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Dear Colleagues:

In 2002, more than one million high school students benefited from the
opportunity of participating in AP® courses, and nearly 940,000 of them
then took the challenging AP Exams. These students felt the power of
learning come alive in the classroom, and many earned college credit and
placement while still in high school. Behind these students were talented,
hardworking teachers who collectively are the heart and soul of the

AP Program.

The College Board is committed to supporting the work of AP teachers.
This AP Course Description outlines the content and goals of the course,
while still allowing teachers the flexibility to develop their own lesson
plans and syllabi, and to bring their individual creativity to the AP class-
room. To support teacher efforts, a Teacher’s Guide is available for each
AP subject. Moreover, AP workshops and Summer Institutes held around
the globe provide stimulating professional development for more than
60,000 teachers each year. The College Board Fellows stipends provide
funds to support many teachers’ attendance at these Institutes. Stipends
are now also available to middle school and high school teachers using
Pre-AP® strategies.

Teachers and administrators can also visit AP Central™, the College
Board’s online home for AP professionals at apcentral.collegeboard.com.
Here, teachers have access to a growing set of resources, information, and
tools, from textbook reviews and lesson plans to electronic discussion
groups (EDGs) and the most up-to-date exam information. I invite all
teachers, particularly those who are new to AP, to take advantage of these
resources.

As we look to the future, the College Board’s goal is to broaden access
to AP while maintaining high academic standards. Reaching this goal will
require a lot of hard work. We encourage you to connect students to col-
lege and opportunity by not only providing them with the challenges and
rewards of rigorous academic programs like AP, but also by preparing
them in the years leading up to AP.

Sincerely,

ﬁfmgm

Gaston Caperton
President
The College Board



Permission to Reprint

The Advanced Placement Program intends this publication for non-
commercial use by AP® teachers for course and exam preparation; permis-
sion for any other use must be sought from the AP Program. Teachers
may reproduce this publication, in whole or in part, in limited print
quantities for noncommercial, face-to-face teaching purposes.

This permission does not apply to any third-party copyrights contained
within this publication.

When educators reproduce this publication for noncommercial, face-
to-face teaching purposes, the following source line must be included:

2004, 2005 Course Description for AP Calculus AB and BC.
Copyright © 2003 by the College Entrance Examination Board.
Reprinted with permission. All rights reserved.
www.collegeboard.com. This material may not be mass distributed,
electronically or otherwise. This publication and any copies made
from it may not be resold.

The AP Program defines “limited quantities for noncommercial,
face-to-face teaching purposes” as follows:

e Distribution of up to 50 print copies from a teacher to a class of
students, with each student receiving no more than one copy.

e Distribution of up to 50 print copies from a workshop presenter
to workshop attendees, with each attendee receiving no more than
one copy.

No party may share this copyrighted material electronically — by fax, Web
site, CD-ROM, disk, e-mail, electronic discussion group, or any other elec-
tronic means not stated here. In some cases — such as online courses or
online workshops — the AP Program may grant permission for electronic
dissemination of its copyrighted materials. All intended uses not defined
within noncommercial, face-to-face teaching purposes (including dis-
tribution exceeding 50 copies) must be reviewed and approved; in

these cases, a license agreement must be received and signed by the
requestor and copyright owners prior to the use of copyrighted material.
Depending on the nature of the request, a licensing fee may be applied.
Please use the required form accessible online. The form may be found at:
http://www.collegeboard.com/inquiry/cbpermit.html. For more informa-
tion, please see AP’s Licensing Policy For AP® Questions and Materials.
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Welcome to the AP°Program

The Advanced Placement Program® (AP®) is a collaborative effort
between motivated students, dedicated teachers, and committed high
schools, colleges, and universities. Since its inception in 1955, the Program
has allowed millions of students to take college-level courses and exams,
and to earn college credit or placement while still in high school.

Most colleges and universities in the U.S., as well as colleges and uni-
versities in 21 other countries, have an AP policy granting incoming stu-
dents credit, placement, or both on the basis of their AP Exam grades.
Many of these institutions grant up to a full year of college credit (sopho-
more standing) to students who earn a sufficient number of qualifying
AP grades.

Each year, an increasing number of parents, students, teachers, high
schools, and colleges and universities turn to AP as a model of educa-
tional excellence.

More information about the AP Program is available at the back of this
Course Description and at AP Central™, the College Board’s online home
for AP professionals (apcentral.collegeboard.com). Students can find more
information at the AP student site (www.collegeboard.com/apstudents).

AP Courses

Thirty-four AP courses in a wide variety of subject areas are currently
available. Developed by a committee of college faculty and AP teachers,
each AP course covers the breadth of information, skills, and assignments
found in the corresponding college course. See page 2 for a list of the AP
courses and exams that are currently offered.

AP Exams

Each AP course has a corresponding exam that participating schools
worldwide administer in May. Except for Studio Art, which is a portfolio
assessment, AP Exams contain multiple-choice questions and a free-
response section (either essay or problem-solving).

AP Exams represent the culmination of AP courses, and are thus an
integral part of the Program. As a result, many schools foster the expecta-
tion that students who enroll in an AP course will go on to take the corre-
sponding AP Exam. Because the College Board is committed to providing
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homeschooled students and students whose schools do not offer AP
access to the AP Exams, it does not require students to take an AP course

prior to taking an AP Exam.

AP Courses and Exams

Art

Art History

Studio Art (Drawing Portfolio)
Studio Art (2-D Design Portfolio)
Studio Art (3-D Design Portfolio)

Biology

Calculus
Calculus AB
Calculus BC

Chemistry

Computer Science
Computer Science A
Computer Science AB

Economics
Macroeconomics
Microeconomics

English

English Language and Composition

English Literature and
Composition

Environmental Science
French
French Language

French Literature

German Language

Government and Politics

Comparative Government and
Politics

United States Government and
Politics

History

European History
United States History
World History

Human Geography

Latin

Latin Literature

Latin: Vergil

Music Theory

Physics

Physics B

Physics C: Electricity and
Magnetism

Physics C: Mechanics

Psychology

Spanish

Spanish Language

Spanish Literature

Statistics

apcentral.collegeboard.com



Introduction to AP Calculus

Shaded text indicates important new information about this subject.

An AP course in calculus consists of a full high school academic year of
work that is comparable to calculus courses in colleges and universities. It
is expected that students who take an AP course in calculus will seek col-
lege credit, college placement, or both, from institutions of higher learning.

The AP Program includes specifications for two calculus courses and
the examination for each course. The two courses and the two corre-
sponding examinations are designated as Calculus AB and Calculus BC.

Calculus AB can be offered as an AP course by any school that can
organize a curriculum for students with mathematical ability. This curricu-
Ium should include all the prerequisites for a year’s course in calculus
listed on page 6. Calculus AB is designed to be taught over a full high
school academic year. It is possible to spend some time on elementary
functions and still cover the Calculus AB curriculum within a year.
However, if students are to be adequately prepared for the Calculus AB
examination, most of the year must be devoted to the topics in differential
and integral calculus described on pages 8 to 11. These topics are the
focus of the AP Examination questions.

Calculus BC can be offered by schools that are able to complete all
the prerequisites listed on page 6 before the course. Calculus BC is a full-
year course in the calculus of functions of a single variable. It includes
all topics covered in Calculus AB plus additional topics, but both courses
are intended to be challenging and demanding; they require a similar
depth of understanding of common topics. The topics for Calculus BC
are described on pages 12 to 16. A Calculus AB subscore grade is
reported based on performance on the portion of the exam devoted to
Calculus AB topics.

Both courses described here represent college-level mathematics
for which most colleges grant advanced placement and/or credit. Most
colleges and universities offer a sequence of several courses in calculus,
and entering students are placed within this sequence according to the
extent of their preparation, as measured by the results of an AP Examina-
tion or other criteria. Appropriate credit and placement are granted by
each institution in accordance with local policies. The content of Calculus
BC is designed to qualify the student for placement and credit in a course
that is one course beyond that granted for Calculus AB. Many colleges
provide statements regarding their AP policies in their catalogs and on
their Web sites.

apcentral.collegeboard.com 3



Secondary schools have a choice of several possible actions regarding
AP Calculus. The option that is most appropriate for a particular school
depends on local conditions and resources: school size, curriculum, the
preparation of teachers, and the interest of students, teachers, and
administrators.

Success in AP Calculus is closely tied to the preparation students
have had in courses leading up to their AP courses. Students should have
demonstrated mastery of material from courses covering the equivalent
of four full years of high school mathematics before attempting calculus.
These courses include algebra, geometry, coordinate geometry, and
trigonometry, with the fourth year of study including advanced topics in
algebra, trigonometry, analytic geometry, and elementary functions. Even
though schools may choose from a variety of ways to accomplish these
studies — including beginning the study of high school mathematics in
grade 8; encouraging the election of more than one mathematics course in
grade 9, 10, or 11; or instituting a program of summer study or guided inde-
pendent study — it should be emphasized that eliminating preparatory
course work in order to take an AP course is not appropriate.

The AP Calculus Development Committee recommends that calculus
should be taught as a college-level course. With a solid foundation in
courses taken before AP, students will be prepared to handle the rigor of a
course at this level. Students who take an AP Calculus course should do so
with the intention of placing out of a comparable college calculus course.
This may be done through the AP Examination, a college placement exam-
ination, or any other method employed by the college.

4 apcentral.collegeboard.com



The Courses
Philosophy

Calculus AB and Calculus BC are primarily concerned with developing the
students’ understanding of the concepts of calculus and providing experi-
ence with its methods and applications. The courses emphasize a multirep-
resentational approach to calculus, with concepts, results, and problems
being expressed graphically, numerically, analytically, and verbally. The
connections among these representations also are important.

Calculus BC is an extension of Calculus AB rather than an enhance-
ment; common topics require a similar depth of understanding. Both
courses are intended to be challenging and demanding.

Broad concepts and widely applicable methods are emphasized. The
focus of the courses is neither manipulation nor memorization of an exten-
sive taxonomy of functions, curves, theorems, or problem types. Thus,
although facility with manipulation and computational competence are
important outcomes, they are not the core of these courses.

Technology should be used regularly by students and teachers to rein-
force the relationships among the multiple representations of functions,
to confirm written work, to implement experimentation, and to assist in
interpreting results.

Through the use of the unifying themes of derivatives, integrals, limits,
approximation, and applications and modeling, the course becomes a
cohesive whole rather than a collection of unrelated topics. These themes
are developed using all the functions listed in the prerequisites.

Goals

¢ Students should be able to work with functions represented in a variety
of ways: graphical, numerical, analytical, or verbal. They should under-
stand the connections among these representations.

¢ Students should understand the meaning of the derivative in terms of a
rate of change and local linear approximation and should be able to use
derivatives to solve a variety of problems.

¢ Students should understand the meaning of the definite integral both as
a limit of Riemann sums and as the net accumulation of change and
should be able to use integrals to solve a variety of problems.

e Students should understand the relationship between the derivative and
the definite integral as expressed in both parts of the Fundamental
Theorem of Calculus.
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¢ Students should be able to communicate mathematics both orally
and in well-written sentences and should be able to explain solutions
to problems.

¢ Students should be able to model a written description of a physical situ-
ation with a function, a differential equation, or an integral.

e Students should be able to use technology to help solve problems, exper-
iment, interpret results, and verify conclusions.

¢ Students should be able to determine the reasonableness of solutions,
including sign, size, relative accuracy, and units of measurement.

¢ Students should develop an appreciation of calculus as a coherent body
of knowledge and as a human accomplishment.

Prerequisites

Before studying calculus, all students should complete four years of sec-
ondary mathematics designed for college-bound students: courses in
which they study algebra, geometry, trigonometry, analytic geometry, and
elementary functions. These functions include those that are linear, poly-
nomial, rational, exponential, logarithmic, trigonometric, inverse trigono-
metric, and piecewise defined. In particular, before studying calculus,
students must be familiar with the properties of functions, the algebra of
functions, and the graphs of functions. Students must also understand the
language of functions (domain and range, odd and even, periodic, symme-
try, zeros, intercepts, and so T?nT% aTrtldnknow the values of the trigonometric

functions of the numbers 0, 643 9 and their multiples.

Resources for AP Calculus Teachers

To keep up to date with changes in AP Calculus, it is strongly recom-
mended that teachers participate in ongoing professional development
opportunities. These include the many workshops and Summer Institutes
focusing on curriculum, pedagogy, and technology that are sponsored or
coordinated by the College Board at various locations around the country
and around the world. In addition, teachers seeking advice about initiating
AP courses are urged to obtain additional information from other teachers
who are involved in the AP Program. The electronic discussion groups
(EDGs) accessible through AP Central provide a moderated forum for
exchanging ideas, insights, and practices among members of the AP pro-
fessional community. Information about workshops as well as lists of
Summer Institutes may be obtained from the College Board offices listed
on the inside back cover, or at AP Central™.
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In addition, a number of publications may be of value to both new AP
teachers who are planning a course for the first time, and to experienced
AP teachers. One such publication is the latest edition of the Teacher’s
Guide — AP Calculus. This book provides information that is relevant to
initiating an AP program in calculus, and it goes into much greater detail
about the course descriptions for Calculus AB and Calculus BC. The pub-
lication also suggests teaching strategies and resource materials and
provides sample course syllabi prepared by experienced AP teachers.
The Teachers’ Resources section of AP Central offers reviews of text-
books, articles, Web sites, and other teaching resources.

Another useful resource for teachers — and students — is APCD®, the
AP Calculus AB CD-ROM with multiple-choice exams, free-response tutori-
als, and interactive explorations of selected calculus concepts.

The AP Publications Order Form can be used to order the Teacher’s
Guide — AP Calculus as well as several other publications helpful to
AP Calculus teachers, such as the 1997 Released Exams and the 1998
Released Exams. See the back of this booklet for more information on
AP publications.

Up-to-date information about AP Calculus can be found at AP Central.
Detailed responses to free-response questions from previous AP Calculus
Examinations are also available at the site.

apcentral.collegeboard.com 7



Topic Outline for Calculus AB

This topic outline is intended to indicate the scope of the course, but it is
not necessarily the order in which the topics need to be taught. Teachers
may find that topics are best taught in different orders. (See the Teacher’s
Guide — AP Calculus for sample syllabi.) Although the examination is
based on the topics listed here, teachers may wish to enrich their courses
with additional topics.

I

II.

Functions, Graphs, and Limits

Analysis of graphs. With the aid of technology, graphs of functions
are often easy to produce. The emphasis is on the interplay between
the geometric and analytic information and on the use of calculus
both to predict and to explain the observed local and global behavior
of a function.

Limits of functions (including one-sided limits).

¢ An intuitive understanding of the limiting process.
¢ Calculating limits using algebra.
¢ Estimating limits from graphs or tables of data.

Asymptotic and unbounded behavior.

¢ Understanding asymptotes in terms of graphical behavior.

¢ Describing asymptotic behavior in terms of limits involving infinity.

e Comparing relative magnitudes of functions and their rates of
change. (For example, contrasting exponential growth, polynomial
growth, and logarithmic growth.)

Continuity as a property of functions.

¢ An intuitive understanding of continuity. (Close values of the
domain lead to close values of the range.)

® Understanding continuity in terms of limits.

¢ Geometric understanding of graphs of continuous functions
(Intermediate Value Theorem and Extreme Value Theorem).

Derivatives

Concept of the derivative.

¢ Derivative presented graphically, numerically, and analytically.
¢ Derivative interpreted as an instantaneous rate of change.

¢ Derivative defined as the limit of the difference quotient.

¢ Relationship between differentiability and continuity.
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Derivative at a point.

¢ Slope of a curve at a point. Examples are emphasized, including
points at which there are vertical tangents and points at which there
are no tangents.

e Tangent line to a curve at a point and local linear approximation.

¢ Instantaneous rate of change as the limit of average rate of change.

e Approximate rate of change from graphs and tables of values.

Derivative as a function.

¢ Corresponding characteristics of graphs of f and f'.

¢ Relationship between the increasing and decreasing behavior of f
and the sign of f'.

® The Mean Value Theorem and its geometric consequences.

¢ Equations involving derivatives. Verbal descriptions are translated
into equations involving derivatives and vice versa.

Second derivatives.

¢ Corresponding characteristics of the graphs of f, f', and f”.
¢ Relationship between the concavity of f and the sign of f”.
¢ Points of inflection as places where concavity changes.

Applications of derivatives.

® Analysis of curves, including the notions of monotonicity and
concavity.

e Optimization, both absolute (global) and relative (local) extrema.

® Modeling rates of change, including related rates problems.

¢ Use of implicit differentiation to find the derivative of an inverse
function.

¢ Interpretation of the derivative as a rate of change in varied applied
contexts, including velocity, speed, and acceleration.

e Geometric interpretation of differential equations via slope fields
and the relationship between slope fields and solution curves for
differential equations.

Computation of derivatives.

e Knowledge of derivatives of basic functions, including power,
exponential, logarithmic, trigonometric, and inverse trigonometric
functions.

¢ Basic rules for the derivative of sums, products, and quotients of
functions.

e Chain rule and implicit differentiation.
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II1. Integrals

Interpretations and properties of definite integrals.

e Computation of Riemann sums using left, right, and midpoint evalu-
ation points.

® Definite integral as a limit of Riemann sums over equal subdivisions.

¢ Definite integral of the rate of change of a quantity over an interval
interpreted as the change of the quantity over the interval:

b
f f'@dx = £(b) — f(a)

¢ Basic properties of definite integrals. (Examples include additivity
and linearity.)

Applications of integrals. Appropriate integrals are used in a vari-
ety of applications to model physical, biological, or economic situa-
tions. Although only a sampling of applications can be included in any
specific course, students should be able to adapt their knowledge and
techniques to solve other similar application problems. Whatever
applications are chosen, the emphasis is on using the integral of a rate
of change to give accumulated change or using the method of setting
up an approximating Riemann sum and representing its limit as a defi-
nite integral. To provide a common foundation, specific applications
should include finding the area of a region, the volume of a solid with
known cross sections, the average value of a function, and the dis-
tance traveled by a particle along a line.

Fundamental Theorem of Calculus.

¢ Use of the Fundamental Theorem to evaluate definite integrals.

¢ Use of the Fundamental Theorem to represent a particular anti-
derivative, and the analytical and graphical analysis of functions
so defined.

Techniques of antidifferentiation.

¢ Antiderivatives following directly from derivatives of basic functions.
¢ Antiderivatives by substitution of variables (including change of lim-
its for definite integrals).

10 apcentral.collegeboard.com



Applications of antidifferentiation.

¢ Finding specific antiderivatives using initial conditions, including
applications to motion along a line.

¢ Solving separable differential equations and using them in modeling.
In particular, studying the equation ¥’ = ky and exponential growth.

Numerical approximations to definite integrals. Use of Riemann
and trapezoidal sums to approximate definite integrals of functions
represented algebraically, graphically, and by tables of values.

apcentral.collegeboard.com 11



Topic Outline for Calculus BC

The topic outline for Calculus BC includes all Calculus AB topics.
Additional topics are found in paragraphs that are marked with a plus sign
(+) or an asterisk (*). The additional topics can be taught anywhere in the
course that the instructor wishes. Some topics will naturally fit immedi-
ately after their Calculus AB counterparts. Other topics may fit best after
the completion of the Calculus AB topic outline. (See the Teacher's Guide
— AP Calculus for sample syllabi.) Although the examination is based on
the topics listed here, teachers may wish to enrich their courses with addi-
tional topics.

I

12

Functions, Graphs, and Limits

Analysis of graphs. With the aid of technology, graphs of functions
are often easy to produce. The emphasis is on the interplay between
the geometric and analytic information and on the use of calculus
both to predict and to explain the observed local and global behavior
of a function.

Limits of functions (including one-sided limits).

¢ An intuitive understanding of the limiting process.
¢ Calculating limits using algebra.
¢ Estimating limits from graphs or tables of data.

Asymptotic and unbounded behavior.

¢ Understanding asymptotes in terms of graphical behavior.

¢ Describing asymptotic behavior in terms of limits involving infinity.

e Comparing relative magnitudes of functions and their rates of
change. (For example, contrasting exponential growth, polynomial
growth, and logarithmic growth.)

Continuity as a property of functions.

¢ An intuitive understanding of continuity. (Close values of the
domain lead to close values of the range.)

® Understanding continuity in terms of limits.

¢ Geometric understanding of graphs of continuous functions
(Intermediate Value Theorem and Extreme Value Theorem).

* Parametric, polar, and vector functions. The analysis of planar

curves includes those given in parametric form, polar form, and vec-
tor form.
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II. Derivatives

Concept of the derivative.

® Derivative presented graphically, numerically, and analytically.
¢ Derivative interpreted as an instantaneous rate of change.

¢ Derivative defined as the limit of the difference quotient.

¢ Relationship between differentiability and continuity.

Derivative at a point.

¢ Slope of a curve at a point. Examples are emphasized, including
points at which there are vertical tangents and points at which there
are no tangents.

e Tangent line to a curve at a point and local linear approximation.

¢ Instantaneous rate of change as the limit of average rate of change.

e Approximate rate of change from graphs and tables of values.

Derivative as a function.

¢ Corresponding characteristics of graphs of f and f'.

¢ Relationship between the increasing and decreasing behavior of f
and the sign of f'.

® The Mean Value Theorem and its geometric consequences.

¢ Equations involving derivatives. Verbal descriptions are translated
into equations involving derivatives and vice versa.

Second derivatives.

¢ Corresponding characteristics of the graphs of f, f', and f”.
¢ Relationship between the concavity of f and the sign of f”.
¢ Points of inflection as places where concavity changes.

Applications of derivatives.

® Analysis of curves, including the notions of monotonicity and
concavity.

+ Analysis of planar curves given in parametric form, polar form, and
vector form, including velocity and acceleration vectors.

e Optimization, both absolute (global) and relative (local) extrema.

® Modeling rates of change, including related rates problems.

¢ Use of implicit differentiation to find the derivative of an inverse
function.

¢ Interpretation of the derivative as a rate of change in varied applied
contexts, including velocity, speed, and acceleration.
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III.

14

e Geometric interpretation of differential equations via slope fields
and the relationship between slope fields and solution curves for
differential equations.

+ Numerical solution of differential equations using Euler’s method.

+ L'Hopital’s Rule, including its use in determining limits and conver-
gence of improper integrals and series.

Computation of derivatives.

¢ Knowledge of derivatives of basic functions, including power,
exponential, logarithmic, trigonometric, and inverse trigonometric
functions.

¢ Basic rules for the derivative of sums, products, and quotients of
functions.

¢ Chain rule and implicit differentiation.

+ Derivatives of parametric, polar, and vector functions.

Integrals

Interpretations and properties of definite integrals.

e Computation of Riemann sums using left, right, and midpoint evalu-
ation points.

¢ Definite integral as a limit of Riemann sums over equal subdivisions.

¢ Definite integral of the rate of change of a quantity over an interval
interpreted as the change of the quantity over the interval:

b
f f'@dx = £(b) — f(a)

¢ Basic properties of definite integrals. (Examples include additivity
and linearity.)

Applications of integrals. Appropriate integrals are used in a vari-
ety of applications to model physical, biological, or economic situa-
tions. Although only a sampling of applications can be included in
any specific course, students should be able to adapt their knowledge
and techniques to solve other similar application problems. Whatever
applications are chosen, the emphasis is on using the integral of a rate
of change to give accumulated change or using the method of setting
up an approximating Riemann sum and representing its limit as a
definite integral. To provide a common foundation, specific applica-
tions should include finding the area of a region (including a region
bounded by polar curves), the volume of a solid with known cross
sections, the average value of a function, the distance traveled by

a particle along a line, and the length of a curve (including a curve
given in parametric form).
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Fundamental Theorem of Calculus.

e Use of the Fundamental Theorem to evaluate definite integrals.

e Use of the Fundamental Theorem to represent a particular anti-
derivative, and the analytical and graphical analysis of functions
so defined.

Techniques of antidifferentiation.

¢ Antiderivatives following directly from derivatives of basic functions.

+ Antiderivatives by substitution of variables (including change of lim-
its for definite integrals), parts, and simple partial fractions (nonre-
peating linear factors only).

+ Improper integrals (as limits of definite integrals).

Applications of antidifferentiation.

¢ Finding specific antiderivatives using initial conditions, including
applications to motion along a line.

¢ Solving separable differential equations and using them in modeling.
In particular, studying the equation ¥’ = ky and exponential growth.

+ Solving logistic differential equations and using them in modeling.

Numerical approximations to definite integrals. Use of Riemann
and trapezoidal sums to approximate definite integrals of functions
represented algebraically, graphically, and by tables of values.

*IV. Polynomial Approximations and Series

* Concept of series. A series is defined as a sequence of partial sums,
and convergence is defined in terms of the limit of the sequence of par-
tial sums. Technology can be used to explore convergence or divergence.

* Series of constants.

+ Motivating examples, including decimal expansion.

+ Geometric series with applications.

+ The harmonic series.

+ Alternating series with error bound.

+ Terms of series as areas of rectangles and their relationship to
improper integrals, including the integral test and its use in testing
the convergence of p-series.

+ The ratio test for convergence and divergence.

+ Comparing series to test for convergence or divergence.
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* Taylor series.

+ Taylor polynomial approximation with graphical demonstration of
convergence. (For example, viewing graphs of various Taylor poly-
nomials of the sine function approximating the sine curve.)

+ Maclaurin series and the general Taylor series centered at x = a.

. . . . 1
+ Maclaurin series for the functions e?, sin x, cos x, and 1- 2

+ Formal manipulation of Taylor series and shortcuts to computing
Taylor series, including substitution, differentiation, antidifferentia-
tion, and the formation of new series from known series.

+ Functions defined by power series.

+ Radius and interval of convergence of power series.

+ Lagrange error bound for Taylor polynomials.

Use of Graphing Calculators

Professional mathematics organizations such as the National Council of
Teachers of Mathematics, the Mathematical Association of America, and
the Mathematical Sciences Education Board of the National Academy of
Sciences have strongly endorsed the use of calculators in mathematics
instruction and testing.

The use of a graphing calculator in AP Calculus is considered an integral
part of the course. Students should be using this technology on a regular
basis so that they become adept at using their graphing calculators.
Students should also have experience with the basic paper-and-pencil tech-
niques of calculus and be able to apply them when technological tools are
unavailable or inappropriate.

The AP Calculus Development Committee understands that new calcu-
lators and computers, capable of enhancing the teaching of calculus, con-
tinue to be developed. There are two main concerns that the committee
considers when deciding what level of technology should be required for
the examinations: equity issues and teacher development.

Over time, the range of capabilities of graphing calculators has
increased significantly. Some calculators are much more powerful than
first-generation graphing calculators and may include symbolic algebra
features. Other graphing calculators are, by design, intended for students
studying mathematics at lower levels than calculus. The committee can
develop examinations that are appropriate for any given level of technol-
ogy, but it cannot develop examinations that are fair to all students if the
spread in the capabilities of the technology is too wide. Therefore, the
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committee has found it necessary to make certain requirements of the
technology that will help ensure that all students have sufficient computa-
tional tools for the AP Calculus Examinations. Examination restrictions
should not be interpreted as restrictions on classroom activities. The com-
mittee will continue to monitor the developments of technology and will
reassess the testing policy regularly.

Graphing Calculator Capabilities for the Examinations

The committee develops examinations based on the assumption that all
students have access to four basic calculator capabilities used extensively
in calculus. A graphing calculator appropriate for use on the examinations
is expected to have the built-in capability to:

1) plot the graph of a function within an arbitrary viewing window,
2) find the zeros of functions (solve equations numerically),

3) numerically calculate the derivative of a function, and

4) numerically calculate the value of a definite integral.

One or more of these capabilities should provide the sufficient compu-
tational tools for successful development of a solution to any examination
question that requires the use of a calculator. Care is taken to ensure that
the examination questions do not favor students who use graphing calcula-
tors with more extensive built-in features.

Technology Restrictions on the Examinations

Nongraphing scientific calculators, computers, devices with a QWERTY
keyboard, pen-input devices, and electronic writing pads are not permitted
for use on the AP Calculus Examinations.

Test administrators are required to check calculators before the exami-
nation. Therefore, it is important for each student to have an approved cal-
culator. The student should be thoroughly familiar with the operation of
the calculator he or she plans to use on the examination. Calculators may
not be shared, and communication between calculators is prohibited dur-
ing the examination. Students may bring to the examination one or two
(but no more than two) graphing calculators from the list on page 19.

Calculator memories will not be cleared. Students are allowed to bring
to the examination calculators containing whatever programs they want.

Students must not use calculator memories to take test materials out of
the room. Students should be warned that their grades will be invalidated
if they attempt to remove test materials from the room by any method.
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Showing Work on the Free-Response Sections

Students are expected to show enough of their work for readers to follow
their line of reasoning. To obtain full credit for the solution to a free-
response problem, students must communicate their methods and conclu-
sions clearly. Answers should show enough work so that the reasoning
process can be followed throughout the solution. This is particularly
important for assessing partial credit. Students may also be asked to use
complete sentences to explain their methods or the reasonableness of
their answers, or to interpret their results.

For results obtained using one of the four required calculator capabili-
ties listed on page 17, students are required to write the setup (e.g., the
equation being solved, or the derivative or definite integral being evalu-
ated) that leads to the solution, along with the result produced by the cal-
culator. For example, if the student is asked to find the area of a region,
the student is expected to show a definite integral (i.e., the setup) and the
answer. The student need not compute the antiderivative; the calculator
may be used to calculate the value of the definite integral without further
explanation. For solutions obtained using a calculator capability other
than one of the four required ones, students must also show the mathemat-
ical steps necessary to produce their results; a calculator result alone is
not sufficient. For example, if the student is asked to find a relative mini-
mum value of a function, the student is expected to use calculus and show
the mathematical steps that lead to the answer. It is not sufficient to graph
the function or use a built-in minimum finder.

When a student is asked to justify an answer, the justification must
include mathematical (noncalculator) reasons, not merely calculator
results. Functions, graphs, tables, or other objects that are used in a justifi-
cation should be clearly labeled.

A graphing calculator is a powerful tool for exploration, but students
must be cautioned that exploration is not a mathematical solution.
Exploration with a graphing calculator can lead a student toward an ana-
lytical solution, and after a solution is found, a graphing calculator can
often be used to check the reasonableness of the solution.

As on previous AP Examinations, if a calculation is given as a decimal
approximation, it should be correct to three places after the decimal point
unless otherwise indicated. Students should be cautioned against rounding
values in intermediate steps before a final calculation is made. Students
should also be aware that there are limitations inherent in graphing calcula-
tor technology; for example, answers obtained by tracing along a graph to
find roots or points of intersection might not produce the required accuracy.
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For more detailed information on the instructions for the free-response
sections, read the “AP Calculus: Free-Response Instruction Commentary”
written by the AP Calculus Development Committee. It is available in the
Teachers’ Corner for Calculus AB or Calculus BC at AP Central.

List of Graphing Calculators

Students are expected to bring a calculator with the capabilities listed on
page 17 to the examinations. AP teachers should check their own students’
calculators to ensure that the required conditions are met. If a student wishes
to use a calculator that is not on the list, the AP teacher must contact ETS
(609 771-7300) before April 1 of the testing year to request written permission
for the student to use the calculator on the AP Examinations.

Casio Hewlett-Packard Texas Instruments
FX-6000 series  *FX-9700 series *HP-28 series TI-73
FX-6200 series  *FX-9750 series *HP-38G TI-80
FX-6300 series  *CFX-9800 series *HP-39G TI-81
FX-6500 series  *CFX-9850 series *HP-40G *TI-82
FX-7000 series  *CFX-9950 series *HP-48 series *TI-83/TI-83 Plus
FX-7300 series  *CFX-9970 series *HP-49 series *TI-85
FX-7400 series  *FX 1.0 series *TI-86
FX-7500 series  *Algebra FX 2.0 series  Radio Shack *TI-89
FX-7700 series EC-4033
FX-7800 series EC-4034 Other
FX-8000 series EC-4037 Micronta
FX-8500 series Smart?
FX-8700 series Sharp
FX-8800 series EL-5200

*EL-9200 series
*EL-9300 series
*EL-9600 series
*EL-9900 series

* These graphing calculators have the built-in capabilities listed on page 17.

Note: This list will be updated, when necessary, to include new allowable

calculators. An up-to-date list is available at AP Central.

Unacceptable machines include the following:

Nongraphing scientific calculators
Powerbooks and portable computers

Pocket organizers
Electronic writing pads or pen-input devices (e.g., Palm)
Devices with QWERTY keyboards (e.g., TI-92 Plus, Voyage 200)
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The Examinations

The Calculus AB and BC Examinations seek to assess how well a student
has mastered the concepts and techniques of the subject matter of the
corresponding courses. Each examination consists of two sections, as
described below.

Section I: a multiple-choice section testing proficiency in a wide variety
of topics

Section II: a free-response section requiring the student to demonstrate
the ability to solve problems involving a more extended
chain of reasoning

The time allotted for each AP Calculus Examination is 3 hours and
15 minutes. The multiple-choice section of each examination consists of
45 questions in 105 minutes. Part A of the multiple-choice section (28 ques-
tions in 55 minutes) does not allow the use of a calculator. Part B of the
multiple-choice section (17 questions in 50 minutes) contains some
questions for which a graphing calculator is required.

The free-response section of each examination has two parts: one part
requiring graphing calculators and a second part not allowing graphing cal-
culators. The AP Examinations are designed to accurately assess student
mastery of both the concepts and techniques of calculus. The two-part for-
mat for the free-response section provides greater flexibility in the types of
problems that can be given while ensuring fairness to all students taking
the exam, regardless of the graphing calculator used. See page 19 for the
list of approved graphing calculators for the AP Calculus Examinations.

The free-response section of each examination consists of 6 problems
in 90 minutes. Part A of the free-response section (3 problems in 45 min-
utes) contains some problems or parts of problems for which a graphing
calculator is required. Part B of the free-response section (3 problems in
45 minutes) does not allow the use of a calculator. During the second
timed portion of the free-response section (Part B), students are permitted
to continue work on problems in Part A, but they are not permitted to use
a calculator during this time.

In determining the grade for each examination, the scores for Section I
and Section II are given equal weight. Since the examinations are designed
for full coverage of the subject matter, it is not expected that all students
will be able to answer all the questions.
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Calculus AB Subscore Grade for the
Calculus BC Examination

A Calculus AB subscore grade is reported based on performance on the
portion of the examination devoted to Calculus AB topics (approximately
60% of the examination). The Calculus AB subscore grade is designed
to give colleges and universities more information about the student.
Although each college and university sets its own policy for awarding
credit and/or placement for AP Exam grades, it is recommended that insti-
tutions apply the same policy to the Calculus AB subscore grade that they
apply to the Calculus AB grade. Use of the subscore grade in this manner
is consistent with the philosophy of the courses, since common topics are
tested at the same conceptual level in both Calculus AB and Calculus BC.

The Calculus AB subscore grade was first reported for the 1998 Calcu-
lus BC examination. The reliability of the Calculus AB subscore grade is
nearly equal to the reliabilities of the AP Calculus AB and Calculus BC
Examinations.

The following tables compare the AB subscore grades with the BC
grades for students taking the AP Calculus BC Examination.

Comparison of AB Subscore Grades
with Calculus BC Grades — May 2002

AB Subscore Grade
BC Grade 1 2 3 4 5
1 25% 49% 26%
2 9% 78% 13%
3 26% 69% 5%
4 58% 42%
5 4% 96%

Summary of Differences between AB Subscore Grades
and BC Grades (AB Subscore Grade Minus BC Grade)

-1 0 1 2 3
1998 2.9% 59.1% 34.2% 3.8% <0.1%
1999 2.1% 62.5% 33.0% 2.3% <0.1%
2000 0.5% 51.6% 41.5% 6.4% <0.1%
2001 3.6% 58.9% 34.1% 3.4%
2002 1.7% 60.1% 33.4% 4.8%
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The Grade Setting Process

The Chief Reader for AP Calculus works in conjunction with statistical
analysis and mathematics test development staff of Educational Testing
Service to establish the AP grade ranges (i.e., the range of raw scores that
determine a particular AP grade). Direct comparisons are made between
the performance of the current year’s students and that of former students
on a set of previously administered multiple-choice questions. A statistical
procedure called “equating” uses this information to provide grade ranges
for the current exam that best represent performance equivalent to the
grade ranges in previous years. Equating allows the comparison of perfor-
mance of one group of students with that of groups of students taking
other forms of the exam. Equating is designed to deal with the problem of
adjusting scores to compensate for differences in difficulty among multiple
forms of the exam. The Chief Reader also considers other pertinent data,
including college validity studies and reports of table leaders from the
AP Calculus Reading, to arrive at decisions on grades. The Chief Reader
then determines the grade ranges that convert the total raw scores (the
multiple-choice score plus the free-response score) to the AP Program
5-point scale of grades.

Additional information on “AP Grades” can be found on page 72 and at
AP Central.

Calculus AB: Section |

Section I consists of 45 multiple-choice questions. Part A contains 28
questions and does not allow the use of a calculator. Part B contains 17
questions and requires a graphing calculator for some questions. Twenty-
four sample multiple-choice questions for Calculus AB are included in the
following sections. Answers to the sample questions are given on page 34.

Part A Sample Multiple-Choice Questions

A calculator may not be used on this part of the examination.

Part A consists of 28 questions. In this section of the examination, as a
correction for guessing, one-fourth of the number of questions answered
incorrectly will be subtracted from the number of questions answered cor-
rectly. Following are the directions for Section I Part A and a representa-
tive set of 14 questions.

22 apcentral.collegeboard.com



Directions: Solve each of the following problems, using the available
space for scratchwork. After examining the form of the choices, decide
which is the best of the choices given and fill in the corresponding oval on
the answer sheet. No credit will be given for anything written in the test
book. Do not spend too much time on any one problem.

In this test:

(1) Unless otherwise specified, the domain of a function f is assumed to
be the set of all real numbers x for which f(x) is a real number.

(2) The inverse of a trigonometric function f may be indicated using the
inverse function notation f~! or with the prefix “arc”

(e.g., sin~! x = arcsin x).

1. Y

4

The function f, whose graph consists of two line segments, is shown
above. Which of the following are true for f on the open interval
(a, b)?

I. The domain of the derivative of f is the open interval (a, b).
II. fis continuous on the open interval (a, ).
III. The derivative of f is positive on the open interval (a, c).

(A) Ionly

(B8) II only

(c) II only

(p) II and III only
(8) L1II, and III
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Calculus AB: Section 1

2.

24

(37: j (37: j
cos| —+h |- cos| —
.. 2 2
What is lim ?

h—0 h

A 1
®) \f
© 0
(» -1

(£) The limit does not exist.

At which of the five points Yy
on the graph in the figure ]

. dy d?y
at the right are do and P

both negative?

(&) A
(®) B
© C
(® D

(&) FE 0

The slope of the tangent to the curve y>x + y2x> = 6 at (2, 1) is

® -
® -1
© 3
® -3
® 0
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Calculus AB: Section 1

5. Which of the following statements about the function given by
f(x) = x* — 223 is true?

(A) The function has no relative extremum.

(B) The graph of the function has one point of inflection and the
function has two relative extrema.

(c) The graph of the function has two points of inflection and the
function has one relative extremum.

(D) The graph of the function has two points of inflection and the
function has two relative extrema.

(E) The graph of the function has two points of inflection and the
function has three relative extrema.

6. If f(x) = sin’(3 — x), then £'(0) =

(A) —2cos3
(B) —2sin 3 cos 3
(c) 6cos3

(D) 2sin 3 cos 3
() 6sin 3 cos3

3
7. The solution to the differential equation dy _ %, where y(2) = 3, is

dx
@ v =
(B) y= 3/%9:4 + V15
© y=ut+ 15
@) y=out+5
E®) y= 3/%704 + 15
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Calculus AB: Section 1

Questions 8 and 9 refer to the following graph and information.

(1)
3 4

A bug is crawling along a straight wire. The velocity, v(¢), of the bug at
time ¢, 0 = ¢ = 11, is given in the graph above.

8. According to the graph, at what time ¢ does the bug change direction?

(a) 2
(B 5
(c 6
(®) 8
(8) 10
9. According to the graph, at what time ¢ is the speed of the bug
greatest?
(a) 2
(B 5
(c 6
(®) 8
(8) 10
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10. [@— DVady =

11.

(»)

(®)

©

(@)

(E)

What is lim

(»)
(®)

©

(@)
(®)

3. -_ 1
2\/50 \/50+C
23,13
391; +2x +C

%xz—erC

5 3
§x2—§x2+0
Loy gyt
o% +2x° -2+ C

xP—4
w2+ x — A

1
2
1

The limit does not exist.
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Calculus AB: Section 1

12. The area of the region in the first quadrant between the graph of
y = xV4 — x2 and the x-axis is

) 3V2
® 5
(© 2v2
(D) 2V3
® 3

: . . (In x)?
13.  Which of the following are antiderivatives of ~——— ?

2Inx — (Inx)?
L ——————
x
(n x)?
3
(In x)?
3
(A) Tonly
(B) III only
(¢) TandII only
(p) Iand III only
(8) II and III only

IL

+ 6

III.
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Section 1

Calculus AB

lope field for the differential equation
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Calculus AB: Section 1

Part B Sample Multiple-Choice Questions

A graphing calculator is required for some questions on this part of
the examination.

Part B consists of 17 questions. In this section of the examination, as a
correction for guessing, one-fourth of the number of questions answered
incorrectly will be subtracted from the number of questions answered
correctly. Following are the directions for Section I Part B and a represen-
tative set of 10 questions.

Directions: Solve each of the following problems, using the available
space for scratchwork. After examining the form of the choices, decide
which is the best of the choices given and fill in the corresponding oval on
the answer sheet. No credit will be given for anything written in the test
book. Do not spend too much time on any one problem.

In this test:

(1) The exact numerical value of the correct answer does not always
appear among the choices given. When this happens, select from among
the choices the number that best approximates the exact numerical value.
(2) Unless otherwise specified, the domain of a function f is assumed to
be the set of all real numbers x for which f(x) is a real number.

(3) The inverse of a trigonometric function f may be indicated using the
inverse function notation f~! or with the prefix “arc”

(e.g., sin~! x = arcsin x).

15. The average value of the function f(x) = e *° on the closed interval
[—1,1]is

A 0
(B) 0.368
©) 0.747
® 1
(E) 1.494
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Calculus AB: Section 1

16. Let S be the region enclosed by the graphs of ¥y = 2x and y = 22 for

17.

0 = x = 1. What is the volume of the solid generated when S is
revolved about the line y = 3?

) RLI[@—ZxZJZ—(?,—Zx)Z]dx
(8) ELIE(S—Zx)Z—E%—ZxZ)Z]dx
© TEJ:(4x2—4x4)dx

o o (-2 -] o
(&) = {(S—gj—(s—g)]dy

Let f be defined as follows, where a # 0.

xZ_a2

f@=r-a

0, forx = a.

,forx # a,

Which of the following are true about f?
L lim f(x) exists.
r—a

II. f(a) exists.
III. f(x) is continuous at x = a.

(A) None

(B) Ionly

(c) II only

(p) IandII only
(8) L1II, and III

apcentral.collegeboard.com 31



Calculus AB: Section 1

18.

19.

20.

32

x 1.1 1.2 13 14
fx) | 418 | 438 | 456 | 4.73

Let f be a function such that f"(x) < 0 for all x in the closed interval
[1, 2], with selected values shown in the table above. Which of the
following must be true about f'(1.2)?

(a) £(1.2)<0

B 0<f(12) <16
© 1.6<f(12) <18
(D) 1.8 < f/(1.2) < 2.0
E) £(1.2)>2.0

Two particles start at the origin and move along the x-axis. For

0 =t = 10, their respective position functions are given by x; = sin ¢
and x, = e~ % — 1. For how many values of ¢ do the particles have the
same velocity?

(A) None
(B) One
(©) Two
(p) Three
(e) Four

X
If the function g is defined by g(x) = j sin(¢?)dt on the closed
o

interval —1 = x = 3, then g has a local minimum at x =

() 0
(B) 1.084
(©) 1772
() 2.171
() 2.507
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Calculus AB: Section 1

21. The graphs of five functions are shown below. Which function has a
nonzero average value over the closed interval [—m, t]?

(a) y
1
0
- T
-14
© y

(®)

Y

_—N W B

-7

(D)

=1t
-2t
__.3_
—44

22. The region in the first quadrant enclosed by the y-axis and the graphs
of y = cos x and y = x is rotated about the x-axis. The volume of the

solid generated is

(a) 0.484
(B) 0.877
(©) 1520
(0) 1.831
(E) 3.040
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Calculus AB: Section 1

23. Oil is leaking from a tanker at the rate of R(t) = 2,000e~°2 gallons
per hour, where ¢t is measured in hours. How much oil has leaked out
of the tanker after 10 hours?

(a) 54 gallons
(B) 271 gallons
(©) 865 gallons
(D) 8,647 gallons
(E) 14,778 gallons

24, If f'(x) = sin(ngx> and f(0) = 1, then f(2) =

(A) —1.819
(B) —0.843
(©) —0.819
(™) 0.157
(E) 1157

Answers to Calculus AB Multiple-Choice Questions

Part A
1. D 6. B 11. B
2. A 7. E 12. B
3. B 8 D 13. E
4. C 9. E 14. E
5. C 10. D
Part B
15.*% C 19.% D 22.% C
16. A 20.* E 23.*% D
17. D 21. E 24.*% E
18. D

* Indicates a graphing calculator-active question.
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Calculus BC: Section 1

Calculus BC: Section |

Section I consists of 45 multiple-choice questions. Part A contains 28
questions and does not allow the use of a calculator. Part B contains 17
questions and requires a graphing calculator for some questions. Twenty-
four sample multiple-choice questions for Calculus BC are included in the
following sections. Answers to the sample questions are given on page 45.

Part A Sample Multiple-Choice Questions

A calculator may not be used on this part of the examination.

Part A consists of 28 questions. In this section of the examination, as a
correction for guessing, one-fourth of the number of questions answered
incorrectly will be subtracted from the number of questions answered cor-
rectly. Following are the directions for Section I Part A and a representa-
tive set of 14 questions.

Directions: Solve each of the following problems, using the available
space for scratchwork. After examining the form of the choices, decide
which is the best of the choices given and fill in the corresponding oval on
the answer sheet. No credit will be given for anything written in the test
book. Do not spend too much time on any one problem.

In this test:

(1) Unless otherwise specified, the domain of a function f is assumed to
be the set of all real numbers x for which f(x) is a real number.

(2) The inverse of a trigonometric function f may be indicated using the
inverse function notation f~! or with the prefix “arc”

(e.g., sin~! x = arcsin x).

1. The line perpendicular to the tangent of the curve represented by the
equation y = x2 + 6x + 4 at the point (—2, —4) also intersects the

curve at x =
(a) -6
® -
© -1
® -3
® -
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Calculus BC: Section |

_ ~ dy _
2. Ify = x + sin(xy), then dr

(A) 1+ cos(xy)
(B) 1+ ycos(xy)
(C) 1_;
cos(xy)
1
(0) 1 — x cos(xy)
1 + y cos(xy)

(k) 1 — x cos(xy)
3. Lety = f(x) be the solution to the differential equation
d
d% = arcsin(xy) with the initial condition f(0) = 2. What is the

approximation for f(1) if Euler’s method is used, starting at x = 0
with a step size of 0.5?

(a) 2
® 2+

a

© 2+

(o) 2+
® 3

Mg &~ o

i n
4. What are all values of x for which the series E @ converges?
n=1

(A) Allx exceptx =0

®) |z| =3
© -3=x=3
®) |z|>3

(E) The series diverges for all x.

5. If % f(x) = g(x) and if h(x) = 22, then% fh(x)) =

(&) g@?)
(®) 2x9(x)
© 9'@)
(®) 2xg9(x?)
®) x%(r?)
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1 a+h
6. If F' is a continuous function for all real x, then %1mo n f F'(x) dx is
-

) 0 '

(®) F(0)

© F(a)

() F'(0)

(&) F'(a)

7. ,

¥

311 1 7 7 7 rrrr e~
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[ | /777 S s rr s -~
[ | 1 /7 s s s s o - .

o 3

The slope field for a certain differential equation is shown above.

Which of the following could be a specific solution to that differential

equation?

(A y=a

(®) y=e"

© y=e*

(D) y =cosx

() y=Inx

8. Jemdt is

0

@ -1
1

B) —=

®
1

o) =

©

() 1

(E) divergent
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9. Which of the following series converge to 2?

0

n

L + 3

3
I
N

IL

M

L

o
3

3
8 1l
fan,

1L

3
Il
o

(A) Ionly

(B) II only

(¢) I only

(p) Iand III only
(8) II and II only

10. What is the area of the closed region bounded by the curve y = e**
and the linesx = land y = 1?

— p2
(A)ZTe

e —3

®

3 — e2
© >3
e —2

2
e —1

®

(®)

11.  Which of the following integrals gives the length of the graph of
¥y = Vaxbetweenx = aandx = b, where 0 < a < b ?

b

() f Va2 + xdx
b

(B) f\/x+\/50dx
o 1

(C)L x+mdx
b 1

(D)L 1+mdx
b 1

(E)L 1+de
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12. The area of one loop of the graph of the polar equation » = 2 sin(36)
is given by which of the following expressions?

(a) 4 L ’ sin(36) df
(B) 2 L | sin(36) do
© 2jgsHFGW)d0
) 2f$n%39)d0
(®) 2fﬂncw)d0

13. The third-degree Taylor polynomial about x = 0 of In(1 — x) is

2 3
et
2
® 1-x+%
© x-% +%
2
® —1+a-5
3
® —w+5 —%

14. If% =ysec’randy = 5whenx = 0, theny =

(A) ev + 4
(B) ev+ 5
(C) 5etanx

(D) tanx + 5
(E) tanx + be®
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Part B Sample Multiple-Choice Questions

A graphing calculator is required for some questions on this part of
the examination.

Part B consists of 17 questions. In this section of the examination, as a
correction for guessing, one-fourth of the number of questions answered
incorrectly will be subtracted from the number of questions answered
correctly. Following are the directions for Section I Part B and a represen-
tative set of 10 questions.

Directions: Solve each of the following problems, using the available
space for scratchwork. After examining the form of the choices, decide
which is the best of the choices given and fill in the corresponding oval on
the answer sheet. No credit will be given for anything written in the test
book. Do not spend too much time on any one problem.

In this test:

(1) The exact numerical value of the correct answer does not always
appear among the choices given. When this happens, select from among
the choices the number that best approximates the exact numerical value.
(2) Unless otherwise specified, the domain of a function f is assumed to
be the set of all real numbers x for which f(x) is a real number.

(3) The inverse of a trigonometric function f may be indicated using the
inverse function notation f~! or with the prefix “arc”

(e.g., sin~! x = arcsin x).
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15. A

BN/ RE

Graph of f

The graph of the function f above consists of four semicircles. If
X

9g(x) = f f()dt, where is g(x) nonnegative?
0

a) [=3,3]

(B) [—3, —2] U [0, 2] only
(©) [0, 3] only

(o) [0, 2] only

(®) [—3, —2] U [0, 3] only

16. If f is differentiable at x = a, which of the following could be false?
(A) fis continuous atx = a.
(B) lim f(x) exists.
r—a

- Sf@) — fla)
(¢) lim T

r—>a X

exists.

(0) f'(a) is defined.
() f"(a) is defined.

apcentral.collegeboard.com
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17.

18.

42

0]

A rectangle with one side on the x-axis has its upper vertices on the
graph of y = cos x, as shown in the figure above. What is the mini-
mum area of the shaded region?

(a) 0.799
(B) 0.878
(©) 1.140
(D) 1.439
(E) 2.000

Time (sec) 0 10 25 37 46 60

Rate (gal/sec) 500 400 350 280 200 180

The table above gives the values for the rate (in gal/sec) at which
water flowed into a lake, with readings taken at specific times. A
right Riemann sum, with the five subintervals indicated by the data in
the table, is used to estimate the total amount of water that flowed
into the lake during the time period 0 = ¢ = 60. What is this estimate?

(a) 1,910 gal
(B) 14,100 gal
(©) 16,930 gal
(p) 18,725 gal
(E) 20,520 gal
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19. Yy

4

(@) [F E———

Let f be a function whose domain is the open interval (1, 5). The fig-
ure above shows the graph of . Which of the following describes the
relative extrema of ' and the points of inflection of the graph of f'?

(A) 1 relative maximum, 1 relative minimum, and no point of
inflection

(B) 1 relative maximum, 2 relative minima, and no point of inflection

(©) 1 relative maximum, 1 relative minimum, and 1 point of inflection

(D) 1 relative maximum and 2 points of inflection

() 1 relative minimum and 2 points of inflection

20. A particle moves along the x-axis so that at any time ¢ = 0 its velocity
is given by v(t) = In(t + 1) — 2t + 1. The total distance traveled by
the particle fromt¢ = 0tot = 2 is

(a) 0.667
(8) 0.704
(©) 1.540
(D) 2.667
(£) 2.901

21. If the function f is defined by f(x) = Va® + 2 and g is an
antiderivative of f such that g(3) = 5, then g(1) =

(A) —3.268
(B) —1.585
(© 1732
()  6.585
(£) 11.585
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22.

23.

24.

44

X

Let g be the function given by g(x) = J 100(¢% — 3t + z)e*tz dt.
1

Which of the following statements about g must be true?

I. g isincreasing on (1, 2).
II. g is increasing on (2, 3).
I g3) >0

(A) Tonly

(B) II only

(c) III only

(p) II and III only
(®) L1II, and III

A point (x, ¥) is moving along a curve y = f(x). At the instant when

the slope of the curve is —%, the x-coordinate of the point is
increasing at the rate of 5 units per second. The rate of change, in
units per second, of the y-coordinate of the point is

() -

LWl

® -
©
(@)
®)

WITT Ol Wi W

Let g be the function given by g(¢) = 100 + 20 sin (%t) + 10 cos (%t)

For 0 =t = 8, g is decreasing most rapidly when ¢ =

(A) 0.949
(B) 2.017
© 3.106
(D) 5.965
(E) 8.000
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Part A
1. B
2. E
3. C
4. D
5. D

Part B

15. A

16. E

17* B

18. C

6. E
7. E
8. C
9. E
10. B
19. E
20.% C
21.* B

Answers to Calculus BC Multiple-Choice Questions

11. E
12. C
13. A
14. C
22* B
23. A
24* B

* Indicates a graphing calculator-active question.
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Calculus AB and Calculus BC: Section I

Calculus AB and Calculus BC: Section Il

Section II consists of six free-response problems. The problems do NOT
appear in the Section II test booklet. Part A problems are printed in the
green insert only; Part B problems are printed in a separate sealed blue
insert. Each part of every problem has a designated workspace in the test
booklet. ALL WORK MUST BE SHOWN IN THE TEST BOOKLET. (For stu-
dents taking the examination at an alternate administration, the Part A
problems are printed in the test booklet only; the Part B problems appear
in a separate sealed insert.)

The instructions below are from the 2003 examinations. The free-
response problems are from the 2002 examinations and include commen-
tary and information on scoring. Additional sample questions can be found
at AP Central.

Instructions for Section i

PART A
(A graphing calculator is required for some problems
or parts of problems.)
Part A: 45 minutes, 3 problems

During the timed portion for Part A, you may work only on the problems
in Part A. The problems for Part A are printed in the green insert only.
When you are told to begin, open your booklet, carefully tear out the green
insert, and write your solution to each part of each problem in the space
provided for that part in the pink test booklet.

On Part A, you are permitted to use your calculator to solve an equa-
tion, find the derivative of a function at a point, or calculate the value of
a definite integral. However, you must clearly indicate the setup of your
problem, namely the equation, function, or integral you are using. If you
use other built-in features or programs, you must show the mathematical
steps necessary to produce your results.

PART B
(No calculator is allowed for these problems.)
Part B: 45 minutes, 3 problems

The problems for Part B are printed in the blue insert only. When you are
told to begin, open the blue insert, and write your solution to each part of
each problem in the space provided for that part in the pink test booklet.
During the timed portion for Part B, you may keep the green insert and con-
tinue to work on the problems in Part A without the use of any calculator.
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GENERAL INSTRUCTIONS FOR
SECTION II PART A AND PART B
For each part of Section II, you may wish to look over the problems before
starting to work on them, since it is not expected that everyone will be
able to complete all parts of all problems. All problems are given equal
weight, but the parts of a particular problem are not necessarily given
equal weight.

e YOU SHOULD WRITE ALL WORK FOR EACH PART OF EACH
PROBLEM IN THE SPACE PROVIDED FOR THAT PART IN THE
PINK TEST BOOKLET. Be sure to write clearly and legibly. If you
make an error, you may save time by crossing it out rather than
trying to erase it. Erased or crossed-out work will not be graded.

e Show all your work. Clearly label any functions, graphs, tables, or
other objects that you use. You will be graded on the correctness
and completeness of your methods as well as your answers.
Answers without supporting work may not receive credit.

e Justifications require that you give mathematical (noncalculator)
reasons.

¢ Your work must be expressed in standard mathematical notation

5
rather than calculator syntax. For example, L 2% dx may not be
written as fnInt(X2, X, 1, 5).

¢ Unless otherwise specified, answers (numeric or algebraic) need not
be simplified.

¢ If you use decimal approximations in calculations, you will be
graded on accuracy. Unless otherwise specified, your final answers
should be accurate to three places after the decimal point.

¢ Unless otherwise specified, the domain of a function fis assumed to
be the set of all real numbers x for which f(x) is a real number.

For more detailed information on the instructions for the free-response
sections, read the “AP Calculus: Free-Response Instruction Commentary”
written by the AP Calculus Development Committee. It is available in the
Teachers’ Corner for Calculus AB or Calculus BC at AP Central.
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Calculus AB Sample Free-Response Questions

AB/BC Question 1

This problem presented a region bounded between two graphs and two
vertical lines. Students were asked to use both integration and differentia-
tion to answer some straightforward questions about this region. Part (a)
required the use of a definite integral to find the area of the region. In
part (b), the region is revolved about a horizontal line, resulting in a solid
with cross sections in the shape of “washers,” and the volume of the
region was asked for, requiring another use of a definite integral. Students
were expected to use the numerical integration capabilities of a graphing
calculator to evaluate these definite integrals. Part (c) required the use of
differentiation to find the absolute minimum height of the region.

Many students were successful in finding the area of the region but
had difficulty setting up the volume integral because of the complication
of rotating around a horizontal line that was not the x-axis. The students
did not need to compute antiderivatives to compute the definite integrals
in parts (a) and (b); the calculator may be used to calculate the value of
the definite integral without further explanation once the setup of the
definite integral is shown.

In part (c), students were expected to show the mathematical steps
needed to analyze the location of the absolute minimum and maximum.
Some students neglected to consider where i'(x) = 0 to find the critical
point, and some did not consider both endpoints as candidates.

It is important for students to show their work as described in “Show-
ing Work on the Free-Response Sections” on page 18. For example, when
finding a critical point of a function, students should explicitly state the
equation that is being solved for determining where the derivative is equal
to 0, rather than expect that the equation will be inferred from a graph or
a sign chart.
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Question 1

Let fand g be the functions given by f(z) =e” and g(z) = Inz.

(a) Find the area of the region enclosed by the graphs of f and g between z = % and z = 1.

(b) Find the volume of the solid generated when the region enclosed by the graphs of f and g between
T = % and z =1 is revolved about the line y = 4.

(¢) Let h be the function given by h(z) = f(z) — g(z). Find the absolute minimum value of h(z) on the
closed interval % <z <1, and find the absolute maximum value of h(z) on the closed interval

< z < 1. Show the analysis that leads to your answers.

D=

1 Lo
(a) Area = fy (¢ ~Ima)de = 1222001223 | o | 1 el
2

1: answer

1 ; o\ 1: limits and constant
(b) Volume = ﬂ'fy((4 _ lnz)z —(4—c¢ )z )dr 1mits and constan
p) 2 : integrand

7.5157 or 23.609 < —1 > each error

4 Note: 0/2 if not of the form
b ) )
kf (R(z)* — r(z)*)dz
1: answer
. 1 . / f—
) M@ =@ -dw=c-L=o 1: considers '(e) = 0
1: identifies critical point

z = 0.567143 3
and endpoints as candidates

1: answers

Absolute minimum value and absolute
maximum value occur at the critical point or
at the endpoints. Note: Errors in computation come off
the third point.

h(0.567143) = 2.330
h(0.5) = 2.3418

h(1) = 2.718

The absolute minimum is 2.330.

The absolute maximum is 2.718.
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AB/BC Question 2

This problem involved a “real-life” model of people entering and leaving an
amusement park, and students were expected to interpret the meanings of
their calculations in that context. In part (a), students needed to recognize
that the function E represented the rate of accumulation of people enter-
ing the park, and hence that the total accumulation over a time interval
could be obtained by a definite integral. Part (b) took the same idea a step
further, asking students to calculate ticket revenues based on different
pricing over two time intervals. Part (c) presented a function H defined in
terms of a definite integral. The value of H'(17) was easily computed, pro-
vided students recognized that the Fundamental Theorem of Calculus
could be applied. More importantly, students were expected to interpret,
in words, the meanings of both H(17) and H'(17). These interpretations
played a role in part (d), which essentially asked students to find when the
maximum value of the function H is achieved.

The most common error in part (a) was to evaluate E(17) or
E(17) — L(17), or to attempt a discrete analysis without seeing the
connection to a definite integral. The most common error in calculating
H'(17) was not recognizing the need to use the Fundamental Theorem of
Calculus or not using the theorem correctly. A large number of students
used H'(17) = E'(17) — L'(17). The interpretations of H(17) and H'(17)
were difficult for students to make. Those who recognized the conceptual
connection that H(t) measured population in the park at time ¢ and
phrased H(17) as a population had an easier time with H'(17).

While students could integrate by hand or with a CAS capable calcula-
tor to find a closed form expression for the number of people who entered
the park and the number of people who left the park, this approach was
neither necessary nor efficient to handle the questions in this problem.

It is important for students to clearly show the setup for all definite
integrals that must be evaluated numerically. As in AB/BC Question 1,
when finding a critical point of a function, students should explicitly state
the equation that is being solved for determining where the derivative is
equal to 0, rather than expect that the equation will be inferred from a
graph or a sign chart.

One of the goals of the exam is to emphasize problems that probe
understanding of the fundamental concepts and not to merely test rote
manipulation. This problem was an example of one that required students
to make connections between calculus and the “real” world, and between
topics within calculus itself.
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Question 2

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

PO = 60y

The rate at which people leave the same amusement park on the same day is modeled by the function L defined by
9890

L) = 77—
® (#* — 38t +370)

Both E(t) 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 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(t)= f‘,(E(x) — L(z))dz for 9 <t < 23. The value of [/ (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 park.

(d) At what time ¢, for 9 <t < 23, does the model predict that the number of people in the park is a maximum?

17
() [ E(t)dt = 6004270 1: limits
9
6004 people entered the park by 5 pm. 34 1: integrand
1: answer

(b) lﬁf”E(f) it + 11f“E(f) it = 104048.165
D < L) at L)at = 109
9 17 1: setup

The amount collected was $104,048.
or

23
f7 E(t)dt = 1271.283

1

1271 people entered the park between 5 pm and
11 pm, so the amount collected was
$15 - (6004) + $11 - (1271) = $104,041.

(¢) H'(17) = E(17) — L(17) = —380.281 1: value of H'(17)

There were 3725 people in the park at ¢ = 17. 2: meanings

The number of people in the park was decreasing 3 1: meaning of H(17)

at the rate of approximately 380 people/hr at 1: meaning of H'(17)

time ¢ = 17. < —1 > if no reference to ¢t = 17
(d) H'(t)=E@l)—L{t)=0 ) 1: E(t) - L(t)=0

t =15.794 or 15.795 1: answer
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AB Question 3

This problem presented the velocity and initial position of an object
moving along the x-axis. Part (a) required a knowledge of the relationship
between velocity and its derivative, acceleration. Part (b) addressed the
distinction between velocity and speed by presenting students with two
statements that could appear contradictory, but in fact, are both true. The
words “velocity” and “speed” are often used interchangeably in everyday
language, but the technical distinction between the two is highlighted in
calculus. Parts (¢) and (d) also focused on this distinction. The total dis-
tance traveled by the object is calculated with a definite integral of speed
(absolute value of velocity). Finding the position of the object at time

t = 4 involves displacement, calculated with a definite integral of velocity.

Most students had little trouble with part (a). Part (b), however, was
more difficult because of the confusion between velocity and speed. Very
few students attempted to write and analyze an analytic expression for
speed. Instead, many made observations based on the graph of the velocity
and/or speed.

In part (c), not realizing that the object might change direction led
some students to assume that the distance traveled was the same as the
displacement. In addition, some students who attempted to do the prob-
lems analytically made mistakes in both algebra and arithmetic. Students
who recognized that parts (c) and (d) could be done with the calculator to
evaluate definite integrals saved themselves much time and trouble.
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Question 3

An object moves along the z-axis with initial position z(0) = 2. The velocity of the object at time ¢ > 0is given

by v(t) = sin(%t)

(a) What is the acceleration of the object at time ¢ = 47
(b) Consider the following two statements.

Statement I: For 3 <t < 4.5, the velocity of the object is decreasing.
Statement II:  For 3 < ¢ < 4.5, the speed of the object is increasing.

Are either or both of these statements correct? For each statement provide a reason why it is correct or not

correct.

What is the total distance traveled by the object over the time interval 0 < ¢ <47

What is the position of the object at time ¢ = 47

a(4) =1'(4) = ECOS(%T)

- 7% or —0.523 or —0.524

On 3 <t<45:
a(t) = v'(t) = gcos(gt) <0
Statement I is correct since a(t) < 0.

Statement II is correct since v(t) < 0 and
a(t) < 0.

1
Distance = o(t)|dt = 2.387
0

OR

3 m 3
z(t) = 7;(,05(515) + P +2
z(0) = 2
z(4) =2+ 2 3.43239

2
v(t) = 0 when t =
2(3) = & 4+ 2 = 3.00086
5 15 .

|(3) — 2(0)] + |=(4) — z(3)| = op = 2387

#(4) = 2(0) + f( ]"1 o(t)dt = 3.432

OR
x(t) = 77(()s(gt)+§+2
o) = 2+ 2 = 3432
= 5y = 34

apcentral.collegeboard.com

. answer

1: I correct, with reason
1: II correct

1: reason for II

limits of 0 and 4 on an integral
of v(t) or |u(t)|
1: or
uses z(0) and z(4) to compute
distance
1: handles change of direction at
student’s turning point
1: answer
0/1 if incorrect turning point or
no turning point
1: integral
1: answer
OR
1: 2(t) = 7%cos(gt) +C
1: answer

0/1 if no constant of integration
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AB/BC Question 4

In this problem, students were given a graphical representation of a func-
tion f; and another function g that was defined in terms of a definite inte-
gral of f. While it was possible to find piecewise algebraic definitions for f
and g, the questions asked were most efficiently and directly answered by
using the Fundamental Theorem of Calculus and reasoning based on the
graph of f. Part (a) asked for calculations of g(—1), g¢'(—1), and g"(—1).
These values could be found using, respectively, an area, ordinate, and
slope related to the graph of f. Using the fact that f = ¢’, part (b) required
relating the sign of f (positive or negative) to the behavior of g (increasing
or decreasing). Similarly, using the fact that ' = ¢”, part (c) required relat-
ing the behavior of the slope of the graph of f to the concavity of the graph
of g. Part (d) asked for a sketch of the graph of g. Utilizing previous parts
of the problem helped in determining characteristics of the graph.

Students were generally successful in completing part (a). The lower
limit of 0 in the definite integral for f caused errors in computing g(—1) if
the student did not realize that the value was negative. A small percentage
of students attempted to solve the problem analytically.

In parts (b) and (c), many students were able to identify the interval on
which the function g was increasing and the interval on which the graph of
g was concave down. Not all of these students were able to provide ade-
quate reasons to support their conclusions. In particular, it was important
for students to indicate the connection between the derivative of g and the
function f.

Even students who did no correct work in parts (a) through (c) typi-
cally attempted to sketch the graph in part (d). A common error was to
shift the correct graph up (or down) the y-axis, sometimes to be consistent
with the incorrect computations in part (a).

So that students might perform better on this sort of problem, teach-
ers are urged to continue to emphasize the Fundamental Theorem of
Calculus as well as a graphical approach to problem solving. Students
should work with functions defined by definite integrals in which the
lower limit is not always the left endpoint of the interval of interest.
Students continue to have difficulty properly justifying their conclusions
and more experience with this would improve their performance on the
exam. Students should practice mathematical writing skills to help com-
municate their reasoning and explanations in solutions.
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Question 4

The graph of the function f shown above consists of two line segments. Let g be the
function given by g(z) = J:rf(t)dt.

)
(a) Find g(—1), ¢'(~1), and ¢"(—1).

(b) For what values of z in the open interval (722) is ¢ increasing? Explain your

reasoning.
(¢) For what values of z in the open interval (—2,2) is the graph of ¢ concave

down? Explain your reasoning.

-2,-3) 2,-3)
(d) On the axes provided, sketch the graph of g on the closed interval [72,2]. Graph of f

() o0 = [ ferde=—[" sy =3 Leg=
D) — o 311: g'(fl)
§(=1) = f(-1) = e

1) = F(-1) =3

(b) g is increasing on —1 < z < 1 because 1: interval

2
g'(z) = f(z) > 0 on this interval. 1+ reason
(c) The graph of gis concave down on 0 < z < 2
because g”(z) = f(z) < 0 on this interval. 1: interval
2
or 1: reason
because ¢'(z) = f(z) is decreasing on this
interval.
(d)
y
1: g(=2) = 9(0) = g(2) =0
1: appropriate increasing/decreasing
2

and concavity behavior

< —1 > vertical asymptote
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AB Question 5

This problem presented a common related rates setting with several vari-
ables (radius, depth, volume), related by geometry to the water evaporat-
ing in a conical container. Part (a) asked students to calculate the volume
of water when its depth was h = 5 cm. The purpose of this part was to
prompt students to establish the relationships among the radius, depth,
and volume variables. Part (b) then asked students to relate the rate of
change of the volume to the given rate of change of the depth of water.
Part (c) introduced another related quantity, the exposed surface area, and
asked students to verify a direct proportionality relationship between the
rate of change of the volume and the exposed surface area of the water.
The constant of proportionality in this case was precisely the given con-
stant rate of change of the water’s depth.

A number of students were unable to compute the volume because
they failed to develop the proper relationship between radius and height.
The easiest way to do part (b) was to write a formula for the volume in
terms of a single variable, yet many students tried to solve this as a prob-
lem with two independent variables. This approach led to mistakes when
they failed to recognize the need for the product rule or failed to correctly

use the chain rule to include both a and %

Part (c) was a very difficult section for students because many did not
know how to verify a direct proportionality relationship.
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Question 5

} 10 cm |

A container has the shape of an open right circular cone, as shown in the figure
above. The height of the container is 10 cm and the diameter of the opening is 10

cm. Water in the container is evaporating so that its depth h is changing at the

-3
constant rate of kT cm/hr.

T 10 cm
(The volume of a cone of height h and radius r is given by V = %wr')h.)

(a) Find the volume V of water in the container when h =5 cm. Indicate units
of measure. -

(b) Find the rate of change of the volume of water in the container, with respect to time, when h =5 cm. Indicate
units of measure.

(c) Show that the rate of change of the volume of water in the container due to evaporation is directly proportional

to the exposed surface area of the water. What is the constant of proportionality?

5 2 . 1:V when h=15
(a) When h =5, r=%; V(5)=%ﬂ(g) 5=%ﬂ' cm? when
(b) ;7%@0 r:%h 1: r=%hin (a) or (b)
V:lﬂ(l}ﬁ)h_i ,,dV_l pedh
3 4 12 dt 4 dt V' as a function of one variable
av 1 . 3 15 s _
&t s = Z"T(QO)(—E) =37 cmAr in (a) or (b)
1: OR
OR 5 dr
dt
v 1Tr(r2 dn + Q’V‘hﬂ)' dr _ Ldh
dt 3 dt dt)’ dt — 2dt v
dv 1 ((25\( 3 5 3 20—
= =72 -2 +2(75—f dt
dt ),:r.,,-:% 3 4 10 2 20 < —2 > chain rule or product rule error
_ _%ﬂ_ Cm%r 1: evaluation at h =5
N dvVo1 ,dh 3, 1: shows v = k- area
(c) Eflﬂlaffﬁwh t
3 3 3 2 {1 1: identifies constant of
_ 2 _ 9 2 _ 9
40 T2y = 0" 10 proportionality
The constant of proportionality is 7%4
units of cm?® in (a) and cm%r in (b) 1: correct units in (a) and (b)
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AB Question 6

This problem presented data in tabular form for a function f and its deriva-
tive f’, along with information about the sign of the second derivative. Part
(a) required students to use the Fundamental Theorem of Calculus and
some basic properties of integrals to calculate a specific definite integral.
Part (b) asked for the calculation of a linear approximation using appropri-
ate data from the table. Students needed to interpret the sign of the second
derivative in terms of concavity and relate this information to the tangent
line. Part (c) required students to recognize that the Mean Value Theorem
could be applied to f’ to show the existence of a real number ¢ such that
f"(c) = 6, the average rate of change of f’ over the interval [0,0.5]. Part (d)
presented students with a piecewise algebraic expression for a function g
that fit all of the given points on the graph of f. To determine that f # g,
students needed to appeal to some inconsistency with the first or second
derivatives of the respective functions.

Most students were able to correctly evaluate the integral in part (a),
and those who could not either made no use of the Fundamental Theorem
of Calculus or did not antidifferentiate the constant term correctly. Most
students also earned the first two points in part (b), computing a correct
tangent line and finding the correct approximation at x = 1.2, but many
were not able to provide a valid reason for the correct conclusion about
the comparison between the approximation and the actual function value.
In part (c), few students made explicit reference to the Mean Value
Theorem. In part (d), students realized that there was a problem atx = 0
but very few were able to give a correct and complete reason for their con-
clusion. The most common error was to claim that g’ (0) = 1.

This is an example of a problem that emphasizes the multirepresenta-
tional approach to calculus and the connections between functions repre-
sented in tabular and analytical form. Theory continues to be an important
ingredient in the understanding of calculus and needs to be integrated into
problem solving strategies.
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Question 6

B —15 ] -10 | -05] o0 05 | 10 | 15
/() 1 | -4 | 6 | T ] =6 | -4 | -1
/() -7 | =5 | =3 0 3 5 7

Let f be a function that is differentiable for all real numbers. The table above gives the values of [ and its
derivative f' for selected points z in the closed interval —1.5 < z < 1.5. The second derivative of f has the

property that f”(z) >0 for —1.5 <z < 1.5.
L5

(a) Evaluate f' (3’ (z)+ 4)dz. Show the work that leads to your answer.
0

(b) Write an equation of the line tangent to the graph of f at the point where z = 1. Use this line to
approximate the value of f(1.2). Is this approximation greater than or less than the actual value of f(1.2)?
Give a reason for your answer.

(¢) Find a positive real number r having the property that there must exist a value ¢ with 0 < ¢ < 0.5 and
f"(c) = r. Give a reason for your answer.

22 —x —7 forz <0

d) Let g be the function given by g(z) = .

( ( 21> +x —7 forz > 0.

The graph of ¢ passes through each of the points (m, f(z)) given in the table above. Is it possible that f and

g are the same function? Give a reason for your answer.

L5 15 15 1: tiderivative
(a) J") (3f’(r) + 4)d.r _ 3];, f’(z)dz +j:] 4da ) antiderivative

1: answer

= 3f(z) + 4z

‘”’ =3(—1—(~7) +4(15) = 24

0
b y=5(—1)—4
J1.2) ~ 5(0.2) — 4 = -3
The approximation is less than f(1.2) because the

1: tangent line
3 1 1: computes y on tangent line at z = 1.2

. . 1: swer with <
graph of fis concave up on the interval answer with reason

1<z <12
(c) By the Mean Value Theorem there is a ¢ with 1: reference to MVT for f' (or differentiability
0 < ¢ < 0.5 such that 2 of f1)
1(e) = £10.5) - f(0) _ 3-0 —6 =1 1: value of r for interval 0 < z < 0.5
- 0.5—-0 0.5
(d)  lim ¢'(z) = lim (42 —1) = —1
) 20
lim ¢'(z) = lim (47 +1) = +1 1: answers “no” with reference to
r—0t 20T
¢ ! "
Thus ¢’ is not continuous at = = 0, but f is 2 g oryg
continuous at x = 0,s0 f = g. 1: correct reason

OR
g"(z) = 4 for all z = 0, but it was shown in part
(c) that f”(c) = 6 for some ¢ = 0,s0 f=g.
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Calculus BC Sample Free-Response Questions

AB/BC Question 1

This problem presented a region bounded between two graphs and two
vertical lines. Students were asked to use both integration and differentia-
tion to answer some straightforward questions about this region. Part (a)
required the use of a definite integral to find the area of the region. In
part (b), the region is revolved about a horizontal line, resulting in a solid
with cross sections in the shape of “washers,” and the volume of the
region was asked for, requiring another use of a definite integral. Students
were expected to use the numerical integration capabilities of a graphing
calculator to evaluate these definite integrals. Part (c) required the use of
differentiation to find the absolute minimum height of the region.

Many students were successful in finding the area of the region but
had difficulty setting up the volume integral because of the complication
of rotating around a horizontal line that was not the x-axis. The students
did not need to compute antiderivatives to compute the definite integrals
in parts (a) and (b); the calculator may be used to calculate the value of
the definite integral without further explanation once the setup of the
definite integral is shown.

In part (c), students were expected to show the mathematical steps
needed to analyze the location of the absolute minimum and maximum.
Some students neglected to consider where i'(x) = 0 to find the critical
point, and some did not consider both endpoints as candidates.

It is important for students to show their work as described in “Show-
ing Work on the Free-Response Sections” on page 18. For example, when
finding a critical point of a function, students should explicitly state the
equation that is being solved for determining where the derivative is equal
to 0, rather than expect that the equation will be inferred from a graph or
a sign chart.
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Let fand g be the functions given by f(z) =e

Calculus AB and Calculus BC: Section Il

Question 1

£

and g(z) = Inz.

Find the area of the region enclosed by the graphs of f and g between z = % and z = 1.

Find the volume of the solid generated when the region enclosed by the graphs of f and g between

r = 1 and z =1 is revolved about the line y = 4.

2

Let & be the function given by h(z) = f(z) — g(z). Find the absolute minimum value of k(z) on the

closed interval % < z <1, and find the absolute maximum value of h(z) on the closed interval

1
2

< z < 1. Show the analysis that leads to your answers.

1
Area = fy (¢ —lnz)dz = 1.222 or 1.223
5

Volume =

ny;((él —lnz) — (4 —e"")Z)dz

= 7.5157 or 23.609

W) = 1)~ o) =~ L =0
z = 0.567143

Absolute minimum value and absolute
maximum value occur at the critical point or

at the endpoints.

h(0.567143) = 2.330
h(0.5) = 2.3418
h(1) = 2.718

The absolute minimum is 2.330.

The absolute maximum is 2.718.

apcentral.collegeboard.com

1: integral
2
1: answer
1: limits and constant
2 : integrand
< —1 > each error
4 Note: 0/2 if not of the form
b . .
kf (R(z)* = r(z)* )dz
1: answer
1: considers h'(z) = 0
1: identifies critical point
3
and endpoints as candidates
1: answers
Note: Errors in computation come off

the third point.
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AB/BC Question 2

This problem involved a “real-life” model of people entering and leaving an
amusement park, and students were expected to interpret the meanings of
their calculations in that context. In part (a), students needed to recognize
that the function E represented the rate of accumulation of people enter-
ing the park, and hence that the total accumulation over a time interval
could be obtained by a definite integral. Part (b) took the same idea a step
further, asking students to calculate ticket revenues based on different
pricing over two time intervals. Part (c) presented a function H defined in
terms of a definite integral. The value of H'(17) was easily computed, pro-
vided students recognized that the Fundamental Theorem of Calculus
could be applied. More importantly, students were expected to interpret,
in words, the meanings of both H(17) and H'(17). These interpretations
played a role in part (d), which essentially asked students to find when the
maximum value of the function H is achieved.

The most common error in part (a) was to evaluate E(17) or
E(17) — L(17), or to attempt a discrete analysis without seeing the
connection to a definite integral. The most common error in calculating
H'(17) was not recognizing the need to use the Fundamental Theorem of
Calculus or not using the theorem correctly. A large number of students
used H'(17) = E'(17) — L'(17). The interpretations of H(17) and H'(17)
were difficult for students to make. Those who recognized the conceptual
connection that H(t) measured population in the park at time ¢ and
phrased H(17) as a population had an easier time with H'(17).

While students could integrate by hand or with a CAS capable calcula-
tor to find a closed form expression for the number of people who entered
the park and the number of people who left the park, this approach was
neither necessary nor efficient to handle the questions in this problem.

It is important for students to clearly show the setup for all definite
integrals that must be evaluated numerically. As in AB/BC Question 1,
when finding a critical point of a function, students should explicitly state
the equation that is being solved for determining where the derivative is
equal to 0, rather than expect that the equation will be inferred from a
graph or a sign chart.

One of the goals of the exam is to emphasize problems that probe
understanding of the fundamental concepts and not to merely test rote
manipulation. This problem was an example of one that required students
to make connections between calculus and the “real” world, and between
topics within calculus itself.
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Question 2

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

B = (7 =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

L) = 54—
© (#* — 38t + 370)

Both E(t) 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 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(t)= f (E(z) — L(z))dx for 9 <t < 23. The value of H (17) to the nearest whole number is 3725.
9
Find the value of H'(17) and explain the meaning of H (17) and H'(17) in the context of the park.

(d) At what time ¢, for 9 < ¢ <23, does the model predict that the number of people in the park is a maximum?

17 .
(@) [ E()dt = 6004270 1: limits
9
6004 people entered the park by 5 pm. 37 1: integrand
1: answer
(b) 15f17E(f) it 11f23 E(t)dt = 104048.165
i t)at + [ = 168
’ 9 ¢ 17 ‘ 1: setup
The amount collected was $104,048.
or
23
f7 E(t)dt = 1271.283
1
1271 people entered the park between 5 pm and
11 pm, so the amount collected was
$15 - (6004) + $11- (1271) = $104,041.
(¢) H'A7) = BQ7) — L(17) = —380.281 1: value of H'(17)
There were 3725 people in the park at ¢t = 17. 2: meanings
The number of people in the park was decreasing 3 1: meaning of H(17)
at the rate of approximately 380 people/hr at 1: meaning of H'(17)
time ¢ = 17. < —1 > if no reference to t = 17
(d) H'(t)=BE(t)— L(t) = 0 , [t EO-Ly =0
t=15.794 or 15.795 1: answer
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BC Question 3

This problem involving parametric equations described the motion of a
roller coaster car. Both coordinates of the car’s position were given. While
the components of the velocity vector could be calculated directly, these
were also stated in the problem. The emphasis in this problem was on
using the velocity vector’s components in a variety of ways to describe
characteristics of the car’'s motion and its path at various times. Part (a)
asked for the slope of the car’s path at time ¢ = 2, requiring students to for-

d d dx
mulate the evaluation of @y in terms of (% and at Part (b) asked students

to first determine the time at which the car is at a specific horizontal posi-
tion, a calculation that required the numerical equation solver of a graph-
ing calculator. Once this time was determined, students needed to use the
relationship between the velocity and its derivative to determine the com-
ponents of the acceleration vector. Part (c) also required the use of a
graphing calculator to determine the times at which y'(¢) = 0. At this
instant, the speed of the car, given by the magnitude of the velocity vector,
is \x’(t)|. Students may or may not have used a graphing calculator to find
the times at which y(¢) = 0 in part (d). In either case, an appropriate defi-
nite integral expression needed to be given whose evaluation would result
in the average speed of the car over the interval defined by these times.

In part (a), students were generally successful in being able to find the
slope at a given point from the set of parametric equations. In part (b),
most students recognized that the components of the velocity vector
needed to be individually differentiated, but some students then treated
these components incorrectly. Some students also found it difficult to set
up and/or compute an expression that represented the speed of the car at
a particular time.

Parts (b), (c), and (d) asked students to compute the acceleration
vector, speed, and average speed based on time values that also had to be
computed from information given in the problem. Students needed to be
careful to make sure the time values they decided to work with were
within the domain specified in the stem of the problem.

A number of students reported that they had run out of time and had
returned to this section of the exam without their calculators. This should
not have affected their opportunity to earn all available points in part (d),
where the equation was easily solved without the use of technology.

The number of students who worked at least part of this problem with
their calculator set to degree mode was higher than expected. Teachers
are urged to remind their students to set their calculators to radian mode
before entering the examination room. Teachers are also encouraged to
reinforce the difference between vector values (such as a velocity vector)
and scalar values (such as speed).
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Question 3

The figure above shows the path traveled by a roller coaster y

car over the time interval 0 < ¢ <18 seconds. The position J.',,'
of the car at time ¢ seconds can be modeled parametrically o

by x(t) =10t 4+ 4sint, y(t) = (20 — ¢t)(1 — cost), g £ 1 [ 20

where z and y are measured in meters. The derivatives of these functions are given by

2’ (t) =10 4+ 4cost, y'(t) = (20 — t)sint + cost — 1.

(a) Find the slope of the path at time ¢{ = 2. Show the computations that lead to your answer.

(b) Find the acceleration vector of the car at the time when the car’s horizontal position is z = 140.

(¢) Find the time ¢ at which the car is at its maximum height, and find the speed, in m/sec, of the car at
this time.

(d) For 0 <t < 18, there are two times at which the car is at ground level (y = 0). Find these two times
and write an expression that gives the average speed, in m/sec, of the car between these two times. Do

not evaluate the expression.

dy y'(2)  18sin2 4 cos2 —1 . oody _dy Jd
SI = 2 = et et 1: answer using — = — / —
(2) Slope =27 Q) 10+ dcos2 dz — dt/ dt
= 1.793 or 1.794
(b) x(t) = 10t + 4sint = 140; t, = 13.647083 1: identifies acceleration vector
z"(t()) = —3.529, y"(t”) = 1.225 or 1.226 as derivative of velocity vector
Acceleration vector is <—3.529,1.225 > 2 1: computes acceleration vector
or <-3.529,1.226 > when z = 140
(¢) ¥'(t)=(20—t)sint +cost—1=0 1: setsy'(t) =0
t, = 3.023 or 3.024 at maximum height 31 1. solects first t > 0
Speed = (m’(tl»z +(y/(tl)>2 :‘m’(tl)‘ 1: speed
= 6.027 or 6.028
(d) y(t) =0 when ¢t =27 and t = 47 1: t=2mt=4rn
An - -
Average speed = QL ) \[(1:/(t))z + (y’(t))z dt 3 1 1: limits and constant
T J 27
i _ _ 1: integrand
= [0+ deost + (20— Dysint + cost — 1P di
21 Jor
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AB/BC Question 4

In this problem, students were given a graphical representation of a func-
tion f; and another function g that was defined in terms of a definite inte-
gral of f. While it was possible to find piecewise algebraic definitions for f
and g, the questions asked were most efficiently and directly answered by
using the Fundamental Theorem of Calculus and reasoning based on the
graph of f. Part (a) asked for calculations of g(—1), g¢'(—1), and ¢"(—1).
These values could be found using, respectively, an area, ordinate, and
slope related to the graph of f. Using the fact that f = ¢’, part (b) required
relating the sign of f (positive or negative) to the behavior of g (increasing
or decreasing). Similarly, using the fact that ' = ¢”, part (c¢) required relat-
ing the behavior of the slope of the graph of f to the concavity of the graph
of g. Part (d) asked for a sketch of the graph of g. Utilizing previous parts
of the problem helped in determining characteristics of the graph.

Students were generally successful in completing part (a). The lower
limit of 0 in the definite integral for f caused errors in computing g(—1) if
the student did not realize that the value was negative. A small percentage
of students attempted to solve the problem analytically.

In parts (b) and (c), many students were able to identify the interval on
which the function g was increasing and the interval on which the graph of
g was concave down. Not all of these students were able to provide ade-
quate reasons to support their conclusions. In particular, it was important
for students to indicate the connection between the derivative of g and the
function f.

Even students who did no correct work in parts (a) through (c) typi-
cally attempted to sketch the graph in part (d). A common error was to
shift the correct graph up (or down) the y-axis, sometimes to be consistent
with the incorrect computations in part (a).

So that students might perform better on this sort of problem, teach-
ers are urged to continue to emphasize the Fundamental Theorem of
Calculus as well as a graphical approach to problem solving. Students
should work with functions defined by definite integrals in which the
lower limit is not always the left endpoint of the interval of interest.
Students continue to have difficulty properly justifying their conclusions
and more experience with this would improve their performance on the
exam. Students should practice mathematical writing skills to help com-
municate their reasoning and explanations in solutions.
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The graph of the function f shown above consists of two line segments. Let g be the

Question 4

function given by g(z) = f'rf(t)dt.
0

(

a) Find g(—1), ¢/(~1), and ¢"(—1).

Calculus AB and Calculus BC: Section Il

(b) For what values of z in the open interval (72,2> is ¢ increasing? Explain your
0
reasoning. =% d | W, #
(¢) For what values of z in the open interval (—2,2) is the graph of g concave 2
down? Explain your reasoning. _3
2,-3) (2,-3)
(d) On the axes provided, sketch the graph of ¢ on the closed interval [72,2]. o
Graph of f
-1 0 _
W o= [ fyd=—[" i =2 Lo gt=1)
0 -1 2 ,
, 341: ¢'(-1)
g =f-1)=0 1 //( 1)
J-1) = f(-1) =3 g
(b) gis increasing on —1 < z < 1 because 9 1: interval
¢'(z) = f(z) > 0 on this interval. L+ reason
(¢) The graph of gis concave down on 0 < z < 2
because g”(z) = f'(z) < 0 on this interval. 1: interval
2
or 1: reason
because ¢'(z) = f(z) is decreasing on this
interval.
(d)
y
1: g(=2)=g(0) = g(2) =0
1: appropriate increasing/decreasing
2
i and concavity behavior
—5 - —
= =] ! 2 < —1 > vertical asymptote
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BC Question 5

A differential equation was presented in this problem. Part (a) asked for
two solution curves sketched against a slope field provided for the differ-
ential equation. Part (b) took one of the initial conditions from part (a) and
asked for a demonstration of the use of Euler’s method to approximate
another point on the solution curve. In part (c), students were asked to
find the y-intercept of a linear solution to the differential equation. One of
the two solution curves sketched in part (a) should be a straight line, so
there was a strong visual clue for students to use in checking the reason-
ableness of their answers. The slope field also provided strong visual clues
for part (d), but students needed to provide more than a visual explanation
to justify that the solution curve passing through the origin has a local
maximum there. The second derivative test was the most straightforward
way to justify this result.

It can be difficult to get the precise solution curve when sketching on
a slope field. Therefore the points in part (a) were awarded for the right
“location,” the right “extent,” and the right “shape,” with close calls going
in the student’s favor. Some students had difficulty because they seemed to
be drawing their curves from left to right instead of working from the
given initial point outward. In part (b), there were some students who did
not know how to calculate the value of the derivative from the differential
equation for use in Euler’s method.

In part (c), it was important for the students to argue from the differ-
ential equation rather than just graphically. While many students deter-
mined that b = 1, few could present a complete, correct argument to earn
both points.

It was extremely difficult to earn the justification points in part (d) via
a first derivative test based on changes in the sign of the derivative of the
function g. Students needed to make use of the differential equation to jus-
tify a conclusion, not just appeal to behavior discerned from the slope field.

More attention should be given to the concept of a differential equa-
tion, emphasizing the fundamental fact that a solution to a differential
equation is a function that satisfies the equation. In addition, students
should be presented with many opportunities to use the second derivative
test instead of the first derivative test, including cases where the second
derivative test is much easier to use or the first derivative test is not
applicable.

It is important for students to clearly indicate the steps involved in
using Euler’s method. When asked to justify a local extremum, students
should show why all appropriate conditions about the first and/or second
derivatives are satisfied, and explain in words the conclusion obtained
from a first or second derivative test.
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Consider the differential equation Z—y =2y — Az,
z

(a) The slope field for the given differential equation is provided. Sketch the solution curve that passes through

Question 5

Calculus AB and Calculus BC: Section Il

the point (0,1) and sketch the solution curve that passes through the point (0,—1).

(b) Let f be the function that satisfies the given differential equation with the initial condition f(0) = 1. Use

Euler’s method, starting at z = 0 with a step size of 0.1, to approximate f(0.2). Show the work that leads

to your answer.

(¢) Find the value of b for which y = 2z + b is a solution to the given differential equation. Justify your

answer.

(d) Let g be the function that satisfies the given differential equation with the initial condition ¢(0) = 0. Does

the graph of g have a local extremum at the point (0,0)? If so, is the point a local maximum or a local

minimum? Justify your answer.

(b) f(0.1) = f(0) + F(0)(0.1)
=14(2-0)(01)=12

£(0.2) = f(0.1) + £(0.1)(0.1)
~1.2+(24-04)(01) =14

(c¢) Substitute y = 2z + b in the DE:
2=22z+0b)—4z=2b,s0b=1
OR
Guess b=1 y=2z+1

Verify: 2y —dz = (4o +2) — 4z =2 = &y

(d) g has local maximum at (0,0).

g0 =Y Z90)— 40) = 0, and
dz (0,0)
Py _dy
” _ — 9% _
g"(z) = = 2dz 4, so

g"(0) =24(0)—4 = -4 <0.
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dz’

2

1: solution curve through (0,1)
1: solution curve through (0,—1)

Curves must go through the indicated

points, follow the given slope lines, and

extend to the boundary of the slope field.

1: Euler’s method equations or
equivalent table applied to (at least)
two iterations

1: Euler approximation to f(0.2)

(not eligible without first point)

1: uses i(2116-H7):2111 DE
dz
1: b=1

1: ¢'(0)=0
1: shows ¢"(0) = —4

1: conclusion

69



Calculus AB and Calculus BC: Section I

BC Question 6

This problem presented students with an explicit Maclaurin series for a
function f. In part (a), students were asked to determine its interval of con-
vergence. Part (b) then asked students to derive a Maclaurin series for f”
by manipulating the given series. Finally, in part (c), the evaluation of the
Maclaurin series for f” at the specific value x=—1/3 resulted in a geo-
metric series whose sum could be found by a simple calculation.

Most students got a good start on part (a) with a ratio test setup, alge-
braic work, and a computation of the limit. Some then made algebra mis-
takes, however, in solving the inequality for x. Students were explicitly
asked to justify their answer for the interval of convergence. The majority
knew that they needed to test the endpoints but had trouble earning the
justification points. A common mistake occurred when students tried to
use a direct comparison test for the right endpoint to compare their series
with the harmonic series. The comparison goes the wrong way to conclude
divergence. Many in fact failed to recognize that their series at the right
endpoint was exactly the harmonic series.

In part (b), students usually stated the first four terms correctly but
many failed to get the correct general term because of a chain rule error.
In part (c), students tended to sum the first four terms only.

Using an infinite series to find the value of a function is a concept that
some students still need practice with. It is also important to stress the use
of appropriate and correct mathematical notation to indicate the steps in a
ratio test, particularly when taking the limit.
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Calculus AB and Calculus BC: Section Il

Question 6
The Maclaurin series for the function f is given by
0 ; |
(2z )"+ 4z? 8z 167 (2z)" !
) = =20+ —4—+—F—+
f@) T T S |

n=0
on its interval of convergence.
(a)

(b) Find the first four terms and the general term for the

Find the interval of convergence of the Maclaurin ser

ies for f Justify your answer.

Maclaurin series for f/(z).

(¢) Use the Maclaurin series you found in part (b) to find the value of f’(—é)
(21)"+? 1: sets up ratio
) (n+1) 1: limit of rati
(a) 7’1220 W = lim ¥ 2z | = ‘ 2 ‘ : computes limit of ratio
e 1: identifies interior of interval
‘ 9z ‘ <1 for _l cr< l of convergence
2 i 5 2 : analysis/conclusion at endpoints
1 f
At z = 3 the series is Z T which diverges since 1: right endpoint
n=0 .
this is the harmonic series. 1: left endpoint
1 a 1 . 4 !
At z = -3 the seres is »_ (—1)"*! e which < —1> if endpoints not z = i§
— n
=0 < —1 > if multiple intervals
converges by the Alternating Series Test.
Hence, the interval of convergence is —% <z< %
(b) fl(z) =2+ 4z + 8% +162° +... +2(22)" +... ) 1: first 4 terms
1: general term
(¢) The series in (b) is a geometric series.
1 1 1\? 1\\" 1: substitutes z = —‘l into infinite
#l=g) -2l es(5) el () :
3 3 | 3 3 9 series from (b) or expresses series
4 8 6 2\"
= *g*g*ﬁ*---*Q(*g) +. from (b) in closed form
2 6 1: answer for student's series
275
142
+ 3
OR
fl(z) = 2 for -1 < 2 < = . Therefore
ST 1-2 2 ' o
)iyt
R
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AP°Program Essentials

The AP Reading

In June, the free-response sections of the exams, as well as the Studio Art
portfolios, are scored by college faculty and secondary school AP teachers
at the AP Reading. Thousands of readers participate, under the direction
of a Chief Reader in each field. The experience offers both significant
professional development and the opportunity to network with like-
minded educators.

If you are an AP teacher or a college faculty member and would like to
serve as a reader, you can visit AP Central for more information on how to
apply. Alternatively, send an e-mail message to apreader@ets.org, or call
Performance Scoring Services at 609 406-5383.

AP Grades

The readers’ scores on the essay and problem-solving questions are com-
bined with the results of the computer-scored multiple-choice questions,
and the total raw scores are converted to AP’s 5-point scale:

AP GRADE QUALIFICATION
5 Extremely well qualified
4 Well qualified
3 Qualified
2 Possibly qualified
1 No recommendation

Grade Distributions

Many teachers want to compare their students’ grades with the national
percentiles. Grade distribution charts are available at AP Central, as is
information on how the cut-off points for each AP grade are calculated.
Grade distribution charts are also available on the AP student site at
www.collegeboard.com/apstudents.

Earning College Credit and/or Placement

Credit, advanced placement, or both are awarded by the college or univer-
sity, not the College Board or the AP Program. The best source of specific
and up-to-date information about an individual institution’s policy is its
catalog or Web site.
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Why Colleges Grant Credit and/or Placement for
AP Grades

Colleges know that the AP grades of their incoming students represent a
level of achievement equivalent to that of students who take the same
course in the colleges’ own classrooms. That equivalency is assured
through several Advanced Placement Program processes:

e College faculty serve on the committees that develop the course
descriptions and examinations in each AP subject.

e (College faculty are responsible for standard setting and are involved
in the evaluation of student responses at the AP Reading.

e AP courses and exams are updated regularly, based on both the
results of curriculum surveys at up to 200 colleges and universities
and the interactions of committee members with professional orga-
nizations in their discipline.

e College comparability studies are undertaken in which the perfor-
mance of college students on AP Exams is compared with that of
AP students to confirm that the AP grade scale of 1-5 is properly
aligned with current college standards.

In addition, the College Board has commissioned studies that use a
“bottom-line” approach to validating AP Exam grades by comparing the
achievement of AP versus non-AP students in higher-level college courses.
For example, in the 1998 Morgan and Ramist “21-College” study, AP students
who were exempted from introductory courses and who completed a
higher-level course in college were compared favorably, on the basis of their
college grades, with students who completed the prerequisite first course in
college, then took the second, higher-level course in the subject area. Such
studies answer the question of greatest concern to colleges — are AP stu-
dents who are exempted from introductory courses as well prepared to con-
tinue in a subject area as students who took their first course in college? To
see the results of several college validity studies, go to AP Central. (The
Morgan and Ramist study can be downloaded from the site in its entirety.)

Guidelines on Granting Credit and/or Placement for
AP Grades

If you are an admissions administrator and need guidance on setting an
AP policy for your college or university, you will find the College and
University Guide to the Advanced Placement Program useful; see the
back of this booklet for ordering information. Alternatively, contact your
local College Board office, as noted on the inside back cover of this
Course Description.
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Finding Colleges That Accept AP Grades

In addition to contacting colleges directly for their AP policies, students
and teachers can use College Search, an online resource maintained by the
College Board through its Annual Survey of Colleges. College Search can
be accessed via the College Board’s Web site (www.collegeboard.com). It
is worth remembering that policies are subject to change. Contact the col-
lege directly to get the most up-to-date information.

AP Awards

The AP Program offers a number of awards to recognize high school stu-
dents who have demonstrated college-level achievement through AP
courses and exams. Although there is no monetary award, in addition to

an award certificate, student achievement is acknowledged on any grade
report sent to colleges following the announcement of the awards. For
detailed information on AP Awards, including qualification criteria, visit AP
Central or contact the College Board’s National Office. Students can find
this information at www.collegeboard.com/apstudents.

AP Calendar

The AP Program Guide and the Bulletin for AP Students and Parents pro-
vide education professionals and students, respectively, with information on
the various events associated with the AP year. Information on ordering and
downloading these publications can be found at the back of this booklet.

Test Security

The entire AP Exam must be kept secure at all times. Forty-eight hours
after the exam has been administered, the green and blue inserts
containing the free-response questions (Section II) can be made
available for teacher and student review.* However, the multiple-
choice section (Section I) MUST remain secure both before and
after the exam administration. No one other than students taking the
exam can ever have access to or see the questions contained in Section
1 — this includes AP Coordinators and all teachers. The multiple-
choice section must never be shared, copied in any manner, or recon-
structed by teachers and students after the exam.

*The alternate form of the free-response section (used for late testing administration) is NOT
released.
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Selected multiple-choice questions are reused from year to year to
provide an essential method of establishing high exam reliability,
controlled levels of difficulty, and comparability with earlier exams.
These goals can be attained only when the multiple-choice questions
remain secure. This is why teachers cannot view the questions and
students cannot share information about these questions with anyone
following the exam administration.

To ensure that all students have an equal opportunity to demonstrate
their abilities on the exam, AP Exams must be administered in a uniform
manner. It is extremely important to follow the administration
schedule and all procedures outlined in detail in the most recent
AP Coordinator’s Manual. Please note that Studio Art portfolios and
their contents are not considered secure testing materials; see the AP
Coordinator’s Manual for further information. The manual also includes
directions on how to deal with misconduct and other security problems.
Any breach of security should be reported to Test Security immediately
(call 800 353-8570, fax 609 406-9709, or e-mail tsreturns@ets.org).

Teacher Support

You can find the following Web resources at AP Central:
e Teachers’ Resources (reviews of classroom resources).

¢ Institutes & Workshops (a searchable database of professional
development opportunities).

e The most up-to-date and comprehensive information on AP courses,
exams, and other Program resources.

e The opportunity to exchange teaching methods and materials with
the international AP community using electronic discussion groups
(EDGs).

¢ An electronic library of AP publications, including released exam
questions, the AP Coordinator’s Manual, Course Descriptions, and
sample syllabi.

e Opportunities for professional involvement in the AP Program.

¢ Information about state and federal support for the AP Program.
e AP Program data, research, and statistics.

¢ FAQs about the AP Program.

e Current news and features about the AP Program, its courses and
teachers.

apcentral.collegeboard.com 75



AP teachers can also use a number of AP publications, CD-ROMs, and
videos that supplement these Web resources. Please see the following
pages for an overview and ordering information.

Pre-AP°®

Pre-AP? is a suite of K-12 professional development resources and services
to equip middle and high school teachers with the strategies and tools they
need to engage their students in high-level learning, thereby ensuring that
every middle and high school student has the depth and understanding of
the skills, habits of mind, and concepts they need to succeed in college.

Pre-AP rests upon a profound hope and heartfelt esteem for teachers and
students. Conceptually, Pre-AP is based on two important premises. The
first is the expectation that all students can perform at rigorous academic
levels. This expectation should be reflected in curriculum and instruction
throughout the school such that all students are consistently being chal-
lenged to expand their knowledge and skills to the next level.

The second is the belief that we can prepare every student for higher
intellectual engagement by starting the development of skills and acquisi-
tion of knowledge as early as possible. Addressed effectively, the middle
and high school years can provide a powerful opportunity to help all stu-
dents acquire the knowledge, concepts, and skills needed to engage in a
higher level of learning.

Since Pre-AP teacher professional development supports explicitly the
goal of college as an option for every student, it is important to have a
recognized standard for college-level academic work. The Advanced
Placement Program (AP) provides these standards for Pre-AP. Pre-AP
teacher professional development resources reflect topics, concepts, and
skills found in AP courses.

The College Board does not design, develop, or assess courses labeled
“Pre-AP.” Courses labeled “Pre-AP” that inappropriately restrict access to
AP and other college-level work are inconsistent with the fundamental
purpose of the Pre-AP initiatives of the College Board. We encourage
schools, districts, and policymakers to utilize Pre-AP professional devel-
opment in a manner that ensures equitable access to rigorous academic
experiences for all students.
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Pre-AP Professional Development

Pre-AP professional development is administered by Pre-AP Initiatives,
a unit in K-12 Professional Development, and is available through
workshops and conferences coordinated by the regional offices of

the College Board. Pre-AP professional development is divided into
two categories:

1. Articulation of content and pedagogy across the middle and
high school years — The emphasis of professional development in
this category is aligning curriculum and improving teacher communi-
cation. The intended outcome from articulation is a coordinated pro-
gram of teaching skills and concepts over several years.

2. Classroom strategies for middle and high school teachers —
Various approaches, techniques, and ideas are emphasized in profes-
sional development in the category.

For a complete list of Pre-AP Professional Development offerings, please
contact your regional office or visit AP Central at apcentral.collegeboard.com.

AP Publications and Other Resources

A number of AP resources are available to help students, parents, AP
Coordinators, and high school and college faculty learn more about the AP
Program and its courses and exams. To identify resources that may be of
particular use to you, refer to the following key.

AP Coordinators and Administrators ............ A
College Faculty ................................ C
Students and Parents ......................... SP
Teachers .......... ... ... ... . . . . . . . . T

Ordering Information

You have several options for ordering publications:
e Online. Visit the College Board store at store.collegeboard.com.

¢ By mail. Send a completed order form with your payment or credit
card information to: Advanced Placement Program, Dept. E-06, P. O.
Box 6670, Princeton, NJ 08541-6670. If you need a copy of the order
form, you can download one from AP Central.
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¢ By fax. Credit card orders can be faxed to AP Order Services at
609 771-7385.

e By phone. Call AP Order Services at 609 771-7243, Monday through
Friday, 8:00 a.m. to 9:00 p.m. ET. Have your American Express,
Discover, JCB, MasterCard, or VISA information ready. This phone
number is for credit card orders only.

Payment must accompany all orders not on an institutional purchase order
or credit card, and checks should be made payable to the College Board.
The College Board pays UPS ground rate postage (or its equivalent) on all
prepaid orders; delivery generally takes two to three weeks. Please do not
use P.O. Box numbers. Postage will be charged on all orders requiring
billing and/or requesting a faster method of delivery.

Publications may be returned for a full refund if they are returned
within 30 days of invoice. Software and videos may be exchanged within
30 days if they are opened, or returned for a full refund if they are
unopened. No collect or C.0.D. shipments are accepted. Unless otherwise
specified, orders will be filled with the currently available edition; prices
and discounts are subject to change without notice.

In compliance with Canadian law, all AP publications delivered to
Canada incur the 7 percent GST. The GST registration number is 13141
4468 RT. Some Canadian schools are exempt from paying the GST.
Appropriate proof of exemption must be provided when AP publications
are ordered so that tax is not applied to the billing statement.

Print

Items marked with a computer mouse icon can be downloaded for free
from AP Central.

Bulletin for AP Students and Parents SP

This bulletin provides a general description of the AP Program, including
how to register for AP courses, and information on the policies and proce-
dures related to taking the exams. It describes each AP Exam, lists the
advantages of taking the exams, describes the grade reporting process,
and includes the upcoming exam schedule. The Bulletin is available in
both English and Spanish.

> AP Program Guide A

This guide takes the AP Coordinator step-by-step through the school
year — from organizing an AP program, through ordering and administer-
ing the AP Exams, payment, and grade reporting. It also includes infor-
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mation on teacher professional development, AP resources, and exam
schedules. The AP Program Guide is sent automatically to all schools that
register to participate in AP.

College and University Guide to the AP Program C, A

This guide is intended to help college and university faculty and admin-
istrators understand the benefits of having a coherent, equitable AP
policy. Topics included are validity of AP grades; developing and main-
taining scoring standards; ensuring equivalent achievement; state
legislation supporting AP; and quantitative profiles of AP students by
each AP subject.

Course Descriptions SP, T, A, C

Course Descriptions provide an outline of the AP course content, explain
the kinds of skills students are expected to demonstrate in the correspond-
ing introductory college-level course, and describe the AP Exam. They also
provide sample multiple-choice questions with an answer key, as well as
sample free-response questions. Note: The Course Description for AP
Computer Science is available in electronic format only.

Pre-AP A, T

This brochure describes the Pre-AP concept and the professional
development opportunities available to middle school and high
school teachers.

Released Exams T

About every four to five years, on a rotating schedule, the AP Program
releases a complete copy of each exam. In addition to providing the
multiple-choice questions and answers, the publication describes the
process of scoring the free-response questions and includes examples
of students’ actual responses, the scoring guidelines, and commentary
that explains why the responses received the scores they did.

Teacher’s Guides T

For those about to teach an AP course for the first time, or for experi-
enced AP teachers who would like to get some fresh ideas for the class-
room, the Teacher’s Guide is an excellent resource. Each Teacher’s Guide
contains syllabi developed by high school teachers currently teaching the
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AP course and college faculty who teach the equivalent course at colleges
and universities. Along with detailed course outlines and innovative teach-
ing tips, you'll also find extensive lists of suggested teaching resources.

AP Vertical Team Guides T, A

An AP Vertical Team (APVT) is made up of teachers from different grade
levels who work together to develop and implement a sequential curricu-
lum in a given discipline. The team’s goal is to help students acquire the
skills necessary for success in AP. To help teachers and administrators
who are interested in establishing an APVT at their school, the College
Board has published these guides: A Guide for Advanced Placement
English Vertical Teams; Advanced Placement Program Mathematics
Vertical Teams Toolkit, AP Vertical Teams in Science, Social Studies,
Foreign Language, Studio Art, and Music Theory: An Introduction;
AP Vertical Teams Guide for Social Studies; AP Vertical Teams Guide
for Fine Arts, Vol.1: Studio Art, AP Vertical Teams Guide for Fine Arts,
Vol. 2: Music Theory; and AP Vertical Teams Guide for Fine Arts, Vol.1
and 2 (set).

Multimedia

APCD® (home version),
(multi-network site license) SP, T

These CD-ROMs are available for Calculus AB, English Language, English
Literature, European History, Spanish Language, and U.S. History. They
each include actual AP Exams, interactive tutorials, and other features,
including exam descriptions, answers to frequently asked questions, study-
skill suggestions, and test-taking strategies. There is also a listing of
resources for further study and a planner to help students schedule and
organize their study time.

The teacher version of each CD, which can be licensed for up to 50
workstations, enables you to monitor student progress and provide indi-
vidual feedback. Included is a Teacher’s Manual that gives full explana-
tions along with suggestions for utilizing the APCD in the classroom.
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College Board Offices

National Office

45 Columbus Avenue, New York, NY 10023-6992
212 713-8066

E-mail: ap@collegeboard.org

Middle States

Serving Delaware, District of Columbia, Maryland, New Jersey, New York, Pennsylvania,
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610 670-4400

E-mail: msro@collegeboard.org
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847 866-1700

E-mail: mro@collegeboard.org

New England

Serving Connecticut, Maine, Massachusetts, New Hampshire,
Rhode Island, and Vermont

470 Totten Pond Road, Waltham, MA 02451-1982

781 890-9150

E-mail: nero@collegeboard.org
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Serving Alabama, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina,
South Carolina, Tennessee, and Virginia

3700 Crestwood Parkway, Suite 700, Duluth, GA 30096-5599
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E-mail: swro@collegeboard.org
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Serving Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada,
Oregon, Utah, Washington, and Wyoming
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408 452-1400
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Dallas Metroplex Office

Box 19666, 600 South West Street, Suite 108, Arlington, TX 76019
817 272-7200
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