Physics Challenge Question 24:  Amazing bats

Due in class Thursday 5/14/2009

Bats have developed a clever use of sonar to navigate and very accurately track and catch bugs.  We’ll have a closer look at how they do that here.  (Online at http://animals.howstuffworks.com/mammals/bat2.htm, you can read more about these clever mammals and their use of sound.)

In the following, assume that the speed of sound is 340 m/s.

Part 1  (1 point)

A bat is tracking a bug.  It emits a sound, which reflects off the bug.  The bat hears the echo of the sound 0.1 seconds after it originally emitted it.

How far away is the bug?
Part 2  (1 point)

The bat can tell if the insect is to the right or left by comparing when the sound reaches its right ear to when the sound reaches its left ear:  If the sound of the echo reaches the right ear before it reaches the left ear, the insect is obviously to the right, and vice versa.  To do this effectively, the bat must be able to distinguish sounds that are almost simultaneously.

If this bat’s ears are only 2 cm apart, how much time delay is there between the echo reaching the two ears if the bug is directly to the right of the bat?

Part 3  (1 point)

Bats also use the frequency change of the sound echo to determine the flight direction of the bug.  While hovering in the air (not moving), the bat emits a sound of 40.0 kHz.  The frequency of the echo is 40.4 kHz.

Is the bug moving towards the bat or away from it?  Explain.
Part 4  (3 points – very hard problem, worth bonus points!)

What is the speed of the bug?  (Remember, the bat is not moving.)

You might find http://www.kettering.edu/~drussell/Demos/doppler/doppler.html useful for parts 3 and 4 if you want to know more about the Doppler effect.














































