AP® CALCULUS BC
2009 SCORING GUIDELINES

Question b
X 2 3 5 8 13
f(x) 1 4 2 3 6

Let f beafunction that istwice differentiable for al real numbers. The table above gives values of f for
selected pointsin the closed interval 2 < x < 13.

(@

13
(b) Evauate J 5 (3—5f’(x)) dx. Show the work that leads to your answer.

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

13
() Usealeft Riemann sum with subintervalsindicated by the data in the table to approximate _[2 f(x) dx.

(d)

Show the work that |eads to your answer.

Suppose f’(5) =3 and f”(x) <0 for al x intheclosedinterval 5 < x < 8. Usetheline tangent to
thegraph of f a x =5 to show that f(7) < 4. Use the secant linefor thegraphof f on 5< x <8 to

show that f (7) > %-

(@

(b)

(©)

(d)

f(5)- £(3) _

5-3 -3

£/(4) =

[P3-5t0) de= [ 3dk—5[ " t(x) ok
2 2 2
— 3(13-2)—5(f(13) - f(2)) = 8

jzls F(x) dx = £(2)(3=2)+ f(3)(5-3)
1 £(5)(8—5)+ f(8)(13-8) =18

An eguation for the tangent lineis y = -2 + 3(x - 5).
Since f”(x) < 0 foral x intheinterval 5< x < 8, the
line tangent to the graph of y = f(Xx) a x =5 liesabove
the graph for al x intheinterval 5< x < 8.

Therefore, f(7)<-2+3-2=4.

An equation for the secant lineis y = -2 + %(x— 5).

Since f”(x) < 0 foral x intheinterval 5< x < 8, the

secant line connecting (5, f(5)) and (8, f(8)) liesbelow

thegraphof y = f(x) foral x intheinterval 5 < x < 8.
5 4

Therefore, f(7) > -2+ 3 2= 3
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of Calculus
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: left Riemann sum
: answer

: tangent line
:shows f(7) <4
: secant line

: shows f(7) 2
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NO CALCULATOR ALLOWED

5

f(x) 1 4 -2 3 6

Do not write beyond this border.

rWork for problem 5(a) J 8 -7 - Y ¢

- l,‘Work for problem S(b)J , 5
ij‘33~ s£'(xy IX :Z)(3 3 ;);(_, 5 zf. f (x)dx
sxl, = 5(£(13)-1())
23~ 5(¢-1) -

33- 5(5)
33-25=%
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NO CALCULATOR ALLOWED

Work for problem 5(c) |

32D+ | +(5-3)-4+(8-5)-~2 +(13-9)-3

Work for problem 5(d)

ya2=3(x-5)

y+2=3(7-5)
¥+2=3(2).
x=H

since £U)LO e tangen

¥ '&qu iS an G

gvelsperésimation so W (7)Y

2- -2 _ 5
--- g~ — 3

y+2=5(x=5)

y+2=%(7-5)
¥+2=%5(z) ‘

- 2

since €'x) Lo e
COcant Lial i5 an
mk{q'?{dkﬁ'q +‘a'\ q+
£(7),, 50 €7} must 6¢
=5
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Do not write beyond this border.

11 -2
Hork for problem 5(a) J
| N-A3
| ‘F((—q): %2-
HuN— ~2-4
frn= 55

o= =3

rWork for problem SCbH :

Z

Cs?)o&— §£i3{1Lx\ Ix

5Xl: —S'U'(x)[f)

30%) - %2) -5 (AU1BY-H2)

2 —0 -S(06-1)

26- S(5)
X 20-25
f (3-SFEN&K =5
Z

f @ - 5P\
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CALCULATOR ALLOWED 53
Work for problem 5(0) | | ‘
S‘ o) dx Using bt Riemonn oy !
1
Q -2y +L2 1) H(3 =) +(5-3)
2+8 2 HS =19
3 .
f Llxydw 19
z
1 ;
{ Work for problem 5(d) LN -G(%’)’HS' o
£1(sY=2 and HSHY="Z £ ﬁ) g
2 v S FlY= 322 | x 3
3+Z%U 3 3 B
=2y 151 ~ : S
2= 5065 :
Y=2x 11 ) ° | g
at ¥ y= Yeavu arx=. yrie 50-5) g
Y=z Yri= 3 <
§=H 9= %
BReaR £x) <0, PO Beaawse 4nis gecont e is e apeat
aeawwé/ over Jarinternil Sipe 0P njendl Sex£y, A
Sex =F, -This' means P(S) s 0N wndtroporoxivahion o Pa),
"FV\-Q_ }arwf’ vaje vér -fhlff MK\W?) Wqﬁp(_ H7\ S % s
o £ can nét be any qreate” I
Jran H. Fneredort, 1) 24,
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NO CALCULATOR ALLOWED

5

x {21V 3 |58 |1
1 @] 2] 3 | s

Do not write bej'ond this border.

Work for problem 5(a) | £ 43 _ -l _3/ _
' 5-1 52
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- SEts) - 5 (D)
(%) - G 30 — 10
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NO CALCULATOR ALLOWED

Work for problem 5(c)
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AP® CALCULUS BC
2009 SCORING COMMENTARY

Question 5
Overview

This problem presented students with a table of values for a function f sampled at five values of x. It was also
stated that f is twice differentiable for all real numbers. Part (a) asked for an estimate for f’(4). Since x = 4

falls between the values sampled on the table, students should have calculated the slope of the secant line to the
graph of f corresponding to the closest pair of points in the supplied data that brackets x = 4. Part (b) tested

13
students’ ability to apply properties of the definite integral to evaluate J.z (3-5f’(x)) dx. Part (c) asked for an

13
approximation to x) dx using the subintervals of [2, indicated by the data in the table. In part (d) it was
imati 2f dx using the subi Is of [2,13] indicated by the data in the table. | d)i

also stated that f’(5) =3 and f”(x) < 0 forall x in [5, 8]. Students were asked to use the line tangent to the
graph of f at x =5 to show that f(7) < 4 and to use the secant line for the graph of f on 5 < x < 8 to show

that f(7) > % For the former inequality, students should have used the fact that f” is negative (so f’ is

decreasing) on [5, 8] so that the tangent line at x = 5 lies above the graph of f throughout (5, 8]. For the latter
inequality, students should have used the sign of f” to conclude that the indicated secant line lies below the

graph of f for 5 < x < 8; in particular, the point on the graph of the secant line corresponding to x = 7 is below
the corresponding point on the graph of f.

Sample: bA
Score: 9

The student earned all 9 points. In part (b) the student’s second line earned the first point, and the third line earned
the second point. In part (c) the student’s first line earned both points. In part (d) the student’s first line earned the
first point. The second point was earned by showing that y = 4 when x = 7 on the tangent line, stating the desired

inequality f(7) < 4, and giving an acceptable reason to validate the inequality. The third and fourth points were
earned in a similar manner using the secant line.

Sample: 5B
Score: 6

The student earned 6 points: 1 point in part (a), 1 point in part (b), 1 point in part (c), and 3 points in part (d). In
part (a) the student’s second line earned the point. In part (b) the student’s fourth line earned the first point for use
of the Fundamental Theorem of Calculus. The student makes subsequent errors. In part (c) the student’s second
line earned the first point since seven of the eight presented factors are correct. The student did not earn the
answer point. In part (d) the student’s second line on the left earned the first point. The second point was earned
by showing that y = 4 when x = 7 on the tangent line, stating the desired inequality f(7) < 4, and giving an
acceptable reason to validate the inequality. The student’s third line on the right earned the third point. The last

point was not earned since the student’s reason does not validate the inequality f(7) = %
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Question 5 (continued)

Sample: 5C
Score: 4

The student earned 4 points: no points in part (a), 1 point in part (b), 1 point in part (c), and 2 points in part (d). In
part (a) the student’s answer is incorrect. In part (b) the student earned the first point by correctly applying the
Fundamental Theorem of Calculus to the derivative of f. The student makes a subsequent arithmetic error. In

part (c) the student earned the first point since seven of the eight presented factors are correct. The student did not
earn the answer point. In part (d) the student earned the first and third points for correct equations for the tangent and
secant lines. Since the student does not explain why either of the two inequalities is valid, the student did not earn the
other points.
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