POPULAR PHYSICS.

The Lactometer.

98. The Licromerer is entirely analagous m prineiple
to Beaumi’s areometer, and is used to determine the purity
of milk, The instrument, and
the method of using it, are
shown in Fig. 69.

It is graduated by trial,
using mixtures of milk and
water. In the first trial pure
water is used, then mixtures
containing 10, 20, 30, 40, d&c.,
per cent. of milk, The scale B b,
is therefore divided into 10 parts, between pure water and
pure milk,

(98.) What is a Lactometer? How graduated and used?

CHAPTER IIL

MECHANICS OF GABSBES AND VAPORS.

I.,.—THE ATMOSPHERE.

Greneral Properties. of Gases and Vapors.

99. Guases and Varors have been defined to be highly
compressible fluids,

The distinetion between a gas and a vapor, is not very clear.
When a body in a gaseous form can, by moderate pressure, be re-
duced to a liguid form, it is usually, called a vapor. For most of
the purposes of Physics the distinetion is unimportant.

Besides the property of compressibility, or rather as a
consequence of it, gases and vapors continually tend to
expand so as to occupy a greater space. The force which
they exert in this way, is called their Ztnsion, or their
Elastic Force.

Thirty-four gases are known, thirty of which are compound, and
four are simple. The four simple gases are, oxygen, hydrogen, ni-
trogen, and chlorine. Most of the gases are colorless, but some are
not so.

Of the thirty-four gases, all but five have been liquefied by pres-
sure, and the application of cold. The five that have thus far re-
sisted are, ozygen. hydrogen, nitrogen, deutoxyde of nih'ogen, and
carbonic oxyde.

(99.) What are Gases and Vapors? What és the difference Defween them ?
What is meant by Tenston? How many known gases are there? Whick are
stmple? Which have not been liguofied ?
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Desoription of the Atmosphere.

1¢0. The air we breathe is a mixture of oaygen and
nitrogen, with a slight quantity of carbonic acid, watery
vapor, and some accidental impurities. The oxygen and
nitrogen are mixed in the proportion of 21 to 79.

The oxygen of the air supports life and combustion; without it,
neither could long exist. The nitrogen serves to dilute it. Were
the air composed entirely of oxyeen, bodies would burn with teo
much rapidity, even many of the metals would be consumed. Ani-

mal life, too, would soon be exhausted by overaction in such an
atmosphere.

The atmosphere is transparent, without odor, and color-
less, except when seen in masses. In masses, it assumes a

blue tint, and it is this which causes the sky to take a blue
color.

Without an atmosphere, the celestial vault would appear perfectly
black ; in ascending high motniains, the sky gradually loses its
blueness, and approaches a hue of black; this is because the mass
of air above the observer rapidly diminishes as we ascend,

The air, by virtue of its elasticity, serves as a medium
for the transmission of sound ; it also serves as a means of

transporting the vapors of oceans and lakes to fall upon the
land in the form of rain, snow, and the like,

Expansive Force of Air.

101. Air, like simple gases, always tends to assume a
greater volume,

To show this property, take a bladder fitted with a stop-cock, as
shown in Fig. 70. Having moistened the bladder to make it more
flexible, open the cock, squeeze out most of the air, and then close if.

(100.) Deseribe the composition of the atmosphere. What i3 the use of the
oxygen? Ofthe nitrogen? What is the color of air?  What effect has the air on
celestial appearances? -Mention some of the uses of the atmosphere. (101.) How
18 the ewpansive force of air shown P
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Place the nearly empty bladder under the receiver of an air-pump,
and exhaust the air. As the air becomes rarer in the receiver, the
bladder will be seen to expand, showing that the air within it is
expansible. In the same way, it may be shown that any gas is
expansible.

Weight of Air.
102, Al like other bodies, has weight.

To show this, take a hollow globe of glass, fitted with a stop-cock,
as shown in Fig. 71. Having attached it to one scale pan of a deli-
cate balance, counterpoise it by weights placed in the other. Then
by means of the air-pump exhaust the air from the globe ; the oppo-
site scale pan will descend, and some weights will have to be added

( 102.) How is it shown that air has weight.
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to the first scale pan to restore the equilibrivm. The weighis added
will indicate the weight of the exhausted air.

Composition of the Atmosphere.

102. It has been stated that our atmosphere is com-
posed principally of oxygen and nitrogen, with small quanti-
ties of carbonic acid and watery vapor.

The amount of watery vapor depends upon the place, the
season, the temperature, and the direction of the wind;
under all circumstances it forms but a small per-centage of
the entire atmosphere.

The carbonic acid in the atmosphere arises in a great
measure from respiration and combustion. A continual
supply of this gas is afforded by voleanoes. On the other
hand, it is being continually taken up in the process of vege-
tation. Plants continually absorb it, appropriating the car-
bon, and giving off the oxygen which it contains. Another
cause of diminution in the amount of carbonic acid in the
air, is absorption by the water of our streams. Water ab-
sorbs large quantities of it, which thus becomes the means
of dissolving earthy matters, and eventually of causing cal-
careous deposits. :

It is the result of observation, that the supply and loss
are very nearly balanced, so that the per-centage of carbonic
acid in the atmosphere remains nearly constant. It amounts
to about a thousandth part of the entire atmosphere.

Atmospheric Pressure.

104. The atmosphere, by virtue of its weight, exerts a
force of pressure upon the surface of the earth as well as
upon every object with which it is in contact. This force
is called the Atmospheric Pressure.

(103.) Upon what circumstances does the watery vapor in the air depend?
‘Whence is carbonic acid supplied? What becomes of the excess of carbonie acid ?
How do the supply and loss compare? What is the amount in the atmosphere?

104.) What is the Atmospheric Pressure ?
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This pressure decreases as we ascend into the atmos-
phere.

If we suppose the atmosphere to be divided into layers parallel to
the surface of the earth, it is evident thai each layer is pressed down
by the weight of all above it. Hence, the higher layers are less
compressed than those below them. Being less compressed, they
expand, or become rarefied. The existence of atmospherie pressure

may be shown by a variety of experiments, some of which will be
explained below.

Fig, 72,
Bursting a Membrane.

105. A glass cylinder, open at both ends, has its upper end
covered by a stretched membrane, such as is used by gold-beaters,

How does it vary as we ascend? How shown thal the air becomes rarer in
ascending? (105.) Erxplain the evperiment of bursting a membrane.
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and its lower end is ground so as to fit the plate of an air-pump, as
shown in Fig. 72.

In its natural condition, the membrane is pressed down by the
weight of the atmosphere above it, and this pressure is resisted by
the tension of the air within the eylinder. If now the air be ex-
hausted from the eylinder, the membrane will no longer be pressed
from within, and will finally burst with a loud report.

The bursting of the membrane shows the pressure of the air. The
report arises from the sudden rush of air to fill up the exhausted
cylinder.

The Magdeb:ourg Hemispheres.

106. This apparatus, named from the city where if was in-
vented, consists of two hollow hemispheres of
brass, which are ground so as to fit each other
with an air-tight joint. The hemispheres are
shown in Fig.73. Oue of them is so prepared
that it can be attached to an air-pump, and is
provided with a stop-cock, by means of which
a communication with the external air ean be
opened or closed at pleasure.
The two hemispheres-being placed one upon
the other, the pressure of the external air is
exactly counterbalanced by the tension of that
within, and no obstacle prevents them from
being drawn apart. If, however, the air be
exhausied from within, the exfernal pressure =i
is no longer counteracted by an expansive Fig 73.
foree from within, and it requires a consider-
able effort to effect their separation, as shown in Fig, 74. We shall
see hereafter that the hemispheres are pressed fogether by a%orce
equal to 15 Ibs., multiplied by the number of square inches in their
common cross section.

What causes the bursting? The report? (108.) What are the Magdebourg
Hemispherez? Describe the emperiment, and explain &,
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The experiment was devised by Orro pe Guericke, of Magde-
boure. He constructed two hemispheres more than two feel in
diameter, and after having exhausted the air, it is reported that
it required several horses to draw them asunder.

Torricellian Tube.—IMeasure of the Atmospheric Pressure.

80%. The preceding experiments show that the atmos-
phere exerts a force of pressure; the intensity of that force
may#e measured by other means.

TorrIcELLI, a pupil of GAriLE0, showed in 1643, that this
pressure amounts to about 15 Ibs, on each square inch of
surface, at the level of the sea.

What experiment was made by OTro DE Guérickr? (10%7.) What is the pres-
sure of the atmosphere on a square inch ?
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In order to repeat TorrIcELLYS experiment, take a glass tube
about three feet in length, closed ai one end and open at the other.
Turning thie closed end downwards,
let it be filled with mercury. Then
holding the finger over the open
end, let it be inverted in a vessel
of mereury, as shown in Fig. 75.
On removing the finger, the mer-
cury sinks in the tube until the
column, AB, is about 30 inches
high, when it comes to a staie of
equilibrium,

In this condition, the mereury
is sustained by the pressure of
the air upon the surface of the
free mercury in the vessel, trans-
mitted according to the law ex-
plained in Article 70. At the
level of the sea, the height of the
column AB, is on an average not
far from 30 inches, or 24 feet.

If we suppose the cross-section
of the tube to be one square inch,
the atmospheric pressure upon that
surface must be sufficient fo bal-
ance the weight of 30 cubic inches
of mercury. Now the weight of
30 cubic inches of mercury is a
little less than 15 1bs. ; hence, we
say the measure of the atmospheric
pressure is 15 1bs. on each square

inch. e

A pressure of 15 Ibs. on each square inch, is often called
an atmosphere, and this becomes a unit for expressing the
pressures of gases and vapors. Thus, when we say, in any
given case, that the pressure of steam in a boiler is four

Describe TORRICELLYS expeoriment. How shown that the pressure is 10 1bs. on
an inch? What unit of pressure is adopted for all gases and vapors? Example.
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atmospheres,l we mean that it exerts a pressure of 60 Ibs. on
each square inch of surface.

Pascal’s Experiments.

_ 108, As soon as TorRICELLS experiment was known
in France, BLawse Pascar. undertook to ascertain by experi-
ment whether the mercury was actually retained in the
tube by the pressure of the atmosphere, or by some other
cause.

He cansed a friend to repeat ToRRICELLUS experiment
upon the top of the mountain of Puy-de-Dome, correctly
reasoning, that if the height of the mercurial column was due
to atmospheric pressure alone, it ought not to be so great
on the mountain top as at the level of the sea. The result
of the experiment showed that the height of the column
was less on the top of the mountain than at its hase.

He next reasoned, that if the tube were filled with any
liquid less dense than mercury, the height of the column
ought to be proportionally greater. Consequently, he made
at Rouen, in 1646, the following experiment. He took a
tube, similar to that of TorricerLii, but nearly 50 feet in
length, and after filling it with wine, inverted it in a vessel
of the same liquid.” Pascar observed that the column fell,
until it was about 35 feet high, when it came to rest. In
this case, the column was fourteen times as high as when
mercury was used, and as mercury is fourteen times as dense
as wine, he concluded that the sole cause of the phenomenon
in question was the pressure of the atmosphere.

?
The Barometer.

109. A BaroMETER is an instrument for measuring the
pressure of the air. If) to TorrIcELLY’S tube, were fitted a

(108.) Deseribe Pascar’s esperiments in detail, and his mode of reasoning.
What conclusion is derived from Pascar’s experiments? (109.) What is a Bar-
ometer? Whatis its principle ?
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seale for messuring the exact altitude of the mercurial
i rometer.
column, it would be a bar ome
Sevei'al forms have been given to the barometer, some of
which will be deseribed in the following articles.

The Cistern Barometer.

110. Fig. 76 represents a
CiSTERN BAROMETER, such as
is in common use in France
and in this country.

Tt consists of a glass tube,
ai, about 34 inches long,
closed at the top and open at
the bottom. This tube has a
diameter of about four-tenths
of an inch. It is filled with
mercury and ioverted in a
cistern, 4, which is partially
filled with the same liquid, as
explained in Article 107. The
mercury settles in the tube
till the height of the column
is about 30 inches at the level
of the sea.

The cistern 4, is 3 or 4
inches in diameter, and it is
so adapted to the tube ai, as
to permit the air to penetrate
to the cistern at the joint <.
Only a part of the cistern is
seen in the figure, the remain-
der being let into the frame
which supports the whole in- -
strument. At the top of the Fig. T6.

( 110.) Describe the Cistern barometer. The tube. The cistern.
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frame is a seale, C, having its 0 point at the level of the
mercury in the cistern ; or on the opposite side, is a scale on
which are marked certain weather indications,

A curved piece of metal embraces the tube and carries an
index, which, as the piece is raised or depressed to corres-
pond to the top of the column, points out upon the seale (04
the height of the column. - Two thermometers, one of mer-
cury and one of aleohol, are also attached to the frame,
which serve to show the temperature of the instrument and
of the mercury which it contains,

The 0 point, or beginning of the scale, is at the surface of the
mereury in the cistern. When the pressure of the air increases, a
portion of the mercury in the cistern is forced up into the tube, and
the 0 point descends; when the pressure diminishes, the reverse
takes place. Buf inasmuch as the surface of the mercury in the
cistern is very great in comparison with that in the tube, this rise
and fall is, for most purposes, quite unimporiant. When great
accuracy is required, the bottom of the cistern is made of leather, and
can, by means of a serew, be raised or depressed until the surface of
the mercury in the cistern just grazes the point of an ivory pin pro-
jecting from the top of the cistern. This improvement, devised by
ForTiN, is now in general use.

To determine the height of the barometer, the 0 point is
first adjusted, then the curved piece is slid up or down till
it coincides with the surface of the mercury in the tube, and
the height is then read off on the scale ¢. The height of
the thermometer should also be noted.

In the instrument described, the scale ¢ does not extend through-
out the whole lengih of the instrument, because, in ordinary cases,
only a small part of the scale is needed. When a barometer is to be

used in high altitudes, the scale is continued downwards as far as
necessary.

Describe the seale. The index. The thermometers. Where 4s the 0 point of the

scale? How is the 0 point regulated in accurate barometers? How is the height
of the barometer determined ?
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The Siphon Barometer.

111, Fig. 77 represents a SIPHON
BaromeTER. It consists of a curved
tube, ab, baving two unequal branch-
es, the shorter one acting as a cistern.
In the longer branch, there is a
vacuum above the mercury, but
the shorter one is supplied with air,
which communicates with the external
atmosphere through a small opening,
i. There are two scales, one at the
upper part of each branch, and in front
of each is a movable index which may
be raised or depressed until it comes
to the free, surface of the mercury in
each branch, By means of these scales,
the difference of level in the two
branches may be measured. This dif-
ference is the height of the barometrie
column. :

To prevent violent oscillations when the
instrument is moved from place to place, the
two branches communicate through a fine,
almost capillary, tube. This arrangement
also prevents the possibility of a bubble of
air penetrating from the shorter to the longer
branch, when the instrument is inclined.

Properties of a good Barometer.

122. The space at the top of the tube should be per-

( 111.) Describe the Siphon barometer. What takes fhe place of a cistern? How
many scales are needed, and how are they arranged? How is the difference of level
determined ? How are oscillations obviated? (112.) What are the qualifications
of a good barometer?
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fectly free from air or moisture, otherwise they would, by

their elastic force, prevent the mercurial column from rising
to its proper height.

The elastic force of vapor of water is, as will be shown, very con-
siderable, even at ordinary temperatures. To expel both air and

moisture, the mercury showld be boiled in the fube before the latier
is inverted into the cistern,

The mercury should be pure, the bore of the tube should
be sufficiently large, and the scale should be accurate. Mer-
cury may be purified by distillation.

Thus far, mercury has been preferred to all other liquids for filling
barometers. It is true, other liquids micht be used, but in such
case, the tube would become unwieldly from its length. In the case
of water, a tube of about 35 feet would be required. There is
another objection to using water, which arises from its tendency to
form vapor even af ordinary temperatures. The formation of vapor
at the top of ihe tube, would, as we have just seen, prove highly
injmrious to the working of the instrument.

Mean Height of the Barometer.

112, The heicht of the barometer is constantly fluc-
tuating. The difference between the greatest and least
heights observed at Paris, amounts to as much as one-
thirteenth part of the greatest. The fluctuations become

greater as we approach the poles, and less as we approach
the equator.

The mean or average height can only be found at any place from
a great number of observations. If we take hourly observations for
one day and divide the sum of the heights by 24, the result is called
the mean height for that day. This does not differ much from the
height observed at midnight. If we take the sum of the mean daily
heights for a year, and divide by 365, the result is the mean height

What liquid is best for filling barometers? Objections fo other liguids?
(113.) Where are the fluctuations of the barometer greatest? Least? Amount at
Poris?  How is the mean height for a day deterinined? For o yearf




