AP® CALCULUS BC
2013 SCORING GUIDELINES

Question 4

v

The figure above shows the graph of f”, the derivative of
a twice-differentiable function f, on the closed interval
0 < x < 8. The graph of f” has horizontal tangent lines

at x =1, x =3, and x = 5. The areas of the regions
between the graph of /' and the x-axis are labeled in the

figure. The function f is defined for all real numbers and
satisfies f(8) = 4.

Arca=6

(a) Find all values of x on the open interval 0 < x < 8 1 | | Arca = 3
for which the function f has a local minimum. 1
Justify your answer. (5,-2)
(b) Determine the absolute minimum value of f on the Graph of f*

closed interval 0 < x < 8. Justify your answer.

(c) On what open intervals contained in 0 < x < 8 is the graph of f both concave down and increasing?
Explain your reasoning.

(d) The function g is defined by g(x) = (f (x))3. If /(3) = —%, find the slope of the line tangent to the
graph of g at x = 3.

(a) x = 6 is the only critical point at which f’ changes sign from | 1 : answer with justification
negative to positive. Therefore, f has a local minimum at

x = 6.
(b) From part (a), the absolute minimum occurs either at x = 6 or 1 : considers x = 0 and x = 6
at an endpoint. 3:4 1:answer
0 o .
f(0)= £(8) + Ig f(x) dx 1 : justification

= f®) - [ F()dx=4-12= -8
F6)= £(8)+ [ f(x) d
= f®) - [ f()dr=4-T=3

J(8) =4
The absolute minimum value of f on the closed interval [0, 8]
is —8.

(c) The graph of f is concave down and increasing on 0 < x < 1 5. 1 : answer
and 3 < x < 4, because f’ is decreasing and positive on these " | 1: explanation
intervals.

’ 2 ’ ’
@ €(x) =3[/ /() L 28
" | 1:answer

£() =30/ G 1) =3(-3) 4=75
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4. The figure above shows the graph of f’, the derivative of a twice-differentiable function f, on the closed
interval 0 < x < 8. The graph of f’ has horizontal tangent lines at x =1, x = 3, and x = 5. The areas of the
regions between the graph of f’ and the x-axis are labeled in the figure. The function f is defined for all real
numbers and satisfies f(8) = 4. ’

(a) Find all values of x on the open interval 0 < x < 8 for which the function f has a local rmq_gnum Justify
your answer. -

X= 6 |
£ g local ymmnwmat X =
graphef £ chang from MW‘W L gmwm 2t Ko _’éag,
0 esiny e fired ddpmate g Vol e
£ bor o v thel wmﬁxy» g }""“ {hos o 396‘&%% A A W

(b) Determine the absolute minimum value of f on the closed interval 0 < x < 8 Justify your answer.
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(c) On what open intervals contained in 0 < x <8 is the graph of f both concave down and increasing?
Explain your reasoning. . Le Sn& O
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(d) The function g is defined by g(x) = (f(x)). If £(3) = —é find the slope of the line tangent to the graph
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Graph of f’

4. The figure above shows the graph of f”, the derivative of a twice-differentiable function f, on the closed
interval 0 < x < 8. The graph of f’ has horizontal tangent lines at x =1, x = 3, and x = 5. The areas of the
regions between the graph of f’ and the x-axis are labeled in the figure. The function f is defined for all real
numbers and satisfies f(8) = 4.

(a) Find all values of x on the open interval 0 < x < 8 for which the function f has a local minimum. Justify
your answer.
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(b) Determine the absolute minimum value of f on the closed interval 0 < x < 8. Justify your answer.
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(c) On what open intervals contained in 0 < x < 8 is the graph of f both concave down and increasing?

Explain your reasoning.
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(d) The function g is defined by g(x) = (( f(x)*. X f(3) = —i, find the slope of the line tangent to the graph
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(5,-2)

Graph of f’

4. The figure above shows the graph of f’, the derivative of a twice-differentiable function f, on the closed
interval 0 < x < 8. The graph of f’ has horizontal tangent lines at x =1, x = 3, and x = 5. The areas of the
regions between the graph of f” and the x-axis are labeled in the figure. The function f is defined for all real
numbers and satisfies f(8) =

(a) Find all values of x on the open interval 0 < x < 8 for which the function f has a local minimum. Justify
your answer.
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(b) Determine the absolute minimum value of f on the closed interval 0 < x < 8. Justify your answer.
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(c) On what open intervals contained in 0 < x < 8 is the graph of f both concave down and increasing?
Explain your reasoning.
. WL e -,.--»
rudaen €S 0D

r,
- . e e
(’ \ E': LML J Lvwt

(d) The function g is defined by g(x) = (f (x))3. If f(3) = ——5— find the slope of the line tangept to the graph
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AP® CALCULUS BC
2013 SCORING COMMENTARY

Question 4
Overview

This problem described a function f that is defined and twice differentiable for all real numbers, and for which
f(8) = 4. The graph of y = f'(x) on [0, 8] is given, along with information about locations of horizontal

tangent lines for the graph of f” and the areas of the regions between the graph of f” and the x-axis over this
interval. Part (a) asked for all values of x in the interval (0, 8) at which f has a local minimum. Students needed
to recognize that this occurs where f' changes sign from negative to positive. Part (b) asked for the absolute
minimum value of f on the interval [0, 8]. Students needed to use the information about the areas provided with
the graph, as well as f(8), to evaluate f(x) at 0 and at the local minimum found in part (a). Part (c) asked for
the open intervals on which the graph of f is both concave down and increasing. Students needed to recognize
that this is given by intervals where the graph of f” is both decreasing and positive. Students were to determine
these intervals from the graph. Part (d) introduced a new function g defined by g(x) = (/(x))’, and included
Bl
2
needed to recognize that this slope is given by g'(3). In order to determine this value, students needed to apply

that f(3) = —=. Students were asked to find the slope of the line tangent to the graph of g at x = 3. Students

the chain rule correctly and read the value of f”(3) from the graph.

Sample: 4A
Score: 9

The student earned all 9 points.

Sample: 4B
Score: 6

The student earned 6 points: 1 point in part (a), 1 point in part (b), 2 points in part (c), and 2 points in part (d). In
part (a) the student’s work is correct. In part (b) the student earned the point for considering x = 0 and x = 6.
The student does not report a correct answer and was not eligible for the justification point. In part (c) the
student’s work is correct. In part (d) the student earned the 2 points for g'(x) but did not earn the answer point.

Sample: 4C
Score: 3

The student earned 3 points: 1 point in part (a) and 2 points in part (c). In part (a) the student’s work is correct. In
part (b) the student does not consider x = 0 and x = 6, does not find the answer, and is not eligible for the
justification point. In part (c) the student’s work is correct. In part (d) the student makes a chain rule error in the
derivative and did not earn the answer point.
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