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Pressure is the essence of sound. Pressure variationdladcoapressiongincreases in pressure)
and rarefactions (decreases in pressure). When the air pressure inside owhaages, a thin
membrane called thear drum responds by vibrating in and out. These vibrations are inétted

to a chain of small bones called thammer, anvil, andstirrup . The vibrations from the ear drum
travel through the bones, causing the stirrup to bang aggéiagsochlea(or inner ear), which is
filled with fluid and tiny hairs. As the cochlea is jostled bytstirrup, the cochlear fluid sloshes
around, causing the hairs to sway back and forth. These &@rsonnected to theuditory nerve,
which transforms the vibrations of the hairs into electriogulses, which are then passed along to
the brain for processing.

Any pattern of compression and rarefaction is call@dapression wave In particular, a compres-
sion wave that passes through an acoustic medium like ailatenis called aound wave If the
pattern of a wave repeats, it is callegheriodic wave. Otherwise, it is called aaperiodic wave
Aperiodic waves come in two typesthite noisg which is a continuous aperiodic wave that has a
‘hissing’ sound, and &ransient, which is an instantaneous aperiodic wave that has a ‘popliok’
sound. Sound waves found in speech can be either periodjoesiodic, though more frequently,
they are some combination of the two: technically aperi@dib some nearly periodic properties.

The amount of time it takes for a periodic wave to repeatfiisatalled itsperiod, usually symbol-
ized byT. The number of waves that pass by a given point in a specificatraf time is called
thefrequency of the wave, usually symbolized by Frequency is usually measuredHertz (Hz),
which is equal to 1 wave per second. The frequency of a sournd e@responds to its pitch. Hu-
mans can hear in the range of about 20-20,000 Hz. The perfiequency of a wave are related
by the formulaf = 1/T.

The physical space separating repetitions of a periodievsealled thavavelengthof the wave,
symbolized byA. Though frequency is usually the more important propertyoafnd waves that we
care about for phonetics, wavelength can play an importdet Thespeedof a wave, symbolized
by s, is the rate at which a wave travels. Speed, frequency, andlerggth are related by the formula
s= fA. The speed of a wave depends on the nature of the mediumatvislitig through: density,
temperature, elasticity, etc. For warm, moist air, as igcity found in the human mouth, the speed
of sound is about 35,000 cm/sec.

The amplitude of a wave, symbolized b is the magnitude of variation in the wave’s pattern.
For sound waves, the amplitude corresponds to loudnesslameo Since waves are patterns of
variation by definition, the amplitude of a wave changes t¢ivee. The formula for simple wave
can be written af\(t) = Amaxsin(2rt- ft), whereA(t) is the amplitude at time Amaxis the maximum
amplitude of the wave, anflis the frequency.

Waves may not be simple however, and most speech soundstaedlyacomplex waves combi-
nations of multiple simple waves. These component wavel bacge their own frequencies and
amplitudes, and they are added together to yield the conwde®. The general formula for a com-
plex wave isA(t) = Ay, Sin(27T- fw,t) + ...+ A, Sin(27T- fw,t), whereA(t) is the amplitude of the
complex wave at timg, Ay, andfy, are the maximum amplitude and the frequency of the first sim-
ple component wave, up througl,, andfy,,, which are the maximum amplitude and the frequency
of thenth simple component wave.

In addition to their component frequencies, complex walss have aundamental frequency,
usually symbolized a$p. (Note: for simple waves, we often say that their frequehdg their
fundamental frequencig; i.e., fop = f.) The fundamental frequency of a complex wave is calculated
by finding thegreatest common factorof the set of all of the component frequencies. That is,
fo = gcf(fw,,..., fw,). The gcfis the largest number that divides all of the compts/equencies
evenly. Use traditional methods from middle school math@s#o find the gcf of frequencies that



are integers. If the frequencies are not integers, multiphm all by the same integé\ to turn
them into integers, then find the gcf of the new numbers, aradlyirdivide that result by to find
the actual gcf. For example, if the component frequenciestdr4 Hz and 55.5 Hz, multiply both
frequencies by 10 to get 444 and 555. The gcf of 444 and 555lisDiVide this by 10 to under the
previous multiplication, and the resultis 11.1 Hz as thedamental frequency.

All sound waves naturally produce extra sound waves at hifghguencies callelarmonics. The
first harmonic is the sound wave with a frequency equal todhd@&mental frequency of the original
sound wave. In the case of a simple wave, the simple wave @itsfirst harmonic. Thath har-
monic has a frequency equalridimes the fundamental frequency. The amplitude of the haraso
falls of rather quickly. The maximum amplitude of the firstmanic is equal to the maximum am-
plitude of the original sound wave, while the maximum amyalé of thenth harmonic is equal to
1/r? times the maximum amplitude of the original sound wave.iRgithis all together, the formula
for thenth harmonic isA, = n—leosin(er- nfot).

Sound waves can be generated by any vibrating object. Theahfitequencies at which an object
vibrates are called itesonant frequencieswhich depend on the shape of the object and the mate-
rial it's made of. For a body of air in tube closed at both endswith a lengthL, the first resonant
frequency iss/2L, and in general, thath resonant frequency 1s/2L. For a body of air in dube
closed at one end and open at the othewith a lengthL, the first resonant frequencysg4l, and

in general, theith resonant frequency {n— 1)s/4L.

Objects can act dters for sound waves by enhancing waves with particular fregiesrand damp-
ening others. Generally, objects acting as filters enhamzpiéncies near their own resonant fre-
guencies and dampen frequencies farther away from thenaes frequencies. The frequencies
that are enhanced the most by a filter are callecétster frequencies Filters usually have a
bandwidth, which is the size of the range of frequencies around theecérgquency that are also
significantly enhanced. For example, if a filter has a cemtgguency of 500 Hz and a bandwidth
of 100 Hz, then frequencies between 450 Hz and 550 Hz will beeced, while all others will be
dampened.

The idea of filtering plays an important role in acousticalhalyzing speech, since the vocal tract
acts as a filter. By approximating the various cavities inbeal tract as tubes, we can give a rough
but accurate estimate for the acoustic properties of diffespeech sounds based on how they are
articulated.



