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| ntroduction to acoustics

e Sound consists of pressure fluctuations in amedium
(usualy air).

 Movements at a source produce a sound wave in the
medium which carries energy to the perceiver.

www.acs.psu.edu/drussel|/Demos/waves/wavemotion.html Image courtesy of Dan Russell. Used with permission.
3


www.acs.psu.edu/drussell/Demos/waves/wavemotion.html

Speech acoustics

» Pressure fluctuations move through space, but each air
particle moves only asmall distance.

www.acs.psu.edu/drussel|/Demos/waves/wavemotion.html Image courtesy of Dan Russell. Used with permission.
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Representing sound waves

Pressure

e

Sound is a Pressure Wave
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Image by MIT OCW.
Adapted from The Physics Classroom Tutorial.



Periodic sounds

* A waveformisperiodic if it repeats at regular intervals.

Frequency of awave isthe number of cycles occurring per
unit of time.

— Units: 1 Hertz (Hz) is 1 cycle/second
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Periodic sounds

» Voiced sounds have complex (quasi-)periodic wave forms.
* The percelved pitch of a sound depends on its frequency.
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Aperiodic sounds

« Aperiodic sounds have waveforms that do not repeat.
e Fricativenoiseis aperiodic.
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Spectrums and spectrograms

he spectrum of a sound plays a central role
In determining its quality or timbre.



Spectral representation

* Any complex wave can be analyzed as the combination of
a number of sinusoidal waves of different frequencies and
Intensities (Fourier theorem).

 Inthe case of aperiodic sound like avowel these will be
— the fundamental frequency
— multiples of the fundamental frequency (harmonics)

e Thequality of aperiodic sound depends on the relative
amplitude of its harmonics.
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Spectral representation
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Spectral representation

* Phasedifferences are relatively unimportant to sound quality, so key
properties of acomplex wave can be specified in terms of the
frequencies and amplitudes of its sinusoidal components.
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Power spectrum




|dealized vowel spectrum
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vowel spectrum
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Vowel quality

 The quality of avowel depends on the shape of its
spectrum.

* The shape of the spectrum depends on the shape
of the vocal tract.
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Source-Filter Modédl of Speech Production

Image deleted due to copyright restrictions. Original image visible at
https://sail.usc.edu/~lgoldste/General Phonetics/Source Filter/Source-filter-schwa.gif.
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Vowel quality

* The peaksin the spectrum of avowel are called
formants.

» Percaelved vowel guality depends primarily on the
frequencies of thefirst three formants.
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Spectrograms

© source unknown. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see
https://ocw.mit.edu/help/faq-fair-use/.
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Spectrograms
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Image by MIT OCW.
Adapted from Peter Ladefoged. A Course in Phonetics. 5th ed. Berlin, Germany: Heinle, 2005.
ISBN: 9781413006889. Available at: http://www.phonetics.ucla.edu/course/contents.html.
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Diaect differences in vowels
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