Vibrations & Waves Homework Sheet 4
QUESTIONS
(given out: Monday 14 February 2005)

Covers material in V & W Lectures 10, 11, 12

1) (This is the most complicated situation you can get for the Doppler effect - but
does show clearly how you get approximately twice the frequency shift when a wave
is bounced off something and returns to an observer)

fs

L
A bat flying at speed ug is out hunting for his supper. Using echo location he detects a
moth flying at speed u, away from him towards a tree. If the bat emits clicks of
frequency fg, by considering the change in wavelength and period whenever the sound
wave is emitted and reflected, show that the echoes received by the bat from the tree
and moth have respective frequencies:

ﬁm=("*”8)f,, PR LD (LY Py

5 o (v—ug)(v+u,)

where v is the speed of sound in air.

To maximise their sensitivity the ears of many bats have a high quality factor Q
peaked at f. Can you see a problem which arises from this given the situation above?
To get round this problem some bats sweep the emission frequency during each echo-
location “click”. If uy = 4 m/s, u, = 0.1 m/s and v = 344 m/s, what range of
frequencies would the above bat need to emit to detect the moth and tree at 10kHz?
(ie. What f; is needed to make f.. and £, equal to 10kHz).

2) Show that:

T aid
Vg 4 dA,

Using this formula or otherwise, find the group velocity of the following water waves:

(1) For ripples dominated by surface tension: V = ok / p
(ii) For surface gravity water waves in shallow water: V = \/gh

(iii) For surface gravity water waves in deep water: ¥V = 1/g lk

where o is the surface tension, p is the density of water, h is the water depth, g the
gravitational constant.

In each case, what type of dispersion is occurring?

Sketch a dispersion curve containing all three cases.
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