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Quialification: AP Calculus AB

Areas: Integration, Applications of Differentiation, Differential Equations ooo,

Subtopics: Global or Absolute Minima and Maxima, Modelling Situations, Integration Technique - Harder Powers, Accumulation of Change, Total Amount, Fundamental Theorem of.cb
Calculus (Second) Ib

Paper: Part B-Non-Calc / Series: 2000 / Difficulty: Medium / Question Number: 4

4. Water is pumped into an underground tank at a constant rate of 8 gallons per minute. Water leaks out of the tank
at the rate of v/t + 1 gallons per minute, for 0 £ ¢z < 120 minutes. At time ¢t = 0, the tank contains 30 gallons of
water.

(a) How many gallons of water leak out of the tank from time # = 0 to ¢t = 3 minutes?

(b) How many gallons of water are in the tank at time r = 3 minutes?
(c) Write an expression for A(t), the total number of gallons of water in the tank at time .

(d) At whattime ¢, for 0 < ¢ < 120, is the amount of water in the tank a maximum? Justify your answer.
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Quialification: AP Calculus AB

Areas: Applications of Integration, Applications of Differentiation, Integration

Subtopics: Interpreting Meaning in Applied Contexts, Total Amount, Increasing/Decreasing , Fundamental Theorem of Calculus (Second), Global or Absolute Minima and Maxima, Cb
Accumulation of Change /’l>

Paper: Part A-Calc / Series: 2002 / Difficulty: Hard / Question Number: 2

2. The rate at which people enter an amusement park on a given day is modeled by the function E defined by
15600

@ = (% - 241 + 160)'

The rate at which people leave the same amusement park on the same day is modeled by the function L
defined by

9890

1 = (t2 - 38t + 370) '

Both E(¢) and L(t) are measured in people per hour and time ¢ is measured in hours after midnight. These
functions are valid for 9 < ¢ < 23, the hours during which the park is open. At time ¢ = 9, there are no people
in the park.

(a) How many people have entered the park by 5:00 P.M. (¢ = 17)? Round your answer to the nearest whole
number.

(b) The price of admission to the park is $15 until 5:00 P.M. (¢ = 17 ). After 5:00 P.M., the price of admission to
the park is $11. How many dollars are collected from admissions to the park on the given day? Round your
answer to the nearest whole number.

(c) Let H(¢) = J;(E(x) — L(x))dx for9 < ¢ < 23. The value of H(17) to the nearest whole number is 3725.

Find the value of H’(17), and explain the meaning of H(17) and H’(17) in the context of the amusement
park.

(d) At whattime £, for 9 < ¢ < 23, does the model predict that the number of people in the park is a maximum?
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Quialification: AP Calculus AB

R
Areas: Applications of Differentiation, Applications of Integration OOO'
Subtopics: Increasing/Decreasing , Global or Absolute Minima and Maxima, Interpreting Meaning in Applied Contexts, Total Amount, Tangents To Curves, Accumulation of Changé Cb,,.>
Paper: Part A-Calc / Series: 2002-Form-B / Difficulty: Somewhat Challenging / Question Number: 2

2. The number of gallons, P(t), of a pollutant in a lake changes at the rate P’(t) = 1 — 3e70‘2“ﬁ gallons per day,

where ¢ is measured in days. There are 50 gallons of the pollutant in the lake at time ¢ = 0. The lake is
considered to be safe when it contains 40 gallons or less of pollutant.

(a) Isthe amount of pollutant increasing at time t = 9 7 Why or why not?
(b) For what value of ¢ will the number of gallons of pollutant be at its minimum? Justify your answer.
(c) Is the lake safe when the number of gallons of pollutant is at its minimum? Justify your answer.

(d) An investigator uses the tangent line approximation to P(z) at t = 0 as a model for the amount of pollutant
in the lake. At what time ¢ does this model predict that the lake becomes safe?
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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

@,4)

%
Quialification: AP Calculus AB 6‘0/
Areas: Applications of Integration, Applications of Differentiation OOO'
Subtopics: Total Amount, Increasing/Decreasing , Global or Absolute Minima and Maxima, Modelling Situations, Accumulation of Change Cb’b

Paper: Part A-Calc / Series: 2003-Form-B / Difficulty: Somewhat Challenging / Question Number: 2

2. A tank contains 125 gallons of heating oil at time ¢ = 0. During the time interval 0 < ¢ < 12 hours, heating oil
is pumped into the tank at the rate

Hi) =2+ 10 ) gallons per hour.

1+ In(+1

During the same time interval, heating oil is removed from the tank at the rate

t2

R(t) =12 sin(ﬁ) gallons per hour.

(a) How many gallons of heating oil are pumped into the tank during the time interval 0 < ¢ £ 12 hours?
(b) Is the level of heating oil in the tank rising or falling at time ¢ = 6 hours? Give a reason for your answer.
(c) How many gallons of heating oil are in the tank at time 7 = 12 hours?

(d) At what time t, for 0 < ¢ < 12, is the volume of heating oil in the tank the least? Show the analysis that
leads to your conclusion.
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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: Applications of Differentiation, Applications of Integration

Subtopics: Accumulation of Change, Total Amount, Increasing/Decreasing , Concavity, Global or Absolute Minima and Maxima

Paper: Part A-Calc / Series: 2004-Form-B / Difficulty: Hard / Question Number: 2

2. For 0 £ r £ 31, the rate of change of the number of mosquitoes on Tropical Island at time ¢ days is modeled
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by R(t) = 5V cos(%) mosquitoes per day. There are 1000 mosquitoes on Tropical Island at time ¢ = 0.

(a) Show that the number of mosquitoes is increasing at time = 6.

(b) Attime ¢ = 6, is the number of mosquitoes increasing at an increasing rate, or is the number of mosquitoes
increasing at a decreasing rate? Give a reason for your answer.

(c) According to the model, how many mosquitoes will be on the island at time ¢ = 31 ? Round your answer
to the nearest whole number.

(d) To the nearest whole number, what is the maximum number of mosquitoes for 0 < ¢ < 31 ? Show the
analysis that leads to your conclusion.
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Quialification: AP Calculus AB
Areas: Applications of Integration, Applications of Differentiation
Subtopics: Accumulation of Change, Total Amount, Modelling Situations, Global or Absolute Minima and Maxima

Paper: Part A-Calc / Series: 2005 / Difficulty: Medium / Question Number: 2

2. The tide removes sand from Sandy Point Beach at a rate modeled by the function R, given by
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. (4=t
=2+ =
Rit)=2 581n( o5 )

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

15¢
SO =133

Both R(¢) and S(¢) have units of cubic yards per hour and ¢ is measured in hours for 0 < ¢ < 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 Y(¢), the total number of cubic yards of sand on the beach at time .
(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 is the minimum value?
Justify your answers.
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Quialification: AP Calculus AB
Areas: Applications of Differentiation, Applications of Integration
Subtopics: Increasing/Decreasing , Total Amount, Accumulation of Change, Global or Absolute Minima and Maxima

Paper: Part A-Calc / Series: 2005-Form-B / Difficulty: Somewhat Challenging / Question Number: 2

2. A water tank at Camp Newton holds 1200 gallons of water at time ¢ = 0. During the time interval 0 < r < 18
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hours, water is pumped into the tank at the rate

W(r) = 951 sin® (%) gallons per hour.

During the same time interval, water is removed from the tank at the rate

L3

R(t) = 275sin? (3

) gallons per hour.

(a) Is the amount of water in the tank increasing at time ¢ = 15 ? Why or why not?
(b) To the nearest whole number, how many gallons of water are in the tank at time r = 18 ?

(c) At whattime ¢, for 0 < ¢ < 18, is the amount of water in the tank at an absolute minimum? Show the work
that leads to your conclusion.

(d) For t > 18, no water is pumped into the tank, but water continues to be removed at the rate R(t) until the
tank becomes empty. Let k be the time at which the tank becomes empty. Write, but do not solve, an
equation involving an integral expression that can be used to find the value of k.
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Quialification: AP Calculus AB

Areas: Applications of Integration, Applications of Differentiation
Subtopics: Increasing/Decreasing , Rates of Change (Instantaneous), Global or Absolute Minima and Maxima, Total Amount, Accumulation of Change, Average Value of a Function.cb,,l>
Paper: Part B-Non-Calc / Series: 2006-Form-B / Difficulty: Hard / Question Number: 4
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4. The rate, in calories per minute, at which a person using an exercise machine burns calories is modeled by the

function f. In the figure above, f(t) = —%13 + %tz +1 for 0 < ¢ <4 and f is piecewise linear for 4 < ¢ < 24.

(a) Find f’(22). Indicate units of measure.

(b) For the time interval 0 < ¢ < 24, at what time ¢ is f increasing at its greatest rate? Show the reasoning that
supports your answer.

(c) Find the total number of calories burned over the time interval 6 < ¢ < 18 minutes.

(d) The setting on the machine is now changed so that the person burns f(¢) + ¢ calories per minute. For this
setting, find ¢ so that an average of 15 calories per minute is burned during the time interval 6 < r < 18.
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Quialification: AP Calculus AB

Areas: Applications of Integration, Applications of Differentiation

Subtopics: Accumulation of Change, Increasing/Decreasing , Modelling Situations, Derivative Graphs, Global or Absolute Minima and Maxima

Paper: Part A-Calc / Series: 2007 / Difficulty: Somewhat Challenging / Question Number: 2
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2. The amount of water in a storage tank, in gallons, is modeled by a continuous function on the time interval

SCAN ME!

0 <t <7, where ¢ is measured in hours. In this model, rates are given as follows:
(i) The rate at which water enters the tank is f () = 100¢* sin (\/; ) gallons per hour for 0 <t < 7.

(ii) The rate at which water leaves the tank is

250 for0<t <3

(r) = gallons per hour.
2000 for3<r<7

The graphs of f and g, which intersect at + = 1.617 and ¢ = 5.076, are shown in the figure above. At time

t = 0, the amount of water in the tank is 5000 gallons.

(a) How many gallons of water enter the tank during the time interval 0 < ¢ < 7 7 Round your answer to the

nearest gallon.

(b) For 0 < r <7, find the time intervals during which the amount of water in the tank is decreasing. Give
reason for each answer.

a

(c) For 0 <t <7, at what time ¢ is the amount of water in the tank greatest? To the nearest gallon, compute the

amount of water at this time. Justify your answer.
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Quialification: AP Calculus AB

Areas: Applications of Integration

Subtopics: Kinematics (Displacement, Velocity, and Acceleration), Interpreting Meaning in Applied Contexts, Integration Technique — Geometric Areas, Accumulation of Change Cb

Paper: Part A-Calc / Series: 2009 / Difficulty: Medium / Question Number: 1
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1. Caren rides her bicycle along a straight road from home to school, starting at home at time ¢ = 0 minutes and
arriving at school at time ¢ = 12 minutes. During the time interval 0 < r < 12 minutes, her velocity v(¢), in
miles per minute, is modeled by the piecewise-linear function whose graph is shown above.

(a) Find the acceleration of Caren’s bicycle at time ¢ = 7.5 minutes. Indicate units of measure.

(b) Using correct units, explain the meaning of J;:z\v(t)| dt in terms of Caren’s trip. Find the value of
12
_[0 [v(2)| at.
(c) Shortly after leaving home, Caren realizes she left her calculus homework at home, and she returns to get it.
At what time does she turn around to go back home? Give a reason for your answer.
(d) Larry also rides his bicycle along a straight road from home to school in 12 minutes. His velocity is modeled
by the function w given by w(t) = £.0>in(£23), where w(t) is in miles per minute for 0 < ¢ < 12 minutes.

15 1
‘Who lives closer to school: Caren or Larry? Show the work that leads to your answer.
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