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ABSTRACT. The paper describes the resnlts obtained in the investigations of damping
of high frequency sound waves at different depths of Jiguids. The result obfained for these
liquids suggests that there is no definite dependence of the damping effect  either on the
hyvdrostatic pressuie of the lignid or viseosity, but it is found to bave closer agreement with the

order of the absorption values recently determined by others,
INTRODUCTION

Measurements made at a high frequency of several miilions per second in
liquid show dampmg.  Dampmg prodnces (1) 1 change in the frequency and (2)
a lowering of the amplitude.

Parthasarathy' has detected a change of frequency of a quartz oscillator in
liguids due to damping. This change in {requency with depth may he attributed
to the hydrostatic pressure of the liguid, viscosity or the absorption of the sonnd
waves.,

The experiments of Lucas® and Biquard® in absorption showed serious
disagrecment with the classical theory, according to which the absorption is
entircly due to viscosity and thermal conductivity.  Recently E. G. Richardson,*
by using a hot wire detector in a few liquids has shown that though the
absorption values were  higher than those required by the classical theory,
they were very much lower than those obtained by Clacys" and others The
serious difference is that while Claeys has shown the value of Cs; to be 2000
times hat of its calculated one, Richardson has shown it o be only about 4 times
greatcr An atlempt is made in this paper to examine the dependence of damping
on the density and viscosity of a few liquids which show considerable absorption
of ultrasonic waves.

EXPERIMENTAL ARRANGEMENT

A single valve oscillator circuit of Hartley type was employed. The quartz
crysial used was an x-cut of dimension 20 X 20 X 2 mn. The frequency of the
oscillation was about 4.3 m c., i.c , the third harmonic of the crystal.  The quartz
crystal was held between two metal contacts,
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The container used was a tall rectangular vessel one foot in height and 27 x 2/
in sectional arca. ‘The vessel was placed on a rising table with a fine screw
arrangement by which it was possible to raise thic table gradually and the stem of
which was graduated in mms. to denote the distance through which the vessel has
been raised.  The quartz crystal was 1 ounted on an independent stand.

The frequency of the oscillator was mcasurcd at different depths with a
precision wavemeter of the General Radio Co A suitable cptical system was
sct up to get the difiracticn spcctra at diffcient depths on a photographic 1.late.
A constant wave-length of ight of mercury spectrum isolated by a wratten filter
No. 77 was used

EXPERITMENTAL PRECAUTIONS

It is important to check that there is no {luctuation in the frequacy at the
same depth, The H. T, and I.. ‘I'' vollages should be maintaincd without
variation during the timce of mecasmement  Care was taken 1o prevent cvarora-
tion which would cause a change in the level of the liquid.

A constant distance of 1.50 cm. hetween the base of the crystal and the
beam of light was maintained when the difliacticn pholographs at varyitg  Copths
were taken.  The guartz erystal was kept undistur! «d thronghcout the i1 vestipa-
tion.  The ligquids used werc all pure and redistilled.

RESULTS
»
“The damping  cocfficient & can be calculated  from the usual formula

k=vu?—u3
where »is the undampad ficqueney and wy tle damped ficquency,  Table 1
gives the Ticquency at diftlerent Qeptls ard the conespar dine ceedl dient of
damping
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* The depth of the erystal will be 1.50 cms, less than the values shown in this column,
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Depth Depth

40 cms 1'5 cms

85 cms 85 cms
BENZENE

1I'5cms 15 cms

85 cms 8'5 cms
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The frequency of the oscillator when the crystal was just inunersed in the
liquid was taken as the standard in each casc. It is evident from the table that
the damping is considerable at a depth of about 8.0 cms. for all the liquids
investigated.

TARLE 11

Damped frequency of Density Viscosity
Liguid the crystal at a depth (ITund-Book of Chemistry (Tland-Buok of Ch.
of 6.5 cms. and DPhysics) and Ph)
T ! .
Benzene 0.0786 ni.c. - 1.8% | 0.8784 at 20°C. 0.00049 at 20°C.
NXylol 0.0096 ,, - 2 3% I 0.86,]1 " 000615
CCly 03183 ,, =2.7% I' 1.5950 " 0.00960 ,,
S, 01259 5, =2.9% 'l 1.2628 " 000367 .

Table 11 gpives the percentage dampiug ol frequency in cach liquid at a
constant depth of 8.0 cms. of the heam of light from the surface of the liquid or
o 5 cms. of the erystal from the surface.
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Fig. I shows the relation betwecn the depth of the crystal, 1ather the beam
of light, below the surface of the liquid and the corresponding frequency of
oscillation. The experimental points for all liquids arc in straight linese Near
the bottom (where d > 6 cms.) there is a slight deviation.

4—1423P—]



26 K. G. Krishnan

DISCUSSION

The encrgy of the oscillation is lost through the crystal holders and by
damping of the liquid. Now, if this damping effect is due to the hydrostatic
pressure hpg of the liquid, then it must depend on the density of the liquid. But
from table I1 it is secn that the damped frequencics do not increase with the
liquids of higher density. It is aiso secn that therc is no increase of damped
frequencies with viscosily. It is obscrved that the change in the magnitude
of the damping cflect in the liquids investigated follows moic closely the order of
their absorption values of ultrasonic waves in theni.

The photographs also depict the decicase of ciders with  depth, which
suggests that the supersonic intensity decrcases with the jncercase of duniping.

The author wishes to thank Prof. J. West, D.Sc., IF. Inst. I'., for his constant
interest and kind encouragement,
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