Introduction to Acoustical Oceanography
SMS-598, Fall 2005.

Instructors: Mick Peterson and Emmanuel Boss

Introductions: why are we here?
Expectations: participation, homework, term-paper.

Emphasis: learning through participation and collaboration, hands-on and
demonstrations.

Syllabus: basis for change depending on demand.

Textbook: Medwin and Clay, Fundamental of Acoustical Oceanography,
Academic Press, 1997. Out of print.

New textbook: Medwin, Sounds in the Sea, University of Cambridge Pressf
2005. I have ordered 10 at $60 each (cost $100 otherwise). _’j]\




What is sound?

From Wikipedia: Sound is vibration, as perceived by the sense of hearing.
In more technical language, sound "is an alternation in pressure, particle
displacement, or particle velocity propagated in an elastic material" (Olson
1957) or series of mechanical compressions and rarefactions or /longitudina/
waves that successively propagate through media that are at least a little
compressible (solid, liquid or gas but not vacuum).

In sound waves parts of matter (molecules or groups of molecules) move in a
direction of the spreading of the disturbance (as opposite to transversal
waves). The cause of sound waves is called the source of waves, e.g. a violin
string vibrating upon being bowed or plucked.
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Attributes of sound:

Frequency and wavelength

The frequency is the number of air pressure (density or velocity) oscillations
per second at a fixed point. One single oscillatory cycle per second corresponds
to 1 Hz. Sound speed does not vary much with frequency but attenuation and

wavelegth do.
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Attenuation in sea water is frequency and salinity dependent:
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Amplitude: The amplitude is the magnitude of sound pressure change within
the wave. It is the maximal displacement of particles of matter that is
obtained in compressions, where the particles of matter move towards each
other and pressure increases the most and in rarefactions, where the
pressure lessens the most.

Sound pressure level (SPL)
The amplitude of a sound wave is most commonly characterized by its sound
pressure. In the environment, a very wide range of pressures can occur and
it is therefore a convention that sound pressure is measured on a
logarithmic scale using the decibel. If pis the rms sound pressure amplitude
then the sound pressure level (SPL) is defined as 20 times the logarithm of
the ratio of the pressure to some reference pressure.
Sound pressure level (SPL) is calculated in decibels as

L, = 20 log,, (f“—l) — 10 log,, (f“—l) dBSPL

Do P

The reference sound pressure in air is by convention the threshold of
hearing at 1KHz, P, = 20 pPa in air, while it is 1 yPa in water. (Pa = pascal = N
/m?; N = newton) .
Only decibel values using the same reference can be compared.



dB |I/I, |P./P,|Plane w/m?

wave
intensity

(Po=20uPa |(Py=1uPa
Air) Water)

-20 |0.01 |01 |1x10% |7 x 104!

0 1 1 1x1012 |7 x10-%°
10 |10 |3.16 |1x101 |7x1018
20 |100 |10 |1x1010 |7x10Y
40 |10 100 |1x108 |7 x1015

From Dusenbery, 1992

Range of human hearing: 0->100dB  For comparison: solar constant=1.37Kw/m?.



Types of sounds

Noises are irregular and disordered vibrations including all possible
frequencies. Their picture does not repeat in time. The noise is an aperiodic
series of waves.

Noise spectra in open sea:
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Sounds that are sine waves with fixed frequency and amplitude are perceived
as pure tones. While sound waves are usually visualised as sine waves, sound
waves can have arbitrary shapes and frequency content. In fact, most sound
waves consist of multiple overtones (harmonics) and any sound can be thought
of as being composed of sine waves (Fourier's theorem).



Perception of sound

The perception of sound is the sense of hearing. In humans and many animals
this is accomplished by the ears, but loud sounds and low frequency sounds can
be perceived by other parts of the body.

Sound and animals:
-Communication.
Obtain information about the surrounding environment.

Human vision-3 primary color. Human hearing-24 distinguishable frequency
bands 2 higher informational content.



A little bit of history:




Lake Geneva, Switzerland, as
memorialized in this sketch. One
rower simultanously struck a bell
and lit a spark while the other, ten
miles away, measured the time
difference between detecting the
two events. (Image adapted from J.
D. Colladon, Souvenirs et Mémoires,
Albert-Schuchardt, Geneva, 1893.)

In 1826, an experiment measured
the speed of sound in the waters of

Sounding ocut shallow waters



Velocity of sound in the ocean:
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=>Invert sound speed to obtain
temperature and/or salinity



Distribution of sound speed:

Deep ocean:
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Sound diffraction, the SOFAR (SOund Fixing And Ranging) channel:
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Applications- zooplankton ecology:
ANT X2 Frequenz: 28 kHz Catem: 11112000 MVBS

19 20 ) E-D 35 40
AMT X Ve Frequanz: 70 kHz Datum: 11112000 MVBS

1% el 20 20 37 40

TV AT AN
. PR
L

100

15 20 25 20 35 40
Zeit [h]

http://www.awi-bremerhaven.de/Biomeer/zooplankton-top03-e.html



Resonance

Physical construct have
natural frequencies
based on their
dimensions.

Forcing at these
frequencies (among
others) result in large
response at the
resonant (s) frequency
(ies).

Scattering:
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Applications- remote sensing of femperature distribution:
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Applications- remote sensing of bottoms and objects above and within it:

500 kHz sidescan sonar image towed 14 m above bottom

water depth 38 m
ship length 57 m
optical visibility 1 m



Application: measuring rain on 70% of the earth..

50

4] (=] -
Q o o
T T

Frequency (kHz)

(=]

100

50

mm/hr

12.5

»r

“K" ARGs @ 165°E 0°N JUL21, 2000 Ambient Sound Spectrum

i

l

Rain

£ [
(Y

¥
(

e

1

13.5

Acoustic Rainfall Rate Conversion
T T

14

Nystuen

L
125

13 135
Time (Hours)

14

75

Summary Spectra

SPL (dB)

35

30

25

—= wind 7m/s

wind Smi/s
wind 3m/s
rain < 2 mm/hr
2 < rain < 5 mm/r
5 =< rain < 10 mm/hr
10 < rain < 20 mm/r
rain = 20 mm/r

 ——

10

Frequency (kHz)




Application: measuring currents through Doppler and Eco Sounding

ADCP / Telemetry
Buoy Mooring

Enhanced TAD mooring, 31—day running mean anomalies fram climatalogy

ADCF Currents at 07, 170%W

Zonal current (m s

o

o
[=]

(=3
(=)

DEPTH ()

o
[=]

200

260

V]

o
[wr]

k=3
=

DEPTH {m}

o
[wr]

200

250

we s oot Mw b | u B
1997 1933
Meridional current (m s')
. X 1
AUG I EP I ocT I MO I DEC I diM I FEE
1987 1248




Doppler shift
* Change in frequency due to the motion of the source
and/or the receiver

Allows for determination of movement of target.

Lover Frequency Hagh Frequency

Stationary source:

f=c/h
f'=(cxu.)/r
> Af =xfu./c

Stationary receiver:
Af=tfu/(ctu )~ fu/c
Both moving:

Af=f(zutu.)/c _
The Doppler Effect for a morermmg sound source



How is acoustics used and why (Howe, 2004)?

-Spatially extend point measurements

‘Water borne seismic signals, tectonic events

-Seafloor geodesy

*Synoptic measurement of 3D ocean temperature and velocity fields (e.qg.
tomography)

*Marine life classification and/or tracking

*Enables real time adaptive sampling

‘Robust sensors - long life, insensitive to biofouling, mature technology
*ADCPs, Inverted Echosounders, wind, rain

‘Imaging

-Biomass, seabed mapping and characterization, hydrothermal venting, gas hydrate
-Subsea navigation and communications

Marine animals, AUVs, gliders, floats, remote instruments



Physical (and some biological) processes:
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assimilation systems, J. Mar. Syst., 40-41, 5-48. (RB)



Ocean
Observations
Howe, 2004

Amblent Sourd-
Enrthiquakes .
- Bruce M. Hows', J

Ocoan observatories have the potantial to examine the physical, and and
processes of the ocean at time and space scales previously unexplored. Acoustics provides an efficient and cost-
effective means by which these and can be d and can ba

systems and and acoustic in

Science Enabled by Ocean Observatory Acoustics

H. Miller’, and the IASOO Committee”

£ ko

signals can service unlimited numbers of inexpensive receivers. Drifiting and fixed roceivers can be tracked
while ocean ‘and heat content data (both point and integral data), as well as ambient

sound data about wind, rain, marine mammals, ssismic T-phases, and anthropogenic acitivity. The sources can also
transmit control data from users to remote intruments. and if paired with receivers enable two-way acoustic
links. that shares the acoustic bandwidth completes the concept. The ocean

support of sclence applications are, in concept, analogous to the Global Positioning System, but rely on
because the ocean is opaque to ‘waves and to sound. A series of nested systems is

envisioned, from small- to regional- 1o basin.scale. A small number of scoustic sources sending coded, low power

observations presently in the planning and implementation stages will require these integrated acoustics systems.

Pacific Ocean
Salmen Tracking

Cimy <

Temperature and Velocity
Reglonal Tomography

Ocean Research Interactive Observatory Networks (ORION) Workshop — Puerto Rico
4-8 January 2004

Ambient Sound-



