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Communication With Waves: Sound
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A disturbance (i.e. pressure) that propagates energy by

the supporting medium like a spring.

v = fh

I Amplitude, S,,

o = 2[1f

. T u, = 2I1fs,
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Impedance mismatching

1. Pressure Ap waves transmit energy, AE dE = 1/2 u2
2. E per unit time — Power (AE/At = P) Water: Air:

\ = SdE/AtA Z=pv=15x105kgm?2s?t Z = pv = 439 kgm?s-
3. Power per unit area — Intensity [P/A = \]

\=Ypv

Z=pv
air ] . :
The same phenomenon applies when sound tries to go
water | 1.5 x 10°

from air to water (i.e. hearing in terrestrial animals)
cochlea | 1.5 x 10°

Sonogram: Decibels, dB = 10log(\/\.,)
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Transmission Loss, TL = 10log(\/\,)
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Sourcel @ 1m
L 12=\r2
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WA=

Tr n Le dB
TL = 0log L) 10log(\, /\,) = 10log(r,2)

TL = 10log(r,)?
TL = 20log(r,)

Combined effects
20log(r,) + o,

Ref: Au, W. The Sonar of Dolphins

Sound speed in water varies with temperature, salinity and pressure
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Can aquatic animals use wave guides?
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Do other wave guides exist?
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Johnson et al. 2006. J. Exp. Biol
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Sound channeled by fat posteriorly

3. Sound encounters bulla

4. Air sinuses provide reflection sites

Back View

Bottom View

Can baleen whales echolocate on prey?
P

=Vif
A = (1500ms1)/(40Hz)
=38m

Beaked whales and navy son
¢ Gas-bubble lesions in stranded cetaceans.
Jepson et al., 2003 Nature.
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Echolocating beaked whale
Olog(r,) + ar,
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How do baleen whales make sound?

Cavity
v
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f = (vI2IV(AILV)
f = (1500/211)(0.13m2/0.5m*1m3)

f=46 Hz

Family: ziphiidae (beaked whales)

Cuvier's Beaked Whale

Sowerby's Beaked Whale
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Data on internal morphology needed Density rods

3 Whales in a
refrigerated truck

.
A o Auterior

Hill Air Force Base, Salt lake City, UT

COMPUTED TOMOGRAPHY

One of the largest facilities in the warld
jameter, 348" height, 120,000 Ib max)

Detects flaws as small as 2 mm

Di%ital preview scan and 8 X 10 high resolution
color photography (excellent for reengineering)

The Namib Desert golden mole
(Eremitalpa granti namibensis)

Porpoise

-Functionally blind
-Nocturnal Insectivore

-Massive malleus, confers low-frequency sensitivity, via the cochlea,
to substrate vibrations.
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