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Abstract

It is theoretically studied that the speed of sound waves in gases depends on the
molecular kinetic theory and the laws of thermodynamics. Experimental methods
have been developed for determining the ratio of heat capacity at constant pressure to
heat capacity at constant volume for arbitrary gases.
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Introduction

An elastic wave in a gas consists of alternating regions of gas compression and dilution
in the medium. This means that the pressure at each point in space periodically
deviates from the average value from P to AP. Thus, the instantaneous value of
pressure at a point in space can be written as follows [1].

P'=P+AP

Let the sound wave propagate along the x-axis. The mass of the gas in this volume is
equal to pSAx, where p is the density of the wavy gas. Since Ax is small, the

acceleration at all points of the cylinder can be considered the same and equal to
0% | ot

o Website:

www

v https://wos.academiascience.org




SCIENTIFIC RESEARCH JOURNAL

E WEB OF SCIENTIST: INTERNATIONAL
ISSN: 2776-0979 (Volume 2, Issue 12, Dec., 2021

To find the force F acting on the gas volume, we need to take the product of the
cylinder base surface (x+¢&) by the pressure difference in the sections (x+Ax+¢&+A¢&)
[2].

Using F =—(0P'/ox)SAx, we set AE << Ax. So, we have found the mass of the released
volume of gas, its acceleration and the force acting on it. Now let's write Newton's
second law for this volume of gas:

o’ oP!
SAX)—=- SAX
If we reduce it to SAx
0% P
ve __ 1
P v (1)

This differential equation involves two unknown functions ¢ and P’. To solve an
equation, one of these functions must be expressed by the other [3]. To do this, find
the relationship between the pressure P’ of the gas and the relative change in its
volume o&/ox. This connection depends on the nature of the gas compression or
expansion process [4]. In a sound wave, gas compression and liquefaction follow each
other so quickly that adjacent parts of the medium cannot keep up with each other.
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Therefore, the process can be considered adiabatic. For an adiabatic process, the ratio
between pressure and volume of a given mass of gas is given by the formula PV’ = const

[5]. Therefore, one can write:
0

P(SAX)” = P[S(AX+ A& = P’[S(Ax+a—§Ax)]’ = P'(SAX)” (1+ —gjy
OoX 19)4
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Where y is the ratio of the heat capacity of the gas at constant pressure to the heat
capacity at constant volume.

If we reduce this equation to (SAx)”,

P= P'(1+%jy

OX

V4
Using the assumption that Z_f <<1. We extend the expression (1+ g—éj to the order g—'f
X X X

and lower the upper limits. As a result, we find the following formula:

: ¢
P=P|1+y==

(+7mj
We solve this equation for P:
P'= Pa :P(l—ya—gj (2)

1+y % ox
OX

we can easily find the expression for AP from a certain relation:

AP=pP'—p_yp % (3)
OX

~
~

Since ¢ y is close by one, from (3) one can find ‘%‘f

og

of the condition e~ <<1 is that the deviation from the mean pressure value is many
X

A—PP‘. Thus, the physical meaning

times less than the pressure itself. This is indeed the case: the atmospheric pressure P
is about 10* mm of wire. Even for very loud sounds, the amplitude of the air pressure
fluctuations is 1 mm of the wire does not exceed the column [6].

If we differentiate expression (2) with respect to x, we find:
P __ ¢

ox 4 ox?

Finally, if we put this found value aa_F:( into formula (1), we find the following

differential equation.
Fe.p2 @

x> yP ot?
If we compare expression (4) with the following wave equation
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e e %E 1 &
axf " ayf N azf B ?at_f (5)

For the speed of sound waves in a gas, we obtain the following expression:

9=J75 ©)
Yo,

Where P and p are the pressure and density of the undulating gas.

At first glance, the speed of sound seems to depend on pressure. But in reality this is
not so, because with a change in gas pressure, its density also changes [7].

The properties of gases at normal pressures are well represented by the following

equation:
pv =TRT 7)
7,

Here m is the mass of a gas with a volume of vV, 4 is the mass of 1 mole of gas, equal

to the molar mass of the gas. Knowing that the ratio of the mass m of the gas to its
volume is equal to the density p, equation (77) has the following form.

_m_Pu
PV RT (8)
Substituting this density in (6), we find the following formula for the speed of sound
in gases:

pa/yﬂ (9)
y7i

From this it can be found that the speed of sound in a gas depends on the temperature
and the values of the quantities y and x that characterize the gas. The speed of sound
in a gas does not depend on the pressure [8].
From formula (9) we obtain the formula for finding 5 :

S u

o (10)
By determining the velocity of sound in the air using the Cassy Lab 2 program, it is
possible to determine the ratio of the heat capacity at constant pressure to air to the
heat capacity at constant volume, i.e. the Poisson's ratio. By comparing the result
obtained with the previously determined results, it is possible to determine the ratio
of the heat capacity at constant pressure to the heat capacity at constant volume for
any gas, i.e. the Poisson's ratio [9].

7/:
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Fig.2. A general view of a sound device for determining the speed of
sound.

This experiment determines the speed of propagation of a sound pulse in air with
equal group and phase velocities. The sound pulse is generated by applying an
intermediate voltage to the "vibrating" membrane speaker. This creates a shock wave
in the air. The sound pulse is received by the microphone at a certain distance from
the speaker.

To determine the speed of sound ¢, we measure the time At between the sound pulse
being generated on the speaker and received at the microphone. This is determined
using the Cassy Lab 2 program. The distance S between the speaker and the
microphone is determined by a scale rail and entered into the program. The speed of
sound is determined by the formula $=S/At. The temperature at which the detected
sound is detected can also be seen using Cassy Lab 2. That is, the temperature
around the medium in which the speed of sound is determined is automatically
determined by the program using a thermocouple[10].

Knowing the molar mass for air and the universal gas constant, it is possible to
determine the ratio of the heat capacity at constant pressure at a given temperature
to the heat capacity at constant volume, i.e. the Poisson's ratio.
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Fig.3-a,b,c. Speed velocities in air for 23°C temperature by experiment.
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If we put in the expression (10) the values of the sound velocity determined by the
above experiment, the temperature in the experiment, the universal gas constant and
the molar mass for air, the ratio of the heat capacity at constant pressure to air to the
heat capacity at constant volume, that is, the Poisson's ratio can be determined. The
results obtained from Figures 3-a,b,c show that the ratio of the heat capacity at
constant pressure determined for air to the heat capacity at constant volume, i.e. the
Poisson's ratio, has the same value as the values determined by other experiments.
According to the experiments in Figures 4-a,b, an increase in temperature increases
the speed of sound, but the ratio of the heat capacity at constant pressure to the heat
capacity at constant volume, i.e., the value of the Poisson's ratio, remains unchanged.
That is, it is the same as the previously defined values.

Hence, by using the Cassy Lab 2 laboratory device, the ratio of the heat capacity at
constant pressure to the heat capacity at constant pressure for these gases, i.e., the
value of the Poisson's ratio, can be determined by determining the filtration rate in an
arbitrary unknown gas or gas to be tested. as long as possible. This means determining
one of the thermodynamic parameters of the gases.
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Fig.4-a, b. Speed velocities in air for different temperatures by experiment.
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Therefore, by determining the speed of sound in an arbitrary gas using the laboratory
device Cassy Lab 2, it is possible to determine the ratio of the heat capacity at
constant pressure to the heat capacity at constant pressure for these gases, i.e.,
Poisson's ratio. This means the determination of one of the thermodynamic
parameters of gases.

In this work, a method is developed for determining the thermodynamic parameters
of gases using a modern teaching experimental device. Methods for checking the value
of the adiabatic index are studied for various temperatures. The theoretical expression
for the adiabatic index was tested using modern teaching experience.
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