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CHEMISTRY.

PART 11

A

CHEMICAL EXAMINATION -
" OF NATURE.

I{AVING, in the First Part of this Work, given a véry -
full detail of ‘the principles of Chemistry, and a de-
scription of the different Substances with which it is ne-
cessary for the Chemist to be acquainted, I propose; in
this Second Part, to take a view of the different sub<
Stances as they exist in nature; constituting thé rhatérial
world, that we may ascertain how far the science of
chemistry will contribute towards explaining their na~
ture, and accounting for the different changes which
they produce on each other. Now the different sub-
stances of which thé material world, as far as we have
access to it, is composed, may be very ¢onveniently ar~
ranged under the five following heads:
1. The Atmoesphere, 4. Vegetables,
2. Waters, 5. Animals.
3. Minerals,
These five divisions wiil form the subject of the five
following Books.
Vol. ¥V A
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BOOK I

OF THE

ATMOSPHERE.

Book L Tre atmosphere is that invisible elastic fluid whic"
sy surrounds the earth to an unknown height, and encloses
it on all sides. 1Tt received its name from the Greeks,
in consequence of the vapours which are continually
mixing with it. When the chemist turns his attention
to the atmosphere, there are two things which naturally
engage his attention : First, to ascertain the substances
of which itis composed; and, secondly, to trace the
changes to which it is liable. I shall therefore divide
this Book into two Chapters. In the first, I shall ex-
amine the component parts of the atmosphere ; and, in
the second, examine the changes te which it is liable,
under the title of METEOROLOGY. '



COMPOSITION OF THE ATMOSPﬁERE.

CHAP. I.

\

COMPOSITION OF THE ATMOSPHERE.

Nerraer the properties nor the composition of the
atmosphere seem to have occupied much of the atten-
tion of the antients. Aristotle considered it as one of
the four elements, situated between the regions of water
and fire, and mingled with two exbalations, the dry and
the moist ; the first of which occasioned thunder, light-
ning, and wind ; while the second produced rain, snow,
and hail, The ancients, in general, seem to have con-
sidered the blue colonr of the sky as essential to the at-
mosphere ; and several of their philosophers believed
that it was the constituent principle of other bodies, or
at least that air and other bodies are mutually converti-
ble into each other*. But these opinions continued
in the state of vague conjectures, till the matter was ex-
plained by the sagacity of Hales, and of those philoso-
phers who followed his illustrious career.

# Thus Lucretius:
Semper enim quodcunque fluit de rebus, id omne
Aeris in magnum fertur mare : qui nisi contra
Corpora retribuat rebus, recreetque fluenteis,
Omnia jam resoluta forent, et in acra versa.
Haud igitur cessat gigni de rebus et in res .
Recidere assidue, quoniam fluere omnia constat. Lib, v. 274

A2
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Discoveries
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derns,

COMPOSITION oF

It was not till the time of Bacon, who first tanght
mankind to investigate natural phenomena, that the
atmosphete began to be investigated with precision.
Galileo introduced the study by pointing out its weight;
a subject which was soon after investigated completely
by Torricelli, Paschal, &ec. Its density and elasticity
wecre ascertained by Boyle and the Florence Academi-
cians. Mariotte measured its dilatability ; Hooke, New-
ton, Boyle, Derham, pointed out its relation to light, to

. sound, and to electricity. Newton explained the effect

Component
parts of the]
aunusphcrc

produced wpon it by moisture ; from which Halley at-
tempted to explain the .changes in its weight indicated
by the barometer. But a complete enumeration of the
discoveries made upon the atmosphere in general be-
longs to preumatics ; a science which treats professedly
of the mechanical properties of air.

The knowledge of the component parts of the atmo-
sphere did not keep pace with the investigation of its
mechanical properties. The opinions of the earlier che-
mists concerning it are too vague-and absurd to merit
any particular notice.  Boyle, however, and his con-
temporaries, put it beyond doubt that the atmosphere
contained two distinct substances. 1. An elastic fluid
distinguished by the name of ai». 2. Water in the state
of vapour. Besides these two bodies, it was supposed
that the atmosphere contained a great variety of other
substances, which were continually mixing with it from
the earth, and which often altered its properties, and
rendered it noxious or fatal. Since the discovery of
carbonic acid gas by Dr Black, it has been ascertained
that this elastic fluid always constitutes a part of the at-
mosphere. The constituent parts of the atmosphere
therefore are,



THE ATMOSPHERE.

1. Air, 3. Carbonic acid gas,

2, Water, 4. Unknown bodies.
“These shall form the subject of the four following Sec~
tions. But before proceeding to ascertain their proper-
ties, and the proportion in which they'exist in air, it
will be worth while to endeavour to calculate the a-
mount of the whole of the atmosphere which surrounds
the eagth. This will put it in our power to state the
amount of its different constituent parts, and of course
to see how far the quantities of each agree with the dif-
ferent chemical theories which have been maintained
concerning the influence of these bodies on the different
kingdoms of nature.

Mechanical philosophers have demonstrated, that the
weight of a column of the atmosphere, whose base is
an inch square, 1s equal to & column of mercary of the
same base, and balanced by the atmosphere in the ba-
rometical tube. INow let us suppose the mean height
of the barometer to amount to nearly 30 inches. Let
R denote the radius of the earth, 7 the height of the
mercury in the barometer, » the ratio between the cir-
cumference of a circle and its diameter. - The solidity

of the earth is %—:—lg-; the solidity of the sphere com-
3

posed of the earth, and a quantity of mercury sur-
rounding it equal to the weight of the atmosphere, is

f:—-(Rﬁ Consequently the solidity of the hollow
3

sphere of mercury equal to the weight of the atmo-
r - 3 . -
-§phereis4‘ (P;—}—r)’_é 3R =4-(R*r+7r* R

3 - .. -
-}-%_), or, neglecting the terms contelning 7* 2nd 7%,

5

Chap.T.
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Air an elas-
tic fuid.

THE ATMOSPHERE.

4 » R* r. This formula, by substituting for », R*, and
#, their known values, gives the solidity of the hol-
low sphere of mercury in cubic feet. But a cubic foot
of mercury is nearly equal to 13,5000 avoirdupois
ounces. Hence the mean weight of the atmasphere
amounts to about 1,911,163,227,258,181,8181bs. a-
voirdupois.

SECT. I

OF AIR.

Tur word a1z seems to have been used at first to
denote the atmosphere in general; but philosophers
afterwards restricted it to the elastic fluid, which con~
stitutes the greatest and the most important part of the
atmosphere, excluding the water and the other foreign
bodies which are occasionally found mixed withit. For
many years all permanently elastic fluids were consi-
dered as air, from whatever combinations they were ex-
tricated, and supposed to possess exactly the same pro-
perties with the air of the atmosphere. It is true, in-
deed, that Van Helmont suspected that elastic fluids
possessed different properties; and that Boyle ascertain-
ed that all elastic fluids are not capable of supporting
combustion like air. But it wasnot till the discoveries
of Cavendish and Priestley had demonstrated the pecu.
liar properties of a variety of elastic fluids, that phi-
losophers became sensible that there existed various
species of them. In consequence of this discovery, the .
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word air became generic, and was applied by Priestley,
and the British and Swedish philosophers in general, to
all permanently elastic fluids, while the air of the at-
mosphere was distinguished by the epithets of commor
or atmospheric air : but Macquer thought proper to ap-
ply the term gas, first employed by Van Helmont, to
all permanently elastic fluids except common air, and
to confine the term 4z to this last fluid. This innova-
tion was scarcely necessary ; but as it has now been
generally adopted, it will be proper to follow it. By
the word azr, then, in this Section, I mean only com-
mon azr, or the fluid which forms by far the greatest
part of the atmosphere.

The foreign bodies which are mixed or united with
air in the atmosphere are so minute in quantity com-
pared to it, that they have no very sensible influence
on its properties. We may therefore consider atmo-
spheric air, when in its usual state of dryness, as suffi-
ciently pure for examination. -

1. Air is an elastic fluid, invisible indeed, but easily
recognized by its properties. Its specific gravity, ac-
cording to the experiments of Sir George Shuckburgh,
when the barometer is at 30 inches, and the thermome-
ter between 50° and 60°, is usually reckoned 1-000: It
is 816 times lighter than water. One hundred cubic
inches of air weigh 31 grains troy. '

But as air is an _elastic fluid, and compressed at the
surface of the earth by the whole weight of the incum-
bent atmosphere, its density diminishes according to its
height above the surface of the earth. From the expe-
riments of Paschal, Deluc, General Roy, &ec. it has
been asccrtained, that the density diminishes in the ra-

oy
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THE ATMOSPHERE,

tio of the compression. Consequently the density de.
creases in a geometrical progression, while the heights
increase in an arithmetical progression.

Bouguer had suspected, from his observatians made
on the Andes, that at considerable heights the density
of the air is no longer proportional to the compressing
force * ; but the experiments of Saussure juhior, made
upon Mount Rose, have demonstrated the contrary .

2. Although the sky is well known to have a blue
colour, wye\: it cannot be doubted that air jiself is alto-
gether colourless and invisible.  The blue colour of the
sky is occasioned by the vapours which are always mix-
ed with air, and which have the property of reflecting
the blue rays more copiously than any other. This
hasbeen proved by the experiments which Saussure made
with his cyanometer at different heights above the sur-
face of the earth, Thisinsrument consisted of a circular
band of paper, divided into 51 parts, each of which was
pamted with a different shade of blue ; beginning with
the deepest mixed with black, to the lightest mixed with
white. He found that the colour of the sky always cor-
responds with a deeper shade of blue the higher the obw
server 1s placed above the surface ; consequently, ata
certain height, the blue will disappear altogether, and

- the sky appear black ; that is to say, will reflect no

light at all.  Thecolour becomes alwayslighter in pro-
fdrtion to the vapours mixed with the air. Hence it
is evidently owing to them f.

3. For many ages air was considered as an element

% Aem. Par. 1753. p- 515. t Jour!de Plys. xxxvi, 93.
j‘ Saussure, Voyages duns les Alpes,iv. 288 .
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or simple substance. For the knowledge of its com-
ponent parts, we are indebted to the labours of those
philosophers in whose hands chemistry advanced with
such rapidity during the last forty years of the 18th cen-
tury. The first stepwas made by Dr Priestley in 1774,
- by the discovery of oxygen gas. This gas, according
to the prevailing theory of the time, he considered as
air totally deprived of phlogiston ; azotic gas, on the
- other hand, was air saturated with phlogiston. Hence
he considered common air as oxygen gas combined with
an indefinite portion of phlogiston, varying in purity ac.
cording to that portion ; being always the purer the
smaller a quantity of phlogiston it contained.
While Dr Priestley was making experjments on oxy-
gen gas, Scheele proceeded to the analysis of air ina
- different manner, He observed that the liguid sulphu-
rets, phosphorus, and various other bodies, when con-
fined along with air, have the property of diminishing
its bulk ; and this diminution always amounts to a cer-
tain proportion, which he found to be between a third
and a fourth part of the whole. The residuum vwas un.
fit for supporting flame, and was not diminished by any
of the processes which diminish common air. To this
residunm he gave the name of foz/ air.  From these ex-
periments, he concluded that air is a compound of two
different elastic fluids : namely, fox/ air, which consti-
tutes more than two thirds of the whole, and another
air, which is alone ‘capable of supporting flame and
animal life. This Jast air he- extricated from nitre by
heat, from the black oxide of manganese, and from other
substances, and gave it the name of empyreal air. He
showed that 2 mixture of two parts of foul air and

Chap. 1.
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_ BockI. 4 » R*#. Thisformula, by substituting for =, R*; and
4 #, their known values, gives the solidity of the hol-
' low sphere of mercury in cubic feet, But a cubic foot
of mercury is nearly equal to 13,5000 avoirdupois
ounces. Hence the mean weight of the atmosphere
amounts to about 1,911,153,227,258,181,8181bs. a-
voirdupois.

SECT. L

OF AIR.

T'ux word a1r seems to have been used at first to
denote the atmosphere in general; but philosophers
t?i%i?d?lw afterwards restricted it to the elastic fluid, which con-
" stitutes the greatest and the most important part of the
i ' - atmosphere, excluding the water and the other foreign
bodies which are occasionally found mixed withit. For
many years all permanently elastic luids were consi-
dered as air, from whatever combinations they were ex-
tricated, and supposed to possess‘exactly'the same pro-
pertiés with the air of the atmosphere. It is true, in-
deed, that Van Helmont suspected that elastic fluids
possessed different properties; and that Boyle ascertain-
ed that all elastic fluids are not capable of supporting
combustion like air. But it wasnot till the discoveries
of Cavendish and Priestley had demonstrated the pecu.
liar properties of a variety of elastic fluids, that phi-
losophers became sensible that there existed various
species of them. In consequence of this discovery, the .
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word air became generic, and was applied by Priestley,
and the British and Swedish philosophers in general, to
all permanently elastic fluids, while the air of the at-
mosphere was distinguished by the epithets of commor
or atmospheric air : but Macquer thought proper to ap-

- ply the term gas, first employed by Van Helmont, to
all permanently elastic fluids except common air, and
to confine the term az# to this last fluid. This innova-
tion was scarcely necessary ; but as it has now been
generally adopted, it will be proper to follow it. By
the word az7, then, in this Section, I mean only com-
mon air, or the fluid which forms by far the greatest
part of the atmosphere.

The foreign bodies which are mixed or united with
air in the atmosphere are so minute in quantity com-
pared to it, that they have no very sensible influence
on its properties. We may therefore consider atmo-
spheric air, when in its usual state of dryness, as suffi-
ciently pure for examination. -

1. Air is an elastic fluid, invisible indeed, but easily
recognized by its properties. Its specific gravity, ac-
cording to the experiments of Sir George Shuckburgh,
when the barometer is at 30 inches, and the thermome-
ter between 50° and 60°, is usually reckoned 1:000: It
is 816 times lighter than water. One hundred cubic
inches of air weigh 31 grains troy.

But as air is an elastic fluid, and compressed at the
surface of the earth by the whole weight of the incum-
bent atmosphere, its density diminishes according to its
height above the surface of the earth. From the expe-
riments of Paschal, Deluc, General Roy, &ec. it has
been ascertained, that the density diminishes in the ra-

B {
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_, Book L tio of tl:x'c compression. Consequently the density de.
" creases in a geometrical progression, while the heights
increase in an arithmetical progression.

Bouguer had suspected, from his observations made
on the Andes, that at considerable heights the density
of the air is no longer proportional to the compressing

: force * ; but the experiments of Saussure junior, made

i upon Mount Rose, have demonstrated the contrary t.

Eolour. e Although the sky is well known to have a blue
colour, ‘ye; it cannot be doubted that air jiself is alto~
gether colourless and invisible. The blue colour ofthe

sky is occasioned by the vapours which are always mix-
ed with air, and which have the property of reflecting
the blue rays more copiously than any other. This
hasbeen proved by the experiments which Saussure made
with his cyanometer at different heights above the sur-
face of the earth, This_, instrument consisted of a circular
i)and of paper, divided into 51 parts, each of which was
painted with a different shade of blue ; beginning with
the deepest mixed with black, to the lightest mixed with
white. He found that the colour of the sky always cor-
responds with a deeper shade of blue the higher the ob-
i server is placed above the surface ; consequently, ata

certain height, the blue will disappear altogether, and
- the sky appear black ; that is to say, will reflect no

light at all. Thecolour becomes alwayslighter in pro-

portion to the vapours mixed with the air. Hence it
is evidently owing to them 1.

§4xn1po'§i. 3. For many ages air was considered as an elemeng
ion. o

# Mem. Par. 1753. p. §15. t Jour.'de Ptys. xxxvi. 98,
} Saussure, Voyages dans les Alpes,iv. 288 . ’ ‘
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or simple substance. For the knowledge of its com-
ponent parts, we are indebted to the labogrs of those
philosophers in whose hands chemistry advanced with
such rapidity during the last forty years of the 18th cen-
tury. The first stepwas made by Dr Priestley in 1774,
by the discovery of oxygen gas. This gas, according
to the prevailing theory of the time, he considered as
air totally deprived of phlogiston ; azotic gas, on the
other hand, was air saturated with phlogiston. Hence
he considered common air as oxygen gas combined with
an indefinite portion of phlogiston, varying in purity ac.
cording to that portion; being always the purer the
smaller a quantity of phlogiston it contained.
While Dr Priestley was making experjments on oxy-
gen gas, Scheele proceeded to the analysis of air ina
- different manner.  He observed that the liguid sulphu-
rets, phosphorus, and various other bodies, when con-
fined along with air, have the property of diminishing
its bulk ; and this diminution always amounts to a cer-
tain proportion, which he found to be between a third
and a fourth part of the whole. The residuum was un-
fit for supporting flame, and was not diminished by any
of the processes which diminish common air. To this
residuum he gave the name of fox/air. From these ex-
periments, he concluded that air is a compound of two
different elastic fluids : namely, foul air, which consti-
tutes more than two thirds of the whole, and ancther
air, which is alone ‘capable of supporting flame and
apimal life. This last air he' extricated from nitre by
heat, from the black oxide of manganese, and from other
substances, and gave it the name of empyreal air. He
showed that a mixture of two parts cf foul air and

Chap; 1
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one part of empyreal air possesses the properties ot
common air *.

The foul air of Scheele was the same with the phlo-
gisticated air of Priestley, or with what is now known
by the name of azotic gas. His empyreal air is the
same with the dephlogisticated air of Priestley, or with
what is at present called oxygen gas.  According to him,
therefore, air is a compound of two parts of azotic and
one part of oxygen gas. He accounted for the dimi-
nution of air by the liquid sulphurets and other similar
bodies by his theory of the composition of caloric,
which he considered as a compound of phlogiston and
oxygen gas. Aceording to him, the phlogiston of the
sulphuret combines with the oxygen of the air, and
passes through the vessels in the state of caloric, while
the azotic gas, which has no affinity for caloric, is left
behind,

While Scheele was occupied with his experiments on
air, Lavoisier was assiduously employed on the same
subject, and was led by a different road to precisely the
same conclusion as Scheele. By oxidizing mercury in
a vessel filled with common air, and heated to tl.e boil-
ing point of mercury, he abstracted the greater part of
its oxygen gas; and by heating the red oxide thus forme
ed, he reconverted it into mercury, while at the same
time a quantity of oxygen gas was extricated. The re-
siduum in the first experiment possessed the properties
of azotic gas ; but when the oxygen gas extricated from
the mercury was added to it, the mixtyre assumed again
the properties of common air. Hence he concluded

* Scheele on Air and Fire, p. 7. &c. Engl. Transk ‘
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that air is composed of azotic gas and oxygen; and fram
a variety of experiments he determined the proportions
to be 773 parts of azotic gas and 27 parts of oxygen gas,
He demonstrated, too, that when air is diminished by
liquid sulphurets, metals, &c. the oxygen gas which is
abstracted combines with the sulphurets, &c. and con-
verts them into acids or oxides according to their re-
spective nature.  But as all these experiments have
been already detailed in the First Part of this Work, it
is unnecessary to be more particular in this place.

Air, then, is a compound of oxygen and azotic gas:
but it becomes a question of considerable consequence
to determine the proportion of these two ingredients,
and to ascertain whether that proportion is in every
case the same. Since azotic gas, one of the component
parts of that fluid, cannot be separated by any substance
with which chemists are acquainted, the analysis of air
can only be attempted by exposing it to the action of
those bodies which have the property of absorbing its
oxygen. By these bodies the oxygen gasis separated,
and the azotic gas is left behind, and the proportion of
oxygen may be ascertained by the diminution of bulk ;
which being once known, it is easy to ascertain the pro-
portion of azotic gas, and thus to determine the exact re-
lative quantity of the component parts of air.

After the composition of the atmosphere was known
to philosophers, it was taken for granted that the pro-
portion of its oxygen varies at different times and in
different places ; and that upon this yariation depended
the puriry or noxious qualities cf air.  Hence it became
an object of the greatest importance to get possession
of a method to determine readily the quantity of oxy-
gen in a given portion of zir. Accordingly various me-

1%
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THE ATMOSPHERE,

thods were proposed, all of them depending upon the
property which many bodies possess, of absorbing
the oxygen of the air without acting upon its {azote.
These bodies were mixed with a certain known quantity
of atmospheric air in graduated glass vessels inverted
over water, and the proportion of oxygen was determi~
ned by the diminution of bulk. These instruments re-
ceived the name of exdiometers, because they were con-
sidered as measures of the purity of air. The eudio~
meters proposed by different chemists may be reduced
to five.

1. The first eudiometer was made in consequence of’
Dr Priestely’s discovery, that when nitrous gas is mixed
with air over water, the bulk of the mixture diminishes
rapidly, in consequence of the combination of the gas
with the oxygen of the air and the absorption of the
nitric acid thus formed by the water, - When nitrous
gas is mixed with azotic gas, no diminution at all takes
place. When it is mixed with oxygen gasin proper
proportions, the absorption is complete. Hence it is
evident, that in 2ll cases of a mixture of these two gases
the diminution will be proportional to the guantity of
the oxygen.  Of course it will indicate the proportion
of oxygen inair; and by mixing it with different por-
tions of air, will indicate the different quantities of
oxygen which they contain, provided the component
parts of air be susceptible of varjation, Dr Priestley’s
method was to mix together equal bulks of air and ni~
trous gas in 2 low jar, and to transfer the mixture
inte a narrow graduated glass tube about three feet
long, in order to measure the diminuntion of bulk. He
expressed this diminution by the number of hundred
parts remaining.  Thus, suppose he had mixed toges
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thet equal parts of nitrous gas and air, the sum total
of this mixture was 200 (or 2:00): suppose the resi-
duum when measured in the graduated tube to amount
to 104 (or 1+04), and of course that 96 parts of the
whole had disappeared, he denoted the purity of the air
thus tried by 104. A more convenient instrument was
invented by Dr Falconer of Bath ; and Fontana greatly
improved this method of measuring the purity of air.
A description of his eudiometer was published by In-
genhousz in the first volume of his Experiments; but
it was Mr Cavendish who first brought this endiometer
to such a state of precision as to be enabled to ascertain
correctly the constituents of air. His method was to
put 125 measures of nitrous gas into a glass vessel, and
to let up into it very slowly 100 measures of the air
to be examined, agitating the vessel containing the ni-
trous gas during the whole time. The diminution of
bulk when the process was conducted in this way was
almost uniform. -The greatest was 110, the least
106°8 ; the mean 108°2. The variation he found to
depend, not upon the air examined, but upon the state
of the water in. which the experiment was made. If
the experiment was reversed, by letting up the nitrous
gas to common air, he used 100 measures of each, and
the diminution in that case was only 90 measures.
This constancy in the diminution of the bulk of alk
the different specimens of common air examined, indua
ced Mr Cavendish to conclude that the proportion be~
tween the oxygen and azote in common air .does not
vary. To find the absolute quantity of oxygen in air,
he mixed together oxygen gas and azote in various
proportions, and 4t last found that 2 mixture of 10 mea-
sures of the purest axygen which he could procure with
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38 measures of azote, was just as much diminished by
nitrous gas as the same bulk of common air. Hence
he concluded that air is composed of 10 parts by bulk
of oxygen and 38 of azote, which gives us for its com-
position per cent.

7916 azote

20°84 oxygen

10000
or very nearly 21 per cent. of oxygen gas *.

Other philosophers, who did not pay that rigid atten-
tion to precision which characterises a1l Mr Cavendish’s
experiments, obtained variable results from the nitrous
gas eudiometer. Most of the circumstances which oc-
casion the variation were pointed out by Cavendish ;
but they seern to have escaped the observation of suc-
ceeding chemists, Humboldt’s attempt to render the
eudiometer of Fontana accurate did not succeed +. But
Mr Dalton has lately explained the anomalies ina very
luminous manner. According to this philosopher, oxy-
gen gas and nitrous gas are capable of uniting in two
proportidns : 21 measures of oxygen gas uniting either
with 36 measures of nitrous gas, or with twice 36, ="72
measures. Both of these compounds are soluble in wa- -
ter. If the tube be wide, a considerable portion of ni-
frous gas comes at once in contact with the oxygen.
Hence the latter gas combines with 2 maximum of ni-
trous, especially if agitation be employed. In anarrow.
tube the oxygen combines with the minimum of nitrous
gas, provided no agitation be employed, and the residue.

" % PGl Trams. 1783, p. 207: .} Awm 3xvilp.
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be poured soon into another vessel. When intermedi-
ate proportions are used, the absorption will be inter-
mediate. Mr Dalton recommends a narrow tube ; the
nitrous gas is to be only in the proportion requisite to
form the minimum combination ; no agitation is to be

Chap. I.

employed ; and when the diminution is completed, the -

gas must be transferred to another tube. To 100 mea-
sures of air add about 86 of nitrous gas; note the di-
minution of bulk, and multiply it by 43; the product
gives the bulk of oxygen in the air examined *.

In orderto get rid of the anomalies which had per-
plexed former experimenters, Mr Davy proposed to
employ the nitrous gas in a different state. He caused
sulphbate or muriate of iron to absorb this gas to satura-
tion, and employed the dark brown liquid thus obtain-
ed to deprive air of its oxygen. A small graduated
glass tube, filled with the air to be examined, is plunged
into the nitrous solution, and moved a little backwards
and forwards. The whole of the oxygen is absorbed in
a few minutes. The state of greatest absorption ought
to be marked, as the mixture afterwards emits a little
gas, which would alter the result. By means of this,
Mr Davy examined the air at Bristol, and found it al~
ways to contain about 0°21 of oxygen. Air sent to Dr
Beddoes from the coast of Guinea gave exactly the
same result.

2. For the second kind of eundiometer we are indebted
to Scheele. It is merely a graduated glass vessel, con-
taining a given quantity of air exposed to newly pre-
pared liquid alkaline or earthy sulphurets, or to 2 mix-

* Dalton, Phil. Mag: xxiil. 257.
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ture of iron filings and sulphur, formed into a paste
with water. These substances absorb the whole of the
oxygen of the air, which converts a portion of the sul-
phur into an acid. The oxygen contained in the air
thits examiined, is judged of by the diminution of bulk
which the air has undergone. This method is not only
exceedingly simple, but it requires very little address;
and yet is susceptible of as great accuracy as any
other whatever. Tlie only objection to which it is lis
able is its slowness; for when the quantity of air ope-
rated on is considerable, several days elapse before the
diminution has reached its maximum.

But this objection has been completely obviated by
Mr De Marti, who has brought Scheele’s eudiometer
to a. state of perfection. He found that a mixture of
iron filings and sulphur does not answer well, because
it emits a2 small quantity of hydrogen gas, evolved by
the action of the sulphuric acid formed upon the iron ;
but the hydrogureted sulphurets, formed by boiling to=
gether sulphur and liquid potash or lime water; answer-
ed the purpose perfectly. These substances, indeed,
when newly prepared, have the property of absorbing
a small portion of azotic gas; but they lose this property
when saturated with that gas; which is easily effected by
agitating them for a few minutes with a small portion of
atmospheric air. His apparatus is merely a glass tube,
ten inches long, and rather less than half an inch in dia-
meter, open at one end, and hermetically sealed at the
other. The close end is divided into 100 equal parts,
having an interval of one line between each division.
The use of this tube is to measure the portion of air to
be employed in the experiment. The tube is filled with
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whater ; and by allowing the water to run out gradually
while the tube is inverted, and the open end kept shut

with the finger, the graduated part is exactly filled with

air, These hundred parts of air are introduced into a
glass bottle filled with liquid sulphuret of lime previ-
ously saturated with azotic gas, and capable of holding
from two to four times the bulk of the air introduced.
The bottle is then to be »corkec_l with a ground glass
stoppery and agitated for five minutes. After this the
cork is to be withdrawn while the mouth of the phial
is under water ; and for the greater security, it may be
corked and agitated again., Adfter this, the air is to be
again transferred to the graduated glass tube, in order
1o ascertdin the diminution of its bulk *.

Air examined by this process suffers precisely the
same diminution in whatever circumstances the expe-~
riments are made : no variation is observed whether the
wind be high or low, or from what quarter soever it
blows; whether the air tried be moist or dry, hot or
cold; whether the barometer be high or law.. Nei~
ther the season of the year, nor the situation of the
‘place, its vicinity to the sea; to marshes, or to moun-
tains, make any difference. Mr De Marti found the
diminution always: between 021 and 0°23.

3. The thizd kind of cudiometer was proposed by
Volta. The substance employed by that philosopher
to separaté the oxygen from the air was hydrogen gas.
His method was.to mix given proportions of the air to
be examined and hydrogen gas in a graduated glass
sube; to fire the mixture by an electric spark ; and te

'

.

¥ Jour, de Pive. lit. 1726.
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judge of the purity of the air by the bulk of the resi-
duum. This method has been lately examined by Gay
Lussac and Humbeldt. They have found it suscepti-
ble of great precision. Itis one of the simplest and
most elegant methods of estimating the proportion of
oxygen in air. When 100 measures of hydrogen are
mixed with 200, or any greater bulk of oxygen, up to

900 measures, the diminution of bulk after detonation
is always 146 measares. The same diminution is ob-
tained if the hydrogen be increased up to a certain quan-~
tity. The result of their trials is, that 100 measures of
oxygen gas require 200 of hydrogen for complete com.-
bustion, which coineides very well with the trials previ-
ously made in this country. Hence the method of using
this eudiometer is very simple: Mix together equal
bulks of the air to be examined and of hydrogen gas,
ascertain the diminution of bulk after combustion, di-
vide it by three, the quotient représents the number of
measures of oxygen in the air. A great number of tri~
als, i_n different seasons of the year, of mixtures of 200
measures of air and as mnch hydrogen, gave almost
uniformly 2 diminution of bulk amounting to 126 mea-
sures. Now the third of 126 is 42, the quantity of
oxygen in 200 measures of air. Hence 100 parts of
air, according to these trials, contain 21 of oxygen *.

" 4. In the fourth kind of eudiometer, the abstraction
of the oxygen of air is accomplished by means of phos<
phorus. This eudiometer was first proposed by A-
chard +. It was considerably improved by Reboulf,

¥ Jour, de Phys. Ix. 325. + Ibid. 1484, vol. 1.
Y Ann. de Chim, giii 38.
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and by Seguin and Lavoisier *; but Berthollet t+ has
lately brought it to a state of perfection.

Instead of the rapid combustion of phosphorus, this
last philosopher has substituted its spontaneous come
bustion, which absorbs the oxygen of air completely 3
and when the quantity of air operated on is small, the
process is over in a short time. The whole apparatus
consists in a narrow graduated tube of glass containing
the air to be examined, into which is introduced a cy~
linder of phospharus fixed upon a glass rod, while the
tube stands inverted over water. The phosphorus should
be so long as to traverse nearly the whole of the air.
Immediately white vapours rise from the phosphorus
and fill the tube. These continue till the whole of the
oxygen combines with phosphorus. They consist of
phosphorous acid, which falls by its weight to the
bottom of the vessel, and is absorbed by the water.
The residuum is merely the azotic gas of the air, hold-
ing a portion of phosphorus in solution. Berthollet has
ascertained, that by this foreign bedy its bulk is in-
creased ;%th part. Consequently the bulk of the resi-
duum, diminished by %, gives us the bulk of the azo-
tic gas of the air examiined ; which bulk, subiracted
from the original mass of air, gives us the proportion
of oxygen gas contained in it f.

All the different experiments which have been made
by means of this endiometer agree precisely in their

* Ann, de Chim. ix. 293.

+ Ibid. xxxiv. 93.and Jour. de I’ Ecole Polytechn. 1. iti. 274.

1 A very convenient apparatus for making endiometrical experiments,
has lately been invented by Mr Pepys, and described by him in Péil.

Trans. for 1897.
D ~»
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result, and indicate that the proportions of the ingres
dients of air are always the same ; namely, about 0'21
parts of oxygen gas, and 079 of azotic gas.  Berthol-
let found these proportions in Egypt andin France, and
I have found them constantly in Edinburgh, in all the
different seasons of the year.

Thus it appears, that whatever method is employed to
abstract oxygen from air, the result is uniform, provided
the experiment be precisely made. T‘hey all indicate
that common air consists very nearly of 21 parts of
oxygen and 79 of azote. Scheele and Lavoisier found
27 per cent. of oxygen, but their methods were not sus-
ceptible of precision. Air, then, does not vary in its
composition ; the proportion between its constituents is
constant in all places and in all heights. Gay Lussac
examined air brought from the height of more than
21,000 feet above Paris, and found it precisely the same
as the air at the earth’s surface *. :

But 21 cubic inches of oxygen gas weigh. '7°14 grains,
and 179 inches of azote weigh 23°9686 grains. These
added: together amount to 311086 grains, which ought
to . be the weight of 160 inches of common air. But
this is somewhat greater than the weight of 100 inches
of air, according to Sir John Shuckburgh Evelyn’s ex-
periments, who found it only 31:0197 grains. The
difference is not great, and is probably owing to a small
error in: the specific gravities of the different gases. Ac~
cording to this estimate, 100 parts of air are composed
by weight of

¥ Phil. Mag. xxi. 225
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22°91 oxygen
77°090 azote

10000

In all the analyses of air, it is necessary to operate on
air of a determinate density, and to take care that the
residuum be neither more condensed nor dilated than
the air was when first operated on. If these things are
not attended to, no dependence whatever can be placed
npon the result of the experiments, how carefully so-
ever they may have been performed: Now there are
three things which alter the volume of air and other
elastic fluids: 1. A change in the height of the baro-
meter. 2. An increase or diminution of their guantity;
the vessel in which they are contained remaining the
same, and standing in the same quantity of water or
mercury. 3. A change in the temperature of the air.

1. The density of air and other elastic fluids is al-
ways proportional to the compressing force. Now they
are compressed by the weight of the atmosphere, which
is measured by the barometer. If that weight dimi-
nishes, their density diminishes in proportion, and of
course their bulk increases : if the weight of ke atmo-
sphere‘increases, their density increases, and ticir bulk
diminishes in the same proportion. Consequently, if
the height of the barometer varies during an experiment,
the bulk of the residunm will not be the same that it
would have been if no such change had taken place.
We will therefore commit an error, unless we reduce
the bulk of the residuum to what it ‘would have been
§f no such alteration had taken place. Thisis easily
done by a very simple formula. :

It has been ascertained by philosophers, that the vow
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lumes of air are always inversely as the compressing
forces. Therefore let 7 be the height of the barome-
ter at the commencement of an experiment, # its height
at the end, o the volume of the gas when the barome-
ter is at z, and x its volume, supposing the barometer at

nov
m. Wehavern:m::x: 9. Consequently x =—.
7

So that to find the volume required, we have only to
multiply the volume obtained by the actual height of
the barometer, and divide by the height of the barome-
ter at which we want to know the volume: And, in
general, to reduce a voluime of air to the volume it
would occupy, supposing the barometer at 30 inches,
we have only to use the above formula, substituting 30
in place of m. _

2. When air is confined in 2 jar standing over water
or mercury, its density is not the same with that of the
atmosphere, unless its lower surface in the jar be ex-
actly level with the surface of the liquid in the tub in
which it stands. Let A (fig. 39.) be a jar containing
air, and BC the surface of the water or mercury in the
tub in which the jar is inverted ; the air within the jar
is not of the same density with the external air, unless
it fills exactly ‘that part of the jar above BC. If it fill
only that part of it between A and D, while the water
or mercury rises to D, the air will be more dilated than
the external air, because itis compressed only by the
weight of the atmosphere, diminished by the column of
mercury or water D 2. On the other hand, if the wa-
ter or mercury only rise in the jar to E, the air within
it will be denser than the external, because it is com=
pressed by the weight of the atmosphere, and also by
the column of water or airsz E. It is proper, therefore,



AXR. 23

3

in all cases, to bring the lower surface of the air in the  Chap.L
jar to the same level with the surface of the water or —
mercury in the trough. But in eudiometrical experi-
ments this is often impossible ; because part of the sir
being absorbed, though the water or mercury over
which it stands at first only rose to 7z, yet the absorp-
tion which takes place occasions it 1o rise to some line
D above =. Hence the air which remains after the
experiment is in a state of dilatation, and must be redu-
ced by calculation to the volume which it would occu-
py were it in the same state of compression as at the
commencement of the experiment. This is easily done
by the following formula. :
Let us suppose the experiment is made over mercu-
ry. Let H be the height of the barometer at the com-
mencement of the experiment, % the length of the co~
lumn of mercury 7 D, v the volume of the air in AD,
and x the volume required, or the volume which the
air would have, supposing D to coincide with.zz. Then

we have H: H—A::v: a. Andx:;gigéﬁ', Thus

let H be 30 inches, 5 =5 inches, and v=200 cubic
inches ; then x» = 1661 cubic inches; so that without
this correction the error would amount to no less than
331 cubic inches, or about the sixth part of the whole.
When the experiment is made over water, the same
formula applies; only in that case H must be multi-
plied by 136, because a column of water 13°6 times
longer than mercury is necessary to produce the same
pressure. In that case, supposing the numbers the
same as before, & would be= 197;; so that the error
over water is only 21 inches, or the 8oth part of the
whale. '
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3. A change in the temperature may be more easily
guarded against in eudiometrical experiments, as they
are usually made within doors: but when it does hap-
pen, it occasions an alteration in the volume of the air ;
an increase of temperature dilating it, and a diminution
of temperature occasioning a condensation. This error
may be easily ¢orrected in air and all other gases, by
increasing or diminishing their apparent bulk for every
degree of change in the thermometer, according to the
Table of the dilations of the gases.formerly given *.

Mr Dalton considers air as merely a mechanical mixe
ture of the two gases of which it is composed. Butall
other chemists consider it as a chemical compound,
This subject has been discussed in a preceding part of
this Work. I consider it as composed of azote and
oxygen holding each other in dissolution t.

SECT. 1I.

OF WATER.

THA'J; the atmosphere contains water has been alwayg
known, The rain and dew which so often precipitate
from it, the clouds and fogs with which it is often ob«
scured, and which deposite moisture on all bodies ex.
posed to them, have demonstrated its existence in every
age. Even when the atmosphere is perfectly trans.
parent, water may be extracted from it in abundance

# See Vol 1. P- 495 }.See Vol. p. TIL. 454
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by certain substances. Thus, if concentrated sulphuric
acid be exposed to air, it gradually attracis so much
moisture, that its weight is increased more than three
times: it is converted into diluted acid, from which
the water may be separated by distillation. ~Substances
which have the property of abstracting water from the
atmosphere have received the epithet of Aygroscopic,
becanse they point out the presence of that water. Sul-
phuricacid, the fixed alkalies, muriate of lime, nitrate of
lime, and in general 21l deliquescent salts, possess this
propérty, The greater number of animal and vegetable
bodies likewise possess it. DMany of them take water
from moist air, but give it cut again to the air when
dry. These bodies augment in bulk when they receive
moisture, and diminish again when they part with it.
Hence some of them have been employed as hygrome-
ters, or measures of the quantity of moisture contained
in the air around them. This they do by means of
the increase or diminution of their length, occasioned
by the addition or abstraction of moisture. Thischange
of length is precisely marked by means of an index.
The most ingenious and accurate hygrometers are those
of Saussure and Deluc. Inthe first, the substance em-
ployed to mark the moistureis a human hair, which by
its contractions and dilatations is made to turn round
an index. In the second, instead of a hair, a very fine
thin slip of whalebone is employed. The scale is di-
vided into 100° The beginning of the scale indicates
extreme dryness, the end of it indicates extreme mols-
ture. It is graduated by placing it first in air made as
dry as possible by means of salts, and afterwards in air
saturated with moisture. This gives the extremes of
the scale, and the interval between them is divided into
100 equal parts.
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lumes of air are always inversely as the compressing

forces.  Therefore let 7 be the height of the barome-
ter at the commencement of an experiment, # its height
at the end, o the volume of the gas when the barome-
ter is at #, and x its volume, supposing the barometer at

nov
m. Wehaven:m::x: 9. Consequently x = —.
m

So that to find the volume required, we have only to
multiply the volume obtained by the actual height of
the barometer, and divide by the height of the barome-
ter at which we want to know the velume: And, in
general, to reduce a volume of air to the volume i
would occupy, supposing the barometer at 30 inches,
we have only to use the above formula, substituting 30
in place of m.

2. When air is confined in 2 jar standing over water
or mercury, its density is not the same with that of the
atmosphere, unless its lower surface in the jar be ex-
actly level with the surface of the liquid in the tub in
which it stands. Let A (fig. 39.) be a jar containing
air, and BC the surface of the water or mercury in the
tub in which the jar is inverted ; the air within the jar
is not of the same density with the external air, unless
it fills exactly ‘that part of the jar above BC. If it fill
only that part of it between A and D, while the water
or mercury rises to D, the air will be more dilated than
the external air, because it is compressed only by the
weight of the atmosphere, diminished by the column of
mercury or water D m. On the other hand, if the wa-
ter or mercury only rise in the jar to E, the air withia
it will be denser than the external, because it is com=
pressed by the weight of the atmosphere, and also by
the column of water or airzz E. It is proper, therefore,
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in all cases, to bring the lower surface of the air in the
jar to the same level with the surface of the water or
mercury in the trough. But in eudiometrical experi-
ments this is often impossible ; because part of the air
being absorbed, though the water or mercury over
which it stands at first only rose to m, yet the absorp-
tion which takes place occasions it to rise to some line
D above 7. Hence the air which remains after the
experiment is in a state of dilatation, and must be redu-
ced by calculation to the volume which it would occu-
py were it in the same state of compression as at the
commencement of the experiment. "This is easily done
by the following formula. ‘

Let us suppose the experiment is made over mercu-
ry. Let H be the height of the barometer at the com-
mencement of the experiment, 4 the length of the co~
lumn of mercury 7 D, v the volume of the air in AD,
and x the volume required, or the volume which the
air would have, supposing I to coincide with z. Then

we have H: H—A::2:x. Andx ::LH_EE)_‘Z_'.. Thus

let H be 30 inches, #=5 inches, and ¥ =200 cubic
inches ; then » = 1662 cubic inches; so that without
this correction the error would amount to no less than
332 cubic inches, or about the sixth part of the whole.
When the experiment is made over water, the same
formula applies; only in that case H must be multi~
plied by 136, because a column of water 13°6 times
longer than mercury is necessary to produce the same
pressure. In that case, supposing the numbers the
same as before, x would be = 197+ ; so that the error
over water is only 2% inches, or the 80th part of the

whale.
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3. A change in the temperature may be more easily
guarded against in eudiometrical experiments, as they
are usually made within doors : but when it does hap«
pen, it occasions an alteration in the volume of the air 3
an increase of temperature dilating it, and a diminution
of temperature occasioning a condensation. This errox
may be easily ¢orrected in air and all other gases, by
increasing or diminishing their apparent bulk for every
degree of change in the thermometer, according to the
Table of the dilations of the gases.formerly given *.

Mr Dalton considers air as merely a mechanical mix-
ture of the two gases of which it is composed. But all
other chemists consider it as a chemical compound.
This subject has been discussed in a preceding part of
this Work. I consider it as composed of azote and
oxygen holding each other in dissolution t. -

SECT. IIL

OF WATER.

THA'}; the atmosphere contains water has been alwaysg
known. The rain and dew which so often precipitate
from it, the clouds and fogs with which it is often ob.
scured, and which deposite moisture on all bodies ex-
posed to them, have demonstrated its existence in every
age. Even when the atmosphere is perfectly trans.
parent, water may be extracted from it in abundance

% See Vol 1.p. 495, }.SeeVol. p. TIL. 457
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by certain substances. Thus, if concentrated sulphuric
acid be exposed to air, it gradually attracts so much
moisture, that its weight is increased more than three
times: it is converted into diluted acid, from which
the water may be separated by distillation. ~Substances
which have the property of abstracting water from the
atmosphere have received the epithet of Aygroscopic,
because they point out the presence of that water. Sul-
phuricacid, the fixed alkalies, muriate of lime, nitrate of
'lune, and in general all delxquescent salts, possess this
property. - The greater number of animal and vegetable
bodies likewise possess it. Many of them take water
from moist air, but give it out again to the air when
dry. These bodies augment in bulk when they receive
moisture, and diminish again when they part with it.
Hence some of them have been employed as hygrome-
ters, or measures of the quantity of moisture contained
in the air around them. This they do by means of
the increase or diminution of their length, occasioned
by the addition or abstraction of moisture. Thischange
of length is precisely marked by means of an index.
The most ingenious and accurate hygrometers are those
of Saussure and Deluc. Inthe first, the substance em-
ployed to mark the moistureis ahumanlhair, which by
its contractions and dilatations is made to turn round
an index. In the second, instead of a hair, a very fine
thin slip of whalebone is employed. The scale is di-
vided into 100° The beginning of the scale indicates
extreme dryness, the end of it indicates extreme mois-
ture. It is graduated by placing it first in air made as
dry as possible by means of salts, and afterwards in air
saturated with moisture. This gives the extremes of
the scale, and the interval between them is divided ito
100 equal parts.
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Since it cannot be doubted that the atmosphere al.
ways contains water, there are only two points which
remain to be investigated: 1. The state in which that
water exists in air ; 2. The quantity which a given bulk
contains.

I. With respect to the state in which water exists in
air, two opinions have been formed, each of which has
been supported by very able philosophers. 1. Water
may be dissolved in air in the same manner as a salt is
held in solution by water. 2. it may be mix:d with
air in the state of steam or vapour, after having been
converted inte vapour.

© 1. The first of these’ opinions was hinted at by Dr
Hooke in his Mzcrograpbza, and afterwards proposed
by Dr Halley ; but it was much more fully developed
by Mr Le Roy of Montpelier in 1751.  Dr Hamilton
of Dublin made known the same theory about the same
time. The phenomena in general coincide remarkably
well with this theory. The quantity of water which
air is capable of holding in solution is increased by eve-
ry augmentation of temperature, and diminished by
cold, which is precisely analogous to almest all other
solvents. These analogies, and several others which
will easily suggest themselves to the reader, have indu-
ced by far the greater number of philosophers to adopt
this epinion.

2. The second theory, namely, that water exists in air

“in the state of vapour, has been embraced by. Deluc in

his last treatise on Meteorology ; at least his reasoning
appears to me to lead to that conclusion. But it is to
Mr Dalton that we are indebted for the most precise
information on the subject®. The following reasons

% Moncheetrse Alomnire 5 B oMT



WATER.

put the truth of this opinion almost beyond the reach of
controversy.

In the first place, It cannot be doubted that the wa.
ter which exists in air, is derived originally from the
waters on the surface of the earth, which are exposed
to the action of the atmosphere. Accordingly we find
that water, when exposed to the air, suffers a gradual
diminution of bulk, and at last disappears altogether.
This diminution of the water may be owing, either to
its gradual solution in air, or to its conversion into va-
pour. The last is the common aepinion, as. the pheno-
menon is in common language ascribed to the evapora-
tior of the water. When water is placed in an exhaust.
ed receiver, it diminishes in bulk .even more rapidly
than in the open air. In this case, as no air is present,
we can only ascribe the diminution of bulk to the con-
version of the water into vapour. Accordingly we find,
npon examination, that the receiver is-actually filled
with water in the state of vapour. The presence of
this vapour very soon, by its elasticity, puts an end to
the evaporation of the water. Now, since water dis-
appears equally whether air be present or not, and ex.
actly in the same manner, it is reasonable to ascribe its
disappearing in both cases to the same cause. But in
the exhausted receiver it is converted into vapour.
Hence it is probable that it is converted into vapour al-
so in the open air ; and if so, it must exist in air in the
state of vapour,

In the second place, If the dlsappearmg of water ex-
posed to the open air were owing to solution'and not to
evaporation, it ought certainly to disappear more ra-
pidly when it is exposed to the action of a great quan-
tity of air than when to a small quantity ; for the quan-
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tity of any body dissolved is always proportional to the
quantity of the solvent. But the very contrary is what
actually takes place with respect to the water contained
in the air. Saussure has proved that water evaporates
much faster at great heights than at the surface of the
earth, even when the temperature and the moisture of
the air in both places are the same. By comparing a
set of experiments made npon the Col-du-Geant, at the
height of 11,275 feet above the level of the sea, with
a similar set made at Geneva, 1324 feetabove the level
of the sea, he ascertained, that supposing the tempera-~
ture and the dryness of the air in both places the same,
the quantity of water evaporated at Geneva is to that
evaporated on the Gol-du-Geant in the same time and
same clrcumstances as 37 to 84, or nearly as 3 : 7.
Now the ait on the Col-du-Geant is about Id rarer
than at Geneva ; so that the diminution of about £d in
the density of the air more than doubles the rate of e-
vaporation ¥,  This is precisely what ought to be the
case, provided the water which disappears mixes with
the air in the state of vapour only ; but the very con-
trary ought to hold, if the water disappeared in conse-
quence of the solvent power of air,

In the third place, It has been demonstrated by Dr
Black that vapour is water combined with a certain dose
of caloric. Consequently when water is converted into
vapour, a certain portion of caloric combines with it
and disappears. 1If, therefore, there is the same waste
of caloric whenever water passes from a liquid state,
and enters into the atmosphere as a component part, we,

% Saussure’s Poyages dans les fipesyiv. 563
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have reason to conclude that it enters into the atmo=
sphereonly in the state of vapour. Butitis a well known
fact that cold is always generated during spontaneous
evaporation ; that is to say, that the water as it disap-
pears carries off with it 2 quantity of caloric. It is weil
known, that when a wet bady is exposed to the air, its
temperature is lowered by the evaporation which takes
place upon its surface. Hence, in warm countries water
is cooled by putting it into porous vessels, and exposing
it to the air. The water penetrates throngh the ves~
sels, evaporates from their surface, and carries off so
much heat, as even in some cases to freeze the water in
the wvessel. Saussure observed, that the evaporation
from the surface of melting snow cansed it to freezo
again when the temperztare of the surrounding.air was
4+5° above the freezing point.  Dr Black has render-
ed it probable that the quantity of caloric which disap..
pears during spontaneous evaporation, is as great as
that which is necessary to convert water into steam,
We have a right then to conclude, that water, when it
evaporates spontaneously, is always converted inta va-
pour, and of course that it is only ia that state that it
enters into the atmosphere.

~In the fourth place, Mr Dalton has demonstrated

that the water which exists in air, possesses precisely .

the same degree of elasticity that'it does when in the
state of a vapour in a vacuum at the same temperature.
Hence it follows irresistibly that it exists in air, not in
the state of water, but of an elastic fluid or vapounr.
We are authorised to conclude, then, that the water
which exists in the atmosphere is in thestate of vapour.
This vapour is held in solution by the air precisely as
one species of gas is by another. Hzace the reason why

QU L
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it is so difficult to separate it, and why it is capable of
undergoing a considerable degree of compression withe
out assuming the form of a liquid *.

II. Many attempts had been made to measure the
quantity of water contained in air; but Saussure was the
first who attained any thing like precision. This inge-
nious philosopher has shown, in his Hygrometrical Es-
says, that an English cubic foot of air, when saturated
with water, at the temperature of 669, contains only
about eight grains troy of that liquid, or about Jyth of its
weight. But the experiments of Mr Dalton were sus«
ceptible of more precision. As the greatest part of the
water of the atmosphere is in the state of vapour, the
elasticity of which depends upon the temperature, it is
obvious that this elasticity, provided 1t can be ascer-
tained, must measure the quantity of vapour which ex-
ists in the atmosphere, the temperature being the same.
The elasticity or force of vaponr was determined by
this ingenious philosopher in the following manner,
which had been originally contrived by Le Roy : He
took a tall cylindrical glass jar, dry on the outside, and
filled it with cold spring water fresh from the well : if
dew was immediately formed on the outside, he poured
the water out, letit stand a while to increase in tempera-
ture, dried the outside of the glass well with a linen cloth,
and then poured the water in again. This operation
was to. be continued till the dew ceased to be formed,
and.then the temperatore of the water was observed ;
and .opposite to. it in the Table + was found the force
of vapour iu the atmosphere. This experiment must

" be conducted in the open air, or at a window ; be-

& See Vol. 1L p, 462. +1bid. L. p. 537.
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esuse the air within is generally more humid than that
without.  Spring water is generally about 50°, and
will mostly answer the purpose of the three hottest
months in the year: in other seasons an artificial cold
mixture is required. '

From Dalton’s experiments it follows that the quan-
tity of vapour in the atmosphere is variable in quantity.
In the torrid zone its force varies from 06 to one inch
of mercury. In Britain it seldom amounts to 06, but
is often as great as 0'5 during summer. [n winter it
is'often as low as 0'1 of an'inch of mercury *. ,

These facts would enable us to ascertain the absolute
quantity of vapour contained in the atmosphere at any
given time, provided we were certain that the density
and elasticity of vapours follow precisely the same law
as that of gases, as is extremely likely to be the case.
If so, the vapour will vary from &th to ;-35th part of
the atmosphere.  Dalton supposes that the medium
quantity of vapour held in solution at once in the at-
mosphere may amount to about ,%;th of its bulk +.

L i SECT. IIIL P

OF GARBONIC A6ID GAS. : I

Tk existence of carbonic acid gas as a constituent
part of the atmosphere, was observed by DrBlack im-
mediately after he had ascertained the nature of that pe-

# Dalton, Manchester Memoirs, Vo 547
+ Pbil. Mag. xxiii. 353
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culiar fluid. If we expose a pure alkali or alkaline
earth to the atmosphere; it is gradually converted into

_ a carbbnate by the absorption- of carbonic acid gas.

This fact; which had been long known; rendered the
inference, that carbonic acid gas existed in the atmo-
sphere; unavoidable; as soon as the difference between 2
pure alkali and its carbonate had been' ascertained to
depénd upon that acid: Not onlj alkalies and alkaline
earths absorb carbonic atid when exposed te the airy
but several of the metallic oxides also. Hence the rea-
san that we so often find the native oxides in the state
of carbonates.” Thus rust is always saturated with car-
bonic acid. . : :
Garbonic acid gas fnot only forms a constituent part
of the atmosphere near the surface of the eafth; but at
the greatest heights which the industry of man has been
able to penetrate.. -Saussure found it at the top of Mount
Blanc, the highest point of the old continent ; a point
covered with eternal snow, and not exposed to the ins
fluence of vegetables or animals: Lime-water diluted
with its own weight of distilled water, formed a pellicle
on its surface after an hour and three quarters exposure
to the open air on that mountain; and slips of paper
moistened with pure potash, acquired the property of
effervescing with acids after being exposed an hour and
a half in the same place *.  Now this was at a height
no less than 15,668 feet above the level of the sea,
Humboldt has more lately aseertained the existence of
this gas in air brought by Mr Garnerin from a height
2ot less than 4280 feet above the surface of the earth,

* Saussurce’s Foyagesy iv. 199.
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té which height he had risen in an air balloon *. This
fact is a sofficient proof that the presence of carbonic
acid in air does not depend upon the vicinity of the
earth.

The difficulty of separating this gas from air has ren-
dered it difficult to determine with accuracy the rela-
tive quantity of it in a given bulk of air. From the
experiments of Humboldt, it appears to vary from
0°005 to 0°01.

Mr Dalton’s experiments give the quantity much
smaller. He found, that if a glass vessel filled with
102,400 grains of rain water be emptied in the open
air, and 125 grains of lime water be poured in, and the
mouth then closed; by sufficient time and agitation, the
whole of the lime water is just saturated with the car-
bonic acid which it finds in the inclosed volume of air ¢
but 125 measures of lime-water require 70 measures of
carbonic acid gasto saturate them. Hence he concludes,
that air contains only 4;%55th of its bulk of carbonic
acid +.

From the previous experiments of Mr Cavendish,
however, we learn that lime watgr is not capable of
depriving air of the whole of its carbonic acid. A por-
tion still remains, which can only be separated either by
milk of lime, or by repeated washings with new doses
of lime-water. Hence the quantity of carbonic acid in
air must be considerably greater than it was found by
Dalton. I do not know exactly the meaning of Zme~
water being just saturated, unless it signifies that it re~
fuses to absorb any more gas. In that case the whole

% Jour. dz Phys. xvii. 202 + Pbil. Mag. siil, 354-
Vol IV. G
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of the lime is held in solution by the acid, It must be
difficult to ascertain the exact peint of saturation ac-
cording to this sense of the word. We may conclude,
however, from Dalton’sexperiment,that the bulk of car-
bonic acid in air does not much exceed rissth of the at-
mosphere ; but it is liable te var’ation from different
circumstances.  Immense quantities of carbonic acid
must be constantly mixing with the atmosphere, as itis
formed by the respiration of animals, by combustion,.
and several other processes which are going on conti-
nually. The quantity, indeed, which is daily formed
by these processes is so great, that-at first sight it ap-
pears astonishing that the gas does not increase rapidly.
The consequence of such an increase would be fatal, as
air containing 0°1 of carbonic- acid extinguishes light,
and is noxious to animals. But we:shall find reason. af-
terwards.to. conclude, that this gas is decomposed by
vegetables as rapidly as it is formed.

SECT. IV.

OF THE OTHER BODIES FOUND IN THE ATMOSPHERE.

FROM the three preceding Sections, we see that the at.
mosphere. consists chiefly of three distinct elastic fluids
united together by chemical affinity ; namely, air, va.
pour, and carbonic acid gas; differing in their propor-
tions at different times and in different places ; but that
the average proportion of each is
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But besides these bodies, which may be considered as gt:s“;‘ :0'

the constituent parts of the atmosphere, the existence of tained in it.
several other bodies has been suspected in it. I do not
mean in this place to include among those bodies elec-
tric matter, or the substance of clouds and fogs, and
those other bodies which are considered as the active
agents in the phenomena of meteorology, but to confine
myself merely to those foreign bodies which have been
occasionally found or suspected in air.  Concerning
these bodies, however, very little satisfactory is known
at present, as we are not in possession of instruments
sufficiently delicate to ascertain their presence. We
can indeed detect several of them actually mixing with
air, but what becomes of them afterwards we are un-
able to say. ’

1. Hydrogen gas is said to have been found in air ppgrogen
situated near the crater of volcanoes, and it is very pos- §%
sible that it may exist always in a very small propor-
tion in the atmosphere ; but this cannot be ascertained
till some method of detecting the presence of hydrogen
combined with a great proportion of air be discovered.
From the experiments of Gay Lussac and Humboldt,
it appears that air does not ‘contain so much as r;5th
parts hydrogen.

2. Carbureted hydrogen gas is often emitted by
marshes in considerable quantities during hot weather.

Buti 1ts presence has never been detected in air; so that
ra .
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in all probability it is again decomposed by some wre
known process.

3. Oxygen gas is emitted by plants during the day.
We shall afterwards find reason to conclude that this is
in conseq'uence of the property which plants have of
absorbing and decomposing carbonic acid gas. Now, as
this caibonic acid is formed at the expence of the ox-

'ygen of the atmosphere, as this oXygen is again resto-

red to the air by the decomposition of the acid, and as

. the nature of atmospheric air remains un:lered, it is

clear that there must be an equilibrium between these
two processes; that is to say, all the carbonic acid
formed by combustion must be again décom:p'osed, and
all the oxygen absiracted must be again restored. The
oxygen gas which is thus co‘ntinually returning to the
air, keeps its component parts always at the same ratio.

4. The smoke and other bodies which are continu-
ally carried into the air by evaporation, &c. are pro-
bably soon deposited again, and cannot therefore be
considered with propriety as forming parts of the at-
mosphere. But there is another set of bodies which
are occastonally combi.ied with air, and which, on ac-
count of the powerful action which they produce on
the human body, have attracted a great deal of atten~
tion. These are known by the names of matters of
contagion.

That there isa difference between the atmosphere in
different places, as far as respects its effects upon the
human body, has been considered as an established
point in all ages. . Hence some places have been cele-
brated as healthy, and others avoided as pernicious to
the human' constitution. It is well k:.own that in pits
and mines the air is often in such a state as to suffocate
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almost instantaneously those who attempt to breathe it.
Some places are haunted by peculiar diseases. It is
known that those who frequént the apartments of per~
sons 11l of certain maladies, are extremely apt to catch
the infection ; and in prisons and other places, where
crowds of people are confined together, when diseases
once commence, they are wont to make dreadful havoc.
In all these cases, it has been suppesed that a.certain
noxious matter is dissolved by the air, and that it is the
action of this matter which produces the mischief.
This noxious matter is in many cases readily distin-
guished by the peculiarly disagreeable smell which it
communicates to the air. No doubt this matter differs
according to the diseases which it communicates, and
the substance from which it has originated. Morveait
lately attempted to ascertain its nature; but he socn
found the chemical tests hitherto discovered altogether
insufficient for that purpose. He has put it beyond a
doubt, however, that the noxious matter “’hiéh‘rises
from putrid bodies is of a compound nature ; and that

it is destroyed altogether by certain agents, particularly

by those gascous bodies which readily part with their
oxygen. He exposed air infected by putrid bodies to
the action of various substances; and he judged of the
result by the effect which these bodies had in destroy-
ing the fetid smell of the air. The following i 1s :he re-
sult of his experiments.

1. Odorous bedies, such as benzoin, aromatic plams,
&c. have no effect whatever. 2. Neither have ihe solu-
tions of myrrh, benzoin, &ec. in alcohol, though agita~
ted in infected air. 3. Pyrolignous acid is equally in-
ert. 4. Gunpowder, when fired in infected air, displa-
ces a pornonof it ; but what remains still retains its fe-
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tid odour. 5. Sulphuric acid has no effect ; sulphurous
acid weakens the odour, but does not destroy it. 6. Vi-
negar diminishes the odour, .but its acticn is slow and
incomplete, 7. Acetic acid acts instantly, and destroys
the fetid odour of infected air completely. 8. The
fumes of nitric acid, first employed by Dr Carmichael
Smith, are equally efficacious. 9. Muriatic acid gas,
first pointed out as a proper agent by Morveau himself,
is equally effectual. 10. But the most powerful agent
is oxymuriatic acid gas, first proposed by Mr Cruik-
shanks, and now employed with the greatest success in
the British Navy and Military Hospitals.

Tbus there are four subsj:ances whlch have the pro-
perty of destroymg contagious matter, and of purifying
the air: but acetic acid cannot easily be obtained in
sufficient quantity, and in a state of sufficient concen-
tration, "to be employed with advantage. Nitric acid
may be attended with some inconvenience, because it is
almost always contaminated with nitrous gas. Muriatic
acid and oxymuriatic acid are not attended with these
inconveniences ; the last deserves the preference, be-
cause it acts with greater energy and rapidity. All

that is necessary is to mix together two parts of com-

mon salt with one part of the black oxide of manga-
nese, to place the mixture in an open vessel in the in-
fected chamber, and to pour upon it two parts of sul-
phuric acid. The fumes of oxymuriatic acid are im-
mediately exhaled, fill the chamber, and destroy the
contagion. Or the oxymunate of lime, sold for the pur-
poses of the bleacher, may be mixed with sulphuru;
actd and placed in the infected apartment
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CHAP. I1.

OF METEOROLOGY,

Trovcn the phenomena of the weather must have at
all times attracted much of the attention of mankind,
because their subsistence and their comfort in a groat
measure depended upon them, it was not._till the 177th
“century that any considerable progress was made in in~
vestigating the laws of meteorology. How desirous so-
ever the ancients might have been to acquire an accu-
rate knowledge of this science, their want of proper in-
struments entirely precluded them from caultivating 1it.
By the discovery of the barometer and thermometer m
the 17th century, and the invention of accurate electro-
meters and hygrometers in the 18th, this defect is now
pretty well supplied ; and philosophers are enabled to
make meteorological observations with ease and accu-~
racy. Accordingly, a very great number of such ob-
servations have been collecied, which have been ar-
ranged and examined from time to time by ingenious
men, and consequences deduced from them, on which
several different theories of the weather have heen
built ; but meteorology is 2 science so exceedingly diffi-
cult, that notwithstanding the united exertions of some
of the first philosophers of the age, the phenomena of
the weather are still very far from being completely

Chap. 1L
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uhderstood; nor can we expect to see the veil removed
till accurate tables of observations have been obtained
from every part of the world, till the atmosphere has
been more completely explored, and the chemical
changes which take place in it ascertained.

The changes which take place in the atmosphere de~
monstrate, in the clearest manner, that new combina-
tions and decompositions are continually going on in it.
On these chemical alterations the greater number of
meteorological phenomena depend: they may be con-
sidered as the result of the mutual action of the differ~
ent component parts of the atmosphere ; and would ad-
mit of an easy explanation, if we were thoroughly ac-
quainted with all those substances, and with the chemi-
cal laws which govern their action. The most impor-
tant meteorological phenomena are, 1. The changes
which take place in the weight of the atmosphere; 9.
The changes which take place in its temperature; 3.
The changes in its quantity by evaporation and rain,
&c.; 4. The violent agitation into which it is often
thrown ; and, 5. The electric and other phenomena
which sometimes accompany or occasion these precipi-
tations and agitations. The consideration of these sub-
jects shall occupy the six following Sections.



WEIGHT OF THE AIR.

SECT. I
OF CHANGES IN THE WEIGHT OF THE ATMOSPHERE.

‘W E have seen in the last Chapter, that the barometer
indicates to us the weight of a column of air extending
to the top of the atmosphere, and whose base is equal
to that of the mercury. At the level of the sea, where
the column of air is longest, the mean height of the ba~
rometer is 30 inches. This Sir George Shuckburgh
found to be the case in the Mediterranean and the Chan-
nel, in the temperature of 55° and ¢0¥; Mr Bonguer,
on the coast of Peru, in the temperature of 84Y; and
Lord Mulgrave, in latitude §0°. The mean beight of
the barometer is less the higher any place is situated
above the level of the sea, because the column of air
which supports the mercury is the shorter. The baro-
meter has accordingly beeu used for measuring heights.
But if a barometer be allowed to remain in oue place,
‘the mercury does not continue stationary; sometimes
it rises and at other times falls, varying to the extent of
several inches: of ccurse the weight of the air which
balances the mercury must be subject to'the same
changes. Hence we learn that the air in the same place
is sometimes light and at other times heavy; differences
which must be owing to changes in its quantity. The
barometer then informs us that the quantity of air above
any spot is liable to conrinual alterations. Consequent-
ly either the air accumulates in particular spots, while
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it partially abandons others; or part of the atmose

) phere must be alternately abstracted altogether, and

restored again by some constant, though apparently ir-
regular process.

Between the tropics the variations of the barometer
are exceedingly small;. and it is remarkable, that in
that part of the world it does not descend above half as
much for every 200 feet of elevation as it does beyond
the tropics ¥. In the torrid zone, too, the barometer is
elevated about two-thirds of a line twice every day.
From the observations of Mr Horsburgh we learn, that
in the tropical seas, thatis, from north latitude 26° to
sonth latitndé 27°, the mercury reached its greatest
height at eight A, M. and continued stationary till noon.
After noon it began to fall, and continued falling till
four P. M. at which time it arrived at the lowest point
of depression.. From four or five P. M. the mercury
rose again, and continued rising till about nine or ten
P. M. at which time it had again acquired its greatest
point of elevation, and continued stationary nearly till
midnight, after which it began to fall, till at four A. M.
it was again as low as it had been at four afternoon.

-From this time it rose till seven or eight o’clock, when

it reached its highest point of elevationt. Mr Hors-
burgh observed, that these diurnal elevations and de-
pressions, which he calls equatropicalmations, were pera
formed regularly while at sea; but when the barometers
were carried ashore, or when the vessel was in a river,
they could seldom be observed. It1is difficult to con~
ceive a reason for this singular fact, unless we suppose

* M. Cassan, Jours &2 Phys. April 1790, p. 268,
+ Nicholson’s Jour. xiu. 37, .
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it connected with the motion of the ship, which, by re-
gularly agitating the mercury, might make its eleva-
tions and depressions more sensible and correct than
when the barometer continues stationary.

As the latltude advances towards the poles, the range
of the barometer gradually increases, till at last it a-
mounts to two or three inches. This gradual increase
will appear from the following Table.

TABLE of tbe Range of the Baramez‘er.

. , Range of the Barometer.'
Latitude. - Places. — —
Grearest. Annual.
0% «' | Peru 0°20* —
22 23 | Calcutta o717t —
33 55 | Cape Town — 089 t
40 55 | Naples 1-00% —
51 8 | Dover 2:47¢§ | 1°80
53 13 | Middlewick | ~-0¢ § 1°94
43 23 | Liverpool | 2-80§ | 196
59 56 | Petersburgh | 3-45%% | 2-77

In North America, however, the range of the baro-~
meter is a great dealless than in the corresponding Eu-
ropean latitudes. In Virginia, for instance, it never
exceeds 1°1 ||.

The range of the barometer is greater at the level of
the sea than on the mountains ; and in the same degree

* Kirwan, Jrish Trans. vol. iii. p- 47

4+ Asiatic hescarcles, vol. ii. Appendis.

3 Barrow’s Travels, p. 42. § Manclester Trans, vol, iv.
*% Edinburgh Trens. vol. ii. p. 229.

rﬂ Trans. Philadel, vol. ii. p. 142,
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of latitude, the extent of the range is in the inverse ra-
tio of the height of the place above the level of the
sea.

From a table published by Mr Cotte in the Journal
de Physique®, it seems excecedingly probable that the
barometer has always a tendency to rise from the morn-’
ing to the evening ; and that this tendency is greatest
between two o’clock in the afternoon and nine at night,
at which hour the greatest elevation takes place ; that’
the elevation of nine o’clock differs from that of two
by ths, while that at two differs from the morning
elevation only by *th; and that in certain climates
the greatest elevation takes place at two o’clock. The
following is a part of the Table on which these ob-
servations are founded, reduced to the English standard.

#* Aug, 1790, p. 118,
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s 'é Mean Height of the Barometer.
Places. £5
oL .
- 'é Moining. | Noon. | Evening.| Year,
Arles 6 |29°9341[29°9347]29°9413|29-0347
Arras 6 (29°6683|20°6683]r9 6832[29°6755
- Bourdeaux 11 |29°7212/2Y°83853[29°8385(20°8385
Cambray 13 |20 8756(29°8682|20 87156|29°8736
Chinon 12°129°7719|29°71895[29°8001{29°78:39,
Dunkirk 8 129 9119[29°9347[29 934729 0273
Hagenau 10 |29°5648|29°5648 .972"741|29°5648
Laon 7 129°3354(|20.3206|2¢ *3420|20°3354/
Lisle 6 (20 016-(20°9274(20°9347|29-9077
Mayenne T [29°7172(29.7056(29° 7127|297 7127
" Manheim - 5 129°6167|20 6018{20°6:6"720°6003
Montmorenci| 22 129°6536/20°653¢[29°6610|29 6536
Mulhansen 7 120°1873/20°1800|26°1673|209°18'13
Obernheim | 12 {29°4834|20°4665(29°4764|29°3764
Paris 67 i20°80(:2/20 8607|20°8756/29 8756
Poitiers 12 1290°7276|29°1276(20°7276|29- 7276
Rouen 11 |20 8607|2,°8535/29 8535(20°8535
Rome 3 {29'8607|29°8460|29°8756/29°8607
St Maurice le
Gerard 10 |20°8016({29°8016/29°8000,20°8016
Troyes ' | 10 120°6885/20 6979|20°6885,29°6885

From the observations of Mr Luke Howard, as con-
firmed by Cotte, it appears that the barometer has a
tendehcy to sink at new and full moon, and to rise at
the quarters. = This coincidence is greatest in calm and
fair weather. The depression from the quarters to the
conjunctions amounts to th inch ; and the elevation
from the cenjunctions to the quarters amounts to the
same quantity. ’

The range of the barometer is greater in winter than
in summer. Thus at York the mean range of the ba-
someter, during October, November, December, Ja-
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Book I.  nuary, February, March, of the year 1774, was 1°4¢ 3
and for the six summer months 1:016 %,

In serene and settled weather it is generally high;
and low in calm weather, when the air is inclined to
rain ; it sinks on high winds, rises highest on easterly
and northerly winds, and sinks when the wind blows
from 'the south+. At Calcutta f it is always highest
when the wind blows from the north-west and north,
and lowest when it blows from the 'south-east.

The barometer falls suddenly before tempests, and
undergoes great oscillations during their continuance.
Mr Copland § of Dumfries has rémarked, that a high
barometer is attended with a temperature’ above, and 2
low barometer with one below, the monthly mean.

~ Such are the phenomena respecting the variations of
the barometer, as far as they can be reduced under ge-
neral heads. Various attempts have been made to ex«
plain them, but hitherto without any great degree of
success. The theory of Mr Kirwan appears most plau-
sible; though it is not sufficient to explain all the facts.
The following observatioris may be considered asa kind
of abstract of his theory, except in one or two instances.
Atmo- Itis evident that the density of the atmosphere is
;E;ﬁ:it at least at the equator and greatest at the poles; for at the
;:: equa~  equator the centrifugal force, the distance from the
: centre of the earth, and the heat, all of which tend to
diminish the density of the air, are at their maximum,
while at the pole they are at their minimum. The
mean height of the baromcter at the level of the sea, all

% Manchester Trans. vol. iv. p. §43. 1 Dr Halley.
} Asiatic Reszarches, vol. ii. Appendix.”
§ Mangbester Trans. vol. iv, »
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ever the globe, is 30 inches ; the weight of the atmos-
phere, therefore, is the same all over the globe. The
weight of the atmosphere depends on its density and
height: where the density of the atmosphere is greatest,
its height raust be least; and, on the contrary, where
its density is least, its height must be the greatest. The
height: of the atmosphere, therefore, must be greatest at
the equator, and least at the poles ; and it must decrease
gradually between the equator and' the poles, so that
its upper surface will resemble two inclined planes
meeting 2bove the equator,. their hig};cst part *.

During summer, when the son is in our hemisphere,
the mean heat between the equator and the pole does
not differ so much as in winter. Indeed the heat of
northern countries at- that time equals the heat of the
torrid zone : thus in Russia, during July and August,
the thermometer rises to 85° +. Hence the rarity of
the atmosphere at the pole, and consequently its height,
will be increased. The upper surface of the atmosphere,
therefore, in the northern hemisphere will be less incli-
ned, while that of the southern hemisphere, from con-
trary: causes, will be much more inclined. The very
reverse will take place during our winter.

- The density of the atmosphere depends in a great
measure on the pressure of the superincumbent column;
and therefore decreases according to the height, as the
~pressure of the superincumbent column constantly de-
creases. But the density of the atmosphere in the tor-
rid zone will not decrease so fast as in the temperate and
frigid zones ; because its column is longer, and because

* Kirwan, Irish Trans, vol. il. p. 43, &c
+ Dr Guthrie, Edin. Trans. vol. ii. p. 229~
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Book 1. there is a greater proportion of air in thé higher part of

this column.  This accounts for the observation of Mr
Cassan, that the barometer only sinks half as much for
every 200 feet of elevation in the torrid as in the tem-
perate zones. The density of the atmosphere at the
equator, therefore, though at the surface of the earth it
is less, must at a certain height equal, and at a still
greater, surpass the density of the atmosphere in the
temperate zones and at the poles.

Hence the A current of air is constantly ascending at the equa-

alr, as It as-

cends,rolls  tor, and part of it at least reaches and continues in the

::;m;ls the higher parts of the atmosphere. From the fluidity of

pole. air, it is evident that it cannot -accumulate above the
equator; but must roll down the inclined plane which
the upper surface of the atmosphere assumes towards
the poles. As the surface of the atmosphere of the nor=
thern hemisphere is more inclined during our winter
than that of the southern hemisphere, 2 greater quan-
tity of the equatorial current of air mustflow over upon
the northern than upon the southern hemisphere; so
that the quantity of our atmosphere will be greater du-
ring winter than that of the southern hemisphere : but
during summer the very reverse will take place. Hence
the greatest mercurial height takes place during winter,
and the range of the barometer is less in summer than
in winter.

Air acc-  ~ The density of the atmosphere is in a great measure

lates o~
e ::;i?;o regulated by the beat of the place: wherever the cold

Places. is greatest, there the density of the atmosphere will be
greatest, and its column shortest. High countries, and
ranges of lofty mountains, the tops of which are cover-
ed with snow the greatest part of the year, must be

much colder than other places sitnated in the same dea
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4B

gree of latitude, and consequently the column of air C’?{I_’; i

over them much shorter. The current of superior air
will linger and accumulate oveér these places in its pas-
sage towards the poles; and thus occasion an irregularia
-ty in its motion; which will produce a similar irregu-
Iarity in the barometer. Stich accumulations will be
formed over the north-western parts of Asia and over
North America: hence the barorheter usually stands
higher, and varies less there than in Europe. Accu-

mulatiods are also formed upon the Pyrenees, the Alps,

the mountains of Africa; Turkey in Ewrope, Tartary;

and Tibet: When these accumulations Have gone on -

for some time, the density of the air Becomes too great
to be balanced by the surrounding atmosphere; it
rushes down on the neighbouring countries; and pro-
duces eold winds; which raise the barometer. Hence
the rise of the barometer which generally attends north~
east winds in Furope; as they proceed from dceumula-~
tions in the north-west of Asia; or about the pole ;
hence, too; the north-west wind from the mountains of
Tibet raises the barometer at Calcutta.

It is possible that considerable quantitzes of air are
occasionally desiroyedin the polar regions. When this
happens, the atmosphere to the south rushesin to fill
up the void: Hence south-west winds take place, and
the barometer falls.

Asthe mean heighit of our hemisphere differs in diffe-
rent years, the density of the -atmosphere, and conse~
quently the gquantity of equatorial air which flows to-
wards the poles; must also be variable. Hence the
tange of the barometer is different in different years.
Does this range correspond to the mean apnual heat?
that is to say, isthe range greatest when the heas is

Fol. IV, D
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METEOROLOGY.

least, and least when the heat is greatest? In soms
years greater accumulations than usual take place in
the mountainous parts in the south of Europe and Asis,
owing, perhaps, to earlier falls of snow, or to the rays

. of the sun having been excluded by long-continued fogs.

When this takes place, the atmosphere in the polar re-

- glons will be proportionably lighter.  Hence the pre-

valence of southerly winds during some winters more
than others.

As the heat in the torrid zone never differs much,
the density, and consequently the height of the atmo-
sphere, will not vary much.. Hence the range of the
barometer within the tropics is comparatively small;
and itincreases gradually as we approach the poles, be-
cause the difference of the temperature, and conse-
quently of the density of the atmosphere, increases with
the latitude. .

The falls of the barometer which precede, and the
oscillations which accompany, violent storms and hur-
ricanes, show us that these phenomena are produced by
very great rarefactions, or perhaps destruction of air,
in particular parts of the atmosphere. The falls of
the barometer, too, that accompany winds, proceed from
the same cause.

The falling of the barometer, which generally pre-
cedes rain, remainsstill to be accounted for ; but we
know too little about the causes by which rain is pro-

- duced to be able to acconnt for itin a satisfactory man-

o Sh M es
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SECT. II.
OF THE TEMPERATURE OF THE ATMOSBHERE.

Thar the temperature of the air varies considerably,
not only in the different climates and in different seasons,
but even in the same place and in the same season,
must be obvicits to the most careless observer. This
perpetual variation cannot be ascribed to the direct heat
of the sun ; for the rays of that luminary seem to pro-
duce no effect whatever upon air, though ever so much
concentrated : but they warm the surface of the earth,
which communicates its heat to the surrounding atmo-
sphere.  Hence it happens that the temperature of the
air is highest in those places which are so situated as to
be most warmed by the sun’s rays, and that it varies
in every region with the season of the year. Hence, too,
the reason why it diminishes according to the height of
the air above the surface of the earth. That portion
of the earth which lies at the equator is exposed to
the most perpendicular rays of the sun. Of course it is
hettest, and the heat of the earth diminishes gradually
from the equator to the poles. The temperature of the
air must follow the same order. The air, then, is hot-
test over the equator, and its temperature gradually di-
minishes from the equator to the poles, where itis cold-
est of all. It is bottest 2t the eguator, and it becomes
gradually colder according to its height above that sur-
face.  Let us examine the nature of these two dimi-

nishing progressions of temperature.
™
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1. Though the temperature of the air is highest at
the equator, and gradually sinks as it approaches the
pole ; yet as, in every place, the temperature of the air
is constantly varying with the season of the year, we
cannot form any precise notion of the progression with-
out taking the temperature in every degree of latitude
for every day of the year, and forming from each =
mean temperature for the whole year ; which is done
by adding together the whole observations, and divi-
ding by their number.  The quotient gives the mean
temperature for the year. The diminution from the
pole'to the equator takes place in arithmetical progres-
sion: or, to speak more properly, the annual tem pera-
ture of all the latitudes are arithmetical means betweenr
the mean annual temperature of the equator and the
pole. This was first discovered by Mr Meyer ; and
by eans of an equation which he founded on it, but
rendered considerably plainer and simpler,. Mr Kirwan
has calculated the mean aonual temperature of every
degree of latitude between the equator and the pole.
He proceeded on the following principle : Let the mean
annual heat at the equator be 7z, and at the pole m—zn ;
put o for any other latitude ; the mean annual tempe-,
fature of that latitude will be m—uXsin. ®*. If there-
fore the temperature of any two latitudes be known,
the value of 2 and » may be found. Now the tem-
perature of north lat. 40° has been found by the best
observations to be 62°1°, and that of lat. 50°, 52:9°.
The square of the sine of 40° is nearly 0419, and the
square of the sine of 50° is nearly 0-586. Therefore

m—0°41 7 = 621, and '
m—0°58 n = 520 ; therefore
62°1-4-0'41 7 = 52'0 -} 058 =, as each of
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fhem, from the twe first equations, is equal to 7. From
this last equation the value of # is found to be 53 near-
1y ; and misnearly equal to-84. The mean tempera-
ture of the equator therefore is 84°, and that of the
pole 32°.  To find the mean temperature for every
other latitude, we have only to find 88 arithmetical
means between 64 and 31. In this manner Mr Kirwan
calculated the following Table :

TABLE of the Mean Annual Temperature of the Stand-
ard Situation in every Latitude.

Lat. | Temper. [ Lat. [ Temper. | Lat. | Teniper. | Lat. ( Temper.

90 | 31+ | 68 | 384 || 46 | 56°4 || 24 | 754
80 | 31-04) 67 | 391 451 5715 23 | 759
88 | 31-10) 66 397 | 44 | 584 || 22 | 76°5
87 | 31°14| 65| 40°4 | 43 4§ 594 || 21 | TT°2
86 | 31°2 || 64 | 41°2 || 42 | 603 | 20 | 178
85 | 31°4 || 63 | 41°9 || 41 | 612 19 | 78°3
84 | 31°5 || 62 | 42-7 || 40 | 62° 18 | 789
83 | 317 1 61| 435 || 30 [ 63 | 17| 794
82 | 32 60 | 44°3 | 38 63%9 || 16 | 79°0 .
81 | 32°2 || 59 | 45°09| 37| 64°8 | 15 | 804
80 | 32'6 || 58 | 45°8 || 36 | 651 || 14 | 80°8
79 | 3290 || 57| 46°7 || 35| 66°6 || 13 | 81-3

8 | 332 56 | 47°5 || 34 | 674 || 12 | 81°7
77| 337 || 55| 48°4 || 33 { 683 || 11 | 82*
76 | 34°1 4| 54 | 49°2 || 32 | 691 10 | 82'3

75 | 345 || 53 | 502 || 31 | 69-0 0| 827

74 | 35 2| 51°1 || 30 | 707 & | 829 ]

73 | 35°5 || 51| 524 || 20 | 715 71832 -

72 | 36 50 | 520 || 28 | 72-3 6| 834

71| 36'6 || 49 | 53'8 || 27 | 72'8 5| 836 ,

70 | 37°2 || 48 | 54°7 || 6 | 13°8 0| 84
745

69 | 37°8 47 1 556 25
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This Table, however, only answers for the tempeya-
ture of the atmosphere of the ocean. It was calculated

for that part of the Atlantic Ocean which lies between

the 80th degree of northern and the 45th of southern
latitude, and extends westwards as far as the Gulf-
stream, and to within a few leagues of the coast of A-
merica ; and for all that part of the Pacific Ocean reach-
ing from lat. 45° north to lat. 40° south, from the 20th
to the 275th degree of longitude east of London. This
part of the ocean Mr Kirwan calls the standard: the
rest of the ocean is subject to anomalies which will be
afterwards mentioned.

Mr Kirwan has also calculated the meap monthly
temperature of thg standard ocean. ‘The principles on

which he went were these : The mean temperature of |

April seems to approach very nearly to the mean an.
nual temperature 3 and as far as heat depends on the
action of the solar rays, the mean heat of every month
is as the mean altitude of the sun, or rather as the sine
of the sun’s altitude. The mean heat of April, there-
fore, and the sine of the sun’s altitude being given, the
mean heat of May is found in this manner: As the
sine of the sun’s mean altitude in April is to the mean
heat of April, so is the sine of the sun’s mean altitude
in May to the mean heat of May. In the same manner
the mean heats of June, July, and August, are found;

but the rule would give the temperature of the suc- .

ceeding months too low, because it does not take in the
heat derived from the earth, which possesses a degree
of heat nearly equal to the mean annual temperature.
The real temperature of these months therefore must
be looked upon as an arithmetical mean between the
astronomical and terrestrial heats. © Thus in latitude

wh

i Y
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51°, the astronomical heat of the month of September
is 44°6°, and the mean annual heat is 5242 ; therefore

546524
2

the real heat of this month should be =485,

Mr Kirwan, however, after going. through a tedious
calculation, found the resnlts to agree soill with obser-
vations, thathe drew up the following Table, partly
from principles, and partly by studying a variety of sez.
journals,

55
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METEOROLOGY.

From this Table it appears that January is the cold-
est month in every latitude, and that July is the warm-
est month in all latitudes a2bove 48°. In lower latitudes
August is generally warmest. The difference between
the hottest and coldest months increases in proportion
to the distance from. the equator. Every habitable la-
titude enjoys a mean heat of 60° for at least two months;
this heat seems’ necessary for the preduction of corn.
Within ten degrees of the poles, the temperatures dif-
fer very little, neither do they differ much within ten
degrees of the equator; the temperatures of different
years differ very little near the equator, but they differ
more and more as the latitudes approach the poles.

2. That the temperature of the atmosphere gradually
diminishes, according to its height above thelevel of the
sea, is well known. Thus the late Dr Hutton of Edin-~
burgh found that a thermometer, kept on the top of Ar~
thur’s Seat, usually stood three degrees lower than a ther-
mometer kept at the bottom of it. Hence, then, a height
of 800 feet occasioned 3° of diminntion of temperature.
On the summit of Pinchinca the thermometer stood at
30°, as observed by Bouguer, while at the level of the
sea in the same latitude it stood at 84°. Here a height
of 15,564 feet occastoned a diminution of temperature
amounting to 54°. But though there can be no doubt
of the gradual diminution of temperature, according to
the height, it is by no means easy to determine the rate
of diminution. Euler supposes it to be in a harmonic
progression ; but this opinion is contradicted by obser-
vations. Saussure supposes, that in temperate climates
the diminution of temperature amounts to 1° for every
287 feet of elevation. But Mr Kirwan has shown that
no such rule holds, and that the rate of diminntion va-
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ries with the temperature at the surface of the earth.
We are indebted to this philosopher for a very inge<
nious method of determining the rate of diminution in
every particular case, supposing the temperature at the
surface of the earth known *.

Since the temperature of the atmosphere is constant-
ly diminishing as we ascend above the level of the sea,
it is obvioiis, that at a certain height we arrive at the
region of perpetual congelation. This region varies in
height according to the latitude of the place; it is high~
est at the equator, and descends gradually nearer the
earth as we approach the poles. It varies also zccord-
ing to the season, being highest in summer and low-
est in winter. M. Bouguer found the cold on the top
of Pinchinca, cne of the Andes, to extend from seven
to nine degrees below the freezing point every morn-
ing immediately before sun-rise. He concluded, there~
fore, that the mean height of the term of congelation
(the place where it freezes during some part of the
day all the year round) between the tropics was
15,577 feet above the level of the sea; but in lat. 28°
he placed it in summer at the height of 13,440 feet.
Now, if we take the difference between the temperature
of the equator and the freezing point, it is evident that
it will bear the same proportibn to the term of congela-
tion at the equator that the difference between the mean
temperaturé of any other degree of latitude and the
freezing point bears to the term of congelation in that
latitade. Thus the mean heat of the equator being §4°,
the difference between it and 32 is 52 ; the mean heat

# Irich Trans. wiil, 226.
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of Iatitude 289 is 72-3°, the diference between which
and 32 is 40°3: Then 52: 15577 :: 40°3 : 12072
In this mapner Mr Kirwan calculated the following
Table :

Mean Height of the
Term of Congelation.
1.AT. FeeT.

Ouereennsenioerniensrorsannees 15577
Buveesrseesseninsecarennnnenass 15457
T0ueeueerensronesacensncrsenenns 50677
15useenncencrnesionanennsaasions 14408
20ieeueeesnssecssnscanenrennees 13710
25 erusnncorsiseenerrscsnssnensss 13030
30seennersessancassensesravesnes 11502
35 urerensesrennceernssansannens 10664
A0uuseserenseensesivsressssensss 0016
A5 ureereseressnrisrnsessaseenses 7658
50veeeevanssrencivecsrnnsrnsses G260
B riernenensrnerncrancrncnnnenes 4512
601eseeansssncsenscenraseensnees 3684
65errnsessnrensernssrennsennsses 2516
T0ueseesrencrarerassrnnranennse 1557

T P £

80ieaveeessssasenasnsersensesaes 120

Beyond this height, which has been called the lower
term of congelation, and which must vary with the sea-
son and other circumstances, Mr Bouguer has dis-
tinguished another, which he called the upper term of
congelation 5 that is, the point above which no visible
vapour ascends. Mr Kirwan considers this line as much
less liable to vary during the summer months than the
lower term of congelation, and theréfore has made
choice of it to determine the rate of the diminution of
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keat, as we ascend in the atmosphere. Bouguer deter-
mined the height of this term in a single case, and Kir-
wan has calculated the following Table of its height for
every degree of latitude in the northern hemisphere *.

TA4BLE of the Herght of the Upper Line of Congelation
in the different Latitudes of the Northern Hemisphere.

N. N T ~ N
Lat Feet. Lat. | Fect. Lat. { Feet. Lat Feet.
0°] 28000} 26° 22006 || 48" 12245| 70 | 4413
5127784 27 {22389 49 {11750} 71 | 4354
6 | 27644 || 28 | 21872 50 {11233 T2 | 4205
7 127504 29 [ 213551 51 |10124| 73 | 4236
8 | 27364 | 30 20838 52 | 8965, T4 | 4177
o {27224 31 |20402] 53 | 78061 75| 4110
10 {27084 | 32 | 201461 54 | 6647 76 | .4067
11 {26380} 33 [19800(f 55 5517! 77 | 4015
12 [ 26676 || 34 | 19454l 56 | 5533, 7S | 2963
13 | 26472 35 [19169f1 57 | 54390 79 | 3011
14 {26268 | 36 | 18577||.58 | 5345 SO [ 5861
15 2606111 37 117985) 59 | 5251 S1 | 3815
16 [25781) 3S | 17393} 60 | 5148 82 | 3769
17 {25501 39 [16801] 61 | 5068 | 83 | 372
- 18 {25221l 40 | 16207 62 | 4980 84 | 3877
19 [ 24941 41 [25712) 63 | 4010 85 | 3631
20 | 24661 42 |15217| 6+ | 483171 85 { 3592
21 | 24404 43 | 14722l 65 | 4732 81| 3553
22 124147} 44 14227l 56 { 40841 83 | 3314
23 1 23890(] 45 {18730 87 | 46161 89 | 3475
24, 1236383 46 {13235 68 4543§ 00 | 3432
25 123423 ]f 47 12740 69 | 4480

* For the method which Mr Kirwan followed in construzting this
Table, the reader is referred tohis Estimare of the Temperatire of dilerent
Climates, and his Essay Oa the Fariation of the Aimospbere,

- &9
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The following rule of Mr Kirwan will enable us to
ascertain the temperature at any required height, pro-
vidéd we know the temperatiure at the surface of the
earth. ‘ .

Let the observed temperature at the surface of the
earth be — s, the height given =%, and the height of
the upper term of congelation for the given latitude be

m— 32 __

= ¢; then = the diminution of temperature

— =1

100
for every hundred feet of elevation ; or it is the com-
mon difference of the terms of the progression requi-
red. Let this common difference this found be dego-

ted by ¢ ; then cx%d gives its the whole diminution

of temperature from the surface of the earth to the gi-
ven height. Let this diminution be dénoted by d, then
m—d is obviously the temperature required. An ex-
ample will make this rule sufficiently obvious: In la-
titude 56°, the bheat below being 54°, required the tem-
perature of the air at the height of 503 feet ?

m-—32 22

Here m == 54, ¢t = 5533, =-2Z_ = 0'404
z 54°33
100

=c¢, and ¢X 1%5: 0°404 X 8°03 = 324 =4, and m

i~ d =154 — 324 =150"75. Here we see that the
temperature of the aif 803 feet above the surface of the
earth 1s 50°75°.

From this method of estimating the diminution of
temperatare, which agrees remarkably well with obser-
vation, we see that the heat diminishes in an arithme-
tical progression. Hence it follows, that the heat of
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the dir at a distance from the earth, is not owing to the
ascent of hot strata of air from the surface of the earth;
" but to the conducting power of the air.

3. This rule, however, applies only to the tempera-
ture of the air durmg the summer months of the year.
In winter the upper strata of the atmosphere are often
warmer than the lower. Thbus on the 31st of January
1776, the thermometer oh the summit of Arthur’s Seat
stood six degrees highet than athermometer at Hawkhill,
which is 684 feet lower ¥. Mr Kirwan considers thissu-
perior heat; almost uniformly observed during winter, as
owing to a curfent of warm air from the equator; which
rolls towards the north polé during our winter .

4. Such, then, in general; is the method of finding the
mean annual temperature over the globe. There are,
however, several exceptions to these genéral rules,
which come now to be mentioned. '

That part of the Pacific Oceati which lies between
north lat. 52° and 66° is no broader at its northern ex-
tremity than 42 miles; and at its southern extremity
than 1300 miles: it isreasondble to suppose, therefore,

65
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that its temperature will be considerably influenced by

the surrounding land, which consists of ranges of moiin~
tains covered a great part of the year with snow ; and
there are besides a great ma