This Week: Sensing Sound

A warmup:

Your ability to produce and make v 3 - where, do we ha
\ sense of sounds are truly » - . 2

remarkable. The difference between g ¥

a“t” sound and a “d” sound is a few
_hundredths of a second difference in

the timing of one part of the sound,
but you can easily distinguish the
two. We sense sound with our ears,
which are on the sides of our heads.
But other animals sense sound quite
differently: animals that live in water

When a wave hits a boundary between two
media, some (or most) of the energy is reflected.

The ear takes
sound from the air Exterior
and transmits the RS
vibration into the of ear
watery medium in

the cochlea.

Eardrum

Ear canal

More area means more A difference in arrival time
sound power captured ou determine locati

Power captured = Intensity x Area
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Il In Your Head.

Spiders don’t have external ears, but their legs are very sensitive to vibrations. Some spiders can sense a vibration with an amplitude 1/10 the diameter of an atom.

OK, now for some physics principles:

Frequency: Cycles, or oscillations, per second
Properties of sound waves
The decibel scale
Standing waves

Harmonics 200 Hz
Formants 400 Hz
800 Hz

Pitch is to frequency as color is to wavelength

Symbol for frequency: f




The wavelength A is the distance
between successive crests.
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Longer wavelengths have lower frequencies.
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Increasing speed increases wavelength.
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Here’s an equation to bring this all together:
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You can locate the source of a sound with an uncertainty
that is proportional to the wavelength:

Smaller wavelength means less uncertainty.

Discussion Question
Would you expect owls to have their most sensitive
hearing at high frequencies or low frequencies?

You can locate the source of a sound with an uncertainty
that is proportional to the wavelength:

Smaller wavelength means less uncertainty.

Barn owls are especially sensitive to frequencies around
about 5 kHz—quite a high frequency.This corresponds
to a wavelength of 6.8 cm, about 2.5 inches.

Discussion Question
Would you expect bats, which catch smaller prey,
to rely on higher or lower frequencies than owls?

o

A little brown bat
(Myotis lucifugus)
emits echolocation
pulses with a
frequency of about

45 kHz, well above
the range of human
hearing.This
corresponds to a
wavelength of 0.75
cm, about ¥4 inch.




9, H i . .
It’s Different in the Water Sound intensity levels
Sound p@B) I (W/m?) Sound p@B) I (W/m?)
Threshold of 5 Busy traffic 70 1.0x107
hearing 0 10X 1072
Vacuum cleaner,
Person breathing, for user 80 1.0x107*
=11
a3m 100 1010 Niagara Falls,
A whisper, at I m 20 1.0x107"° at viewpoint 90 1.0x1073
Classroom during Pneumatic hammer,
” test, no talking 30 1L0x107 at2m 100 0.010
Bottlenose dolphins use echolocation pulses thafipgal at about 100 kHz, Residential street, . Home stereo at
L b ical for bats no traffic 40 1.0 X 10 max volume 110 0.10
g YP ¥ Quiet restaurant 50 1.0Xx 1077 Rock concert 120 1.0
Discussion Question Normal conversation, Threshold of
atlm 60 1.0x107° pain 13010
Why might you expect these water-dwelling creatures to use higher
frequencies than air-living bats?
Some animals can do better. Why would you expect Milo to have more sensitive hearing?

Dogs may have a threshold of hearing of
1.0x10-13 W/m?2, corresponding to -10 dB.

Your ears are super sensitive. Your ears are super sensitive.

My phone,
when it’s on
speaker mode,
puts out about
20 milliwatts ! ! 20 microwatts,

i . 1/1000 of the
of light 5 i
ight power
from this
candle.

This candle
gives off about

120dB at | m Standing waves with slinkies
X the of a person shrieking at the top of their lungs
10x the power of a hrieki h f their |

2\
/ B\ , = Mode |

It’s a good thing we can’t hear them.




The simplest standing

St d. wave has one node at
anding cach end and no more.

Waves The frequencies have a
on specific relationship.
rin ¢ next possible standing wave _
St gs we can make has an additional Suppose fi = 100 Hz.
node in the center
Only certain Y m=2 Then:
conditions
The third possible standing fi =100 Hz
work. wave has two nodes in addition ! _
10 the nodes at the end. f, =200 Hz
f;= 300 Hz
And so on.

A Mode
Is
A Resonance

When you pluck a guitar string—or any musical instrument
string—you get all of the modes, all of the frequencies.
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Fundamental:
It’s a low A.

Harmonics:
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Standing Sound Waves

Only certain conditions work.... Similar math to waves on strings.

(a) Open-open (b) Closed-closed (¢) Open-closed
The ends of the open-open tube The ends of the closed-closed tube The open-closed tube has a node at one
are nodes, so possible modes-.., are antinodes, so possible modes end and an antinode at the other. Only

have a node at each end -, have an antinode at each end. odd-numbered modes are possible.

=~

To determine mode

— number, imagine
, doubling
at the closed end, and
=3 I o=
2] (3] (1] 2] 3] o 2]
mode number equals “The mode number equals
the number of antinodes the number of nodes

Increased sensitivity of the ear

Your ear canal is an open-
closed tube. It has certain
resonances that increase the
amplitude at certain
frequencies—including, for
most folks, about 3,400 Hz.

Tones:
2000 Hz —
2400 1o /f,=3,400 Hz
5000 Hz




Harmonics and Harmony

Harmonics and Harmony
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Resonances of Vocal Tract
Source-Filter Model

alvealar ridge

Making Different
Vowel Sounds

larynx (vocal cords)

/<
-1=L velum ‘When you form your vocal tract to make a

(a) Frequencies from the vocal cords
When you speak, your vocal cords
produce a mix of frequencies.
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FIGURE 16.23 The frequency spectrum

from the vocal cords,and after passing
through the vocal tract.
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The Importance of Higher Harmonics

The higher harmonics determine the “tone quality” of a musical
instrument, or the vowel sounds and plossives of speech.

As people age, their hearing gets less sharp.The higher frequencies are
the first to go.The loss makes speech hard to interpret.

The first sound has had all frequencies > 1000 Hz removed.
The second sound has all harmonics intact.

The final sound has frequencies < 1000 Hz removed.

I’m All About That Treble.
Here’s the same song played three ways:

|. With no alteration.

2. With all frequencies greater than 1000 Hz removed.
3. With all frequencies less than 1000 Hz removed.

Hearing Loss (dB)

Age-Related Hearing Loss
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We can hear you just
fine.

We just can’t tell what
you are saying.

What are the
frequencies of
the first two

formants? :
Lips Larynx
——
L
Breed Mass (kg) L (m)
Westie 8 0.13

Doberman 38 0.24
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