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atmospheric pressure at that depth which corresponds with the level
of the plane external surface. The pressure abt any point in the
liquid within the tube can therefore be obtained either by subtract-
ing from atmospheric pressure the pressure due to the elevation of
the point above the general surface, or by adding to atmospheric
pressure the pressure due to the depth below that point of the
meniseus which is on the same vertical, and subtracting the pressure
due to the curvature at this point.

These rules imply, as has been already remarked, that the curva-
ture is different at different points of the meniscus, being greatest
where the elevation or depression is greatest, namely at the edges
of the meniscus; and least at the point of least elevation or depres-
sion, which in a cylindrical tube is the middle point.

The principles just stated apply to all cases of capillary elevation
and depression.

They enable us to calculate the force with which two parallel ver-
tical plates, partially immersed in a liquid which wets them, are
urged towards each other by capillary action. The pressure in the
portion of liquid elevated between them is less than atmospherie,
and therefore is insufficient to balance the atmospheric pressure
which is exerted on the outer faces of the plates. The a,vera‘*ge pres-
sure in the elevated portion of liquid is equal to the actual pressure
ab the centre of gravity of the elevated area, and is less than atmo-
spheric pressure by the pressure of a column of liquid whose height
is the elevation of this centre of gravity.

Even if the liquid be one which does not wet the plates, they will
still be urged towards each other by capillary action; for the inner
faces of the plates are exposed to merely atmospheric pressure over
the area of depression, while the corresponding portions of the ex-
ternal faces are exposed to atmospheric pressure increased by the
weight of a portion of the liquid.

These principles explain the apparent attraction exhibited by
bodies floating on a liquid which either wets them both or wets
neither of them. When the two bodies are near each other they
behave somewhat like parallel plates, the elevation or depression of
the liquid between them being greater than on their remote sides.

If two floating bodies, one of which is wetted and the other un-
Vf'et-ted by t]:ue‘ liquid, come near together, the elevation and depres-
sion of the liquid will be less on the near than on the remote sides
and apparent repulsion will be exhibited. ’
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In all cases of capillary elevation or depression, the solid is pulled
downwards or upwards with a force equal to that by which the
liquid is raised or depressed. In applying the principle of Archi-
medes to a solid partially immersed in a liquid, it 1s therefore neces-
sary (as we have seen in § 159), when the solid produces capillary
depression, to reckon the void space thus created as part of the dis-
placement; and when the solid produces capillary elevation, the fluid
raised above the general level must be reckoned as negative displace-
ment, tending to increase the apparent weight of the solid.

191. Thus far all the effects of capillary action which we have
mentioned are connected with the curvature of the superficial film,
and depend upon the principle that a convex surface increases and a
concave surface diminishes the pressure in the interior of the liquid.
But there is good reason for maintaining that whatever be the form
of the free surface there is always pressure in the interior due to
the molecular action at this surface, and that the pressure due to the
curvature of the surface is to be added to or subtracted from a
definite amount of pressure which is independent of the curvature
and depends only on the nature and condition of the liquid. This
indeed follows at once from the fact that capillary elevation can
take place in vacuo. As far as the principles of the preceding
paragraphs are concerned, we should have, at points within the
elevated column, a pressure less than that existing the vacuum.
This, however, cannobt be; we cannot conceive of negative pressure
existing in the interior of a liquid, and we are driven to conclude
that the elevation is owing to the excess of the pressure caused by
the plane surface in the containing vessel above the pressure caused
by the concave surface in the capillary tube.

There are some other facts which seem only explicable on the same
general principle of interior pressure due to surface action,—facts
which attracted the mnotice of some of the earliest writers on
pneumatics, namely, that siphons will work in vacuo, and that a
column of mercury at least 75 inches in length can be sustaincd—as
if by atmospheric pressure—in a barometer tube, the mercury being
boiled and completely filling the tube.

192. We have now to notice certain phenomena which depend on
the difference in the surface tensions of different liquids, or of the
same liquid in different states.

Let a thin layer of oil be spread over the upper surface of a thin
sheet of brass, and let a lamp be placed underneath. The oil will be
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observed to run away from the spot directly over the flame, even
though this spot be somewhat lower than the rest of the sheet.
This effect is attributable to the excess of surface tension in the cold
oil above the hot. Z

In like manner, if a drop of alcohol be introduced into a thin
layer of water spread over a nearly horizontal surface, it will be
drawn away in all directions by the surrounding water, leaving &
nearly dry spot in the space which it occupied. In this experiment
the water should be coloured in order to distinguish it from the
alcohol.

Again, let a very small fragment of camphor be placed on the sur-
face of hot water. It will be observed to rush to and fro, with
frequent rotations on its own axis, sometimes in one direction and
sometimes in the opposite. These effects, which have been a frequent
subject of discussion, are now known to be due to the diminution of
the surface tension of the water by the camphor which it takes up.
Superficial currents are thus created, radiating from the fragment of
camphor in all directions; and as the camphor dissolves more quickly
in some parts than in others, the currents which are formed are not
equal in all directions, and those which are most powerful prevail
over the others and give motion to the fragment.

The values of T, the apparent surface tensiod, for several liquids,
are given in the following table, on the authority of Van der Mens-
brugghe, in milligrammes (or thousandth parts of a gramme) per
millimetre of length. They can be reduced to grains per inch of
length by multiplying them by :392; for example, the surface ten-
sion of distilled water is 7-3 x ‘392 =286 grains per inch.

Distilled water at 20° Cent.,, . ,

l Solution of Marseilles soap, 1 part of

Sulphuriclether Saasal ol iy v 8 |
|
|

soap to 40 of water, , . . . . 283
Solution of saponine,. , . . . . 467
Saturated solution of carbonate of

sodajs s Soni ool i a e SR e
| Water impregnated with camphor, . 45

Absolute alcohol, .
Olive-oil, .

Mercury, . S e O
‘Bisulphide of carbon, ., ,

193. Endosmose.—Capillary phenomens have undoubtedly some
connection with a very important property discovered by Dutrochet,
and called by him endosmose.

The endosmometer invented by him to illustrate this phenomenon
consists of a reservoir v (Fig. 102) closed below

and terminating above in a tube of considerable length. This reser-
voir is filled, suppose, with a solution of gum in

by & membrane ba,

water, and is kept
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immersed in water. At the end of some time the level of the liquid
in the tube will be observed to have risen to m, suppose, and at the
same time traces of gum will be found in the water in which the
reservoir is immersed. Hence we conclude that the two liquids
have penetrated through the membrane, but in different proportions;
and this is what is called endosmose.

If instead of a solution of gum we employed water containing
albumen, sugar, or gelatine in solution, a similar result would ensue.
The membrane may be replaced by a slab of wood or of porous cla;?r.
Physiologists have justly attached very great importance to t}ns.
discovery of Dutrochet. It explains, in fact, the interchange of
liquids which is continually taking place in the tissues and vessels
of the animal system, as well as the absorption of water by the
spongioles of roots, and several similar phenomena. ‘

As regards the power of passing through porous cha.pll'lragms,
Graham has divided substances into two classes—crystalloids and
colloids (kéMy, glue). The former are sus-
ceptible of crystallization, form solutions free
from viscosity, are sapid, and possess great
powers of diffusion through porous septa.
The latter, including gum, starch, albumen,
&e., are characterized by a remarkable slug-
oishness and indisposition both to diffusion
and to crystallization, and when pure are
nearly tasteless.

Diffusion also takes place through ecol-
loidal diaphragms which are not porous,
the diaphragm in this case acting as a
solvent, and giving out the dissolved mate-
rial on the other side. In the important
process of modern chemistry called dialysis,
saline ingredients are separated from or-
canic substances with which' they are
blended, by interposing a colloidal dia- = :
phragm (De La Rue’s parchment PaPr) T
between the mixture and pure water.  mig. 109 —Endosmometer.

The organic matters, being colloidal, remain ; .
behind, while the salts pass through, and can be obtained in a
nearly pure state by evaporating the water. 2

Gases are also capable of diffusion through diaphragms, whether
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porous or colloidal, the rate of diffusion being in the former case
inversely as the square root of the density of the gas. Hydrogen
diffuses so rapidly through unglazed earthenware as to afford oppor-
tunity for very striking experiments; and it shows its power of
traversing colloids by rapidly escaping through the sides of india-
rubber tubes, or through films of soapy water.

CHAPTER XVIL

THE BAROMETER,

194. Expansibility of Gases.—Gaseous bodies possess a number of
properties in common with liquids; like them, they transmit pres-
sures entire and in all directions, according to the principle of
Pascal; but they differ essentially from liguids in the permanent
repulsive force exerted between their molecules, in virtue of which
a mass of gas always tends to expand.

This property, called the expansibility of gases, is commonly illus-
trated by the following experiment:—

A bladder, nearly empty of air, and tied at the neck, is placed
under the receiver of an
air-pump. At first the
air which it contains
and the external air
oppose each other by
their mutual pressure,
and are in equilibrium,
But if we proceed to
exhaust the receiver,
and thus diminish the
external pressure, the
bladder gradually be-
comes inflated, and thus
manifests the tendency
of the gas which it con-
tains to occupy a greater
volume.

However large a vessel may be, it can always be filled by any
quantity whatever of a gas, which will always exert pressure against

@)
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Fig. 103.—Expansibility of Gases.




