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with a funnel to the right, which latter has an ordinary stop-cock
at the bottom. By means of another stop-cock on the left, com-
munication with the receiver can be opened or closed. These stop-

] cocks are made entirely
of glass. The machine
works in the following
manner; communication
being established with
the funnel, the globe
which serves as cistern
is raised, and placed, as
shown in the figure, at
a higher level than the
stop-cock of the funnel.
By the law of equili-
brium in communicat-
ing vessels, the mercury
fills the barometric tube,
the neck of the funnel,
and part of the funnel
itself. If the communi-
cation between the fun-
nel and tube be now
stopped, and the globe
lowered, a Torricellian
vacuum is produced in
the upper part of the
vertical tube.

Communication is now

= opened with the re-
ceiver; the air rushes
into the vacuum,and the
column of mercury falls
alittle. Communication

' is now stopped between
the tube and receiver, and opened between the tube and the funnel,

tgfe simple stop-cock of the funnel being, however, left shut. If at
; (:S momen.t the globe is replaced in the position shown in the
figure, the air tends to escape by the funnel, and it is easy to allow
it to doso. Thus, a part of the air of the receiver has been removed,

Fig. 142. - Geissler's Machine,
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and the apparatus is in the same position as at the beginning. The
operation described is equivalent to a stroke of the piston in the
ordinary machine, and this process must be repeated till the receiver
is exhausted.

As the only mechanical parts of this machine are glass stop-cocks,
which are now executed with great perfection, it is capable of giving
very good results. With dry mercury a vacuum of 53 sth of an inch
may very casily be obtained. The working of the machine, how-
ever, is inconvenient, and becomes exceedingly laborious when the
receiver is large. It is therefore employed directly only for pro-
ducing a vacuum in very small vessels; when the spaces to be
exhausted of air are at all large, the operation is begun with the
ordinary machine, and the mercurial air-pump is only employed to
render the vacuum thus obtained more perfect.

940. Sprengel’s Air-pump.—This instrument, which may be re-
garded as an improvement upon Geissler’s, is represented in its
simplest form in Fig. 143. c¢d is a glass tube longer than a baro-
meter tube, down which mercury is allowed to fall from the funnel
A. Tts lower end dips into the glass vessel B, into which it is fixed
by means of a cork. This vessel has a spout at its side, a few milli-
metres higher than the lower end of the tube. The first portions
of mercury which run down will consequently close the tube, and
prevent the possibility of air entering it from below. The upper
pert of ¢d branches off at z into a lateral tube communicating with
the receiver R, which it is required to exhaust. A convenient
height for the whole instrument is 6 feet. The funnel A 1is
supported by a ring as shown in the figure, or by a board with a
hole cut in it. The tube cd consists of two parts, connected by a
piece of india-rubber tubing, which can be compressed by a clamp
so as to keep the tube closed when desired. As soon as the mercury
is allowed to run down, the exhaustion begins, and the whole length
of the tube, from 2 to d, is seen to be filled with cylinders of mercury
separated by cylinders of air, all moving downwards. Air and
mercury escape through the spout of the bulb B, which is above the
basin H, where the mercury is collected. This has to be poured
back from time to time into the funnel A, to pass through the tube
again and again until the exhaustion is completed.

As the exhaustion is progressing, it will be noticed that the inclosed
air between the mercury cylinders becomes less and less, until the

lower part of ¢d presents the aspect of a continuous column of mer-
13
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cury about 30 inches high. Towards this stage of the operation a
considerable noise begins to be heard, similar to that of a shaken
water-hammer, and common to all liguids shaken in a vacuum. The
operation may be considered completed when the column of mercury
does not inclose any air, and when a drop of mercury falls upon the
top of this column without inclosing the slightest air-bubble. The
height of this column now
corresponds exactly with the
height of the column of mer-
cury in a barometer; or, what
is the same, it represents a
barometer whose vacuum is
the receiver R and connecting
tube.

Dr. Sprengel recommends the
employment of an auxiliary
air-pump of the ordinary kind,
to commence the exhaustion,
when time is an object, as with-
out this from 20 to 30 minutes
are required to exhaust a
receiver of the capacity of half
a lifre. As, however, the em-
ployment of the auxiliarypump
involves additional connections
and increased leakage, it should
be avoided when the best pos-
sible exhaustion is desired. The
fall tube must not exceed about
a tenth of an inch in diameter,

Fig. 143, —Rprengal's Air-puip, and special precautions must
be employed to make the india-
rubber connections air-tight. (See Chemical Jowrnal for 1865, p. 9.)

By'this il}strument air has been reduced t0 1ygigesth of atmo-

spheric density, and the average exhaustion attainable by its use is

about one-millionth, which is equivalent to ‘00003 of an inch of
mercury.

241.. Double Exhaustion.—In the mercurial machines just described
there is no “untraversed space,” as the liquid completely expels all

the air from the pump-barrel. These machines are of very recent
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invention. Babinet long hefore introduced an arrangement for the
purpose, not of getting rid of this space, but of exhausting it of air.

For this purpose, when the machine ceases to work with the ordi-
nary arrangement, the communication of the receiver with one of
the pump-barrels is shut off, and this barrel is employed to exhaust
the air from the other. This change is effected by means of a stop-
cock at the point of junction of the passages leading from the two
barrels (Fig.144). The stop-cock has a T-shaped aperture, the point
of intersection of the two branches being in constant communication
with the receiver. - In a dif-
ferent plane from that of the
T-shaped aperture is another
aperture mmn, which, by means
of the tube [, establishes
communication between the
pump-barrel B and the com-
municating passage of the
pump-barrel A. From this
explanation it will be seen that
if the stop-cock be turned as
shown in the first figure, the
two pump-barrels both eom- b
municate with the receiver,
and the operation proceeds in
the ordinary manner. But if Fig. 144.—DBabinet's Doubly-exhausting Stop-e.ck.
the stop-cock be turned through
a quarter of a revolution, as shown in the second figure, the pump-
barrel B alone communicates with the receiver, while it is itself
exhausted of air by the barrel A.

It is easy to express by a formula the effect of this double exhaus-
tion. Suppose the pump to have ceased, under the ordinary method
of working, to produce any farther exhaustion, the air in the receiver

has therefore reached a tension nearly equal to H{’; (§ 237). At this

moment the stop-cock is turned into its second position. When the
piston B descends, the piston A rises, and the air of the “untraversed
space” in B is drawn into A and rarefied. During the inverse
operation, the air in A is prevented from returning to B, and thus
the rarefied air from B, becoming still further rarefied, will draw a
fresh quantity of air from the receiver. This air will then be driven
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into A, where it will be compressed by the descending movement of
the piston, and will find its way into the air outside.!

This double exhaustion will itself cease to work when air ceases to
pass from the pump-barrel B into the pump-barrel A. Now when
the piston in this latter is raised, the elastic force of the air which

. . . . v
was contained in its “untraversed space” is equal to Hs;, for, on the

last opening of the valve, the air in this space cscaped into the atmo-
sphere. On the other hand, when the piston in B is at the end of
its upward stroke, the tension of the air is the same as in the receiver.
Let this be denoted by . When the piston in B descends, the air is
compressed into the “untraversed space” and the passage leading to
A. Let the volume of this passage be /. Then the tension will

. Vil Gt
inerease, and become z W—L When the machine ceases to produce

any farther effect, this tension cannot be greater than that in the

pump-barrel A, which is H%; we have thus, to detcrmine the limit

to the action of the pump, the equation

V+i v
© —7=Hypw hence

v v+ 1
NV Vel

r=H

Fig. 145 —Delenil’'s Aiv-pump

242. Air-pump with Free Piston.—We shall describe one more
air-pump (Fig. 145), constructed by Deleuil, and founded upon an
interesting principle. We know that gases possess a remarkable
power of adhesion for solids, so that a body placed in the atmo-
sphere may be considered as covered with a very thin coat of air,
forming, so to speak, a permanent envelope. On account of this cir-
cumstance, gases find very great difficulty in moving in very narrow
spaces. This is the principle of the “air-pump with free piston.”

The piston P (Fig. 146), which is composed entirely of metal, is of
considerable length; and on its outer surface is a series of parallel
circular grooves very close together. It does not touch the pump-
barrel at any point; but the distance between the two is very small,
about ‘001 of an'inch. This free piston is surrounded by a cushion
of air, which forms its only stuffing, and is sufficient to enable the
machine to work in the ordinary manner, notwithstanding the per-

1 It will be observed that during the process of double exhaustion the piston of B be-
haves like a solid piston; its valve never opens, because the pressure below it is always
less than atmospherie.
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manent communication between the upper and lower surfaces of the
piston. This machine gives a vacuum about as good as is obtainable
by ordinary pumps, and it has the important advantages of not
requiring oil, and of having less
friction. It consequently wears
better, and is less liable to the
development of heat, which is a
frequent source of annoyance in
air-pumps. It is single-barrelled
with double action, like Bianchi’s,
The two openings S and & are
to admit air from the receiver;
they are closed and opened alter-
nately by conical stoppers at the
end of the rod T, which passes
through the piston, and is carried
with it by friction in its move-
ment. They communicate with
tubes which unite, at R, with a
tube leading from the receiver.
A and A’ are valves for the expul-
sion. of the air, which escapes by
tubes uniting at R. The alternate
movement of the piston is produced
by what is called Delahire’s gearing.
This depends on the principle, that
when o circle rolls without slidim q
=il ©n the interior of amother cirele
#iston aud Baszel of Deloails Afepwuip.. - Joy ble tha diami&r, any point oqrj:
; . ‘ the ciroumference of the rolling
c-m:cle describes a diameter of the Jixed circle. In order to utilize
this pl:operty, the end of the piston-rod is Jointed to the extremity
f’f. a plece of metal which is rigidly attached to the pinion P, the
joint bfaing 'exactly opposite the circumference of the pinion. ,This
laf;ter is driven by a fly-wheel with suitable gearing, and works
W'lth the fixed wheel E, which is toothed on the inside. Thus the
piston will freely, and without any lateral effort, describe a vertical

lillleJ the length of the stroke being equal to the diameter of the fixed
wheel.

R43. Compressing Pump— Tt can easily

be seen from the deserip-
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tion of the air-pump, that if the expulsion-valves were connected
with a tube communicating with a reservoir, the air removed by the
pump would be forced
into this reservoir. This
communication is estab-
lished in the instrument
just described. If, there-
fore, R’ be made to com-
municate with the exter-
nal air, this air will be
continually drawn in at
that point and foreed out
into the reservoir con-
nected with R, so that the
instrument will act as a compress-

ing pump. The compressing-pump

is thus seen to be the same instru-

ment as the air-pump, the only

difference being that the receiver

is connected with the expulsion valves, instead of
with the exhaustion-valves; it is thus, so to speak,
the air-pump reversed. This fact can be very well
seen in the structure of a small pump frequently
employed in the laboratory, and represented in
Fig. 147.

At the bottom of the pump-barrel are two valves,
communicating with two separate reservoirs, that
on the left being an admission-valve, and that on
the right an expulsion-valve.

When the piston is raised, rarefaction is produced in the reservoir
to the left; and when it is pushed down, the air in the reservoir
to the right is compressed.

In Fig. 148 is represented a compressing-pump often employed.
At the bottom of the pump-barrel is a valve b opening downward;
in a lateral tube is an admission-valve @ opening inward. The
position of these valves is shown in the figure. They are conical
metal stoppers, fitted with a rod passing through a hole in a small
plate behind, an arrangement which prevents the valve from over-
turning. The rod is surrounded by a small spiral spring, which keeps
the valve pressed against the opening. If the lower part of the

Fig. 148.
Condensing Pump.
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pump-barrel be screwed upon a reservoir, at each upward stroke of
the piston the barrel will be filled with air through the valve a,
and at every downward stroke this air will be forced into the
Teservoir.

If the lateral tube be made to communicate with a bladder or
gas-holder filled with any gas, this gas will be forced into the
reservoir, and compressed.

244, Calculation of the Effect of the Instrument.—The density of
the compressed air after a given number of strokes of the piston
may easily be calculated. If v be the volume of the pump-barrel,
and V that of the reservoir; at each stroke of the piston there is
forced into the reservoir a volume of air equal to that of the pump-
barrel; which gives a volume nv at the end of n strokes. The air
in the reservoir, accordingly, which when at atmospheric pressure
had density D, and occupied a volume V + n, will, when the volume

is reduced to V,have the density D 3 ';m’, and the pressure will, by

[ + nv

Boyle's law, be v abmospheres.

If this formula were rigorously applicable in all cases, there
would be no limits to the pressure attainable, except those depend-
ing on the strength of the reservoir and the motive power available.

But, in fact, the untraversed space left below the piston, when
at the end of its downward stroke, sets a limit to the action of the
Instrument, just as in the common air-pump. For when the air in
the barrel is reduced from the volume of the barrel v to that of the

untraversed space ¢/, its tension becomes H:? and this air cannot

pass into the reservoir unless the tension of the air in the reservoir
i3 less than this quantity. This is accordingly the utmost limit of
compression that can be attained.

We must, however, carefully distinguish between the effects of
untraversed space in the air-pump and in the compression-pump.
In the first of these instruments the object aimed at is to rarefy
the air to as great a degree as possible, and untraversed space
must consequently be regarded as a defect of the most serious
importance.

The object of the condensing-pump, on the contrary, is to com-
press the air, not indefinitely, but up to'a certain point. Thus, for
instance, one pump is intended to give a compression of five atmo-
spheres, another of ten, &c. Tn each of these cases the maker
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provides that this limit shall be reached, and the untraversed
space has no injurious effect beyond increasing the number of
strokes required to produce the desired amount of condensation.
245. Various Confrivances for producing Compression.—In order to
oxpedite the process of compression, several pumps such as we have

Fig. 149.—Counected Pumps.

described are combined, which may ke done in various ways. Fig.
149 represents the system employed by Regnault in his investiga-
tions connected with Boyle’s law and the elastic force of vapour. It
consists of three pumps, the piston-rods of which are jointed to three
cranks on a horizontal axle, by means of three connecting-rods. This
axle, which carries a fly-wheel, is turned by means of one or two
handles. The different admission-valves are in communication with
a single reservoir in connection with the external air, and the com-
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pressed gas is forced into another reservoir which is in communication
with the experimental apparatus.

A serious obstacle to the working of these instruments is the heat
generated by the compression of the air, which expands the different
parts of the instrument unequally, and often renders the piston so
tight that it can scarcely be driven. In some of these instruments
which are employed in the arts, this inconvenience is lessened by
keeping the lower valves covered with water, which has the addi-
tional advantage of getting rid of “untraversed space.” In this
way a pressure of forty atmospheres may easily be obtained with
air. Air may also be compressed directly, without the intervention
of pumps, when a sufficient height of water can be obtained. It is
only necessary to lead the liquid in a tube to the bottom of a
reservoir containing air. This air will be compressed until its
pressure exceeds that of the atmosphere by the amount due to the
height of the summit of the tube. Tt is by a contrivance of this
kind that compressed air has been obtained for driving the boring-
machines employed in the great Alpine tunnels.

246. Practical Applications of the Air-pump and of Compressed Air,
—DBesides the use made of the air-pump and the compression-pump
in the laboratory, these instruments are variously employed in the
arts.

The air-pump is employed by sugar-refiners to lower the boiling
point of the syrup. Compression-pumps are used by soda-water
manufacturers to force the carbonic acid into the reservoirs contain-
ing the water which is to be aerated. The small apparatus described
above (Fig. 148) is sufficient for this purpose; it is only necessary
to fill the side-vessel with carbonic acid, and to pour a certain
quantity of water into the reservoir below, Compressed air has for
several years been employed to assist in laying the foundations of
bridges in rivers where the sandy nature of the soil requires very
deep excavations. Large tubes called cazssons, in connection with
a condensing pump, are gradually let down into the river; the air by
its pressure keeps out the water, and the workmen, who are admitted
into the apparatus by a sort of lock, are thus enabled to walk on
dry ground,

In pneumatic despatch tubes, which have recently been established
in many places, a kind of train is employed, consisting of a piston
preceded by boxes containing the despatches. By exhausting the
air at the forward end of the tube, or foreing in compressed air at

PRACTICAL APPLICATIONS. 203
the other end, the train is blown through the tube with great
velocity. :

The atmospheric railway, which was for a few years in existence,
was worked upon the same principle: an air-tight piston travelled
through a fixed tube, and was connected by an ingenious arrange-
ment with a train above.

Excavating machines driven by compressed air are coming into
extensive use in mining operations. They have the advantage of
assisting ventilation, inasmuch as the compressed air, which at each
stroke of the machine escapes into the air of the mine, cools as it
expands.

In the air-gun, the bullet is projected by a portion of compressed
air which, on pulling the trigger, escapes into the barrel from a
reservoir in which it has been artificially compressed.

We may add that the large machines employed in iron-works for
supplying air to the furnaces, are really compression-pumps.




