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Abstract. In this work we have measured the velocity of sound in air at ambient
condition by the method of interference of two coherent sound waves. This technique is
similar to the Young’s double slit experiment except the light source has been replaced
by a pair of coherent monochromatic source of sound and a condenser microphone as
sound probe. We have used ExpEYES for the production of monochromatic coherent
sound waves and recording the interference intensity at different space point. The
measured velocity of sound at 30°C is 373 m/s, with an error < 8%, estimated from
the interference fringe width.
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1. Introduction

Waves are disturbances that carry certain amount of energy from one point to other
in space with the propagation of time. Depending on the direction of energy transfer
and movement of the particles in the medium, waves are classified into two distinct
categories- (i) transverse and (ii) longitudinal waves. In case of transverse wave,
the movement of the particles are perpendicular to the direction of energy transfer.
Whereas, for longitudinal wave, the direction of energy transfer and the movement of
the particles are parallel to each other. Sound wave is longitudinal wave, needs medium,
and propagate through medium via compression and rarefaction.

To observe the Young’s double slit interference pattern most often we use
monochromatic light. The major reason of this choice is that one can easily produce
coherent sources by division of wavefront and light has comparatively shorter wavelength
(~ A), which is advantageous in observing higher orders of interference pattern within
the small physical dimension (~ ¢m). There is no difference between light and sound
waves as far as the interference effect is concerned. As sound has longer wavelength
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(~ cm), so we need large physical dimension to observe higher orders of interference
pattern. Also, the resolution of the observed interference fringe is somehow limited by
the dimension of the sound probe (microphone). As a consequence we will loose the
accuracy and has relatively higher systematic error in the measurement. However, in
principle one can use sound wave as well to observe interference in Young’s technique
by two coherent monochromatic sources with appropriate experimental setup.

According to the superposition theorem, the waves will interfere constructively for
path difference (A) equal to the integral multiple of wavelength (A = mA, m =0, 1, 2

. etc.) or phase difference (¢) of the integral multiple of 27 (¢ = 2mm). On the other
hand, the waves will interfere destructively for path difference equal to the odd integral
multiple of half-wavelength [A = (2m — 1)%, m = 1,2, 3...etc.] or phase difference of the
odd integral multiple of 7 [¢ = (2m — 1)m,m = 1,2,3...etc.][1]. At the region where
the waves are interfering constructive, the intensity of the sound will be additive in
nature. On the other hand, the region where the waves are interfering destructively,
the energy of the waves annihilate each other as they are out of phase and create no
or minimum sound region. This redistribution of sound energy with the presence and
absence of sound in space is known as the interference pattern. The aim of this work is
to observe the interference effect of the coherent longitudinal waves in Young’s double
slit technique.

In the present work we have a used a computer interfaced data acquisition system
(ExpEYES) to produce monochromatic coherent sound waves and observe/record the
interference pattern using a python program. We have estimated the velocity of sound
in ambient condition from the interference fringe width.

2. Experimental

To produce interference in Young’s technique, coherent sinusoidal sound waves were
produced by directly connecting a pair of piezo buzzer parallel to the wave form
generator pin (WG) of the ExpEYES [2]. For the purpose of the present study, we
have fixed the frequency of the sound wave at 3500 H z, which is closer to the maxima of
the frequency response of the buzzer. The fixed distance (d) between the two coherent
sources (S; and S3), placed along x-axis (on x-y plane), was 16.0cm. In this case a
plane parallel to x-y plane at a height z = D is the plane of observation. The schematic
of the experimental setup is shown in figure 1.

We have recorded the sound wave and hence the intensity by using a condenser
microphone connecting to the MIC input pin of the ExpEYES. A python script (provided
in appendix A) was used to communicate with ExpEYES via USB port to PC and
simultaneously produce and record the interference sound wave in .csv file. To record
the interference fringe pattern sound intensity were measured at different position by
moving the microphone along x direction as highlighted by arrow in figure 1. The entire
experiment was carried out in the ambient pressure and at room temperature (30°C).
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ExpEYES/SEELab 3.0
(Data Acquisition System)

Figure 1: Complete 3-dimensional schematic of the experimental setup for interference
of two coherent sound waves. x-y plane is the plane the observation. The condenser
microphone marked as M and the arrow therein represents the direction of it’s movement
along x-axis. The interference sound wave is recorded by PC interfaced with the
ExpEYES.

3. Results and Discussions

3.1. Shape of the Interference Fringes:

It is important to visualize the shape of the interference fringes formed by two coherent
sound waves. As the medium is isotropic, the shape of the wavefront is spherical in
nature. Consequently, there will be symmetry in the interference pattern. In this
section, we will first look at the complete shape of the interference pattern in three
dimension. Then after, we will try to visualize the shape in two dimension.

Let us assume any point P(z,y, z) in the field of observation. The path difference
between the interfering waves coming form S; and Sy is [1]

A =S,P— 5P (1)

Where, S1P and Sy P are the shortest distance between the source and point P, given
by [3]:

N
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Where, d is the distance between two coherent sources. Putting equation (2) and (3) in
equation (1), followed by squaring and simplifying we get-

=1 (4)

x? B y? + 22
(5?2 (92 -(%)?

Equation (4) represents the shape of the interference fringes in 3-dimension.

3.2. Fringe Pattern in Three Dimension:

The 3-dimensional view of the interference fringes (for three different orders) produced
by two coherent sources is shown in figure 2. The shape of the fringes are “hyperboloid of
two sheets” in 3-dimension. The axis of rotation is x-axis according to our choice of frame
of reference which is parallel to the line joining the coherent sources. The fringes have
circular symmetry about x-axis. We have used CalcPlot3D for 3-dimensional implicit
surface plotting [4].

Figure 2: 3-Dimensional view of the fringes for 3 different order interference (not
according to the scale). The shape of the fringes are Hyperboloid of two sheets. The
position of the sources are also marked for clear understanding. The color representation
in the figure depends on the angle of observation.

3.3. Fringe Pattern in Two Dimension:

To observe the projection of the fringes in two dimension we need to freeze any one
dimension by putting x or y or z = const. in equation (4). By putting x = const., means
looking at y-z plane (parallel to x-axis), equation (4) reduces to y* + 2% = const. for a
given path difference. Therefore, the locus of same path difference and hence interference
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(a) Projection of the fringes
in the y-z plane for 3 dif-
ferent order of interference.
Shape of the fringes are cir-
cular in the y-z plane.

(b) Projection of the fringes
in x-y plane for 3 different
order of interference. The
shape of the fringes are
hyperbola.
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(c) Projection of the fringes
in z-x plane for 3 different
order of interference. The
shape of the fringes are
hyperbola.

Figure 3: 2-dimensional view of the fringes produced in the interference pattern.

fringes will be circular in the y-z plane as shown in figure 3a. In contrast, for a given
path difference by putting z = const., means looking at x-y plane (parallel to z-axis),
equation (4) reduces to x*> — y*> = const.. Therefore, the interference fringes will be
hyperbolic in shape when projected on x-y plane as shown in figure 3b. Similarly, the
projection of the fringes will be hyperbolic in z-x plane as shown in figure 3c.

3.4. Sound Intensity Distribution:

To measure the intensity due to interference, we have recorded the sound for 10 ms (35
full waves). Instead of relaying on a single wave, we have measured the amplitude of
the sound wave by averaging over the entire data-set. For this purpose we have used
a sinusoidal function to fit over the data and the amplitude was measured from the
optimized fitting parameter. A python script in “Google Colab” was used for this and
also provided in the appendix B.

The intensity of the sound was found to vary within maxima and minima along
x-axis as represented in figure 4. The maxima appear in the figure corresponds to
the central region of the interference fringe (constructive) for zero path difference.
Minima on either side of the maxima resembles the destructive interference region.
The estimated fringe width (8) is 7.0 cm. We estimated the wavelength and hence the
velocity of sound by using the formula -

_pd
/\—3 (5)
and
v=f XA\ (6)

The estimated velocity of sound in air by this process is 373 m/s at 30°C.
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Figure 4: Intensity distribution of sound measured by microphone along x-axis.

4. Conclusion

In this work we have measured the velocity of sound in air at ambient condition and
room temperature by measuring the interference fringe width produced by two coherent
monochromatic sources of sound. One ExpEYES interfaced with PC and Python
program has been employed for sound production and recording purpose. The measured
velocity of sound by this technique is 373 m/s, which is overestimated by around 8% at

30°C. This overestimation is possible because of the use of longer wavelength and can
be improved further by modification of the sound probe (microphone).
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Appendix A. Python Program for Intensity Recording in .CSV File

1 # This program is for recording the sound Intensity using ExpEYES

3 import eyesl7.eyes

1+ p = eyesl7.eyes.open()
5 import time, math

¢ import numpy as np

s p.set_sine_amp (1) # Set the amplitude 1->1V

9 p.set_sine (3500) # Set the frequency to 3500 Hz

10

11 time.sleep (3) # Sleep time in second (3 sec delay)

12 res = p.capture4 (2000,5) # captures Al1,A2,A3 and MIC

13 # 2000 data points with 5 microsecond gape

14 # Recorded time is in ms unit

15 tt = res[6] # time = 7th element of res

16 vv = res|[7] # voltage = 8th element of res

17

1s combined_array = np.vstack((tt, vv))

19 np.savetxt ("Intensity.csv", combined_array, delimiter="," , fmt=’7%10.3
£2)

Listing 1: Python Program for Recording Interference Intensity

Appendix B. Python Program for Sinusoidal Function Fitting

1 # This Program is for Sinusoidal function fitting

3 import numpy as np

4+ from scipy.optimize import curve_fit
5 import matplotlib.pyplot as plt

¢ from google.colab import drive

¢ # Define the sinusoidal function to fit
o def sinusoidal_func(x, A, f, phi, offset):
10 return A * np.sin(2 * np.pi * f * x + phi) + offset

12 # Read data from file in Google Drive
13 file_path = ’drive/MyDrive/Colab Notebooks/Interference_19_07_2023.txt

J

14 data = np.loadtxt(file_path) # Assuming data is in a text file

16 x_data datal:, 0] #[ first_row:last_row , column_O ]

17 y_data = datal[:, 1] #[ first_row:last_row , column_1 ]

19 # Perform curve fitting

20 initial_guess = [1, 3.5, 0, 0] # Initial guess for the parameters in
sequence of the funcion A, f, phi, offset

21 optimized_params, pcov = curve_fit(sinusoidal_func, x_data, y_data, pO
=initial_guess)

22
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# Plot the original data and the fitted curve
plt.scatter(x_data, y_data, label=’Data’)

5 plt.plot(x_data, sinusoidal_func(x_data, *optimized_params),

label=’Fitted Curve’)

; plt.legend ()

plt.xlabel (’Position (cm)’)

s plt.ylabel (’Interference Intensity (volt)’)

plt.title(’Sinusoidal Curve Fitting?’)
plt.x1lim([2.5, 3.5]1)
plt.show ()

# Print the optimized parameters
print ("Optimized Parameters:")

5 print ("Amplitude (A):", optimized_params [0])

print ("Frequency (f):", optimized_params[1])

7 print ("Phase (phi):", optimized_params [2])

print ("Offset:", optimized_params [3])
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Listing 2: Python Program for Sinusoidal Fitting in Google Colab
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