Homework “methods”, due November 30, 10am (only 3 questions and more time due to Thanksgiving)
(All questions can be answered with the material from the class ppt slides.)
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1) The traveltime signal change/difference measured by an inverted echosounder can be approximated as
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Similar to the calculation for sea surface height across the Gulf Stream shown in the class, estimate the change in IES travel time across the Gulf Stream, and the contribution of the last two terms above. Assume the temperature change across the Gulf Stream in the density section of slide 11 in the Atlantic_lecture1 is 5degC, and use the rough relation given in the sound lecture to convert to sound speed anomaly.
2)  Consider an idealized ocean, with three regions that represent the tropics, the North Atlantic and the North Pacific. Assume for the argument that Central America doesn't exist and so the Atlantic and Pacific are connected in the tropics. Assume a net heat flux from the ocean to the atmosphere in both the North Atlantic and North Pacific of 100 W/m2, over an area that is 20° x 20° in the N. Pacific and over a larger area of 20° x 60° in the N. Atlantic (see diagram). Assume that the tropical box size is 240° x 20°. Assume that 1° = 100 km (To make this simple, ignore the change in length with latitude.)

a) What features of the actual surface heat flux patterns do these idealized heat losses

represent? (in particular, why have I assumed that the heat loss area is larger in the

N. Atlantic?)

b) If this ocean is in a steady state (no box warming or cooling on average), what is the

heat transport from the tropical box to the North Pacific box?

c) What is the heat transport from the tropical box to the North Atlantic box?

d) What is net air-sea surface heat flux in the tropical box that is required to balance

these heat transports, in W/m2?
3) The classical theory of what drives the deep circulation (due to Stommel and Aarons)

includes sources and sinks of water.

a) If 20 Sverdrups  is formed at one source, and if it rises uniformly everywhere, what is the average vertical velocity of the rising? Assume that the earth's radius is 6300 km, and assume that deep ocean basins cover abou 60% of the earth

b) This rising is assumed to drive a deep horizontal circulation through stretching the

water column. What is the meridional velocity associated with this stretching ?  Hint: use the Sverdrup relation and assume that the vertical velocity is equivalent to the Ekman pumping velocity.
