My Chapter Four AP Free Response Handout 2011 2011ch4fr

Calculator

The tide removes sand from Sandyv Point Beach at a rate modeled by the function R, given by

R(t) =2+ ssin[%].

A pumping station adds sand to the beach at a rate modeled by the function §, given by

15t

Sty = 1+ 3

Both R(r) and S5(r) have units of cubic yards per hour and ¢ is measured in hours for 0 <7 < 6. Attime ¢ = 0,
the beach contains 2500 cubic yards of sand.

(a) How much sand will the tide remove from the beach during this 6-hour period? Indicate units of measure.
(b) Write an expression for ¥(¢), the total number of cubic yards of sand on the beach at time 1.

(c) Find the rate at which the total amount of sand on the beach is changing at time 1 = 4.

(d) For 0 £ ¢ < 6, at what time ¢ is the amount of sand on the beach a minimum? What is the minimum value?
Justify your answers.
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2. Calculator

A 12,000-liter tank of water is filled to capacity. At time ¢ = (), water begins to drain out of the tank at a rate
modeled by r(r), measured in liters per hour, where r is given by the piecewise-defined function

6007
r{f} =Jr+3
1000e™"%  forz >3

for0<r<35

(a) Is r continuous at ¢+ = 57 Show the work that leads to your answer.
(b) Find the average rate at which water is draining from the tank between time ¢ = () and time r = 8 hours.
(c) Find »’(3). Using correct units, explain the meaning of that value in the context of this problem.

(d) Write, but do not solve, an equation involving an integral to find the time A when the amount of water in
the tank is 9000 liters.
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The figure above shows an aboveground swimming pool in the shape of a cylinder with a radius of 12 feet and a
height of 4 feet. The pool contains 1000 cubic feet of water at time ¢t = (). During the time interval 0 < ¢ <12

hours, water is pumped into the pool at the rate P(r) cubic feet per hour. The table above gives values of P(t)
for selected values of t. During the same time interval, water is leaking from the pool at the rate R(t) cubic feet
per hour, where R(f) = 25¢7"%"  (Note: The volume V of a cylinder with radius r and height / is given by
V =7r’h.)

(a) Use a midpoint Riemann sum with three subintervals of equal length to approximate the total amount of
water that was pumped into the pool during the time interval 0 < ¢ <12 hours. Show the computations that
lead to your answer.

(b) Calculate the total amount of water that leaked out of the pool during the time interval 0 < ¢ <12 hours.

(c) Use the results from parts (a) and (b) to approximate the volume of water in the pool at time t = 12 hours.
Round your answer to the nearest cubic foot.

(d) Find the rate at which the volume of water in the pool is increasing at time ¢ = 8 hours. How fast is the
water level in the pool rising at t = 8 hours? Indicate units of measure in both answers.
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There is no snow on Janet’s driveway when snow begins to fall at midnight. From midnight to 9 A.M., snow

COs T

accumulates on the driveway at a rate modeled by f(t) = Tte cubic feet per hour, where t is measured

in hours since midnight. Janet starts removing snow at 6 A.M. (¢ = 6). The rate g(¢), in cubic feet per hour,
at which Janet removes snow from the driveway at time ¢ hours after midnight is modeled by

0 for 0<t<6
g(t)=4125 for 6<t<7
108 for 7<t<9.
(a) How many cubic feet of snow have accumulated on the driveway by 6 A.M.7

(b) Find the rate of change of the volume of snow on the driveway at § A.M.

(c) Let h(r) represent the total amount of snow, in cubic feet, that Janet has removed from the driveway
at time ¢ hours after midnight. Express s as a piecewise-defined function with domain 0 < ¢ < 9.

(d) How many cubic feet of snow are on the driveway at 9 A.M.?



