AP® CALCULUS AB
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) The region 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 .
(@) j (6 —4In(3 - x)) dx = 6.816 or 6.817 5 { 1 : integrand
0 1 : answer
2 5 , |
(b) 7[.[0 ((8—4111(3—36)) -(8-06) )dx 3 {Z:mtegrand
| 1:answer

=168.179 or 168.180

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

1 : answer
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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.

y

0 (2,0)

Do not write beyond this border.

‘s

| Work for problem 1(a) |

SR = Zx()—f: 4”71(3?()0(1(
|- (5189 ab-&l]

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

Work for problem 1(b)

asum Y, =4[n 3X)

=1 [ (13-4 -4y) o
- 15]:1 &3”((-{01(379)1*68*(2)1] dx

=~ b3 (80.

Work for problem 1(c)

V= f(éiﬂ,, 9] de

=~ 26.2,67.‘

“Ioploq ST PUOAaq 21LIM 10U O(]
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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.

Yy

(0,6)

0 (2,0

Do not write beyond this border.

| Work for problem l(a)J
Rﬁ\“: b~ 4l (2-%) O{X

s \f 02 {?O{X ’J\OZ‘HV\U‘\OO{\/
=bx/e* — 4 (] lnG-0dlx

t=he0 $=3x
¥=1 9=x

=2 - (4—X|n(2*><>/oz - jj—}%(x— opx)

26\ %‘)7 Lm?(gz

"IopI0q SIY) pUuoAaq 9ILIM JOU O
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Do not write beyond this border.

) Work for problem 1(c)

I Work for problem l(b)J

V= (] T-atnz01 ™= (3677 Ax

= TLS(?@?“%‘V\B\X) 11’ 21>O£>/
= (b%. 190 units’

R4
V= JQ (2b) - (2x ¢ )n(%—\()l OX\/
_ 2
‘\(o 2" - (%lncw)f Ay
~ 532 (23 wis”

"IOpI0q SIY) puoAaq 9JuMm JoU O]
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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.

y

0 (2,0

Do not write beyond this border.

Work for problem 1(a)

A= 7 (b-alni-0) dr |
L Has W&fﬂ}u (Mw,@awr,we&mkr&wW
and we Got it ‘10’; (4= aln -0 ds 6, SHEESR

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

Work for problem 1(b)

%&MMWMB'?J
we wie Ha paiber methed

U=Af; (5~ 69 (8-l b=} ) dr

V=WI’; CR~6‘)(%—(al&w(3—u)L)m= «l. 0:7

Work for problem 1(c) §
he side the souare shall be %’4%(3—1) g
7M9\,~df\ /\iﬁku ﬂﬂmufzﬂu spuore o fr= @lniz-1))" g

/= nf (@dn-0) d= :
;x/f} (&@v\( S”Q)ld/’v_‘S'/ 13>
GO ON TO THE NEXT PAGE.
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AP® CALCULUS AB
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.
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AP® CALCULUS AB
2010 SCORING GUIDELINES (Form B)

Question 2
The function g is defined for x > 0 with g(1) =2, g'(x) = sin(x + %), and g”(x) = (1 - %)cos(x + %)
x
(a) Find all values of x in the interval 0.12 < x <1 at which the graph of g has a horizontal tangent line.
(b) On what subintervals of (0.12, 1), if any, is the graph of g concave down? Justify your answer.

(c) Write an equation for the line tangent to the graph of g at x = 0.3.
(d) Does the line tangent to the graph of g at x = 0.3 lie above or below the graph of g for 0.3 < x <1? Why?

(a) The graph of g has a horizontal tangent line when g’(x) = 0. 5. { 1:sets g'(x)=0

This occurs at x = 0.163 and x = 0.359. 1 : answer

(b) g”(x) =0 at x = 0.129458 and x = 0.222734 5 { 1 : answer

) 1 : justification
The graph of g is concave down on (0.1295, 0.2227)

because g”(x) < 0 on this interval.

©) g£(0.3)=-0.472161 1:4°(0.3)
03 » .
2(03) =2 +_[ &/(x) dx = 1.546007 4 1 : integral expression
1 1:2(0.3)
An equation for the line tangent to the graph of g is 1 : equation
y = 1.546 — 0.472(x — 0.3).
(d g’(x)>0for03<x<1 1 : answer with reason

Therefore the line tangent to the graph of g at x = 0.3 lies
below the graph of g for 0.3 < x < 1.
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Do not write beyond this border.

Work for problem 2(a)

Hovadtal tanopnt e, = 4 00 =0

%o (4w ) =0
U= 0163 g 339

Tere exsts homadal fangent (nes
0% = 0.6 and =05 Tx

Work for problem 2(b)

940 | 9 on@ved doww .

o 000 = (=) (05 (+%) <O

§'(0 <0 on (012,01

f e o mweEs wwEEon L mn AAT Y as

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

Z 2 2 2 2 ZA
lWork for problem 2(c) ]
9 (0.3) =-0-411
jo‘_b SR Ak = 045394
qod = 2+ (-0453%4)
= \545
Y- 1546 = - 0-41L(1-0-2)
w)
v\ = SOAIR & 1688 ¥ g
5
g
g
Work for problem 2(d)
A =03
Yo%) = =0 411 0

o' (v3) =8B Y0 A0 s edh Up 0 (0.5 1)

So 015 (woved WP on Ll 0) ") veons 05(“8\;130‘)“{
As such e Towaen ok gjvoph q) e below e )
oyogn ok O j{\\_/\\-qm

GO ON TO THE NEXT PAGE.
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Work for problem 2(a)

A
oF 4'\\r\k¥ 1 ‘Q\

Y= O\Lq)
7(/,0.’560\

Work for problem 2(b)

CS ¥ Contaxt 6\5WY\ o %\2_ '\V\\l’ﬂ'vd\ ((7'\7&/0.1-23)

\

\06(,&&&% 0} NG A@Lr@g'\mj o J(\A'\S ‘\ﬂ:i&fva‘ and
05“ O on s nrerval.

A= O
X=0. VLA
X?O—Ql%
{8

" -
. e
EAVFATT ol S R

s vmen v mwsen emvson ] mn maww

Continue problem 2 on page 7.
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Work for problem 2(c)

'(0.3)= s (O-’?*g!?> Z-0.43216|

=0y
(\,Z\ \,iwﬂ(%b
z:g@,b\?l\é‘)(\)*\o

'L'l,\/}l\é:b

7;—0. W722x ¥2.1477

"19pI0Q SIYI PUOAI( ALIM JOU O

Work for problem 2(d)

The \ine Yo 3&/\{ W 3 at x=0.3 lies beoaw the
('3(2;-\\)“\% 9:— 0:) /YS( J.'SLXC‘ \D&Z}\,\x on "t\/\é Im'\férva’
0 -3 EXLN % S onCavt WP’

GO ON TO THE NEXT PAGE.
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" this border.

Do not write bey

l Work for problem 2(a)
Y2t has horirzontal trget line

~ '.3;1) = 0

|
oty g;m (—’”'—\7) =4

Xz 0162 or 0359

~'-%qéw/bo./63wo‘3ﬁfﬂewbg3k
a Korngordal AargerZ

Work for problem 2(b)

"

g e
/ /
ot ) BF5 ) &8

thon ©
v “,‘.x’_i)cas(x-l-;l-) ot be Sralles

‘n the dewain (D2, 1)

s Tl"efe )S ho ?Mél‘ﬂmll'ﬁ (012, 1) mt

tL\Q W“ 3 i Concove clowmn

"TopI0q SIY) pUOAdq 1M 10U O(]

Continue problem 2 on pace 7.
B
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Work for problem 2(c)

A 2 !
v 3(1) =SnlAtsx) ,

. N L
<. 3(1):j?'" (x+5 xix
/
Jet wus xtx

let line togest is y=ax+b
’ |
&2, A= 3(;\}; Shfx+x)

‘TH=o0>

“IopI0q SIY) puokaq LM Jou 0

~'\c'u.' -“ q=5,(0\3) =-0‘q-7l *
"‘j:-a-cnm-rla
Work for problem 2(d)
/
i) =0-90%
GO ON TO THE NEXT PAGE.
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AP® CALCULUS AB
2010 SCORING COMMENTARY (Form B)

Question 2

Sample: 2A
Score: 9

The student earned all 9 points.

Sample: 2B
Score: 6

The student earned 6 points: 2 points in part (a), 2 points in part (b), 1 point in part (c), and 1 point in part (d). In
parts (a) and (b), the student’s work is correct. In part (c) the student earned the slope point for g’(0.3). In
part (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 concavity statement is incorrect. In part (c) the student
earned the slope point for g’(0.3). In part (d) the student does not include a statement about the tangent line.
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AP® CALCULUS AB
2010 SCORING GUIDELINES (Form B)

Question 3
| 12 ft T
tr o] 214|6]8]|10]|12 4 ft
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(7)
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(t) = 25¢7 005 (Note: The volume V' of a cylinder with radius » and height % is given by
V= 71'7’2/’1.)

(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 ¢ = 8 hours? Indicate units of measure in both answers.

12 1 : midpoint
@ [, P()di=46-4+57-4+62-4 =660 f’ 2:{ THEPOTHT SHM

1 : answer

. 1 :int |
(b) [ “R(t)dr = 225.594 £° 5 { integra
’ 1 : answer
12 12
(c) 1000+j0 P(1) dt—jo R(t) dt = 1434.406 | - answer

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

approximately 1434 3.

d) V(1) = P(t) - R(¢) 1:V'(8)

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

t t
4:

V= 2(12)%h 14k

W 44nh @l

dt dt 1 : units of ft® /hr and ft/hr

dh 1 av

dhj __1 4V _ 096 8 /b
dr| " Taan dr|_, = 0-095 or 0.096 ft/hr
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Do not write beyond this border

Work for problem 3(a) I & —
e o [ a0057+69) i
0]

.

BT 5603( oF WAZL ARE ap9s¥ G¢ Tho PooL
;M tzo) To t= 12 A

I Work for problem 3(b) I

S N A e

%(5 OF UATS R  LeAl FRIM Tit ,))JL FRom t~= ‘),L

225.50%

————

7o E3kA

"JOpI0q ST} pUOAaq 9JMm J0U O]

Continue problem 3 on page 9.
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‘ e 12
V:‘& ;’};)-]-/um‘e/? w)—@,ﬁu wﬁ: paooi(f[t)dl: -j;/ea)at <1640 - 15,594 <
Q

Work for problem 3(c)

TH? yoLuMB oF WATRR [N TTHE Pl v
AT Ting £ =124 1S ABST 434 3

Votrpienso ] | 9V o o - (s i )

Y= TR | 3
IV el 22--.-,f’(g)—’,q(x): 43.242 %A’m
gt dt ,ﬁ | AT L‘J'&, T8 VoLuvme v The Tavk
43.242= 45238 it | 1S wvemeaSve AT _43\?_45%(3/}4@

’ I

~

.0 6 Gy, o sy B
PRSI Y -

AT l:‘-'-o,‘, The WATCR  LB8VBL. 1S RISING \
/ )

AT .036%'('[/&,% _ @

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.

"JOp10q ST} pUOAaq JJLIM JOU O(]
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Work for problem 3(a)J - -5'7 62
N“f’w‘m are A=2 by10, POZ 4
(417#7%0) bho-

I Work for problem 3(b) |

Vwater lgﬁ*"a

_ J'lpa)we- . ['l%e,’w?dt -
0

Continue problem 3 on page 9.
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© 2010 The College Board.
Visit the College Board on the Web: www.collegeboard.com.

"I9p1oq STy puoAaq UM J0U 0




Do not write beyond this border.

o 434 whi et
Work for problem 3(d) 3
.od
a —L(t). ::—/( -4 )
_Zt,ﬁ;&) P )_J i ool
= - (o o5t) € " —o- 052
¢
s = et :
Yh'('q’ '}: _;246’, . R aimm't'e 0{ 2.467@"](t/ﬂ
e v o s 3G T
T}Mﬁ)sg ﬂ oAV _ 2rml- 4
at Vﬁ'ﬂf ot
> 0 t
dh 248] o vetd o at £
e ol 2 WW#’GWJ‘TJ[
The hater el i HRA 48
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.

"TopI0q ST} pUOAaq )M 10U O
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Do not write beyond this border

rWOrk for problem 3(a) I

The O\FPY‘oxiMU tota trmownt GT w ey

= ©x4 | (S3oo )<t (po+by) x4
2 o : —“_)——__

e _183 )
= 678 wnbic et

I Work for problem 3(bL|

The total twavet of wep [eaking vt

/-':

;Y

. ( _o.ostd\
= \'.‘de T = 25-3‘&34 Dubie ‘f‘qQ,oft

"1apI0q STy} pUOAaq 21UM 30U 0
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Work for problem 3(c)

The aﬂ)roxl%‘fs— yolwme gf weler  aw Tima t=12
= [ep0 + (/3 -255.174

= (322 wnbi¢ 'f@:(‘

Work for problem 3(d) ok -0t

N1%7
The tote = 1% (o-25e )= [.3].e

= —~O~‘Hﬂ nbic ‘fe,e;t Fu S guate ;wm{

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 AB
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 (c), 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 dn 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 AB
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.

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

10

(2.20) (7, 20)

(16, 10)

/ (18, 10)

squirrel change direction? Give a reason for your answer.

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

-10

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

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 4 that

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

!

(a) The squirrel changes direction whenever its velocity changes sign.

This occursat t =9 and ¢ = 15.

(b) VelocityisOatt=0, t =9, and t = 15.

t position at time ¢
00

9 | 23 .20 =140

15 140—6;4.10=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.
(d) For 7<t<10, a(t) = 207__—(;)10) =10

w(t) =20 —10(t — 7) = —10¢ + 90

T+5

x(7) = =5=+20 =120

(1) = x(7) + J.;(—IOu +90) du

=t

=120 + (—su2 + 90u>

u
u=7

= -5t + 90¢ — 265

© 2010 The College Board.
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1

: explanation

: identifies candidates

: answers
1 : answer
1:a(r)
4:9 1:v(2)
2 x(1)
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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.

Do not write beyond this border.

A
V2
204 (2,20) (7, 20)
10 (16, 10)
(18, 10)
0+ e ———— — ——t——t—¢
2 -+ 6 8 10 12 14 16 18
to} L \ /
) A (10,-10) (14, -10)
Graph of v
Work for problem 4(a) , J e: q
Yirectlon v €15 an

'Wcssuimx cka-nys |
aause  Veloc Hb changes
pmi-Hw_' And Vie vesa  on those

Po'M‘“.

Fron de{ we o

Work for problem 4(b) dstance of %“;'”' ‘ ‘FVM ( A'a ’d' te S(t)

S(a) =qu(%)()47 =|&0
SUS)—'):,{\J&)%" (40-%50=90

:xm—{ K (ak= 0+ 15=1IS

- (
. T squinel i forthad Frem ’Lﬁ%g i

when b=, The spprre B 70 g A

Continue problem 4 on page 11.
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NO CALCULATOR ALLOWED

Do not write beyond this border.

Work for problem 4(c)

[l =140+ s0v7s ZUS,

Work for problem 4(d)

veladtyt y =0 =0 (%)
v :’[0?{.1’40
= A0 t4

2L)= @(1) +jf o) Ik~

LA
- 1w F Crf)['"ﬂﬂ/c74
_ o = Strtaok ) — (385)
= &L x40t "%Z;,’

“1ap10q ST} PUOAaq 1M 10U O(]
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Do not write beyond this border.

s+ s 1B 43 1 B -

NO CALCULATOR ALLOWED

CALCULUS AB
SECTION I, Part B
Time—45 minutes
Number of problems—3

No calculator is allowed for these problems.

(2, 20) (7,20)

20t

10l (16, 10)
(18, 10)

t t t + t + + t t + + t t t + [
2 4 6 8 Yo 12 14/ 16 18
-104

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

Graph of v

Work for problem 4(a) The %UZ'\“’EI C‘W(EGS é\%c% oN (A ‘\':9

0(\2;L + - 5. His m\od‘fq C\W\ﬁes feon
Qasilc‘\(e Yo (\cﬂa'("( @ .

Work for problem 4(b) A\_ 4\. ? % 540(((,3\ ‘ YO(AV\AC \(Q‘\“i

\X(w,\?ad ,.\'jh M &' 9 the S(_{,mfc:( N r{\)w'i—s;

a\.m(,( Q’O
90 (9 fs) = 140

Continue problem 4 on page 11.
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Do not write beyond this border.

NO CALCULATOR ALLOWED
Work for problem 4(c) 7\)_' 2 (\\_0 v ,\i \Q , K{)"*S) + %. 10 (e\— LD
Mo ¢ 25+ 50<05
Tokad é\’sjr& \ce K@ ree = UD vatts,
Work for problem 4(d) /L@ /i_:{\OJ %
-0 W :
n-1 = - W0 :
) g
vit)= -10x +30 f:*
x(J,.) < <5x%+99x + 120
C oG AN Sk 430 &
Q\Cz‘\/m '5x2+98>(+ C
GO ON TO THE NEXT PAGE.
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NO CALCULATOR ALLOWED

CALCULUS BC
SECTION II, Part B

Time —45 minutes

Number of problems—3

\J(£ ) No calculator is allowed for these problems.
\
2,20 7,20
ol @20 4 @20
104 (16, 10)
(18, 10)
0 —t ————t——t——+ —————
2 4 6 8 10 12 14 16 18
107 (10,-10) (14, -10)

Graph of v

Do not write beyond this border.

4
Work for problem 4(a) ) at q <y, the C"(w"{\
o‘w\\l)o) te  Arection 4o
4 vdoo‘+3 C‘\.MJQ; Lrom
posfive o Azja:ﬁve.
-H.A.?P} £y hen
Work for problem 4(b) V) at t=9. be ca.ugg/\eLe orea befween

the amrl\ Df Vet ) onol Fhe X—aX’s
e (wjm.

) G= S+ x20 4o
—

Continue problem 4 on page 11.
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Do not write beyond this border.

NG CALETLATOR ALLOWE |

Work for problem 4(c) Total Distauce :

/j V“XJ vcf)dvt +U:_v(e)dt)

= (40 — 509 >¢

= (¥

Work for problem 4(d)

V(,f:) .@'7<_t<(° & o 9.;—,.;7(* (the .
’Ws;-"\a (7,%),(lo.—10)
VCEE ) = —(o £+ ?o.

A”/M"“é t Auction TL&rous’
act) = Vet)= —po

f

L) = JV(:t)c((-= CBETH ot |

*I9pI0Q STY) PUOASQ )LIM J0U O(T

GO ON TO THE NEXT PAGE.
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AP® CALCULUS AB
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(¢).

© 2010 The College Board.
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2010 SCORING GUIDELINES (Form B)

Question b

Consider the differential equation % = x;— 1.

(a) On the axes provided, sketch a slope field for the given differential equation at the y
twelve points indicated, and for —1 < x < 1, sketch the solution curve that passes

through the point (0, —1).
(Note: Use the axes provided in the exam booklet.)
(b) While the slope field in part (a) is drawn at only twelve points, it is defined at every

point in the xy-plane for which y # 0. Describe all points in the xy-plane, y # 0, for

. ody
hich =— = —1.
which —-

(c) Find the particular solution y = f(x) to the given differential equation with the initial
condition f(0) = 2.

(a) 1 : zero slopes
3 : 4 1 :nonzero slopes
1 : solution curve through (0, —1)

(b)) -1= x+1 =>ypy=—x-1 1 : description
dy .
o —1 forall (x, y) with y=—x—1and y #0
(©) I ydy = I (x+1)dx 1 : separates variables
) ) 1 : antiderivatives
X
yT =5 +x+C 5: 4 1: constant of integration
(«2? @2 1 : uses initial condition
> :7+0+C:>C=2 1 : solves for y

2 _ 2
yr=xt 2t d Note: max 2/5 [1-1-0-0-0] if no
constant of integration

negative. Therefore y = —Vx* + 2x + 4. Note: 0/5 if no separation of variables

Since the solution goes through (0,-2), y must be

© 2010 The College Board.
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Work for problem 5(a)
y
!
i 0 T
—— -21\
Work for problem 5(b)

Do not write beyond this border.

d + )
,a%: X» = - by} \(J-]:-j _—> 7’+5:—l.

ex e pt point( =1, 0), poimle (¥, -)-%)

e N{ so leteon o 'ﬁ{%,_)
T’ua e on whe line 3

=X

Continue problem 5 on page 13.
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s 585 5[5 5

NO CALCULATOR ALLOWED

Work for problem 5(c)

dY 5=+ !

olx = Ty
dy-y = dxo e
53”‘5-’ $ven dx

Ty -

[
7YX #+x + (C

“I3p10q SIY) pPUOAq QLM 10U O]

pases Hhrogh feoy= -2
1
2Y¢ = ¢ C= 13
. s —
# Z =% axa g
GO ON TO THE NEXT PAGE.
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NO CALCULATOR ALLOWED
Work for problem 5(a)
y
—_— ,qu /
=1 o 1 i
— —)\k \
| - AN
-
g
S|
% Work for problem 5(b)
5
g A
8 L5) -1 \Whnen

"Top10q SIY) puokaq )M J0U 0

-12-

© 2010 The College Board.

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

Continue problem 5 on page 13.



5 5

Do not write beyond this border.

NO CALCULATOR ALLOWED
Work for problem 5(c)
Ay _ x+ =S
ax V2
yady =%t 1dx
_\/L X

2
\/Zg 2< 5_4.)(-0-,,2)
Y2= X2+ axty
§/=«l'>?21 ax+y

"J9pI0q ST} PUOAq LIM J0U O

13-
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NO CALCULATOR ALLOWED

: border.

Do not write beyond

Work for problem 5(a)
y
—— 27 /
-1 0 1 =
- N \
— Ml N
Work for problem 5(b) &{ Y y
° 7 JAAQQ"\; (’(A&l’ 'l’G\Q
_ Adx
lﬁ/ K glvfa s f”\\/\o\' o -/
s

or all x, v {6 =-x M 4

X

"I3pI0q STy} puokaq UM jJou 0(

Continue problem 5 on page 13.
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58 55 58 5 85 58 °¢

NO CALCULATOR ALLOWED

Work for problem 5(c)

(0) = 2
A9yt +0)

ax Ty dy- - 24dy

5-&3 - A ¥ ()(4'/\?) . ! ~2dlj

\S\S.Otb)f\gd\((m'l\) Y K= *Z(ﬂ
%;xxA

“Jopl10q SIY) puOAaq )M 10U O]

GO ON TO THE NEXT PAGE.
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AP® CALCULUS AB
2010 SCORING COMMENTARY (Form B)

Question 5

Sample: bA
Score: 9

The student earned all 9 points.

Sample: bB
Score: 6

The student earned 6 points: 2 points in part (a), no points in part (b), and 4 points in part (c). In part (a) the
student’s slope field is correct, but no solution curve is given. In part (b) the student’s description is incorrect. In
part (c) the student earned the first 4 points. Although the student uses the initial condition, the incorrect branch is
chosen for the solution.

Sample: bC
Score: 3

The student earned 3 points: 2 points in part (a), no points in part (b), and 1 point in part (c). In part (a) the student’s
slope field is correct, but no solution curve is given. In part (b) the student’s description is incorrect. In part (c) the
student earned the point for separation of variables. The antiderivatives are not correct, so the student was not eligible
for additional points.
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2010 SCORING GUIDELINES (Form B)

Question 6

Two particles move along the x-axis. For 0 < ¢ < 6, the position of particle P at time ¢ is given by
p(t) = ZCOS(%t), while the position of particle R at time ¢ is given by r(¢) = £ =6t + 9 +3.

(a) For 0 £t < 6, find all times ¢ during which particle R is moving to the right.
(b) For 0 <t <6, find all times ¢ during which the two particles travel in opposite directions.

(c) Find the acceleration of particle P at time ¢ = 3. Is particle P speeding up, slowing down, or doing neither at
time ¢ = 3 ? Explain your reasoning.

(d) Write, but do not evaluate, an expression for the average distance between the two particles on the interval

1<t<3.

(@) r(t) =32 =12t +9 =3(r - 1)(t = 3) 2.{1:/@)
¥(t)=0 when t =1 and ¢ =3 " | 1:answer
F(t)>0 for0<t<land3<t<6
F(t)<0forl<t<3
Therefore R is moving to the right for 0 <¢# <1 and 3 < ¢ < 6.

b pt) = —2-%sin(%t) 1: p'(¢)

P(t) =0 when ¢ = 0 and ¢ = 4 3:4 1:sign analysis for p’(¢)
1 : answer

p(t)<0 for0<t<4
p(t)>0 ford<t<6

Therefore the particles travel in opposite directions for 0 < ¢ < 1 and
3<t<4

() p'(t)= N cos(—”t) [ 1:p"(3)
4 4%\ 2: .
1 : answer with reason

p'(3)<0
Therefore particle P is slowing down at time ¢ = 3.

(d) %Iﬂp(;) —r()| dt : { 1 : integrand

1 : limits and constant
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N

Do not write beyond this border.

\ \
Work for problem 6(a) Partecal Ris moving to the Night when FUH>0

A= sl %8 = 3. (t?-ut+3)  Hm= r'wzo  fF
'C:‘fll;-:}. f‘\.(f) - Forée(o'v 1 v (3'/6)

Work for problem 6(b) P =2 WD (%r f)_ p‘ ()= - 231%(15 £) ]X =

~ - wn(Ft) Pl(t):o t= U Plit)>o For:(.;:o‘vb)m
“ Th oo for g purticces e

i 101 <o for £ 010 WiBmens ¢ F

A/

’ S a 7
P\W"l375> —r0 Cc_(‘e,f)l?ég,é')‘.

-_— \ f/‘*"%—%ﬁ-—w
. T Ptnoo o3 te (U)6)

riy<o /=) e (1%3) (=) fe(p;;)v(S',q)
{r(\ ze e € (036
o _
Pli) ¥ i L e (0] )
! !
Thus fuy movg 1 o ifftvens dive¢tions for t € (0;1) v (3/“)

*1aDI0A SIU1 DUOARQ 21LIM 10U OrT

Continue problem 6 on page 15.

14-

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



Do not write beyond this border.

Work for problem 6(c) |

pin=2w(EE) Pz -2omfe) - Bom(fe)

) \ 24 71 i 2
pa- el - FAG PO = - FRGDRE

3
]
U - 7 ' =
\ - =Jr
PUB)= - T am(Zm= 55

a3 PL3) o ana P'(D >0 T purticie is Slowing dowi it €=3.

Work for problem 6(d)

5 3
[pin-relde - U Fipgy-rinlae

|
got ]

“19pIoq STyl puoAaq Aum J0u 0

GO ON TO THE NEXT PAGE.
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6 6 6 B 6 0 o6 & ..

NO CALCULATOR ALLOWED

Work for problem 6(a) ( ( {) > O

(W)= 34 -k +aA> 0

3 (- Mt ARIDdDO

Lbl/ A5 %

{) Wi téi—g \

Work for problem 6(b) la’(Jc\ 7T Zind L {\ (L-HéO [:O Y\
P (Y70 LY, L)

wheve as
c’(ky<go Lo, 3]
Le) P (3,62
; .ﬁ &
F h | R, awol e e € YV\OU"\J \ Or(o&
oY YL

. ‘ L2
Aj({oHMS ’pom bime < __l-/

“IANTAN SN NIINAAN 2TTM 10T 0T

Continue problem 6 on page 15.
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6 6 6 6 - @
R O Ve
NO CALCULATOR ALLOWED
Work for problem 6(c) F”(‘k) = &Q*\
/ _y sin (f—t\-f
PLEY: 4 iR
' L_B—r$|/\(§£\
¢ (V) 3 "
) R
(NL"):.—,- LDS(—C‘LSL(
_T o (% ¢
) 8
) 3 \ e
Py =T Lo Lq_ﬂ B .
N ety DO ~~Sf‘“‘;';“J :
cos (qn) €0 s "B
Work for problem 6(d) g
b =
' 5‘ru3' petd oAt g
b-a e =
o Le) Ak
= Z -
NN A Tl s (g )
8
I
GO ON TO THE NEXT PAGE.
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Do not write beyond this border.

I Work for problem 6(a) |

r) = P-eth gt 3

’i‘z(‘? ’3’: P(e)s 3t -1t +A
<+ '({;):0 . .
1= s "% J Sinw R is movng to +he ngh"’-
3 - 11 +4:0 g '
s B A% b r(x) >0
-3t~ =0
423 or £ * t=3 mdt:l/

cCy=\=-(rats

T :
vB) -6 +1E)13 ;

= 3T - SE+37T43
<3

Work for problem 6(b)

plt)= 2eos (% t)
p'd) = - Xsin (’I‘*)(}p)

< -Tan (39

e e even owvem L mavwas

Whun 2 pacticles trave] ‘n oppesite  dircctions,

\ .
2005 (F+) = Fotr a1t 43

Continue problem 6 on page 15.
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6

Do not write beyond this border.

Work for problem 6(c)
pit) = as (Bt)
Pl =-sin(F+) (%)
<~ Tan(T)
A= PG = - T cos(Fe)(L)
< E(F) w05 (B0)
whan t= 3 1%
A~ -3) < (§)
TS .%:cos (¥ g
Particle P is slowin dow{ hecouse Hu awleration of tha porticle g
' i< d’,utjas\'nj (€9). 3
4
Wgrk for problem 6(d) ;
3\
T ——(l2cws L+ X b+ +9t+43 ]
Av. distane iy ( g }\ {’( 9 l
GO ON TO THE NEXT PAGE.
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AP® CALCULUS AB
2010 SCORING COMMENTARY (Form B)

Question 6

Sample: 6A
Score: 9

The student earned all 9 points.

Sample: 6B
Score: 6

The student earned 6 points: 1 point in part (a), 3 points in part (b), 1 point in part (c), and 1 point in part (d). In
part (a) the student earned the point for #'(¢). Only one of the intervals is identified, so the second point was not

earned. In part (b) the student’s work is correct. The student’s answer for when the two particles travel in opposite
directions is consistent with the incorrect work in part (a); thus the point was earned. In part (c) the student earned
the point for p”(3), but the conclusion is not correct. In part (d) the student has the correct limits of integration

and the correct constant factor but an incorrect integrand.

Sample: 6C
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 7'(¢). In part (b) the student earned the point for p’(¢). In part (c) the student
earned the point for p”(3). In part (d) the student does not provide an integral.
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