VELOCITY OF SOUND IN PIPES. 115

if we here refer to a rescarch by Blaikley.! He used an organ-
pipe with a pear-shaped cavity just above the speaking mouth,
continued into a straight eylindrical dpipe with a sliding plug
in it. He first made the tube sound when the plug was n a
given position, and then moved the plug out-
wards to such a position that the pipe could
ive the same note as before. e added
Ength was the distance between two nodes
Or A, ]
Experimenting with several tubes, he found
very satisfactory agreement with the formula
already given on p. 28,

U= Uﬁ@'h—fﬁ), | Ve

where Uy, is the velocity in open air, D the
diameter, and N the frequency. The most
satisfactory value for U, he found to be
331676 m./sec.

Eundt's Dust-Tube Method.—Kundt de-
vised a very beautiful method of showing the *
mode of vibration in a tube closed at both
ends, and of determining the velocity of air
waves in such a tube. The apparatus is re-
presented diagrammatically in Iig. 66. The J
“ wave-tube,” which must be very dry, has a
little lycopodium dust scattered along it. It
is closed at one end by a tight piston, a, and de
near the other end is a loose piston, b, at the
end of a glass or metal rod—the sounding-rod.
This is clamped firmly at its middle point, d, qe
and on stroking it with a wet cloth if glass,
ch I? resined leather if metal, it ﬂi}:rages

ike the air in an open pipe, giving its funda-
mental tone, d heil!::;' A Eﬂndfl E.llﬁ b a loop.
The piston at b communicates motion to the « ¢
air in the wave-tube, and if the piston at ais *
carefully adjusted to some particular position,
exact resonance occurs and a loud clear note
tings out. The lycopodium dust is caught
up by the air moving at the loops, and settles
down where there 15 no motion, that is, at the nodes nnn.
The ];mm may be watched, for at each stroke of the exciting
rod clouds rise from the loops, and the heaps collecting at the
nodes increase. The velocity of sound in the material of the
sounder being many times that in air, there may be many nodes in

L
>
Fro, 66.—EKandt's Dunst-Tube Method of determining Velosities in Tubss, WT, wave-tuba closed by

an adjustable tight piston at o and a loose piston at & Tho loose pisten 8 at the ond of & glass or motal

rod, be, clamped st its contre, o, and excited by stroking in the direction of the arrow near g7 nn are tho

beaps of Iycopedivm colleetiing at the modea.

} Phys, Soc., vol. vi. 16B4-5, p. 228,
' Rayleigh, Sound, vol. ii. £§ 347-350.
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the wave-tube, the first being at a and the last near . The piston
b is the source of the energy, and communicates all the motion to
the air. - But the amplitude of vibration in the air soon far exceeds

Fia, 67.—Eundt's Double Wave-Tubo Apparatus, with onoe sounding-rod supported by indis-ruobber caps to

the wave-tubes ot tho podal peints of its Brst overtons, The rod is excited by strokiog it in the middle, The twe

tulbes niay bo used for different gases

that of the rod, so that the motion of & corresponds
to that of a point much nearer a node than a loop.
By measuring the average distance between the nodal
heaps the half wave-length in the tube is determined
with some exactness, and thence IJ =n) may be found.
Replacing the air by any other gas, the velocity in
that gas may be determined.

In the first form of the apparatus the sounding-
rod was elam at its centre by the cork closing
the end of the wave-tube. ‘The vibrations were
thus communicated to the solid walls of that tube,
and not only were the appearances complicated,
but the note was rendered slightly variable. Kundt
finally adopted a form, represented in Fig. 67, with
two wave-tubes containing different and a single
sounding-rod. This was suppo at } and § of
its length, the nodal points for its first overtone,
by passing it through india-rubber sheets coverin
the ends of the wave-tubes, and it was sound
by stroking it in the middle. The same note was
of necessity sounded in the two tubes, and the india-
rubber connection between sounder and wave-tube
did not carry much vibration from one to the other.

Kundt found that for a given gas the velocity
increased with the diameter of the tube and the
wave-length, while it decreased with the roughness
of the tube and an excess of lycopodium. He
showed that the velocity was independent of the
pressure and proportional to the square root of
the absolute temperature. He also found relative
values of the wvelocity in different gases, takin
that in air as 1. Wiillner, using Kundt’s method,
and applying to his results ]{irciuﬁ"s modification
of Hnlmi{mlt:z's formula for the velocity in tubes,
caleulated the following velocities at 0° in free gas:—

m, [soe,
Air . ' 1 i 5 P 33100
Carbon monoxide | . i . J97-13
Carbon dioxide . . 3 F an0-38
Nitrous oxide : 3 : . 25964
Ammaonia . . . . . 415-99
Ethylene . : : . . 31590

Kundt and Warburg have used the double wave-tube to deter-
mine the ratio of the specific heats or v in mercury vapour.*

! Pogg. Ann., clvil, 1876, p. 353.
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One tube contained air, and the other, which was sealed, contained
mercury vapour maintained at a high temperature in an oven.
As dust to show the nodes quartz sand was used, and from the
experiments the velocity U was determined. But (p. 20) U—yP/p.
The temperature and the molecular weight of mercury gave P/p,
and hence 5 could be determined. It was found to be 1-66.
Kundt's single tube method has been used by Rayleigh and
Ramsay (Phil. Trans., 186a, 1895, p. 187) to determine « for
Argon, and by Ramsay (Proc. Hoy. Soc., viil. p. 86) to determine
it for Helium. In each case the value found was 1-66.
Experiments on Pressure-Change and Motion in Organ-
Pipes.—Kundt?! devised a water manometer, provided with a
valve which could be fixed at any point in the walls of a pipe. The
valve opened outwards, and allowed a little air to escape into the
manometer at each compression, until the pressure in the mano-
meter was equal to the maximum pressure uu:,-m-ring within the
tube at the point. T'he valve consisted of an india-rubber or
rutta-percha membrane over a narrow slit in a metal plate. It
was stretched so as not to be very different in tone, when blown
as a reed, from the organ-pipe to which it was attached. "Uhis
ensured its quick response to variations of pressure. By making
the valve open inwards, the minimum pressure could be measured.
In a closed pipe 80 cm. long Kundt found differences of pressure
amounting to 30 cm. of water on each side of the normal pressure,
_say 1/34th of an atmosphere. From this we may caleulate the
amplitude of the vibration, for the stationary wave in the pipe
may be regarded as made up of twe equal and opposite progressive
waves, to which we may apply the investigation of Chapter II.
Let the amplitude in one of these waves be a, the maximum
velocity of a particle in the wave u, the frequency n, and the
variation of pressure p, while the velocity of sound-wave is U
and the normal pressure is P. "Then, if the particle moved round
in a circle on its actual path as diameter with a uniform velocit
equal to the maximum w, it would go round the circle in the time
uil vibration in the actual path. In one second it would travel
u=2mrna

But (Chapter 11. p. 18)

P
P

==
feira

Then eliminating u

U dnl af
o 'ﬁ"ﬂﬂ_m ' %ﬁﬁﬂ
where [ is the length of the pipe.
Using the values of the quantities given above, viz.—
I=30, p/P =168,
and putting =14, we find that at the open end of the tube
a=032 em.
v Pogg. Ann., czxxiv., 1868, p. 168,
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We must double this for the stationary wave, and again for the
whole swing. Thus the extent of vibration is nearly 1 em.

Another method of investigating the range of pressure has
been devised by Tépler and Boltzmann. This depends on the
lengthening and shortening of the path of one of two interfering
heams of light, and the consequent shifting of the interference
fringes by the compression and rarefaction of the air in the pipe.
In a particular case, they deduced an amplitude of 0-25 cm.!

Tufmh’ investigated the excursion directly by the following
method. An organ-pipe was fixed horizontally, and along the
top wall on the inside ran a platinum wire previously wetted with
sulphuric acid. When the wire was heated by an electric current,
a fine line of vapour descended from each drop. The pipe was
closed by a membrane at the centre to prevent any through
draught of air, and when it was blown, the lines of vapour were
carried to and fro; one of the side walls was of glass, so that the
lines of vapour could be seen, and their extent of excursion
measured by a stroboscopic method. The excursion at the end of
an open pipe 125 cm. long was 0°4 cm. :

.(Eevur simple method of showing the vibrations in the air just
outside the end of an organ pipe has been devised by Prof. C. V.,
Boys. The pipe, preferably n.!]arga:r one, 15 fixed in a horizontal
position, with a Bunsen burner close to the open end. When the
Eipe is blown, the longitudinal vibrations of the air are manifested

the sinusoidal motions of the ascending ineandescent dust
particles in the fame,

Extent of Excursion in Waves necessary for Audibility.
—Lord Rayleigh? made an experiment on the amplitude of
vibration in a sound just audible. The sound was produced by a
whistle, of frequency 2730, blown by a measured current of air at
observed pressure, the rate of wurking in producing the blast being
W =1850000 ergs/sec. nearly, and 1t was certainly audible at a
distance of 820 metres.

Now if » is the maximum velocity of a particle in & wave, it
is easy to show that the average energy, kinetic and potential, per
eubie centimetre, is F:j

If, then, it is assumed that the energy travels out in a hemi-
sphere in the form of sound-waves, and that v is the maximum
velocity of a particle 82,000 em. from the source, the energy
{T{Sﬂing per second through the hemisphere of that radius is

= % 82,002° % 34,100 % "0013 » 22, where 34,100 is the velocity
of sound at the observed density of the air, ‘0013,

This gives v="0014 cm.fsec. But 2mna=v where a is the
amplitude and n is 2730,

! Pogg.Ann.cxli.; Rayleigh, § 3224, 2nd ed, . l:?nli-r:k-aﬁmﬁm;ﬁ-m Fersuche.
¥ Proe. Roy. Soe., xxvi 1877, p. 248; Sound, il. § 354, 2od ed.
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