1. (30 points) The tank shown below is filled with water. Write down a definite integral that
describes how much work it takes to pump all of the water out of the top of this tank.

 You may use the approximation g = 10 m/s2. The density of water is 1000 kg/m?®.
e You do not need to evaluate this integral. .
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900
300
100
33.3
11.1
1.23
0.41
0.14
0.05
0.02
0.01
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512
1024

(b) (15 points) Draw an arrow from each data table to the differential equation that best
models this data.

Y =k(y—64), k>0

Y =ky, k>0

¥y =ky®, k<0

Yy =k2Y, k>0

. ¥ =ky k<0
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3. (30 points) Initially a water tower contains 1000 liters of pure water. Two valves are then
opened, one allowing a solution of water and fluoride with a concentration of 7 grams of fluoride
per liter of water to flow into the system at a rate of 10 liters per minute, and the other valve
allows the solution in the tank to be drained at 10 liters per minute. We assume that the
solution is mixed constantly so that the fluid in the tank is homogeneous.

(a) Determine how much fluoride is in the tank after ¢ minutes.
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(b) Use your answer from the previous part to determine what happens to the amount of
fluoride in the tank as ¢ tends to infinity.
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(¢) Explain in a sentence or two why your answer makes logical sense compared to what one
would expect to happen to this water solution in the long run.
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4. (30 points) For each question ciricle either “true”, “false” or “I don’t know”. A correct
answer scores you 7 points. An incorrect answer scores you 0 points. An “I don’t know”
answer scores you 3 points.

Note that no justification is required.

(a) The functions y = €% + C are solutions of the differential equation y’ = ycos .
TRUE I DON'T KNOW FALSE}\"J
—~

(b) A 100-foot rope is hanging off the top of a building. The amount of work it takes to pull
50 feet of the rope to the top of building is half the amount of work required to pull the
entire rope to the top of the building.

TRUE I DON'T KNOW @LSE !
4

(c) Consider the solid obtained by rotating the region bounded by y = z+sin(z), y = 0, and
z = % around the y-axis. The volume of this region is given by

X

kS
271'/ z(z + sinz) dz.
0

™
TRUE ) I DON'T KNOW FALSE

(d) Consider the the differential equation
v =y(y-2).
If y is a solution of this equation with y(0) = 1, then tlinc}o ylf) =2.

TRUE I DON'T KNOW
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