Principles of Underwater Sound

LO: Apply characteristics of sound in water to calculate sound levels.



What is Sound?

A disturbance propagated through an elastic medium causing a
detectable alteration in pressure or a displacement of the particles.
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Measuring Sound

Pressure (p): force/area

p = force/area, units Newton/m? (Pascal), [MLT?/L?] = [MT>L1]
Imperial to Sl conversion: 1 uBar = 10° pPa

Power (P): force * velocity
P = force * velocity, units watts, [MLT2*LT-1] = [ML2T3]

Intensity (I): power/area
| = power/area = p?/pc

where p = density, mass/volume, units kg m= [ML3]



Quantity Relationships
Intensity is proportional to pressure squared
| oc p?

Pressure squared is proportional to
power

p? oc P

What is relationship between Intensity and Power?



What is a Decibel ?

A ratio in logarithmic form.

Intensity ratio: 10 log (I/1 ) where | is the reference intensity at 1 m

Pressure ratio: 10 log (p?/pc/ p,%/pc) = 20 log (p/p,) where p_isa
reference pressure (1 uPa)at1 m

Example:

If 1. =1 Wm?2
Then | = 100 Wm™ becomes 10 log(100/1) =20dB || 1 Wm™?

If p,=1 uPa
Then p = 100,000 pPa becomes 20 log(100,000/1) =100dB || 1 uPa
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Animal Hearing Thresholds & Ranges
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Killer Whale Hearing Thresholds
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SPL (dB re 1 pPa)
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Vessel Noise: ICES 209
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Radiated noise
dB re 1uPa (1 Hz band @ 1 m)
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Vessel Noise o Vessel Speed
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Sound Propagation

Longitudinal Compression Wave

amplitude

compression rarefaction compression

A = wavelength, units m

A= C/f where: ¢ = speed of sound (ms)
f = frequency (cycles s, Hz)



Speed of Sound

Speed of sound (c) = f (temperature (T), salinity (S), depth/pressure (z/p)),

units ms

UNESCO: Chen and Millero (1977)
c(S5,t,P)=Cy(t,P)+A(t,P)S+B(t,P)S"*

+D(1,P)S2, From Wong and Zhu 1995

TABLE 1. Numerical values of the ¢4, coefficients for the UN equation.

where
» ] i g Coefficients Numerica] values for Eq. (1) Coefficients Numerical values for Eq. (1)
Cwlt,P)=(Cpo+Cp1t+Cpat*+ Cpat”+ Cpat” +Cyst”) Con 402388 A 7166E—5
2 3 4 Cas 5.03830 Aoz 2.008E -6
+(Cro+Crt+Crapt°+Cat” +C1yt™) P Coz ~5.81090E—2 Aoy ~3.21E-8
5 3 i 2 Cos 3.3432E-4 Ao 9.4742E—5
+(C2u+ Czlf‘l‘cizf +Cist +Cz4f ]P Coa —1.47797E—-6 Ay —1.2583E-5
) CU! 3.14]9E_9 Alz _6.4923.5_8
+(Cyg+ Cayt+ 6321‘2]1’3, Cio 0.153563 Ay 1.0515E-8
Cu 6.8999E—4 A —2.0142E-10
Ciz ~8.1820E—6 Aso ~3.9064E~7
_ 2 3 4 Crs 1.3632E 7 Axy 9.1061E-9
A(LP)=[(ApgtAp it At +Apat”" +Ap4t") Cre 6.1260E—10 Ax ~1.6009E ~ 10
2 3 . Cao 3.1260E -5 Ag 7.994E—12
+(-’im+Allf+Aizf +A13; ‘h‘inf )P Ca -1.7111E-6 Ay 1.100E-10
Cas 2.5986E -8 Ay 6.651E—12
2 3\ p? Cas -2.5353E-10 Asp -3.391E—13
+ (At At At +A; )P Cas 1.0415E-12 Bog ~1.922E-2
2 3 C;u _9.7?29.&'_9 En] _4.42E_5
+(Azg+ Ay t+A5t°) P, Cu 3.8513E- 10 By 7.3637E—5
Csz -2.3654E—12 B 1.7950E—7
Ao 1.389 Do 1.727E-3
B(t,P)=Byg+Bgi+(Bg+B1)P, Aoy ~1.262E—2 Dy ~7.9836E—6

D[I,P}=Dnu+ﬂ 10P.



Affects of Temperature and Salinity

Freshwater ~ 1500 ms! Salt water ~ 1460 — 1550 ms! Air~ 330 ms!
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Target Resolution and Travel

Target Resolution:

f (target distance (Ar), speed of sound (c), pulse duration (7))

Ar=c t/2

* independent of frequency

Acoustic Pulse Travel Time:

time to echo = 2r/c
where r = range (m)



Frequency, Wavelength & Wavenumber

Frequency (f) = A per unit time, units cycles s’ (Hertz)
f = c/A (msi/m)
Wavelength (1)
A = c/f (mst/st)
Wave number (k)

k = 27n/\ (rad m1)



Frequency and Period

Frequency (f) = A per unit time, units cycles s (Hertz)

f=c/A
Period (T)= time for one cycle, units seconds

T =1/f

in active acoustics this is the pulse duration, pulse length, or
pulse width



Frequency Ranges of Acoustic Sensors
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Transmission Losses

Geometric Spreading
- pressure decreases as the 1/distance from source

- spherical spreading from a point source (e.g. transducer)
- non-spherical or directed spreading (e.g. fish)

- 2-way spreading increases as range?

- independent of frequency

Al o 1/12




Transmission Losses

Absorption

- attenuation of pressure due

to friction (o, units nepers/m

or dB/m), temperature,

salinity, and molecular

relaxation

- proportional to range (r)

- dependent on frequency

- in FW below 200 kHz,
relaxation does not occur
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Which Loss is Greater?

Absorption Spreading
Frequency Loss Rate
1 kHz 0.05 dB/km
10 kHz 0.5 dB/km
100 kHz 20 dB/km
1 MHz 300 dB/km ~60dBat1km

Spreading loss >Absorption loss at frequencies < 100’s kHz



Total Transmission Loss

o]
o

1 way: 20 log(r) + ar
2 way: 40 log(r) + 2ar
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Why Not Use Light?




Sound Level

Sound Level = Sound Pressure Level — Transmission Loss

Sound Pressure Level = initial intensity
(a.k.a. Source Level)
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