AP® CALCULUS AB
2006 SCORING GUIDELINES

Question 3

The graph of the function f shown above consists

of six line segments. Let g be the function given by (=3, 2)1(-2:2)

g(x) = [ f()ar
(a) Find g(4), g'(4), and g”(4).

A |

(b) Does g have a relative minimum, a relative _5 4 _3 _ﬁ 1

maximum, or neither at x =1 ? Justify your
answer.

[§)
-+
o

Graph of f

(5,-2)

(c) Suppose that f is defined for all real numbers x and is periodic with a period of length 5. The graph above

shows two periods of f. Given that g(5) = 2, find g(10) and write an equation for the line tangent to the

graph of g at x =108.

@ g@)=[ floyd=3 1:g(4)
3:91:4(4)
(4= f(4)=0 1:g’(4)

(b) ghas arelative minimum at x =1 1 : answer
, . . 2:
because g' = f changes from negative to positive at 1 : reason
x=1.
(¢) g(0) =0 and the function values of g increase by 2 for 1:g(10)
every increase of 5 in x.
4: 1:g(108)
g(10) = 2g(5) =4 3:41:4°(108)

105 108
2(108) = jo £(1) dz+j105 £(t) dt
= 21g(5) + g(3) = 44

£(108) = £(108) = (3) =2

An equation for the line tangent to the graph of g at
x =108 is y —44 = 2(x —108).
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1 : equation of tangent line
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Do not write beyond this border.

b
(3,2 (2,2) 21 2.2 (3,2

Graph of f

Work for problem 3(a)

L) = J o) ae\ %jy_ . \

MU\B P o |

g ()= 0T L LA

3-5 %

[E;E};ZQ'L4> = -7

SIANTOA SN NIOADN ATIM 101 OrT
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Continue problem 3 on page 9.

Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



Do not write beyond this border.

Work for problem 3(b)
hag o relarive minimun GY
Qg——)—! S f 6; @@ X=\ \zecause c)’Lx)=¥(x)chan%eS
4 v 1 4 3=F oA .V\e(jaﬁvf fo positive QAY
X= |
(%) = £(x)
Work for problem 3(c) O) LX) - SX’LXB 0\ Y4

< q(5)=1_and P S perisdic W] & peried \erofin oF
5, M~ lg(,\o\ =g\ - o
> SUO%S '\;
o)(toﬁ} QFCXB A% =@
oy L108) = £C 08) =2
L Q’f qa) = z(’y«w&ﬁ*\

-~

\A’ = 2x 12

END OF PART A OF SECTION i
IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.

“10pI0q ST} PUOAaq 21IM 10U O(]
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Do not write beyond this border.

(-3,2) (-2,2) ,' 51 2.2) 3,2

(-5,-2)

Work for problem 3(a)

gue) = §,' Swde =3

%(L‘Q - %{fff(k)&k = £
i = flw)y =0

-2-2 - &

o' (&) = f): 53 T T

“T3pI0q SIq) puokaq 31uMm 10U o]

Continue problem 3 on page 9.
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Work for problem 3(b) s nerdhesr O ey oF o
g\ = f,' $) de = L ‘3@ X 2l beearmst  manN somns
a(-5) = S 6 de =T G ¥z 4 ok win &
5(~\\=§;‘q“)9’ttﬂ X =-5

JORSRMOREE

9L5): o de = 2

Work for problem 3(c)

e O 7 oedde = 2
S g ) [, (&)

i rc;

\ %(w\ = lfbs o) de

168 5 A"
glws) = 75 §o feyde = 5
R 3 £Qos) = £G3)
- - 2\ s

fGory = Hlon=46)7 2
té— -%%{i - ;L({ —\o?}
END OF PART A OF SECTION i

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.
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Do not write beyond this border.

=2 \ *5 pA
-3, 2)42, 2) @, 2443, 2)
~r1—*’2
| o JF o |
wes5 fa3 3 -N\o| A2 3 .\’-_-2_7(7‘8
N XY |/ y=2x-z g
(-5, -2) v 2 (5,-2)
Graph of f
Work for problem 3(a)
2~(-2 - -(-2)
)= Y~211’8 1 - ,z V‘-Zx—-z
-3+ 5 -2
142 | - 2¥2 _ _ v
= 7 N = 2X-2 Ear 2 Y= =-2x+8

q(4>?J: (-2x+8) Ax q‘(LD: Oi

-
-

L\
-X"rﬁ{\é

|
}‘.""“. q(tﬁﬂ(ﬂ

o

q ¥ ‘(-L[y:

_/—j .
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Work for problem 3(b)

There |s O relabtve yYinimum at  x -)
because Fhe. lsygn analysis shows that
\SlQpC IS Neaotive frorn (1, 1) and |
then there 13 0 Slope at x=[ ond

slope 18 posifive froo (1, 49).

Work for problem 3(c)

%&opeffz
2:=-2(5)+b
o= 12
..\ =-2X ¥12
The equa hon of Fhe Woe
tangent 10 the curve
(S y=-2x +I2

\/l)(“O: ~°

END OF PART A OF SECTION I
IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.
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AP® CALCULUS AB
2006 SCORING COMMENTARY

Question 3
Overview

This problem required the Fundamental Theorem of Calculus. Students were given the piecewise-linear graph of
the function f and were asked about the function g defined as the definite integral of f from O to x. It was
expected that students would use the graph of f, as well as the area bounded by the graph of f and the x-axis, to
answer questions about g, g’, and g”. Part (a) asked for the values of g(4), g’(4), and g”(4). Part (b) asked

about the behavior of g at x =1. In part (c) the function f is extended in a periodic fashion. Students had to
compute g(10), g(108), and g’(108) using the periodic behavior of f.

Sample: 3A
Score: 9

The student earned all 9 points. In part (c) the student writes an equation y = 2x — 72 but declares the correct
answer for the equation of the tangent line by enclosing it in a box.

Sample: 3B
Score: 6

The student earned 6 points: 3 points in part (a) and 3 points in part (c). In part (a) the student gives correct
values for g(4), g’(4), and g”(4), which earned 3 points. In part (b) the student claims that there is neither a

maximum nor a minimum at x = 1; consequently, the student was not eligible for the justification point. In part
(c) the student earned 1 point for giving the correct value for g(10). The student declares an incorrect value for
£(108) but a correct value for g’(108). These values are correctly used to write the equation of the tangent line.
The student earned 1 point for g’(108) and 1 point for the tangent line since the incorrect value for g(108) is
used correctly.

Sample: 3C
Score: 3

The student earned 3 points: 2 points in part (a) and 1 point in part (b). In part (a) the student correctly identifies
g’(4) and g”(4), which earned 2 points. In part (b) the student declares a relative minimum at x = 1 but did not

earn the justification point. The argument refers to slope without designating whether it refers to the slope of f or
the slope of g. No points were earned in part (c).
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