Physics Challenge Question 23:  Sound in air and water

Due in class Tuesday 5/5/2009

The speed of sound in matter depends on the density of the matter, as well as how easy it is to compress it, called the bulk modulus B.

B is measured in Pa (pronounced “Pascal”), which is the standard SI unit of pressure.  1 Pa = 1 N/m.

B is defined as the increase in pressure (p) divided by the fractional volume change caused by this pressure increase:  
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Part 1  (1 point)

A pressure increase of 100 kPa compresses a volume of water by 0.005%.  Calculate the bulk modulus of water.

Part 2  (1 point)

The speed of sound in a medium is given as 
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Part 3  (1 points)

If the bulk modulus of seawater is 2100 MPa, what is the speed of sound?


The last two parts deal with sound and sonar:

Sound waves are used to detect the distances of objects in water.  Active sonar sends out a sonic “ping,” which reflects back to the source after some time.  By listening for the reflected sound and measuring the time it took for the sound to reach the object and reflect back, the distance to the object can be calculated.

Part 4  (1 points)

A ship emits a sound burst of frequency 40 kHz to detect a submarine in water.  Using your answer to part 3, what is the wavelength of this sound wave?

Part 5  (1 point)

The ship’s sonar operator hears the reflected sound reach him 5 seconds later.

How far away is the submarine?  (Remember:  The sound has to reach the object and reflect back!)
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