AP® CALCULUS BC
2009 SCORING GUIDELINES (Form B)

Question 1

A baker is creating a birthday cake. The base of the cake is the y

region R in the first quadrant under the graph of y = f(x) for ) 0“

0 < x <30, where f(x)= 20sin(%). Both x and y are 164
measured in centimeters. The region R is shown in the figure 127
above. The derivative of f'is f’(x) = 2Tf[cos (%) 871

(a) The region R is cut out of a 30-centimeter-by-20-
centimeter rectangular sheet of cardboard, and the o
remaining cardboard is discarded. Find the area of the
discarded cardboard.

(b) The cake is a solid with base R. Cross sections of the cake perpendicular to the x-axis are
semicircles. If the baker uses 0.05 gram of unsweetened chocolate for each cubic centimeter of cake,
how many grams of unsweetened chocolate will be in the cake?

(c) Find the perimeter of the base of the cake.

30 2 :int 1
(a) Area =30-20— [ © f(x) dv = 218.028 cm’ 3 { integra
0 1 : answer
30 £(x) 5
(b) Volume = J %(Tj dx = 2356.194 cm’ 3 { 2 : integral
y " | 1:answer
Therefore, the baker needs 2356.194 x 0.05 = 117.809 or 117.810 grams
of chocolate.
30 2 : integral
(¢) Perimeter = 30 + [ "1+ (f"(x))* dx = 81.803 or 81.804 cm 3: { 1 ;i:gr;
answ
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CALCULUS BC
SECTION II, Part A
Time—45 minutes

Number of problems—3
A graphing calculator is required for some problems or parts of problems.
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Work for problem 1(a)

3
Area of R = foowffﬂ(;ﬂ'g'>dzk 281.972

rpmainin9 cardboard = 30x10 - R

S28.028 et

Do not write beyond this border.

Work for problem 1(b) area of /,
Semiticde = 2 y*q //
| areadt
r= 54 e miircle - gqﬂ'

Vg 37 (7 fuosin ()

N 3
—. = 23%56. 14449 om
(hotolate = g o5 « 2356.14U4q = 17,8097 9

Continue problem ! on page 5.
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_ Do not write beyond this border.

Work for problem 1(c) |
Yu o | | penmem Shaded Line
+ ¥ 2 a pof‘hono-(‘
-0 XKL§
S & poftion of X-AXTS = 3000,
o ; ' 30 X
: 0, - 30
ghoded Lune - !H—(i‘i)l
o dx
\TX 5
< d
. g J I+ 30)) x g
3
= ¢1.8037037Y cin~ a
| | | g
) ) ~ (=%
onaded \ing & O pothion of X—AKS 8
= 81.80370374% cun
GO ON TO THE NEXT PAGE.
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CALCULUSBC
SECTION II, Part A
Time—45 minutes
Number of problems—3

A graphing calculator is required for some problems or parts of problems.
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Do not write beyond this border.

Work for problem 1(a) | o ' :
Am o‘F Oa’ﬂm\ wlLoﬂi 305(71036 00 omt )]

fren Wb RE G = - B s (B) =391, 902 (m* -®

A ren DF Lsmu c«,iLWJ,m cp@\(;oo -3914NL =213, oz?;m

mlmum vald

Work for problem l(b)
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Work for problem 1(c)
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Do not write beyond this border.

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

A graphing calculator is required for some problems or parts of problems.
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Work for problem 1(a) e
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Continue problem 1 on page 5.
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Work for problem 1(c)
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AP® CALCULUS BC
2009 SCORING COMMENTARY (Form B)

Question 1

Sample: 1A
Score: 9

The student earned all 9 points.

Sample: 1B
Score: 6

The student earned 6 points: 3 points in part (a), 3 points in part (b), and no points in part (c). In part (c) the
student does not have an arclength integral and was not eligible for the answer point.

Sample: 1C
Score: 4

The student earned 4 points: 3 points in part (a), 1 point in part (b), and no points in part (c). In part (a) the student’s
work is correct. In part (b) the student has an error in the constant factor and earned only 1 of the integral points. The
student was eligible for the last point, but the answer is not consistent with the work shown. In part (c) the student
does not have an arclength integral and was not eligible for the answer point.
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AP® CALCULUS BC
2009 SCORING GUIDELINES (Form B)

Question 2

A storm washed away sand from a beach, causing the edge of the water to get closer to a nearby road. The
rate at which the distance between the road and the edge of the water was changing during the storm is

modeled by f(¢) = vt + cost — 3 meters per hour, ¢ hours after the storm began. The edge of the water

was 35 meters from the road when the storm began, and the storm lasted 5 hours. The derivative of f(¢)

is /(1) = L1 ine.

24t
(a) What was the distance between the road and the edge of the water at the end of the storm?

(b) Using correct units, interpret the value f’(4) =1.007 in terms of the distance between the road and
the edge of the water.

(c) At what time during the 5 hours of the storm was the distance between the road and the edge of the
water decreasing most rapidly? Justify your answer.

(d) After the storm, a machine pumped sand back onto the beach so that the distance between the road
and the edge of the water was growing at a rate of g(p) meters per day, where p is the number of
days since pumping began. Write an equation involving an integral expression whose solution would

give the number of days that sand must be pumped to restore the original distance between the road
and the edge of the water.

> 1 : integral
(@) 35+ IO f(t) dt = 26.494 or 26.495 meters 2: { integra

1 : answer

the distance between the road and the edge of the water

(b) Four hours after the storm began, the rate of change of 5. { 1 : interpretation of f”(4)
| 1: units

is increasing at a rate of 1.007 meters / hours?.

() f(t) =0 when t = 0.66187 and ¢ = 2.84038 1 : considers f'(¢) =0
The minimum of f for 0 <7 < 5 may occur at 0, 3:4 1:answer
066187, 284038, or 5. 1 :justiﬁcation
f(0)=-2

£(0.66187) = —1.39760
£(2.84038) = —2.26963
£(5) = —0.48027

The distance between the road and the edge of the
water was decreasing most rapidly at time ¢ = 2.840
hours after the storm began.

5 x 1 : integral of
@ [ f@ydi=["g(p)dp 2: | meenols
0 0 1 : answer
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rWork for problem 2(a) |
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Continue problem 2 on page 7.
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Work for problem 2(c)
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Work for problem 2(d)
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GO ON TO THE NEXT PAGE.
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[ Work for problem 2(a) | |
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AP® CALCULUS BC
2009 SCORING COMMENTARY (Form B)

Question 2

Sample: 2A
Score: 9

The student earned all 9 points. Note that in part (d) the student’s second line earned both points. The ¢ variable that
the student uses in the first integral was ignored. That ¢ is in hours after the start of the storm, but the ¢ variable in
the student’s second integral is in days.

Sample: 2B
Score: 6

The student earned 6 points: 2 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 work is correct. The student does not include a definite integral but earned the integral point
for correct antidifferentiation, use of the initial condition, and evaluation at 5. In part (b) the student earned the
units point. Since the response does not include the word “increasing,” the interpretation point was not earned. In
part (c) the student earned the first point for considering f”(¢) = 0. The student did not earn the answer point due
to evaluation errors and was not eligible for the justification point. In part (d) the student’s boxed equation earned
both points.

Sample: 2C
Score: 3

The student earned 3 points: 2 points in part (a), no points in part (b), no points in part (c), and 1 point in part (d). In
part (a) the student’s work is correct. In part (b) the response does not include the word “increasing” or any units. In
part (c) the student is seeking a maximum value rather than a minimum value. The student considers f”(¢) = 0
instead of f’(¢) = 0. In part (d) the student earned the point for the integral of g in spite of using the same name for

the upper limit of integration and the variable of integration. The answer point was not earned since the response
lacks a negative sign in the integral equation.
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AP® CALCULUS BC
2009 SCORING GUIDELINES (Form B)

Question 3
y
A
2
1
} t t } + + t f t X
4,73 2 1 0| 1 3 4 5 6
Graph of f

A continuous function f is defined on the closed interval —4 < x < 6. The graph of f consists of a line

segment and a curve that is tangent to the x-axis at x = 3, as shown in the figure above. On the interval

0 < x < 6, the function f is twice differentiable, with f”(x) > 0.

(a) Is f differentiable at x = 0 ? Use the definition of the derivative with one-sided limits to justify your

answer.

(b) For how many values of a, —4 < a < 6, is the average rate of change of f on the interval [a, 6]

equal to 0 ? Give a reason for your answer.

(c) Is there a value of a, —4 < a < 6, for which the Mean Value Theorem, applied to the interval [a, 6],

guarantees a value ¢, a < ¢ < 6, at which f’(c) = % ? Justify your answer.

(d) The function g is defined by g(x) = I; f(t)dt for —4 < x < 6. On what intervals contained in

[—4, 6] is the graph of g concave up? Explain your reasoning.

h—0" h 3
i S = f(0) _
h—0" h

Since the one-sided limits do not agree, f is not
differentiable at x = 0.

(b) W =0 when f(a)= f(6). There are
two values of a for which this is true.

(c¢) Yes, a = 3. The function f is differentiable on the
interval 3 < x < 6 and continuouson 3 < x < 6.

Also, f(66):§(3)— 1-0_1

T 6-3 3
By the Mean Value Theorem, there is a value c,

3 < ¢ <6, such that f'(c) = %

@ g'(x)=f(x), g(x)=f'(x)
g”(x) >0 when f'(x)>0
This is true for -4 < x <0 and 3 < x < 6.

3:

1 : sets up difference quotient at x = 0
1 : answer with justification

1 : expression for average rate of change
1 : answer with reason

1 : answers “yes” and identifies a = 3
1 : justification

L:g'(x) = f(x)
1 : considers g”(x) > 0
1 : answer
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Continue problem 3 on page 9.
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Work for problem 3(c)
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Work for problem 3(d)

3 S wen— W o (‘7,(4]
C 5 W) R4 g Ao Pl 2o
' ‘ ' an Cﬂ,é/
& 12(:4/ 5 sty « (L)
“&6"/ 17 I.'acfﬁ._l/g " (’}(/ o) ad (3/6/

Tho g & ey o Ak Ltnal (Y,0) o (34)

END OF PART A OF SECTION Il

. 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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l Work for problem 3(a)
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Continue problem 3 on page 9.
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Work for problem 3(c)
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Work for problem 3(d) |
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A END OF PART A OF SECTION Il ,
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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Continue problem 3 on page 9.
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Work for problem 3(c)
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‘Work for problem 3(d)
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END OF PART A OF SECTION Il

~ 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 BC
2009 SCORING COMMENTARY (Form B)

Question 3

Sample: 3A
Score: 9

The student earned all 9 points. Note that in part (c) the student affirms the hypotheses of the Mean Value Theorem,
but generally that was not required to earn the second point. In part (d) the student earned the first point implicitly via

g'(x) = f(x).

Sample: 3B
Score: 6

The student earned 6 points: no points in part (a), 2 points in part (b), 2 points in part (c), and 2 points in part (d).
In part (a) the student is not working with a difference quotient. The answer is correct, but the justification is
insufficient. In part (b) the student’s work is correct. In part (¢) the student earned both points even though the
statement that “there exists a ¢ with 3 < ¢ < 6 ” is not included and the student may be implying that f is
differentiable at x = 0. In part (d) the student earned the first 2 points. The student implicitly connects g’ and f

via g”(x) = f’(x). The student makes the common error of using f(0), instead of 0, as the right-hand endpoint
of one of the intervals.

Sample: 3C
Score: 4

The student earned 4 points: no points in part (a), 2 points in part (b), no points in part (c), and 2 points in part (d). In
part (a) the student is working with a difference quotient but not at x = 0. The answer is correct, but the justification
is insufficient. In part (b) the student’s work is correct. In part (c) the student never identifies a = 3. In part (d) the
student earned the first 2 points, but the answer is not correct. Note that students were not penalized for including the
endpoints in the correct intervals.
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AP® CALCULUS BC

2009 SCORING GUIDELINES (Form B)

Question 4
The graph of the polar curve » =1—2cos @ for 0 <6 < 7 is ):
[
shown above. Let S be the shaded region in the third quadrant
bounded by the curve and the x-axis. 24
(a) Write an integral expression for the area of S.
. . dx dy . X
(b) Write expressions for 10 and Jg 0 terms of 6.
(c) Write an equation in terms of x and y for the line tangent to : 5 >
-3 2
the graph of the polar curve at the point where € = %
Show the computations that lead to your answer. -1
(@ r(0)=-1; r(8) =0 when 0 = % . { 1 : limits and constant
" | 1:integrand

13 2
AreaofS—z_[0 (1-2cos @) dé@

(b) x =rcos@ and y = rsin @

dr
4:491:=—
% = 2sin @ de
2 : answer
dx _ dr e e
i dgcosﬁ rsin @ = 4sin @cos 8 — sin &
b _drg — 2sin? _
10 = desmt9+rcost9—2s1n 6+ (1—-2cosB)cos
(c) When @ = %, we have x =0, y =1. 1 : values for x and y
dy _dy/deo _ 3:4 1:expression for L
dx|,_z — dx[d@ 7r__2 : dx
0= o=> 1 : tangent line equation

The tangent line is given by y =1 - 2x.

© 2009
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1:uses x =rcos@ and y = rsin @



NO CALCULATOR ALLOWED
CALCULUS BC

SECTION II, Part B

Time—45 minutes

Number of problems—3

No calculator is allowed for these problems.

y

Do not write beyond this border.

Work for problem ‘4(a)

in

)

\

~;'K.
= -LS Q ~—2<;:>‘>9j.~ 49
2 )0

{\"'o\e

“IopI0q STy} puoAaq J1uMm J0U 0

Y:vy YzO.
(=250 -t \—2ces® =0
tosd =\ cos0= 3

~.9=0 ©= l;’“

Continue problem 4 on page 11.
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NOCALCULATOR ALLOWED

4

Do net write beyond this border.

. o _ ‘ T=18)
Work for problem 4(b) ' (regy o (rcos8, rsmd)
Y= |-2c059 =At0) — R = (§iorcos0 , Fi0)5n0)
L=\ ©osQ -Y(omso l
3= smO =%0) cwm@
| ‘ -f(e\;\-zwse {:’(Ob = 250
ot |
&e { (6)cos0 — flo) $M9 T 25mB%sQ — (l2es0)emO
. =- 25m28 -5n@ e stotosgzgm)l
Fos @50 + 01030 = 2 5ia0 + (1-20050) 05D
= 260 430 —2w570
g
g
é.
g
S
Work for problem 4(c) : . 2
STy Tos® = (1-2<0sp) ws® §’
=1 ( | )
. <O .
(Me ‘\'ande‘ . Y= r-stepg=( ~2058)SM O
| | %a— 2500 Y sl —205%0 =\
e " -
j; K .- 2sn2Q - snO
¢ R T 2
_ - T dy L5in [})-’«Cosi: —2(08 (g\ 2
- W‘\W G= z u;\- = = R - = = -2
250ATL — 9m'§ —\ :
2« (ne Yuopere Y-\ = —2(A~0)
S Y= =2%¥)
GO ON TO THE NEXT PAGE.
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NOCALCULATOR ALLOWED

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

No calculator is allowed for these problems.

4 I 4 .4

Do not write beyond this border.

Work for problem 4(a)

|~20B6 =0 (xO=1

o
" [}
® NN

—230 =1 @6 =
¥
= ~f v de
-=~.';ff (1-2c26) ds

A
= 3 (7 (1-%emo + artg) olo.

“JopIoq Snp puo,(oq SIM J0U 0]

-10-
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Continue problem 4 on page 11.



Do not write beyond this border.

4 I s 4« 8 4+ @ 4 B2,

NO CALCULATOR ALLOWED
Work for problem 4(b) x= resd - B "_,2_(.‘,0,520_'—. Cx2b+1
- Q‘ 2 b ,
v ragbas B G +2im20
Z (n0- 2000
5.: rémg -

= ( [-2a0)me

% = 0 — 20528
T S G- .58

Work for problem 4(c) -

- .
T= I—lOZs; ={ .

when o= 3 the catinate of the pent TS Lo, ()
the comdlwote of Vhe center of the cirole vhat pss through pobt
Lot ow-d (0.0) 1§ (l2,0).
BB+ griy=l
B w2ty y+2 =
YRk ixiy) =75,

2*”—3%( 425+ z.T%‘X =0

"1opI0q S1Y} pUOAdq )M JOU O

dy __ 2z R
ot 7/” -+ )+)I>\
GO ON TO THE NEXT PAGE.
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4.4.4. 4 4

N (0] CALCULATOR ALLOWED

CALCULUS _BC
- SECTIONII, Part B
Time—45 minutes
Number of problems—3

No calculator is allowed for these problems.

- qu’

—

Do not write beyond this border.

Work for problem 4(a)

|-2Cos6=0

T
when COSO-‘-‘\',__. L0=F F whan r=o

e @ jf(l—ac@) b s mgaﬁw ng\,\,: \e camse
'\7\\& 9Yarl/\<s under -H/u.. A= RX(S .

Hrrefine S: - J\:(\-).Cuse)clﬂ

"13pI0q ST pUOA3q AIM 100 0]

-10-
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4-4.4. B o4 B,

NO CALCULATOR ALLOWED

Work for problem 4(b)

A= fCoSB

i"l- —
16 - f&m9

3:(‘8“16

= A‘S = Cos @

Work for problem 4(c)

Do not write beyond this border.

“I3pI0q SIY) PUOAS] LM 10U O

~\\(7\|3):(°")-
4 (y-o
~'-JC0M3€/"‘\= ltnet KS")"&_{“\ )-

: &a

dy _ = rco50° = - Cot® .
- x‘» —YSt

" I i

-

Y-t = —cokf-2A

N

' GO ON TO THE NEXT PAGE.
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AP® CALCULUS BC
2009 SCORING COMMENTARY (Form B)

Question 4

Sample: 4A
Score: 9

The student earned all 9 points.

Sample: 4B
Score: 6

The student earned 6 points: 1 point in part (a), 4 points in part (b), and 1 point in part (c). In part (a) the student
earned the integrand point, but the student’s limits are incorrect. In part (b) the student’s work is correct. Prior to
differentiating, the student uses a trigonometric identity to rewrite the expression for x in terms of &. Although

% is not explicitly stated, the student earned the % point. In part (c) the student earned the first point for the
coordinates of the point of tangency.

Sample: 4C

Score: 3

The student earned 3 points: no points in part (a), 1 point in (b), and 2 points in part (c). In part (a) the student’s work
is incorrect. In part (b) the student earned the first point. In part (c) the student’s third line earned the first point. The
second point is conceptual. The student earned the point by importing incorrect derivatives from part (b) and

combining them correctly to form % The student did not earn the third point in part (c).

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



AP® CALCULUS BC
2009 SCORING GUIDELINES (Form B)

Question b

Let f be a twice-differentiable function defined on the interval

—1.2 < x < 3.2 with f(1) = 2. The graph of f”, the derivative

of £, is shown above. The graph of f” crosses the x-axis at

x = —1 and x = 3 and has a horizontal tangent at x = 2. Let g

be the function given by g(x) = ¢/ ).

(a)
(b)

(©)

(d)

Write an equation for the line tangent to the graph of g

at x = 1.

For —1.2 < x < 3.2, find all values of x at which g has a
local maximum. Justify your answer.

Graph of f’

The second derivative of g is g”(x) = ¢ (X)[( )+ f ”(x)]. Is g”(-1) positive, negative, or

zero? Justify your answer.

Find the average rate of change of g’, the derivative of g, over the interval [1, 3].

(a)

(b)

(©)

(d)

g(l) = e/ = ¢
g(x) =/ x), (1) = /W) = -4
The tangent line is given by y = ¢* — 4e” (x —1).

g(x)=e/r(x)
e/ > 0 forall x
So, g’ changes from positive to negative only when [~

changes from positive to negative. This occurs at x = —1
only. Thus, g has a local maximum at x = —1.

g (1) =/ (F(-1)) + £

/Y 50 and f/(-1)=0

Since f” is decreasing on a neighborhood of —1,
f7(-1) < 0. Therefore, g”(-1) < 0.

g -g() _ V)=V

3-1 2

1:g'(x)
3:41:¢g(1) and g'(1)
1 : tangent line equation

5. { 1 : answer
" | 1:justification

5. { 1 : answer
| 1:justification

5. { 1 : difference quotient
" | 1:answer

© 2009 The College Board. All rights reserved.
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NO CALCULATOR ALLOWED

1

[

N o

y
—\ i ﬁé /3 —
(1! '_4)

Graph of f*

Do not write beyond this border.

| Work for problem 5(a) J

ﬁ'(l): 6(('\)\{”(! ) \:.r\ﬁ( e

v

t - “Yevae
¢~ 5¢°
Til)w'ffgn °<f %M@M Z,’-«\L "{Oj O—Q %r.[ \

g et & 5e™

<
IWork for problem 5(b) I
5 bas a zocal AR tAUIA, ch«w S' cL«w,J-w \J'} “ v{)fc"v\
?98;%:VL {b ( >L'v€ ,

360 (W pri)

L) i SN -
[ 'S o.lt,\) < ?33 -y j (OL) e, ¢S 9 Tﬁ(owx‘
va-‘*HvL -%0 »\:\&)9/"&'{, L\Jl’\éw -(“[y\) Dao.f,__@ S;UA J

U C‘Imm30$ N \fmm ras*‘-(fut, -l v\«'ddn'%a% x= =L,

)7

*1apI0q STy PUOKaq 1M 10U 0

:\j m A ZDCA( .rv‘\&-;(;,w\.\.{,w-\ 0-"( oL = -l o

Continue problem 5 on page 13.
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s s B

| "AECULA’I‘-ORALLOWED o
- [Work fo¥ problem 5(c)
g=)= CM[I <-x>) +'€u( )]
e\e[%) i |

u)ads ?om{&w
L'en)' =0
{'U( D '3 maaa—hm

: -J"Cvf) g ,""3‘*"”""'

g
g
| Work for problem 5(d) %
| 3"(0 - a”‘-’»f 0y —vr
g J“’w("(sv:. b
| | 0 e
Aver re @b og [ _fit )
| .
< 2.¢//~
GO ON TO THE NEXT PAGE.
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1

L0 not write Aocyona this border.

" | Work for problem 5(b)

\___O - R -
] 1 2
1,-4)
Graph of f
IWork for problem 5(a) ]
' (x)= -2.1(:‘)‘ « £ (%) . )
9' (1) = =2 Cftay = e a4 = 4

9 (4) = QH“ =

\Y; e* = = ¢4e? (X.‘1)J

9'()(): T -F‘(;()
e P D Llwens  positive

9 hoes o= (0Cal wmoximum X x=-1

9" (x)

becourse

dnong s Hom poS‘nHvﬂ— 4o he.sof\vé«.

"mpioq-sml pﬁoﬁeq“omm wvuoq

-12-
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NO CALCULATOR ALLOWED

Work for problem 5(c) . ‘ . "

G - e FO L (RGN RN 00]

, ' | R L) < vsidive b'gci-.\_u»§2-‘
9“ &A) s y\zgoﬂ"\l@-, .Qc;.n‘f r;i‘n\b‘?;: s ?’»‘-"s“hve' -

© O @ ”MSQA 2 ‘k‘o .
£ g-"l) ==9 (owen) ond £ (-’\). <0 o
o) | so o"(4) s o positvE * (2evo +negod
gmp ’ - e~ r\ﬂ_sm*‘\vl- velue '

(Gom Ahe

whidn  comes ot "\"’ b

N EX

“Topioq ST puokaq M 10U 0Q

Work for problem.5(d) | " 3
owering & rae ot c}ﬂwse_.)z, of 3‘ = 3-1 S,‘ 9"(><) X
| - 3 3'(3)-9' (1)
2 2= o 9f(x) \ = .
=329 A 2
S | 03 L
6‘ (3)= Q-Y-(Z) L' ()= R ) ' O =0
ot ()= -ae’ [ Gem Sled )
= S - = 22*
GO ON TO THE NEXT PAGE.
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- Do not write beyond this border.

s B s .5.5-5.5c

NO CALCULATOR ALLOWED

y

@\

\o,.’/

T— 1 1 2 =

l Work for problem 5(a)

(-0 -G}

’Work for problem 5(b) ﬂ
‘Rx>h% @59( MM Q‘{' )(«_(
FC)
JG() e
; jCX) haS lpnl o G4 =]

“IOpI0q STy puoAkaq UM j0U 0
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NO CALCULATOR ALLOWED

| Blork for problem 5(c) l

() =6
; 'C*% <0 sme PlEd 3 ohcr\é?&"’\ 7%”! ¢ 2, 2]

. e P(}),'Z and T b 0/){7- dergsel 'P'QM
- P(() PN »0
"(X) e Rx( +F "@

q"¢) <0
J
:
| [Work for problem 5(d)J é
36‘3 ™ |
= Me -
(»): O ‘
| 1) - (o)
,‘% ko hrnge g'("ﬁj’
_ orUe”
- 1,3'
= He~
=2
GOONTO THE NEXT PAGE.
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AP® CALCULUS BC
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
explain why 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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AP® CALCULUS BC
2009 SCORING GUIDELINES (Form B)

Question 6

The function f is defined by the power series

(o)

FE) =T+ (x+D)+x+1) 2+t (x+ )" 4= (x+1)"
n=0
for all real numbers x for which the series converges.

(a) Find the interval of convergence of the power series for f. Justify your answer.

(b) The power series above is the Taylor series for f about x = —1. Find the sum of the series for f.

(c) Let g be the function defined by g(x) = I _xl f(t) dt. Find the value of g(—%) , if it exists, or explain

why g(—%) cannot be determined.

(d) Let % be the function defined by 4(x) = f (x2 - 1). Find the first three nonzero terms and the general

term of the Taylor series for 4 about x = 0, and find the value of h(%)

(a) The power series is geometric with ratio (x + 1). 1 : identifies as geometric

The series converges if and only if |x + 1| < 1. 3:91:x+1]<1
Therefore, the interval of convergence is —2 < x < 0. 1 : interval of convergence
OR OR

. +1 n+l o .

lim GH) ) =|x+1/<1when 2<x<0 1 : sets up limit of ratio
=] (x+1)" ) padi

3: 4 1 :radius of convergence
At x = =2, the series is ) _(~1)", which diverges since the 1 : interval of convergence
n=0

terms do not converge to 0. At x = 0, the series is Zl,

n=0
which similarly diverges. Therefore, the interval of
convergence is —2 < x < 0.

(b) Since the series is geometric 1 : answer
1
f(x) = Z(x+1) ( TS —— for -2 <x<0.
1 - 1 == 1 : antiderivative
2 T2 .
—— | = ——dx = -1 =In2 2:
© g( 2) f—l x x| x=-1 n { 1 : value
(d A(x)= f(x2 - 1) =1+t +xt e d X 1 : first three terms
1\_ (. 3)_4 3. 1 : general term
h(z) =/ ( 4) "3

: 1
1 : value of h(z)
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Work for problem 6(a)
ey nti |

By é/w, M'o T%{; n——>«> @(ﬂ)

or "“Z.<’X<_0' The  radins 0 COM\)OJ ence 15 /.
NﬂW (,OV","OLU L oth {ymo{(')o‘u“wti

= [ <l

When = -2, ftd=1=|+l -]+ which diverges ;|
-V/I’lem X = O, fH) f-(+/+'~‘ (ﬂlm'oA ols0 Olfl/é‘/fjec_

Thes, phe intervel of comvergene of £ iy

i3
g
k=
2
2 Work for problem 6(b)
§ «fw): ;-!-*f(x-“)\f(?(_”)‘*\.. -+ (‘X-t/)”.,_
— ! |
— (%)
- -
~

“Jopioq Sip puoKaq UM 30U o

Continue problem 6 on page 15.
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'CALCULATOR ALLOWE

Do not write beyond this border.

Work for problem 6(c)

= —-(n ltl /:,Z =/n -

. 14
f)(‘{ = -’L{(t)d/t: - J\/ t

o L5 within the intea| of Congrgerce.

"19pI0q ST} PUOASq )M J0U O

Work for problem 6(d)
hix) = )C (F=)= |+ Ktxt o+ T+
.\ / ‘
}) ("(i/ = —-—-—l\ - ‘%‘
-7
GO ON TO THE NEXT PAGE.
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Do not write beyond this border.

NO CALCULATOR ALLOWED

Work for problem 6(a)

P il

<o | (i oder o conv E(x—H)" X+ has to be
e ( T Jetween - and /)

AL XK RO

1 Work for problem 6(b)

FO0= @ (F Geoth) Ht ) e -+ ()T

“"I9pI0q STy} pUoASq SYIM 10U O

|

14-
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NO CALCULATOR ALLOWED

Do not write beyond this border.

Work for problem 6(c)

Jq'F(-b)dt 8(9@
gl-3)= 3+ G G-

it @nt be defermined , beause e guEREEC=EEm=
Wwhich does rot chverge -

Work for problem 6(d)

) @
=9 1+ O+ ¥ -+ &)

)=+ () (WM

I3pIOq ST puOAaq im JOU oq '

i —1. .4 _ 4 |
s GO ON TO THE NEXT PAGE.
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Do not write beyond this border.

NO CALCULATOR ALLOWED
Work for problem 6(a)
| Qnﬂ\ s \ ()" (2340 | '___ 1] <)
nn )" s
-} < AH<)
- 2<o
e N=o,

‘ o
fay= Z 1" o gqw |
) 'C( ) = O\“f’VZ)es,

A A=-2,

oo
‘Fl‘l) = %o (“)" - J'\Ve\'ses,

Joothe  wtewa| of Gnvergeme (s “2<ac<o

Work for problem 6(b)

The Senies s a  geometric seqMence,
Becavce 4he sevies convevges,

! |

GH) < L.
© Theretsre,  Yhe sy of the Sevies s a_ -
| —r
- '
= T
At R =4,

e Sum s |

—

{ = (24 = -2

“15p30q STR) PUOKSQ SV 10U OF

=14~

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

Continue problem 6 on page 15.



NO CALCULATOR ALLOWED

10 UL WILC DEYONQ ULS DULUCL.

Work for problem 6(c)

9("-}.) does nol eNists

" Becawnse 9(‘*\ = m (J-I_ 4x)

(;thn‘p'-g‘,. 40 = JM () | so the valne Aocain+ exlgk

JRS UV VI S

“T5pi0q STy PUOKSq S1TIA 10U 0T

Work for problem 6(d) |
[]
: - \nn) y hooxa 4k @
P, | -
&(—A » 4 e azae X 4?"(1‘—\) (A% A=
2
i
|
' i
GO ON TO THE NEXT PAGE.
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AP® CALCULUS BC
2009 SCORING COMMENTARY (Form B)

Question 6

Sample: 6A
Score: 9

The student earned all 9 points. Note that in part (b) it was not necessary for students to explain their reasoning
beyond using the formula for the sum of a convergent geometric series.

Sample: 6B
Score: 6

The student earned 6 points: 2 points in part (a), 1 point in part (b), no points in part (c), and 3 points in part (d).
In part (a) the student did not earn the first point since the series is not identified as geometric. In part (b) the
student’s work is correct and was sufficient to earn the point. In part (c) the student did not earn any points. The

student attempts to work with the series for f(#) instead of the closed form expression —%. (The student would

have been eligible for the first point using this method if the displayed antiderivative terms were all correct and
included a correct general term.) In part (d) the student’s work is correct.

Sample: 6C
Score: 3

The student earned 3 points: 2 points in part (a), 1 point in part (b), no points in part (c), and no points in part (d). In
part (a) the student earned the second and third points, using the first method in the scoring guidelines. The series is
not identified as geometric. In part (b) the student’s work is correct and was sufficient to earn the point. The
additional statement concerning the sum at x = —1 was ignored.
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