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As the tines move back and forth they exert pressure on the air around them. 
(a) The first displacement of the tine compresses the air molecules causing high 
pressure. 
(b) Equal displacement of the tine in the opposite direction forces the molecules to
widely disperse themselves and so, causes low pressure. 
(c) These rapid variations in pressure over time form a pattern which propogates 
itself through the air as a wave. Points of high and low pressure are sometimes 
reffered to as ’compression’ and ’rarefaction’ respectively.

What is Sound?

(a) compression (b) rarefaction (c) wave propegation of a tuning fork
as seen from above

�When a pendulum approaches equlibrium it doesn’t slow down; 
it simply travels a smaller distance from the point of rest. 

�Any body undergoing simple harmonic motion moves periodically
with uniform speed. 

�If the tuning fork is moving periodically 
then the pressure variations it creates will also be periodic.

Maximum displacement
at 0 seconds

Maximum displacement
after say, 3 seconds

Maximum displacement
after say, 6 seconds

a b a a bb

The time taken to get from position a to b in all three cases is the same

Simple Harmonic Motion -- a Pendulum

The Unit Circle
These pressure patterns can be represented using as a circle. 
Imagine the journey of the pendulum or the tine in four stages:

1) from its point of rest to its first point of maximum displacement...
2) its first point of maximum displacement back through the point of rest...
3) ... to its second point of maximum displacement...
4) ... and back from there through its point of rest again

We can map that journey to a circle. This is called the Unit Circle. The sine wave 
represents this journey around and around the unit circle over time.
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Time

The sine wave or sinusoid or sinusoidal signal is probably the most commonly 
used graphic representation of sound waves. The diagram below shows one cycle 
or ’period’ of a wave, i.e., the build-up from equilibrium to maximum high 
pressure, to maximum low pressure, to equilibrium again. 

Pressure or density 
of air molecules;
’Amplitude’ in 
deciBels

0

+ 1

-1

Time in seconds

10.5

high pressure 
or ’compression’

low pressure 
or ’rarefaction’

Sine Waves

1 second

Frequency = the number of cycles per second (this wave has a frequency of 6 hertz)

Amplitude = variations in air pressure (measured in decibels)

Phase = The starting point of a wave along the y-axis (measured in degrees)

The specific properties of a sine wave are described as follows.

Sine Waves

Wavelength = physical length of 1 period of a wave (measured in metres per second) 

Frequency
Frequency refers to the number of cycles of a wave per second. This is measured 

in Hertz. So if a sinusoid has a frequency of 100hz then one period of that 
wave repeats itself every 1/100th of a second. Humans can hear frequencies 
between 20hz and 20,000hz (20Khz). 

1) Frequency is closely related to, but not the same as!!!, pitch.

2) Frequency does not determine the speed a wave travels at. Sound waves travel 
at approximately 340metres/second regardless of frequency. 

3) Frequency is inherent to, and determined by the vibrating body – not the 
amount of energy used to set that body vibrating. For example, the tuning 
fork emits the same frequency regardless of how hard we strike it.

(a) 800hz

(b) 100hz
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Amplitude

Amplitude describes the size of the pressure variations. It is measured along the 
vertical y-axis. Amplitude is closely related to but not the same as!!!, loudness. 

(a) Two signals of equal frequency and
varying amplitude

(b) Two signals of varying frequency and
equal amplitude

Amplitude Envelope

Attack Decay Sustain Release

The amplitude of a wave changes or ’decays’ over time as it loses energy.

These changes are normally broken down into four stages;
Attack , Decay, Sustain and Release. 

Collectively, the four stages are described as the amplitude envelope. 
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Audio Synthesis Audio Synthesis 
BasicsBasics

Analog SynthesisAnalog Synthesis
Intro to Digital OscillatorsIntro to Digital Oscillators

Analog Synthesis OverviewAnalog Synthesis Overview
• Sound is created by controlling electrical current 

within synthesizer, and amplifying result.
• Basic components:

– Oscillators
– Filters
– Envelope generators
– Noise generators

• Voltage control
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OscillatorsOscillators
• Creates periodic fluctuations in current, 

usually with selectable waveform.
• Different waveforms have different 

harmonic content, or frequency spectra.

FiltersFilters
• Given an input signal, attenuate or boost a 

frequency range to produce an output 
signal

• Basic Types:
– Low pass
– High pass
– Band pass
– Band reject (notch)

Envelope GeneratorsEnvelope Generators
• Generate a control function that can be 

applied to various synthesis parameters, 
including amplitude, pitch, and filter 
controls.

Noise GeneratorsNoise Generators
• Generate a random, or semi-random 

fluctuation in current that produces a 
signal with all frequencies present.

Digital Synthesis OverviewDigital Synthesis Overview
• Sound is created by manipulating numbers, 

converting those numbers to an electrical 
current, and amplifying result.

• Numerical manipulations are the same whether 
they are done with software or hardware.

• Same capabilities (components) as analog 
synthesis, plus significant new abilities
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• increment = (TableLength x DesiredFrequency)
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double inbetween = fmod(sample, 1);
return (1. – inbetween) * wave[int(sample)] + 

inbetween * wave[int(sample) + 1];
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Choosing the -3 dB point at 
4 kHz, and using the
Relation:

RC = 1/(2 · pi ·f)

we get R = 4 k, if C is 
chosen as 0.01 mF:

R = 4.0 k

C = 0.01 mF

OCR1
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