OS 499 – A Changing Ocean					Name__KEY____________________
Ocean Acoustics Worksheet

A. Fundamentals of sound
Sound travels through fluids as a compressional wave.  Atoms in the fluid move as the sound wave transmits energy. Watch the animation of sound in air, which behaves as a fluid, at this site: http://www.educationscotland.gov.uk/resources/s/sound/amplitude.asp?strReferringChannel=resources&strReferringPageID=tcm:4-248289-64.  Examine this still image from the animation:

	1.6 x 10-6 m (atoms not to scale!)

[image: ]Wave ray

	· Place “H” for high pressure, and “L” for low pressure, under the diagram to indicate areas of compression and rarefaction.

· Estimate the wavelength and indicate it under the diagram.

· Approximately how far does the average atom or molecule move in response to the sound?


      H         L        H           L        H           L        H                         The average atom moves 0.5 wavelengths 
                              One wavelength  1.6 x 10-6/4          in the forward direction, and 0.5
                                                             = 0.4 x 10-6             wavelengths in the reverse direction.

1. Individual sound waves have characteristic frequencies; frequency is the number of wave cycles per second (cycles s-1 = Hertz = Hz). The speed of sound, c, for the air in the image above is 350 m s-1. Using this information and your estimate of wavelength, calculate the frequency of the sound. Hint: let the units guide you through the problem!

350 m/s   0.4 x 10-6 m/cycle  = 9 x 108 cycles s-1 = 9 x 108 Hz

2a.  Based on your answer above, write a formula relating wavelength and frequency to the speed of sound.  

c = frequency x wavelength

b.  What happens to frequency as wavelength decreases?

	Frequency must increase when wavelength decreases. 

3. Classify the sound (Question 1) as infrasound ( < 20 Hz, and below the lower limit of human hearing), audible sound (20-20,000 Hz), or ultrasound ( > 20,000 Hz, and above the upper limit of human hearing).
	It is ultrasound. 

4. Select the best answer. The source of the sound in the picture above is located: 
___a. above the image			_X__ b. left of the image

5. Based on Question 4, draw an arrow on the diagram to indicate the direction that energy propagates through the air.  Acoustic scientists call this a wave ray.


B. Sound in water
One finds the speed of a compressional wave using this equation:   c = 
The compressibility and density are those of the substance the wave passes through.

Effect of temperature
1.  Complete the sketch below to indicate how one could measure compressibility.
              Subject to
        Equal pressure
 Substance

 Substance

       On all sides                                                                                        Substance compresses andv

							                 the change in volume is measured


2. Will a fluid be more or less compressible as temperature increases?   _Less__________    
Hint: think about the difference in compressing steam (heated water vapor) versus compressing moist air.     
3. Will a fluid be more or less dense as temperature increases?   ____Less________
· Reflecting on your answers above, how does the speed of sound in water vary with temperature?  The speed of sound increases as temperature increases since compressibility and density decrease, and both are in the denominator.

Effect of salinity
Do a thought experiment:  Dissolve a spoon of salt in water.  

4. Some water molecules move in response to the dissolution. Where do they go?

The water molecules attract electrostatically to the dissolved salt ions.  The negative regions of water molecules (near the oxygen atom) surround sodium ions, while the positive regions of water molecules (near the hydrogen atoms) surround chloride ions.

5.  Do the molecules in the water become more or less ordered (i.e., arranged less randomly) after the addition of salt?  __More___________

(In fact, the water molecules form several “hydration spheres” around the ions.)

A substance’s compressibility decreases as its atoms or molecules become more ordered. When salt dissolves in water, this produces a larger effect on the speed of sound than the accompanying change in density.

· Reflecting on your answers above, how does the speed of sound in water vary with salinity?

The water becomes more ordered as salinity increases, and since this has a larger net effect on sound than density, sound speed increases.

Effect of pressure
Use the same reasoning as for salinity (above) to deduce the effect of pressure on the speed of sound in water.  
Pressure brings the molecules into greater contact, creating a more ordered solution. This will act to increase the sound speed.

C. Sound in the oceans – putting it all together

· For each pair of graphs, sketch the corresponding sound speed:
[image: ][image: ][image: ]

· The profile below shows sound speed at a North Atlantic station. Using your knowledge of temperature, salinity, and pressure in the oceans, and the graphs above, explain the variation in sound speed with depth.
	

Sound speed is high at the surface because temperature is greatest there. Speed decreases with depth to the base of thermocline, because temperature decreases. Speed increases below this, because pressure and salinity increase with depth (and for the most part, temperature does not).
	[image: ]




Sound in water is “lazy” – that is, wave rays trace paths towards the location of the slowest speed.  “a” and “b” in the figure below are examples of ray paths in water. In “a”, sound speed is invariant and sound waves emit equally in all directions. In “b”, wave rays bend towards water depths with lower sound speed.

· Complete figure “c”, for a sound source originating in a region of low sound speed.
[image: ]

The wave ray diagram in “c” (above) should show sound energy bending towards the depth where the sound originated. In the real ocean, wave rays travel more complicated paths, but essentially do the same thing: they propagate long distances from their source in one direction along a “SOFAR” (“sound fixing and ranging”) channel. The SOFAR channel exists near the base of the thermocline in all the world’s oceans, centered on the low sound velocity zone. 
[image: ]axis of sound channel

· The image above shows sound speed for a circum-Pacific transect at 5o N.  Draw a line on it to indicate the axis of the SOFAR channel (the sound channel axis). 

D.  Whale talk
1. A whale near Asia communicates infra-sonically via the SOFAR channel with whales near Central America; one Central American whale answers. Roughly how long (in hours) must the Asian whale wait for a response? 

(12000 km x 2)(1000m/km)   = 16,053 s
1495 m/s

16,053 s (1 min/s)(1 h/min) = 4.5 h

2.  The figure below likely shows a slightly more complicated sound transmission path than you imagined for the SOFAR channel.  What does this new information shed on your answer to Question 1 (above)? 
Source: noaa.gov

	
The image shows that the actual travel path will be longer, and probably at least several times longer. This will make the travel time longer. Further, the whale may need to be located near a node to hear the sound.
	[image: http://oceanexplorer.noaa.gov/explorations/sound01/background/acoustics/media/sofar%20_557.jpg]







[bookmark: _GoBack]3.  Decibels (dB) are log-based measures of sound intensity. As sound travels from a source, it loses intensity (primarily through interactions with molecules and ions in seawater) and “attenuates”.  Examine the attenuation graph below (for surface seawater, S=35 psu, T = 5oC, pH=8).
[image: ]Audible Sound
Infrasound

Ultrasound



· Label the regions of infrasound, audible sound, and ultrasound.

4.  Comment on why the whale above communicated in infrasound.

The whale communicated in infrasound because frequencies in this range have less attenuation.

5.  Certain whales, such as the one in the problem above, can emit infrasound at an intensity of around 200 dB.  Estimate the attenuation, in dB or in percent, of the Asian whale’s 15 Hz call by the time it reaches the Central American whales. 

Attenuation of 15 Hz sound  1 x 10-3 dB/km (from graph)

1 x 10-3 dB/km  x 12,000 km = 12 dB attenuation
(12 dB/200 dB) x 100% = 6% attenuation

6.  Do a second estimate for a call of the same intensity at the high end of the audible range. Approximately how far will this call travel?

Attenuation of 15,000 dB sound  6 x 100 dB/km = 6 dB/km (from graph)
200 dB/6 dB per km = 33 km


image4.png
Pressure





image5.png
Depth [m]

1480

1490

Sound Speed ¢ [m/s]

1500

1510

1520 1530 1540

1000

2000

3000

e





image6.png
Depth (km)

Wave Rays
(distance)

C

Wave Rays
(distance)

C

Wave Rays
(distance)

@ Location of sound source




image7.png
Depth [m]

1000

3000

4000

5000

6000

Sound Speed ¢ [m/s]

—— e e
1505 1500 150
7495 -
1495
1500
_ 1505
[ 1520
1530
o 2000 4000 6000 8000 10000 12000
Section Distance [km,
el East

West

1530

1520

1510

1500

1490

~ 1480




image8.jpeg




image9.png
78 SeawaterSoundAttenuation.pdf - Adobe Acrobat Pro,
Fie Edt View Window Help
Bee- B EH 802D R
i |[NO | @@= 58 Tools ~ Comment | Share
1.0E+02
€
< 1.0E+01
.
[}
o
o0 1.0E+00
o
c
~O 1.0E-01
=)
©
>
c
9 10e02
B
<<
1.0£:03
10 100 1000 10000 100000
Frequency (Hertz) By
21260
=
6/24/2014
-





image1.png
Animations and Interactives X ' science of sound animation: x {8 NOAA Ocean Explorer: Subr x ' [[] Self-Service - Class Schedule SRS frstart|

& = € i [ www.educationscotiand.gov.uk = | [Pl
- =

Aops @) 5k You One Fari.. (] Dowroad ree avas... [ s /ssporima... [ Tked Off AboutaGr.. [ Lery SReadingTab.. Q) TotorTraning [ Stdent AfsrsDears... (@) TooringStategies . ==
4]
@ s

23) 8o |
23 4. Speed of sound =
Scien.

(oo

Flash animation of science experiment exploring how sound waves travel in gases. Change the amplitude and

frequency and seeing what effect this has Soon

4 ocea,
wiind.

% aib.

Frequency ————@&——————

g Bxam

(112)

P §o
sit6AM
Tuesday

ycrophone smszomy | %1 Sound_2 sossipt - B sound 1 possict - ¥ Soudldowioats... x| V228





image2.png
Depth

Temperature





image3.png
Salinity





