AP® CALCULUS BC
2007 SCORING GUIDELINES

Question 4

Let f be the function defined for x > 0, with f(e) =2 and f’, thefirst derivative of f, givenby f'(x) = x%1n x.
(8 Write an equation for the line tangent to the graph of f at the point (e, 2).
(b) Isthe graph of f concave up or concave down ontheinterval 1 < x < 3? Give areason for your answer.

(c) Useantidifferentiationto find f(x).

@ f'(e) =€ ,. [1:1(e)
" | 1: equation of tangent line
An equation for the line tangent to the graph of f at the

point (e, 2) isy—2=¢*(x—e).

(b) f7(x) = x+ 2xInx. 3. 2: f7(x)
" | 1: answer with reason
For1<x<3 x>0andInx>0, so f’(x)>0. Thus,

the graph of f isconcaveupon (1, 3).

(c) Since f(x)= I (x?Inx) dx, we consider integration by 2 : antiderivative
parts. 4:4 1:uses f(e) =
u=Inx dv = X2 dx 1: answer

Therefore,
f(x) = I(len x) dx

1ls l3.1)
_3x Inx— J(SX ~ dx

1 1
§x Inx—§x + C.
3 o3
i 2 2-8_€ _o_2g3
S|ncef(e)—2,2—3 9+CandC—2 g€
la,, 2g8
Thus, f(x) = Inx 9x +2- 9
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NO CALCULATOR ALLOWED

CALCULUS BC
SECTIONII, Part B
Time-—45 minutes

Number of problems—3

No calculator is allowed for these problems.

Work for problem 4(a)

()= x*\nx
©(e) = e*ln(e) = e*

"

[l

Do not write beyond this border.

Work for problem 4(b)

P(%\) = %%} ox

'y AR) ¢ ()% = X T 2xIax
A COER 2 wl) = VO =)

§"(2) = 2+ KV)\0@) 2+ Hin2)

£(3) = 3+ 23M)W3d = 3¢ 6 (3)
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f 15 concove VP on 1< X<¢3  becavse £ i) POS\ﬁvc on This
1 ntereal

Continue problem 4 on page 1]
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NO CALCULATOR ALLOWED

4

l Work for problem 4(c)—l

F(x) = xH\n %

ler U= \ny dv = KFdx
!
AV 2 a v 37\

S = L 3\ax -3 L 42 ax
3 3

3.

SR) = = 3C\ax - Ao+ C

A
3 Q
L= 2

1 S
2= 5@ )" qey ¢

> 3
2= & . & sc
3 q

Do not|write beyond this border.
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GO ON TO THE NEXT PAG
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NO CALCULATOR ALLOWED
CALCULUS BC

SECTION I, Part B
Time-—45 minutes

Number of problems—3

No calculator is allowed for these problems.

Do not write beyond this Horder.

l Work for problem 4(a) ]

FO) = xS Inx
{'(e) = &

y-1= (x-€)
Yo X -e’t1

Work for problem 4(b)

¢ WX+ 1me)
FGe)

£(s) = )+ tex(ey
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Continue problem 4 on page 1
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Work for problem 4(c) »{/(k)».-. YI (HX doz ‘;&y \I:_ ﬁ
3
\(} _ Kl
—— i K x J
3 3 X
3 3
%inx - *
1
£() ~ gﬁ (\wx - \\
3 3

Do not write beyond this border.
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GO ON TO THE NEXT PAG!
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NO CALCULATOR ALLOWED

- CALCULUS BC
SECTION II, Part B
Time—45 minutes
Number of problems—3

+ 1

No calculator is allowed for these problems.

Work for problem 4(a)

m= P(c\ = ea.

e =de*+b /'y'-: e*x "‘(@—’Aea)
b= e,—;e.a‘ -

Work for problem 4(b)

Do not write beyond this border.

F'0)= 1l eax + X
]nh‘)‘q"‘a = +

Concove up, bk 1Q) 15 pshve

. Continue problem 4 on page 1
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NO CALCULATOR ALLOWED

EV ork for problem 4(c) ]

\qx): j 0 (%) dx
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Tobulor Trerelion
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Do notiwrite beyond this border.
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-11-

©2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



AP® CALCULUS BC
2007 SCORING COMMENTARY

Question 4
Overview

This problem presented students with the derivative of a function and an initial value. In part (a) students had to
use the given information to write an equation for the tangent line at the initial value. In part (b) they needed to
determine whether the graph of the function was concave up or concave down on a given interval and to justify
their answer. Part (c) asked students to use antidifferentiation to find an explicit formula for the function. This
involved using integration by parts, a BC-only topic.

Sample: 4A
Score: 9

The student earned all 9 points. Note that in part (b) the student includes the necessary reference to the interval
1 < x < 3 when discussing the concavity of the graph of f.

Sample: 4B
Score: 6

The student earned 6 points: 2 points in part (a), 2 points in part (b), and 2 points in part (c). In part (a) the student
has a correct numerical value for the slope and uses it to determine an equation of the tangent line. In
part (b) f"(x) = x + 2xIn x is correct, and the first 2 points were earned. The third point was not earned because

there is no comment about the concavity of the graph of f. In part (c) the student correctly uses integration by
parts and earned 2 points. Since there is no substitution for f(e) = 2 or a final solution for f(x), the last

2 points were not earned. The missing +C does not affect the antiderivative points but was required for the
remaining points.

Sample: 4C
Score: 3

The student earned 3 points: 1 point in part (a) and 2 points in part (b). In part (a) the student earned the point for a
correct f'(e). The student’s equation of the tangent line is incorrect. In part (b) f"(x) = x + 2xIn x is correct,

and the first 2 points were earned. The explanation is not sufficient since the student states that f'(2) is positive
instead of f"(2) is positive. For this problem, students were allowed to evaluate f’ at only two points to
determine whether f” is increasing or decreasing on the interval 1 < x < 3. In part (c) the student’s use of
integration by parts is incorrect.
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