Not Done Pondering [Calculator Free Response from AP exams]

. The rate at which people enter an anditorium for a rock concert is modeled by the function B given by
a - . . . . .
Rit) = 13808 — 675t for 0 <t < 2 hours: R(t) is measured in people per hour. No one is in the auditorium
at time ¢t = 0, when the doors open. The doars close and the concert begins at time + = 2.
(a) How many people are in the auditorium when the concert begins?
(b} Find the time when the rate at which people enter the auditorium is a maximum. Justify your answer.

() The total wait time for all the people in the auditorium is found by adding the time each person waits,
starting at the time the person enters the auditorium and ending when the concert begins. The function w
models the total wait time for all the people who enter the auditorium before time f. The derivative of w is

given by w'(t) = (2 — t)R(t). Find wi(2) —w(1). the total wait time for those who enter the auditorium
after time § = .

(d

On average, how long does a person wait in the auditorium for the concert to begin? Consider all people
who enter the anditorinm after the doors open, and use the model for total wait time from part (c).

Mighty Cable Company manufactures cable that sells for $120 per meter. For a cable of fixed length, the cost of
producing a portion of the cable varies with its distance from the beginning of the cable. Mighty reports that the

cost to produce a portion of a cable that is x meters from the beginning of the cable is 6+x dollars per meter.
(Note: Profit is defined to be the difference between the amount of money received by the company for selling
the cable and the company’s cost of producing the cable.)

(a) Find Mighty's profit on the sale of a 25-meter cable.
(b) Using correct units, explain the meaning of LS 6x dx in the context of this problem.

(c) Write an expression, involving an integral. that represents Mighty's profit on the =ale of a cable that is
k meters long.

(d) Find the maximum profit that Mighty could earn on the sale of one cable. Justify your answer.

At a certain height, a tree trunk has a circular cross section. The radius R(f) of that cross section grows at a rate
modeled by the function

AR _ 1 gn o fa
g = ]6[-3 tsin( |} centimeters per year

for 0 = ¢ = 3, where time ¢ is measured in years. At time t = 0, the radius iz 6 centimeters. The area of the
cross section at time ¢ is denoted by A(r).

(a) Write an expression, involving an integral, for the radius R(t) for 0 = ¢ < 3. Use your expression to
find R(3).

(b) Find the rate at which the cross-sectional area A(f) is increasing at time { = 3 vears. Indicate units of
Mmeasure.

(c) Evaluate JD A’[t) dt. Using appropriate units, interpret the meaning of that integral in terms of cross-

sectional area.



. A storm washed away sand from a beach, causing the edge of the water to get closer to a nearby road. The rate
at which the distance between the road and the edge of the water was changing during the storm is modeled by
fl) = Jt + cost — 3 meters per hour, ¢ hours after the storm began. The edge of the water was 35 meters from

the road when the storm began, and the storm lasted 5 hours. The derivative of f(t) is f'(t) = i sin .

24t

(a) What was the distance between the road and the edge of the water at the end of the storm?

i(b) Using correct units, interpret the value f(4) = 1.007 in terms of the distance between the road and the edge
of the water.

(c) Atwhat time during the 5 hours of the storm was the distance between the road and the edge of the water
decreasing most rapidly? Justify your answer.

(d)y After the storm, a machine pumped sand back onto the beach so that the distance between the road and the
edge of the water was growing at a rate of g{p) meters per day, where p is the number of days since

pumping began. Write an equation involving an integral expression whose solution would give the number
of days that sand must be pumped to restore the original distance between the road and the edge of the water.

. For time ¢ = 0 hours, let r{r) = ]20(] - e‘JO'L) represent the speed, in kilometers per hour, at which a car
travels along a straight road. The number of liters of gasoline used by the car to travel x kilometers is modeled

by g(x) = D.Dﬁ.x'(] - f_x"lzll.

(a) How many kilometers does the car travel during the first 2 hours?

(b) Find the rate of change with respect to time of the number of liters of gaseline used by the car when
t = 2 hours, Indicate units of measure.

(c) How many liters of gasoline have been used by the car when it reaches a speed of 80 kilometers per hour?

Distance from the
river's edge (feet)

Depth of the water (feet) 0 7 8 2 0

3. A scientist measures the depth of the Doe River at Picnic Point. The river is 24 feet wide at this location. The
measurements are taken in a straight line perpendicular to the edge of the river. The data are shown in the table
above. The velocity of the water at Picnic Point, in feet per minute, is modeled by (i) = 16 + Esin[: £+ 10) for

0=t =120 minutes.

(a) Use a trapezoidal sum with the four subintervals indicated by the data in the table to approximate the area of
the cross section of the river at Picnic Point, in square feet. Show the computations that lead to your answer.

(b} The volumetric flow at a location along the river is the product of the cross-sectional area and the velocity
of the water at that location. Use your approximation from part (a) to estimate the average value of the
volumetric flow at Picnic Point, in cubic feet per minute, from ¢ = 0 to f = 120 minutes.

(c) The scientist proposes the function f, given by f{x) = 8sin (%), as a model for the depth of the water,

in feet, at Picnic Point x feet from the river’s edge. Find the area of the cross section of the river at Picnic
Point hased on this model.

&

Recall that the volumetric flow is the product of the cross-sectional area and the velocity of the water at a
location. To prevent flooding, water must be diverted if the average value of the volumetric flow at Picnic
Point exceeds 2100 cubic feet per minute for a 20-minute period. Using your answer from part (c), find the
average value of the volumetric flow during the time interval 40 < ¢ £ 60 minutes. Does this value indicate
that the water must be diverted?



