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CHAPTER I.

THE ATMOSPHERE.
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The gaseous envelope which surrounds our globe, and to which we give
the name of atmosphere, is subject to many and varied changes. In the
relative amount of the two gases which chiefly compose it, it remains
marvelously constant; yielding upon analysis the same ratio of oxygen
to nitrogen for all latitudes and all altitudes. It is only within a
few restricted and generally confined areas where the natural chemical
processes of respiration, combustion or fermentation are active, that
the free oxygen is found to be notably deficient, and the product,

carbonic dioxide, which exists normally to the extent of one
twenty-fifth of one per cent., is, to a corresponding extent, in excess.

When, however, we regard the conditions which arise from its physical
properties, no such constancy is observable. Indeed, it seems the
most fitting type of a transitory state, and whether we regard the
temperature, the moisture, the pressure resulting from its weight,
or the direction and velocity of its motions, we can only acquaint
ourselves with the limits within which these conditions have been known
to vary. The nature of the changes within these limits we cannot, in
the present state of our knowledge, assume to predict for the future,
except for very limited periods; and even then the prediction is set
forth only as a “probability.”

Certain average conditions are noticeable as belonging to certain
areas or zones of the earth, and differing somewhat among themselves,
especially as to greater or less range in temperature, moisture, etc.
To such general conditions we apply the term climate.


The department of science which regards the physical phenomena arising
from these varying conditions is called meteorology. The instruments
employed with which to indicate or measure the extent of these
changes, are of various kinds. Thus the thermometer indicates
the relative temperature, the hygrometer the humidity, the
anemometer the force or the velocity of the wind, and the barometer
the pressure of the air which arises directly from its weight.

It is with the last of these instruments that we are especially
concerned in the present essay. It has two quite distinct uses: One
to indicate the varying pressures of the air at some fixed point for
meteorological purposes, and the other to indicate difference in
altitude of points to which the instrument is carried by affording
a measure of the greater or less amount of atmosphere above it.
Before using the instrument to measure altitudes it is important to
become somewhat familiar with its use as a stationary instrument. The

barometer most frequently employed for such use is the one invented by
Toricelli in 1643. It is too well known to require description here.
It will be sufficient to say that it measures the varying pressure of
the air by the varying length of a column of mercury which balances the
pressure.

When the barometer is employed for the purposes of meteorology only,
the following facts are taken into consideration. We quote from
Buchan’s “Handy Book of Meteorology.”

Variations of the Barometer.—The variations observed in the
pressure of the air may be divided into two classes, viz., periodical
and irregular; the periodical variations recurring at regular
intervals, whilst the irregular variations observe no stated times. The
most marked of the periodical variation is the daily variation,
the regularity of which in the tropics is so great that, according to
Humboldt, the hour may be ascertained from the height of the barometer
without an error of more than 15 or 17 minutes on the average. This

horary oscillation of the barometer is masked in Great Britain by
the frequent fluctuations to which the atmosphere is subjected in
these regions. It is, however, detected by taking the mean of a
series of hourly observations conducted for some time. The results
show two maxima occurring from 9 to 11 a.m.
and from 9 to 11 p.m., and two minima
occurring from 3 to 5 a.m. and from 3 to 5
p.m. (See Table, page 10.)

The maxima occur when the temperature is about the mean of the day, and
the minima when it is at the highest and lowest respectively.

This daily fluctuation of the barometer is caused by the changes which
take place from hour to hour of the day in the temperature, and by the
varying quantity of vapor in the atmosphere.


Table Showing the Daily Variations and Range of the Barometer
                     in Different Latitudes.




	



	
	Lat.
	A.M.
	P.M.
	Range.



	Min.
	Max.
	Min.
	Max.





	
	
	Inches.
	Inches.
	Inches.
	Inches.
	Inches.



	Atlantic Ocean
	0.0 
	-.056
	+.069
	-.045
	+.045
	.125



	Pacific Ocean
	0.0 
	-.032
	+.040
	-.045
	+.028
	.085



	Sierra Leone
	  8.28 N.
	-.022
	+.032
	-.038
	+.031
	.070



	Lima
	 12.3 S.
	-.071
	+.065
	-.067
	+.050
	136



	Calcutta
	22.36 N.
	-.017
	+.052
	-.038
	+.018
	.090



	Pekin
	39.53 N.
	-.038
	+.047
	-.052
	+.014
	.099



	Great St. Bernard
	45.51 N.
	-.010
	+.005
	-.003
	+.012
	.022



	Plymouth (England)
	50.21 N.
	-.007
	+.006
	-.010
	+.010
	.020



	St. Petersburg
	59.58 N.
	-.003
	+.008
	-.004
	+.002
	.012



	






The surface of the globe is always divided into a day and night
hemisphere, separated by a great circle which revolves with the sun
from east to west in twenty-four hours. These two hemispheres are thus
in direct contrast to each other in respect of heat and evaporation.
The hemisphere exposed to the sun is warm, and that turned in the other
direction is cold. Owing to the short time in which each revolution
takes place, the time of greatest heat is not at noon, when the sun is
in the meridian, but about two or three hours thereafter; similarly,
the period of greatest cold occurs about four in the morning. As the
hemisphere under the sun’s rays becomes heated, the air, expanding
upwards and outwards, flows over upon the other hemisphere where the
air is colder and denser. There thus revolves round the globe from day
to day, a wave of heat, from the crest of which air constantly tends to
flow towards the meridian of greatest cold on the opposite side of the globe.

The barometer is influenced to a large extent by the elastic force of
the vapor of water invisibly suspended in the atmosphere, in the same
way as it is influenced by the dry air (oxygen and hydrogen). But the

vapor of water also exerts a pressure on the barometer in another way.
Vapor tends to diffuse itself equally through the air; but as the
particles of air offer an obstruction to the watery particles, about
9 or 10 a.m., when evaporation is most rapid,
the vapor is accumulated or pent up in the lower stratum of the atmosphere,
and being impeded in its ascent its elastic force is increased by the
reaction, and the barometer consequently rises. When the air falls
below the temperature of the dew-point, part of its moisture is
deposited in dew, and since some time must elapse before the vapor of
the upper strata can diffuse itself downwards to supply the deficiency,
the barometer falls—most markedly at 10 p.m.,
when the deposition of dew is greatest.

Hence, as regards temperature, the barometer is subject to a maximum
and minimum pressure each day—the maximum occurring at the period of
greatest cold, and the minimum at the period of greatest heat. And as
regards vapor in the atmosphere, the barometer is subject to two maxima

and minima of pressure—the maxima occurring at 10 a.m.,
when, owing to the rapid evaporation, the accumulation of vapor near the
surface is greatest, and about sunset, or just before dew begins to be
deposited, when the relative amount of vapor is great; and the minima
in the evening, when the deposition of dew is greatest, and before
sunrise, when evaporation and the quantity of vapor in the air is least.

Thus the maximum in the forenoon is brought about by the rapid
evaporation arising from the dryness of the air and the increasing
temperature. But as the vapor becomes more equally diffused, and the
air more saturated, evaporation proceeds more languidly; the air
becomes also more expanded by the heat, and flows away to meet the
diurnal wave of cold advancing from the eastwards. Thus the pressure
falls to the afternoon minimum about 4 p.m. From this
time the temperature declines, the air approaches more nearly the point of
saturation, and the pressure being further increased by accessions of

air from the warm wave, now considerably to the westward, the evening
maximum is attained. As the deposition of dew proceeds, the air becomes
drier, the elastic pressure of the vapor is greatly diminished, and the
pressure falls to a second minimum about 4 a.m.

The amount of these daily variations diminishes from the equator
towards either pole, for the obvious reason that they depend, directly,
or indirectly, on the heating power of the sun’s rays. Thus, while
at the equator the daily fluctuation is 0.125 inch, in Great Britain
it is only a sixth part of that amount. It is very small in the
high latitudes of St. Petersburg and Bossekop; and in still higher
latitudes, at that period of the year when there is no alternation of
day and night, the diurnal variation probably does not occur. In the
dry climate of Barnaul, in Siberia, there is no evening maximum; the
lowest minimum occurs as early as midnight, and the only maximum at 9
a.m.


Since the whole column of the atmosphere, from the sea level upwards,
expands during the heat of the day, thus lifting a portion of it above
all places at higher levels, it is evident that the afternoon minimum
at high stations will be less than at lower stations, especially when
the ascent from the one to the other is abrupt. Thus, at Padua, in
Italy, the afternoon minimum is 0.014 inch, but at Great St. Bernard it
is only 0.003 inch.

Annual Variation.—When it is summer in the one hemisphere,
it is winter in the other. In the hemisphere where summer prevails,
the whole air being warmer than in the other hemisphere, expands both
vertically and laterally. As a consequence of the lateral expansion
there follows a transference of part of the air from the warm to the
cold hemisphere along the earth’s surface; and, as a consequence
of the vertical expansion, an overflow in the upper regions of the
atmosphere in the same direction. Hence, in so far as the dry air of

the atmosphere is concerned, the atmospheric pressure will be least
in the summer and greatest in the winter of each hemisphere. But the
production of aqueous vapor by evaporation being most active in summer,
the pressure on the barometer will be much increased from this cause.
As the aqueous vapor is transferred to the colder hemisphere it will
be there condensed into rain, and being thereby withdrawn from the
atmosphere, the barometer pressure will be diminished; but the dry air
which the vapor brought with it from the warm hemisphere will remain,
thus tending to increase the pressure.

In the neighborhood of the equator there is little variation in the
mean pressure from month to month. Thus, at Cayenne, the pressure in
January is 29.903 inches, and in July 29.957 inches.

At Calcutta, 22° 36' N. lat., the pressure is 29.408 in July, and
30.102 in January, thus showing a difference of 0.694; and at Rio de
Janeiro, 22° 57' S. lat., it is 29.744 in January (summer), and 29.978

in July (winter), the difference being 0.234. The large annual
variation at Calcutta is caused jointly by the great heat in July, and
by the heavy rains which accompany the south-west monsoons at this
season; while in January the barometer is high, owing to the north-east
monsoons, by which the dry cold dense air of Central Asia is conveyed
southward over India.

At places where the amount of vapor in the air varies little from month
to month, but the variations of temperature are great, the difference
between the summer and winter pressures are very striking. Thus,
at Barnaul and Irkutsk, both in Siberia, the pressures in July are
respectively 29.243 and 28.267, and in January 29.897 and 28.865, the
differences being upwards of six-tenths of an inch. The great heat of
Siberia during summer causes the air to expand and flow away in all
directions, and the diminished pressure is not compensated for by any
material accessions being made to the aqueous vapor of the atmosphere;

and, on the other hand, the great cold and little rain in that region
during winter causes high pressures to prevail during that season. The
same peculiarity is seen, though in a modified degree, at Moscow, St.
Petersburg, and Vienna.
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