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Steven’ s power law

Based on anumber of different exp 3 ss. that
be described as apower law:
L=kio2
(L =Loudness, | = Intensity, k isaconstant)

So,a10-0B increasein level gives
adoubling in loudness:
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Please see: Sekuler, Robert and Blake, Randolph.
Perception (Fourth edition).
New York: McGraw-Hill, 2001.

Figure 10.7, p. 341.

Problem: single auditory nerve fibers have narrow dynamic ranges.

Only change their firing rate over a40dB range:
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Solutions to the dynamic range problem
« Off-frequency listening (Siebert, 1970)
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* Temporal information
— Increase in synchrony with level (limited to frequencies at which
phase locking occurs < 4kHz)
* Low- and medium spontaneous-rate fibers
— Higher thresholds, but greater dynamic range

Intensity discrimination of noisein
bandstop noise
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* Viemeister's (1983: Science 221, 1206-8)
experiment showed that good intensity
discrimination could be obtained even
when off-frequency listening and phase
locking were unlikely. He explored
possible role of low spontaneous-rate
fibers.

Accounting for wide dynamic range
of auditory system from neural
responses

+ Single AN fiber has narrow dynamic range

« Use high-threshold, low-spontaneous fibers. Are there enough and
are thresholds high enough?

+ Use fibers with CFs far from tone frequency. What about broadband
noise?

« Use temporal information (phase locking). What about high
frequencies?

« Still unclear how intensity is coded...




A bit more on the cochlea - it' s not exactly doing Fourier analysis.
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Bandwidths of auditory nerve fibers are much higher for those
carrying high frequencies (note log axis). Called “ Q filters’.

Bandwidth is roughly proportional to frequency.

This means that low frequencies can be estimated more precisely,
but that high frequencies can be better localized in time.

Onsets and offsets, even of a pure tone (sine wave) generate lots
of other frequencies, especially high ones. So to localize sharp
transients (e.g. the beginning of a sound), you need to be sensitive
to lots of high frequencies at once.

Another way to think about it:

Just as was the case for natural images, it turns out that
natural sounds tend to have 1/f amplitude spectra:

Amplitude

Frequency

So if bandwidth is proportional to frequency, natural sounds will
be coded with equal energy in each channel.

Sort of like what we saw in vision.

Image by MIT OCW.

Harmonicity information is limited by
frequency resolution of the cochlea
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1. Resolved harmonics dominate pitch
perception (Bird & Darwin, 1998)
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MusIC

Music is among the most bizarre features of human culture.
-no obvious benefit accrued from making/hearing music
-and yet we love it

Mysteries of music:
Why do people like music?
Why are some things sound musical and others not?
How does music manage to convey emotion?
Why do people like to dance to music?

Are the various features of musical perception innate, or acquired?
If innate, are they an evolved function, or a side effect of something
else?

A few basic aspects of music may be hardwired into our brains.
Octave equivalence and pitch perception
Remember the missing fundamental ...
If you observe 300, 500, and 600 Hz, there is some ambiguity
as to what the fundamental is. It could be 100Hz, but 50Hz would
also produce those harmonics.
All scales are based around the octave.
When people with perfect pitch make errorsin labeling notes,

they generally get the chroma correct but locate the note in the
wrong octave.

Because of octave equivalence,
the perceptual space for pitch
isahelix.
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More evidence for the circularity of pitch comes from Shepard tones:
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The components of a Shepard tone are separated by octaves
(e.g. 110, 220, 440, 880 etc.). The frequency of al the components
is shifted up or down, but the spectral envelope stays the same.

What is the fundamental ?

A sequence of Shepard tones going up the scale soundslikeit is
forever ascending, even though you just cycle through the same tones
over and over.
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The fundamental, and thus the pitch height, is ambiguous.
But you still hear the chroma, and thisis what seems to be important
in melodies.

Aside on perfect pitch:
It'squiterare (1 in 10,000), but more common in musicians.
Mystery: why doesn’t everyone have perfect pitch?
-should be easy to read off pitch from tonotopic representation
Most people seem to represent absolute pitch to some degree.

Absolute pitch may be replaced by relative pitch during development,
asaresult of exposure to language, music etc.

Perfect pitch probably tells us nothing about music perception, asit
issorare. Still, itiscooal.




Consonance and Dissonance

Some notes, when played together, sound good, or natural .
We call these consonant.

Others don’t. We call such sounds dissonant.

Pythagoras was the first to note that the notes that sound good
together tend to be produced by strings whose lengths are related
by simple integer ratios.

Octave: 1:2
Major fifth: 2:3
Tritone: 32:45, called the devil’ sinterval

What really matters is the fundamental frequency of the note,
which is determined by the string length.

Helmholtz deduced that dissonance for complex tones was due
to dissonance between their harmonics.

He correctly supposed that dissonance between pure tones
was afunction of the degree to which they interfere.

Tones closein frequency produce besats - low frequency
fluctuations in sound amplitude.

Over time, two pure tones close but not identical in frequency
will drift in and out of phase, constructively and destructively
interfering. This amplitude modulation is known as beating.
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Consonance increases as two pure tones move apart in frequency.
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The lower tone is 500 Hz.

Thresholds for detecting the tone are measured for different
noise bandwidths. The noise is centered on the tone frequency.

Noise outside a critical band
of frequencies does not affect
the detection of the tone.
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were unaffected by the
adaptation (remember the bite
out of the CSF).

Dissonance is greatest when two frequencies are within a
critical bandwidth of each other, i.e. when they produce
overlapping waves on the cochlea.
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When two frequencies are more than a critical band apart, they do
not interact, at least not in the auditory periphery, and do not produce
dissonance.

Complex tones whose fundamental fregs are related by complex
ratios have lots of different harmonics that interfere with each
other.

Consonant and Dissonant
Stimuli
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Pairs of harmonic complex tones
forming consonant musical intervals
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The consonance of pairs of complex tonesiswell predicted by
the interference between their harmonics:
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The beating of dissonant stimuli is
reflected in I C responses
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Dissonance is reflected in average rates
and rate fluctuations of |C neurons
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So thereisaphysical correlate of perceived dissonance.
This doesn’t explain why dissonance sounds bad to most people.

We don'’ t know whether thisis hard-wired or acquired.

The Skymaze
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Thisisamethod to measure sound preferencesin animals.

A cottontop tamarin
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Using an anal ogous method, humans show the expected preference
for consonance over dissonance:
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Tamarins, however, show no preference at all.

Humans also show arobust preference for white noise over a
terrible screeching sound:
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Again, tamarins show no preference. Preferences for sounds may
therefore be unique to humans, and perhaps is part of an adaptation
for music...




