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STRANGE CHANGE OF VELOCITY OF SOUND
IN NARROW PIPES.

. (Original research)
(By PROFESSOR RAJRUMAR BANERJEE M. AL)

1. The velocity of sound is determined with the help of a wide
mouthed glass tube closed at one end. When stilionary waves are prudut:cd
within the tube, nodes and antinodes are formed. T'he distance between
a node and an antinode gives us dala to determine, the velocity. This
is a well-known fact, But how to determine this distance exactly what-
ever be the diameter of the Lube and the temperature is a problem which
the experimentalist must try Lo solve.

Sound waves travel in vpen air, when the temperature is 0°C, at the
rate of about 331 meters per second and this is called by Helmholtz the
open aiv velocity. ‘This velocity increases with temperature according to

a certain law. But when sound waves travel through a pipe, the velocity-~

varies not only with temperature but with the diameter of the pipe as
well as with the nature, z. e, Lhe pitch, of the sound waves passing
through. Thus by the interference of two scts of progressive waves
(Quinck’s method), Schulz found thal the velocity of sound varied from
195 meters to 290 meters when Lhe diameter of the tube through which
the waves were transmilted, varied [rom ‘99 mn. Lo 1’51 mm. Schulz
used his. ear as the detector of the maximum or minimum position of
sound. . But in the method described here I have employed a manometric
capsule instead of the ear, as the detector of maximUm or minimum
position of sound. The coal gas flame (or the acetylene gas flame Wwhigh
is necessary for purposes of photographing the flame) which burns
at the end of a tube connected with the manometric capsule strongly
vibrates at the maximum position of sound and remains stationary at
the minimum position. These vibrations of the flame are"verjr beautifully

i

shown by a single rotating mirror. 1f a small mirror is fixed with its

plane normal to the rotating axis, ten a single image of the flame wil
be seen wuhm the mirror, whether the mirror rotates or not. But if the
plane of Lhe mirror be a little oblique to the rotating . axis, then a bright
circular bandqof light will be seen within the mirror when the latter
rotates. If now the flame vibrales ever so lillle, Lhe above mentioned
circular band is “resolved inlo separated ‘tongues’ or ‘beads' called®

s#rqmt:’urns. The presence ol serrations proves Lhe maximum position
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ef sound or, ?n the present case, the maximum change of density, and
the absence of serrations, the minimum change of density.

2. Instead of transmitting two independent trains of waves by
different paths like Schulz, interference is also produced by the direct
reflection of a train of incident .waves. ‘The following arrangement ‘is
adopted to determine the velocity of sound in any gas and at any
temperature through narrow tubes.

-

It may be mentioned at the oulset, thal Lhe velocity of sound in
narrow pipes does not vary according to the empirical law of Kirchhoft
and Helmholtz but in a very sltrange manner not delecled before. 1
shall now describe briefly the method by which this strange behaviour
has been detecled. '

3. Two glass tubes arc Laken ; one of which is at least 1 rheter long,
and 3 or 4 cm. in diameter, the other, half a2 meter in length but wider
than the former tube. Let me call these tubes, A and B respectively,
These are connected by a suitable rubber tubing capable to stand the
pressure ol mercury when necessary. The tube A is kept vertically
fixed, attached to a long stand such that it may be raised or lowered
within wide limits, Mercury or any mon-volatile oil is poured into B,
until the level of the liquid poured into reaches to the middle of the
tube B. By raising or loweririg this tube, the level of the liquid may
be raised or lowered to any extent in A,

The experimental tubes are to be hung, one at a time, inside A. A
suitable ‘T-tube’ is attached at the upper end of the experimental tube.
The lower opening of the tube is now dipped into the liquid ; the upper
opening of the T-tube is connected to the source of sound by means of &
long rubber tubing, and the lateral opening of the “T" is directly connected
with the manometric capsule. The source of sound may be a keavy
tuning-fork or an organ pipe. 1 have taken three separate forks,
C, G, and ¢ fixed on their sound boxes.

4. The experimental tube may now be filled with any gas, dry air,
- . .oist air, carbon‘ di-oxide, ammonia, &c. [l shall not explain this
part of the operation in detail, but this should be mentioned that the
~ gas, dry air or carbon di-oxide or anything else, through which sound

waves shall travel, shall pass through the long rubber tubing aid filling

up the experimental tube must bubble through the liquid for a certain

time, while all .along the side opening of the “I” must be kept closed by a
pinch-cock. The passing of the gas is now stopped, the side-opening is’
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connccted with the manometric capsule and the upper end joined Lo thé
source of sound (tuniing-fork in the present case).

When the tuning-fork is bowed, strong stationary waves are produced
in ,the experimental tube, and nodes and antinodes are formed. The
tube B is now raised or lowered so that the level of the liquid within the
experimental tube is raised or lowered to Lhe same exient. By this adjust-

ment the position of an antinode is exactly brought before the side opening -

of the 'T,’ i.e. at the manommetric capsule. When this happens, the
flame does not vibrate and the image-circle does not show any segrations,
The distance between this point and the level of the liquid is measured by
a scale attached to the ‘T-tube’; this gives one quarter of the wave passing
through. The absence of serrations.-shows the exact point for the anti-
node, for a variation of the air column within the tube by half a millimeter
produces distinct serrations. (T his does not happen when the experi-
mental tube-is sufficiently wide, the cause of which is mentioned later on).
By increasing the length of the experimental tube three quarter waves
can be obtained, but this not only makes the arrangement cumbrous but
diminishes the sensitiveness of the flame.

5. To determine the velocity of sound in different tubes, a number
of *T-tubes’ must be kept ready to fit into the mouths of different tubes—
different  experimental tubes are to be carefully selected, the bore should
be as uniform as possible. As no tube is fourid exactly uniform through-
out deviations in the resulls follow.

6." In the two following Tables I give the velocities of sound in
different tubes in dry air and dry carbon-di-oxide at 29°6 C,, the sources
of sound being C, G. and ¢ forks, See Tables 1. and It,

7. When curves are drawn on a graph paper with Lhe velocities and
the diamelers of the tube recorded in Tables I. and Il., very marked
deviations are observed at some points. These are mainly due to Lthe
non-uniformity . of the bore. But the peculiar poinf to be noticed is
the abrupt change of velocity [rom minimum to maximum at some

parll;in:ular value of the diameter of the tube. Thus when the diameter

of the bore is 13mm. the velocity In air is 273m., whereas at Igmma it

is suddenly changed to 384 m. This change is the same in the same -

medium, but not in another mcdium. (Compare Tables 1. and I1.)

"Students of mathematics may try their skill in drawing the two
serpentine curves lying on Doth sidcs of a line which corresponds to thit
of the open air velocity,
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That velocities vary with tubes and with the pitch of the sound
is not a new fact. It was observed by Schulz and commented on
by Helmholtz. The formula empirically deduced by Helmholtz and
Kirchhoff shows that the velocity curve cannot intersect the open-air
line but becomes asymptotic to jt. The formula thereforé is only ‘a
particular case of a. general law rerresentnd by the curves drawn from
.Tables 1. and II.

It is to be remarked that in tubes the diameters of which are greater
than 14§mm., no sharp antinodal plane is obtained ; 7.e. a slight
change of the level of the liquid either ways, does not change much the
nature of the flame. In wider tubes this anomaly is found to be greater.
The nodal and antinodal planes seem to be oscillating within sufficiently
large limits.

In very narrow tubes progressive sound waves can easily pass but no
stationary waves are [ormed, so far as detected by a mannmetnc flame,

The line joining li‘IE first minimum velocity am:l the first maximum is
- the eritical line ; it is independent of pitch but depends upon the medium.

The diameter of the tube corresponding to this first minimum may be
called the cvitical diameter.

In conclusion 1 state that I am much obliged to Prof. P, N. Ghose,
M. A. my former colleague, who gave me much assistance and advice
in setting .up the apparatus and in pointing out the various sources,
of error. -
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Table of Velocities in Dry Air at 29'6 C.

]

| Cefork, v. f=256. Gfork, v. fm= 384, c.fork, v. f=s12.
(= i A [ e e e

i |
?g ?-::fr Velocity in g:::e r Velocity in %:::E r Velocity in
$Z| length meters, length meters, length meters,
g E| in cm. in cm, in cm, *
32 -
69| 342 | 35034 23’5 | 3609 180 3686
74| 34%0 34816 230 35328 17'4 356'35
7'8] 238 34611 22'7 34866 16°8 3436
84) 33;2 3399 222 | 341% 16'2 3317
92| 328 33587 213 | 3276 15°5 31744
97] 320 3276 205 314'88 150 307°2
11'o] 300 307'2 189 200°3 13'6 278°'s
121 279 285'7 175 268'8 1'g 2437
130] 267 2710 160 245'76 I1's 215'52
13'5] 270 276's Iﬁ;z 248'81 T 18 - 24160
14’0y 37'5 384’0 25’5 | 3916 200 f . 409'6
145|372 380'g 253 ¢ 388'6 19 407'4 '
isv| 64 | 728 | 245 | a6 193 | 3052
16'2] 35 358 4 23’5 | a60'9 18'5 378'8
17’1} 340 34816 22'8 350'2 170 34816
182 335 34304 223 | 3425 163 3338 <
23'3[ 320 32768 20°5 ) 31488 14'0 . 28672 *

“-‘-—f w—m_
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Table of Velocities in Dry Carbon-di-Ozide at 295 C.

C.fork, v. f=2356.

G-fork, v, f=384.

c-fork, v. f =512, ¢

—i- | — A —— — P,

24 '

K % %:ﬁe ' Velocity in %':::f ‘ Velocity in ?uif:ﬂ Velocity in
_5 =| length meters, length’ metres. length meters,
E'E in cm, in cm, in cm.

;5
69] 278 28467 19'0 291'84 14'8 j03't
74| 27'3 279°S 184 283°0 14'7 292'8
78] 27'S 27406 180 2734 138 2826
3-4 25'6 262'84 16'g 250'58 12'6 nss:uq
oz] 244 249'8 160 2457 11'9 2437
o7] 237 242'7 153 235°0 114 233'4
1ro| 214 219°13 13°9 214’0 {8 . 207'0
a2 20 2048 12°8 106'6 0'4 ' 103'S

agol 2901 | 297'48 20°0 3072 16'2 331'7

. 15| 285 201'8 19'8 302'9 15'3 - 3140

140] 280 286'7 19'0 288'5 14'4 294'9
15 2?5 282'5 17'9 274'9 135 27648
16 ) 272 2785 180 276'49 12'9 264°12
1| 265 7| 276148 17'5 265'7 12'4 253'

. 1821 260 266°24 17'0 261°12 1i'9 243'7

« 293 255 2620 16'0 245'76 115 235'52




