65.0 | 68.4 | 66,4 | Copenhagen...... veeens veo. | 45,7 | 48.7 | 41.0
Rome...eovue.... eteenees . ]160.4 | 62.1 | 5.4 || Stockholm...... Cheeetane .. | 42.3 | 42.4 | 38.5
o | Mimei | 55.8 | 58.1 | 55.6 || Clristiaba............ voee. | 42.6 | 39.2 [ 42.6
Cincinvati............ $ee.. | 53.6 | 54.9 | 56.8 Upsal...c..iiivienens veee. | 41.7 | 43.3 | 39.7
Philadelphia................ | 53.4 | 54.0 | 53.6 || Quebec......ceevuurnn.n. . 1 41.9 | 42.8 | 39.6
New York ....eov00e0eennn 53.8 | 54.5 | 49.1 || Petersburgh................ | 38.8 | 39.0 { 37.0
Pekin....co0eeninnnes veeo. | 54.7 | 55.4 | 57.0 || Abo e, .iveieeneieeiien... | 41.4 | 40.0 | 40,8
Buda..eoeerinnineannnns .o | 51.1 [ 52.3 | 49.1 || Dronthelm .............. .00 | 39.9 | 39.2 | 34.3
London....covuuunnn., cevee [ 51.8152,3)49.8 | Uleoeeuiuiineeaans ounn .. | 33.1137.9]34.2
Paris............ eseessaess | 51.1 | 51.3 | 48,2 || Umeo...... ceetecacacenee. [ 33.3]37.8]34,0
Geneva..... ferereneniaens . 149.3 |49.3 | 45.7 || North Cape.,........ vesss. | 32.0 | 32.0 | 30.2
Dublin ...... cieesseses | 48.6 [ 48,7 | 45.3 || Enontekies..oe. v0tnnenen . | 27.0 ) 27.5 | 26,6
Edinburgh ........0u0euiiee | 47.8 [ 48.2 | 46.9 || Nain...... ovveeenennen... | 26.4 | 83.1 | 27.5
Payhair’s (229.) Playfair, following the steps of Kirwan, the Observatoryofthe Academyof Sciencesat Stockholm, Observa-

femea fr adopted the temperature of the latter end of April as

::::"‘ the mean temperature of the year, and endeavoured to
create a formula which should enable him to approxi-

daydy, mate to the mean temperature of any day. This
formula is the following

y=T+ Fsin (A - 30)....(1),

in which T denotes the mean temperature of the given
place, F a constant coeflicient determined by observa-
tion, A the mean longitude of the sun computed from
the first of Aries, for any day of the year, the mean
temperature of which is y.

(230.) That the mean temperature of the latter end of
April is however nearly that of the year, may be seen by
the following admirable series of abservations, made in

during'a period of fifty years, and embracing no less tions made
than 54,750 observations. An excellent account of it ;:sn‘“&k'
will be found in Kongl. Vetenskap’s Academiens nya ;.. .m0
Handlingar, tom. xxix. p. 294, for 1808, or the Annals the mean
of Philosophy for 1813, vol. i. From these observa= temperaturs
tions, it appears that the mean temperature of the ylace ;‘“ e dif-
of observation, from 54,750 observations, is 53°, or 5°.765 :::ths of
above the freezing point of the thermometer of Celsius, hq year,
or 42°.377 Fahrenheit. The year has been divided by

M. Ofverbom, the author of the abstracts of the obsers

vations, into 78 penthemerons, or periods of five days

each, with some little anomaly for the intercalary days ;

and we have added the whole series, in order that our

readers may be able not only to judge of the mean temper-

ature of April, but also of the other months of the year.
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Tasre XXXVII.
The third ecturma
_ Number of Middie Day of the Mudium of 30 Yeans® ;ﬂﬁhll'- Diffwrence. -:'n!-’-lh
1 Jan. 3 — 5°596 - 4°521 —1°075 210927
2 8 - 5.098 — 4.898 —-0.200 22.824
3 13 — 4.791 - 5.214 +0.423 23.376
4 18 — 4.215 — 5.456 +1.241 24.413
5 23 - 4.193 — 5.572 +1.371 24.453
6 28 — 3.401 - 5.421 +2.020 25.878
7 Feb. 2 - 3.942 - 5.165 +1.223 24.904
8 7 — 4.731 — 4.838 +0.107 23.484
9 12 -~ 4.690 — 4,45} —-0.239 28.558
10 17 -— 3.683 - 4.018 40.331 25.403
11 22 — 2.995 - 3.532 40.537 26.609
12 ' 27 — 2.685 - 3.008 0.323 27.167
13 March 4 - 3.229 — 2.446 -—0.783 26.188
14 9 - 3.660 - 1. —1.812 25.410
15 14 — 2.272 — 1.216 —1.056 27.910
16 19 - 2.190 - 0.353 —1.638 28.060
17 24 - 1.168 + 0.143 -1.311 29.898
18 29 — 0.481 + 0.867 —1.148 31.494
19 April 3 + 1.273 + 1.620 —0.347 34.295
20 8 + 2.470 + 2.399 +0.071 36.446
21 13 + 3.009 + 3.205 -0.196 37.416
22 18 4 3.776 + 4.037 —-0.261 38.797
23 23 + 4.926 + 4.893 +0.033 40.867
24 ) 28 + 5.773 + 5.775 —0.002 42,391
25 May 3 + 6.573 + 6.828 —0.256 43.830
26 8 + 7.502 + 7.849 -0.347 45.504
27 13 + 8.279 + 8.838 -0.559 46.902
28 18 410.136 + 9.793 4-0.343 50.245
29 23 +10.888 +10.713 +0.175 51.598
30 28 411.446 +11.597 —0.151 52.603
31 June S +13.026 +12.443 0.548 56.447
32 7 +13.978 4+13.248 +0.730 57.160
33 12 +14.442 +14.013 +0.429 57.996
34 17 15.237 +14.733 +0.504 59.427
35 23 +15.423 +15.40¢ +0.017 59.761
36 27 +16.089 +16.028 +0.061 60.960
37 July 2 +16.572 +16.596 —0.024 61.830
38 7 +17.272 +17.102 +0.170 63.089
39 13 +17.556 +17.538 . 63.619
40 1 ¥} +17.839 +17.892 -0.053 64.110
41 23 +18.068 418.133 —0.069 64.515
42 27 +18.180 +18.103 +0.077 684.720
43 Aug. 1 +17.856 17.838 +0.018 64.141
44 6 17.449 +417.470 —0.021 63.408
45 1l +17.211 +17.020 +40.191 62.898
46 16 4+16.446 +16.508 —0.057 61.683
47 21 +16.197 4-15.926 +0.271 61.158
48 26 +15.094 +15.295 -0.201 59.169
49 31 +14.326 +14.614 -0.288 57.787
50 Sept. & 413.7%4 4-13.886 —0.152 56.721
51 1e 13.924 +13.114 -—0.190 55.263
52 15 +11.993 +12.301 -0.308 53.587
53 20 +11.132 11.449 -0.317 52.038
54 25 +10.459 +10.559 —0.100 50.826
55 30 + 8.998 + 9.633 -0.635 48.196
56 Oct. 5 + 8.785 + 8.672 0.113 47.613
57 10 + 7.513 4+ 7.678 —0.165 45.523
58 15 + 6.612 + 6.651 -0.039 43.901
59 20 + 5.604 + 5.618 -0.014 42.087
60 25 + 5.251 + 4.746 +0.505 41.452
61 30 + 4.177 + 3.894 +0.283 39.512
62 Nov. 4 + 3.787 + 3.067 +0.720 38.817
63 9 + 3.155 +.2.265 0.890 37.679
64 14 + 1.872 + 1.490 +0.382 35.369
65 19 + 0.176 + 0.742 -0.566 32.317
66 24 — 0.383 + 0.023 —0.406 31.311
67 29 - 0.611 — 0.667 0.056 30.900
68 Dec. 4 — 1.405 - 1.326 —0.079 29.471
69 9 — 1.602 - 1,952 +0.350 29.117
70 14 — 2,165 — 2.544 +0.379 28.103
71 19 — 3.155 — 3.100 —0.055 26.321
72 24 - 3.164 - 3.617 +0.453 26.305
73 29 — 4.334 — 4.092 —0.242 24.199
Mean...... + 5.765
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Bes~  (231.) It is also some argument in favour of the
deg. ing observations, and of the advantages to be
::" derived from the employment of formule of temper-
5,‘“’ ature, that the quantity of heat which any point of the
wy pent of globe receives, is much more equal during a long series
mpeie, Of years, than we should be led at first to conceive from
the uncertain testimony of our sensations, and the va-

risble product of our harvests. In a given place, says
Humboldt, the number of days during which the North-

East or South-West winds blow, preserve a very con-

stant ratio ; because the direction and force of these
winds, which bring warmer or colder air, depend upon
general causes,—on the declination of the sun,—on the
configuration of the coast,—and on the position of the
neighbouring cootinent. It is less frequently a dimi-
mution in the mean temperature, than an extraordinary
change in the divisien of the heat between the different
months, which occasions bad harvests. M. Humboldt

also states, that a careful examination of a series of

good Meteorological observations, made during ten or
twelve years between the parallels of 47° and 49°
proved that the annual temperatures varied only from

1°8 to 2°.7; those of winter from 8°.6 to 5°.4, and

those of the months of winter from 9° to 10°8. The

next Table illustrates the mean temperature of Geneva

for twenty years.
Tasre XXXVIII.

Yems. Mesn Temp. Years. Mean Tempe
1796 49°3 1806 51°4
1797 50.5 1807 49.3
1798 50.0 1808 46.9
1799 48.7 1809 48.9
1800 50.5 1810 . 511
1801 51.1 1811 ' 5.6
1802 50.9 1812 | 47.8
1803 50.4 1813 48.6
1804 51.1 1814 48.2
1805 47.8 1815 50.0

Mean of 20 Years.......c...... 49°.67

hewe  (232.) In the succeeding Table is shown the Ther-

=l mometrical oscillations during eleven years at Paris, for

hmhi. the whole year, the winter, the summer, the coldest and
warmest months, and the month which represents most
accurately the mean annual temperature.

47
TasrLe XXXIX.

Observations ' Mean Temperature.

of M. Bou-
vard.
Paris 1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813

Of the

oy Of Jamm-

ary.

Of Wia- | Of Sum- Of Aw- | Of Octe-

51e.1
52.0
49.5
53.4
51.4
50.5
50.9
50.9
52.7
49.8
49.8

86°7
41.0
36.0
40.6
4.3
36.7
40.5
36.5
39.2
39.6
36.1

67°6
63.5
63.1
65.3
67.8
66.2
62.4
63.3
65.1
63.1
61.7

34°3
43.9
31.9
43.0
36.1
36.3
40.8
30.6
26.6
34.7
32.5

67°6
64.6
64.8
64.6
70.5
66.6
64.2
63.7
63.7
64.2
62.6

50°5
52.7
49.3
51.8
54.3
48.2
49.6
52.9
57.6
51.1
53.1

51.1 | 38.7 | 64.0 | 36.6 | 65.1 | 51.9

Meanof these
11 Years. }

(238.) With reference to this Table it may be re=
marked, that the greatest aberration from the mean of
the year, is in 1806, amounting to - 2°.3, the posi-
tive errors amounting to + 5°1, and the negative
to — 5°.2. For the winter temperature, the greatest
deviation from the mean is 4 3°.6, in 1807, the sum
of the positive errors being + 11°.0, and of the nega-
tive — 11°.5. In like manner for the summer temper-
ature of Paris, the maximum deviation is 4 3°.2, the
sum of the positive errors being 4 9°.9, and of the
negative — 9°4. And if we take the corresponding
years from Table XXXVIII. we shall find the maximum
deviation from the mean amounting to — 2°.8, the posi-
tive errors amounting to -~ 8°.8, and those of a nega-
tive kind to — 7°.6. So that in two places distant, like Variations
Paris and Geneva, eighty leagues from each other, the of annual
variations seem to be very uniform in the annual tem- o becy ure
perature ; and also if the succeeding Table be referred Paris and
to, uniform in the seasons, although the Thermometri- Geneva
cal quantities differ widely from each other. seem very

uniform.

TanrLe XL,
Youss, et Garim | e ot Wi
at Geneva.
1803 67°6 3202 -
1804 . 66.2 38.3
1805 63.0 33.8
1806 64.6 38.5
1807 68.2 35.8 |
1808 63.5 33.8
1809 63.1 35.1

(284.) But it is often useful to be able to approxi- pormula for
mate to the mean temperature of places sitnated at greater ele-
greater elevations above the sea; and, accordingly, Mr. vations,
Atkinson has furnished the formula
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Remarks on

it.

Conve-
nience of
Brewster's
formula.
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97°.08 cos;1r lat. — 10°.58 —

1
—eee .. (K)

251 + 200

for the mean temperature of a place at the elevation A.
(285.) In submitting the formula, however, to the
test of actual observation, the Table which he has fur-
nished, although very copious and valuable, is confined
to observations made in America, and must therefore
be received with caution. At the same time also it
should be remarked, that it is open to another objec-
tion, grounded as it is on the high temperature he has

METEOROLOGY.

atlempted to assign to the Equator. Still it must be
admitted, that the temperatures deduced from it ap-
proach more nearly to .the actual values found by
observation, than could have been anticipated from the
great elevations of the places computed, and the va-
riable conditions of temperatures found in tropical val-
leys, and on the plateaus by which those regions are
distinguished. The great range of observation from
the Equator to Winter Harbour in Melville Islang,
embraced by the Table, is also another feature which
entitles it to consideration.

Tarre XLYI.

1.0 CO8 Lsy

e rm—— -

‘ABDIC,

Meteor.
ology,
o/
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Tasre XLIIL multiplied reflections and refractions, in consequence of Meteor-

Yetzors
dogy. which they are as it were absorbed and fixed, for a  ology.
-~ Latstnde, Mo Tem- Latitade, froni K time, in the soil and in the incumbent atmosphere.
By this process, the Earth, when in a cold state at the
0 9}’50 :g” gg"g; end of winter, becomes gradually heated to a certain
; 3133 48 54.53 depth as the warm season advances; and, on the other
3 81.39 49 53.47 hand, as the Sun declines in autumn, the heated soil
; g: .:lig g(l) g?gg acts as l: warm body on the atmt:;phere, and gives out
. . again the heat it had received, and as it were stored up.
s 8.9 52 AT Similar vicissitudes during the day and the niglt,
8 80.71 54 47.90 according as the Sun’s action is exercised or withdrawn
9 80.50 55 46.75 from the terrestrial surface, contribute in their part to
10 89.26 56 45.57 that unceasing variety which characterises all the con-
}; gggg gg g‘;’g ditions of the great body of air surrounding it.
13 79 .41 59 41.98 (239.) It appears from experiments that have been Influence of
T} 79.08 60 40.75 made, that were the Earth’s surface at a mean temper- the solar
15 78.72 61 39.51 ature, and the solar rays suddenly intercepted, it would FY° :"‘
g ;gg: gg g?%g require about thirty days to cool it down seven degrees, f,ce. e
18 77.51 64 35.73 and about the same time to heat it to its former tem-
19 77.06 65 34.44 perature, on their return. In fig. 2 is a diagram, con-
g? ;ggg g? g? ;g structed originally b¥I‘ Mr. Howard to illustrate this
. . interesting subject. The oblique circle marked with
g ;gg; gg gggf the signs %f theJZodiac denotes the varying declination
o4 74.45 70 27.87 of the Sun, and the irregular line which interseets it in
25 73.86 71 26.53 something like opposite nodes, represents the curve of
26 73.25 72 25.18 temperature for a year. The area comprised between
,f,; ;’fgﬁ ;2 gggg the line of temperature and the Sun’s path, and shaded
29 71.28 75 2l1.09 with parallel lines, represents the cold produced by
30 70.58 76 19.72 absorption on the side turned towards Spring ; and the
31 69.86 7 18.33 pearly similar portion covered with dots, and turned
232 23;2 ;g :gg; towards autumn, the heat derived by the atmosphere
31 67.57 80 14.15 from the Earth’s radiation. A like figure might be
35 66.76 81 12.75 coustructed to illustrate the vicissitudes of day and
36 65.93 82 11.34 night, and may serve to illustrate, in a general way, the
g; ggg gz ggg :l:fect whichlthe tet?p:rature of the Earth exercises on
: . e great volume of the air.
23 2323: 3‘;’ Z};S (240.) Our knowledge, however, of the actual con- Condition of
41 61.51 87 4.27 dition of the Earth’s internal temperature, must be the Earth’s
g ggg: gg %2; derived from observations made below its surface. By :"‘“'"lt
a4 58.63 %0 0,00 pursuing the subject, Philosophers have discovered ‘*™Pertture.
45 57.63 that, at a certain depth below the surface, the temper-
ature preserves a nearly constant character during the

circling changes of the year; and this permanent tem-

perature is less, according as the place is more distant

from the Equator. The great volume of the Earth, Division of
therefore, may be supposed to be separated into two the Earth's
portions ;—the exterior, which may be regarded as a Yolume iato
kind of envelope, of a thickness incomparably less than :;:,Pop
the length of the terrestrial radius, and subject to the

Temperature of the Interior of the Earth.

(237.) Fourier, in his elaborate and interesting
Treatise on the analytical theory of Heat,® has properly
remarked, that the question of terrestrial temperatures
offers one of the most beautiful applications of the

Iendae,

r-ﬂ‘,

“mngtions
@« Qe in.

theory of Heat. The different parts of the surface of
the globe, says he, are unequally exposed to the impres-
sion of the solar rays, and the intensity of this action
depends on the latitude of the place, on the changes
which take place during the day and the night, and on
the effects of other inequalities of a less sensible kind.
Between this variable condition of the surface, and that
of the temperature of the atmosphere, some relation
must exist, which a well-devised theory must ultimately
unfold.

(238.) The heat existing from day to day in that
portion of the atmosphere which is next the Earth, is

ez g 8 DO time, says Mr. Howard, the simple product of
®Ery's the direct action of the solar rays on that portion ; and

Sk
.

the accumulation of heat near the surface, is evidently
due to the stopping of the rays at that surface ; to their

. 8;2. Théorie Analytique de la Chalexr, par M. Fourier, & Paris,
VoL. V.

greatest vicissitudes of temperature; and an internal
mass, or nucleus, of a form nearly spherical, the surface
of which may be subject to a constant temperature,*
through all the points of what may be denominated, in
a general way, a given parallel, but which undergoes a
variation in passing from one parallel to another.t It

* To investigate the conditions of a great internal Isothermal plane,
will open, at some future time, a noble subject for Philosophical inquiry.

+ To treat this inquiry in all its generality, would be to fol-
low Fourier through all the stages of his profound and valuahl
Work; to advance with nim through his multiplied and refined
applications of the Differential Calculus, to pass through the succes-
sive orders of his integrals, and sum the varied and important series
which have enabled him to trace the law of the propagation of heat
in a solid sphere. Our limits will by no melnwwrmit us to do this,
and we can only recommend his elaborate Work to the deepest
attention of our readers,

We may, however, briefly remark, that the general equations
relating to the propagation of heat belong to the calculus of partal

H
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Meteor- is the consideration of the former of these, that more

elogy. immediately interests the Meteorologist, and to which
S~ we shall now briefly direct the attention of the reader.
Observa- (241.) Among the most interesting and important
tions made gbgervations that have been made to prove the exist-
in Caves al o 06 of a plane below the surface of the Earth, which

:::ym preserves during all the mutations and changes of the

year a nearly invariable temperature, may be men- Meteor
tioned the results obtained in the Caves below the ology.
Observatory at Paris, and of which the following ‘e~ ==
Table contains an abstract for three years, together

with the temperature of the Earth’s surface during the

same period, both in degrees of the centigrade scale.

Tasre XLIII.

Mean T Mean T Mean T ..

Months. J‘Z:’.:‘ | e .J.':&l'ln:m | g 5 .&‘E&'&.‘_ oty i
January ..cecececsenss 12°161 - 17 120172 - 002 12°.194 <+ 5°9
Pebruary ceeeccecrcness 12.1€5 + 6.4 12.175 — 0.9 12.202 + 5.2
March ceeeccenenncness 12.170 4+ 7.4 12.175 + 8.0 12.230 + 7.0
APl cuee veeeeneeenns | 12174 410.2 12.176 +11.4 12.101 +10.8
My ..cocaniiinnnncans 12.170 +12.6 12.176 +14.6 12.196 +15.1
JUNO e aernrearaenn.. | 12,182 +18.8 12176 | . +17.0 12.197 +17.5
July cocvniennnnns PP 12.171 +420.7 12.166 +19.8 12.193 +19.1
August.....cioinoecnoe 12.171 +21.2 12.171 +18.0 12.190 +17.6
September ....coccccete 12.170 +17.1 12.181 +16.2 12.210 +16.6
October.. . ovvvvneesnes | 12,170 +13.4 12.183 +13.1 12.210 +10.8
November ....e0c000.. . 12.168 + 5.4 12.184 + 5.8 12.215 + 7.4
December, «c..ccc00es 12.1711 + 5.8 12.187 + 6.9 12.212 + 4.5
Mean .o..cvcevene 12.170 +11.44 12.177 +16.8 12.203 +11.8

From these observations it may be inferred, that
while an uniform temperature is nearly preserved

differences, and though their forms are very simple, they are not
susceptible of integration by the ordinary methods. .
The question of the propagation of heat depends on the integration
of an equation of the form
dv _ dv 2 dv )
dc (d_s; z " ds)]’
00 that the integral is satisfied when &= X, at the same time

:—; + hAv=0. The functions 4 and K represent, respectively, the

K C—Kl—)' the four elements being specific coefficients
which the progress of the inquiry developes. The function v denotes
the temperl:(ugr: observed in a spherical lamina whose radius is 2,
after the time £. X is the radius of the sphere, and v is a function of
x and ¢, equivalent to Fz when we suppose t=0. The function
Fz is given, and represents the initial and arbitrary state of the
solid

ratios —k- and

1d.
In spplying this general equation to the propagation of heat in a
solid spliere, it assumes the form
vr _snmzf¥ sinmaFz.dz _, .,

= 1

X —2——:1—!in QR;X
+sinn,rfslinn..rl"cds
X -

eyl 4 &e.

sin 2ng X
2 ng
which satisfies all the conditions of the problem.

In treating of the practical applications of the subject, it may be
remarked, that we can only arrive at a knowledge of it, by measuriag
the temperatures of subterraneous excavations, or of those springs
which irsue from the depths of the earth. The small depths, how-
ever, to which the persevering industry of Man has penetrated, form
but a small portion of the terrestrial radius. Cordier has properly
remarked, io his llent Paper on Sub Temperatures, that
a8 it is proposed to apply ullimately to the great, the inferences
.deduced from the minute, the smallest errors will exercise a pro-

through the whole series of observations made in the
Caves, an increase of temperature will be found from
the surface to the point where the limit is attained,
during the months of January, February, March, April,
November, and December ; but during the remaining
months, a decrease of temperature takes place, till it has
gained a like point of uniformity.

(242.) If Caves of a like nature existed in different
latitudes, and observations of an equally accurate kind
could be made in them, a most important series of results
might be obtained, respecting the internal temperature
of the Earth. But as this is obviously impossible,
observations have been made at various depths, as cir-
cumstances would permit. Saussure, among others,
made an interesting set of observations near Geneva, in
October 1785. At the depth of 4 feet, he found the Observa-
temperature to be 60°.8; at 16 feet 56°; at 21 feet tions of
53°.6; and at 28 feet 51°.8; the temperature, at the Saussure.
surface, having been 60°.3, by Fahrenheit’s scale. A
thermometer, also, which had been placed 31 feet
below the surface of the earth, when examined in
summer, indicated a temperature of 49°.5; whereas a
similar observation made in winter was 52°.2. It is

digious influence upon what is to be inferred respecting the temper-
ature of the entire mass of the globe. 1f we proceed acconling to
the approximative law deduced from the experiments hitherto pub-
lished, an error of one degree of Fahrenheit in excess, for a depth of
180 feet in a given Couotry, will cause the point at which it is pre
sumed water would boil, to approach within 1600 feet of the place of
observation. And, again, if we compare the depth of the deepest
mioe in which observations have been accurately made on subter-
ranean temperatures, with the entire length of the terrestrial radius,
we shall find the latter dimension to exceed the former, nearly in the
ratio of 20,000 to 1; a ratio sufficient to inspire the most sal
caution, when (ke attempt is to deduce the Physical condition of the
antecedent from that of the consequent.
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Metsor-  worthy of remark, that the greatest of these temper-
atures was found in winter. A series of observations
made near the same place, and continued for ten years,
proved that the minimum temperature occurred when
the greatest heat prevailed in the atmosphere, and the
maximum at the time of the greatest cold.

i ve— (243.) Mr. Fox,* of Falmouth, also has made many

umd Mr. interesting observations relative to the influence of
the seasons on the temperature at considerable depths,
In fig. 3., which refers to Dolcoath mine in Corn-
wall, A represents the bottom of the engine shaft 285
fathoms deep; B C the deepest galleries, or levels, on
the course of the vein at 230 fathoms deep, and D E
galleries 220 fathoms deep on the same vein. A great
portion of the water finds its way to A, whence it is
pumped by a steam-engine, the quantity discharged in
24 hours being 500,000 gallons, At the point a, a
stream issued whose temperature was 82° and at e,
another stream, whose temperature was 78° the air
near A being 80°.f+ A hole, three feet in depth, was
made at O in the deepest level, 15 fathoms from the
engine shaft. It was usually quite dry, and for some
years no men had been employed nearer to it than at
A. In this hole was inserted the bulb of a thermo-
meter, four feet in length, the space round the lower
extremity of the instrument being carefully filled with
clay. The persons employed below D E were usually
two, and occasionally three at a time, on an average
two and a quarter constantly. In D E there were four
or five at a time.

In the galleries, 10 fathoms higher up, 10 men at a time.
Ditto 10 ditto 14  ditto.
Ditwo 10 ditto 14 ditto.

The total number of men was 360, but, as each worked
only six hours at a time, 100 may be regarded as the
average number constantly at work in the mine. From
the erroneous views which have been entertained up to
a late period on this very important subject, the minute
attention given to all the conditions of this experiment
will not be undervalued.

Sodee  (244.) The thermometer which was placed at O in

:h January 1821, being examined in September 1822,
exhibited no alteration from the seasons; but other
thermometers buried eight inches in the rock, at differ-
ent stations, in many of the superior galleries of the
mine, (that nearest the surface being 100 fathoms
deep,) indicated temperatures varying, according te the
depth, from 57°.5 to 70°. The surface of the mine is
about 62 fathoms above the level of the sea, the deep-
est workings being in granite, and those nearer the
surface in clay slate.

(245.) The Treskerby Mine, which is worked under
circumstances of strata and elevation very similar to
Dolcoath, had the following observations made in it.
In December 1819 the temperature at the surface
being 50°, those of two streams proceeding from the
opposite extremities of the deepest gallery, 149 fathoms
below the surface, were 72° and 76°, The temperature
of these streams was precisely the same in January
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1820, when the surface was two degrees below the Metoor
freezing point. In September of the same year, the ology.
temperatures of the streams were respectively 78° and ==’
76°, when the air at the surface was 67°.

(246.) Mr. Fox has also recently given us a series Monthly
of Monthly observations, made in the Mines of Huel Observations
Gorland and Dolcoath, in the IIId volume of the 'g’de all.
Transactions of the Royal Geological Society of Corn-
wall. - The thermometers were circumstanced like
those first alluded to. The results are contained in the
next Table.

TasLe XLIV.
Months, onuel, | Delooath.
1823 June .....000unnn 52074 | 53°60
July eveennnns eoee | 53,94 53.35
Avgust ....... oo 55.30 | 56.60
September........ 56.20 | 57.80
October ...... 53.70 | 52.70
November......... 49.10 | 49.67
December .... 46.00 | 47.57
1824 January .......... 44.00 | 4.4
February .ec...000 | 43.63 | 44.85
March ........... 42.80 | 44.08
April .......... . 43.78 | 44.62
May ..o vntanns 46.69 | 47.85
Means........ 48.99 | 49.94

The mean amnual temperature of Falmouth in the
vicinity of these Mines is 50.67.

(247.) Professor Leslie has likewise given us a series Observa-
of excellent observations made by Mr. Ferguson at tions of Mr.
Abbotshall in latitude 56° 10’ North, in which mes. Fo8"
curial thermometers with stems of unusual length
m«;... employed. The results are contained in the next

Tascz XLV,
1816. 1817.
Months
lhu.:l FPost. (¢ Poet.|8 Foet. lrou.'um. 4 Feat.|8 Fost.
Javuary ... .. 33°.0{36°3(40°7| 130|356 |38°7 | 40°5|45°.1
February ... ....[33.7/36.0/39.0/42.0{/37:0/40.0/41.6]42.7
March ......... 35.0/36.7{39.6 42.z[39.4m.241.7 42.3
Aprileeces ..... 39.7(38.4/41.4]43.8l45.0/42.4/42.6]42.6

44.0(43.3/43.4/44.0
. 51.6|50.0 47.1/45.8

46.8/44.7]44.6/44.2
51.149.4/47.6/47.8

May ........
Juge.........

® To this gentleman we are indebted for the first amunciation of
the general law of an increase of temperature at considerable depths
in the Earth, as well as for much of the infornvation which has now eo
satisfactorily established its accaracy.

4 To the same respectable authority we also refer for the fact that
the mean temperature of the Barth’s surface in a considerable portion
of the mining district of Cornwall is below 50,

July .o iiiennens 64.0'52.5 50.4/47.7(155.2/55.0/51.4/49.6

Angust.........{50.052.5/50.6(49.4{53.453.9/52.0/50.0

September...... H.’;l.s'ﬁl .3(51.8.50.0{/53.0,52.7 52.0!50.7

October ........[47.0{49.3 49.7}49.6 5.7149.4/49.4119.8

November ...... 40.8/43.8 46.8;45.6 41.0/44.7(47.0{47.

December....... 35.7/40.0 43.0;46.0 |37.9 40.8/44.9| “.:*
Means ...

-J43.8jad.1345.1 ‘46.0|I44.9|45.9 46.246.6
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Meteor- (248.) Observations of a similar kind, but on a more
ology. extended scale, are at this time carrying on in the
;—'\rf-’ Garden of the Observatory at Paris, by the distinguished
oo o Astronomer M. Arago. The Scientific world waits with
now making iMpatience for the results. It is obvious that all these
by M. Arago. observations must be much influenced by the peculiar
oonductibility of the solid mass, in or near which the
thermometer of observation is placed.

The tempere  (249.) But the permanent temnperature before referred
ature helow o, although it may be constant for the same parallel,
:::fi:“h' which however is extremely doubtful, varies consider-
varies with 2Ply with the latitude, being less according as the
the latitude, Place is more distant from the Equator, In the follow-
ing Table it will be seen that between Vadso and
Cairo, a differeuce of 40° of latitude, the temperature
of the interior of the Earth varies 36°.5, and between

the former place and Equinoctial America nearly 43°,

TasrLe XLVI.

Mean Tem.
Places. Latitudes. Lure of

of
Vadso.oeessnenncnnen. 700 0O 35°.96
Berlin.. cooeruneenenn, 52 31 49.28
Paris.........c0ue. . 48 50 53.60
Cairo ..... Ceereenasas 30 2 72.50
Equinoctial ....,...... 77.00
America..............} {78.08

Observa- (250.) Humboldt has remarked that from the Polar
tionsof  Circle to the Equator, and from the tops of mountains
Humboldt downwards to the plains, the progressive increase of
on sprivgs.  the teinperature of springs diminishes with the mean
temperature of the ambient air. Wahlenberg also
observes, that the mean temperature of the soil and
subjacent rock rises higher and higher above that of
the air, the further we advance towards the North.
Observa- The observations of Wahlenberg illustrating this re-
tionsof  Markable result, were published by Von Buch in Gil-
Wablenberg bert's Annals, and compared with the temperature of
the atmosphere. The following Table contains an
abstract of the results, and perfectly illustrates the
nature of the phenomenon.

TasrLe XLVII,
e | T

Places. Latitude. .&: . ‘Mm: Differ-
At Carlscrona ......... .| 56§°N. 47°3 | 46°2 | 1°1
Upsal ceeeienennoenenes | 60 43.7 | 42.1| 1.6
UMe.ei.cevvrsennasens | 64 37.2 1333 3.9

Giworten Fiall, 1600 feet
above thes’u.......} 66 34.2 1 25.2 9.0

Temper- (251.) Many interesting inquiries have also been
ature of the made respecting the temperature of the air in mines,
airin mines. ¢he results of which might be fuirly regarded as repre-
senting the exact temperature of the zone of roek in
which they are situated, had they been circumstanced
like the Caves of the Observatory at Paris—unin-
fluenced by the presence of miners, freed from the
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access of water having the temperature of other strata, Metear-
and also from the introduction of the external air. ology.

(252.) The latest writer on this subject® is M. Cor- ==~~~
dier, who, in a Paper read before the Academy of Observa-
Sciences in 1827 on subterranean temperatures, has g::;i::u.
ably discussed it. If we suppose for a moment, says )
he, what might take place in a mine of some extent,
under the conditions here alluded to, we may fairly
infer that the air in each stage would assume the tem-
perature of the surrounding rock. And if we proceed
on the hypothesis commonly received, and which seems
justified by observation, that the heat increases in pro-
portion to the depth, the air would continually circu-
late from the lower to the upper stages of the mine,
and vice versd, on account of the alteration of Specifie
Gravity, produced by the inequalities of heat at the
different levels. A greater activity would prevail in
these motions, the wider and less sinuous the subter-
ranean excavations were, and the greater the number
of their communications.

(253.) If, therefore, a uniformity of temperature
would not be found to take place in the case of a mine
circumstanced like one here alluded to, still less would
it be found to prevail in common mines, to which the
air has continual access, in which the filtering waters
incessantly act as a cause of variation, and where the
Lights and workmen daily disengage large quantities of

eat.

(254.) Moreover, the external air, by continually [sguence o

mixing with the air contained in a mine, acts in the the exter
ratio of the temperature which it briugs to each point, nal air.
and of the mass which is introduced at the same point
in a given time. These two elements are continually
varying, and their influence necessarily extends to the
most distant excavations. The temperature of the air
which enters, varies every instant, and it is also in-
fluenced more or less in consequence of evaporation.
At the same time the augmentation of temperature it
may receive from the increasing effects of atmospheric
pressure as the air penetrates into deeper cavities,
cannot be considerable.t

(255.) In pursuing these interesting considerations, Mean tem-
Cordier has noticed the important fact, that the mean perature of
temperature of the mass of air introduced into a mine ;" 'ﬂ‘;‘_""o
in the course of a year, is inferior to the mean temper- {5 'O
ature of the country for the same year. He estimates year, is less
the difference at from three to five degrees of Fahren- than the
heit, in most of the mines of our climates. Hence, not mean tem-
only does the introduction of the external air increase p';:"x of
and diminish incessantly the temperature of the air year-
contained in the different parts of each stage, but it
also tends ultimately to lower the proper temperature
of the whole excavation, and in an unequal manner, in
different parts of the same level.

_(256.) The filtering water, which also operates as a gcqq of
disturbing cause, acts in an uniform manner, whether the 6iterin,
we consider its influence confined to a very short water.
period, or extended to one very long. This cause
tends to diminish the temperature of the air contained
in the excavations in which it occurs, since it depends

* Since this was written, Mr. Henwood has published a very
interesting Paper on the Temperature of Mines in the Edinburgh
Journal of Science, No. XX.

+ The increment of temperature produced by the increased atmo-
spherical column has been much overrated. ~Cordier, with juster
views, estimates the increased effect at about five or six tenths of &
degree of Fahrenbeit, for a depth of 180 feet.
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Neteor- upon the influence of the proper heat of the affluent
dogr.  waters; and these waters arrive at the point whereat
‘e~ they make their exit, with a temperature derived from
more elevated zones of rocks. There is, indeed, an in-
finity of chances against the water of filtration and
springs indicating a temperature perfectly equal to that
of the rock from which theyissue. The temperature of
the rain-water which penetrates into the soil con.
tinually varies, being sometimes superior, and some-
times inferior to the mean temperature of the Country.
The original degree of heat is also subject to many
modifications, dependent on the depth to which the
waters descend, the number and length of the canals,
the slowness of the circulation, the length of time that
it bas been established, and the number and extent of
the masses of water traversed, if there be any such in
the lines of passage.
romiiows  (257.) A multitude of results have been obtained
mwuhs de- Tespecting the temperature of springs in mines, of the
tred fom  water of their engine pits, and also of those great inun-
““7“ dations to which mines are occasionally subject, but the
:;’-‘ conclusions derived from them are by no means satis-
wises, factory. In many of them, the expressions of the in-
crease of heat which have been found in the same mine,
present variations, the extent of which infinitely sur-
passes that which might be admitted as resulting from
anomalies arising from particular circumstances of the
rock, or from those inaccuracies to which observations
of this kind are liable. :

(258.) Another disturbing cause arises from the heat
disengaged by the workmen and the lights, which pro-
duces an effect the reverse of the preceding. Accord-
ing to the calculations of M. Cordier, the grounds of
which are added in a note,*® the presence of two hun-
dred miners, and two hundred lamps suitably distri-
buted, would be sufficient to raise a volume of air,
which should fill a gallery whose length is 656,900 feet,
(nearly 124 miles,) and transverse section 6 feet by
8 feet, one degree of Fahrenheit in an hour.

Indernce of
= bpia,

® According to the researches of M. Despretz on Animal Heat, a
middle-sized man disengages, in twenty-four hours, by respiration,
a quantity of heat equal to that which would raise one ounce of
water to 205°.709 Fahrenheit, and this heat is only three-fourths of
the quantity produced by the same individual durivg that time.
Heuce it follows that the total heat disengaged in an hour is equi-
valent to what would raise 4640 pounds of water one degree of
Fahrenheit. By employing the ratio 1.000: 0.2669, which accord-
ing to MM. Berard and De la Roche expresses the difference of the
Specific Heats of water and air, and adoptiug the Specific Gravity

by air at a temperature of 54° of Fahrenheit, it is found
that & miner disen, hourly a quantity of heat capable of raising
oae degree of Fahrenheit, a cubic mass of air containing 34,456 feet,
taken at the temperature of 54°.

Of the effects produced by the lights employed in mining two
cases necessarily arise, according as oil or candles are employed. If
Kaseed oil be employed, the combustion of one ounce will, according
1o the experiments of Rumford, raise the temperature of an ounce of
water to 16°.28 of Fahrenheit ; and hence Cordier remarks, that the
presence of a lamp burning 15 grammes of oil, increases by one de-
gree of Pahrenheit the temperature of a mass of air of 26,000 cubic
feet, taken at the before-mentioned temperature of 54°. Thus, four
of these lamps produce about as much heat as three workmen.

Count Rumford also found, that the heat furnished by the combus-
Goo of one ounce of tallow raised an ounce of water to 15°.064

Fabrenheit ; and hence it follows that, in a single hour, the light
obtained by the consumption of 7§ grammes of candles, raises 12,015
cubic feet of air one degree of Fahrenheit's scale, taken at the oris
gioal temperature of 54° Fahrenheit.

These facts will be found of great value and importance to our
readers, in pursuiug the ioteresting problem of the Earth's tempez-
stare, as connected with the subject of mines,
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(259.) M. Cordier’s results respecting the depths at Meteor-
which & depression of a degree of Fahrenheit’s ther- ology.
mometer is found, are exceedingly variable. They S’
may be useful to our readers in helping them onwards :;r'

in the investigation, and we therefore subjoin them. ;e

sults,

Observations derived from Springs in Mines.

1. By four observations made in three mines in
Saxony, the depth at which a depression of a degree of
Fahrenheit is found, varies from 102 to 64 feet, mean
83 feet.

2. By three observations made at Poullacuen, in
Bretagne, the same result was obtained, from 851 to
82 feet, mean 206 feet.

8. By four observations at Huelgogt, a similar result
was obtained, from 90 to 36 feet, mean 57 feet.

4. By one observation at Dolcoath, 45 feet was
obtained.

5. And by one observation made at Guanaxuato,
46 feet,

Observations made on the Temperature of Waler in
Engine-Pits of Mines.

From these observations it was found, that the depth
corresponding to the increase of one degree of heat
would be, in round numbers, as follows :

1. By six observations made in four mines of Corn-
wall, from 37 to 27 feet, mean 32 feet.

2. By three observations made in three mines of
Devonshire, from 71 to 85 feet, mean 60 feet.

8. By one observation made at the salt mine of
Bex, in Switzerland, 48 feet. .

4. And by two observations at Poullaouen, in Bre-
tagne, from 137 to 95 feet, mean 116 feet.

Observations made on the Temperalure of Waler of
great Inundations in Mines,

From these observations it was found, that the depth
corresponding to the increase of one degree Fahrenheit,
will be, in round numbers, as follows :

1. By seven observations, made in seven mines of
Cornwall, from 75 to 28 feet, mean 52 feet.

2. By one observation in a mine of Saxony, 63 feet

8. And by one observation at Huelgoégt, 56 feet.

Lastly, by means of Observations made on the Temper-
ature of the Rock in Mines,

we find the depth corresponding to the increase of one
degree of heat, as follows:

1. By two series of .observations made during two
years, in two points of the mine of Beschert Glick, in
Saxony, the depth being from 101 to 68 feet, mean 84
feet.

2. By four series of observations made in 1815, in
four points of the mine of Alte Hoffnung Gotes, in
Saxony, from 175 to 64 feet, mean 98 feet.

8. By two observations made cursorily in the conso-
lidated mines in Cornwall, 31 feet.

4. And by a series of observations which lasted 18
months, in a pait of the Dolcoath mine, 54 feet.

(260.) Our limits will not permit us to do justice to
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this very important subject, and we can, therefore, only
briefly remark, that the connection existing between
some of the mutations of the atmosphere and the
internal temperature of the Globe, renders it worthy of
a more extended investigation. An idea started by
Cordier, at the end of his excellent Pa’per, opens also
a new field for Philosophical inquiry.. * The differ-
ences,” says he, * between the results collected in the
same place, do not depend solely upon the imperfect
nature of the experiments, but also upon a certain irre-
gularity in the distribution of the subterranean heat
in different Countries.” This idea, replete with inter-
est both to the Meteorologist and the Geologist,
will, we trust, be effectually explored by the many
active and patient cultivators of natural knowledge
with which happily the present period abounds.* In
the mean time we must not omit the observation of
Mr. Fox, that “ the Isothermal lines within the Earth
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may in some measure coincide with the form of its Meteor-

surface.”

0 o

(261.) We have only room to add the single remark, ‘== ~’
that the lower strata of the atmosphere are also in- m““‘“ ot

fluenced by the temperature of the waters of the Ocean;
and forming as they do so considerable a portion of
the Globe, could not be omitted im an inquiry of this
kind. Although the sea radiates less abselute heat
than continents, it exercises an important effect on the
portion of the atmosphere resting on it, in consequence
of evaporation. It sends the particles of water which
are cooled, and therefore heavier, towards the bottom ;
and it is heated again, or cooled, by the curreats di-
rected from the Equator to the Poles, or by the mix-
ture of the superior and inferior strata on the sides of
banks. Having also alluded to some of the pheaomean
connected with the temperature of the Ocean in & pre-
ceding part of the Paper, we conclude by adding

TasrLe XLVIII, ‘
Containing the Results of some Observations made by late Navigators on the Temperature of the Ocean, at various
: Depths below its Surface.
Position. Temperature of the Teapstare ol
gt ::Em‘: Tefeme™ | Names of Observers.
am ‘Water and that
Laditude, Lengitede, Al sw",.,"“, sounded to,
80° O'N 5 0/ E. 40°0 29°7 120 36°3 6°5 Scoresby.
79 4 5 4 34.0 29.0 13 31.0 2.0 Ditto.
..... . . . .eee 37 33.8 4.8 Ditto.
cienes | eeeees PR e 57 34.5 5.8 Ditto.
eovee | eeeeee vese esse 100 3.0 7.0 Ditto.
..... B cesena cean oo 400 36.0 7.0 Ditto.
79 4 5 38 38.0 29.0 730 37.0 8.0 Ditio.
778 2 010 W 36.0 32.0 761 38.0 6.0 Ditto.
78 0 40.5 | .... 118 31.0 Lord Mulgrave.
77 4 2 30 E. 30.0 29.0 50 29.3 0.3 Scoresby,
...... vesse cocw 100 31.0 2.0 Ditto.
77 15 8 10 16.0 29.3 20 29.3 0.0 Ditto.
. . vees 40 29.3 0.0 Ditto.
cere caee 60 | 80.0 0.7 Diuo.
100 30.0 0.7 Ditto.
25.0 30.0 20 31.0 1.0 Ditto.
een cene 40 35.0 5.0 Dite.
e ..o 60 34.0 4.0 Ditto.
ceee s 100 34.7 4.7 Ditto.
16.0 28.3 20 28.9 0.3 Ditto,
s cses 50 28.3 0.0 Ditto.
eeen e 123 30.0 1.7 Ditto,
12.0 28.8 50 31.8 ceen Ditto.
ceee seee 123 33.8 euee Ditto.
cene cens 220 33.3 cees Ditto.
“ees 34.0 314 32.0 2.0 Ross.
31.0 30.0 94 31.25 1.75 Parry.
“es 34.5 80 32.0 2.5 Ross.
89.0 34.0 185 34.0 ceee Parry.
i -16.0. |428.0 5 30.0 2.0 Ditto.
72 7 W11 W 42.0 34.0 118 29.0 5.0 Ditto.
2 5 76 0 31.0 30.5 110 30.25% 0.25 Diuto.
72 0 73 0 33.0 32.0 75 32.25 0.25 Diuo.
71 24 71 0 38.0 35.0 83 33.0 2.0 Ditto.
.69 0 eenen 59.5 | ... 73 | 32.0 Lord Mulgrave.
68 25 65 0 .0 32.0 35 31.% 0.5 Parry.
68 24 63 32 31.0 30.5 170 30.5 0.0 Ditto.
eveen 63 8 29.0 30.0 318 30.0 ceee Ditto,
68 12 60 5 31.5 32.0 770 33.0 1.0 Ditto.
68 19 60 5 34.0 32.0 146 34.0 2.0 Ditto.

* We recommend the whole of Cordier's Paper to the particu- Journal, edited by Professor Jameson. M. Cordier bas also been

lar attention of our readers. A translation of it may

be seen in occupied with some experiments of his own an this highly intoresting

the Xth and XIth numbers of the Edirburgh New Philosophical subject, for which the learned wait with impatience. .

Ocean,
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dagy- Position. T of th Difference w
emperature o Tempersture | beteron te .
—r~’ Dt in T.E.m Tempersture | Names of Observers. N —
wma. ‘Waser and that
Latitade. Longitude, Atr, Sirtace scnnded to.
68° O N.| 6 YW, 340 31°0 809 27°0 4°0 Parry.
cecsne 60 6 30.0 34.5 200 33.25 1.25 Ditto,
67 0 | ...... 48.5 .ee 810 26.0 Lord Mulgrave.
61 1 31 12 48.0 47.5 320 44.25 3.25 Parry.
60 44 59 20 100 30.0 cees Ross.
60 44 59 20 eses ceee 200 29.0 eeee Ditto.
ceeene 400 28.0 Ditto.
coicae ceeiee ve s 660 25.5 oe o Ditto.
59 40 47 46 35.0 37.0 260 39.0 2.0 Parry,
58 52 48 12 38.5 38.5 290 38.75 0.25 Ditto.
57 44 47 31 46.0 45.0 650 40.5 4.5 Capt. Franklin.
57 39 13 31 50.0 49.5 140 47.8 1.7 Parry. .
57 26 25 11 49.0 49.0 130 48.0 1.0 Ditto,
57 0 17 52 60.5 50.0 100 49.0 1.0 Ditto.
56 59 24 33 49.0 48.5 1020 45.5 3.0 Ditto.
39 4 13 8 72.5 69.1 138 56.0 13.1 Kotzebue,
39 27 12 87 71.1 68.5 100 56.7 1.8 Ditto. L
37 3 199 17 63.0 61.0 10 59.5 1.6 Ditto.
3% 9 148 9 73.0 71.9 25 57.1 14.8 Ditto.
acesne tenene coee cose 100 52.8 19.1 Ditto.
eeces ceeese ceue cese 300 44.0 27.9 Ditto.
36 0 15 0 72.5 75.0 95 74.7 1.7 Krusenstern,
35 51 147 38 75.0 72.0 100 51.0 21.0 Kotzebue.
29 24 199 26 75.0 74.0 100 62.0 12.0 Ditto,
27 50 152 22 77.1 77.0 200 51.5 25.5 Ditto.
23 3 181 56 ceee 78.0 25 75.0 ‘3.0 Krusenstern. -
ceerne ceenes ceee 50 70.5 7.5 Ditto.
eocnns T cees eves 185 61.5 6.5 Ditto,
20 30 83 30 cees 83.0 1000 46.5 37.5 Sabine.
925 205 O 85.7 87.4 100 49.5 37.9 Kotzebue.
9 21 204 44 84.0 83.0 250 77.0 6.0 Ditto.
8 59 204 24 85.0 87.0 100 56.2 30.8 Ditto.
255 esseee 8l.0 8l.0 10 81.0 0.0 Bladh,
2 50 ccenes 8.1 84.5 20 81.0 3.5 Ditto.
0 00 veanen 75.5 74.0 85 66.0 8.0 Wales and Bayley.
0 00 177 5 83.0 82.5 300 55.0 27.5 Kotzebue.
0 56 8.} 146 16 82.0 82.0 100 60.0 22.0 Krusenstern.
3 26 7 59 B. cees 73.0 1000 42.0 31.0 ‘Wauchope.
15 26 133 42 W, 79.8 80.0 10 79.0 1.0 Kotzebue.
18 17 124 56 79.2 78.5 125 68.5 10.0 Ditto.
24 0 vesion 72.5 70.0 80 70.0 0.0 Wales and Bayley.
30 39 345 33 68.0 67.0 35 49 5 17.5 Kotzebue.
34 4 ceeeee 60.5 59.0 100 57.0 2.0 Wales and Bayley.
55 40 ceseee 47.0 40.5 110 51.5 11.0 Bladh.
4“4 17 57 31 57.6 54.9 196 38.8 16.1 Kntzebue.
Solar Radiation. which we are writing, no satisfactory answer can be Difficulty of
: L given to the question—What is the maximum calorific obtaiving an
:.‘* (262.) Of the general laws which influence the impression which plants are subject to in any latitude ? i

radiation of caloric, we have already treated under
Heat. It will be our object in this part of the Essay
on Meteorology, to direct the reader’s attention to two
beautiful examples of its power, denominated Solar and
Terrestrial Radiation. '

(263.) Many distinguished Philosophers have been
occupied with the delicate and abetruse researches con-
mected with the general question of radiation ; but before
the publication of Mr. Daniell’s Meteorological Essays,
the subject of Solar Radiation had hardly been eman-
cipated from the region of conjecture. Dr. Wells, it is
true, in his Essay on Dew, had shown its impertant
relations to the vegetable kingdom, but scarcely any
accurate attempts had been made to estimate the de-
gree of Solar influence in any latitude, or at any eleva-
., tion above the sea,

(2.64.) Mr. Daniell published his Essays in 1823,
aad it may, perhaps, surprise the reader of an after Age
to learn, that at that date, and even at the time at

And influenced as the atmosphere is by the varying tem- ,oyer,
peratures of the terrestrig] substances acted upon by

the Solar power, it becomes an interesting branch of
Meteorological inquiry to examine, in all its generality,

the principal conditions of this problem.

(265.) We shall, therefore, direct the reader’s atten- Experic

tion, in the first place, to Mr. Daniell's researches on ments of
this subject, ancf briefly review some of the objec- Mr. Daciell,
tions that have been urged against them; at the same
time earnestly impressing the importance of the
question on the attention of the Philosophical inquirer.
The thermometer employed by Mr. Dapiell in his ex-
periments on Solar Radiation was of the register kind,
of a large range, having its bulb covered with black
wool, and placed for observation about an inch above
the Southern border of some garden mould, with a full
exposure to the Sun. Mr. Daniell’s results are con-
tained in the following Table.
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TasLe XLIX.
Months, s | tovan ot | Boecs of soar
the air.
JADURTY cieeneeesinoe | 3996 404 120
February saseecccenee.. | 42,4 10.1 36
March weeeeveneneneees | 50.1 | 16,0 49
Aptil cuevennerennne | 57,7 |-28.1 47
May .ccieveenceeeneaee | 62.9 30.5 67
June..cieeeienencnsens 69.4 39.9 65
July covierienenianeens | 69.2 35.8 55
August.. ..c..oovvenense [ 7001 338.1 59
September....ec....... | 65.6 | 32.7 54
Octobers. o covvveeeeea. | 55.7 | 27.5 43
November «...eec0000c. | 47.5 6.7 24
December. «...0000en0e | 43.2 5.4 12

(266.) From this Table it appears, that the power of
the Solar Radiation varies with the declination. The
greatest intensity, it will be remarked, occurs in June,
while the maximum mean temperature of the atmo-
sphere does not take place till July, This beautiful
arrangement of nature has no doubt, as Mr. Daniell pro-
perly remarks, an important influence upon the processes
of fructification, in the whole range of the vegetable king-
dom. Agriculturists are well aware of the advantage
of direct Solar heat in the flowering of wheat and other
corn crops; an advantage which is never compensated
by any elevation of temperature under a clouded sky.

(267.) But not only does the power of the Solar
Radiation vary with the declination, and change with the
successive seasons of the year, but during the day it
likewise undergoes great modifications, increasing with
the altitude of the sun from its appearance in the East
until it has a little passed its meridian splendour; and
again declining, till evening. In order to determine the
system of changes, Mr. Daniell selected a perfectly calm
and cloudless day in June, and his results are registered
in the following Table.

TasLe L.
Time. T an” | i homage | Difference.
A. M. 9 93° 68° 25°
9| 103 69 34
10 111 70% 408
104 | 119 71 48
11 124 71} 62
1m | 125 72} 523
12 129 73 56
P.M. 0f | 132 74 58
141 74§ 664
15| 140 75 65
2 143 75§ 674
24 138 76 62
3 138 76% 61}
33| 132 77 55
4 124 76 48
4| 123 77 46
5 112 76 36
55 | 106 75 31
6 100 73 27
Means..... 1243 73% 51%

METEOROLOGY.

(268.) In the next Table, derived also from the Mateor-

authority of Mr. Daniell, are recorded the mean results

of five other sets of experiments directed to the same ‘===’

point.
Tasre LI
| e |
A M. 9% 32°
10 46
11} 55
12} 63
P.M 13} 65
2} 63
3} 58 |
44 | 49 |
5y | - 85
73 29

(269.) At the time e
in his inquiries . with Captain Kater’s pendulum in
the tropical regions, he undertook to repeat Mr.
Daniell’s experiments.

ology.

Captain . Sabine. was engaged Captain Sa
bine's expe.
riments on

H e same
His first observations were .. "o

made at Sierra Leone, and are recorded in the tWO Sierra
succeeding Tables. The numbers in the column marked Leone.

1, are the means of two thermometers, one having a
silvered and the other a blackened bulb, Those re-
corded in No. 2. were derived from a thermometer
with a blackened bulb. The results of No. 8. are from
a similar thermometer placed in vacuo in a glass-case.
No. 4. indicates the temperature derived from a ther-
mometer in the same glass-case with No. 3'. but hgvmg'
its bulb enclosed in a double case of polished silver,
not in contact with the glass or bulb. No. 5. denotes
the numbers derived from a differential thermometer
placed in vacuo, the sentient ball being coloured fiark.
and the other enclosed in a double case of pqllshed
silver. The divisions of this last were according to
the millesimal scale.

TasLe LIL
Dgﬂ-:‘ No. 1. | No. 2. D.‘:: No.8. No. 4. ':."?_'IN«& Observations,
AM10% (79039500150 7]|11000| — | — |70
11 |80.0{93.0/13.0[/109.0] — | — |i 78
12 180.2/91.5/11.3][105.0] — | — || 82 |[Haze.
P.M.1 (81.1/88.0 6.9(|109.0(102 | 7.0f| 81 [{ Mors clehr sed
2 (80.9/85.0| 4.1//109.5(102 | 7.5|| 64 ||Light clonds, -
3 83.4/91.0| 7.6/l118.0{107 [11.0]| 70 ||crear.
4 182.9'90.0] 7.1{[116.0/108 | 8.0|| 53 |[Wind dying awsy.
5 |81.4;83.5| 2.1|[100.0] 98 | 2.0/| —
5480.081.5 1.5(| 86.0| 86 | 0.0)) —
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Meteor~ Tasie LHI.
alegy.
-~ Dy =t No.1. | Ne.g | PHRer || No.s. | No.d Diffes-[ No. 5.
March & :
A.M. 9| 80°0 | 9520 | 15°0 || 110° | 102° | 8° || 69°
10 | 80.5 | 93.0 | 12.5 | 110 {105 |5 || 79
11 | 80.0 | 94.0 | 14.0 || 110 105 5 86
12 (80.2|98.5|18.3) 115 108 |7 { 93
P.M. 1| 80.8(96.0]15.2] 118 108 (10 88
281,01 97.0 | 16.0 | 118 110 8 77
3] 83.0 90.5 7.5 [ 113 105 8 69
4| 82.5 | 89.5 7.0 || 109.5{ 102 7.5|| 59

Feberer- (270.) Other experiments tending to like results
jrmests were performed by Captain Sabine, at Bahia, on the
mBba  eoast of Brazil, and at Port Royal in the Island of

7 Jamaica; and from their united testimony, compared
with that derived from his own experiments in London,
Mr. Daniell was led to the conclusion, that the inten-
sity of the Solar Radiation diminishes as we approach
the Equator. This distinguished Meteorologist be-
came, also, confirmed in his views on the subject, when,
by referring to some experiments performed by Cap-
tain Parry at Melville Island, he found greater effects
recorded than were obtained in the same month, in
the vicinity of London, thereby intimating an increase
of Solar Radiation as we advance to the North. The
'li‘e::lts for Melville Island are entered in the next

le.

wl
.

Tasre LIV.

Time.

Shade. |DIg

-24 | 48
-23 | 50
-22 | 504
-21 | 50
-13 | 32

-25 85
-22 39
—22 47
—22 43

il

AM 9 | 4240
10 | +27
1 | 4284
12 | +29

PM. 3 | 419

12 | +30
PM 1 +17
2 | 425

-3 +21

March 16.

March 25.

s

(271.) Mr. Daniell's views on this subject were,

i

Scoresby, in his Account of the Arctic Regions. The
force of the Sun’s rays, observes that enterprising man,
is sometimes remarkable. Where they fall upon the
snow-clad surface of the ice, or land, they are ina
great measure reflected, without producing any mate-
rial elevation of temperature; but when they impinge
on the black exterior of a ship, the pitch on one side
oceasionally becomes fluid, while ice is rapidly gene-
rated at the other; or, while a thermometer placed
against the black paint-work on which the Sun shines,
indicates a temperature of 80° or 90°, or even more, a
cold of 20°is sometimes found to prevail on the op-
posite side of the ship. This remarkable force of the
Sun’s rays is accompanied with a corresponding inten-
sity of light.
VOL. V.

moreover, strengthened by some interesting remarks of '
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(272.) To form some estimate of the temperature Meteor-
referred to by Mr. Scoresby, the author of the Meteoro-  ology.
logical Essays performed the following experiment, ==
He covered the bulb of a thermometer with pitch to Daviell’s ¢
the thickness of about one-tenth of an inch, and suf- f;::':::,‘;:p

fered it to ‘remain till it had become quite hard. - He atures re-

then held it at some distance from a fire, and remarked ferred to by
the following temperatures. At 110° the pitch might Scoresby.
have been moulded into any form, and from 120° to

1386° it rapidly approached fluidity, and at the latter
temperature dropped from the ball. The degree de-

noted cannot, therefore, be placed lower than 120°;

and if ice were forming at the same time in the shade,

the force of the Solar Radiation could not, Mr. Daniell

observes, have been less than 90°. L

(273.) Another observation of Mr. Scoresby is ad- Another
duced by Mr. Daniell in confirmation of the subject, observation
The Sun broke through the clouds, says the former of Scoresby.
observer, and produced a powerful effect upon the tem-
perature. At two A.M. the thermometer was 3° or 4°
below zero. At eight o’clock it was - 6° and at ten
A. M. about 14° in the shade. But the genial influence
of the Sun was still more striking. In sheltered air, it
produced the feeling of warmth ; the black paint-work
of the side of the ship, on which the Sun shone, was
heated to a temperature of 90° or 100° and the pitch
about the bends became fluid. Thus, while on one
side was uncommon warmth, on the other was intense
freezing. The radiating force of the Sun, therefore,
must, Mr. Daniell thinks, have been 80° in the month
of April.

(274.) Since the publication of Mr. Daniell’s Essays, Observa-
the subject of Solar Radiation in the Polar regions has tions on
been resumed by Dr. Richardson, the naturalist to the Poler
the expedition under Captain Franklin, and pursued Eﬁ’:&:’o’
with an earnestness worthy of their splendid enter- gy, mdn,
prise. In an Appendix to Captain Franklin's Second Kendall.
Journey, Dr. Richardson, Captain Back, and Lieu-
tenant Kendall have furnished the results of many
interesting experiments ; and, although they are not in
all cases capable of comparison with each other, in con-
sequence of the different results obtained by mercurial
and spirit-of-wine thermometers, yet many most valu-
able conclusions may be drawn from them.

(275.) In the first place it may be fairly inferred Solae
from the register kept by Captain Back and Lieu- Radiation

" tenant Kendall, that the force of Solar Radiation varies A" with

the declina-

with the declination, and is some function of it.. This ¢,

will be apparent from the next Table, which, though
not embracing the whole circuit of the year, affords
very strong evidence in favour of such a supposition.

Tasre LV.
Yeer. Nt J et
1826 November 10°.78
December 6.99
1827 January 15.29
February 84.55
March 45.16
April 53.18
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These results were obtained by the aid of spirit ther-
mometers ; the bulb of that exposed to the solar in«
fluence being covered with thin peper, blackened with
China ink and indigo, and sheltered from the wind by
a thin glass bottle, and the other protected from the
effects of radiation by two metal cylinders.* The hours
of observation from which the results of the preceding
Table were deduced, were 8, 10, and 11 . u., and 1,
®,and 4 p. & ; and after the middle of February, an
observation was also regularly made at noon. The
maximum excess of temperature derived from the direct
action of the Sun above the temperature indicated at
the same time by the thermometer in the metal cylin-
ders was always recorded by the observers,

(276.) The same principle also is confirmed in some
degree by the results obtained for the months of May,
July, and August, by Dr. Richardson, with the aid of
mercurial thermometers employed under the same cir-
cumstances as the preceding. These are shown in the
next Table, and though so limited and brief, are to be
highly valued, in the infancy of an inquiry like the pre-
sent, obtained as they were under circumstances so
trying and difficult.

TasLe LVL
Yer. Month, I Foaca
1827 May 85°.39
July 28.00
August 26.12

It must be remarked, however, that some little un-
certainty exists in the numbers from which the results

for July and August were obtained, on account of the °

observer, Mr. Dease, having lent his watch to the
Eastern detachment of the expedition, a sacrifice which
was however repaid by other interesting results,

(277.) The following Table contains the maximum
temperutures that occurred during the expedition, con-
nected with the Solar Radiation, the highest and lowest
temperatures of the air in the shade, and the difference
between the temperature at sunrise, which was gene-
rally the lowest in the twenty-four hours, and that at
iwo p. M., which, on an average, was the highest. All
the observations are thrown into periods of ten or
eleven days.

® The thermometer was enclosed in a brass ¢ linder, an inch and
a half in diameter, having a cover and bottom o] the same material,
fitted loosely to obtain a free passage to the air. This brass cylin-
der was shut up in another cylinder of tinned iron, four inches in
diameter, which also gave free admission to the air. This apparatus
completely answered the intended purpose; for even when the Sun
shone brightly on the outer case, the enclosed thermometer indicated
as low, and frequently a lower temperature, than one bung in the
most shady spot that could be selected,

Tasre LVIL Metoon
ology,
Masimum | Maximem S ———
e Temperstare| Exoess of a u o
a black T P T (s hl“‘.w‘-"
mm.:.g ga.s-'.gnl.-. of Air in the | of Air In the :"‘::.l
t. 1825,
sepl—-lo . ceo +55°0 | 433e. 200

11—20 . . +60.5 | 436.8 8.2

21-30 | .... . | 4+52.6 | 433.7 | 4.8
October. )

1—10 . coes +40.3 | 413.4 7.2
10—20 | 450.0 | 4+25.2 | 432.0 | + 6.8 | 6.1 |
11-31 +30.0 | 417.5 | 431.0 [ —18.0 4.5

November,

1—10 | 4+28.0 | 4-35.0 | 432.5 | —20.5 4.6
11 —20 | 432.0 | 4238.2 | 418.0 | —22.0 3.6
21 —80 | 440.0 | 417.5 | 429.4 | —12.0 1.5
D +44.5 | 428.0 | +27.5 | —a2.5 | 2.7

—1 . . . -42, .
1120 | 4+11.0 | 416.0 | — 0.5 | —29.8 2.6
21—31 | — 4.8 | 4+25.5 5.0 —-47.8 1.9
Jan. 1826.

1—10 ceve +423.0 | — 8.8 —49.0 3.3
11—20 e | 427.0 - 3.0 8.0 0.9
21—31 | 417.0 | 442.0 | +11.8 | —47.5 5.5
February.

1-10 | 488 430.0| — 3.0 —39.0 3.1
11—20 | 439.0 | 457.0 | 4+27.8 | —38.0 | 6.8
21—28 | 4-38.5 | 450.9 | 4+22.1 | —84.6 4.4
it I 8 o 431.8 3| 103

1—1 +50. 6. 31. —-29. .
1120 | 4-52.0 -|+-g5.0 i 7.2 | —-43.0 | 22.0
2131 +62.0 | 455.0 | 420.5 [ —-31.0 | 18.2

April.

1—10 | 490.0 | 4+51.0 | 493.7 | —19.7 ] 16.6
11—20 | 482.0 | +42.7 | 441.6 [ — 1.0 [ 26.4
21-30 | 452.6 | 4+23.5 | 434.0 | — 6.5 | 14.3

May.

l—ylo 4+71.5 | 432.3 | 4+45.0 | 4+ 1.0 | 13.1
11—20 | 485.5 | 442.8 | 451.5 | 417.5 | 12.0
2}41 +85.0 | 4+25.0 [ 4-61.0 | 428.0 | 20.2

une,

110 | 497.0| .... cee ceee
11—-20 PR cees esse esee ceae
21—30 veee vese veas ceee

July.

1—10 oous ees P cese
10—20 99.0 | 4+35.0 | 4+80.0 | 4+37.0 | 18.9
2131 [+107.0 | 438.5 | +73.0 | 4+34.0 | 13.7
August.

1—10 |+109.5 | 442.0 | 474.0 | 433.5 | 13.1
1121 97.5 | 432.0 | 471.0 | 441.5 5.1
2131 (+109.0 | 441.5°| +64.7 | +35.0 | 15.2

(278.) Amidst the cheerless solitude of the fort im- Horary ol
mortalized by the name of the English Franklin, the m“:ﬁ
entire month of May, and the greater portions of July e J:“
and August, were dedicated to the object of watching and Augu
the powerof the Solar Radiation, during many successive
hours of the day. In the next Table the resuits of
the first mentioned month are recorded, and embrace
twelve successive observations for each day, the maxima
being all denoted by asterisks,
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(279.) The means of the successive columns of this
valuable Table are recorded in that which next follows ;
and it appears from a comparison of the different nu-
merical results, that the force of Solar Radiation is at
its maximum when the Sun is on the meridian, but
that the greatest temperature in the shade occurs an
hour later. The Solar Radiation increases also from
the morning to noon, and declines from noon to the
evening.

‘ TasrLe LIX.
Mean Excess
Month. Hour. "":"'E:.f"f;,""{"' HSrercurial
,n”mﬂ" X in the
May. A.M. 5 3J°79 6°.33
8 36.86 20.41
9 38.10 23.83
10 39.02 26.58
11 40.47 30.09
Noon 41.42 30.75
PM Y 41.73 30.15
1 2 41.65 26.27
3 41.61 23.70
4 41.17 21.14
H) 40.59 18.14
6 39.45 15.56

(280.) By contrasting also the last Table with the
horary observations of Mr. Daniell, given in Table
XLIX., we shall arrive at some other useful results.
To enable us to make this comparison more readily,
we have in some degree anticipated a subject into which
we shall hereafter enter more fully, the method of exhi-
biting the alterations of atmospheric phenomena by
means of graphical illustrations. For this purpose fig. 4
has been constructed from the Tables last quoted. The
horizontal line AB in the diagram is divided so as to
represent the times at which the observations were
made; and the vertical lines springing from it repre-
sent the mean temperatures in the shade, and the effects
of the solar radiation. Hence the curve EF denotes
the mean temperature in the shade as recorded in Table
LIX., and the still more irregular and dotted line C D the
measure of the Solar Radiation. The nearly uniform
line IK alsoin the diagram, denotes the temperature
in the shade, as registered in Table XLIX., and the
towering dotted curve G H reptesents, in like manner,
the unequal and varied effects of the Sun’s radiating
power. The maximum temperature of the air in the
shade for each hour during the month is denoted by
the line L. M, and the greatest power of the Solar
Radiation for the same hours, by the dotted line N O.

(281.) There is one thing, however, which we must
mention with regard to this comparison, and that is,
the curves for the Polar regions have been constructed
for the means of an entire month, whereas those repre-
senting the labours of Mr. Daniell are confined to a
single day. At the same time we must also bear in
mind, that one system of results belongs to May and
the other to June. Such are the limited materials we
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have to work with, that vie can offer no better method Meteo
of comparison. ology

(282.) If we consider for 'a moment these different ==
curves, one of the most obvious results is, that the and to
power of Solar Radiation in the temperate and frigid gg?,‘:
zones is by no means the same. In the former region cal curv
it would seem as if the Solar power was much more
capricious in its changes, thau in the colder regions of
the North. The horary changes are much more rapid,
and the entire aspects of the curves are different.

(283.) Dr. Richardson remarks, that the intensity of Dr. Ri-
the Solar Radiation shown by the blackened ther- chardso
mometer was generally greatest when the sky was of ;::'::':’o
a deep blue colour, and it was not much affected by intensity
scattered clouds, however dense, unless they passed SolarRs
over the face of the Sun. The temperature produced tioa.
by the Sun’s rays (except when the exposed ther-
mometer was cooled by Southerly winds) generally in-
creased, as might have been expected, gradually from
sunrise to noon, and decreased again to sunset, but
on an average the radiation was found to be more
powerful in the forenoon, than at corresponding alti~
tudes of the Sun in the afternoon. Dr. Richardson
also found the radiation to be much stronger in the
Spring months when the ground was covered with
snow, than in the summer months when the altitude of
the Sun was greater.

(284.) The difference of intensity of the Solar Radia- lotensit

tion at equal altitudes of the Sun is, Dr. Richardson ima- at '3“'1
gines, dependent upon variations in the clearness of t':“‘l ont
the atmosphere ; and, perhaps, the greater transparency tye clea
of the air in the Spring, before the snow disappears, ness of
may, as he conceives, be explained somewliat as follows. atmospt
In the month of March, for example, the Sun in the lati-
tude of Port Franklin has sufficient power to heat the at-
mosphere considerably ; but the snow then lies unmelted
on the ground, and the temperature sinks very low in the
night, frequently as low as it does at any time during the
winter. Hence the cold, during the night, causes much
of the moisture of the atmosphere to be deposited in
the form of hoar frost; whilst, on the other hand, the
warmth which the air acquires after sunrise renders its
solvent power greater than the slow evaporation from
snow, cooled most frequently below zero, can satisfy.
The consequence is, that all the haze or mist floating
in the air is completely dissolved shortly after sunrise,
and the sky becomes clear to a degree which is un-
known there in the summer, or in any season in more
Southerly latitudes, The greater haziness of the sky
after the Sun has passed the meridian, probably de-
pends in some degree on the currents of air produced
by the heat of the Sun, mingling portions of the atmo-
sphere at different temperatures.

(285.) During the summer, the power of the Sun SclarR
was perceived to be the greatest, when partial thunder- tioogn
clouds were floating over a deep blue sky, and after a.When |
few large drops of rain had fallen. When the Sun shone :“;l“:::'
out at such times, its heat, Dr. Richardson remarks, \;ijed.
was very oppressive.

(286.) The highest peak of a chain of hills, distant
about forty miles from Bear Lake, was visible in clear
weather ; and in particular states of the atmosphere a
considerable portion of the range was seen, so that the
amount of refraction of the air was in some degree o ...
indicated by the extent of hill that appeared over the with re
low intervening grounds. The refraction measured in tion.
this way was greatest in a clear sky, when the tempera--
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Mateor- ture had been very low in the night, but was rising
elgy.  rapidly in the day, evidently through the influence of
== Solar Radiation.

(287.) The whole of Mr. Daniell’s inquiries led him
to the conclusion, that the power of Solar Radiation in
the atmosphere increases from the Equator to the

acicas Poles. This opinion of Mr. Daniell has not been with-
bE Da- out its opponents. In the Annales de Chimie for
mlicom- August 1824, the accuracy of the experiments on which
:}’-‘: it is grounded, has been questioned. It has been
sma- Urged that the thermometers were influenced by the
s from Vegetation on which they rested, that they were not
hlm always placed at equal distances from the ground and
b% "o from the vegetation which covered it, nor were they
minde €qually secured from the action of currents of air. Mr.
Chme,  Daniell, in his reply to these objections in the XVIIIth
volume of the Journal of the Royal Institution, ob-
serves that there is ample room for allowances of this
kind, and yet to save the conclusion, that the power of
Solar Radiation is less between the tropics than in
higher latitudes.

(288.) Mr. Foggo in adverting to the same subject,
in the XX VIIth number of the Edinburgh Philosophical
Journal, is of opinian, that Mr. Daniell has confounded
the actual power of the Sun’s rays with the excess of
temperature indicated by a thermometer exposed to the
Sun above the temperature of the air, and that the
situations of the thermometers of observation were not
free from objection. Captain Sabine’s thermometer
with a blackened bulb, and covered with black wool,
when placed on grass, did not, Mr. Foggo thinks, pre-
sent the full measure of the solar influence in the
experiments at Bahia. In support of this opinion, he
adduces some experiments of his own, performed near
Esexperi- Edinburgh, on the 7th of July. On a part of that
M. day, when the temperature of the air was 59°, with a
brisk wind, he exposed a large thermometer, having its
ball covered with black wool, to the direct rays of the
Sun, but unsheltered from the wind. On exposing the
instrument to the direct action of the Sun, it rose to
95° in ten minutes. By laying it horizontally on short
grass, it fell to 60°; but on restoring it to its former
situation, it again rose to 94°. On the 29th of the
same month, at 8t 10’ p, m., the same thermometer,
which had been exposed all day in & sheltered corner,
rose to 150°; when another instrument, similarly pre-
pared, and resting in contact with the herbage, indi-
cated only 119°. On the same day at two P. M. the
former thermometer indicated 140%, and the latter
110°. M. Foggo, therefore, remarks, that we have
hete a difference of 30°, arising solely from the manner
in which the instruments were exposed. .

(289.) These experiments are, however, too few in
number to ground any hypothesis on ; but they, never-
theless, open some room for supposing that, in the
observatoins performed in the tropical regions, the full
measure of the solar influence was not obtained ; and
we have indirect evidence from other quarters to
strengthen such a view. Many detached observations
exist in the writings of different travellers respecting
the heat measured with naked thermometers, which
seem to indicate & much higher measure of the solar
influence. In Caffraria, Mr. Barrow saw an exposed
thermometer mark 106°. The missionary Campbell,
during his interesting journey in the winter through the
Country of the Botchuanas, when the air at eight a. u.
wes 26°, saw the thermometer in the sun at noon rise

Mr. Foggo’s
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to 84°. At Gondar, Mr. Bruce mentions a temperature  Meteor-
of 1138°; while at Benares 110° 118°% and 118° re- olgy.
spectively are recorded. N~

(290.) Other detached observations respecting the Tempera-

temperature of the Earth, where it has been fully ex- ture of the
posed to the effects of insolation, tend also to strengthen Earth fully
the supposition that the Solar Radiation is greater in ;e:&‘l’::i‘::’
the tropical regions than the observations of Captain )
Sabine would seem to indicate. At Sierra Leone,
Dr. Winterbottom saw a thermometer placed on the
ground rise to 188°. Humboldt also gives many in-
stances of the temperature of the Earth amounting to
118°, 120° and 129°; and at one time he found the
temperature of a loose and coarse-grained granitic
sand 140°.5; another, finer and more dense, 126°, the
thermometer in the sun being at the same time 97°,16.
It is probable, remarks the distinguished traveller, that
the mean temperature of the dried mud, io which the
alligators bury themselves during their state of perio-
dical torpor, is more than 104° Fuhrenheit.

(291.) Mr. Daniell is also of opinion, from some Solar radia-
experiments performed by Captain Sabine on the moun- tionin-
tains of Jamaica, and also from some observations &t VP
made by Saussure, in his Voyage dans les Alpes, that
the power of Solar Radiation increases from the surface
of the Earth upwards.

(292.) In the absence of positive experiments per- Concluding

formed on a much more extended scale than we possess remarks.
at present, it would be a departure from the rules of
Philosophic prudence to adopt any hypothesis whatever.
There are too many conditions involved ; the range of
observation is too wide, spreading out as it does from
the Equator to the Poles; the circumstances of climate
are too diversified ; too little, indeed, is known con-
eerning the force of Solar Radiation in those Countries
most favoured by the presence of men devoted to the
advancement of Meteorological knowledge, to justify
the adoption of any theory to represent its varying
conditions in other latitudes.

Terrestrial Radiation.

(298.) It is a beautiful discovery of our own times, Introduc-
that if two bodies of different temperatures are placed tory re-
at a certain distance from each other, even in a va- ™"
cuum, that the one whose temperature is the highest,
will gradually communicate its caloric to the other. In
our Essay on Heat we have unfolded some of the leading:
phenomena connected with this interesting inquiry, and
we shall, therefore, only add such observations as will
enable us to disclose its relations to Terrestrial Radia-
tion,

(294.) Since every portion of the Earth’s surface in- Supposition
cessantly loses heat by radiation, let us suppose that a of a good
small body, whose surface radiates freely, is placed Fdintor 1&"
beneath a clear and tranquil sky, on a vast uncovered .8 P o<
plane. Such a body will emit calorific rays towards clear and
every point of the visible heavens, and unless it can tranquil
receive heat in return from the upper sky, which (in *k7.
the portion of this Essay devoted to Dew will be proved
not to.be possible in the case under consideration,)

a body circumstanced like that in our hypothesis - will
undoubtedly be cooled. Applying this reasoning to the Application
Earth’s surface generally, when not exposed to the direct to the
action of the san, to'the plains and the valleys, the moun- 'F'"“ s sur.
tains with all their varieties of surface and all their n‘ﬁ;“"‘"
diversities of radiating power, and we shall recognise
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Meteor- an active and powerful principle, tending under some
ology. eircumstances to cool the atmospheric strata in contact
v~ with it.
Inquiriesof  (295.) The experiments of Dr. Wells which relate
Dr. Wells. g the subject now under eonsideration, were directed
in a great measure to establish the important fact,
that a thermometer placed on the ground beneath
a clear and tranquil sky, will exhibit a lower tem-
perature than one suspended freely in the air. The
clear and convincing experiments by which he esta-
blished this important principle will be shown in the
portion of our Essay just referred to. It was no part,
however, of his inquiry to estimate the force of Terres~
trial Radiation through the suecessive months of the
year, and to communicate those general views which
the later 1abours of Mr. Daniell have so successfully dis-
closed. We shall hereafter see that the laborious in-
quiries with which Dr. Wells was occupied, were suf-
ficient, considering his health, to occupy all the ener-
ies of a single mind.

Of Mr. (296.) Mr. Daniell devoted considerable attention to
Daniell.  the subject of Terrestrial Radiation, and in the following
Table will be found the mean effect of radiation for
every month, deduced from the averages of three suc-
cessive years, together with its greatest observed inten-
sity in the same intervals.
Tasre LX,
Mean Mean Mazimam
Months. ol
Alr. Radiation. | Radiation,
January co.eveeennn 32°6 35 10°
February ....e..00.. 33.7 4.7 10
March ....c0n0e coea 37.7 5.8 10
Apriloveee ou.ne e | 423 | 6.2 1«
May.coveececeanens | 45.1 4.2 13
Juoe....... seensens 48.1 5.2 17
July e veranenn. 52.3 | 3.6 13
August......oeeenee | 52.9 | 5.2 12
Septamber.......... | 50.1 | 5.4 | 13
October ....... ceeee | 42.1 4.8 1
November ...... . 38.3 3.6 10
December........... | 35.4 3.5 11
Anvalogyof  (297.) The last column of the Table seems to indi=
hi,!thl’e::l“ cate an approximation to the law of radiation established
wi e

law of ra. DY Dulong and Petit, that the velocity of cooling in
diation of @C0, or the force of radiation, increases as the terms
Dulong and of a geometrical progression for increments of temper-
Petit. ature in arithmetical progression. The force of radia-
tion as developed in the Table, has manifestly a tend-
ency to increase with the heat, although the effect is
concealed by too many disturbing causes to enable us
to determine the law of the progression. From the
third column we may also form an estimate of the
clearness of the atmosphere, and the comparative bright-
ness of the different months. April appears to be the
clearest month of the year, and the cloudy state of July
Importast in deserving notice. L

inferences (298.) Mr. Daniell infers from his diary, that for ten
of Mr. -months in the year in our climate, vegetation is liable
Daniell.  ¢g be affected at night, from the influence of radiation,
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by a temperature below that of the freezing point; and Meteor.
that even in the months of July and August, the radiaat  logy-
thermometer sometimes falls to 35°. -
(299.) Captain Sabine performed also a number of Comparative
Comparative experiments on the same subject, in the experiment
tropical regions. At Bahia and Jamaica, he exposed gf.h;g':"“
upon grass to the aspect of the sky an alcohol ther- pahia and
mometer, registering the extreme cold, and having its Jemaics,
balb covered with black wool. The following Tables
contain a comparison of its indications with those of a
register thermometer placed under shelter.

Tasre LXI.—For Bahia.

Day. T"‘"fi iy D | Chourvations.
July 24 68 6325 4°5 Dew,
25 68 63.5 4.5 Dew.
26 72 62.5 9.5 Dew.
27 70 61.0 9.0 Dew.
28 64 60.5 3.5
29 67 59.5 7.5
30 65 64.0 1.0

(300.) Captain Subine remarks, that the register of
the cold was the same, whether the thermometer was
placed on a grass plat, or on a thick bed of rotboglia,
or on thick tufis of poa—a curious and valuable remark
comnected with the radiating powers of vegetables.

TasrLe LXII.—For Jemaica.

T

Dey. ’-“'i-:."" g Diffwense.
October 25 76° 72 4
26 76 69 7
27 76 63 11
28 | 76 66 10

29 76.5 65 11.5
30 | 76 ‘| 68 | 11
November 3 76 67 9

(801.) Upon the mountains of Jamaica, 4000 feet
above the level of the sea, Captain Sabine found the
thermometer lid upon grass to afford the following
results.

Tasez LXIIL
Tem-
Tem- | por-
per- | ature | D&~
Date. Time, |5 | of f & Observations,
Alr, | din-
tion.
Oct. 31 | P.M. 10% | 65°| 51°| 14°| Clear and ealwa,
Nov. 1 | AAM. 5 163 ] 45| 18 | Ditto.
P.M. 11 | 64 | 51 | 13 | Clear and gentle breszes.
2] A M 5 |64 ] 55| 9| Ditto.

(30%.) Frem all these experiments, Mr. Daaiell
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Nowor infers that the same cause which obstructs the passage
dugy. of radiant heat in the atmosphere from the Sun, opposes
‘==’ glso its transmission from the Earth into space; and
¥r.D»  that the force of radiation for a given temperature, is
nl" " Jess between the tropics than in the latitude of Lon-
don, and that it obviously increases as we ascend above
the Earth.
Ohtions (303.) In the Annales de Chimie rome remarks
mienthe have beena made, tending to prove that the results
4ninde belonging to the tropical regions were obtmined at
Gme.  times when the air was less clegr or calm than at Lon-
doa, but there seems no reasonable ground for such a
Smwks of SUpposition. There are two circumstances, as Mr.
k. Iggo. Foggo justly remarks, which are sufficient of them-
selves to explain the anomaly :—first, the high temper-
ature of the soil, which, in the torrid zone, frequently
retains a heat of several degrees above that of the air,
even when the latter has reached its minimum; and,
secondly, the law established by Mr. Auderson, that the
minimum temperature of the night is regulated by the
constituent temperature of the aqueous atmosphere ;
the great quantity of moisture in the air equally pre-
venting the diminution of its temperature beyond a
certain degree, and checking the cooling of the ground
evaporation. '
®.Ds (804.) Very little is yet known respecting the force
xel's iler- of Terrestrial Radiation in the Polar regions. Mr.
asdaa Daniell imagines from the intense cold which was
Teemas found to prevail during calm weather in Melville
Ruinion as Island, that a strong argument may be derived in
e favour of an increase of the radiating power as we go
North. He also infers from the following remark by
Mr. Scoresby, that the power of Terrestrial Radiation
is developed in a very powerful degree.
MeScores-  (305.) In cloudy weather, observes Mr. Scoresby,
bysm-  no freezing of the sea ever occurs when the temper-
.": e ature is above 29°; but in clear, calm weather, the sea,
='P°'lf- in the interstices of the ice, generally freezes on the
decline of the Bun towards the meridian below the
Pole, though the temperature be 32°, or higher. In
the instance now alluded to, the freezing commenced
when the temperature was 36°, being 73° or 8° above
the freezing’point of sea-water. About two . u. the ther-
mometer in the air fell to 33°, by which time the bay
ice was of such consistence, that the head-way of the
wp, under a light breeze, was sometimes stopped
it. ’
Tuelets (306.) These effects of radiation vary with the
¥ndation aspects of the sky, operating vertically and in every
:7 vich oblique direction. Dr. Wollaston was the first to
o tha sy, attempt to measure the effect, when a metallic mirror
Dr. Wallas- Was presented to the upper sky; and we shall here-
- after see, in the portion of our Essay devoted to
¥.lefe. Meteorological Instruments, that Mr. Leslie contrived
his Ethrioscope to enable us to estimate the effects at
intermediate altitudes,
¥ D (307.) Mr. Daniell, in estimating the effects of radia-
msre-  tion under different aspects of the sky, employed the
todes @ apparatus of Wollaston. The standard thermometer to
'h:-. which all his observations were referred, when not
otherwise expressed, had its bulb covered with black
wool.  Another thermometer was placed upon the
grass. The next Table exhibits a series of his intexest-
ing results relating to the force of radiation in a
re r and on the grass.

63
TasLe LXIV, Meteor
ology.
T ] obemton | VT
42° | 34° 30° Very fine and clear,
47 39 36 Ditto,
52 4 42 Ditto,
44 35 32 Ditto,
4“4 | 36 34 Ditto,
54 48 45 Ditto.
58 52 52 Dull,
67 51 49 Very fine. Moon hazy.
56 51 50 Light clouds.
51 41 41 Very fine and clear.
45 35 35 Ditto,
50 42 41 Ditto.
Means| 50 42.3 40.5

(308.) Mr. Daniell’s next attempt was, by means Mr. Da-
of the same apparatus, to compare the force of radia- piell's com-
tion when the Sun is above the horizon, with its parison of
power when that Juminary is below. Under the most effects when
favourable circumstances, in a clear and tranquil :‘l';'i““;’
atmosphere, he could never obtain an effect of more yejow ::,
than five or six degrees with the thermometer covered horizon.
with black wool. Imagining, however, that colour Effect of*
might in some degree modify the results, he had ano- colour.
ther reflector constructed precisely similar to the former,
the radiating thermometer falling to an equal amount
in each. In the focus of ome of these reflectors he
placed a thermometer, having its bulb covered with
white wool, and in the focus of the other another ther-
mometer, having its ball covered with black wool. A
cloudless day was selected for the experiment, and the
two instruments, placed side by side, were inclined at
equal angles towards the Eastern sky. The following
Table contains the results.

TasLe LXV.
k tion ! tion | Temper-
Day. | Hour. | fom | frem | sture Observations,
Weol. | Wol.
May16| P.M.34b] 58 | 53° | 63° | Cloudless. During
4 58 53 63 the experiment
8 “ 43 54 the reflectors
1n 36 36 47 were changed.
1
During
night. 35 3 45

(809.) Hence it appears, that the amount of radia-
tion from the white wool was equal, during the time
the Sun was high in the heavens, to what it was during
the night; while it was one half less from the black
wool. During the absence of the Sun, the radiating
power of the two was the same.

Inference,;
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Meteor-  (310.) Mr. Daniell repeated these interesting expe-
ology.  riments under many varieties of circumstances ; and in

examining his results contained in the following Table,

3::;;"9 ® it is especially necessary to attend to the collateral cir-
cumstances.
Tasre LXVI.
Ra- | Ra. | Tem-
dla- | dis- | per-
Day. Hour, | jom | gon |2t Observations.
Black | White | the
Wool.| Wool.| Alr.
May 17 | P.M. 13b | 64°| 59°| 65°|Overcast, with cumulo stratus.

Cleari reflectors to cleari
2 68 | 60 | 65 [~ 5oice ors to clearing

2} | 73 | 62 | 65 |Faint sunshine,

3§ | 74|62 |66 }:Eﬁ.ﬁ::of&“:!‘&’&:.ﬁﬁ?{hﬁ
4 76 | 64 | 68 leu? Jjust appeared on the
11 | 51 ] 51|55

metal.
Lightly overcast.
Night. | 42 | 42 | 51

Fine.

Remarkson  (311.) On this Table Mr. Daniell makes the follow-
the preced- jng remarks. The power of radiation was nearly neu-
ing Table. 4 olized in the black wool while the sky was overcast,
but in the white wool it was only reduced to aboat one

half. As the sky cleared, the reflectors being turned

towards the Sun’s place, the black thermometer rose

above the temperature of the air, and the white ther-

mometer still gave off more heat than it received.

Exposed to the full power of the Sun, the reflectors

_ being just turned out of the direct rays, the black ther-
mometer rose 8° above the temperature of the air, and

the white thermometer fell 4° below it. In estimating

these different effects, it must be remembered, that the

Actionof action of the reflector, in receiving and transmitting
:‘e re- heat, is different. In the former case, the action is un-
ectors.  duely increased, the heat which falls upon the surface of
the speculum being thrown upon the thermometer in
a concentrated form. In the latter case, the heat which
radiates from the thermometer in the focus falls upon the
concave metal, and is reflected into space in parallel
lines. The effect is, therefore, only slightly aug-
mented from the larger aspect of the sky. Mr. Da-
niell also found, whenever the reflector with the black
Effectofa woolled thermometer was turned towards a cloud,
elovd.<  during the presence of the Sun above the horizon,
that the mercury rose above the temperature of the
air, excepting in the winter months; and a visible
effect was produced even from the quarter most distant
from the Sun. The concrete vapour, Mr. Daniell thinks,
disperses the radiant matter, and acts upon it much in
the way that ground glass operates upon transmitted
No effect light. No effect is produced by any cloud after the
after the  Sun has sunk below the horizon; and in an overcast
Is;:"' :;:’" night the action of radiation is perfectly neutralized.
borizon.  The following Table tends to illustrate this point ; and

to show the effects of two similar thermometers placed
Experiment in the foci of similar reflectors, directed to different

to illus-
trate it quarters of the heavens.

METEOROLOGY.

TasLe LXVII, Meteor-
ology.
";’.':' Tem-
Date.| Hour. Foetecice. ' 'E'.' Observations.
Black| *
Wool. .
. i S —Cu-
iy 2| Moo | oot | 769 630\ Sy
'inclined 30°. 79 place not visible—
and brisk wind 8. W.
1P.M. i Sun’ just vi
.Homonhl 83 | 63 sib‘ll:. ) l?nl:“h {,up:hv:
inclined 30°. 83 dows.
2 Horizontal 86 | 63 Ditto.
inclined 30°. 86
23 Horizontal 83 | 63 Sun’s_ Elu:e
inclined 30°B. | 82 not visible,
3 Horizontal 79 | 63 Ditto.
inclined 30°N. | 79
H o
Inclined 30°N. | 76 | 63 Ditto.
30°s. | 79
Inclined30°N.E.| 85 | 63 Ditto.
30°S.W. | 88
3% Inclived 30° N.E. | 96 | 63
30°S.W. [100
Inclined W, 55 | 61 Just before
E. |55 sanset.
11 Inclined N. 57 | 61
S. 57
Night. Iaclined N. 40 | 48 Fice.
E. 40
- /
4 A'\ll Horizontal 41 | 51 Very fine.
Night. | . Vertical 43

(312.) We commenced this division of our Essay Concludin,
by stating, that we owe to Mr. Daniell nearly all the
information we possess on this very interesting subject;
and being anxious to lay before our readers all that we
are'able to obtain, we draw from the same respectable
source the following Table by way of conclusion, to
denote the results obtained by a black radiating ther-
mometer in a concave reflector, turned to the North, at
an angle of 30°

L 4



METEOROLOGY.

Tastz LXVIIL.Observations of a Black Radiating Thermometer, in a C. Reflector, turned to the North, angle 30°.

65

-
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Meteor- On the Gradation of Heat in the Atmosphere.
ology. (318.) We owe to Mr. Dalton the discovery, that
Dalton’'s  the natural condition of the equilibrium of heat in an
discovery  atmosphere is found, when each atom of air in the
thatin-"  game perpendicular column is possessed of the same
°‘;":c°|‘: of Quantity of heat; and, consequently, that such an
:i,pi, czu,, equilibrium results, when the temperature gradually
of cold of diminishes in ascending. This indeed is the natural
upper consequence of the increased capacity for heat derived
Tegions.  from rarefaction. When the quantity of heat is limited,
the temperature is governed by the density. We shall
hereafter refer to the delicate experiments and formule
by which Professor Leslie determined the law of the
progression.
Essential (814.) There is an essential difference between that
diference  0€CTease of temperature which arises from the in-
between  Creased capacity of air for heat, and the cooling of
cold from the atmosphere produced by radiation. The amount
this cause  of the former is governed by the altitude, and is a
::i‘:i;h‘;mm constituent element of the density due to the elevation ;
ndm%on_ but by the exercise of the latter, the air is cooled below

its natural standard, and thus becomes specifically
heavier in its successive strata. From the unequal
action of the Sun’s rays, says Professor Leslie,* and
the vicissitudes of day and night, a perpetual and
quick circulation is maintained between the lower and
upper strata; and for each portion of air which rises
from the surface, an equal and corresponding portion
must also descend. But that which ascends, acquiring
an enlargement of capacity, has its temperature pro-
portionally diminished, while the correlative mass, de-
scending, carries likewise its heat along with it, and, by
contracting its capacity, seems to diffuse warmth below.
A stratum at any given height in the atmosphere is
hence alike affected by the passage of air from below,
and by the return of air from above, the former ab-
sorbing heat, and the latter evolving it. But the mean
temperature at any height in the atmosphere is still on
the whole permanent; and, consequently, those dis-
turbing causes must be exactly balanced, or the abso-
lute measure of heat is really the same at all elevations,
suffering merely some external modification from the
difference of capacity in the fluid with which it has com-
bined. Hence that temperature is inversely as the

® Leslio on the Relations of Air to Heat and Moisture,
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capacity of air possessing the rarity due to the given Meteor
elevation. ology.

(315.) All our knowledge respecting the gradation ‘===~ =~
of heat in the atmosphere, as resulting from the varied Enowledg
causes which operate upon it, has been derived from the ;‘.&‘;;E?
useful observations that have been made with the baro- yeq¢ in 1
meter and thermometer, for determining the mensura- atmosphe:
tion of heights; and the exactness of such measure- obtained
ments, within certain limits, cannot be questioned, be- from the
cause they have been verified in so many instances, by :}el';:':g';::
the nicest operations of Geometry, and the most delicate
and refined operations of levelling. The numerous and
diversified theoretical investigations which have been
made respecting the beautiful problem of the terrestrial
refractions, have also tended in no inconsiderable
degree to throw a light on this important inquiry.*

(816.) If we admit the temperature of a column of air g uppositi
to diminish in the same ratio as the altitude increases, g,at the
and also suppose the rate of decrease, or the elevation temperatc
necessary for depressing the thermometer a single of a colw
degree, to be known, we shall be enabled to deduce with :f:;d:'“
ease and facility the temperature at any altitude in the o i
atmosphere, from the temperature observed at the
Earth’s surface, and also to compute the height of a
column of air, by knowing the temperatures at its
extremities. To determine the decrement of temper-
ature, recourse must be had to actual observation.

A reference to the best authorities, however, is some~ g orved
times productive of considerable anomalies, even in apomalie
circumstances where it is impossible to discern any

cause for an apparent difference. In the following

Table are forty-two measurements, taken from the
Mémoires sur la Formule Barométrique de la Mécanique

Céleste, by M. Ramond, made in circumstances of &

very varied kind, and free from suspicion of errors of

any considerable magnitude. Four of these, however,

marked with an asterisk, deviate so widely from the

rest, they may with propriety be omitted in estimating

the mean.

+ La comstitution de I'atmosphére élant comprise enise les dewm
limites d'une densité déoroissante en progresson arithmélique, et
dunc densité déoroissanie en progression géométriqur ; wne hypethise
qui participerait de Fune el de Pawire de ces p ss0ns,
devoir rmmuer a la feis-les réfractions et la diminution observée
dans la chaleur des couches atmosphériques. La Place, Mécanique
Céleate, tome 1v. livrs x, 361,
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.y Tasie LXIX.
dhogy.
e Decrements of Temperature observed at different Altitudes.
. Ahitodeof | Temper- | Temper- | Decrement tur
Names of Places. "g,c‘g;":ﬂ “m ?-:a‘-]- a .?‘ m'
1 ch Lussac’s Aerostatic Ascent . . Paris...cocvevenencnsnecces 3816.12 87.4 .9 95.14
2 Chimborazo¢...c.evveeeene...SouthSea soveveninrinnnens 3214.64 7.5 29.1 119.7%
3 Mont Blanc ..c..vevernen-oe..GEDOVE, . .iueusese. 8L BOOD 2391.70 82.9 26.8 76.55
4 at 2 o’clock ceoes 81.7 29.1 82.02
5 Peak of Teneriffe..............Orotana ,....{Cordier) ...... 2039.01 76.8 47.1 123.58
6 Mont Blanc ....excev0eueesss.Chamouny.......... atnoon 2035.19 73.4 26.8 78.74
7 ) at £ o'clock cevee 77.0 29.1 76.55
8 Etna........ secsrsescasase..Catania ... ..(Saussuse) 1768.99 73.6 39.9 97.33
9 Mont Perdu .ovveevineeeeneeeaTATDES Lourrienennnonsnnnns 1704.38 78.1 44.4 91,33
10 Giant's Neck .....oivvinnen.es Geneva ..c.oiiiniinnienane 1673.21 76.8 40.1 82.02
11 Maladeite .....c.eevneenee...Tarbes......(Cordier)...... 1587.91 69.4 38.1 91.32
12 Picdu Midies.covencreanens. Tarbes ... o, July 26,1809 ., | 1428.79 81.5 52.9 89.68
18 Sept.15...... . coons 67.3 47.5 130.14
4 Sept. 4, 1803... seces 72.5 46.6 98.97
15 Sept. 12....... PYYN 74.3 50.7 108.81
2 Sept.23 .....u. 65.8 | 46.6 | 133.42
17 Sept.27....... cecon 66.4 89.2 94.60
18 ) Sept.30....... caees 58.6 39.7 136.15
19 Giant's Neck..ooovinnrirens . Chamouny covveerineceenns. 1303.57 70.9 40.1 76.01
20 Moot Perdu........., ceeeen B T 1176.71 77.0 4.4 65.07
21 Picd'Byré.............. ceooTarbes ivvvvvnininnnnnnn.. 1173.98 70.3 51.8 113.73
22 Guanaxuoto .. v.erreennonsne South S8 sovvininienvens., 1139.53 77.5 70.3 284.88
23 Pic de Montaigu . ..o.oav...., . Tarbes covivieinennnnnn.., 1122.58 58.1 37.6 98.42
24 Pic de Bergons ............. o Tarbes .o...oiiiiiieliall, 979.32 66.2 §6.3 178.26
25 Pic du Midi v..vo00vuien,o.. Baréges ., ... Aug. 30, 1805 ., 904.95 80.1 61.5 88.03
26 Sept.15.....4, teeee 71.4 46.4 65.07
27 Aug. 15,1809 .. 70.3 | 46.8 69.44
28 Sept. 23 ...... einen 65.3 42.8 72.18
29 Oct.19........ eeee 60.6 36.6 67.26
30 Sept. 11,1810 .. csese 64.0 44.6 83.66
31 Sept.22...... 66.0 | 42.4 68.90
32 Sept.28...... . 65.1 41.4 68.35
33 Puy de Déme .c..s.v000.000e.Clermont ... .June 25, 1806 , . 582.89 70.3 57.9 84.21
34 Oct. 11, 1807, at noon cerse 64.0 51.4 83.11
35 1 o’clock cevne 65.5 53.1 84.21
36 June 29, 1808 .. cesse 76.6 59.4 60.6