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CREA-SONS Ordering Code: 222 029

CREA-SONS is an instrument used to demonstrate:
- that the sum of sine functions with frequencies N, 2N, 3N, ... is a periodic function with

frequency N;
- the principle of the synthesizer;
- the effect of the pitch and timbre of a sound;
- the insensitivity of the ear to a harmonic phase change.

I - DESCRIPTION

CREA-SONS generates a fundamental frequency (220 Hz ±  2 %) and 6 harmonic
frequencies (440, 660, 880, 1100, 1320, 1540 Hz ±  2 %).
It comprises:
� - 7 slide potentiometers for setting the amplitude of each frequency.
� - 6 rotary potentiometers for shifting the phase of each harmonic.
� - 6 switches to introduce a 180 deg. phase shift for each individual harmonic.
� - 7 pairs of banana sockets allowing the visualization of each frequency.
� - 7 switches allowing each frequency to be individually switched off without altering the

slide potentiometer settings.
� - a banana plug output for the signal from the summing device.
� - a rotary potentiometer to control the sound monitoring via the built-in loudspeaker.

(« the digits � to � correspond to the legend of the diagram below)
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II - SETUP

2.1. Required equipment
one power supply F15 +/- P/N: 281 084
one oscilloscope P/N: 291 125

2.2. Additional equipment
ESAO 3 Interface P/N: 451 003
+ ESAO PC Board P/N: 451 005
or PC Config. Board P/N: 451 047

or:
ESAO 3.1 Console P/N: 451 091
+ ESAO 3.1 Interface Board P/N: 451 090

Voltmeter Adapter P/N: 452 001
Software: SONORAMA P/N: 000 815 and 000 818
or SONORAMA 2 P/N: 000 864  to 000 867

2.3. Installation
Connect the +15V, -15V and ground terminals on the CREA-SONS onto a
+15V/-15V power supply
Switch the power supply ON.

III - SOUND

Sound waves propagate longitudinally in a gas, a fluid or a solid.
In air, the sound waves are successive compressions and expansions of the air molecules.
The velocity of a sound is mainly dependent on the medium and on the temperature. In dry
air, the velocity of a sound is 331 m/s at 0°C and 344 m/s at 20°C.
In a fluid or solid, sound propagates more quickly than in a gas.
Generally, the velocity of a sound is inversely proportional to the square root of the medium
density and directly proportional to the square root of the medium elasticity.
By way of example, the velocity of sound:

- in water is 1530 m/sec and increases with temperature
- in copper is 3350 m/sec and decreases with temperature because the elasticity of
copper decreases as its temperature increases.

Sound waves follow the same reflection, refraction and interference laws as light.

A simple sound, e.g. a musical note, can be fully described by 3 characteristics that the ear
can perceive:
- pitch, level or amplitude, timbre.

These characteristics correspond to the three physical characteristics: frequency, amplitude
and harmonic spectrum, respectively.

FREQUENCY:

The frequency is determined by the number of vibrations per second and it is expressed in
the unit Hertz (Hz). The frequency of audible sounds ranges from 15 Hz to 20 kHz.
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AMPLITUDE:

The amplitude of a sound wave indicates the amount of motion that it generates for the air
molecules. This corresponds to an air expansion or compression level that goes along with
this sound wave.

TIMBRE:

The timbre is quantified by the richness in harmonics. This characteristic allows the sounds
of the various musical instruments to be distinguished as they do not generate the same
harmonic spectra.

INTENSITY:

The distance at which a sound can be heard is related the intensity of said sound. Note that
intensity is inversely proportional to the square of the distance.

The human ear responds to sound waves with frequencies in the range from 15 to
20,000 Hz. This sensitivity is not linear within this range.
The ear is more sensitive to a variation in frequency than to a variation in amplitude. In the
case of pure sounds, the ear can perceive a frequency variation of about 0.3% whilst it
cannot distinguish amplitude variations of less than 20%.
Note that, with an identical pitch but with two well distinct amplitudes, the ear may perceive a
slight pitch difference.

IV - EXPERIMENTS

Precautions: Before you make any experiment, ensure that
- the selector switches (180 deg. phase shifters) on the upper part of the instrument are
toggled towards the red silkscreen-printed marks,
- the 6 rotary potentiometers are in their locked position,
- the slide potentiometer switches are off (toggled towards +).

4.1. Summing of sine functions

Step 1
Set all slide potentiometers on zero. Select a frequency. Position the slide
potentiometer on 100. Observe the period on the oscilloscope. Calculate the
frequency. Repeat the experiment for all frequencies.

Note: The resulting calculated frequencies are multiples of 220 Hz to within 2%.

Step 2
Select arbitrary settings for the seven slide potentiometers. Observe the signal
from the summator on channel A of the oscilloscope. Record its period. Calculate
its frequency.
Observe the signal corresponding to the fundamental frequency (220 Hz) on
channel B of the oscilloscope. Compare the periods of channel A and channel B.
Ascertain that they are identical.
Change the slide potentiometer settings. Compare the signal periods on channels
A and B of the oscilloscope.
Conclude that the sum of sine signals with frequencies N, 2N, 3 N is a periodic
signal with frequency N.
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4.2. Square signal

Find the curve derived from:

Y(t) = A [cos t + 
1
3

 cos (3t) + 
1
5

 cos (5 t) + 
1
7

 cos (7t) +...]

Use the Crea-Sons to reproduce it with the following settings:
. set the potentiometer corresponding to f on 100
. set the potentiometer corresponding to 3f on 33
. set the potentiometer corresponding to 5f on 20
. set the potentiometer corresponding to 7f on 14
Visualize the signal from the summator. Monitor it.

4.3. Sawtooth signal

Find the curve derived from:

Y(t) = A [cos t + 
1
9

 cos (3t -180°)+ 
1

25
 cos (5 t) + 

1
49

 cos (7t - 180°) +...]

Use the Crea-Sons to reproduce it with the following settings:

. set the potentiometer corresponding to f on ≈11
and toggle the selector switch towards the green silkscreen-printed mark
(reversing switch position).

. set the potentiometer corresponding to 5f on 4
and toggle the selector switch towards the red silkscreen-printed mark
(non-reversing switch position).

. set the potentiometer corresponding to 7f on ≈ 2
and toggle the selector switch towards the green silkscreen-printed mark
(reversing switch position).

. set the potentiometers corresponding to frequencies 2f, 4f and 6f on zero.

Visualize the signal from the summator. Monitor it.

4.4. Pitch of a sound

Set the slide potentiometers on 100.
Set the switches corresponding to the individual frequencies in their open position
(switches toggled towards the black silkscreen-printed mark). Close the switches
alternatingly with only one switch closed at a time. Visualize on an oscilloscope
and monitor the effect of pitch.

4.5. Timbre

Select arbitrary settings for the slide potentiometers. Set the switches
corresponding to the individual frequencies in their closed position. Listen to the
sound returned by the loudspeaker.
Visualize the signal from the summator on an oscilloscope. Arbitrarily open one or
frequency switches (toggled towards the black silkscreen-printed mark). Visualize
the signal and monitor the sound. The various sounds obtained in this experiment
correspond to sounds having the same frequency and different timbres.
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4.6. Influence of phase

Select arbitrary settings for the slide potentiometers. Set all the switches in their
closed position (toggled towards the red silkscreen-printed marks). Visualize the
signal from the summator on an oscilloscope. Record its period. Monitor the sound
returned by the loudspeaker. Slowly vary the phase of one harmonic and observe
on the oscilloscope that the period does not change. Observe the variation du
signal from the summator: its shape is changed. Listen carefully to the emitted
sound: the ear cannot sense this variation.

4.7. Observation of Lissajous curves

Select a setting for the slide potentiometers. Connect the fundamental frequency
to the oscilloscope channel A. Connect one of the harmonics to channel B.
Validate the oscilloscope XY function.

Observe the result on the oscilloscope.
Change the setting and observe the result.

4.8. Use with ESAO and Sonorama

To install SONORAMA and ESAO, refer to the instructions provided with
Sonorama and the ESAO console.

Connect the signal from the summator to the voltmeter adapter linked to ESAO
channel 1 and to an oscilloscope.

- Select a setting for the slide potentiometers.
Perform an acquisition with SONORAMA. Observe the Sonorama Curve signal
and compare it with the signal displayed on the oscilloscope.
Perform an analysis and synthesis of the signal on Sonorama. Compare the
frequency Spectrum on Sonorama and the slide potentiometer settings.
Play the sound synthesized by Sonorama and compare it with the sound emitted
by Crea-Sons.
Note: A PC type microcomputer using a 386 DX 25 MHz or higher is required for
an accurate reproduction of the sound frequency by Sonorama.

- Select the "Sine summation" option from the Functions menu, enter the
coefficients and set the frequency at 220 Hz. Analyze and synthesize a period.
Observe the obtained spectrum. Adjust the slide potentiometers on Crea-Sons so
that they are proportional to the yellow bars in the Spectrum window of Sonorama.
Play the Sonorama sound and compare it with the sound emitted by Crea-Sons.

CUSTOMER SERVICE

For any repairs, adjustments, spare parts concerning this instrument, both under warranty
and after the expiry of the warranty period, contact:

S.A.V. JEULIN
BP 1900

27019 EVREUX CEDEX
FRANCE




