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466 CAPTAIN BASIL HALL

somewhere or other adverted to in your Essays,
either directly, or by implication ; but still I con-
ceive your general doctrines may receive support
from the practical illustrations which professional
occupations have thrown me in the way of ob-
serving. :
Professional men, as you well know, are so apt
to overrate the importance of their own topic, that
I hope you will indulge me with a little rope, in my
endeavours to explain one of the most curious, and,
at the same time, practically useful phenomena in
nature. On the other hand, I am so well aware
that it is often difficult for readers to understand
subjects which lie much out of the ordinary line of
their thoughts, that I shall endeavour to render the
whole as simple as possible ; indeed my only fear
is, that I may be accused of being too elementary.
It is a remarkable circumstance in the history of
meteorology, that some of the highest authorities
should assign a totally erroneous direction to these
winds. I may instance in particular the Chart
given in Dr. Young’s ¢ Natural Philosophy,” where
some of the most striking facts of the case are alto-
gether misstated. On the other hand, it is curious
enough that the best account, not only of the
Trades, but of every other wind, is to be found in
the works of Dampier, under the express head of
an Essay on Winds and Currents. Undoubt-
edly, the facts which he has so skilfully arranged,
might be picked out of the works of Cook and other
voyagers ; but Dampier, whose means were, be-
yond all comparison, less than were enjoyed by his
successors, had the merit of condensing and sepa-
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hibit the same aspect, at different seasons of the
year, on the same spot.

I shall first glance at the received ideas upon the
subject, and then describe the actual state of the
facts as I have observed them ; after which, I shall
endeavour to give the laws, which regulate these
singular phenomena, a place in your imagination,
by a theoretical consideration of their cause.

I may mention that these views having suggested
themselves to my mind before I met with your
book, I had intended to publish some notice re-
specting them : on seeing, however, the complete
manner in which you had exhausted the subject, I
abandoned my intention ; and I only resume it now,
as you seem to think the corroboration of a practical
man’s opinions may help to substantiate the truths
which your sagacity and industry have deduced
theoretically.

A few words will serve to describe the common
notions upon the subject.—The north-east Trade
Wind is conceived to blow from the exact north-
east point, nearly to the Equator, when it takes a
graceful bend, and blows more and more from the
east point, till at length it becomes parallel to it ;
that is, blows from due east. The south-east
Trade, in like manner, is supposed to blow at first
precisely at south-east, or at an angle of 45° with
the meridian, and at last to assume an exact paral-
lelism with the Equinoctial Line*. This, how-
ever, is altogether erroneous. The real state of

* See the Chart in Dr. Young's * Natural Philosophy.”
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never crosses the Equator and enters the southern
latitudes. It will aid the memory in this matter, to
bear in mind that the line, which limits or marks
the termination of this Trade Wind, follows the
sun. In July and August it recedes from the
Equator, in pursuit, as it were, of the sun; while
in December and January, when the sun has high
southern declination, it reaches almost to the Line.

"The great difficulty of the outward-bound voyage
commences after the ship is deserted by the N.E.
Trade, as she has then to fight across a consider-
able range of calms, and of what are called the
“ variables,” where the wind has generally more or
less southing in it. At certain seasons it blows
freshly from the S.5.W., and greatly perplexes the
young navigator, who, from trusting to published
accounts, expects to find the wind, not from south,
but from east. This troublesome range varies
in width from 150 to $50 miles ; is widest in Sep-
tember, and narrowest in December or January.
I speak now of what takes place in the Atlantic ;
for it is not quite the same far at sea in the Pacific
Ocean, where fewer modifying circumstances inter-
fere with the regular course of the phenomena, than
in the comparatively narrow neck formed by the
protuberances of Africa and South America.

I may remark in passing, that it is upon a know-
ledge of these deviations from the general rule,
which we are pleased to call irregularities, that
much of the success of tropical navigation depends.
A seaman, who trusts to theory alone, will, in all
probability, make a bad passage; while another,
who relies solely upon past experience, will pro-
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that particular season, and that he ought to have
gone, not to the north, but, in the opposite direc-
tion, to the southward, where he would certainly
have found a fair wind. Had he done so, a fort-
night or three weeks would have placed him in the
port he wished to reach.

But I am forgetting our voyager. We had
reached that spot where the N.E. Trade Wind left
us rolling about in a dead calm, or with only an
occasional violent squall, accompanied by deluges
of rain, in a climate so hot that the slightest cat’s-
paw of wind is hailed with the utmost delight. In
process of time, the ship, by taking advantage of
every such puff of wind, gets across this trouble-
some stage of her journey, and meets the S.E.
Trade. It is very material to remark that this wind
does not blow from the east, as the navigator is led
to expect, or in a direction parallel to the Equator,
and which would be to him a fair wind ; but it
meets him, as it is emphatically termed, smack in
the teeth. Instead, therefore, of steering away
S., or S.8.E. for the Cape of Good Hope, he is
obliged to keep his wind as closely as possible, and
he may think himself fortunate, in a dull sailer, if
he can clear the coast of Brazil without making a
tack. As he proceeds on, however, the wind
gradually hauls to the south-eastward, then to
E.S.E., and at last E., at the southern limit of the
Trade Winds properly so called. Here, after a
little baffling weather, he is almost certain of find-
ing westerly winds, which prevail in the latitudes
beyond the Trades in both hemispheres.

Such are the phenomena most generally observed
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face from the north, (exactly as he formerly met the
S.E. Trade, blowing, not from east, but from the
south Pole,) and is obliged to stretch away to the
W.N.W. at first, and then N.W., as if he were
going to the United States of America—not to
Europe. As he sails on, and gets more into the
Trade, it draws round gradually to N.E. and
E.N.E., which allows of his ‘““coming up” more
and more every day, till at length he can steer
north,—and even north-east ; so that he is enabled
frequently to ¢ look up ” for the Azores or Western
Islands. * By-and-by he bids adieu to the N.E.
Trade, in about 28 or 29 degrees of north latitude,
as he formerly did of the other Trade, in the cor-
respondent degree south. In like manner also he
will now almost always meet with westerly winds,
which will carry him to the Channel. It may be
remarked by the way, that these westerly winds
are not so regular as they are in the southern
hemisphere, owing probably to the comparative
absence of land, which enables the general prin-
ciple, by which the winds are produced, to act
there with greater uniformity#*.

If these descriptions have been rendered suffi-

* The number of days required by the packets between
Liverpool and New York, to make the passage outwards and
homewards, places this in a striking point of view :

The average of the whole of the passages made by
the packets, in six years, from Liverpool to New York,
that is, from east to west,is ...... e meness 40 days,

The average, during the same pena-d, nf the same
vessels from New York to Liverpool, or from west to
eabl, ie o't .o SR ok BN RSN s 23 days.
~—See Hodgson's Letters on North America, vol. ii. p. 345,
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ciently intelligible to a person who has not before
considered the subject, I think he will be in a
situation to comprehend the theory ; and when that
is duly fixed in his imagination, he will find it use-
ful to go back again to the facts stated above, with
sharper powers of observation, and a judgment more
fitted to arrange and generalize these materials to
good purpose. To persons indeed already ac-
quainted with your admirable ¢ Meteorological
Essays,” much of what follows will appear super-
fluous ; but I prefer giving my own views, without
reference to your book, (which I had not seen at the
time I conceived, the following explanations,) in
order to keep up the connexion between my expe-
rience and the theory actually suggested thereby
at the time.

It may be right to state, however, that I by no
means pretend to assert that these ideas have any
claim to originality ; for there are some treatises in
which parts of the theory are to be found, though I
am not acquainted with any work, antecedent to
yours, which accounts for the direction and forece of
the winds on principles applicable to practice.

The most elaborate work I am acquainted with
on these. subjects, is Col. Capper’s “ Observations
on the Winds and Monsoons,” printed in 1801.
But he never once, as it appears to me, throughout
his work, assigns the right cause for the pheno-
mena, which, in most cases, he describes extremely
. well. Dr. Halley’s theory of the wind following
the course of the sun in his diurnal motion to the
west, (which Col. Capper quotes,) is equally un-
satisfactory. - In describing the trade winds of the
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Atlantic, Colonel Capper errs essentially in several
particulars, especially where he says that the north-
east perennial extends sometimes to four or five
degrees south of the Equator ; which, I believe, it
never does¥*.

If air, at any particular spot, be heated, it be-
comes specifically lighter than the adjacent cooler
parts, and consequently rises ; while its place is
speedily occupied by the contiguous less rarefied
or colder air. Now the region of the globe lying
between the Tropics, or we may say between
thirty degrees on each side of the Equator, being
exposed to the most direct rays of the sun, becomes
heated ; and the air in contact with this belt or
zone becoming rarefied, rises with more or less
rapidity, according to the circumstances under
which the earth is situated. Where an open ocean
is found, the incumbent air will be less heated, as
in the Pacific, than where districts of dry earth are
found, as in Mexico for instance. = The partial
vacuum thus formed will, in both hemispheres, be
supplied by the adjacent air lying, we shall sup-
pose, between the latitudes of thirty and fifty
degrees. If this be admitted, most of the pheno-
mena of the Trade Winds will, I conceive, be
readily explained. It must be granted, however,
before proceeding farther, that a volume of air put
into motion is, like every other body, possessed
with a momentum, which will continue that motion
till stopped by its friction against the fluid through
which it is propelled, or by that of the surface of a

* Capper, page 36.
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there would be an universal calm. But, if we sup-
pose the Tropical region to be heated, the air over
it will instantly ascend, and take its station above
the cold ; while the colder and more dense air lying
beyond the Tropics will rush in to occupy its place,
below that which has been heated. This hardly
needs illustration ; but, as I have more than once
met with people who did not immediately see the
consequences which follow from placing two fluids
of different density side by side, I may suggest the
experiment of a trough, divided, by a sluice in the
centre, into two spaces, one of which may be filled
with water, the other with quicksilver ; both fluids
will of course be at rest until the sluice be drawn
up, when the heavier fluid will instantly rush in
beneath the lighter, and the lighter will flow along
above the quicksilver. If, instead of these fluids,
we substitute hot and cold water, the same thing
will take place, the cold always flowing under
the hot, towards the place formerly occupied by the
lower strata of the heated fluid ; while the heated
portion flows along over the cold, towards the place
formerly occupied by the upper strata of the cold
fluid. Exactly the same thing will take place if
two portions of air, at different temperatures, be the
contiguous fluids ; though the phenomena will not
now strike the senses so strongly.

It would not be difficult, I conceive, to have a
globe fitted with a contrivance which should repre-
sent the operation of the Trade Winds ; and perhaps
a description of such an apparatus will be as ready
a method as any other of explaining my views of this
theory. Having taken acommon globe, I would inclose
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place of the cold water drawn off to supply the
place of the lighter heated water at the equator. A
steady current would in this way be produced, run-
ning below towards the equator, and at right angles
to it, and above towards the poles; this would
evidently be the only motion impressed on the fluid
as long as the globe stood still.

It is material to remark here, that this motion
would be less and less obvious as the currents
approached the equator, where the cold fluid would
gradually become heated, and have a tendency to
rise as well as to flow along, so that their course
would be checked, till at length, at the equator, the
opposite currents would meet and produce a calm.

While things are supposed to be 1n this situation,
let the globe be put into rapid motion from west to
east, we shall say, for the sake of illustration, at
the rate of one thousand feet in a minute, while all
the circumstances as to temperature remain as
before. The cold water would continue to flow
just as before, under the hot, towards the equator,
where the rarefying cause existed, but it would now
* come to the equatorial regions, possessed, not only
with a motion directly towards the equator, but
with the easterly velocity due to that circle of lati-
tude which it had left, or about eight hundred feet
in a minute; and if we suppose these equatorial
regions to be moving to the eastward at the average
rate of nine hundred and fifty feet in the same
interval, the cold water moving at the slower rate
would inevitably at its first arrival there be left
behind ; or, which is the same thing, the surface of
the globe would go faster to the eastward than the
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directly upon the adjacent great territory of
Mexico, and, by heating the land violently, cause
the air to rise over it. But the vacuum is filled up
not only from the northward, but by the compara-
tively cold air of the equatorial regions in the
neighbourhood, This air coming from that part of
the globe which- revolves quickest, to one which
moves more slowly, produces not an easterly, but
westerly and south-westerly winds ;—so that the
navigator, who works by what is called the rule of
thumb, and takes things for granted, instead of
inquiring into them, will be very apt to make sad
blunders in his navigation. I confess that I once
laid myself open to an accusation little short of this,
for which I had less excuse, perhaps, than another
man, since, from having long speculated upon these
topics, I had in a great measure satisfied myself of
the truth of these theories. Yet when I was sent
to visit the south-west coast of Mexico alluded to,
and was left to my own choice as to the manner of
performing the voyage, I miscalculated the pro-
bable effect of so vast a heater as Mexico, and ex-
pected to find the winds from east or north-east; and
therefore began my voyage at Panama. . I soon
learned, however, to my cost, that instead of being
to windward of my port, I was dead to leeward of
it, and I had to beat against westerly winds for
many weeks.

After all, however, it is by this union of theory
and experience, (which is not the worse for being
dearly bought), that effectual knowledge can be ob-
tained ; and the disasters into which we are led by
ignorance must be serious indeed, if they be not more
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Barom. Temp. of Air, Temp. of wet Ther. Difference.
1787 o DD a i aie BRSE SR
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Here, in an atmosphere which a former experi-
ment has proved to be in a state of almost perfect
dryness, we find that, at the full atmospheric pres-
sure, the wet surface of the thermometer was
reduced 9°. It is worthy of remark, also, how
small a quantity of water is required to produce
this effect. It has been previously shown, that a
surface of 2'7 inches diameter, only lost 124 grains
in half an hour. This would have been 1'41 grains
at the temperature of 49°. The surface of the wet
thermometer could not have exceeded ;;th of that
of the evaporating vessel, and the maximum effect
was produced in ten minutes, or 4d of the time, so
that the weight of water evaporated in this case
was not more than (‘0094 grains) one-hundredth of
a grain. It will be seen, that the depression
increased with the rarefaction of the air, but in the
proportion only of the terms of an arithmetical pro-
gression to those of a geometrical. The increase
is attributable, not to the augmented quantity of
the evaporation, but to the decreased heating
power of the atmosphere. MM. Du Long and
Petit, in their experiments upon the cooling power
of air, determined it to be nearly as the square
root of the elasticity ; but whether the heat which
it is capable of communicating to a cold body, follow
the same progression, the experiments above de-
tailed are not sufficient to determine with precision.
We may, however, certainly conclude from them,
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quantity of evaporation must decrease as the pnini':_

of saturation rises. A different arrangement of the
points of precipitation would ensue in the progress
of these effects.

An important distinction must here be drawn
between the ultimate effects of the superior and
inferior evaporation denoted above. In the first,
the whole weight of water is condensed and simul-
tancously exhaled; and although it constitutes
steam of an inferior degree of force, there is little
or no difference in the quantity of its latent heat,
and no effect is therefore produced upon the tem-
perature of that portion of the atmosphere in which
the change takes place. But in the second, the
condensation happens at one spot, and the vapori-
zation at another inferior to it; the latent heat is
therefore evolved at the former and communicated
to the air, while at the latter the process is reversed,
and the air is cooled. The process of this opera-
tion would, therefore, tend to equalize the tempera-
ture of the atmosphere.

We will next imagine that the surface of the
earth is swept by a high wind, and that the atmos-
phere, instead of resting calmly upon its base, moves
laterally with great velocity. Under these circum-
stances experience has shown that the amount of
evaporation will be nearly doubled; but the force
of evaporation is not altered in the upper regions.
The inferior exhaling surface being immoveable,
the motion of the air perpetually changes, and
renews the points of contact, and prevents accumu-
lation at any one place; but in the heights of the
atmosphere the exhaling surface of the cloud is
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cedes rain, and is accompanied by a falling baro-
meter. But to return again to the more general
and extended influence of the vapour upon the
boundless strata of the atmosphere:—that the phe-
nomena of evaporation and condensation, as we
have been contemplating their progress, have not
been described with any bias to theoretical consi-
derations, but are in strict accordance with facts
and observations, any one might easily convince
himself with less difficulty than would at first be
supposed. To prove the assertion, I shall extract
the following passages from the works of De Lue,
who was probably one of the most accurate ob-
servers of nature that ever existed, and who seldom,
indeed, allowed any hypothetical considerations to
warp his description of what he had observed.
They will afford a complete illustration of the pre-
ceding remarks, although they were penned by him
to support a very different hypothesis.

“Si l'on ne fait qu'une légére attention a la
surface de ces brouillards vus des montagnes pour
en jouir comme d'un beau spectacle, on peut penser
qu’ils sont permanens ; que I'évaporation est arrivée
a son maximum a la surface des eaux, parce que
lair est parvenu a I'humidité extréme; et que les
vapeurs vésiculaires qui troublent la transparence
de cet air restent les mémes durant des semaines
ou méme des mois; c'est-a-dire, tant que le brouil-
lard se conserve a une méme hauteur. Mais le
phénoméne différe beaucoup de cette premiére ap-
parence: 1'évaporation continue a la surface des
eaux, les vapeurs vésiculaires qui s’en forment
montent sans cesse, et une nouvelle évaporation a
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s’étendre, sans que la totalité du nuage se meuve,
et elle ne se dissipe pas moins durant cette exten-
sion. Quelquefois, tandis que I'un des festons du
nuage se dissipe on en voit d'autres se former,
s’étendre, produire eux-mémes de nouveaux fes-
tons, par ou le nuage grossit: d’autres fois il
diminue ; et alors tous ses festons s’évaporent suc-
cessivement et il n’en acquiert de nouveaux, que
parce qu’il se découpe : on appergoit en méme tems,
qu’il devient plus mince, et il disparoit enfin totale-
ment.

“ C’est ce qui m’a conduit 4 penser qu’il y a en
effet dans l'air, une source générale de vapeurs qui
en fournit en certaines circonstances; que ces va-
peurs sont produites au lieu méme ol se forme un
nuage ; que c'est par la durée de cette production
de vapeurs, que les nuages subsistent, s’aggrandis-
sent méme, quoiqu’en s’évaporant tout le tour ; et
que lorsquiils se dissipent c¢’est que leur évapora-
tion n’est plus réparée par la formation de nouvelles
vapeurs.”—Idées sur la Météorologie,tom. x1. p. 117.

I shall now conclude this essay with an observa-
tion which is intimately connected with the subject
of the preceding pages. It has been argued that
the quantity of heat which would be communicated
to the air by the condensation of atmospheric va-
pour would be trifling, and inadequate to produce
those expansions in the aérial currents to which, in
my essay upon the constitution of the atmosphere,
I have ascribed the fluctuations of the barometer.
Now, I have therein shown how the gradual spread
of a small increase of temperature, through a con-
siderable stratum, is sufficient for the purpose

il
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the preservation and propagation of exotic vegeta-
tion, it necessarily embraces the consideration of
varieties of climate : and it labours, by art, to assi-
milate the confined space of its operations to that
constitution of atmosphere which is most congenial
to its charge, or to protect them at different periods
of their growth from sudden changes of weather
which would be detrimental to their health. Expe-
rience has anticipated theoretical knowledge in
suggesting various artifices, by which these ends
may be effected; a connected view of which has
never, I believe, been attempted, but may prove
to be not without interest and utility. The sugges-
tions of experience may probably enlarge the con-
clusions of theory, while it is not impossible that
the improved state of the latter may be found to
furnish some assistance to the former.

The science of Horticulture, with regard to cli-

mate, will be best considered in two divisions: the
first comprises the methods of mitigating the ex-
tremes, or exalting the energies, of the natural cli-
mate in the open air; the second embraces the
more difficult means of composing and maintaining
a confined atmosphere, whose properties may assi-

milate with those of the natural atmosphere in

intertropical latitudes. I shall commence my ob-
servations with the former.

The basis of the atmosphere has been proved to
be of the same chemical composition in all the
regions of the globe. All the varieties of climate
will therefore be found to depend upon the modifi-
cations impressed upon it by light, heat, and mois-
ture ; and over these, art has obtained, even in the

h-lll'lln..-—u,—
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are brought about in the general course of nature.
The principal of these will be found to be, wind
and radiation,

The amount of evaporation from the soil, and of
exhalation from the foliage of the vegetable king-
dom, depends upon two circumstances,—the satura-

tion of the air with moisture, and the velocity of |
its motion. They are in inverse proportion to the

former, and in direct proportion to the latter.

When the air is dry, vapour ascends in it with
great rapidity from every surface capable of afford-
ing it, and the energy of this action is greatly pro-
moted by wind, which removes it from the exhaling
body as fast as it is formed, and prevents that
accumulation which would otherwise arrest the
process.

Over the state of saturation, the Horticulturist
has little or no control in the open air, but over its
velocity he has some command. He can break the
forece of the blast by artificial means, such as walls,
palings, hedges, or other screens; or he may find
natural shelter in situations upon the acclivities of
hills. Excessive exhalation is very injurious to
many of the processes of vegetation, and no small
proportion of what is commonly called bdlight may
be attributed to this cause. Evaporation increases
in a prodigiously rapid ratio with the velocity of
the wind, and anything which retards the motion of
the latter, is very efficacious in diminishing the
amount of the former ; the same surface, which in

a calm state of the air would exhale 100 parts of

moisture, would yield 125 in a moderate breeze,
and 150 in a high wind, The dryness of the

“r.l_
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of the sun should therefore be ascertained. .The
state of the weather to which I refer, often o n
April, May, and June, but seldom lasts many houts.
Great mischief, however, may arise in a very small
interval of time, and the disadvantage of a partial
loss of light cannot be put in comparison with the
probable effect which I have pointed out.

During the time in which I kept a register of the
weather, I have seen in the month of May the
thermometer in the sun at 101°, while the dew-point
was only 34°; the state of saturation of the air, upon
a south wall, consequently only amounted to 120, a
state of dryness which is certainly not surpassed by
an African Harmattan. The shelter of a mat on
such occasions, would often prevent the sudden
injury which so frequently arises at this period of
the year.

Some of the present practices of gardening are
founded upon experience of similar effects ; and it is
well known that cuttings of plants succeed best in a
border with a northern aspect protected from the
wind: or, if otherwise situated, they require to be
screened from the force of the noon-day sun. If
these precautions be unattended to, they speedily
droop and die. For the same reason, the autumn is
selected for placing them in the ground, as well as
for transplanting trees; the atmosphere at that
season being saturated with moisture, is not found
to exhaust the plant before it has become rooted in
the soil.

Over the absolute state of vapour in the air we
are wholly powerless, and by no system of watering
can we affect the dew-point in the free atmosphere,
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differing in degree in different kinds of matter.
Co-existing with it, in the same degrees, may be
regarded the power of absorbing heat so emitted
from other bodies. Polished metals, and the fibres

of vegetables may be considered as placed at the

two extremities of the scale upon which these pro-
perties in different substances may be measured.
If a body be so situated that it may receive just as
much radiant heat as itself projects, its temperature
remains the same; if the surrounding bodies emit
heat of greater intensity than the same body, its
temperature rises, till the quantity which it receives
exactly balances its expenditure ; at which point it
again becomes stationary: and if the power of
radiation be exerted under circumstances which
prevent a return, the temperature of the body
declines. Thus, ifa thermometer be placed in the
focus of a concave metallic mirror, and turned
towards any clear portion of the sky, at any period
of the day, it will fall many degrees below the
temperature of another thermometer placed near it,
out of the mirror: the power of radiation is exerted
in both thermometers, but to the first all return of
radiant heat is cut off, while the other receives as
much from the surrounding bodies, as itself pro-
jects. This interchange amongst bodies takes
place in transparent media as well as in vacwo ; but
in the former case the effect is modified by the
equalizing power of the medium.

Any portion of the surface of the globe which is
fully turned towards the sun receives more radiant
heat than it projects, and becomes heated; but
when, by the revolution of the axis, this portion is

il
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or aeriform state, although the process may go on
freely, as in water, the cold produced by it will not
accumulate upon the surface, but will be dispersed
by known laws throughout the mass; and if a solid
body be a good radiator but a bad conductor of
heat, the frigorific effect will be condensed upon
the face which is exposed. So, upon the surface of
the earth, absolute stillness of the atmosphere is
necessary for the accumulation of cold upon the
radiating body ; for if the air be in motion, it dis-
perses and equalizes the effect, with a rapidity pro-
portioned to its velocity.

It is upon these principles that Dr. Wells has
satisfactorily explained all the phenomena connected
with dew or hoar frost. This deposition of moisture

is owing to the cold produced in bodies by radia- -

tion, which condenses the atmospheric vapour upon
their surfaces. It takes place upon vegetables, but
not upon the naked soil. The fibres of short grass
are particularly favourable to its formation. It is
not produced either in cloudy or in windy weather,
or in situations which are not perfectly open to the
sky. It is never formed upon the good conducting
surfaces of metals, but is rapidly deposited upon
the badly conducting surfaces of filamentous bodies,
such as cotton, wool, &ec.

In remarking that dew is never formed upon
metals, it is necessary to distinguish a secondary
effect, which often causes a deposition of moisture
upon every kind of surface indiscriminately. The
cold which is produced upon the surface of the
radiating body, is communicated by slow degrees
to the surrounding atmosphére ; and, if the effect be

i X ]
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tude of London, it not unfrequently amounts to 17°.
But, however this may be, it is certain that vege-
tation in this country is liable to be affected at night
from the influence of radiation, by a temperature
below the freezing point of water, ten months in
the year; and even in the two months July and
August, which are the only exceptions, a thermo-
meter covered with wool will sometimes fall to 35°.
It is, however, only low vegetation upon the ground
which is exposed to the full rigour of this effect.
In such a situation the air which is cooled by the
process, lies upon the surface of the plants, and
from its weight cannot make its escape ; but from
the foliage of a tree or shrub, it glides off and settles
upon the ground.

- Anything which obstructs the free aspect of the
sky arrests, in proportion, the progress of this refri-
geration, and the slightest covering of cloth or
matting annihilates it altogether. Trees trained
upon a wall or paling, or plants sown under their
protection, are at once cut off from a large portion
of this evil ; and are still further protected, if within
a moderate distance of another opposing screen.
The most perfect combination for the growth of
exotic fruits in the open air would be a number of
parallel walls within a short distance of one another,
facing the south-east quarter of the heavens: the
' spaces between each should be gravelled, except
a narrow border on each side, which should be kept
' free from weeds and other short vegetables. On
the southern sides of these walls, peaches, necta-
rines, figs, &c. might be trained to advantage, and
on their northern sides many. hardier kinds of
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enclosed will by its low conducting power effectu-
ally secure the plant. With their foliage thus
protected, and their roots well covered with litter,
many evergreens might doubtless be brought to
survive the rigour of our winters, which are now
confined to the stunted growth of the greenhouse
and conservatory.

The secondary effect which radiation has upon
the climate of particular situations, is a point which
is less frequently considered than the primary one
which we have been investigating ; but which re-
quires, perhaps, still more attention. The utmost
concentration of cold can only take place in a per-
fectly still atmosphere: a very slight motion of the
air is sufficient to disperse it. A low mist is often
formed in meadows in particular situations, which
is the consequence of the slow extension of this cold
in the air, as before described: the agitation of
merely walking through this condensation is fre-
quently sufficient to disperse and melt it. A valley
surrounded by low hills, is more liable to the effects
of radiation than the tops and sides of the hills
themselves ; and it is a well-known fact that dew
and hoar frost are always more abundant in the
former than in the latter situations. It is not meant
to include in this observation, places surrounded by
lofty and precipitous hills which obstruct the aspect
of the sky, for in such, the contrary effect would be
produced. Gentle slopes, which break the undu-
lations of the air, without naturally circumscribing
the heavens, are more efficient in promoting this
action; and it is worthy of remark and considera-
tion, that by walls and -other fences we may arti-
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their use in pointing out localities, which, with tfna
view, are most to be avoided.

Little is in the power of the Horticulturist to
effect in the way of exalting the powers of the cli-
mate in the open air ; except by choice of situation
with regard to the sun, and the concentration of its
rays upon walls and other screens. The natural
reverberation from these and the subjacent soil, is
however very effective, and few of the productions
of the tropical regions are exposed to a greater heat
than a well-trained tree upon a wall in summer.
Indeed, it would appear from experiment, that the
power of radiation from the sun, like that of radia-
tion from the earth, increases with the distance
from the equator ; and there is a greater difference
between a thermometer placed in.the shade, and
another in the solar rays in this country, than in
Sierra Leone or Jamaica. The observations of
the President of this Society upon the growth of
pine-apples is in exact accordance with this idea ;
for he has remarked that this species of plant,
though extremely patient of a high temperature, is
not by any means so patient of the action of very
continued bright light as many other plants, and
much less so than the fig and orange tree ; and he
is inclined to think that on this account they may be
found to ripen their fruit better in the spring than
in the middle of the summer *, This energy of the
sun is at times so great that it often becomes neces-
sary to shade delicate flowers from its influence;

® See Horticultural Transactions, vol. iv. page 548,
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the tree has put forth its foliage, the colour of its
protecting support can have no influence in any
way: the leaves cover the surface, and absorb the
rays by their own inherent powers. The only
known advantage which can be taken of this pecu-
liar power in dark substances, is in the case of
covering up fruits, to preserve them from the
ravages of flies ; grapes which are enclosed in bags
of black crape ripen better than those in white ;
but I believe that it is admitted that neither do so
well as those which are freely exposed.

I come now to the consideration of a confined
atmosphere ; the management of which being
entirely dependent upon art, requires in the Hor-
ticulturist a more extended acquaintance with the
laws of nature, with regard to climate, and greater
skill and experience in the application of his
means. The plants which require this protection
are in the most artificial state which it is possible
to conceive; for, not only are their stems and
foliage subject to the vicissitudes of the air in which
they are immersed, but, in most cases, their roots
also. The soil in which they are set to vegetate is
generally contained in porous pots of earthernware,
to the interior surface of which the tender fibres
quickly penetrate and spread in every direction ;
they are thus exposed to every change of tempera-
- ture and humidity, and are liable to great chills
from any sudden increase of evaporation. This
part of the subject naturally divides itself into two
branches. The first regards the treatment of such
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being commonly derived from the pots, the exha-
lations of the leaves is not enough to saturate
the air, and the consequence is a prodigious power
of evaporation. This is injurious to the plants in
two ways: in the first place, if the pots be at all
moist, and not protected by tan or other litter, it
produces a considerable degree of cold upon their
surface, and communicates a chill to the tender
fibres with which they are lined. The danger of
such a chill is carefully guarded against in the case
of watering, for it is one of the commonest precau-
tions not to use any water of a temperature at all
inferior to that of the hot air of the house; inat-
tention to this point is quickly followed by disas-
trous consequences. The danger is quite as great
from a moist flower-pot placed in a very dry
atmosphere, :

The custom of lowering the temperature of fluids
in hot climates, by placing them in coolers of wet
porous earthenware, is well known, and the common
garden-pot is as good a cooler for this purpose as
can be made. Under the common circumstances of
the atmosphere of a hot-house, a depression of
temperature amounting to 15 or 20 degrees, may
easily be produced upon such an evaporating sur-
face. But the greatest mischief will arise from the
increased exhalations of the plants so ecircum-
stanced, and the consequent exhaustion of the
powers of vegetation. The flowers of the torrid
zone are many of them of a very succulent nature,

argely supplied with cuticular pores, and their
tender buds are unprovided with those integuments
and other wonderful provisions by which nature







532 CLIMATE CONSIDERED

when exposed to drought, and the quantity, which
is known to vary in the hot-house, is no doubt con-
nected with the state of moisture of the atmosphere.

These considerations must be sufficient, I ima-
gine, to place in a strong light the necessity of a
strict attention to the atmosphere of vapour in our
artificial climates, and to enforce as absolute an
imitation as possible of the example of nature.
The means of effecting this is the next object of
our inquiry.

Tropical plants require to be watered at the
root with great caution, and it is impossible that a
sufficient supply of vapour can be kept up from this
source alone. There can however be no difficulty
in keeping the floor of the house, and the flues, con-
tinually wet, and an atmosphere of great elasticity
may thus be maintained in a way perfectly analo-
gous to the natural process. Where steam is
employed as the means of communicating heat, an
occasional injection of it into the air may also be
had recourse to: but this method would require
much attention on the part of the superintendent,
whereas the first cannot easily be carried to excess.

It is true that damp air or floating moisture of
long continuance would also be detrimental to the
health of the plants, for it is absolutely necessary
that the process of transpiration should proceed;
but there is no danger that the high temperature of
the hot-house should ever attain the point of satura-
tion by spontaneous evaporation. The temperature
of the external air will always keep down the force
of the vapour; for as in the natural atmosphere
the dew-point at the surface of the earth is regu-
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not probably exceed the mean of the external and in-
ternal air, and taking these at 80° and 40°, 20 degrees
of dryness are kept up in the interior; or a degree of
saturation not exceeding 528. To this, in a clear
night, we may add at least 6° for the effects of radia-
tion, to which the glass is particularly exposed,
which would reduce the saturation to 434°, and this
is a degree of drought which must be nearly
destructive. It will be allowed that the case which
I have selected is by no means extreme, and it is
one which is liable to occur even in the summer
months. Now by an external covering of mats,
&ec. the effects of radiation would be at once annihi-
lated, and a thin stratum of air would be kept in
contact with the glass which would become warmed,
and consequently tend to prevent the dissipation of
the heat. But no means would of course be so
effective as double glass including a stratum of air:
indeed, such a precaution in winter seems almost
essential to any great degree of perfection in this
branch of Horticulture. ~When it is considered
that a temperature at night of 20° is no very unfre-
quent occurrence in this country, the saturation of

the air may upon such occasions fall to 120°, and -

such an evil can only at present be guarded against
by diminishing the interior heat in proportion.

By materially lowering the temperature we com-
municate a check which is totally inconsistent with
the welfare of tropical vegetation. The chill which
is instantaneously communicated to the glass by a
fall of rain and snow, and the consequent evapora-
tion from its surface, must also precipitate the
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There is one practice universally adopted by
gardeners, which is confirmatory of these theoretical
speculations, namely, that of planting tender cut-
tings of plants in a hot-bed, and covering them with
a double glass. = Experience has shown them that
many kinds will not succeed under any other treat-
ment. The end of this is  obviously to preserve a
saturated atmosphere; and it affords a parallel
case to that of Dr. Wells of the anticipation of
theory by practice. -

The effect of keeping the floor of the hot-house
continually wet has been already tried at the
Society’s garden, at my suggestion, and it has been
found that the plants have grown with unprece-
dented vigour: indeed their luxuriance must strike
the most superficial observer. L

To the human feelings the impression of an
atmosphere so saturated with moisture is very
different from one heated to the same degree with-
out this precaution; and any one coming out of a
house heated in the common way, into one well
charged with vapour, cannot fail to be struck with
the difference. Those who are used to hot climates
have declared that the feel and smell of the latter
exactly assimilate to those of the tropical regions.

But there is a danger attending the very success
of this experiment, which cannot be too carefully
guarded against. 'The trial has been made in the
summer months, when the temperature of the
external air has not been low, nor. the change from
day to night very great. In proportion to the
luxuriance of the vegetation, will be the danger of
any sudden check; and it is much to be feared,
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- sheltered from the effects of direct radiation, which
| cannot take place through glass: but the glass
“itself radiates very freely, and thus communicates
a chill to the air, which might effectually be pre-
vented by rolling mats. With this precaution, fire
would be but rarely wanted in a good situation, to
communicate warmth. But in this damp climate it
may be required to dissipate moisture. The state
of the air should be as carefully watched with this
view, as where a high temperature is necessary, to
guard against the contrary extreme. Free transpi-
ration, as I have before remarked, is necessary to
the healthy progress of vegetation, and when any
mouldiness or damp appears upon the plants, the
temperature of the air should be moderately raised,
and free ventilation allowed. When the pots in the

proper season are moved into the open air, it would

contribute greatly to their health and preserve them
from the effects of too great evaporation, to imbed
them well in moss or litter: as a substitute for this
precaution, the plants are generally exposed to a
northern or eastern aspect, where the influence of
the sun but rarely reaches them, but which would
be very beneficial if their roots were properly pros
tected. The advantage of such a protection may
be seen when the pots are plunged into the soil, a
method which communicates the greatest luxuri-
ance to the plants, but unfits them to resume their
winter stations.

When a green-house is made use of, as it often
is, after the removal of the pots, to force the vine,
the same precautions should be attended to as in
the management of the hot-house, and the elasticity

il
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my hands, and obliged me with the loan of, some of
the volumes of the Ephemerides of the Meteorologi-
cal Society of the Palatinate : a work which, if it had
been continued with its original spirit to the present
time, would probably have left little to be desired in
the way of observation ; and which, even in its pre-
sent state, would be found by the diligent inquirer to
contain more data for a correct history of European
weather than all other works upon the same subject
taken together. During a tour which I made in
Germany, I succeeded in obtaining a complete copy
of these transactions, from their commencement in
1781, to their termination in 1792. As this record
is very little known in this country, and in its
complete state very scarce, I shall be excused for
giving a short account of its origin, and that of a
society which might, undoubtedly, afford the most
perfect model of a similar institution at the present
day for promoting the Science of Meteorology. I
shall hereafter, probably, if time should allow me to
complete the task which I have commenced, draw
up a memoir upon the climate of Europe founded
upon these careful documents. The labour will
not be trifling, but cannot be thrown away in a case
where such full reliance can be placed upon the
experimental basis of the inductions.

The Meteorological Society of the Palatinate was
established in the year 1780, under the auspices of
the Elector Charles Theodore, who not only gave
it the support of his public patronage, but entered
with spirit and ability into its pursuits, and fur-
nished it with the means of defraying the expense
of instruments of the best construction, which were
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upon the electrical state of the atmosphere, upon
the progress of vegetation, the prevalence of disease,
changes of population, and migration of animals.
The field of observation extended from the Ural
Mountains in the east, to Cambridge in the United
States in the west; and from Greenland and
Norway in the north, to Rome in the south, This
range included also stations upon three high moun-
tains in Bavaria, and upon the summit of St,
Gothard. The observations of each year are
summed up, and compared with those which pre-
cede, in copious and most laborious tables of mean
and extreme results ; and many very interesting
essays upon various branches of Meteorology are
interspersed throughout the volumes. Unfortu-
nately for science, the Secretary Hemmer died in
the month of May, 1790, and from that time the
Society appears to have languished, and finally to
have become extinct amidst the troubles and the
wars of the French Revolution. Would that anqtl_l_er
Hemmer could be found in this age to direct the
uncombined efforts of meteorologists to one common
purpose! And would that the scientific men of the
present day, laying aside all petty and degrading
jealousies, might see the advantage of uniting in a
system such labours as lose the greatest part of
their value from wanting unity of purpose !
Amongst other valuable suggestions, in these
olumes, upon the proper uses of meteuro]ugma;
observations, I have found the first exemplification
of the method of representing the oscillations of the
barometer by a curved line upon a scale—a method
which I think will appear, from the subsequent
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representing a tenth of an inch, and each horizontal
division comprehending a day. The curves have
been arranged in order from north to south, com-
mencing ‘with Spidberg, in Norway, and ending
with Rome and Padua. In selecting the stations,
I have endeavoured to confine one set, as much as
possible, to the same meridian ; while I have chosen
a second nearly approaching one another in lati-
tude, but differing widely in longitude.

SPIDBERG, the first station, is a small parish in
Norway, situated between Christiana and Frede-
rickshall, within a short distance of the North Sea
on its western side, and of the Baltic on its eastern.
The longitude of the place of observation, which
was the church and residence of the minister, is
represented in the Transactions as 9° 4' E.; but
there must be some mistake in this, as from the
locality it cannot be less than 10° 50' E.  The lati-
tude is 59° 30' N., and the altitude above the level
of the sea about 426 feet.

StockdoLM, the second station, is sltuated in
about the same degree of latitude, but nearly 8°
apart in the longitude. The place of observation
was the Observatory close to the shore of the
Baltic, above the surface of which it stands about
136 feet. |

CorENHAGEN, the third station, is built upon the
southern coast of the Categate, or entrance of the
Baltic. The Royal Observatory, at which the
register was kept, stands about 136 feet above the
mean level of the sea; its latitude is 55° 41‘ N.,
and its longitude 12°40' E. It is distant about 300
miles to the south-west of the preceding station.
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MannHEIM, the ninth station, was the head quar-
ters of the Meteorological Society; and here the
observations, under the immediate superintendence
of the Secretary Hemmer, were more varied and
more complete than in any other place: on this
account, as well as on that of its central situation, it
furnishes the best standard of comparison for all
the other observatories. All the particulars of its
situation are most accurately described in the Trans-
actions. It is placed in a vast plain, and nearly
surrounded by the waters of the Necker and the
Rhine. Its latitude is 49° 26’ N., and its longitude
8° 81" E. ; not very far removed from the meridian
from which we set out. The barometer was placed
about 51 feet above the mean level of the Rhine.

Rarisson, the tenth station, is placed upon the
Danube, in latitude 48° 56' N., and longitude 12’ 5'.

MuxicH, the eleventh station, is situated about
62 miles to the south of the preceding. It is seated
in a plain on the river Iser, in latitude 48" 10° N.,
and longitude 11° 36" E. The barometer was
placed about 48 feet above the ground.

PeisseNBErG, or Hohenpeissenberg, the twelfth
station, is a mountain of Upper Bavaria, distant not
more than 3 or 4 miles from the mountains of the
Tyrol. The place of observation was its very sum-
mit, about 1300 feet above the level of the River
Amber, and 1100 above the Leike. Its latitude
is 47° 47 E., and its longitude 10° 59" E. It is re-
marked in the Transactions, as a place peculiarly
adapted by nature for meteorological observations.
Its horizon extends on all sides, but the south, toa

distance of above 12 miles; but in the south the
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MarsEILLES is the sixteenth station, and stands
upon the shores of the Mediterranean Sea. Its
latitude is 43° 18 N., and its longitude 5° 27"
The ground upon which it stands is uneven, and it
is surrounded on the land side by mountains, some
of which are not less than 2500 feet high. The
observatory is built upon one of the highest points
of the town, and the height of the barometer above
the sea was 153 feet.

Rowme, the seventeenth station, 1s the most south-
ern point to which the observations extend. It is
not very far removed from the Norwegian meridian
from which we set out, and agrees almost exactly
with that of Copenhagen, thus extending the com-
parison to upwarca? of 1200 miles in a straight line
from north to south. The exact latitude is 41° 54’
N., and the longitude 12° 55" E. The city is situated
upon the river Tiber, which runs through a part of
it, and at no great distance from the Mediterranean
on the south, and the Adriatic on the north. The
barometer was fixed at a height of about 90 feet
above the level of the sea.

Papua, the last station of this comparison, is a
few degrees more to the north, being in latitude
45° 23' N., and longitude 12° 1' E. It is seated at
the top of the Adriatic, in a fine plain, at the con-
duence of the rivers Brenta and Bachiglione. The
surrounding country is distinguished by its beauty
and fertility. The barometer stood about 60 feet
above the level of the sea.

I regret very much the not being able to include
London amongst the stations of this interesting
survey. The Royal Society, as might be supposed
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The principal fact disclosed by the comparison
of observations at all these various points must at
once strike the eye of the most careless observer—
namely, the near coincidence of all the curves.
From the shores of the Baltic to those of the Medi-
terranean ; from the level of the sea to the height
of nearly 7000 feet above it; in every variety of
country, from the Alps to the sandy plains of Ger-
many ; in every season, in every change of weather,
the continual movements of the barometer corre-
spond in a most wonderful manner. The general
law which governs these effects, within these limits,
is constant in its operation, although subject to
modifications which it will be highly instructive to
trace and appreciate.

In the first place, the oscillations of the mercu-
rial column decrease in proceeding from north to
south; and in this way some of the minor move-
ments are obliterated before they reach the extreme
southern point. Hence, partly, it is that the three
Mediterranean curves are not only flatter than the
three Baltic, but less serrated and uneven. If the
extreme northern and southern lines were placed in
juxta-position, the resemblance would be but faint
and imperfect; but they pass so gradually into one
another, through the whole series, that their con-
nexion 1s very manifest. These observations apply
most accurately to those places which are nearest
situated to the same meridian. |

Secondly. There are other modifications which
depend upon the relative distances of the places in
longitude. By comparing together the most east-
ern and most western curves which nearly agree in
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Fourthly. The effect of the difference of the
meridians becomes greater as we approach the
Western Sea. It will at once be evident that the
Brussels curve agrees the least with any of the
others. Although it accords in the general outline,
almost all the remarkable elevations and depres-
sions are strongly modified. The Marseilles curve,
on the contrary, which is only one degree more to
the east, agrees very closely with that of Rome.
It will be remarked that the whole width of France
interposes between this station and the Atlantic,
while the former is at a comparatively small dis-
tance from the North Sea.

Fifthly. There is another modification which is
dependent upon height. The mountain curve of
St. Gothard is manifestly flatter, and its inequali-
ties more rounded, than that of Geneva ; and it is
also worthy of remark how the relative distance of
the two decreases as the temperature of the months
increases, and augments with their decrease. In
the summer the space between them is not half as
great as in the winter. This is obvicusly caused
by the expansion of the atmospheric columns in
the former season; the difference of course mani-
festing itself in the increased weight of the upper
section.

Sixthly. The abrupt and angular changes of
the winter portion of the curves is strongly con-
trasted with the more gentle and rounded undula-
tions of the summer months, and even the stormy
portions of each with those of the more settled wea-
ther. These changes extend through the whole
series; but it cannot but be remarked that the
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to errors of the same description, but with which I
have not ventured 1o interfere. Such, I am almost
tempted to believe, is the sudden rise in the Stock-
holm line on the 31st January, and the anomalous
fall in that of Spidberg on the 12th February.
One of the uses to which, in future, this method of
laying down observations may be applied, is, to
check, within certain limits, the accuracy of different
observers. This is the test to which [ have occa-
sionally brought the late observations of the Royal
Society; and I have in this way discovered, on
several occasions, much wider differences between
them and the observations of Mr. Howard at Totten-
ham, than between any two, even of the most re-
mote stations in Europe, which we have ]ust been
comparing.

The next most interesting objects of inquiry are
the limits of this correspondence, and the com-
mencement of the reflux which must necessarily
accompany these extensive undulations; for the
laws of equilibrium require that a fall of the mer-
curial column throughout the greater part of Europe,
should be accompanied by a corresponding rise in
other regions. Unfortunately the observations of
the Ephemerides, extended as they were, are not
sufficiently comprehensive to fix these important
points with all the precision which we could desire.
In Plate V., however, I have collected two groups
which throw considerable light upon this part of the
subject ; and I shall now proceed to describe the
stations from which they have been selected.

Pyscuminsk, the nineteenth station, was the office
of the mines in the Ural Mountains of Siberia,
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Secondly, that the accordance is still main-
tained upon this remote meridian, in the direction
of the latitude, as appears from the curves of Peters-
burg and Moscow, which agree together very
eaxctly, notwithstanding they are not situated so
nearly north and south as might be wished for the
comparison. The quiet state of the atmosphere at
Pyschminsk in the summer months of July and
August, is another very interesting feature of its
curve. This is probably the most inland station at
which a register of the barometer has ever been
kept, being almost exactly in the centre of that
immense extent of land which constitutes the con-
tinents of Europe and Asia.

Goruap, the twenty-second station, is situated
upon the west coast of Greenland, in lat. 64° 10' N.,
and in long. 51°18 W, It is the most northern
point of the Mannheim Transactions. It stands on
the shores of Davis’ Strait, at the foot of some very
lofty mountains, which rise to the height of nearly
7000 feet. The barometer was placed about 15
feet above the level of high-water.

EpsBEre, the twenty-third station, is a small town
in Norway, not very far removed from the station
at Spidberg, to which the observations, for some
reason which is not explained, appear to have been
transferred. Its lat. is about 59° N., and its long.
9° E.

CorennaceN and MaNNHEIM are again brought
in, to connect the comparison with our previous
remarks. I was unable to confine all the observa-
tions, as I should have preferred doing, to the same
year, because there was no one year that included
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balancing currents, as I have before observed, any
cause which equally affects the velocity of two
antagonist streams will change the weight of any
perpendicular column, comprehending sections of
the two; but, if either of them should be retarded
or accelerated in its course without the other, or
should they be unequally affected, their compound
pressure must alter. We must conclude further,
that such unequal change taking place at any par-
ticular point of the course of two antagonist cur-
rents, must manifest itself throughout their own
line by opposite effects on each side of such point.
Let us imagine two such currents: the lower flowing
from the poles to the equator, and the upper from
the equator to the poles, with such regular velocities
that they exactly balance each other, and their per-
pendicular pressure never alters. Suppose a sud-
den local check to be given at the centre point of
the lower current: the upper will still move forward
with its original velocity from its vis inertie ; while
on one side of the intervening obstacle its expendi-
ture is fed by a reduced supply, and on the other it
meets with the retarded course of the lower current,
and must accumulate upon it. The barometer,
therefore, which measures the combined pressure of
the two currents must rise on one side and fall on
the other. This rise and fall will also be sensible
to the two extremities of the current, but in a de-
creasing ratio from the original point of disturbance,
on account of the particles of the upper gradually
losing their original impulse, and adapting them-
selves to a new arrangement and a new balance of
velocities. Now the order of the phenomena which
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The minor circumstances attending the principal
phenomena accord no less with the theory. The
modification to which the curves are obviously sub-
ject upon the shores of the Mediterranean are refer-
rible to the evaporation of that sea. The northern
ocean is exactly situated in the best position with
regard to the Continent of Europe for producing
powerful effects : by its means the warm waters of
the Atlantic are brought in contact with the cold
winds and ice of the Arctic Regions. In such a
combination of circumstances, evaporation and con-
densation must reach the most violent extremes,
particularly in the autumn and spring of the year.
The vast undulations of the aérial ocean dependent
upon these circumstances are sometimes broken,
but not destroyed, by the gentler influence of the
southern waters *.

It is evident that the closest accordance of the
curves is to be found amongst those which are

* While speaking of the circumstances which are best ealeu
lated to produce the greatest disturbance in the aérial currents,
and which theory suggests to be the nearest approach of hot
water to ice and cold, I may be permitted to observe, that I anti-
cipated that the gréatest oscillations of the barometer in this
hemisphere would be found about the point where the Florida
stream makes its nearest approach to the north. 'This conjecture
I have had an opportunity of verifying by the kindness of Lieu-
tenant Bullock, of his Majesty’s ship the Snap, who, while em-
ployed by Government in making a survey of the coasts of
Newfoundland, kept a very accurate register of the barometer.
These observations I have laid down upon the scale; and, al-
though they only extend over the summer months, and conse-
quently those least calculated to exhibit the effect, their curve is
decidedly more bold than that of any other situation I have traced
at the same season of the year in any other part of the world,
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any regular current of the air; because the wind
is blowing at the same time in all directions with
every modification of force. But it must be re-
membered that the winds, which are sensible to us,
are influenced by local circumstances upon the sur-
face of the earth, and are mostly parts of minor sys-
tems of compensation, compared with the grand
movement of the atmospheric ocean. It would be
as reasonable to expect that the current which
flows out of the upper part of a heated room, and
is balanced by a counter-current at the lower part,
should affect the barometer, as that the direction
which the wind assumes in a particular valley, or
the retardation which it may experience against
any particular mountain, should influence the gene-
ral movement of the mercurial column. The cur-
rents to which the theory refers overtop the Alps,
and sweep along uninfluenced by anything but
changes in the elasticity of the medium, of which
they form a part;—and thus it is that we find the
same curve described upon the summit of St.
Gothard and at the level of the sea. I do not mean
to deny that these accidents of situation have a
local and circumscribed influence ; for even the sud-
den shutting of the door of a heated room, by which
we affect the balance of its little system of currents,
will cause a delicate barometer to oscillate; but
they are lost in the grand outline which we have
been considering.

Having traced the general accordance of the
barometric curves in the situations which I have
pointed out, it would doubtless be a very interest-
ing and instructive task to enter into a further com-
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or after they were opened, the air and moisture
insinuated themselves between the metal and the
glass, and an immediate depression was the conse-
quence. This depression increased gradually, till
at length it became fixed at the exact point of that
of the unboiled tube. The progress of this effect
was easily perceptible with a magnifying glass,
and was rendered still more visible by heating the
tube, when air-bubbles were immediately detached.
This is obviously the same effect as that described
by Sir H. Davy in his paper before alluded to, in
which he says that, *“ on keeping the stop-cock of
one of the tubes, used in the experiment on the
mercurial vacuum, open for some hours, it was found
that the lower stratum of mercury had imbibed air,
for when heated in vacuwo it emitted it distinetly
from a space of a quarter of an inch of the column;
smaller quantities were disengaged from the next
part of the column, and its production ceased at
about an inch high in the tube.” Now I conceive
that the fact above related absolutely proves that
the air had insinuated itself between the mercury
and the tube, and shows that there is no  reason
to believe that this air existed in mercury in the
same invisible state as in water, that is, distributed
through its pores.” For, if the latter had been the
case, the mercury, which contained no air after
being boiled, would, from its greater density, have
sunk, in the tube, when surrounded by mercury
which had not been boiled, and would have risen
gradually as it became saturated with air. 1 am
justified in drawing the conclusion from the contrary
effect, that the air had insinuated itself between the













574 DETERIORATION OF BAROMETERS,

out of vessels, of that substance; while a fluid
which does not wet the surface permits their slow
penetration. The case of the confined air is exactly
analogous to that of the barometer ; for its escape
and the admission of the atmospheric air can only
be in virtue of the law discovered by Mr. Dalton,
that the gases are as vacwa to one another. The
inference 1s also pretty strong, that the infiltration
takes place along the surface of the glass, and not
through the pores of the fluid.

It has been attempted to contravert this conclu-
sion, by the observation that gases have been pre-
served a considerable time by mercury ; but when
it is considered that the slightest film of moisture,
or any foulness of the mercury, will form a connex-
ion between the metal and the glass, the objection
can be of no avail, unless these circumstances have
been attended to. To ensure the maximum of the
effect which I have been describing, it is necessary
that both glass and mercury should be in the driest
and cleanest possible state ; that is to say, exactly
in the state in which they exist in a well-made
barometer.

In consequence of doubts which were thrown
over the fact, in the course of some discussions
which arose upon the subject, Mr. Faraday was
induced to repeat the experiment in the most care-
ful manner, and the following are the results as
recorded by himself.

¢ Two volumes of hydrogen gas were mixed with
one volume of oxygen gas, in a jar over the mercurial
trough, and fused chloride of lime introduced, for the
purpose of removing hygrometric water. Three
glass-bottles, of about three ounces capacity each,
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placed by common air. The third bottle, examined
in a similar manner, yielded also an explosive
mixture, and upon trial was found to contain nearly
two-fifths of a mixture of oxygen and hydrogen,
the rest bemg a very little better in oxygen than
common air.

“ There is no good reason for supposing that this
capability of escape between glass and mercury is
confined to the mixture here experimented with ;
probably every other gas, having no action on the
mercury or the glass, would have made its way
out in the same manner. There is every reason for
believing that a small quantity of grease round the
stoppers would have made them perfectly tight.”
Journal of the Royal Institution, vol. xxii. p. 220,

I alsorepeated the experiment with the following
variations. I inclosed a portion of pure hydrogen
in a glass jar, standing over mercury, carefully pre-
serving the same level both on the inside and the out.
I then passed a lump of spongy platinum into the
jar, which floated upon the surface of the metal, and
it was carefully put by in a dark cupboard. At the
expiration of thirteen m-:::nths, it was examined, and
the mercury had risen in the jar an inch above the
level of that without. The atmospheric air had evi-
dently insinuated itself between the glass and the
metal ; and the oxygen, combining with the hydro-
gen, from the action of the platinum, had created
a partial vacuum, and caused the mercury to rise.

I was no sooner convinced that the most carefully
constructed barometers were liable to a slow and
gradual deterioration, in the manner which I have
indicated, than I endeavoured to find a remedy to
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of the platinum guard. I have no doubt that a
mere ring of wire welded, or even cemented upon
the exterior surface of the glass, which would be a
much easier and less expensive operation, would
be a sufficient protection, as the slightest line of
perfect contact must effectually arrest the passage
~of the air: but in the first attempt I was desirous
that the experiment should be tried in the most
perfect manner. When a piece of glass, armed
either with a ring or tube, is immersed in mercury,
the effect is easily perceived ; instead of any de-
pression being visible around it, the mercury may
be lifted by it considerably above its proper
level. Time, of course, alone would fully confirm
the efficacy of the guard; but as far as the experi-
ments have gone, they have been compietely satis-
factory. ‘
Hydrogen gas introduced into a glass jar with
spongy platinum, exactly in the same manner as
before described, except that the edge of the jar
was protected by a rim of platinum wetted with
mercury, was completely cut off from any mixture
of the atmosphere, and the mercury maintained its
level without change. :
- It was long before I could find evidence of the
deterioration of barometers in the numerous regis-
ters that are kept of their oscillations: few have
been continued for a sufficient length of time, with
the same instruments, to answer this purpose satis-
factorily. Instances abound of observers having
taken the pains to re-boil their barometers, from
air having obtained admission, in some ' unknown
way which has always been attributed to accident ;
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In the Ephemerides of the Meteorological Society
of the Palatinate, however, of which I have given
an account in a previous essay, I found what I had
long sought amongst modern observations. The
first astronomers of the continent did not at that
time think the science of meteorology beneath their
notice, and themselves attended to the irksome
labour of registering the indications of the instru-
ments, and calculating the mean results. Whoever
will take the trouble of examining these faithful and
laborious records, must come to the conclusion, that
this branch of natural knowledge, not only has made

no progress since the unfortunate dissolution of this

society, but has seriously retrograded; both as to
the accuracy of the instruments of research, and the
proper method of pursuing the investigation.

From the immense repository of these volumes I
have selected* eight registers, in which the same

instruments, all carefully compared together, were

used during the greatest length of time ; and from
them I have extracted the following mean annual
heights of the different barometers. The observa-
tions were taken three times in the day, and the
means are calculated from all the observations :—
The rirsT series is that of Mannheim, which con-
sists of 12 years, from 1781 to 1792 inclusive : this
I have divided, in the following table, into two pe-
riods of six years each. The height of the baro-

meter is registered in French inches, lines, and
tenths :—

* These were the only instances which were caleulated to

throw any light upon the subject, from the length of t.lme during
which they were continued,
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TABLE of the Elastic Force of Aqueous Vapour, calenlated by Mr. Gal-
vraith, from the Experiments of Dr. Ugg, by the Formula of Mr. IVvory.

Temp. Force. l Temp, Foree. Temp. Foree. .|| Temp. Forece,
Inches of Inches of Inches of Inches of
Fah. Mercuary. Fah. | Mercury. Fah. | Mercury. Fah. Mercury.
0° | 0.0511 || 32° | 0.1857 || 63 | 0.5705 || 94° 1.5617
1 |00533 | 33 |0.1920 || 64 |0.5004 || 95| 1.6104
2 |0.0556| 34 |0.2004 | 65 |0.6109| 96 | 1.6604
3 |o0.0580 || 35 |0.2082| 66 |o0.6320]| 97]|1.7117
4 |o0.0005| 36 |o0.2162 | 67 |o0.6537| 98] 1.7645
5 | 0.0631 || 37 |o0.2244 || 68 |0.6761 | 99| 1.8187
6 | 0.0658 || 38 |0.2320 || 69 0.6993! 100 | 1.8743
7 |o.0686) 39 |0.2417 | 70 |o0.7231| 101 | 1.9815
8 [0.0715 || 40 |0.2509 || 71 | 0.7477 | 102 | 1.9902
0 0.0745 41 0.2604 712 0.7730 103 | 2.0504
10 | 0.0776 || 42 | 0.2702 || 73 |0.7991 [ 104 | 2.1122
11 [0.0809 || 43 |o0.2004 || 74 |0.8250 | 105 | 2.1756
12 | 0.0843 || 44 |o0.2000 ! 75 n.ﬁﬁﬂﬁ‘ 106 | 2.2408
13 | 0.0879 || 45 |0.3017 || 76 |o.g821 | 107 | 2.3076
14 | 0.0916 || 46 |0.3120 || 77 |0.9114 | 108 | 2.3762
15 | 0.0054 || 47 | 0.3244 | 78 | 0.9416 | 109 | 2.4466
16 | 0.0003 || 48 |o0.3363 || 79 | o0.9727| 110 | 2.5189
17 | 0.1033 || 49 | 0.3487 || 80 | 1.0047 | 111 | 2.5931
18 | 0.1075 || 50 |0.3615 || 81 |1.0377 | 112 | 2.6689
19 |0.1m18 | 51 |0.3747 || 82 |1.07m6 | 113 | 2.7466
20 | 0.1163 | 52 | 0.3884 | 83 | 1.1064 | 114 | 2.8263 ]
21 |0.1210 || 53 | 0.4025 | 84 1.14221 115 | 2.9082
22 | 0.1259 | 54 [0.4170 || 85 |1.1791 | 116 | 2.9920
23 | 0.1309 || 55 | 0.4320 || 86 |1.2170 || 117 | 3.0780
24 | 0.1362 || 56 | 0.4475 || 87 |1.2560 | 118 | 3.1663
25 [0.1417 | 57 |o0.4635 | 88 | 1.2062 | 119 | 3.2568
26 |0.1473 || 58 | 0.4800 | 89 | 1.3374 || 120 | 3.3494
27 | 0.1531 || 59 | 0.4970 | 90 1.3799 || 121 | 8.4444
28 | 0.1591 | 60 | 0.5145 | 91 | 1.4235 || 122 | 3.5417
20 |0.1654 | 61 |0.5325 || 92 | 1.4683 | 123 | 3.6412
30 |0.1720 | 62 |0.5512 || 93 | 1.5144 || 124 | 3.7434
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shade. 'The difference resulting from the absorption of the rays
in the ball of the instrument never exceeded 3°.7 (6°.6 Fahr.) ;
sometimes it did not even rise higher than one or two degrees.”

Captain Sabine tried the very same experiment with a naked
thermometer at Jamaica, and obtained the same result ; namely,
3.1 centigrade degrees between the sun and the shade.

Will it be said, that we have no analogous experiments in
these northern latitudes to compare with those of the uncoated
thermometers? I refer to the Ephemerides of the Meteorolo-
gical Society of the Palatinate, published in 1783 and following.
years; in which will be found a register of the power of the sun
at Mannheim, measured by equal and carefully-adjusted thermo-
meters, with naked bulbs, nearly every day in the year for se-
veral years. It will there be seen that a difference of from 5 to
7 octogesimal degrees (6.3 to 8.7 centig.) is often recorded.

I will take the opportunity of introducing another argument
in favour of my hypothesis, derived from a very different source,
which I have lately met with, and which has afforded me much
satisfaction. Mr. Andrew Knight, the President of the Horti-
cultural Society, well known for his admirable and practical re-
marks upon the physiology of the vegetable kingdom, has ob-
served that pine-apples, ripened in the house during the winter,
have proved of great excellence, He suggests that this fruit
will ripen better early in the spring than in the summer months :
“ for,”” he says, * this species of plant, though extremely patient
of a high temperature, is not by any means so patient of the
action of very continued bright light as many other plants, and
much less so than the fig and orange tree: possibly, having been
formed by nature for intertropical climates, its powers of life
may become fatigued and exhausted by the length of a bright
English summer's day in high temperature.”—Hort, Trans.
vol. iv, p. b48,

But to conclude the whole, I must again refer to the last
part which has appeared, of that admirable work to which I
have so often been indebted,—the Personal Narrative of ths
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