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Due 10/29/2009

I recommend that you work together on this problem.  You can even come see me for tips! 
1) Consider a situation similar to that of the tank demonstration we in recitation in which two fluids of different density were allowed to adjust under gravity by the removal of a gate separating the two fluids.  

a) Draw a schematic showing the depth dependent pressure gradient the instant the gate was removed.

b)  Derive an expression for the potential energy at the initial state, when the two fluids were separated by the gate. This is easiest done by realizing that potential energy is equal to mghC where m is the mass of fluid (i.e. density times volume), g acceleration due to gravity and hC  the height of center of mass. It will simplify your work to let the density difference between the two fluids be so that the light fluid is -while the heavy fluid is +.
c) Derive an expression for the potential energy of the final state with the heavy fluid in the bottom half of the water column and the light fluid on the top (the change in potential energy  is due to a decrease in the height of the  center of mass of the heavy fluid and an increase in the height of the center of mass of the light fluid)

d) Use the results from b and c to derive an expression for  the change potential energy between these two states 

e) If all of this change in potential energy went into kinetic energy what is the velocity during adjustment. Note that kinetic energy is equal to ½ mv2 where v is velocity.  
f) In the demonstration with a density difference of 10 kg/m3 the front moved 1.4 meters in 20 seconds. If this is representative of the mean velocity is this faster or slower than what you calculated in e. If it is different why do you think it is?

2) A storm generates a wave packet with a mean wave period of 20 seconds. 

a) What is the mean wave number of these waves?

b) What is the phase speed of the 20 second wave?

c) How long does it take for the waves from this storm to reach an island 1000 km away from the storm?

d) Qualitatively describe how the frequency of the waves at the island change over time as the wave packet goes past the island.

e) A second island is located 2000 km from the storm center. Qualitatively describe differences between the passage of these waves past this island from the island closer to the storm.
3) A earthquake occurs in the Pacific ocean 5000 km from the California coast. The quake is associated with a plate 100 km long, 20 km wide that suddenly uplifted an average of 10 cm.

(a) Estimate the input of energy to the ocean by this motion of the sea bed. 

(b) Assuming that the wave travels as a shallow water wave estimate how long it takes for the wave to reach the California coast-line.

