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pressure antinode (displacement node) in the middle of the 
tube.7-9 The length L of the tube corresponds, in this case, to  

 , where l0 is the wavelength of the standing wave. The 
corresponding frequency f0 of the standing wave can be mea-
sured with an oscilloscope, capturing the sound with a micro-
phone. High-order standing waves can also be formed, each 
one with a frequency that is a multiple of the fundamental 
wave, as shown in Fig. 1. 

 Relating ln with fn, where n is the order of the harmonic 
standing wave, we can calculate the speed of sound in air, 

vsound = 2Lf0.             (1)

Experimental procedure and results
Sound tubes (and pipes) produce sounds when air goes 

through them.10 In flexible sound tubes corrugated on the 
inside, as the air flows over one ridge and then over another, 
it tumbles into a vortex. When the frequency of the vortex 
matches one of the natural resonant frequencies of the tube, 
sound is amplified.11 The faster the air flows through the tube, 
the higher the pitch of the sound produced by the vortex.4,12

When a flexible sound tube is spun in circular motion, 
there is a decrease of the air pressure P at the free extremity, 
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Sound tubes, pipes, and singing rods are used as musical 
instruments and as toys to perform amusing experi-
ments. In particular, corrugated tubes present unique 

characteristics with respect to the sounds they can produce; 
that is why they have been studied so intensively, both at 
theoretical and experimental levels.1-4  Experimental studies 
usually involve expensive and sophisticated equipment that is 
out of reach of school laboratory facilities.3-6 In this paper we 
show how to investigate quantitatively the sounds produced 
by a flexible sound tube corrugated on the inside by using ed-
ucational equipment readily available in school laboratories, 
such as the oscilloscope, the microphone, the anemometer, 
and the air pump. We show that it is possible for students to 
study the discontinuous spectrum of sounds produced by a 
flexible corrugated tube and go even further, computing the 
speed of sound in air with a simple experimental procedure.

Theory
When air flows across an open-ended tube, a standing air 

pressure wave is formed with a frequency that depends on 
the length of the tube. For an open-end air column, the fun-
damental standing wave (1st harmonic) has pressure nodes 
(therefore, air displacement antinodes) at both ends and a 

2

Fig. 1. Scheme of air displacement standing waves in a 
tube, corresponding to the (a) first harmonic, (b) second 
harmonic, and (c) third harmonic. General expressions 
for the wavelength and frequency of the nth harmonic are 
also shown.

Fig. 2. Spinning of a flexible sound tube during a classroom dem-
onstration.
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due to the speed it reaches, according to Bernoulli’s law,
      
                                                                                                                  (2)

where P is the fluid pressure (or energy per unit volume), 
rgh is the potential energy per unit volume, and  is the 
kinetic energy per unit volume. Therefore, a differential in air 
pressure is created between the extremity of the tube held by 
the hand (higher air pressure) and the free moving extremity 
(lower air pressure) (see Fig. 2), pushing air through the tube: 
the faster the tube spins, the higher the speed of air across it.

Such a situation was simulated in the laboratory by pump-
ing air through one extremity of the tube so we could control 
the flux of air crossing it; at the other extremity, a digital an-
emometer Kestrel 1000 measured the speed of air, and a stan-
dard microphone captured the sound wave produced inside 
the tube. The electrical signal was then visualized in a digital 
oscilloscope Nicolet 310 and the period of the sound wave was 
measured, allowing us to know the corresponding frequency 
of the signal (see Fig. 3).  Details of the experimental setup are 
shown in Fig. 4.

Results in Fig. 3 could also be obtained by replacing the os-
cilloscope in our setup in Fig. 4 with data acquisition software 
such as MacScope, PASCO Data Studio, Vernier Logger Pro, 
or Pico Technology’s PicoScope, among others.

Figure 5 shows the frequency of the sound waves produced 
as a function of the air speed vair across the tube. It is easy to 
see that the frequency does not change continuously with vair, 
but instead a well-defined sequence of steps is detected, cor-
responding to the different sounds that were heard. 

By plotting the average frequency of each step as a function 
of the number of frequency steps detected (N), we were able to 
determine the fundamental frequency f0 corresponding to the 
first harmonic. Results are resumed in Fig. 6.

A careful analysis of the linear fit to the experimental data 
in Fig. 6 shows that the first step in Fig. 5 corresponds, in fact, 
to the second harmonic of the standing waves in the sound 
tube: the first harmonic was actually calculated from the slope 
of this straight line and is f0 = (214 ± 3) Hz. This sound could 
not be detected during the experiment; a similar situation was 
also reported in Ref. 4.

For an ideal open-ended tube, the speed of sound in air can 
be calculated using Eq. (1). However, as the air is moving in 
and out of the tube, the pressure variations do not drop to zero 
right at the open ends of the tube, but rather a small distance 
beyond. Therefore, the effective acoustic length L is slightly 
greater than the physical length L of the tube. For a cylindrical 
tube of radius r, a correction for the additional length must be 
introduced:4,14

L = L + 1.22r.                   (3)

As the physical length of the sound tube is L = 75.0 cm and its 
radius r = 1.5 cm, the acoustic length according to Eq. (3) is 
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Fig. 3. Plot of the electric signal corresponding to the sound wave 
obtained for an air speed of 33.8 km/h.

A

D

E

B

C

Fig. 4. Experimental setup: A – digital oscilloscope. The screen 
shows the electrical signal of a standing sound wave; B – detail of 
microphone and the anemometer, 2 cm away from the extremity 
of the sound tube. The ridges  in the flexible tube can clearly be 
seen; C – wider view of the relative positions of the anemometer, 
the microphone, and the sound tube; D – air pump; E – the sound 
tube and a detail showing the position of the extremities of the air 
pump and the sound tube.

Fig. 5. Plot of the frequency of the standing sound waves as a 
function of the speed of air flowing through the tube. A discrete 
sequence of frequency steps can be clearly observed.
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for teachers to explore that subject with their students.
The presence of a discontinuous spectrum of frequencies, 

characterized by well-defined frequency steps with an increas-
ing sound pitch as the tube spins, is a clear indication of the 
formation of standing waves inside the sound tube. The analy-
sis of experimental data supports motivation for a discussion 
about harmonics in sound waves and allows the calculation of 
the speed of sound in air with a reasonable accuracy.
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L = 76.8 cm.
We are now able to calculate the speed of sound in air at 

experimental conditions, replacing L with L  in Eq. (1):

vsound = (329 ± 6) m/s.

Just for a rough comparison, we can take as reference the 
speed of sound in air at 10oC and 50% humidity at the stan-
dard air pressure of 1 atm,13 which is 337.79 m/s. This means 
that the error is about 3%, which is nearly within our experi-
mental error.

It is worth mentioning that we have repeated this experi-
ment using open-ended rubber tubes, one with a completely 
smooth inside and another with a spiral-shaped interior sur-
face (a vacuum cleaner tube). In the former we only got one 
tone, while in the latter we noticed two harmonics. Therefore, 
it seems that the ridges along the flexible sound tube are truly 
responsible for the formation of the several harmonics we 
detected when air was pumped through the corrugated tube at 
different speeds.

 Conclusions
With this simple experiment, students can investigate the 

different harmonics produced by a flexible tube corrugated 
on the inside. Although the use of an anemometer, if available, 
enables a quantitative measure of the air speed across the tube, 
a qualitative approach is enough for students to understand 
that the faster the tube is spun, the higher the air speeds across 
it. This is explained by Bernoulli’s law and is a good context 

Fig. 6. Plot of the average frequency of the standing waves as a 
function of the number N of frequency steps detected. The line 
represents the curve fit to the experimental data.


