Practice problem on waves:
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I. Parameters for wave:
1. Wavelength (unit: m), as L in the above figure
2. Wavenumber (unit: m-1) 
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3. Period (unit: s) : T
4. Frequency (unit: s-1) : σ

5. Wave speed (unit: m/s): 
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6. Wave height (unit: 
m), as H in the above figure

After a wave is generated, it will keep its period/frequency when propagating. Thus if the wave speed changes during propagation from deep water to shallow water, or vice versa, wavelength will change, i.e. wave will be compressed or spread out.
II. Dispersion Relation
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                                         Where h is water depth.
This states that waves of a given frequency (in water of a certain depth), have a wavelength determined by the dispersion relation. It defines how a packet of waves, that might start out together, disperse over time. The longer waves travel fastest. Think about the waves generated by throwing a stone into a pond: you will see shorter waves near the center and longer waves away from the center.
1. If kh << 1, i.e. h << L  water depth is shallower/smaller compare to wavelength, thus called SHALLOW WATER WAVE
kh << 1, thus 
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since equation (1) is equivalent to 
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then we get 
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i.e. for shallow water waves, water depth determines wave speed.

2. If kh >> 1, i.e. h >> L  water depth is deeper/larger compare to wavelength, thus called DEEP WATER WAVE

kh >> 1, thus 
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, from equation (1), we get 
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in other words, 
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, thus 
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, i.e 
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Also from equation (2), 
[image: image13.wmf]k

g

c

=


i.e. for deep water waves, wavelength/wavenumber determines wave speed.

Examples:

1. If you observed a wave with period of 10 s in the middle of deep ocean (h=4000m), what is the wave speed c and wavelength L?
Solution: this is a deep water wave with period T = 10s. Thus 
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=156 m, and 
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=15.6 m/s
2. If this wave propagates towards to a coast area with water depth as 5m, what is the wave speed c and wavelength L?

Solution: As this wave approaching the coast, water depth becomes shallower and shallower, and smaller compare to the wavelength. Thus it satisfies the shallow water wave assumption. Thus 
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, the period doesn’t change and is still 10s, thus the wavelength L = cT = 70 m.
From this example, you can see that as the wave propagates from deep ocean to the coast, the wavelength is halved.
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