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Quialification: AP Calculus AB
Areas: Applications of Differentiation, Integration
Subtopics: Rates of Change (Average), Riemann Sums — Left, Interpreting Meaning in Applied Contexts, Accumulation of Change

Paper: Part A-Calc / Series: 2003 / Difficulty: Hard / Question Number: 3
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3. The rate of fuel consumption, in gallons per minute, recorded during an airplane flight is given by a twice-
differentiable and strictly increasing function R of time ¢. The graph of R and a table of selected values of
R(1), for the time interval 0 < ¢ < 90 minutes, are shown above.

(a) Use data from the table to find an approximation for R’(45). Show the computations that lead to your
answer. Indicate units of measure.

(b) The rate of fuel consumption is increasing fastest at time ¢ = 45 minutes. What is the value of R”(45) ?
Explain your reasoning.

90
(c) Approximate the value of .[0 R(t) dr using a left Riemann sum with the five subintervals indicated by the

90
data in the table. Is this numerical approximation less than the value of _[0 R(t) dt 7 Explain your reasoning.

b
(d) For 0 < b £ 90 minutes, explain the meaning of IOR(E) dt in terms of fuel consumption for the plane.

b
Explain the meaning of % J.o R(¢) dt in terms of fuel consumption for the plane. Indicate units of measure in

both answers.

SCAN ME! SCAN ME!

View Online View Online


https://mymathscloud.com
https://mymathscloud.ams3.digitaloceanspaces.com/QuestionBank/Past-Papers/AP-Calculus-AB/2003/Part%20A-Calc/Question-3/MS3.png
https://mymathscloud.ams3.digitaloceanspaces.com/QuestionBank/Past-Papers/AP-Calculus-AB/2003/Part%20A-Calc/Question-3/WMS3.png

Quialification: AP Calculus AB

Areas: Integration, Differentiation, Applications of Differentiation

Subtopics: Derivative Graphs, Rates of Change (Average), Mean Value Theorem, Points Of Inflection, Integration Technique — Geometric Areas, Fundamental Theorem of Calculus.cb
(Second), Integration Graphs /’l>

Paper: Part B-Non-Calc / Series: 2003-Form-B / Difficulty: Medium / Question Number: 5

Graph of f

5. Let f be a function defined on the closed interval [0, 7]. The graph of f, consisting of four line segments,

is shown above. Let g be the function given by g(x) = J;x f(2) dt.

(a) Find g(3), g’(3), and g”(3).
(b) Find the average rate of change of g on the interval 0 < x < 3.

(c) For how many values ¢, where 0 < ¢ < 3, is g’(¢) equal to the average rate found in part (b) ? Explain
your reasoning.

(d) Find the x-coordinate of each point of inflection of the graph of g on the interval 0 < x < 7. Justify your
answer.
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Quialification: AP Calculus AB
Areas: Applications of Integration, Applications of Differentiation

Subtopics: Total Amount, Increasing/Decreasing , Average Value of a Function, Rates of Change (Average), Accumulation of Change

Paper: Part A-Calc / Series: 2004 / Difficulty: Easy / Question Number: 1

1. 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 is modeled by the function F defined by
F(t)=82+ 4sin(%) for 0 < ¢ < 30,

where F(t) is measured in cars per minute and f is 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 ¢+ = 7 ? Give a reason for your answer.

(c) What is the average value of the traffic flow over the time interval 10 < ¢ < 15 7 Indicate units of measure.

(d) What is the average rate of change of the traffic flow over the time interval 10 < ¢ < 15 ? Indicate units of

measure.
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Quialification: AP Calculus AB

Areas: Differentiation, Integration, Applications of Integration, Applications of Differentiation

Subtopics: Rates of Change (Average), Riemann Sums — Trapezoidal Rule, Average Value of a Function, Fundamental Theorem of Calculus (First), Interpreting Meaning in Applied Cb
Contexts, Mean Value Theorem

Paper: Part A-Calc / Series: 2005 / Difficulty: Very Hard / Question Number: 3

Distance 0 1 5 6 3
x (cm)
Temperature |\ 0 93 | 70 | 62 | 55
T(x) (°C)

3. A metal wire of length 8 centimeters (cm) is heated at one end. The table above gives selected values of the
temperature T'(x), in degrees Celsius (°C), of the wire x cm from the heated end. The function T is decreasing
and twice differentiable.

(a) Estimate T’(7). Show the work that leads to your answer. Indicate units of measure.

(b) Write an integral expression in terms of 7'(x) for the average temperature of the wire. Estimate the average

temperature of the wire using a trapezoidal sum with the four subintervals indicated by the data in the table.
Indicate units of measure.

(c) Find J. x) dx, and indicate units of measure. Explain the meaning of I x) dx in terms of the

temperature of the wire.

(d) Are the data in the table consistent with the assertion that 7”(x) > 0 for every x in the interval 0 < x < 8 ?
Explain your answer.
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Quialification: AP Calculus AB

Areas: Integration, Applications of Integration, Limits and Continuity, Applications of Differentiation

Subtopics: Interpreting Meaning in Applied Contexts, Kinematics (Displacement, Velocity, and Acceleration), Integration Technique — Geometric Areas, Differentiability, Derivative Cb
Graphs, Rates of Change (Average), Mean Value Theorem /’l>

Paper: Part B-Non-Calc / Series: 2005 / Difficulty: Hard / Question Number: 5
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A car is traveling on a straight road. For 0 < t < 24 seconds, the car’s velocity v(¢), in meters per second, is
modeled by the piecewise-linear function defined by the graph above.

2 24
(a) Find jo v(t) dt. Using correct units, explain the meaning of J.o v(¢) dt.

(b) For each of v'(4) and v'(20), find the value or explain why it does not exist. Indicate units of measure.

(c) Let a(t) be the car’s acceleration at time ¢, in meters per second per second. For 0 < ¢ < 24, write a
piecewise-defined function for a(t).

(d) Find the average rate of change of v over the interval 8 < ¢ < 20. Does the Mean Value Theorem guarantee
a value of ¢, for 8 < ¢ < 20, such that v'(c) is equal to this average rate of change? Why or why not?
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Qualification: AP Calculus AB tS‘o/
Areas: Applications of Integration OOO,
Subtopics: Kinematics (Displacement, Velocity, and Acceleration), Rates of Change (Average), Interpreting Meaning in Applied Contexts, Riemann Sums — Midpoint Cb”)
Paper: Part B-Non-Calc / Series: 2006 / Difficulty: Medium / Question Number: 4
t
0 10 20 30 40 50 60 70 80
(seconds)
V(1)
5 14 22 29 35 40 44 47 49
(feet per second)

4. Rocket A has positive velocity v(¢) after being launched upward from an initial height of 0 feet at time ¢ = 0

seconds. The velocity of the rocket is recorded for selected values of ¢ over the interval 0 < ¢ < 80 seconds, as
shown in the table above.

(a) Find the average acceleration of rocket A over the time interval 0 < ¢ < 80 seconds. Indicate units of
measure.

70
(b) Using correct units, explain the meaning of -[10 v() dt in terms of the rocket’s flight. Use a midpoint

70
Riemann sum with 3 subintervals of equal length to approximate J'm v(¢) dt.

(c) Rocket B is launched upward with an acceleration of a(t) = Jﬁﬁ feet per second per second. At time

t = 0 seconds, the initial height of the rocket is 0 feet, and the initial velocity is 2 feet per second. Which of
the two rockets is traveling faster at time ¢ = 80 seconds? Explain your answer.
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Quialification: AP Calculus AB

Areas: Applications of Differentiation, Differentiation

Subtopics: Rates of Change (Instantaneous), Rates of Change (Average), Differentiation Technique — Chain Rule, Interpreting Meaning in Applied Contexts, Modelling Situations Cb,,.>
Paper: Part A-Calc / Series: 2007-Form-B / Difficulty: Medium / Question Number: 3

3. The wind chill is the temperature, in degrees Fahrenheit (°F), a human feels based on the air temperature, in
degrees Fahrenheit, and the wind velocity v, in miles per hour (mph). If the air temperature is 32°F, then the

wind chill is given by W(v) = 55.6 — 22.1v*!6 and is valid for 5 < v < 60.
(a) Find W’(20). Using correct units, explain the meaning of W’(20) in terms of the wind chill.

(b) Find the average rate of change of W over the interval 5 < v < 60. Find the value of v at which the
instantaneous rate of change of W is equal to the average rate of change of W over the interval 5 < v < 60.

(c) Over the time interval 0 < ¢ < 4 hours, the air temperature is a constant 32°F. At time ¢ = 0, the wind

velocity is v = 20 mph. If the wind velocity increases at a constant rate of 5 mph per hour, what is the rate
of change of the wind chill with respect to time at ¢ = 3 hours? Indicate units of measure.
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Quialification: AP Calculus AB

Areas: Applications of Differentiation, Applications of Integration

Subtopics: Rates of Change (Average), Riemann Sums — Trapezoidal Rule, Mean Value Theorem, Intermediate Value Theorem, Local or Relative Minima and Maxima, Total Amounicb

Paper: Part A-Calc / Series: 2008 / Difficulty: Hard / Question Number: 2

t (hours) 0 1 3 4 7 8 9

L(t) (people) | 120 156 176 126 150 80 0

2. Concert tickets went on sale at noon (¢ = 0) and were sold out within 9 hours. The number of people waiting
in line to purchase tickets at time ¢ is modeled by a twice-differentiable function L for 0 < ¢ < 9. Values
of L(¢) at various times ¢ are shown in the table above.

(a) Use the data in the table to estimate the rate at which the number of people waiting in line was changing
at 5:30 P.M. (t = 5.5). Show the computations that lead to your answer. Indicate units of measure.

(b) Use a trapezoidal sum with three subintervals to estimate the average number of people waiting in line
during the first 4 hours that tickets were on sale.

(c) For 0 <t <9, what is the fewest number of times at which L’(t) must equal 0 ? Give a reason for your
answer.

(d) The rate at which tickets were sold for 0 < f < 9 is modeled by r(t) = 550te /2 tickets per hour. Based on
the model, how many tickets were sold by 3 P.M. (t = 3), to the nearest whole number?
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Quialification: AP Calculus AB
Areas: Applications of Differentiation

Subtopics: Derivative Graphs, Points Of Inflection, Global or Absolute Minima and Maxima, Rates of Change (Average), Mean Value Theorem

Paper: Part B-Non-Calc / Series: 2008-Form-B / Difficulty: Easy / Question Number: 5

-3,-4) 1

Graph of g’

5. Let g be a continuous function with g(2) = 5. The graph of the piecewise-linear function g’, the derivative
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of g, is shown above for -3 < x < 7.

(a) Find the x-coordinate of all points of inflection of the graph of y = g(x) for =3 < x < 7. Justify your
answer.

(b) Find the absolute maximum value of g on the interval —3 < x < 7. Justify your answer.
(c) Find the average rate of change of g(x) on the interval -3 < x < 7.

(d) Find the average rate of change of g’(x) on the interval -3 < x < 7. Does the Mean Value Theorem

applied on the interval —3 < x < 7 guarantee a value of ¢, for =3 < ¢ < 7, such that g”(c) is equal to this
average rate of change? Why or why not?
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Qualification: AP Calculus AB tS‘o/
Areas: Applications of Differentiation, Integration OOO,
Subtopics: Rates of Change (Average), Fundamental Theorem of Calculus (First), Riemann Sums — Left Cb”)
Paper: Part B-Non-Calc / Series: 2009 / Difficulty: Medium / Question Number: 5
X 2 3 5 8 13
f(x) 1 4 -2 3 6

5. Let f be a function that is twice differentiable for all real numbers. The table above gives values of f for
selected points in the closed interval 2 < x < 13.

(a) Estimate f’(4). Show the work that leads to your answer.

13
(b) Evaluate L (3 — 5f'(x)) dx. Show the work that leads to your answer.

13
(c) Use a left Riemann sum with subintervals indicated by the data in the table to approximate _’.2 flx) dx.

Show the work that leads to your answer.

(d) Suppose f’(5) =3 and f”(x) < O for all x in the closed interval 5 < x < 8. Use the line tangent to the
graph of f at x = 5 to show that f(7) < 4. Use the secant line for the graph of f on 5 < x < 8 to show

that £(7) > %-
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Quialification: AP Calculus AB

Areas: Limits and Continuity, Applications of Differentiation

Subtopics: Differentiability, Rates of Change (Average), Mean Value Theorem, Concavity, Fundamental Theorem of Calculus (Second)

Paper: Part A-Calc / Series: 2009-Form-B / Difficulty: Somewhat Challenging / Question Number: 3

3.
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Graph of f

A continuous function f is defined on the closed interval —4 < x < 6. The graph of f consists of a line segment
and a curve that is tangent to the x-axis at x = 3, as shown in the figure above. On the interval 0 < x < 6, the
function f is twice differentiable, with f”(x) > 0.

(a) Is f differentiable at x = 0 7 Use the definition of the derivative with one-sided limits to justify your
answer.

(b) For how many values of a, -4 < a < 6, is the average rate of change of f on the interval [a, 6] equal to 0 ?
Give a reason for your answer.

(c) Is there a value of a, —4 < a < 6, for which the Mean Value Theorem, applied to the interval [a, 6],

guarantees a value ¢, a < ¢ < 6, at which f’(c) = % ? Justify your answer.

(d) The function g is defined by g(x) = J: f(2) dt for —4 < x < 6. On what intervals contained in [—4, 6]

is the graph of g concave up? Explain your reasoning.
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Quialification: AP Calculus AB

Areas: Applications of Differentiation

Subtopics: Tangents To Curves, Local or Relative Minima and Maxima, Increasing/Decreasing , Rates of Change (Average), Derivative Graphs

Paper: Part B-Non-Calc / Series: 2009-Form-B / Difficulty: Hard / Question Number: 5

Graph of f’

5. Let f be a twice-differentiable function defined on the interval —1.2 < x < 3.2 with f(1) = 2. The graph of f’,
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the derivative of f, is shown above. The graph of f” crosses the x-axis at x = —1 and x = 3 and has

a horizontal tangent at x = 2. Let g be the function given by g(x) = &/,

(a) Write an equation for the line tangent to the graph of g at x = 1.

(b) For —1.2 < x < 3.2, find all values of x at which g has a local maximum. Justify your answer.

(c) The second derivative of g is g”(x) = ¢/*) |:( f ’(x))2 +f ”(x)]. Is g”(—1) positive, negative, or zero?
Justify your answer.

(d) Find the average rate of change of g’, the derivative of g, over the interval [1, 3].
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Quialification: AP Calculus AB

Areas: Integration

Subtopics: Kinematics (Displacement, Velocity, and Acceleration), Interpreting Meaning in Applied Contexts, Riemann Sums — Trapezoidal Rule, Derivative Tables, Rates of Change'cb

(Average) ”>
Paper: Part B-Non-Calc / Series: 2009-Form-B / Difficulty: Somewhat Challenging / Question Number: 6

t
(seconds) 0 8 20 | 25 | 32 | 40
V() 3 |5 |10 8|-4]7
(meters per second)

6. The velocity of a particle moving along the x-axis is modeled by a differentiable function v, where the position x
is measured in meters, and time ¢ is measured in seconds. Selected values of v(¢) are given in the table above.

The particle is at position x = 7 meters when ¢ = 0 seconds.

(a) Estimate the acceleration of the particle at # = 36 seconds. Show the computations that lead to your answer.
Indicate units of measure.

40
(b) Using correct units, explain the meaning of Jzo v(t) dt in the context of this problem. Use a trapezoidal sum
40
with the three subintervals indicated by the data in the table to approximate Jzo v(t) dt.

(c) For 0 <t < 40, must the particle change direction in any of the subintervals indicated by the data in the
table? If so, identify the subintervals and explain your reasoning. If not, explain why not.

(d) Suppose that the acceleration of the particle is positive for 0 < # < 8 seconds. Explain why the position of
the particle at + = 8 seconds must be greater than x = 30 meters.
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Quialification: AP Calculus AB

Areas: Applications of Integration, Applications of Differentiation

Subtopics: Rates of Change (Average), Riemann Sums — Trapezoidal Rule, Interpreting Meaning in Applied Contexts, Modelling Situations, Global or Absolute Minima and Maxima.cb

Paper: Part A-Calc / Series: 2010 / Difficulty: Medium / Question Number: 2 ’);
! o | 2| s | 7 8
(hours)
E(1)
(hundreds of | O 4 13 21 23
entries)

2. A zoo sponsored a one-day contest to name a new baby elephant. Zoo visitors deposited entries in a special box
between noon (¢ = 0) and 8 P.M. (¢ = 8). The number of entries in the box ¢t hours after noon is modeled by a

differentiable function E for 0 < # < 8. Values of E(¢), in hundreds of entries, at various times ¢ are shown in
the table above.

(a) Use the data in the table to approximate the rate, in hundreds of entries per hour, at which entries were being
deposited at time ¢t = 6. Show the computations that lead to your answer.

8
(b) Use a trapezoidal sum with the four subintervals given by the table to approximate the value of %J.o E(t) dt.

8
Using correct units, explain the meaning of é-[o E(t) dt in terms of the number of entries.

(c) At 8 P.M., volunteers began to process the entries. They processed the entries at a rate modeled by the
function P, where P(r) = > —30r% + 298t — 976 hundreds of entries per hour for 8 < ¢ < 12. According
to the model, how many entries had not yet been processed by midnight (¢t = 12) ?

(d) According to the model from part (c), at what time were the entries being processed most quickly? Justify
your answer.
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Quialification: AP Calculus AB
Areas: Applications of Integration, Integration

Subtopics: Rates of Change (Average), Riemann Sums — Trapezoidal Rule, Interpreting Meaning in Applied Contexts, Fundamental Theorem of Calculus (First)
Paper: Part A-Calc / Series: 2011 / Difficulty: Easy / Question Number: 2

t
(minutes) 0 2 3 2|10
HO sl 60| 52| a4 | 43
(degrees Celsius)

2. As apot of tea cools, the temperature of the tea is modeled by a differentiable function H for 0 < ¢ < 10, where
time ¢ is measured in minutes and temperature H(t) is measured in degrees Celsius. Values of H(t) at selected
values of time ¢ are shown in the table above.

(a) Use the data in the table to approximate the rate at which the temperature of the tea is changing at time
t = 3.5. Show the computations that lead to your answer.

10
(b) Using correct units, explain the meaning of %Jo H(t) dt in the context of this problem. Use a trapezoidal

10
sum with the four subintervals indicated by the table to estimate % 0 H(t) dr.

10
(c) Evaluate jo H’(t) dt. Using correct units, explain the meaning of the expression in the context of this

problem.

(d) Attime ¢ = 0, biscuits with temperature 100°C were removed from an oven. The temperature of the
biscuits at time ¢ is modeled by a differentiable function B for which it is known that

B'(t) = ~13.84¢ 0173, Using the given models, at time ¢ = 10, how much cooler are the biscuits than
the tea?
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Qualification: AP Calculus AB 6‘%
Areas: Applications of Differentiation 00,
Subtopics: Fundamental Theorem of Calculus (Second), Global or Absolute Minima and Maxima, Points Of Inflection, Rates of Change (Average), Mean Value Theorem Cb”)
Paper: Part B-Non-Calc / Series: 2011 / Difficulty: Easy / Question Number: 4

Graph of f
4. The continuous function f is defined on the interval —4 < x < 3. The graph of f consists of two quarter circles

and one line segment, as shown in the figure above. Let g(x) = 2x + J: f(r) de.

(a) Find g(-3). Find g’(x) and evaluate g’(-3).

(b) Determine the x-coordinate of the point at which g has an absolute maximum on the interval —4 < x < 3.
Justify your answer.

(c) Find all values of x on the interval —4 < x < 3 for which the graph of g has a point of inflection. Give a
reason for your answer.
(d) Find the average rate of change of f on the interval —4 < x < 3. There is no point ¢, —4 < ¢ < 3, for

which f’(c) is equal to that average rate of change. Explain why this statement does not contradict the
Mean Value Theorem.
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Quialification: AP Calculus AB 6‘0/
Areas: Applications of Differentiation OOO'
Subtopics: Rates of Change (Average), Modelling Situations, Intermediate Value Theorem Cb’b

Paper: Part A-Calc / Series: 2011-Form-B / Difficulty: Easy / Question Number: 1

1.

A cylindrical can of radius 10 millimeters is used to measure rainfall in Stormville. The can is initially empty,
and rain enters the can during a 60-day period. The height of water in the can is modeled by the function S,
where S(f) is measured in millimeters and ¢ is measured in days for O < ¢ < 60. The rate at which the height

of the water is rising in the can is given by §'(¢) = 2sin(0.03¢) + 1.5.

(a) According to the model, what is the height of the water in the can at the end of the 60-day period?

(b) According to the model, what is the average rate of change in the height of water in the can over the
60-day period? Show the computations that lead to your answer. Indicate units of measure.

(c) Assuming no evaporation occurs, at what rate is the volume of water in the can changing at time ¢ = 7 ?
Indicate units of measure.

(d) During the same 60-day period, rain on Monsoon Mountain accumulates in a can identical to the one in
Stormville. The height of the water in the can on Monsoon Mountain is modeled by the function M, where
1

M(t) = W(E’IS -30¢% + 330t). The height M(t) is measured in millimeters, and ¢ is measured in days

for 0 <t < 60. Let D(t) = M’(t) — S'(t). Apply the Intermediate Value Theorem to the function D on

the interval 0 < < 60 to justify that there exists a time #, 0 < ¢ < 60, at which the heights of water in the
two cans are changing at the same rate.
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Quialification: AP Calculus AB

Areas: Applications of Differentiation, Differentiation

Subtopics: Kinematics (Displacement, Velocity, and Acceleration), Rates of Change (Average), Riemann Sums — Left , Mean Value Theorem, Implicit Differentiation
Paper: Part B-Non-Calc / Series: 2011-Form-B / Difficulty: Medium / Question Number: 5

t

(seconds) 0 10 | 40 | 60

B(r) 100 | 136 | 9 | 49

(meters)

v(e) 20|23 25|46
(meters per second)

5. Benrides a unicycle back and forth along a straight east-west track. The twice-differentiable function B models
Ben’s position on the track, measured in meters from the western end of the track, at time ¢, measured in
seconds from the start of the ride. The table above gives values for B(¢) and Ben’s velocity, v(), measured in
meters per second, at selected times ¢.

(a) Use the data in the table to approximate Ben’s acceleration at time ¢ = 5 seconds. Indicate units of measure.
. . . . 60 . . .
(b) Using correct units, interpret the meaning of J.o |v(2)| dt in the context of this problem. Approximate

60
-[0 \v(t)| dt using a left Riemann sum with the subintervals indicated by the data in the table.

(c) For 40 <t £ 60, must there be a time ¢ when Ben’s velocity is 2 meters per second? Justify your answer.

(d) A light is directly above the western end of the track. Ben rides so that at time ¢, the distance L(¢) between

Ben and the light satisfies (L(z))* = 12 + (B(¢))*. At what rate is the distance between Ben and the light
changing at time ¢ = 40 ?
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Subtopics: Rates of Change (Average), Interpreting Meaning in Applied Contexts, Fundamental Theorem of Calculus (First), Riemann Sums — Left Cb

Paper: Part A-Calc / Series: 2012 / Difficulty: Medium / Question Number: 1

1.

t (minutes) 0 4 9 15 20
W(t) (degrees Fahrenheit) | 55.0 571 61.8 67.9 71.0

The temperature of water in a tub at time ¢ is modeled by a strictly increasing, twice-differentiable function W,
where W(r) is measured in degrees Fahrenheit and ¢ is measured in minutes. At time ¢ = 0, the temperature of

the water is 55°F. The water is heated for 30 minutes, beginning at time t = 0. Values of W(¢) at selected
times ¢ for the first 20 minutes are given in the table above.

(a) Use the data in the table to estimate W’(12). Show the computations that lead to your answer. Using correct
units, interpret the meaning of your answer in the context of this problem.

20 20
(b) Use the data in the table to evaluate Jo W’(t) dt. Using correct units, interpret the meaning of -.-0 W'(t) dt

in the context of this problem.

20
(c) For 0 < < 20, the average temperature of the water in the tub is 2—10 0 W(t) dt. Use a left Riemann sum

20
with the four subintervals indicated by the data in the table to approximate 2—1()J0 W (t) dr. Does this

approximation overestimate or underestimate the average temperature of the water over these 20 minutes?
Explain your reasoning.

(d) For 20 <t < 25, the function W that models the water temperature has first derivative given by
W'(t) = 0.4+t cos(0.06¢). Based on the model, what is the temperature of the water at time ¢ = 25 ?
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Quialification: AP Calculus AB
Areas: Applications of Differentiation, Integration

Subtopics: Rates of Change (Average), Mean Value Theorem, Riemann Sums — Midpoint, Interpreting Meaning in Applied Contexts, Rates of Change (Instantaneous)

Paper: Part B-Non-Calc / Series: 2013 / Difficulty: Medium / Question Number: 3

13
(minutes) 0 1 2 3 4 3 6
c() 0 53| 88 |11.2]12.8 | 13.8 | 145
(ounces)

3. Hot water is dripping through a coffeemaker, filling a large cup with coffee. The amount of coffee in the cup at
time ¢, 0 < ¢ < 6, is given by a differentiable function C, where ¢ is measured in minutes. Selected values of

C(t), measured in ounces, are given in the table above.

(a) Use the data in the table to approximate C’(3.5). Show the computations that lead to your answer, and
indicate units of measure.

(b) Is there atime ¢, 2 < ¢t < 4, at which C’(t) = 2 7 Justify your answer.
(c) Use a midpoint sum with three subintervals of equal length indicated by the data in the table to approximate
6 6
the value of %Jo C(¢) dt. Using correct units, explain the meaning of éj.o C(t) dt in the context of the

problem.

(d) The amount of coffee in the cup, in ounces, is modeled by B(¢) = 16 — 16e~04, Using this model, find the
rate at which the amount of coffee in the cup is changing when ¢ = 5.
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Quialification: AP Calculus AB

Areas: Applications of Integration, Differentiation

Subtopics: Rates of Change (Average), Interpreting Meaning in Applied Contexts, Total Amount, Average Value of a Function, Modelling Situations

Paper: Part A-Calc / Series: 2014 / Difficulty: Medium / Question Number: 1

1. Grass clippings are placed in a bin, where they decompose. For 0 < ¢t < 30, the amount of grass clippings

SCAN ME!

remaining in the bin is modeled by A(z) = 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(t) 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 ¢ > 30, L(¢), 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.

View Online

SCAN ME!

View Online


https://mymathscloud.com
https://mymathscloud.ams3.digitaloceanspaces.com/QuestionBank/Past-Papers/AP-Calculus-AB/2014/Part%20A-Calc/Question-1/MS1.png
https://mymathscloud.ams3.digitaloceanspaces.com/QuestionBank/Past-Papers/AP-Calculus-AB/2014/Part%20A-Calc/Question-1/WMS1.png

Quialification: AP Calculus AB

Areas: Applications of Differentiation, Integration

Subtopics: Rates of Change (Average), Intermediate Value Theorem, Riemann Sums —Trapezoidal Rule, Rates of Change (Instantaneous), Modelling Situations, Implicit Differentiatioﬁcb

%

Paper: Part B-Non-Calc / Series: 2014 / Difficulty: Somewhat Challenging / Question Number: 4

t
, 0 2 5 8 | 12
(minutes)
valr)
0 100 40 -120 | -150
(meters / minute)

4. Train A runs back and forth on an east-west section of railroad track. Train A’s velocity, measured in meters
per minute, is given by a differentiable function v, (¢), where time # is measured in minutes. Selected values for
v, () are given in the table above.

(a) Find the average acceleration of train A over the interval 2 < ¢ < 8.

(b) Do the data in the table support the conclusion that train A’s velocity is —100 meters per minute at some
time ¢ with 5 <t < 8 ? Give a reason for your answer.

(c) Attime ¢t = 2, train A’s position is 300 meters east of the Origin Station, and the train is moving to the east.
Write an expression involving an integral that gives the position of train A, in meters from the Origin
Station, at time ¢ = 12. Use a trapezoidal sum with three subintervals indicated by the table to approximate
the position of the train at time ¢ = 12.

(d) A second train, train B, travels north from the Origin Station. At time ¢ the velocity of train B is given by

vg(r) = —5¢2 + 60t + 25, and at time ¢ = 2 the train is 400 meters north of the station. Find the rate, in
meters per minute, at which the distance between train A and train B is changing at time ¢ = 2.
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Quialification: AP Calculus AB

Areas: Applications of Differentiation, Applications of Integration

Subtopics: Rates of Change (Average), Interpreting Meaning in Applied Contexts, Riemann Sums — Right, Kinematics (Displacement, Velocity, and Acceleration), Average Value of acb®
Function

Paper: Part B-Non-Calc / Series: 2015 / Difficulty: Medium / Question Number: 3

t

(minutes)
v(r)

(meters per minute)

0 200 | 240 | -220 | 150

3. Johanna jogs along a straight path. For 0 < ¢ £ 40, Johanna’s velocity is given by a differentiable function v.
Selected values of v(t), where ¢ is measured in minutes and v(r) is measured in meters per minute, are given in
the table above.

(a) Use the data in the table to estimate the value of v’(16).
40
(b) Using correct units, explain the meaning of the definite integral ju ‘v(t)| dt in the context of the problem.

Approximate the value of J.:'O| v(t)| dt using a right Riemann sum with the four subintervals indicated in the
table.
(c) Bob is riding his bicycle along the same path. For 0 < 1 < 10, Bob’s velocity is modeled by
B(r) = £ — 617 + 300, where ¢ is measured in minutes and B(r) is measured in meters per minute.
Find Bob’s acceleration at time ¢ = 5.

(d) Based on the model B from part (c), find Bob’s average velocity during the interval 0 < ¢ < 10.
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Quialification: AP Calculus AB 6

Areas: Applications of Differentiation, Integration

Subtopics: Rates of Change (Average), Riemann Sums — Left , Increasing/Decreasing , Total Amount, Intermediate Value Theorem, Modelling Situations

Paper: Part A-Calc / Series: 2016 / Difficulty: Somewhat Challenging / Question Number: 1

t
(hours) 0 1 3 6 8
. R() 1340 1190 950 740 700
(liters / hour)

2
1. Water is pumped into a tank at a rate modeled by W (¢) = 2000e f20 liters per hour for 0 < ¢ < 8, where ¢
is measured in hours. Water is removed from the tank at a rate modeled by R(t) liters per hour, where R is

differentiable and decreasing on 0 < ¢ < 8. Selected values of R(¢) are shown in the table above. At time
t = 0, there are 50,000 liters of water in the tank.

(a) Estimate R’(2). Show the work that leads to your answer. Indicate units of measure.

(b) Use a left Riemann sum with the four subintervals indicated by the table to estimate the total amount of
water removed from the tank during the 8 hours. Is this an overestimate or an underestimate of the total
amount of water removed? Give a reason for your answer.

(c) Use your answer from part (b) to find an estimate of the total amount of water in the tank, to the nearest
liter, at the end of 8 hours.

(d) For 0 < ¢ <8, is there a time ¢ when the rate at which water is pumped into the tank is the same as the rate
at which water is removed from the tank? Explain why or why not.
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Quialification: AP Calculus AB

Areas: Applications of Differentiation, Applications of Integration

Subtopics: Rates of Change (Average), Mean Value Theorem, Average Value of a Function, Riemann Sums — Trapezoidal Rule, Modelling Situations, Rates of Change (Instantaneous):cb®
Related Rates

Paper: Part B-Non-Calc / Series: 2018 / Difficulty: Medium / Question Number: 4

1
(years) 2 3 5 7 10
HO s 216 | 11|15
(meters)

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 ¢, for 2 < ¢ < 10, such that H'(¢) = 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.

100
(d) The height of the tree, in meters, can also be modeled by the function G, given by G(x) = ﬁ , where
x
x 18 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?
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Quialification: AP Calculus AB

Areas: Applications of Differentiation, Differentiation, Limits and Continuity
Subtopics: Rates of Change (Average), Tangents To Curves, Global or Absolute Minima and Maxima, L'H6pital's Rule, Calculating Limits Algebraically, Differentiation Technique —
Product Rule, Differentiation Technique — Exponentials, Differentiation Technique — Trigonometry

Paper: Part B-Non-Calc

/ Series: 2018 / Difficulty: Somewhat Challenging / Question Number: 5

5. Let f be the function defined by f(x) = e*cos x.

SCAN ME!

(a) Find the average rate of change of f on the interval 0 € x < &.

£Y4
(b) What is the slope of the line tangent to the graph of f at x = e ?

(c) Find the absolute minimum value of f on the interval 0 < x < 2. Justify your answer.

T
(d) Let g be a differentiable function such that g(E) = 0. The graph of g, the derivative of g, is shown

x
) or state that it does not exist. Justify your answer.

below. Find the value of lim

x—ozf2 g(x)
—\.
[
2
N
/ NN 2 _
ol I T 3 !
T2

Graph of g’
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Quialification: AP Calculus AB

Areas: Applications of Integration, Applications of Differentiation, Integration

Subtopics: Interpreting Meaning in Applied Contexts, Rates of Change (Average), Riemann Sums — Right, Increasing/Decreasing , Differentiation Technique — Chain Rule, Average.cb
Value of a Function %

Paper: Part A-Calc / Series: 2021 / Difficulty: Somewhat Challenging / Question Number: 1

r
(centimeters) 0 1 2 2.5 4
illi 1) : 1 2 6 10 18
(milligrams per square centimeter)

1. 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
2 IO rf(r) dr. Approximate the value of 2z -[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))3. For what value of k, 1 < k < 4, is g(k) equal to the average value of g(r)

ontheintervall £ r<4?
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Quialification: AP Calculus AB

Areas: Applications of Differentiation, Integration

Subtopics: Concavity, Fundamental Theorem of Calculus (Second), Differentiation Technique — Product Rule, L'Hépital's Rule, Mean Value Theorem, Rates of Change (Average), Cb
Integration Technique — Geometric Areas, Integration Graphs %

Paper: Part B-Non-Calc / Series: 2021 / Difficulty: Somewhat Challenging / Question Number: 4

-4

Graph of f

4. Let f be a continuous function defined on the closed interval —4 < x < 6. The graph of f, consisting of four

line segments, is shown above. Let G be the function defined by G(x) = J: f(z) dt.

(a) On what open intervals is the graph of G concave up? Give a reason for your answer.

(b) Let P be the function defined by P(x) = G(x) - f(x). Find P*(3).

e Glx)
(c) Find lim -
-2 x° — 2x

(d) Find the average rate of change of G on the interval [—4, 2]. Does the Mean Value Theorem guarantee a
value ¢, —4 < ¢ < 2, for which G’(c) is equal to this average rate of change? Justify your answer.
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Quialification: AP Calculus AB

Areas: Applications of Differentiation, Differentiation, Integration

Subtopics: Rates of Change (Average), Intermediate Value Theorem, Riemann Sums — Right, Implicit Differentiation, Rates of Change (Instantaneous), Differentiation Technique — Cb
Chain Rule, Related Rates %

Paper: Part B-Non-Calc / Series: 2022 / Difficulty: Medium / Question Number: 4

t
(days) 0 3 7 10 12
AL —6.1|-50|-44|-38|-35
(centimeters per day)

4. An ice sculpture melts in such a way that it can be modeled as a cone that maintains a conical shape as it
decreases in size. The radius of the base of the cone is given by a twice-differentiable function r, where r(t) is
measured in centimeters and ¢ is measured in days. The table above gives selected values of r’(r), the rate of
change of the radius, over the time interval 0 < ¢ < 12.

(a) Approximate r”(8.5) using the average rate of change of r’ over the interval 7 < ¢ < 10. Show the
computations that lead to your answer, and indicate units of measure.

(b) Is there atime #, 0 < ¢ < 3, for which r’(t) = —6 7 Justify your answer.

(c) Use aright Riemann sum with the four subintervals indicated in the table to approximate the value of

I;z r'(t) dr.

(d) The height of the cone decreases at a rate of 2 centimeters per day. At time t = 3 days, the radius is
100 centimeters and the height is 50 centimeters. Find the rate of change of the volume of the cone with

respect to time, in cubic centimeters per day, at time ¢ = 3 days. (The volume V of a cone with radius r

1
and height h is V= 3 7r’h.)
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Quialification: AP Calculus AB
Areas: Applications of Integration, Applications of Differentiation

Subtopics: Rates of Change (Average), Riemann Sums — Left, Interpreting Meaning in Applied Contexts, Increasing/Decreasing

Paper: Part A-Calc / Series: 2024 / Difficulty: Easy / Question Number: 1

f
(minutes)

C(t
(degrees Celsius)

100 85 69

n
n

1. The temperature of coffee in a cup at time 7 minutes is modeled by a decreasing differentiable function C,
where C(7) is measured in degrees Celsius. For 0 < 1 < 12, selected values of C(1) are given in the table
shown.

(a) Approximate C’(5) using the average rate of change of C over the interval 3 < 1 < 7. Show the work that

leads to your answer and include units of measure.
(b) Use aleft Riemann sum with the three subintervals indicated by the data in the table to approximate the

12 1 12
value of L) C(t) dr. Interpret the meaning of 1—7‘[() C(1) dt in the context of the problem.

45500011

(c) For 12 < 1 < 20, the rate of change of the temperature of the coffee is modeled by C’(7) = ;

where C’(1) is measured in degrees Celsius per minute. Find the temperature of the coffee at time 7 = 20.

Show the setup for your calculations.

o _ . 0.2455¢"°1 (100 — 1)
(d) For the model defined in part (¢), it can be shown that C”'(r) = 3 .For 12 <1 <20,

12

determine whether the temperature of the coffee 1s changing at a decreasing rate or at an increasing rate.

Give a reason for your answer.
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