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Section 3a: Early auditory system 
(an extended LSI example)
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Critical Bands

• Loudness summation  

• Critical band masking
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“Designing” Filters

x(t)

y(t)
input
x(t)

output
y(t)

R
C

 I= (x - y)/R

I = C dy/dt

y(t ) =VC = 1
C

I dt or I =C dVC
dt∫

x(t )− y(t ) =VR = IR

x − y =RC dy
dt

= τ dy
dt

For x = 0, solutions have the form y = Ae−t /τ
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“Designing” Filters
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Frequency response of RC low−pass filter: log−log Bode plot
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Cascaded or Gamma Filters

y ∝ t n−1e−t /τ

H(ω ) = 1
iωτ +1
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Gammatone Filters
y ∝ t n−1e−t /τ cos ωt −φ( )
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Speech Spectrogram
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Cochleogram
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Example – Bass/Treble filters

Low-pass or 
Bass Filter

High-pass or 
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Treble only:

Time

Signal Frequency content

Filter

Next
Prev
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Fourier spectrum representation of sound
Period
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This works for all “musical sounds”
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Fundamental frequency and harmonics
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Standing waves in 
a vibrating string
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Flute (open pipe) harmonics
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Other notes (shorten the pipe)

Reinforcing a harmonic (forcing a “node”)

Flute (open pipe) harmonics
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