\ 7 The *ADVANCED
éaCollege APPLACEMENT
Board PROGRAM®

AP® CalculusBC
2001 Scoring Commentary

Thematerialsincluded in thesefilesareintended for non-commercial use by AP
teachersfor course and exam preparation; permission for any other use must be
sought from the Advanced Placement Program. Teachersmay reproduce them, in
wholeor in part, in limited quantities, for face-to-face teaching pur poses but may
not mass distributethe materials, eectronically or otherwise. These materials and
any copies made of them may not beresold, and the copyright notices must be
retained asthey appear here. This permission doesnot apply to any third-party
copyrights contained herein.

These materials were produced by Educational Testing Service (ETS), which develops and administers the examinations of the Advanced Placement Program for the
College Board. The College Board and Educational Testing Service (ETS) are dedicated to the principle of equal opportunity, and their programs, services, and
employment policies are guided by that principle.

The College Board is a national nonprofit membership association dedicated to preparing, inspiring, and connecting students to college and opportunity.
Founded in 1900, the association is composed of more than 3,900 schools, colleges, universities, and other educational organizations. Each year, the College Board
serves over three million students and their parents, 22,000 high schools, and 3,500 colleges, through major programs and services in college admission, guidance,

assessment, financial aid, enrollment, and teaching and learning. Among its best-known programs are the SAT®, the PSAT/NMSQT™, the Advanced Placement
Program® (AP®), and Pacesetter®. The College Board is committed to the principles of equity and excellence, and that commitment is embodied in all of its
programs, services, activities, and concerns.

Copyright © 2001 by College Entrance Examination Board. All rights reserved. College Board, Advanced Placement Program, AP, and the acorn logo are registered
trademarks of the College Entrance Examination Board.



AP® CALCULUS BC
2001 SCORING COMMENTARY

Question 1

This problem involved parametric motion in the plane. It presented the student with the velocity
components of an object moving along a curve in the plane and the object’ s position at a given time.

Part (a) asked for an equation of the line tangent to the curve, which required the student to determine the
slope from the vel ocity components. Part (b) asked for a calculation of the object’s speed and part (C)
asked for the total distance traveled by the object over a given timeinterval. Part (d) required the student
to integrate each of the velocity components and use the position of the object at t = 2 to calculate the
coordinates of the object’ s position at a specific time. The velocity components of the object were
functions that required the use of the numerical integration capabilities of a calculator in parts (c) and (d).

The mean score was 2.69.

Sample B

The student earned all 9 points. The student communicated a clear understanding of the Fundamental
Theorem in part (d).

Sample D

The student earned 7 points. 1 point in part (a), 1 point in part (b), 2 pointsin part (c), and 3 pointsin part
(d). The student failed to calculate avalue in part (c). The student made a calculation error in finding the
valuefor y(3) in part (d).
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Question 2

This problem presented the student with tabular data representing water temperature readings in a pond
recorded at regular time intervals.

Part (a) asked for an approximation of a derivative (with appropriate units) and part (b) asked for a
(trapezoidal) approximation of adefiniteintegral representing the average value of the temperature using
this tabular data. In part (c), afunction model for the water temperature was introduced. The student was
asked to calculate a derivative analytically and to provide an interpretation of its meaning in this physical
context. Part (d) required the student to cal cul ate the average value of the function model over the time
interval in part (b). This problem reflected the increased emphasis on working with multiple
representations of functions. It illustrated two ways of working with data: approximations based on actual
data values and analytic work based on a model approximating the data.

The mean score was 5.27.

Sample A

The student earned all 9 points.

Sample C

The student earned 7 points: 1 point in part (a), 2 pointsin part (b), 1 point in part (c), and 3 pointsin part
(d). The second point in part (&) was not earned because units were omitted. The student did not earn the
second point in part (c). The second point in part (c) required the student to use aword or phrase to
indicate that the temperature is decreasing, and this student did not.
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Question 3

This problem presented the student with acar’sinitial velocity and a piecewise linear graphical
representation of the car’s acceleration over atime interval. The different parts of the problem asked for
interpretations and conclusions regarding the car’ s velocity. This required the student to both recognize
the acceleration graph as that of the derivative of the velocity and to reason using this graphical
representation of the derivative. It is possible that a student might have chosen to obtain a piecewise
formulafor the acceleration function in order to work analytically, but it would have been more efficient
to reason directly from the graph.

Part (a) asked for an interpretation of the rate of change of the velocity at a given time (obtained by the
sign of the value of the acceleration function). Parts (b), (¢), and (d) each required calculating
accumulated changes in velocity in terms of definite integrals of the acceleration function, all of which
could be computed directly by summing the signed areas of triangles, rectangles and/or trapezoids. Part
(c) dsoinvolved an analysis of local extrema and endpoint analysisin finding the time at which an
absolute maximum velocity occurs. All parts of the problem asked for supporting reasons and
justifications for the students' conclusions.

The mean score was 4.17.

Sample A

The student earned all 9 points.

Sample D

The student earned 7 points: 1 point in part (a), 2 pointsin part (b), 3 pointsin part (¢), and 1 point in part
(d). The fourth point in part () was not earned because the student did not properly eliminatet = 18
from consideration. The second point in part (d) was not earned because the student did not justify the
answer provided.
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Question 4

This problem presented the student with a derivative of afunction h and an initial value of the function.
Given thisinformation, a student might have attempted to determine the function h explicitly by first
antidifferentiating h' and then using the given initial condition to determine the constant of integration.
However, the function h had adiscontinuity at x =0 and so theinitial condition only determined the
function for x>0 . For all parts of this problem the student could have used information supplied by the
given derivative h' or its derivative h" .

Part (a) asked for the critical values and for an extrema analysis with justification. This justification could
have involved either the first or second derivative tests. Part (b) asked for a concavity analysis that could
be in terms of the second derivative or in terms of the increasing/decreasing behavior of the first
derivative. Part (c) required the student to find the equation of the line tangent to the graph of h at the
point defined by the initial condition. Part (d) tied parts (b) and (c) together by asking for a geometric
analysis of the relationship of the line tangent to the graph of h found in part (c) by using the concavity
information from part (b).

The mean score was 4.70.

Sample A

The student earned all 9 points.

Sample D

The student earned 7 points: 4 pointsin part (a), 2 pointsin part (b), and 1 point in part (c). The student
correctly used the second derivative test in part (a) but failed to exclude “0” in part (b). The point in part
(d) was not earned because the student did not make it clear that the curve was concave up on the given
interval.
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Question 5

This problem presented the student with a differential equation relating afunction f to its derivative f'.

The student was also presented with both an initial condition and alimiting condition (in other words, the
asymptotic behavior of f(X) asx approachesinfinity).

Part (a) asked for an improper integral of the expression for f’ given by the differential equation. The
solution of this problem required the student to recognize the integrand asbeing f' and usethe

Fundamental Theorem of Calculusto employ both theinitial and limiting conditions in the cal culation.
Part (b) asked the student to use Euler’ s method to approximate the value of the function at another point.
Part (c) asked the student to explicitly solve the given separable differential equation withinitial
condition. It is possible that a student might have used this explicit solution to approach parts (a) and/or

(b).
The mean score was 5.61.

Sample A

The student earned all 9 points.

Sample D

The student earned 7 points: 2 pointsin part (b) and 5 pointsin part (c). The student earned no pointsin
part (a). The student had an incorrect antiderivative, and the polynomial was not eligible for the answer
point because it did not involve the given limit information.
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Question 6

This problem presented the student with a power series representation for a function.

Part (a) asked for the interval of convergence of the given power series. Part (b) asked for alimit of an

indeterminate form

0

L’Hopital's Rule or simplified the indeterminate form. In either case, some formal manipulation of the
power series was needed, either by differentiation or by algebraic means. Part (c) also required the student
to formally manipulate the given power seriesin away that could have been used to calculate the value of
adefinite integral. Thisresulted in a geometric series that the student was asked to evaluate in part (d).

involving the function defined by the power series. A student might have used

The mean score was 3.68.

Sample B

The student earned all 9 points. In part (a), atest for divergence at the endpoints was not required.

Sample D

The student earned 7 points: 3 pointsin part (), 1 point in part (b), 2 pointsin part (c), and 1 point in part
(d). Thelast point in part (a) was not earned because the student came to an incorrect conclusion about
convergence at x = —3. Thelast point in part (¢) was not earned because the student did not give a
general term for the infinite series.
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