AP® CALCULUS AB
2009 SCORING GUIDELINES (Form B)

Question 5

Let f be atwice-differentiable function defined on the interval y
-1.2 < x< 3.2 with f(1) = 2. Thegraph of f’, thederivative

of f, isshown above. Thegraph of f’ crossesthe x-axis at
x=-1and x = 3 and hasahorizontal tangentat x = 2. Let g
be the function given by g(x) = e’ .

(8 Write an equation for the line tangent to the graph of g
a x=1

(b) For —1.2 < x < 3.2, find all valuesof x at which g hasa
local maximum. Justify your answer.

Graph of f”

(c) Thesecond derivativeof g is g”(x) = ef(x)[( f/(x))? + f”(x)]. Is g”(-1) positive, negative, or
zero? Justify your answer.
(d) Find the averagerate of change of g, the derivative of g, over theinterval [1, 3].

@ gn=e'®=¢ 1:g(x)
g(x)=e"™@f(x), g@) =e V(1) = -4e 3:71:9(1) and g'(1)

Thetangent lineisgivenby y = € — 4e?(x — 1). 1+ tangent line equation

() g'(x)=ePf/(x) . {1:ans/ver
ef ™ 5 0 foral x | 1:justification
So, g’ changes from positive to negative only when f’

changes from positive to negative. Thisoccursat x = -1
only. Thus, g hasalocal maximumat x = —1.

(© g"(-1) =e"V[(f(-1)* + £(-D)]
e'™>0and f(-1)=0
Since f’ isdecreasing on a neighborhood of -1,
f”(-1) < 0. Therefore, g”(-1) < 0.

5. {1:answer
" | 1:justification

’ o f(3) ¢~ _af@ g . Al ;
() g -g@d) _ef(3-e () _ o 5. {1 : difference quotient
1 1: answer
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Do not write beyond this border.

Work for problem 5(a)
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Work for problem 5(b)
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Continue problem 5 on page 13.
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Work for problem 5(c)
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Work for problem 5(d)
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GO ON TO THE NEXT PAGE.
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Do not write beyond this border.

Graph of f’
Work for probleﬁ 5(a)
&' (x) = el(:) £ (x) .
9' (1) = 2 (»‘(\=e'—°r=-+e‘
9 (4) = Qg( ) =
Y— ez' = —.4;9,1 (X"ﬂ) \
| Work for problem 5(b) .
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Continue problem 5 on page 13.



Do not write beyond this border.

sl s M s Is-sl%m

NO CALCULATOR ALLOWED

- 0-’/\‘1 v@ Y'CUSQ(')\
£ (-1 ="0 (gwen) ot

Work for problem 5(c) _ .

9" (x) = QHK)Y_ (-G‘(x)) x¥ £ (x) ]

: ‘ ' L) - osi hszco.wSQ
g (1) 15 negedive, @ S s e et

_G\\ (,/\) < 0 ('G"’M

mP\“) J S0 9u (1) s o~ | =

-~ &-M
Widn | MQ$ owd {o be o~ Soe(\\l& '
wht co o

| Work for problem 5(d) N 3
rnde of dv\cme:,z. of q\ :E?.T -SA 9"()0 -Ax

o _ ' (%) -9'(1)
T 5o 3‘(&)\ = 2

. 3 A |
g (3)= «z,QG) £'(») = Q.P.( ) ' O =0
3\ (1) = - ae? ( Broen Bl

o\\m,ro\g L

RSN LR D
gl 5 - -——i—" —

positive X (Zeve +nesekv®)

"13pI0q SIJ) PUOKaq JJTA 10U 0q

GO ON TO THE NEXT PAGE.
13- ~

© 2009 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



- Do not write beyond this border.

H R KN R R B

NO CALCULATOR ALLOWED
y
A
' AV 0 i ; — ->X |
T~ 1 2 3
1,-4)
Graph of f’

Work for problem 5(a)
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Work for problem 5(c)

)
) =6
; '63 <O swe Pled & c&ms@ 7%,\4 c 2 ]

gw, PY=2 and TCO b onl y kervgsed ‘PWM

F-Dh P&) LYo
\r0<> e‘tc (0+ FNG‘B
q"(’i) <0

l Work for problem 5(d)

3‘C@> <3F06 fNCQB

90): ™
= Ma

(%): © e
9{5« st ofF cl'l'mge QM

2-6

o+ Ue”

\\

T "Iopi0q ST PUO&aq UM JOU Oo(

GO ON TO THE NEXT PAGE.

13-

© 2009 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



AP® CALCULUS AB
2009 SCORING COMMENTARY (Form B)

Question 5

Sample: bA
Score: 9

The student earned all 9 points. Note that in part (a) the student’s first line earned the point for g’(x). The student
includes g(1) implicitly in the second equation. In part (c) the justification is sufficient although the student does not
explainwhy f”(—1) is negative.

Sample: 5B
Score: 6

The student earned 6 points: 3 points in part (a), 1 point in part (b), 2 points in part (c), and no points in part (d).
In part (a) the student’s work is correct. In part (b) the student earned the answer point, but the justification is
insufficient. The student does not describe the sign change in g”. In part (c) the student’s work is correct. In

part (d) the student is not working with the correct difference quotient.

Sample: bC
Score: 3

The student earned 3 points: 1 point in part (a), 1 point in part (b), 1 point in part (c), and no points in part (d). In part
(a) the student earned the point for g’(x). The student does not have a value for g(1). As a result, the second point

was not earned, and the student was not eligible for the third point. In parts (b) and (c) the student earned the answer
points. Both justifications are insufficient. In part (d) the student is not working with the correct difference quotient.
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