AP® CALCULUS BC
2010 SCORING GUIDELINES (Form B)

Question 1

In the figure above, R is the shaded region in the first quadrant bounded by the
graph of y = 4In(3 — x), the horizontal line y = 6, and the vertical line x = 2.

(a) Find the area of R.

(b) Find the volume of the solid generated when R is revolved about the R
horizontal line y = 8.

y

0.6)

(¢c) Theregion R is the base of a solid. For this solid, each cross section
perpendicular to the x-axis is a square. Find the volume of the solid.

o (2,0

1 : Correct limits in an integral in (a), (b),

or (¢)
2 .
(a) I (6 —4In(3 —x)) dx = 6.816 or 6.817 7. { 1 : integrand
! 1 : answer
2
®) ”J-o ((8 —4In(3 - x))z — (8~ 6)2) dx 3: { 2 : integrand
" | 1:answer

=168.179 or 168.180

2 2 :int d
(© [, (6=4In(3-x))" dr = 26266 or 26.267 3 { fiegra

1 : answer
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CALCULUS BC
SECTION I1, Part A
Time—45 minutes

Number of problems—3

ln\A

A graphing calculator is required for some problems or parts of problems.

y

0 (2,0)

Do not write beyond this border.

ki

| Work for problem 1(a) |

SR = 2_7(6-—- f: 4""(3*)&
sax)y - (5189 =687

-4-
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Continue problem 1 on page



Do not write beyond this border.

Work for problem 1(b)

asum Y, =4[n 3X)

=1 J\o"&g_%) - (8'%—)&.]0&
N (GO (ONES
=~ b3 (80.

Work for problem 1(c)

V= f((,_ﬁn 39] " dx

=~ 26.L67_'

SIANTAN Q1IN NIINAAN MTTA INTT OrT
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CALCULUS AB
SECTIONII, Part A
Time—45 minutes
Number of problems—3

A graphing calculator is required for some problems or parts of problems.
Y

(0,6)

0 (2,0

Do not write beyond this border.

[ Work for problem 1) |
R={7 6~ 4ln (3 dlx
=[yode - [ 02%\(3—\04\/
=bx/s* — 4 nG-dly

$=mGx) -(3}1‘27
=l -~ J=v

=17 = (4—X|n(3‘x)/oz - J:g—z(x— 0?)()

= 6 %‘17 W\ngz

*19DJ0Q STU1 PUOAIQ ALIM 10U O(T

Continue problem 1 on page 5.
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Do not write beyond this border.

11111 1 11 1 1

I Work for problem l(b)J

V= (2 L4017 (8-657 dhx
- W-X()?@@‘LHV\ (3-X) :ll—- 21>C/E>/
= (b%. 130 wnits?

Work for problem 1(c)

2
V= fo @b xg bz Ay
_ 2
B \(0 [ (?flr\(%)()?z Ay
~ 232 (23 wts”

"I9pI0q SIY) pUOAaq )M JOU O

~ GO ON TO THE NEXT PAGE.
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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.

)v

0 (2,0

Do not write beyond this border.

Work for problem 1(a)

A= j: (b=2Un(3-0) dx |
L Has Wé‘f!‘@m(ﬂfcﬂ,@d«mm%p&r&mm
and we ?o,t /x 7f2<> (6= aln (3-0)) A= 6. 5”7@6"3(

Continue problem 1 on page
-4-
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Do not write beyond this border.

Work for problem 1(b)

Sime LR 1 revslued abeut >y =t
e ux Ha poasber methed

V=1, (8- 6)(3-lhis-2] ) dr
it W @lodater, we Get

V=% §-62C 8 - (abn3-10) ) dre= ¢l os]

Work for problem 1(c)

e <ids the couare shall  be %=¢ﬂr\(3—1) N
7%‘?& nifku vﬁ,dmnfzﬂu spuac o f=(@0ne-0))

/= Ll(atﬂms—u)’d/xn
We wwe o alwdsder Tz 0
V=2f, (aln 0) X =51 33>

B
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AP® CALCULUS BC
2010 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: the global limits point, 2 points in part (a), 3 points in part (b), and no points in
part (¢). In part (a) the student earned both points and the global limits point. The student’s intermediate work
includes a misplaced 4, but the correct numerical answer was treated as a restart since this was the calculator
portion of the exam. In part (b) the student’s work is correct. In part (c) the student does not use square cross
sections and was not eligible for any points.

Sample: 1C
Score: 3

The student earned 3 points: the global limits point, 2 points in part (a), no points in part (b), and no points in
part (c). In part (a) the student earned the global limits point and has correct work. In part (b) the student attempts
to find the volume using washers, but the work is incorrect. In part (c) the student uses an incorrect width for the
area of the square cross section and includes a factor of 7.

© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.



AP® CALCULUS BC
2010 SCORING GUIDELINES (Form B)

Question 2

The velocity vector of a particle moving in the plane has components given by
% = 14cos(t2)sin<e’) and % =1+ 2sin(12), for 0 <t <1.5.
At time ¢ = 0, the position of the particle is (-2, 3).
(a) For 0 <t < 1.5, find all values of ¢ at which the line tangent to the path of the particle is vertical.
(b) Write an equation for the line tangent to the path of the particle at ¢ = 1.
(¢) Find the speed of the particle at ¢ = 1.
(d) Find the acceleration vector of the particle at ¢ = 1.

(a) The tangent line is vertical when x’(z) = 0and y’(¢) # 0. 5. 1 : sets Z—; =0
On 0 < ¢ < 1.5, this happens at  =1.253 and ¢ =1.144 1 : answer
or 1.145.
dy y'(1) dy
b) — == = 0.863447 1:—
®) dx|,_,  x(1) dx |,
1 4:41: x(1)
(1) =-2 +j X(¢) dt = 9.314695 1 (1
x 0 . (1)
1 : equation
1
y(1) =3+ joy’(z) dt = 4.620537
The line tangent to the path of the particle at # =1 has
equation y = 4.621+ 0.863(x —9.315).
(c) Speed = \/(x'(l))2 + (¥ (1))* =4.105 1 : answer
(d) Acceleration vector: (x”(1), y”(1)) = (-28.425, 2.161) 5. { 1:x"(1)
1)
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Do not write beyo

23 2 3 2 0 2 3 2 & n

. . she
Work for problem 2(a) |  Beeange the bwe ::?oe 20 the />-er4 7‘
verti

lw-(ua(' xS
Ax

& =7
) shet) =9
Fa{llf(:is'e‘/.: £=1.14S or IRy

Work for problem 2(b) the s/cie 9( the f"‘:‘[’,s }""4‘ ot t"'/

' £, (4>$c) )
PR D L S S S 29
fe o ) T

; : ',=a%3
(#MWJJ—M—@%
rAe oSLtyom Of the /’-u% at t=] s ‘
CP«z +/D' jerosct? e )dt 3+fo’ 5t )4t )

/

C.315 ,4.6>1)
er-el(ve,fle Lime *"‘"J"’e to e /’“4 ,f-d, /,.rhtle at €=
35 Yoabr( = a§63ex-931S )

“Iopl10q SIY) puoAaq LM J0U 0

Continue problem 2 on page 7.
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28 2 25 2 3 2 3 A

Work for problem 2(c) greo( 0{ Hhe /,-d‘&/e ot T S
2 t :Al't")
,/& *%. z ﬁ, )stcet) ]+ Cl+ ]
,,/ufws I she) + gt
= 4 oS
’ rile ~t [ ¥
Work for problem 2(d) The acedlortosr VeSS 9( the r [ =5

(L), %%
c% (¢ Cosin?) 2 Ahtet ) 45k (€Y €ist 2e8E™) - 2E )

C-28.935,2./81)

*1aDJOQ SIY) PUOA3Q LM JOU O(]
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=

© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.



'his border.

Work for problem 2(a)

init®)
T wsit)sinet )-

-

=\

When ";;Ez; co fhe dop Ipo the bie will b2 yectical

let 14ogt?)smiet)- o ot <[5

Do not write beyc

t,; “u]
taz)35d>
Work for problem 2(b)
Whem €= an |
S{o{)e, = ﬁ{g :%):‘ = gws|sine -
_AX
at
N> o wbyd.

’KIX%—? ’-‘f/(éuﬁ(t’lw'nﬁt) At R
9 T2 Prosmry dt =4 0-2F 4 ¢

Y(€=6)1=2 0-0 tC =3 o>,

*I9p10q SI) puoAaq )um jou o

Continue problem 2 on page 7.
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Work for problem 2(c)
whent=|
i}i = Vex )z Jewsl-sené = a =% '977—
oA , ,
f‘}% :(/lj/ =1+»n!=p b~ 2'66}7

e |
Sfé@'ﬂv:.«)’; vy’ : [atipt = €

c:.gpeecl < ?« /05 2

Do not write beyc * this border.

Work for problem 2(d)
. o’ < /
wecelerafren (X)) = s :{’,4_“‘“)) sipe t)

¢ -
=14 ws(lefﬂﬁé/ e1+'¢ /fy'm{‘) 2t

teptot s 1 Ay ¢=1) = [Y w;/u%’e}'-e = 1Y &init) 2
A =-28.4233
{" 14 ~ t )
o Clesot 'won tg) ,ﬂj - (2 t?)
ot> =

~0t2 cos(fl-,}lt '
siceloration Y 212 = o4 Jueep 2

- f

of ¢+=! ¢s

-( :).IJUZ

an€iocot tor  yolta

.Tb_u s c"o

“JopI0q I} puoAaq 9)uMm J0U 0

sinet-
Sme = o -

L2883, 2.142)

% B
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Do not write beyond this border.

[Work for problem 2(a)

solve _%ti;o yieids
. Loy Y=o ov

s ST et AT

t=
a thwbﬂ-”” 0
the Liee fHtfet 40 the F“’H‘ of vhe

LN (f/‘l) zv

114 5,
wal‘& I\§ VWD\@/{.

Work for problem 2(b)
ﬂg/ _ 25 (tY % _ el s 5909
AX  (CosUtYsmie )Wt T snes

Continue problem 2 on page 7.
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Do not write beyond this border.

I Work for problem 2(c)

ox Loiq»jﬁmm &) s | HWS‘WUJ /‘I
ey =

4 4.[05'

Work for problem 2(d)

oo =%

il _,"i) ~25.50]3

"1opI0q SIY} puOAaq A1 10U O(]

% »
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AP® CALCULUS BC
2010 SCORING COMMENTARY (Form B)

Question 2
Sample: 2A
Score: 9
The student earned all 9 points. In part (a) an ideal solution would include that % # 0 at the two points. In part (d)

the student’s intermediate symbolic work contains an error. Since this question was on the calculator portion of the
exam, it was presumed that the student corrected the error when producing a correct numerical result with the
calculator.

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. In part (b) the student correctly evaluates % at ¢ = 1. In parts (c) and (d), the

student’s work is correct.

Sample: 2C
Score: 3

The student earned 3 points: 2 points in part (a), no points in part (b), 1 point in part (c), and no points in part (d). In
part (a) the student’s work is correct. In part (b) the student’s numerical slope value is incorrect. In part (c) the
student’s work is correct. In part (d) the student’s work is incorrect.
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AP® CALCULUS BC
2010 SCORING GUIDELINES (Form B)

Question 3
| 12 ft T
t 1024 |6]|8|10]12 Aft
P@| 0 |46 |53 |57 |60 62| 63 l

The figure above shows an aboveground swimming pool in the shape of a cylinder with a radius of 12 feet and a
height of 4 feet. The pool contains 1000 cubic feet of water at time ¢ = 0. During the time interval 0 < ¢ <12

hours, water is pumped into the pool at the rate P(¢) cubic feet per hour. The table above gives values of P(t)

for selected values of 7. During the same time interval, water is leaking from the pool at the rate R(#) cubic feet

per hour, where R(?) = 25¢7 003 (Note: The volume V' of a cylinder with radius 7 and height /4 is given by
V =zr’h.)
(a) Use a midpoint Riemann sum with three subintervals of equal length to approximate the total amount of water

that was pumped into the pool during the time interval 0 < ¢ <12 hours. Show the computations that lead to
your answer.

(b) Calculate the total amount of water that leaked out of the pool during the time interval 0 < ¢ <12 hours.

(c) Use the results from parts (a) and (b) to approximate the volume of water in the pool at time # = 12 hours.
Round your answer to the nearest cubic foot.

(d) Find the rate at which the volume of water in the pool is increasing at time ¢ = 8 hours. How fast is the water
level in the pool rising at ¢t = 8 hours? Indicate units of measure in both answers.

12 1 : midpoint
@ [, P(0)dt~46-4+57-4+62-4 =660 ' 2:{ FHEPOTHE UM

1 : answer

. 1:1int |
(b) [ “R(t)dr = 225.594 £’ 5 { integra
’ 1 : answer
12 12
(c) 1000+ [ “P(t)di— [ “R(t) dt = 1434.406 | answer

At time ¢ = 12 hours, the volume of water in the pool is

approximately 1434 3.

) V(1) = P(t) - R(¢) 1:7'(8)

V'(8) = P(8) — R(8) = 60 — 25¢™"* = 43241 or 43.242 > /hr 1: equation relating CfZ_V and %

t t
4:

V= 2(12)%h 14k

AV 44790 s

di di 1 : units of ft° /hr and ft/hr

dh 1 av

| T 1aar dr|. T 096 ft /h
7| = Tdr dr|,_, = 0095 or 0.096 /hr
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Do not write beyond this border.

Work for problem 3(a)J 1z
wATeR  BpDIp Wil Pwl =JP(¢)J“~‘5 4’(45+ 57+ 62) < !&{0 §t3 )
(o)

e

N3 ééb g&s oF WRZL ARE ADps¥ o T8 Pool

Work for problem 3(b) |

a2 CEANID = f@(ﬁ dt = [(256 os)Jt = 225 534,-57]
.—-—_—/- . j /lvx.
225,597 %45 OF WARR  L2Al FRaN THt poof  FRom t=0

70 t=kA

"IopI0q ST} puoAaq 2JMm 10U 0q

Continue problem 3 on page 9.
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2A

>

3@ 34 3@ 3@ 3@

Work for problem 3(c)

re 12
e Jﬁ%‘ﬁ’}}) + wAaTeR aN)—(MTH wj:vaooi(P(t)df ‘f/elt)o‘t =1640 - 225,594 <
5 Q

AT Time t =124 (S AB.WTM'%?&}

Work for problem 3(d) (

V= TrAh | 2 ;
ddvgmﬂiﬁ_ ! ZZ:'D{B)_,R(X): 43.242 XCA{%

d’b dt f if/\T b{j’,& Te VoLume N Thig TAvk
/

Jd
93,292:5‘523552; /l IS INCREASIWE AT 5}3,2.4—?.%{3/}»@

d A |

— 2.0, — T — T
dlE X/M‘ _

AT t=04 THZ WATLR (2VBL S RISING \
/ ‘

AT .obé%t[ji,m | /———-j

END OF PART A OF SECTION II
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.

%—E— :(/We WARR »N)—(/a«ﬂ WATA OV)

—

"IOpI0q SIY) PUOAIq LM 10U 0O
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Do not write beyond this border

P(t)| 0 |46 |53 |57 |60 |62 |63

[ Work for problem 3@) | d)= 4b) 5762 .
Midpots 1 A=3 b, 'Ué)éf )
f= 4(4b137H= 070

I Work for problem 3(lﬂ

1>
Vwawf',—;‘:g‘\”j - Jo B

:7/7/5.‘374

t

.64
)&t = ['2256 b
0

*19p10q SIY) PUOAQ )LIM 10U O]
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Do not write beyond this border.

Work for problem 3(c)
_ —Visab
! B agh= g whfed
o, 434 whi fet
Work for problem 3(d)
d
W] =— (57 ¢ )
1,&) —RLY- g
_ op oo m) ¢ _oe5Xf-

s pef—> ooy

, ?
e —2.46] ] (L the POLE ‘%f 2. 48] ”)(t/ﬁ
why 'tM/ Mum\e 9{ water ‘/3 VM ,g " d’\, '
g AV _ eI
at _)(’:8 V§T)T'ﬂ dt D('t
quﬁ;/ j ah_ 245] _ocedipt
e oL R ]a,tmraté #} o
The, mﬂ/rlm(/(»urrm’ﬁ
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.

"JopI0q SIY) puoAaq UM J0U 0
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Do not write beyond this border

f 12 ft
t 0(2(4|6]|8]|10]|12 T3
P(H)| 0 |46 |53 |57 |60 | 62|63
LWork for problem 3(a)J

The OxFPl"oxiwASO ‘ot tmonnt QT W~ (e

— (O+5y)x4
2

= ;\83 x 2

U

onbic

Eoi gl ) e

2 >N

1)
<
\
J

| Work for problem 3(b) |

T(/\Q totad  vavnt of weton !%@»inﬁ v

~12

40

-0.080%
T LA 250 894 abic tout

“I3pI0q ST puokaq UM 10U 0

Continue problem 3 on page 9.
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Work for problem 3(c)

The opprocwsts  volwne of weler W tims t=12
= [eeo +C78 255174

-—

it -0.00t

The ety = ¢ (go- 25 )= 2] e

Work for problem 3(d) 0\

= 0.8319  (ubic fect per secondl

The \'CTU-'G"( FlSiag = i( 12t <000+
| K At € )
, -D.oS‘t
~ — D.00 - @

- "O\‘Hﬂ b 'fa:t Fu S Quafe ;ew«ﬂ{
END OF PART A OF SECTION Ii

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
2010 SCORING COMMENTARY (Form B)

Question 3

Sample: 3A
Score: 9

The student earned all 9 points.

Sample: 3B
Score: 6

The student earned 6 points: 2 points in part (a), 2 points in part (b), no points in part (¢), and 2 points in part (d).
In parts (a) and (b), the student’s work is correct. In part (c) the student does not use the initial condition, and the
point was not earned. In part (d) the student’s presented value for ¥’(8) is incorrect. The relationship between

ar and dn is correct, and the value of dan is consistent with the student’s ¥”(8). The second and third points

dt dt dt

were earned. The units on % are incorrect.

Sample: 3C
Score: 3

The student earned 3 points: no points in part (a), 2 points in part (b), 1 point in part (c), and no points in part (d). In
part (a) the student does not use a midpoint Riemann sum. In part (b) the student’s work is correct. In part (c) the
student correctly combines the results from parts (a) and (b) along with the initial condition. In part (d) the student’s
work is incorrect.

© 2010 The College Board.
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AP® CALCULUS BC
2010 SCORING GUIDELINES (Form B)

Question 4

A squirrel starts at building 4 at time ¢ = 0 and travels along a
straight wire connected to building B. For 0 < ¢ <18, the

squirrel’s velocity is modeled by the piecewise-linear function
defined by the graph above. 10

(2.20) (7, 20)

(a) At what times in the interval 0 < ¢ < 18, if any, does the

(16, 10)

/ (18, 10)

squirrel change direction? Give a reason for your answer. S

(b) At what time in the interval 0 < ¢ < 18 is the squirrel 0 (10.10)
farthest from building 4 ? How far from building A4 is the
squirrel at this time?

Graph of v

(c) Find the total distance the squirrel travels during the time interval 0 < ¢ < 18.

(d) Write expressions for the squirrel’s acceleration a(t), velocity v(¢), and distance x(#) from building A that

are valid for the time interval 7 < ¢ < 10.

(14, -10)

!

(a) The squirrel changes direction whenever its velocity changes sign. 5 1 : t-values
This occurs at t =9 and ¢ = 15. 1 : explanation
(b) VelocityisOatt=0, t =9, and ¢ = 15. 5. { 1 : identifies candidates
t position at time ¢ I': answers
0
9 | 24320 =140
15 | 140 - 23210 = 90
18] 90+3F2.10 =115

The squirrel is farthest from building 4 at time ¢ = 9;
its greatest distance from the building is 140.

18

(c) The total distance traveled is Io |v(¢)| dt =140 + 50 + 25 = 215. 1 : answer

(d) For 7<t<10, a(t) = 207__—(1_010) =10 1:a(t)
4:4 1:v(2)

W(t) = 20 —=10(r — 7) = =10z + 90 2: x(1)

X(7) = 7;5-20=120

() = x(7) + I;(—lOu +90) du

=t

=120 + (—5u2 + 90u)

u
u=7

= -5t + 90t — 265
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NO CALCULATOR ALLOWFD

CALCULUS BC
SECTION II, Part B
Time—45 minutes

Number of problems—3

No calculator is allowed for these problems.

(2,20) (7, 20)

201

o Z (16, 10)

\ (18, 10)
EL /
0+ T 4 + ; + + + + t + $ + +— [

2 4 6 8 10 12 14 16 18

Do not write beyond this border.

G
107 /,\00 (10, -10) (14, -10)
Graph of v
Work for problem 4(a)J " e,.;
NrecH Hov =15 and €=1

msgul'm(x QMWS |
- kause ha[ociﬁo changes
and Vice versa  on Hhaose

PO'IMSc

Frons de("‘"/b

pm(“H\M'

Work for problem 4(b) dwtance of S‘b“i"b‘ ‘FVM'W A'a 4*' t 'S({?)

st = utb ot = |40
SagJ b= (t0-$0=40

(k= q0+15=11S
=) v ”
3 { i :ﬁtsﬁuirm’ (% favthed From H“'MU( J $ram

$ 3 (Lf w '
When b= 4, The spirel B 10 <5000,

Continue problem 4 on page 1
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NO CALCULAT

7.

OR ALLOWED

Work for problem 4(c)

¢ e —
flvéf)f = | Lo + 5% ’-—21—‘—5-:7/

Do not write beyond this border.

Work for problem 4(d)
n (F10
alh=v(E)= 4.?,:2?0’- = =
w(4)=0"

veladtyt y —0 =10 (x-)
y —;«[0)(,1’40

, V)= 0140
- _’—_——______.—————-—'f

2lb)= {G) +jf o) I~

&
= o+ Go0]y
" (w""" SETt 90k y o= (335')
= —s¢ a0t BS

GO ON TO THE NEXT PAGE
g4
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NO CALCULATOR ALLOWED

CALCULUS AB
SECTION II, Part B

Time—45 minutes

Number of problems—3

No calculator is allowed for these problems.

Do not write beyond this border.

) (7, 20)
ol (16, 10)
(18, 10)
i 54 6 8 0 12 14/ 16 18
=01 (10, -10) (14, -10)
Graph of v
Work for problem 4(a) —‘(\c UZ‘ A{Q:C%‘O(\ a'\' Y- 9
0“\6 jr = 15 \'\ w\oc\‘h‘ C‘W"\j«vs jrw\n
pas\l(\fe (\¢\A§a“1 e,
™ CQV (A
Work for problem 4(b) XT .L 3 %C Sd‘(}i((‘ﬂ\ 15 \'Cl @‘J"’ oM

beildingd, B ¥ =% Fhe s dlerel 15 HQ unds
ﬁ(\\;\’({%ﬁﬁ u.uiﬁl* C{

L 01-(9 +5) = 1%

Continue problem 4 on page 1
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Do not write beyond this border.

|
Work for problem 4(c) ,‘.‘)’, l@ ) (\L\ v -\i. \Q. K(L‘\"S) t 5 "\{6' (E*LO
g 5  + 50 =705
Tohl bisbmrce ovdee = AD vndts,
Work for problem 4(d) T 1

A0 -20

19~

PPy
-'50 _
= 2 =l

X(” =, ~5x(l *%x*\’l@

1705 <) (-10x +J0 &

=2
CL\’lﬁ

-5><2°f9a>(' T C

TvAmTAA AvIm mira LAA AATT AL

GO ON TO THE NEXT PAGE.

-11-

© 2010 The College Board.

Visit the College Board on the Web: www.collegeboard.com.

AN atal

any



4 4 4 |

NO CALCULATOR ALLOWED

CALCULUS BC
SECTION II, Part B
Time—45 minutes

Number of problems—3

No calculator is allowed for these problems.

V(E)
!
2,20 7,20
ol @20 4 (.20
10l (16, 10)
/ (18, 10)
0 —t——t f———t—t— ¢
2 4 6 8 10 12 14 16 18

(10,-10) (14, -10)

Graph of v

Work for problem 4(a) at

) q<ec1y, the qurrel

'o‘\wﬁt’/) teo  Airection  ginge
45 VclooH-:] ckMJe; from

posifive to A-zjwl-ive.

Hats evhen

Work for problem 4(b) ) at += Cf . be CMQLAH\Q ore o befween

Do not write beyond this border.

the 3”71\ of vet ) onol the X—aXs o
e (,cujoy«}.

@ G= ($49) x>0 |
—r 0w e
P

Continue problem 4 on page
-10-
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Do not write beyond this border.

Work for problem 4(c) Total Disteuce

- / j: voed/ﬁ[— ( f;c{-)obt +UZ\¢(¢)M}

—

= (40 — Ko 4 >5

= (¥

Work for problem 4(d)

: x ~aig the .
vit) @ 1<t <o (5 & St ‘7 + (thne

’7«-59'\9 (7,%),(lo.10)
o V(,ﬁ) = —(o ‘L“‘”f- ?O~
W"’\"é G Acction TLL’—OMS,.
actt) = Vee)= —p

{

LE)= Jve:)cte= -5 t+ Qot
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AP® CALCULUS BC
2010 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), 1 point in part (b), 1 point in part (c), and 3 points in part (d). In
part (a) the student identifies the two points at which the graph of v crosses the #-axis but does not correctly
explain why the squirrel changes direction at those two points. The given explanation applies to only one of the
two points. In part (b) the student does not identify all candidates but does evaluate the distance at £ = 9. The
second point was earned. In part (c) the student’s work is correct. In part (d) the student has correct expressions
for a(¢) and v(¢), but the expression for x(¢#) does not incorporate the initial condition. One of the points for

x(t) was earned.

Sample: 4C
Score: 3

The student earned 3 points: no points in part (a), 1 point in part (b), no points in part (c), and 2 points in part (d). In
part (a) the student presents an interval instead of points. In part (b) the student does not identify all candidates but
does evaluate the distance at ¢ = 9. The second point was earned. In part (¢) the student finds displacement rather
than total distance traveled. In part (d) the student has correct expressions for a(¢) and v(¢) but not for x(¢).
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AP® CALCULUS BC
2010 SCORING GUIDELINES (Form B)

Question b

Let f and g be the functions defined by f(x) = % and g(x) = for all x > 0.

X

1+ 4x%

(a) Find the absolute maximum value of g on the open interval (0, o) if the maximum exists. Find the
absolute minimum value of g on the open interval (0, o) if the minimum exists. Justify your answers.

(b) Find the area of the unbounded region in the first quadrant to the right of the vertical line x = 1, below
the graph of f, and above the graph of g.

4(1+4x7) - 4x(8x) B 4(1-4x%)

(@ g'(x)= 3 2 2:¢'(x)
(1 +4x ) (1 +4x ) 1 : critical point
5- p
For x >0, g’(x) =0 for x = l L {cmS\.zvers )
2 1 : justification
g'(x)>0 for0<x<%
g’(x) <0 for x >%
1) _
s[3)-
Therefore g has a maximum value of 1 at x = %, and
g has no minimum value on the open interval (0, o).
oo b
®) [ (/(x)-g) dr = lim [ '(/(x) - g(x) dx I : integral
| =bh 4 : 4 2 : antidifferentiation
o 2 )
= bh_?io(ln(x) - Eln(l +4x )) . 1 : answer

_ bango(m(b) — Tin(1+45) + %m(s))
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Do not write beyond this border.

NO CALCULATOR ALLOWED
Work for problem 5(a)
LIOS 49\ -
|+4:A

% (G
—JoA XY _ & i) Y Q—L )WH-L)
C1ean>) ™ CHM*" T e e

then O@((-i— =5 8'(7\). ey
then o> = 3 ln < ©
z\{ R—72 =~ =2 %ﬁ) (*amVeeaes to ©O.

SO ‘ﬁ\ere‘? ho Yh,hl\uum Vm’ue

but +here & the maxiwum shen q(:i

Lgrl).
>%Ca)~ ™

AnSper~"' ho mhmunn

MAX mum — |
Cihen #=3)

Continue problem 5 on page 13.
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NO CALCULATOR ALLOWED

Do not write beyond this border.

Work for problem 5(b)

drea_ ‘\J:Tgm ~‘ﬁz) ] da 1\[“(%)—61(1))41

r C H(ak

= Loni - SLQ"(H‘“&) ]lm

:[«Oﬂ d -

*19pI0q SIY] PUOAAQ LM 10U O]

GO ON TO THE NEXT PAGE.
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Do not write beyond this border.

Work for problem 5(a)

Wheﬁ gl(X) =0

4-16x*

JO0 = e

goo) reoch exirems

|

D
e

X © %

maximum

M { “ @ n
(5 The (.bf;)/ﬁe wiprmY

*I9pI0q SIY] PUOAQ LM JOU O]

Continue problem 5 on page 13.
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NO CALCULATOR ALLOWED

55,

Do not write beyond this border.

Work for problem 5(b) f ()() - ﬁ()‘/>
b X
T - W
N 1+Ux " |
X dees not exist
thece fore

\ ~ ~ i - x
e areq r5 oqual |~ foo-q00 d

f@ -{(Y) 'q(“’) o
2 'ro 4 ux dx

LX)

5 K
|n (14 8x ) ,

» X
- lim ln\é =
=

|\

thete ¢ nd "HT?r So¢ tonS betyzen (

"’l‘(y ) an d’ 6{ (\,”!

"Jop10q SI} pUOAaq 2JuMm Jou 0

J

-13-
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NO CALCULATOR ALLOWED

5 5 5 5

S 2

Work for problem 5(a)

%uu): A1 2 0 A TV ST T2 G A L

(N 9 (% wux)” (Fex*i* ~

Ao ol ey
X0
D i =
=y

< Z_: ! Whew 0‘(1):’9 7‘.;_%
—‘

g WAaX T Mam 0{'30() El?ﬁ‘%v' :.‘

ﬂ‘ﬂ?‘"' \ k¥ x*#o

7

-\

(l+yxv ) *

“19pl1Oq SIY) puoAaq LM Jjou o
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Continue problem 5 on page 13.
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NO CALCULATOR ALLOWED

Do not write beyond this border.

Work for problem 5(b)

r o
P puresn a--\(;fl{’f{ X ol x

“19p10q SIY) puokaq M JoU 0(]

|
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© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.

GO ON TO THE NEXT PAGE.



AP® CALCULUS BC
2010 SCORING COMMENTARY (Form B)

Question 5

Sample: bA
Score: 9

The student earned all 9 points.

Sample: 5B
Score: 6

The student earned 6 points: 3 points in part (a) and 3 points in part (b). In part (a) the student finds g’(x) and the
critical point, but the analysis and conclusion did not earn any points. In part (b) the student sets up the correct
improper integral and antidifferentiates correctly. Since the evaluation is not completed, the answer point was not
earned.

Sample: bC
Score: 4

The student earned 4 points: 3 points in part (a) and 1 point in part (b). In part (a) the student finds g’(x) with a
reversal of terms in the numerator, so 1 point was earned. The student finds the critical number and the maximum
value and also asserts that there is no minimum. The third and fourth points were earned. In part (b) the student sets
up the improper integral but does not do any additional work.
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AP® CALCULUS BC
2010 SCORING GUIDELINES (Form B)

Question 6
L o o (-1)" (2x)" .
The Maclaurin series for the function f is given by f(x) = Z? on its interval of convergence.
n

=2

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

2
(b) Show that y = f(x) is a solution to the differential equation xy”" — y = 1?2 for |x| < R, where R is the
X
radius of convergence from part (a).
(2x)}’l+1
. +1)-1 . - . - .
(@) lim i+ )=1)_ lim |2x - 2 1‘ = lim [2x- 2 1‘ =|2x| 1 : sets up ratio
n—»00 (2x)” n—»o0 n—»00 Lo .
1 : limit evaluation
n—1 .
5. 1 : radius of convergence
|2x] <1 for |x| < % " | 1: considers both endpoints
| 1 : analysis and interval of
Therefore the radius of convergence is 5 convergence
(=D S
When x = —%, the series is ;% = ;ﬁ
This is the harmonic series, which diverges.
1 (=D S (-
When x = > the series is Z; o) —’;n_l .
This is the alternating harmonic series, which converges.
The interval of convergence for the Maclaurin series of f is (—%, %}
2 3 4 n n
b) y= (2)1‘) _ (2;) n (2;‘) ey (=1)" (2x)" (21x) 4 1 : series for y’
n-— ’
O (2x)" 4 1 : series for xy
=4x2—4x3+%x4—~-+%+m " | 1:series for xy" — y
_ 1 : analysis with geometric series
1
f g _1p2 64 3 (=D)"n(2x)" -2
y = 8x 12x+3x + 1 +
F g2 103 64 4 (=1)'n(2x)"
xy =8x 12x+3x + p— +
' =y =4x" —8x +16x" — -+ (=1)" (2x)" + -
=47 (1= 2x +4x% =+ (=1)" (22)" 77 + )
The series 1 — 2x + 4x% — -+ (=1)" (2x)" 2 + -+ = Z(—2x)" isa
n=0
. . 1 1
geometric series that converges to 1T 2x for |x| < 3 Therefore
’ _ 2 . 1 l
Xy =y = for |x| < 5
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NO CALCULATOR ALLOWED

Do not write beyond this border.

S h
Work for problem 6(a) ‘f (1) ey ( /) (u)
n=c

|

Tnkervdl ‘“U/ c«w%wf
L(JS’ use, Mo ({a'( le Tesl

ﬁ)_iﬁlz)"*’
7% ll C [C' NCaa)| = |u|<]

‘1'(& o —,L(vtfé' -a(mmgﬁ«f

'1:-—" _?.f( 2 (")

2 W1 '\'

g/ (,(;Li\}?s 04«((!« o (mwlv(n(( o Series O‘/
allerndive Jems. g f cmvenes

-4y 2 L divergec!

W=7 n-|

L—' ’ZL (fz ;2 S Je
ierdl o tacergpee
‘TQJ& ‘4‘?( wuik @iy of ﬂ[\ |

=

z Continue problem 6 on page 15
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Do not write beyond this border.

6 6 6 6 6 (6 6
NO CALCULATOR ALLOWED
Work for problem 6(b) 2
2y ’fg= a2
(+24

oo
- NGz )"
fap =, /@

n-(

,f’(;(): 2‘ - 2" 1n'/

n=<2 ——""""‘

h-1

Zﬂ/"}"' — _lﬁ-ni = Gy

n=2 h-{(

= 2" (H) ) = 2
n-1

suce (11

“IopIoq SI) puokaq 21U J0U O]

= n
9 é ('27() fmrﬁ]f £ (af'o fr
n .
@ %(’21) S o Qﬁom&'vi( Serles C ltme-4m"= /it

n=i /{oﬁ_ o

. ’nl(’ [

, W ie e
LW B e T ]
h-z =) T_(j'z;_’/'(‘b(

—atudr . A

| 4721 (TexX 4p e

ey T o (A

Thewfo+ ‘(]"P") o latln o 19 %sooulromsnexrmes
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Do not write beyond this border.

|
NO CALCULATOR ALLOWED
Work for problem 6(a)
= e’
foo= ’3:3 w1
l_ eMym M|
Axdad W+l —
% (axs™
"=\

:‘\\N[(~|)g3x)(&|2’
Vo= n
= lim —1

oo lnn 2% |

—y ! A
= e [0 x|

=[x

ﬁ% ‘u'h‘o—"?al_\"
Wred 1S awgw‘b wheu  Dx[ |

-3 <x<4d

Whem X=-
o=

Whu X=3
v __“o_ wn \
oo SR R € overgs Gl @)

41

2

.Q( |M \1 by = \, »
SELE - 535 oWl (pwie)

d

i
Hever, tle idfuel of Fmlengence for fo IS 2<X<o

Continue problem 6 on page 15.
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Do not write beyond this border.

66 6 6 6 6 66 66 -,
NO CALCULATOR ALLOWED
Work for problem 6(b)
e S e (207
f’f = o= ')ns h=\
Y= X" (ax)’ 4 e’ SONEPN
= 2 - n—)
I . " - 3 "
Y=220x) -2 3;‘2 x) +-1-4(51><) T o
: \
N~y
X {j‘: (—U“.xvn)(zxz ~
V| 2
:
g
=4
g
g
&
GO ON TO THE NEXT PAGE.
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NO CALCULATOR ALLOWED

b

Do not write beyor

is border.

Work for problem 6(a) |
n+ |
(- Dr\-H ( > )0

M(Y\*")*kfefm _,, n
nos  hth tem hﬁﬂ‘ew

& -1

—lm —2X (=D _
= N -

Q

UM ferves s cmverg@
The  mlrek °67CMV“V)M %

oq('z( A WL(%

*19p10q ST} pUuOAaq 21 J0U O]
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NO CALCULATOR ALLOWED

6C.

Do not write beyond this border.

Work for problem 6(b)

"JOp10q SIY] puoAaq )M JOU 0(

Re> 2
e
RS
- | 4+ 2%
_ 4x?
- 142X
y
GO ON TO THE NEXT PAGE.
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AP® CALCULUS BC
2010 SCORING COMMENTARY (Form B)

Question 6

Sample: 6A
Score: 9

The student earned all 9 points. In part (a) an ideal solution would include an additional step at the beginning of the
limit calculation. The student’s presented work is correct.

Sample: 6B
Score: 6

The student earned 6 points: 5 points in part (a) and 1 point in part (b). In part (a) the student’s work is correct. In
part (b) the student finds the series for y’, but what the student presents for x)” is not a series. Only the first point

was earned.

Sample: 6C
Score: 4

The student earned 4 points: 1 point in part (a) and 3 points in part (b). In part (a) the student sets up the ratio test but
does not evaluate the limit correctly. The first point was earned. In part (b) the student finds the series for y’, x)/,

2
and x)” — y. The first 3 points were earned. The student has an algebraic error in the work leading to %, so the

answer point was not earned.
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