AP® CALCULUS BC

2009 SCORING GUIDELINES (Form B)

The graph of the polar curve r =1—2cos@ for 0< @ <« is
shown above. Let S be the shaded region in the third quadrant

Question 4

bounded by the curve and the x-axis.

(8 Writean integral expression for the areaof S

(b) Write expressions for % and % interms of 6.

(c) Write an equation interms of x and y for the line tangent to

the graph of the polar curve at the point where 6 = %

Show the computations that lead to your answer.

(8 r(0)=-1 r(6) =0 when @ = %

_1¢~/3 2
Areaof 8_5.[0 (1-2cos@)” d@

(b) x=rcos@ and y=rsiné

a .
@_ane
dx  dr

@_@cose—rsmaz 4sin dcos@ —sin @

dy dr

—L = 22.5in@ +rcosd = 2sin? @ + (1— 2cosH)cosd

de  do

(c) When 6 =2, wehave x =0, y=1

2
dy _ dy/deé _
dx 9== - dX/dH ==~ B
2 2

Thetangent lineisgivenby y =1— 2x.

2. {1 - limits and constant
" | 1:integrand

l:usesx=rcos@ andy=rsing

dr
4: =
1'd49

2 answer

1:vauesfor xand y

-] 1+ express dy
3:4 1:expressionfor ix

1 : tangent line equation
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Do not write beyond this border.

NO CALCULATOR ALLOWED
CALCULUS BC
SECTION II, Part B

Time—45 minutes

Number of problems—3
No calculator is allowed for these problems.

y
3

[

Work for problem 4(a)

i
= .LS « ~zm<>9\\ 49
2 )

{9&9

Yz Yz0 .
(~2ws®=-1 - \-2ees® =0
LosD = co%0 = %

£.9=0 = 3T

"IopI0q ST} puoAaq 210Mm Jou 0

Continue problem 4 on page 11.
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Do net write beyond this border.

4

! &

NO CALCULATOR ALLOWED

' L : T=Te)
Work for problem 4(b) ' (regy @ (rcos®, rsmd)
= 1o 50 =5(0) — o =(fereeso , Fiorsm0)

:(;. . esQ -,-g(emo I
g1 smO =§@) cwo

‘g(é\;\~lw59 g’(gv = 25m0O

da

= '('(9)“59 - ‘HG)'W‘G T 2S5mB%sQ — (l—uosg);mb

de
| =- 23n28 -5in@ (> 25w 03 Q=5 0v0)
i\_g_z L0 50 + £10) 030 = 2 5in’0 + (120050 059
= 20 +cs0 —2ws’8
o
Q
2
3.
8
g
Q
2
g
Work for problem 4(c) : _ ®
9,,_'% ( sz Yot = (1-2<0sp) ws® g
. | =0 ' 4
(Me ‘\'andet-- 3._ r-stn@ = (l;zwse)ﬂhg
0 ' E%—  25W t s —2005%0 =t
. e -
CSY r o 15020 -~ stmQ
" \ T dy Lsin"[%)-koslf —20(¥) 2
o Where (= 3 T = - = .2
' LSMTL—;?J‘% - :
e l}ne '\'lwaebﬁl 5—\ = ~>-LX‘0\
2 Y= 2wk
GO ON TO THE NEXT PAGE.
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NO CALCULATOR ALLOWED

CALCULUS BC
SECTIONII, Part B
Time-—45 minutes
Number of problems—-QS

No calculator is allowed for these problems.

Do not write beyond this border.

Work for problem 4(a)
-0 =0 co=L =%
—xmo=-1 wme=1 ©O=¢
ps
5= ) v do
A

A
b -
S Jw (1 —Y%eme + (pcgszg).o&?_

“IopIoq snp puo&éq I)LIM J0U O
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Continue problem 4 on page 11.
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NO CALCULATOR ALLOWED
Work fo‘r problem 4(5) A=risld - . 4.”2%20; Co28+|

- Q_m _

- Tegts %: = 530 +%m20
Z (B0- 270

3: rémg -
= ( [-2ta0)sind % e B — 230
~ Gin G- Smf

Work for problem 4(c) -

Do not write beyond this border.

A
v= |- 2t»7 =1 .

when 6= 2 the ceinate of the point TS Lo, 1)
the condbnate of the Center @f ‘ﬁﬁa@‘rdg that pass 'ﬁ‘m?uyl pomt

Lol mo! (0.0) 1§ (+2,0).
i) + yr =1 -
F st 2ty y+2 =
$ruiekody) =3

D#P—y%} 425+ 2\5% =0

dy __ 22 R
ok 7/y+>fl - >—+;I>“

"19pI0q S1g) pUoAaq JUM Jou 0
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GO ON TO THE NEXT PAGE.
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ALCULATO

ALLOWED

CALCULUS _BC
SECTION II, Part B
Time—45 minutes

Number of problems—3

No calculator is allowed for these problems.

Work for problem 4(a)

Do not write beyond this border.

|-2c0s6=0 when Cos®=7

%5 % 5?(1-1(&9) p s V‘Qﬁth‘Q WNS \A,.. \OQCMQ

‘WL 9mrl/\<s under o A= AXS.
Aerefire, S= - f‘(uase)d‘a

IS SO

“7i3pI0q STy puokaq UM 10U o(J

R
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Continue problem 4 on page 11.
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NO CALCULATOR ALLOWED

Work for problem 4(b)

A= rcosO

N ‘L”l-‘ -
- 38 = rsnd

Work for problem 4(c)

Do not write beyond this border.

W

‘N\'\% 9‘.%} COSB:O.

Qo=

»\(7\13):(°">~

&Y (3-0).
JCM\SQM’\: ‘Tﬁﬁ"\ &S'D:ﬁ(’\ )

d
dy _ ‘&—3'.;‘:_‘.;_"—5-&—:—00‘[79.
= & -Y‘s‘\v\e
o

-

. \j,l -~ —Cokf-7

T I9pIoq S1y) puoAkaq 1M 10U 0
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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 6. Although

g—; 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).
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