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t
(seconds)

f)

(gallons per second)

0 60 90 120 | 135 | 150

0 0.1 | 0.15 | 0.1 | 0.05 0

1. A customer at a gas station is pumping gasoline into a gas tank. The rate of flow of gasoline is modeled by a
differentiable function f, where f(¢) is measured in gallons per second and ¢ is measured in seconds since
pumping began. Selected values of f(¢) are given in the table.

135
(a) Using correct units, interpret the meaning of 'L)O f() dt in the context of the problem. Use a right

Riemann sum with the three subintervals [60, 90], [90, 120], and [120, 135] to approximate the value of

135
I f(z) dr.

60

(b) Must there exist a value of ¢, for 60 < ¢ < 120, such that f'(c) = 0 ? Justify your answer.

2
(c) The rate of flow of gasoline, in gallons per second, can also be modeled by g(7) = [S(t)_O} cos[[ﬁ] ] for

0 < ¢ < 150. Using this model, find the average rate of flow of gasoline over the time interval 0 < 7 < 150.

Show the setup for your calculations.

(d) Using the model g defined in part (c), find the value of g’(140). Interpret the meaning of your answer in
the context of the problem.

Werite your responses to this question only on the designated pages in the separate Free Response
booklet. Write your solution to each part in the space provided for that part.
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-

(centimeters) 0 1 2 25 4

illi 1) . 1 2 6 10 18
(milligrams per square centimeter)

. The density of a bacteria population in a circular petri dish at a distance r centimeters from the center of the

dish is given by an increasing, differentiable function f, where f(r) is measured in milligrams per square

centimeter. Values of f(r) for selected values of r are given in the table above.

(a) Use the data in the table to estimate f’(2.25). Using correct units, interpret the meaning of your answer
in the context of this problem.

(b) The total mass, in milligrams, of bacteria in the petri dish is given by the integral expression
4 4
2z -[0 rf(r) dr. Approximate the value of 27 -[0 rf(r) dr using a right Riemann sum with the four

subintervals indicated by the data in the table.

(c) Is the approximation found in part (b) an overestimate or underestimate of the total mass of bacteria in the
petri dish? Explain your reasoning.

(d) The density of bacteria in the petri dish, for 1 < r < 4, is modeled by the function g defined by
g(r) =2 — 16(cos(1.57 ﬁ))g For what value of k, 1 < k < 4, is g(k) equal to the average value of g(r)

on the interval 1 <r <4 7?

Werite your responses to this question only on the designated pages in the separate Free Response

booklet. Write your solution to each part in the space provided for that part.



AP Calculus AB: 2021

AP Calculus AB: 2021

Name:

. A medication is administered to a patient. The amount, in milligrams, of the medication in the patient at

d 12 —
time ¢ hours is modeled by a function y = A(t) that satisfies the differential equation 2 —y. At time

dt 3

t = 0 hours, there are 0 milligrams of the medication in the patient.

12 —
3

d
(a) A portion of the slope field for the differential equation d_)t) = Y is given below. Sketch the solution

curve through the point (0, 0).
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(b) Using correct units, interpret the statement lim A(7) = 12 in the context of this problem.
t—©

(c) Use separation of variables to find y = A(¢), the particular solution to the differential equation
dy 12—
a3

Y with initial condition A(0) = 0.

(d) A different procedure is used to administer the medication to a second patient. The amount, in milligrams,

of the medication in the second patient at time ¢ hours is modeled by a function y = B() that satisfies the

d
differential equation 2 3 - L. At time 7 = 1 hour, there are 2.5 milligrams of the medication in

dt t+2

the second patient. Is the rate of change of the amount of medication in the second patient increasing or

decreasing at time = 1 ? Give a reason for your answer.

Werite your responses to this question only on the designated pages in the separate Free Response

booklet. Write your solution to each part in the space provided for that part.

STOP

END OF EXAM
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4. The height of a tree at time ¢ is given by a twice-differentiable function H, where H(t) is measured in meters
and ¢ is measured in years. Selected values of H(t) are given in the table above.

(a) Use the data in the table to estimate H’(6). Using correct units, interpret the meaning of H’(6) in the
context of the problem.

(b

=

Explain why there must be at least one time 7, for 2 < ¢ < 10, such that H'(z) = 2.

(c) Use a trapezoidal sum with the four subintervals indicated by the data in the table to approximate the
average height of the tree over the time interval 2 < ¢ < 10.

1

00,
(d) The height of the tree, in meters, can also be modeled by the function G, given by G(x) = ﬁ , where
X

=

x is the diameter of the base of the tree, in meters. When the tree is 50 meters tall, the diameter of the
base of the tree is increasing at a rate of 0.03 meter per year. According to this model, what is the rate of
change of the height of the tree with respect to time, in meters per year, at the time when the tree is

50 meters tall?

AP Calculus AB: 2017

2. When a certain grocery store opens, it has 50 pounds of bananas on a display table. Customers remove

bananas from the display table at a rate modeled by

3

t
f()=10+ (O.Sr)sin[m for 0 <t < 12,

where f () is measured in pounds per hour and 7 is the number of hours after the store opened. After the
store has been open for three hours, store employees add bananas to the display table at a rate modeled by

g(t) =3 +2.41n(t2+21) for3 << 12,

where g(r) is measured in pounds per hour and 7 is the number of hours after the store opened.

(a) How many pounds of bananas are removed from the display table during the first 2 hours the store is
open?

(b) Find f’(7). Using correct units, explain the meaning of f’(7) in the context of the problem.

(c) Is the number of pounds of bananas on the display table increasing or decreasing at time t = 5 ? Give a
reason for your answer.
(d) How many pounds of bananas are on the display table at time t = 8 ?

END OF PART A OF SECTION I
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CALCULUS AB
SECTION II, Part A
Time—30 minutes
Number of problems—2

A graphing calculator is required for these problems.

1. Grass clippings are placed in a bin, where they decompose. For 0 < ¢ < 30, the amount of grass clippings
remaining in the bin is modeled by A(r) = 6.687(0.931)", where A(f) is measured in pounds and ¢ is measured
in days.

(a) Find the average rate of change of A(f) over the interval 0 < ¢ < 30. Indicate units of measure.

(b) Find the value of A’(15). Using correct units, interpret the meaning of the value in the context of the
problem.

(c) Find the time ¢ for which the amount of grass clippings in the bin is equal to the average amount of grass
clippings in the bin over the interval 0 < ¢ < 30.
(d) For t > 30, L(t), the linear approximation to A at ¢ = 30, is a better model for the amount of grass

clippings remaining in the bin. Use L(#) to predict the time at which there will be 0.5 pound of grass
clippings remaining in the bin. Show the work that leads to your answer.




