Caluclus AB NAME:

FRQ Packet #2 - Integration Applications PERIOD:

2009 AP Calculus AB FRQ (Form A) Question 2

Calculator - In Class

The rate at which people enter an auditorium for a rock concert 1s modeled by the function R given by
R(1) = 13801 - 675¢° for 0 <1 < 2 hours; R{1) i1s measured in people per hour. No one 1s in the
auditorium at time ¢ = 0, when the doors open. The doors 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 vour answer.

(c) 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 . The denivative
of w is given by w'(1r) = (2 =) R(r). Find w(2) — w(1), the total wait time for those who enter the
auditorium after time 7 = 1.

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



2006 AP Calculus AB FRQ (Form A) Question 2

Calculator - In Class

At an intersection in Thomasville, Oregon, cars turn

left at the rate L(r) = 6047 sin” (%) cars per hour

over the time interval 0 < 7 < 18 hours. The graph of ~

¥ = L(f) 1s shown above.

{a) To the nearest whole number, find the total
number of cars tuming lett at the ntersection
over the time interval 0 <7 £ 18 hours.

(b) Traffic engineers will consider turn restrictions
when L(r) = 150 cars per hour, Find all values
of 1 for which L{r) 2 150 and compute the

average value of L over this time interval.
Indicate units of measure.
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{c) Traffic engineers will install a signal if there 1s any two-hour time interval during which the product of the

total number of cars turning left and the total number of oncoming cars traveling straight through the
intersection is greater than 200,000, In every two-hour time interval, 500 oncoming cars travel straight

through the intersection. Does this intersection require a traffic signal? Explain the reasoning that leads to

your conclusion.



2009 AP Calculus AB FRQ (Form B) Question 2

Calculator - HW Not Timed

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 f(r) = J1 + cost =3 meters per hour, ¢ hours after the storm began. The edge of the water
was 335 meters from the road when the storm began, and the storm lasted 5 hours. The derivative of f(r)
is f(1) = L sins,

240t

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

(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) At what 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) 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.



2005 AP Calculus AB FRQ (Form A) Question 2

Calculator - HW Timed 15 minutes

The tide removes sand from Sandy Point Beach at a rate modeled by the tunction R, given by
_ (4t
R{r) = 2+ 3sin 25).

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

15¢

Both R(¢) and 5(¢) have units of cubic yards per hour and 7 is measured in hours for 0 < ¢ < 6. At time 1 =0,
the beach contains 2500 cubic vards 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 ¥(z), the total number of cubic vards 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 ¢ = 4.

(d) For 0 £t < 6, at what time ¢ is the amount of sand on the beach a minimum? What 1s the minimum value?
Justify vour answers.



2004 AP Calculus AB FRQ (Form A) Question 1

Calculator - HW Timed 15 minutes

Traffic flow is defined as the rate at which cars pass through an intersection, measured in cars per minute.
The traffic flow at a particular intersection 1s modeled by the function F defined by

F() =82+ 45in(%) for 0< 1 <30,

where F(f) 1s measured in cars per minute and ¢ 1s measured in minutes.

(a) To the nearest whole number, how many cars pass through the intersection over the 30-minute
period?

(b} Is the traffic flow increasing or decreasing at r = 7 7 Give a reason for your answer.
(c) What is the average value of the traffic flow over the time interval 10 < ¢ = 157 Indicate units of
measure,

(d) What is the average rate of change of the traffic flow over the time interval 10 £ r £ 157 Indicate
units of measure.



