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Section 1. TnTRODUCTION.

The variation of sound-absorption coefficient with intensity of sourd has
never been suceessfully studied and we have so far failed to find any adequate
reference to it in the existing literature. Sabine {1923) using his formula (eqn. 1)
for the calevlution of the absorbing power of a specimen found that the
value of & {equ. 1) is subject to a correction which varied with the varying
experimental cireumstances, :

. RV =) SPf1 Iy 1 I
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Talking about this he ohserves : * The magnitude, as well as the sign of
this correction, depends on the intensity of the source of sound, the size of the
room and the material of which it is constructed and the area of the windows
opened.  This is illustrated in the following table (reproduced here in table 1)
which is derived from a recalculation of all the rooms in which the open window
experiments have been tried and which exhibits a fairly large range in these
respects ’ (1923).

Substituting Sabine’s data (1923) for the first two cases {Table 1) in
equation (1) and using the uncorrected value of £ in each case, it is possible to

TasLe 1.
Room 14 I W Unﬁorl Cor- k
Cu. rectad. rection,

—

. Lobby Fogg Musewn ’
1 Pi 96 | - 8,800,000 1-86 169 4010 0§58

Lobby Fugg Museum

[

16 Pipes .. 946 67,000,000 1-86 0191 0-27 O-164
3. Jefferson Physzical

Laboratory I3 .. 202 1,700,000 510 0-164 0005 o159
4. Jeofferaon Physica] “ )

Laboratory 1 v. | 1,830 390,600 12-0 150 017 167
8. Jefferson Physical :

Laboratory 4 .- 1,960 300,000 14:6° | 0-137 0-024 o161

Here W =absorbing power of the open windows, minus their absorbing power when
closed. )
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calculate the amount of change in the abzorbing power of the specimen which
is due to the variation of the intensity of sound alone. When this is done we
find that the absorbing power, a’, in these two cases of the Fogg Museum is
2:467 units and 2931 units when 1 and 16 organ pipes, respectively, were used.
From this, it appears that the increase in the intensity of sound from 8,800,000
to 67,000,600 (arbitrary units) has produced an inerease in the absorbing power
of the substance amounting to about 209%,.

Sabine, however, does not seem to have taken into consideration the
absorption of sound by the source itself {the organ pipe and its accessories) which
does absorb sound, howsoever little. If absorption due to one pipe system
be equal to «, {same unit) then that due to 16 almost similar organ pipes would
be 16x,, nearly. Henve, it can be eadily seen that by assigning different values
to &, -widely different results are obtained. Tt is thus clear that due to lack
of data regarding «, we.cannot come to any definite conclusion.

In view of these conflicting results, therefore, the present investigation
was undertaken by the author to obtain accurate information regarding the
variations in the sound-absorption coefficient due to variations in the intensity
of sound. For comparison of these coeflicients at different sound intensities
the stationary wave method was employed and the various sources of errors
inherent in the method were either eliminated or braught well under control so as
to obtain reproducible results, The materials so far tested were of the ‘ yielding’
type, such as hair-felt, ordinary thin cloth, cotton.waste and a commercial
substance Treetex. A large number of experiments were performed and con-
sigtent results werc obtained for each specimen. Later on, a few experiments
were also performed with a * non-yielding * $ype artificial specimen made up
of a large number of capillary glass tubes each of 16 cms. length, and of about
I mm. bore. A discussion of the results is given in the last section.

Section 2, THE THEORY OF THE STATIONARY-WAVE METHOD,

The theory of this method has already been worked out by E. T. Paris
(1927) in which he has deduced eqn. (2) to caleulate the sound-absorption
coefficient of the substance, namely

ac-*—‘}-— . . . R ¥4
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where « is the absorption coefficient and 58 the ratio of the maximum ampli-

tude to the minimum amplitude. Here by ‘absorbed sound’ is meant that part
a
[
determine the resistance chunges p; and p, when the detecting instrument {the
hot-wire microphone) inside the pipe is at the minimum pressure-variation and
the maximum pressure-variation, respectively ; the mouth of the pipe having

of the incident sound which is not reflected. To find - experimentally we first
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been stopped by the specimen under test. The specimen is then replaced by &
perfect reflector and the positions of the microphone to give the same resistance
changes p, and p, are determined. Let these positions of the microphone be y,
crms. and y, cms., respectively, distant from the nearest node, the position of
which is previously determined. Now, since the pressure amplitude in
the stationary wave is proportional to sin Xy (y is the distance from the node,

27 . .
k= TT and A is the wavelength), the pressure amplitudes producing these

resistunce ehanges p; and p, must be proportional to sin by, and sin &y, so that

@ _ sin ky,
%= sin ky,
from which « is given by

4
sin ki, - sin ki,
i s | sin gy

B

o= -
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Nection 3. APPARATUS.
{a) The experimenial pipe.

The experimental pipe was made up of three pieces of glazed clay pipe of
30 cms. diameter (internal} and in length about 60 ems. each, with a wall-
thickness of about 35 ems. These pipes were placed horizontally end to end
on padded V-shaped supports, which in turn rested on a ratsed platform
and were cemented together. - One of the ends of this composite pipe opened
into a wooden hox 4" X3’ x 3" which served the purpose of a sound chamber.
The specimens to be tested were placed at the other end of the pipe. The
specimens had to be cut or shaped in a circular form so as to fit tightly into the
circular mouth of the pipe which wag lined all along its brim with a washer.

A cireular brass-plate of about (-25 inch in thickness, mounted permanently
on a cireular wooden dise, I'5 inches thick and of about 37 cms. in diameter was
always uscd to back the specimen. This whole system, that is the specimen
backed with the perfect reflector, could be easily fitted into the mouth of the
pipe and kept very rigidly in place by means of a wooden wedge which clamped
its central portion as well,

Sinee the apparatus was kept in a sequestered place in the laboratory,
far away from the din of traffic and, further, since most of the experiments
were performed during the night or during the quiet part of the day, no other
precautions were necessary to avoid extraneous vibrations.

(b) The source of sound.

The source of sound was a moving-coil-type loud-speaker which was
actuated by a valve-maintained tuning-fork oscillator in conjunetion with a



344 H. G. MOHAMMAD : THE VARIATION OF SOUND

single-stage valve amplifier. The loud-speaker was kept rigidly fixed inside
the sound-chamber and was for all practical purposes fully insulated from extra-
neous influences.

(¢) Intensity of sound.

To measure the intensity of sound, the oscillatory current in the primary
of the loud speaker transformer was first rectified by means of a full-wave
rectifier, namely a copper-oxide metal rectifier (range lm. amp.) and then
passed through a sensitive galvanometer which was shunted to bring the deflec-
tion within range. The deflection ({g) of this galvanometer was then taken
to indicate the valve of sound-intensity in terms of arbitrary units, for a given
value of the current (f,) in the field-coil of the loud-speaker, The current
in the field-coil was measured by a low-resistance milli-voltmeter (in the absence
of a suitable milli-ammeter). Thus the intensity of sound is ultimately read
by a combination of ({ ;} and ({,,) and henee any change in the value of (1) will
mean a different intensity of sound though (1 ;) may read the same.

The variations in the sound-intensity, as measured in terms of (I :1),
were effected by altering the values of ({p) and keeping ({1} constant. Altera-
ticns in the values of (I5) could be brought about by altering (1) the filament
current of the amplifier valve or (2) the plate-voltages of the amplifier and the
oscillator valves.

By keeping the plate and the filament voltages of these valves steady
and also the current (7,), it was possible to maintain any desired intensity of
sound constant to about °2% of itself.

To roughly estimate in decibels the order of sound intensity, the tuning
fork method of Davis (1930) was employed and it was found that the intensity of
sound (I = 20 ; [, = 73) corresponded to about 25 decibels and that of sound
(I =120 ; I, = 75) corresponded to about 55 decibels so that the range of
sound-intensity employed in the present investigation was roughly from 25
to 55 d.b. Since we had no better arrangement to find out the intensity values
in decibels we have thought it best to give these relative values of the sound-
intensity in the arbitrary units {Ig ; I).

The frequency of the loud-speaker note was fairly constant as it was fed
by a valve-maintained tuning-fork oscillator of frequency about 511. . It may,
however, be remarked that the frequency of this note varied to an extent
(maximum} of about 7 parts in 10,000 as we changed the intensity from.its
lowest value to the maximum one. This was due to the use of iron pole-pieces
in the oscillator. These changes in frequency were measured by counting
beats by another standard tuning fork of firequency 512 cycles per second,

{d) Hot-wire microphone. _
The measurements of the ratio of maximum to minimum velocity ampli-

tude inside the pipe were carried out by means of a selective hot-wire micro-
phone of small dimensions similar to the one used by Tucker (1921, 1927),



ABSORPTION COEFFICIENT WITH INTENSITY. 345

E.T. Paris and others. The (safe) current carrying capacity of the microphone
grid was about 40 milli-amperes ; but it was heated by a steady current (I,) .
never exceeding about 32 milli-amperes. The value of (I,) was purposely
kept low to avoid excessive heating of the grid which might give rise to
evaporation effect (1914).

The microphone as a whole was rigidly supported at the end of & long
rod amd so arranged that its orifice always lay on the axis of the pipe for all
to and fro movements of the rod and that there was no danger of tilting it
during its movements inside the pipe.

By moving the rod from outside, the position of the ml(‘rophone inside
the pipe could be varied as desired. The finer movements of the microphone
were controlled by a rack and pinion arrangement. The positions of the micro-
phone inside the pipe could be measured from outside by a comparator method
using a travelling microscope reading up to (°01 em.

The resistance changes due to the cooling of the mierophone grid by sound
in the pipe were measured by means of a sensitive bridge shown in Fig. 1 up to
(-} ohm from the {dial-type) resistance box 13 and to 0-001 ohm. in terms of
the deflection of the galvanometer 7, the sensitivity of which was about 16 #
amp. per mm. deflection at a distance of one metre,

A similar hot-wire microphone which wasg mistuned and shielded from all

- kinds of noises was also included in the bridge-circuit outside the pipe. The
mistuning and shielding of the dummy microphone was a necessary precaution
to avoid all stray noises, as well as the note from the loud-speaker, Later on
the dummy microphone was altogether removed with advantage. A full

diagram of the electrical eonnections is given in Figs. 1, 2 and 3.
™.a
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Fia, 1.
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Circuit diagram of oscillator.
E—A small wire resistance..
M.A_ —Milliarmeter.
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Cireuit diagram of amplifier,

T—Input transformer.
C—Condenser.
O p—M.C. Dead heat mirror galvanometer

G.B.—Grid Bias battery,
L.8.—M.C. Loud speaker.
&—Copper oxide Metal RectiGer.
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Section 4. METHOD OF OBSERVATION.

After tuning the hot-wire microphone in the usual way the open end of
the experimental pipe was carefully closed by the specimen and allowed to
remain there undisturbed till all the readings for various sound intensities were
completed. This procedure was adopted in order to avoid variations in the
absorption coefficient due to direct leakage of sound. Hence any absorption
of sound which might be due to its direct leakage under a particalar mode of
closing the pipe remained constant for all the various intensities used. For
a similar reason the sound chamber also was not disturbed after having been
once closed. Then the current in the hot-wire grid was adjusted to some
suitable value (I;) and the steady balance point (i.e. without sound) of the spot
of light from the galvanometer, G,, was obtained. The source of sound was
switched on and for a given value of the intensity, the readings for p; and p,
being obtained in the following manner.

The microphene was slewly shifted until it indicated a change of resistance
p1 which was minimum. The correct® position of the micrephone correspond-
ing to p;, thus obtained, was noted down on the travelling mieroscope, The
mmicrophone was then kept fixed at this correct position and several readings
to obtain p, were taken. The average of these readings was considered to be
the most probable value of p( for that particular value of the intensity of sound,

Exuetly in the same manner, the position of the microphone was located
at the neighbouring loop and the average value of pg (ohins}, the maximum
change in its resistance, due to sound of tle same intensity, as before, was
obtained,

The procedure was repeated for different values of sound-intensity and the
positions of maxima, minima and the values of p; and p, were determined in
each case separately,

Determination of y, and y,.

To detérmine the values of y, and y, the specimen was removed from the
mouth of the pipe and the perfect reflector alone was carefully fitted and the

* To obtain a correct value for the minimum position the microphone was slightly
dlisplaced from its minimum position until the resistence change became £y', (p'>p}
and the eorresponding position of the microphone was noted. The microphone was dia-
placerl slightly further, again in the samo direction, until the resistence change berame
@*y (pr"=p >py) and the position of the microphone corresponding to py” wes also
noted. Let these positionz of the microphone corresponding to resistance changes py,
1’ and py” be 2y, 2y’ ard z;7, respectively., Further, the positions of the microphone
eorreaponding t¢ the same resistance changes gy’ and py“, but on the opposite side of its
minimum, were also located in the same manner by displacing the microphone in the
reverse direction. Let the positiona of the microphone now be 2" and &, reapectively.
The correct pogition of the mierophone for the minimum resistance change waa then taken
as an average of the readings, namely,

(M 25 (2) Hm'—2') snd (3) Hzy"—=")
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position of the microphone, when it was located at a node, was noted down
on the microscope, as previously done. The microphone was then displaced
from this nodal point to such an extent that the resistance change was p;, the
same as was obtained in the specimen-experiment for the same intensity of
gound. The value of this displacement g, ¢ms. from the nodal point was
then accurately measured on the microscope. By repeating this to obtain
the position of the microphene, on the opposite side of the nodal point, for the
same resistance change, the value of 2y, cms. was also obtained,

Similarly, the value of the displacement ¥y cins, of the iicrophone from the
node, required to produce the resistance change p, for the same intensity, was
also obtained.

And in this manner the values of ¥, and y, were successively determined
for all the intensities that were employed in the series of p, and p, determinations
in the specimen-experiment without, of course, disturbing that particular
mode of closing the pipe or the sound-chamber.

Finally, by measuring distances between the suceessive minima, the wave-

length A could be determined and the value of % (k = 27:—7) ealculated ; and

using this value of % in eqn. {3) the value of « for euch sound-intensity could
‘be obtained.

Section 5. EXPERIMENTS,

In this section a description of the various experiments performed with
the different substances, already mentioned, is briefly given and for a few
typical cases the actual readings obtained during -the experiment are also
presented in tabular forma.

I.
Cotton-waste

The cotton.-waste specimen was made by loosely packing cotton-waste
into a circular woeden frame-work of the required diameter which fitted tightly
into the mouth of the experimental pipe. The average depth of cotton-waste
was found to be about 2 inches, An open-meshed wire gauze was also stretched
across its exposed end to prevent the cotton-waste from slipping or becoming
more loose during the progress of any particular experiment. Thia precaution
waa necesgary for obvious reasons and it enabled us to make such a specimen
refain its ahsorptive properties constant at least for each complete experiment,
during which it was never disturbed. The specimen was backed with the per-
fect reflector. The readings for two different experiments with the same
specimen are set down in Tables 2 and 3 and the results are plotted in Figs. 4
and 5 respectively.
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TapLe 2.
Specimen: Cotton-waste, 2 inches thick. Fo= (1001
I, |
- I
mo | po b Ip Pt P2 n e
amps i |
e — | e ) PV DO
1 2R-8 | They | 3040 1 44 mrn. . obrm 4 30 mm. 2-44 rm 71t e | 0777
2| 28R | 760! 800§ O3 ohm. 49 mm, '8 ohm. — 10 mm. 2-37 em 128 em. | O-THA
d | 2898 | 750 | 900 | o7 chin, 413 mm. 12-4 ohm. 435 mm. | 232 ¢m, 7-39 ¢m. | U754
4 | 2881 754 | 12000 | 1-4 ohme.+ 1F mm. 184 ohm.— [0 mm, | 228 cm. | 748 cm. | O-744
| ! !
TasLFr 3.
Speecimen : Cotton-waste, 2 inches thick. o= (OG0
I
Fod
,f,"_' Im | De- p o2 N Y2
amps. Div. f'lex~ ! 2 ¢ma, ema,
ion.

1 32-1 750 | 300 | 390 mm, 0-7 ohm. — 10 mm. 2-730 1143 (-696
21 3241 75:0 | 500 |104:0 mon. 23 ohm, + 20 mm, 2-880 11-10 0-68%
3] 3] 750 | 700 {2 ohm, + 33 mm. 54 ohm. 2850 11-22 0-683
4 | 321 750 | 900 U4 olun. -+ 6 mn. i 10:8 ghm. Rt 1] 11-35 1678
5| 321 750 | 1050 0-5 ohm._ 4+ 54 mm, 15-8 olan, 2-635 11-50 0-675
4] 321 750 | 12000 0-8 ohm. — 20 ram. 21-4 ohma. 2820 1165 0-66%

IT.

Treefex

The next substance under test was Treetex—a fibrous substance of fairly

high absorbing properties. The average thickness of the substance ia about
0-6 inch and, according to the manufacturers, the value of ita sound-absorption

coefficient is approximately 309%,.

Three pieces were cut from a sheet of

Treetex and joined together so as to form a disc of the required size (37 cms.
diameter). It was then mounted on the perfect reflector as usual. The
cutting into pieces and then joining into a dise was purposely done to get the

joints and to discourage vibration (if any) aa a whole, of the specimen.

Table

4 contains the readings of the experiment with Treetex, the reault is shown

in Fig. 6.
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TanrLE 4,
Specimen: Treetex about -8 inch thick. b=0002
| 1,
De- L3 o2 " e "
flex-

ion.

U ke B RS
b2 by by Lo T by
Aol
[/ T A I B ]
] w] wl el =] =]
EEREED:
coeooe

3000 140 mm. 2-10 ohm. | 1-05 em, 13-22 em. 1338
60-6 350 mm. 865 ohm. | 103 em. 1350 can. 1331
TG ri ohm. -+ 18 mm. 12-556 ohm. 1-00 em. 13-756 ¢m. {-321
900 2 ohhm. — 16 mm. 16+25 ohm. | 0-92 em. 13- 8¢ em. -394
100-0 -2 chm. 4 14 mm. 1820 ohm. | 0955 cm. 1340 cm. 0311
12410} 3% chm. 4+ 12 mm. 22:55 ohm. | 0975 cm. 13-20 em. 0-319

40 80 129
Fia. 6.
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I,
Huoir-felt,

The third substance tested was coarse hair-felt about (r4 inch thick., Tt
was cut into a cireular form and mounted on the perfect reflector in such a
manner that there was no space left between the felt and the perfect reflector.
The data for an experiment with this substance are set down in Table 5 and the
result plotted in Fig. 7. A different piece of hair-felt, fresh from the market

o
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Fro. 7.



and about 05 inch thick, was also tested. The typical readings for this speci-
men are shown in Table 6 and the resuit plotted in Fig. 8,

TasLE 5.
Specimen: Hair-felt about 0-4 inch thick. k=090
IG Im IR
. Div. De- 41 e ¥ Yz ®
amps. flexion.
1 27-8 650 30-0 1+ mm. (86 ohm 070 ¢m 11-00 cm. 0261
2z >7-8 65-0 3000 25 mm, 270 ohm 0-683 em 1120 ¢m, 0-235
3 Pl -] 630 60-0 $0mm. | 380 ohm 0-5% e 11-30 crn. -218
4 27-3 65-0 740 3+4) mm, ’ 670 ohm 0-55 em 1143 ¢m, 0-206
3 278 650 GO0 T mm. | 950 chmn 0:55 cn 1155 em. 0200
TaBLE 6.
Speeimen: Hair felt 06 inch thick. k=000
— - -
o ‘ 1 E JI)R | n 2
m. it : e- E [+
amps Div ! fAexion. .l 2 cma. oms,
mms.
1 150 | 200 45 mm. 13 ohm. 0900 | 12:30 | 0-304
2 c 750 300 80 mum. : 210 chm 0893 | 1265 0-209
3 L7590 40-0 115 mm. | 285 ohm. 0-895 | L[2-80 | 0-208
4 | 750 600 18:5 mm. 52 ohm. 880 1 13-05 | 0-292
5 750 | 800 275 mm. | 7-8 ohm. 0-875 | 1310 | 0-200
] 70 103400 4010 mra, . 10+15 ohm 0-BT74 13-14 0289
7 750 1 12000 825 mm. | 13-4 vhm 0-835 13-1% {0283
8 750 | 14070 64-0 mm. i 17:3 chm 0810 13:33 0-269
o 750 0 13000 §38-3 mnm. | 19-1 ohin 815 13-25 271
10 750 @ 160D 73:0 nun. 20-% ohm 0-815 13+20 1-272
1 750 | 1800 ! 44-5 mm. 231 ohm 08485 13-19 292
12 750 | 9GO 1060 . 241 ohm 0-836 13-00 0-206
i i
o
33
:\
(-]
a L]
<29 \ /
\ e
27 o
25 "n
0 50 100 150

Fie. 8.
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IV,
Tool.

The fourth substance tried was ° Tool’ (Hindustani name for a kind of
thin red cloth of coarse texture). It wus mounted on the perfect reflector,
The readings for this substance are set down in Table 7 and the result plotted
in Pig. 9. )

TasLe 7.
Specimen: Tool, single layer about (-5 min. thick. k=0"08Y
I, I o )
7 1, it -
mn. Div. Da- P 2 c!ﬁ) crﬁ:. ®
amp. flexion.
1 288 70 50 75 mm. 7-%45 ohm. 0-300 ] 14-48 U-1u5
2 28-8 70 82 24+0 mm, 1853 ohm, 0285 : (448 0-106
3 288 70 11 430 mm. 26:67 ohm. 1-280 ‘ 14-52 088
I
106
<
104
102 AN
100 o \
o
IR

0 50 100

Fia. &
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V.
Copillary-tube-specimen.

This artificial specimen was made by arranging perpendicularly a large
number of thin capillary tubes in & cylindrical vessel whose diameter was
about 15 ems. and height about 11 ¢ms. The length of each capillary tube
{vaccine tube) was 10 cms. and its average bore was estimated to be about
0-1 cm. by measuring the bores of a few typical tubes of the lot. The average
thicknéss of the wall of the tube was of the order of 0-02 em. The number of
tubes required to fill this vessel completely was about 9,000. This specimen
had mostly two types of capillary channels depicted in Fig. 10 by (a) and {b).
The number of () type channels in the honey-comb structure of the specimen
wasy estimated to be about the same ag that of the (@) type channels, i.e., 9,000.
The cross-sectional area of the total (b) type channels was about 8%, to 109,

Fia. 10.
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of the cross-sectonal area of the total (2) type channels. Further, the dimen-
sions of the specimen and the density of glass being known, the total area of
perforation was caleulated to be 98 sq. ems. approximately. Hence, the ratio
of the perforation to the total area was equal to 0-55,

In performing experiments with the above apecimen, the experimental
pipe (internal diarmeter 30 cms.) was replaced by a smaller pipe of internal
diameter 15 ems, and of length 180 ¢ms., The specimen, described above,
could be easily placed tightly inside the mouth of the experimental pipe and
backed with a heavy perfect reflector, which consisted of a brass plate 0-25
thick permanently mounted on a wooden disc (14" thick) and of diameter
about 20 cms,

The readings for the experiment performed with this specimen are set
down in Table 8 and the result plotted in Fig. 11,

TABLE 3.
8pecimen: Capillary glass-tube assemblage. k=009
1 1
1 |
7
I In | De- L
Wy, | flex. Pl P2 Iom ¥2 &
amp. ion,
1 281 7000 30 01 ohm.+4 15 mm. 60 ohm, + 23 mm. [ 2:34 cm. | 1162 em. 627
IO | 7000 Lilt] -2 ohm.+ 18 mm. 11-6 ohm. 234 em, 11:73 cro. 0-623
3 281 7040 | 100 04 ohm. + 35 mm, 19-3 ohm., 2:32 em. [ 11-8ih om. 620
4 281 T0-0 | 150 (H8 ohm. — 15 mm. 29-% ohm. 2:32 em. 12404 e, +alt
5 281 700§ 200 1-3 ohm.+ 5 mm. 35 ohm. 232 em. | 12-40 em. 510
& I8l T0-0 | 230 1-8 ohm. -+ 10 mm. 356 ohm. 231 em. | 1260 em. 605
7 28] 70 | 2¥0 2:8 ohm,— 5 mm. 383 ochm. 2:31 cn. | 1282 cm. -6 1
&
64
63

B : \

¢ 40 80 120 160 200 240 280
Fia. 11.



ABSORPTION COEFFICIENT WITH INTENSITY. 357

Section 6. RESULTS.

In this section the results of experiments are presented separately for each
specimen tested and a general dizcussion of the same is also appended.

1. Colton-waste.

From Tables 2 and 3, and Figs. 4 and 5, it may be readily seen that an
increase in the intensity of sound incident normally upon the above specimen
produces a marked decrease in its ahsorption coefficient and that this decrease
is almost a linear one. By taking an aggregate of several results, it is found
that a change in the intensity of sound from 25 d.b. to about 55 d.b causes a
decrease in o of the order of 4 to 5%, of itself.

2. Treeter.

It is interesting to note that the curve (Fig. 6) depicting the variation of
the abzorption coefficient of Treetex with intensity indicates a minimum value
of the same, TInecrease in the intensity of sound from 25 d.b. upwards is found
to produce, at first, a continuous decrease in & up to about 40 d.b, and for
further increments up to 55 d.b. « is found to increase continucusly. The
maximum decreage in « was of the order of 109 of its value corresponding to
the intensity of about 25 d.b.

3. Hair-felt.

The a-intensity curves (Figs. 7 and 8) for the two different samples of this
substance also show a minimum value of & corresponding to an intensity some.-
where between 45 d.b. and 50 d.b. This decrease in « at the minimum iz of
the order of 25Y%, of its value corresponding to 25 d.b, '

4. Tool.

The a-intensity curve {Fig. 9) obtained for this substance shows a linear
decrease of « which is of the order of 7%, of itself for a change of intensity from
25 d.b. to 45 d.b. The variation of « for this substance is more or less similar
to that obtained for cotten-waate.

5. The glass-tube specimen.

The absorption coefficient of this artificial substance is found fo decrease
with intensity (almost linearly) in & manner depicted by the curve shown in
Fig. 11. The decrease in « is between 6%, to 7%, of its value for a change of
intensity from 25 d.b. to about 60 d.b,

From the results given above it may be gathered that in the case of the
felted substances, so far tested, the value of absorption coefficient, at first,
decreases with the intensity of sound until it reaches & minimum value, after
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which it begins to increase with further increase in the intensity, Whereas
in all ‘other cases x is always found to decrease with the intensity of sound
up to about 60 d.b., the highest intensity employed in the test. Whether for
still higher intensities these substances will also have a minimum value of « is
a matter that requires further investigation.

Section 7. Discussion oF REsuULTS.

The ‘ perfect * reflector which was used in these experiments never fulfilled
the condition of the ideal reflector demanded by the theory of the method
(§2) and so the waves inside the pipe were not perfectly stationary, From the
deflection of the galvanometer, obtained at a nodal point in such a stationary
wave-system, the absorption*.coefficient of the reflector was calculated to be
of the order of 0-015 and, hence, its reflection coefficient was only 98-59,
approximately, instead of 1009, required by the theory. From the practical
point of view, however, ‘this slight defect of the reflector could be safely
ignored ; and also since it remained constant for all the intensities used it
could not vitiate the observed results.

The perfect reflector being very thick and heavy there could have been
little chance of its vibration under the pressure of waves (frequency 511),
especially when its central portion was also rigidly clamped by the wooden-
wedge {§83). This was proved by the fact that the nodal point in the station-
ary wave pattern, when the perfect reflector alone was used, did not indicate
any shift in their position with variations in the sound intensity. Consequently,
there waa no possibility of the specimen (backed by the perfect reflector)
behaving like a light panel and changing its transmittance with variations in
the intensity of sound incident upon it. The employment (in the test) of
every inelastic substance, like cotton-waste, is also an assurance that the
observed variations in the absorption coefficient with intensity were free from
this error. )

It may be recalled that the maximum variation in the frequency of the
note employed in the test was of the order of about 7 parts in 10,000 and this
must have slightly decreased the sensitivity of the tuned hot-wire microphone,
This factor, however, cannot affect the value of « because at any particular
intensity (hence frequency) the microphone has absolutely the same sensitivity
while taking readings for p; and p, as that for gy, and ;. The variations in
a due to slight changes in the frequency of the note, in the present case, are
negligible ; in fact, for hair-felt half an inch thick, this can be shown, from the
already existing data (1936), to be of the order of 0-0001 ; and in cases other
than hair-felt it is still smaller. -

* This includes all energy losses due to leakage, tranamission, stc. of sound from the
entd of the pipe in which the reflector is tightly fitted,
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The oscillogram of the oscillatory current from the tuning-fork oseillator
(Fig. 12) shows that the current which actuated the speaker was not sinuscidal,
But the components present were remote from 512 and o they could not have
influenced the detecting instrument which was highly selective in character
and tuned to a frequency of 311 cycles per second.

¥ic. 12,

Finally, to be more certain of the observed results the experiments were
repeated by replacing (1) the hot-wire migrophone by another of similar design
and make, and (2) the full-wave rectifier by another rectifier and fater on by
a suitable vacuum thermocouple. The experimental pipe and the sound-
chamber were also replaced and under all circumstances the same type of
results were obtained.

Sectzon 8. A POSSIBLE EXPLANATION OF THE OBSERVED DECREASE IN THE
VALUES OF THE ABSORFTION COEFFICIENT WITH INCREASE F INTEN-
SITY OF SOUND.

The results given in section (6) indicate a decrease of absorption coefficients
of various substances. In the case of hair-felt and Treetex the decrease is as
rauch as 25 and 109, respectively, while in the case of cotton-waste and vaccine
tubes the decrease is much less, viz. 5 and 7%, respectively. Now, a decrease
in the value of the absorption coefficient means an increase in the value of the
reflection coeflicient

t/

& _pelpe—1

£ T pe pet1

given by

TR 71



360 H. G. MOHAMMAD : THE VARIATION OF SOUND

‘e’ . L
where ’%:— represents the ratio of the acoustic impedances of two media.
If the reflection occurs at the surface of a porous material, then this ratio is

given by

pec _ s Fa =
-;E——l-i-(l ”Zr .. .. (3

where the porous material is considered to be an assemblage of a large number
of fine tubes of radius “ @ " and A is the thickness of the laminar shell which is
discussed in the following paragraphs.

It was first suggested by Stokes that during sound transmission through
tubes there arises a frietional force which causes damping to the sound waves.
This frietional force is congidered to be due to a layer of fluid on the surface of
the tube which is in laminar motion ; the thickness of this layer is very small
and is given by A, which.from theoretical considerations is found to be

A=z [ . .o ()

[47]

] S w . .
where ¢ represents the kinematic viscosity and z— the frequency of vibration.
r

2
This view has been supported by Lamb, Rayleigh and others. Thus we come
to a startling conelusion that to account for the decrease of absorption coefficient
for a tube of given radius the value of A must increase with intensity of sound
waves, that is, the thickness A of the laminar layer must increase. From
our experimentg, however, it is not possible to calculate the value of A. Tt
may be noted in this connection that formulas (4} and (5) are based on a theory
which assumes that the porous substance at which reflection occurs is an
ideal substance which is a regular assemblage of a large number of similar
channels of cireular cross-section and thin wall, uniformly distributed and
bounded by surfaces everywhere perpendicular to the faece. It is, therefore,
evident that even our vaccine tube specimen does not come up to the mark,
as there are in it two types of channels (§3, Fig. 10) of a widely different
nature, (b-type channels are not circular) and, hence, the reflection at such
a surface is a complicated affair.

According to the theory developed by Sexl (1928), the particle velocity =
at any radial distunce #, in the case of alternating flow throngh a tube of radius
“a’, is given by

% = ¢,{ (ber xz—ber ar) sin w4 (bei aa—bei ar) cos wt} .. (7)
where

3
w L]
%= (—;) and o= frequency.
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It is found that for small values of w_, ; the veloeity « follows Poissieulle’s
law, viz. ;
P =P 2
4ln

While when aa is large corresponding to increasing frequency, it is found
that the velocity is practically constant along the radius except near the surface
of the tube where the velocity vanishes. Thus we find that near the surface
of the tube there exists a layer where the motion is laminar,

Experiments on alternating flow through tubes have been performed by
Richardson and Tyler {(1930) who have measured the velocity gradient in a
transverse direction near the mouth of pipes ; their result confirms the above
theory in a most remarkable manner. The thickness of the laminar layer A
has been found to vary with frequency in the manner predicted by the theory,
viz.

w = {a®—%)

Ao w t

The phenomenon near the open end of the pipe (at the other end a vibratory
piston worked) is found to be very complicated, the peaks become very promi-
nent and sharp and the velocity gradient along the radius does not follow Sext
law, As we recede from the open end, the peaks bhecome less prominent and
shift their position with respect to the wall of the tube (Fig. 13). The shift is
towards the wall indicating a decrease in the value of A. With an increase
of frequency, the same phenomenon is found to repeat itself with greater
prominence and sharpness { A is measured from the peak to the surface of the

pipe).

T

r

=

Fra. 13.

Curvea showing velocity of air particles measured along the radius of the pipe at
varying distances from the mouth of the pipe.
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These results are of great consequence in the calculation of acoustic impe-
dance at the open end of a tube. In calculating the impedance we generally
aggume that the type of motion at the open end is exactly the same ag in the
interior. Aceording to experiment, however, we find that this is not the case.
Hence, the impedance as calculated on the above basis will not represent the
true value indicated by eqn. {3). We have already observed that the value
of A near the open end iz entirely different from that which exists in the interior
of the tube. There is a decided increase in the value of A at the open end.
Thus, the calenlated value of the reflection coefficient will be larger and hence
the absorption coefficient « for a porous material will be smaller than that
calculated on the basis of formula (4).

But we have so far no direct experimental evidence to support the view
that A near the open end undergoes a further change in the value with the
increase of the intensity of sound waves. It has been found during the course
of the determination of the nodal point that the latter shifts its position with
the intensity *  Since the wave-form is not sinusoidal but shows the presence of

* The ghift of the nodal peint ohserved in the case uf cotton-waste and hair-felt are
set down in tabular form below:-— '

A, CoTTON-WASTH.

IRTENSITY. N
Total shift !sh}}tel(?ft']rr(fda] Parcent. of x
| centimetres. ! oitit cms total shift Approx.
In Ig | P :
i— — e
3 75 30 1:84 -0 L1 LI
2 Td 60 474 003 L0 0-76
3 ki) 90 4-89 015 31 -7h
4 75 120 465 ‘ 019 40 74
B, Ham-Fror.
— — _j__, e —
InTENSITY. Total shift sl'liﬁelu&fm::dnl Pereent. of o
cma. point, cms total shift. Approx.
Im IR‘ :
1 15 30 1-73 0-00 0 h24
2 75 50 1-70 003 7 0-23
3 75 il 165 008 16 0-22
4 75 90 1:80 013 75 21
3 75 120 162 011 64 022

Here the total ghift is the difference between positions of the nodea with the perfect
reflector and with the specimen, respectively.



ABSORPTION COEFFICIERT WITH INTENSITY. 363

other components (Fig. 12}, the phenomena at thé surface of the porous material
must become more complicated and the interpretation of the results become
difficult. But the hot-wire microphone, coupled with the resonator, being a
selective instrument there is no doubt that the nodal point, for the particular
frequency, shifts with the increase of intensity. On the basizs of physical
independence of motion of different frequencies, we might assume that the
nodal point near the surface of porous material will also undergo a shift. In
the case of a purous material, the nodal point is virtually inside the porous
body. With the increase of intensity the nodal point shifts towards the open
end, and if the experimental evidence of Richardson and Tyler be taken into
consideration we find a ready explanation of the increase of A.

Richardson (1826) has also pointed out that A varies with the roughnesa
and the elasticity of the material of the tube. A large number of experiments
performed to determine the tube-correction (1933) to account for the diminu-
tion in the velocity of sound in tubes also seem to lndlcate the dependence of
A on the two factors mentioned above.

The phenomensa, however, requires further investigation Wlt.h pure sinu-
soidal notes before any definite conclusion can be drawn regarding (1) the shift
of the nodal point, and (2) the changes in the value of A near the open end
at high frequencies. The theory so far known relates, it must be observed, to
the phenomena inside the tube.

In conclusion I should like to offer my thanks to Professor M. N. Saha,
F.R.8., for his kindly interest and to Dr. R. N. Ghosh, D.Sc., for his critical
snggestions and help throughout the work, T also wish to express my thanks
to the authorities of the Osmania University of Hyderabad, particularly
Pro-Vice-Chancellor Quazi Mohammad Husain, for granting a scholarship
which enabled me to stay at Allahabad and carry out this work.

ABSTRACT.

An experimental study of the variation of sound-absorption ccefficient o
with inteneity of sound was made by means of the stationary-wave-method.
The materials employed in the investigation were (1) cotton-waste, (2) treetex,
(3) hair-felt, {4) tool (a kind of thin cloth) and (5) an artificial specimen, which
wag an assemblage of a large number of capillary glass-tubes, It ia observed

The virtual node in the case of a specimen is situated somewhere inside the body of
the specimen and so, in other words, the total shift is the distance of the virtual node
from the surface of the specimen. It may be noted (Tables A and B) that as o decreases
the virtuat node shifta towards the surface of the specimen, and in the limit, that is when
%_, o (Perfect Reflector} the virtual nodal point is at the surface of the substance and hence
there is no shift of the nodael point with variations of the intensity of sound,

During the ghift-measurement experiment, the room temperature was almost conatant
and the effect of change in frequency of the note {7 parts in 10,000) on the quarter-wave
length, and hence on the shift, is negligible,
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that an increase in the intensity of sound causes an appreciable decresse in
the absorption coefficient of these substances. For an increase in sound-
intensity from 25 d.b. to about 55 d.b, the decrease in &, in the case of cotton-
waste and tool, is found to be linear and about 8% and 69 (of itself), respect-
ively. In the case of felted substances (2) and (3}, « at first decreases with
intensity and after reaching a minimum value begins to increase with further
increment in sound-intensity. The maximum decrease in « for (2} and (3)
is aa much as 159, and 259, (of itself), respectively. In the case of glass-tube
specimen the decrease in o is about 7%, for a change of intensity from 25 d.b.
to about 66 d.b.

In explaining the results, the idea is put forward that an increase in the
intensity of sound-waves increases the thickness of the layver of laminar flow
or the ‘skin’ of gas which exists at the surface of the tube when the gas oscillates.
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