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Abstract

®

CrossMark

The speed of sound was measured using a multimedia-based equipment with
a standard setup involving a resonance tube and a smartphone-based sound
source. In contrast to conventional methods, the Phyphox application was
employed to generate sound source and resonance process was recorded
using a digital camera. The collected data were analysed using Praat to
determine time for the resonance condition, and Tracker to measure the
corresponding air column length. The speed of sound was then calculated
graphically from the measured frequency and wavelength. At an ambient
temperature of 27.0 °C, the measured speed of sound was found to be

(346 + 2) m s~!, in good agreement with established reference values. This
simple and accessible method is well-suited for educational laboratories,
offering students a practical and engaging way to explore wave phenomena

using familiar multimedia tools.

Keywords: resonance, multimedia, speed of sound

1. Introduction

Measuring the speed of sound is a key topic in
wave experiments. The method commonly used
is based on the phenomenon of resonance. The
equipment consists of a sound source and a res-
onance tube. The sound source is usually a tuning
fork or a loudspeaker with a sound generator. The
length of the air column in the resonance tube can
be varied to obtain resonance conditions. To detect
resonance conditions, one can listen directly. The
main task in determining the speed of sound is to
obtain the wavelength and frequency of the sound.

The frequency is usually known from the source,
for example, a tuning fork, or is measured using a
separate frequency meter.

In recent years, a wide range of multimedia
tools has been integrated into physics education
to enhance data collection and analysis [1-3]. For
example, in mechanics, smartphones have been
used to measure the speed and acceleration; in
optics, cameras combined with Tracker software
have been used to determine the refractive index
[4, 5]. Smartphone has also been applied in exper-
iments involving magnetic field measurements

© 2025 IOP Publishing Ltd. All rights, including for
text and data mining, Al training, and similar
technologies, are reserved.
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to determine gravitational acceleration [6]. Our
experiment takes the innovative use of multimedia
tools a step further by employing them to measure
the speed of sound through resonance analysis.

Previous studies have demonstrated that
the speed of sound can be measured using
smartphones [7-9]. One common approach
involves a direct time-of-flight method, where the
distance travelled by sound and the correspond-
ing travel time—determined using audio analysis
software such as Audacity—are measured to cal-
culate the speed of sound. Alternatively, the res-
onance method has been widely employed due to
its conceptual clarity and pedagogical value [10—
12]. Bates developed an Arduino-based system
incorporating a speaker, a sound level sensor, and
a pressure sensor to detect resonance conditions
[13]. However, this setup requires the integra-
tion of multiple components into a single system,
demanding a higher level of technical proficiency
from students.

The central aim of this experiment is to simul-
taneously determine the resonance condition and
the corresponding length of the air column in
a resonance tube. Typically, this is achieved by
gradually lowering the water level in the tube,
thereby varying the air column length until reson-
ance is identified by a peak in sound intensity [14].
However, relying solely on auditory observation
lacks precision and simultaneity, making it diffi-
cult to accurately associate the resonance condi-
tion with a specific air column length. To address
this limitation, the present study extends previ-
ous applications of multimedia tools by employ-
ing smartphones and digital cameras to measure
the speed of sound through resonance. Unlike
earlier methods that required integrating special-
ised sensors or microcontrollers, this approach
enables simultaneous capture of sound intensity
and air column length using video recordings and
software analysis. This integrated method not only
streamlines the experimental procedure but also
enhances its suitability for educational settings by
providing students with a clear and synchronised
visualisation of the resonance phenomenon.

2. Experiment

The experimental setup up, depicted in figure 1,
consists of a smartphone, a resonance tube, a

November 2025
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Figure 1. Experimental setup: (a) smartphone, (b) res-
onance tube filled with red water, (c) measuring ruler,
(d) container.

measuring ruler, and a water container. The smart-
phone is placed over the mouth of the resonance
tube. A measuring ruler attached to the side of the
resonance tube is used to measure the length of the
air column.

First, the resonance tube was filled with red-
colored water nearly to the mouth. Colored water
is used in this experiment to create contrast with
the background, making it easier to track the posi-
tion of the water’s surface. A smartphone running
the Phyphox app generated continuous sound at
a predetermined frequency. The water level was
gradually lowered by placing the container on the
floor, allowing water to flow out and lengthening
the air column (see figure 2). During this process,
the smartphone emits sound continuously. Due to
the change in the length of the air column, res-
onance occurs at certain times, characterised by

Phys. Educ. 60 (2025) 065007
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Figure 2. The length of air column L was measured
from the reference to the water surface in the resonance
tube.

an increase in intensity. This entire process was
recorded using a digital camera.

The resonance phenomenon will occur
repeatedly at a certain length of air column L,
which follows

L:(Zn—l)%)\—&—s (1)

withn=1,2,3....

A wavelength.

An end correction ¢ is added because the
actual antinode slightly extends beyond the [14].
Based on equation (1) the true distance between
successive nodes, which is half the wavelength,
can be determined from the gradient of the graph
of L versus n. This does not depend on the end
correction ¢ and the offset.

For sound with frequency f and wavelength
A, the speed of sound v can be determined using
the well-known formula

Af @)

V=

v
A= -, 3
or 7 3)
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Figure 3. Graph of water surface position (red) and
sound intensity (blue). Look at the water position axis
on the left side while the sound intensity is on the right
side.

The speed of sound in air depends on the
temperature [15]:

v=a+bT (@Y)

where a =331.4ms~ !, b=0.6l ms'°C~!and
T is the temperature in °C.

The video recordings were then analysed to
obtain sound data and water level positions during
the experiment. We extracted sound data from the
videos using a standard free VLC Media Player
software. This sound file is then analysed using
Praat software [16]; however, other software,
such as Audacity, is also suitable for this purpose.
This analysis provides intensity data versus time.
To obtain the length of the air column, we must
track the position of the water surface. We ana-
lyse the video to determine the water level position
from the reference (figure 2), which is the mouth
of the resonance tube using Tracker software
[17]. The experimental results for a frequency of
1100 Hz at a temperature of (27.0 £ 0.4) °C are
depicted in figure 3.

The experiment lasted about 80 s. In the first
10 s, the noise level was relatively high. Figure 3
shows that at a particular time, the sound intensity
increased sharply. This indicates resonance con-
ditions. In this experiment, we observed reson-
ance occurring six times. The second resonance
occurred at r = 18.38 s. At this time, the water
level position becomes 18.36 cm. By checking
the position data at the time of resonance, we

Phys. Educ. 60 (2025) 065007
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Figure 4. Sequential position of water levels from the
reference at resonance condition. A solid line is the best
linear fit.

Table 1. The wavelength of sound at various

frequencies.

No f (Hz) A (cm)

1 600 57.7£0.7
2 800 434403
3 1000 349+£03
4 1100 31.6 £0.1
4 1200 289 £ 0.6
5 1400 24.7 £ 0.7

can obtain the water level position sequentially,
as shown in figure 4.

The position of the water level represents
the length of the air column, as in figure 2.
The linear fit in figure 4 yields a gradient of
(15.79 £ 0.03) cm. This gradient describes the
distance between two consecutive nodes that pro-
duce half the wavelength of the sound, as shown
in equation (1). So, the wavelength of the sound
with a frequency of 1100 Hz is (31.6 = 0.1) cm.

A similar procedure was applied for various
frequencies. The results of the experiment per-
formed at a temperature of (27.0 &+ 0.4) °C are
presented in table 1 and figure 5.

Figure 5 illustrates that the relationship
between wavelength and frequency is not linear
but rather an inverse relationship, as described
by equation (3). The fitting of figure (5) with
an inverse relation gives a fitting coefficient of
(34620 £ 199) cm s~ ! and a correlation of 0.999.
This value yields the speed of sound at 27.0 °C
to be (346 £ 2) m s~!. This obtained speed of

November 2025
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Figure 5. The sound wavelength, lambda, for various
frequencies. A solid line represents the best fit for an
inverse relationship.

sound is in the range of calculated value using
equation (4),i.e.v=3479ms~ .

3. Discussion

To determine the speed of sound using the widely
known relation, equation (2), both the frequency
and wavelength of the sound must be known.
In this experiment, the wavelength is obtained
indirectly through observation of resonance. It is,
therefore essential accurately identify the moment
at which resonance occurs. Once a resonance con-
dition is established, the corresponding length of
the air column can be precisely determined, allow-
ing for calculation of the wavelength. The sound
intensity data presented in figure 3 provides a
clear picture. It indicates the occurrence of res-
onance, enabling us to identify the exact times
at which these conditions are met. By correlat-
ing these times with the water surface position
data, we determine the length of the air column
at resonance.

A key feature of this experiment is that the
wavelength is derived directly from measure-
ments taken at resonance, ensuring both accuracy
and consistency. Accurate determination of the
wavelength is a critical aspect of this experiment.
It relies on measuring the length of the air column
from a node on the water surface to an antinode
located just beyond the mouth of the resonance
tube. However, in practical implementation, it is
not necessary to reference the exact position of

Phys. Educ. 60 (2025) 065007
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the actual antinode. Instead, we define the water
surface position relative to a fixed point at the tip
or mouth of the resonance tube. This simplifica-
tion does not affect the results, as the graphical
method used allows for direct determination of the
wavelength by analysing the differences between
successive resonance positions.

The water surface position is analysed from
the video using Tracker. In this case, we have
placed a standard ruler next to the resonance tube.
To minimise the divergence effect, we do not per-
form a single calibration; instead, calibrations are
performed around the actual water position. The
experimental results are consistent with published
data. The source of uncertainty is primarily due to
the determination of the water’s surface position.
This results in wavelength uncertainties ranging
from 0.1 cm to 0.7 cm, as shown in table 1. The
average relative uncertainty is about 1.5%.

Our experimental setup is intentionally
simple and leverages equipment commonly avail-
able in school laboratories, such as resonance
tubes. Rather than relying on specialised measure-
ment instruments, the experiment utilises widely
accessible devices—namely smartphones and
digital cameras—for sound generation and data
collection. These multimedia tools are familiar to
students, enhancing both engagement and ease of
use. Furthermore, the availability of free, open-
source software for audio and video analysis sup-
ports efficient and cost-effective data processing,
making the experiment highly suitable for educa-
tional environments.

From a pedagogical perspective, this simple
experiment offers valuable educational benefits
beyond merely determining the speed of sound.
It aligns with the AAPT recommendations for
the undergraduate physics laboratory curriculum
[18], emphasising core competencies such as
modelling, data analysis, and the interpretation
of experimental results. Students gain a concrete
understanding of acoustic resonance through dir-
ect observation and quantitative analysis of sound
data.

The experiment encourages the application
of theoretical models, including linear fits, to
determine the wavelength and the inverse rela-
tionships that enable to calculate the speed of
sound. These graphical methods provide students
with meaningful opportunities to extract phys-
ical quantities from diverse data representations,

November 2025

thereby reinforcing their conceptual understand-
ing and analytical skills.

4. Conclusion

The phenomenon of resonance can be effectively
demonstrated using standard multimedia devices.
The simplicity and accessibility of the setup make
this experiment well-suited for implementation in
school laboratories. By conducting this experi-
ment, students engage with multiple aspects of
experimental physics and enhance their under-
standing of resonance through the direct observa-
tion and analysis of real data.

Data availability statement

The data cannot be made publicly available upon
publication because no suitable repository exists
for hosting data in this field of study. The data
that support the findings of this study are available
upon reasonable request from the authors.
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