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Abstract

The article gives examples of sound and noises in
connection with technical tools. But modern technical
tools also allow for refined investigations of basic
acoustic quantities. In addition, transfer and storage of
acoustic information has become an important aspect of
our society.

Introduction

A large part of our surroundings is of technical nature.
Teaching acoustics at school should therefore also include
the discussion of technical sounds: How are they pro-
duced, and, since some of the noises are unpleasant and
even dangerous, how can they be damped? Also mobile
phones — very important (not only) for students — can be
in the center of acoustical investigations, even as experi-
mental tools which allow for accurate measurements.

We will discuss in the following several acoustic
examples imbedded in our technical environment. The
examples are taken from a book “Akustische Phdnomene”
which is accompanied by a CD-ROM with the respective
sound files [1]. Modern computer technology allows the
analysis of sound files by school means: PC and
affordable and easy-to-use hard- and soft-ware [like those
in ref. 2].

1 Speed of sound

The speed of sound was measured for the first time in
the 17™ century by registering the delay of the sound of a
cannon compared to the appearance of the light of the
explosion. In the following we will present two
possibilities to measure the speed of sound with some
accuracy using computer technology intended for the
analysis of sound.

Speed of sound measured by mobile phones. Two
mobile phones are placed some distance (e.g., 100 m)
apart. Near one mobile phone, a short pulse of noise is
produced, for example by a starter’s pistol used in sports
disciplines. A microphone near the other mobile phone
takes data of the incoming sounds: one directly from the
starter’s pistol via the air and the second from the mobile
phone. Since the sound is not transferred directly from
one mobile phone to the other but via a central station,
this transfer also takes some time. This time difference
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can be measured by placing two mobile phones close to
each other to measure the delay. We observed in several
experiments a very constant delay time of 210 ms. By
these two times (delay between the two mobile phones
and difference between direct and indirect transportation
of the sound) related to the distance of 100 m, one can
determine the speed of sound with an accuracy of about
one percent.

Speed of sound measured in the classroom. In
principle, the speed of sound could be measured with two
microphones being just some meters apart using the
equipment mentioned above. In reality, there is a problem
to produce such a short sound pulse that the two signals
can be distinguished from each other. A solution to this
problem is given by photoacoustics [3]: A short light
pulse, like that from a flash light, produces a short sound
pulse from a dark surface (a glass plate covered with
soot). The light is partially absorbed, the temperature of
the soot rises, the soot expands and a pressure wave is set
off. With such a sound pulse it was possible to measure
the speed of sound in a classroom with an accuracy of
better than 1 %.

2 Interference of sound waves

Interference effects in optics can yield colorfull results,
but due to the small wave length, the grating size has also
to be very small, down to layers of crystals. The wave
length of a sound wave allows for a distance of equi-
distant slits or obstacles of the order of tenths of a meter.
This is realized, for example, by a fence formed of regular
pillars.

Fig. 1: A fence with concrete pillars gives rise to
acoustic interference effects.
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An experiment was done by firing a pistol and
recording the subsequent noise. The result can be seen in
form of a sonagram in Fig.2. A sonagram shows the
frequency components of a sound on the vertical axis,
larger intensity is indicated by darker grey-shading; the
horizontal axis represents the time axis.
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Fig. 2: The sonagram shows the time development of
the cracking sound and its reflection from the fence
of Fig. 1.

The signal at t = 0 gives the sound of the pistol. The
first reflection arrives at about 150 ms later; from this
delay the speed of sound could again be calculated.

The time development of this reflection shows an
interesting pattern, sound of just some frequencies
remains, where in addition the frequencies decrease. The
interpretation is the following: At later times the sound
comes from the pillars at greater distance from the
microphone. By this, the relative distance of two pillars in
the direction of the microphone becomes larger and
larger. Therefore the wavelength, at which the first con-
structive interference happens, becomes larger with
distance and time, the frequency becomes smaller.

Fig. 2 shows also the second and third maximum of the
interference pattern. A calculation with the actual
distances yields the dots in Fig. 2, in good agreement with
experiment.

3 Noise of a car

One source of noise of a car is coming from the motor,
another one, when driving, from the tires. Recording both
of them can lead to the following results and inter-
pretations.

Noise of tires. The sound of the tires of an approa-
ching car exhibits clear overtones. From these overtones a
fundamental frequency of the sound can be determined,
which can be related in a simple calculation to the speed
of the car and the distance between two studs in the tread
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(the measurement was done with winter tires with a
distinct tread).

Less noise was recorded by the departing car: Contact
of the studs creates more noise than the release of them
from the street, and the tire and the car present some
sound shield.

Noise of the engine. Measuring the sound of the
engine and comparing it to the indication given by the
tachometer (usually in revolutions per minute) shows the
following result: The fundamental frequency of the engine
too high accuracy is twice the number of revolutions per
second.

The explanation for this factor of two is the following:
The engine was of the type called Otto-engine - one cycle
has four steps and gives rise to two revolutions of the
axis. The gas is blown out at every fourth step, being the
source of the noise. By this consideration, the sound
should be half the frequency of the revolution. But the car
has four cylinders, which finally leads to the factor of
two.

4 Phone and mobile phone

It is an easy experiment to compare the sound of a
voice, either directly spoken into a microphone or re-
corded after the transmission via a phone or mobile
phone. One can observe that the higher frequencies have
been cut off in course of the transmission: using a phone
down to 4,5 kHz, with a mobile phone down to 3,4 kHz.

But also frequencies below 300 Hz are not transferred.
This could cause serious problems since the fundamental
frequency of male voices can be below 300 Hz. Never-
theless, we “hear” the fundamental in the voices of
females as well as of men. The magic appearance of the
fundamental is managed by our hearing system — a
missing fundamental is reconstructed out of the regular
overtones and then added to the real incoming sound.

Conclusions

We have presented just few examples of technical
noises. Others would be the sound of a siren or of the horn
of a ship, the noise of a dentists” drill or of household
appliances. We have also shown that modern computer
tools allow for new school experiments in acoustics.
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