AP® CALCULUS BC
2014 SCORING GUIDELINES

Question 2

The graphs of the polar curves » = 3 and » = 3 — 2sin(26) are y
shown in the figure above for 0 < 8 < 7.

(a) Let R be the shaded region that is inside the graph of » = 3
and inside the graph of r = 3 — 2sin(268). Find the area of R.

(b) For the curve r = 3 — 2sin(26), find the value of % at

=
0—6.

r

(c) The distance between the two curves changes for 0 < 8 < >

Find the rate at which the distance between the two curves is changing with respect to & when 0 = %

(d) A particle is moving along the curve r = 3 — 2sin(26) so that a9 _ 3 for all times ¢ > 0. Find the value

dt
dr _
of " at 0 = %
2
(a) Area = 97” + %I;/ (3 - 2sin(26))* dO 1 : integrand
— 9.708 (or 9.707) 319 1: limits
1 : answer
(b) x =(3—2sin(20))cos & 5. 1 : expression for x
dx 2366 " | I : answer
do 0=r/6 .
(c) The distance between the two curves is 5. 1 : expression for distance
D=3- (3 - 25111(29)) = 2511’1(29) 1 : answer
dD
ar’ )
do 0=r/3
(d) % = %% = % -3 5. 1 : chain rule with respect to ¢
dr " | 1:answer
o ()=
0=r/6
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Do not write beyond this border.

2. The graphs of the polar curves r = 3 and r = 3 — 2sin (26) are shown in the figure above for 0 < @ < 7.

(a) Let R be the shaded region that is inside the graph of r = 3 and inside the graph of r = 3 — 2sin (26). Find

the area of R.
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Do not write beyond this border.

(b) For the curve r = 3 — 2sin(26), find the value of % atg=Z

K= as® _
x:(%—as\n(;»e\\éoss* Nadh

% a%(/e:? [/3'_95"’1/96\3(05@] - W&M

(c) The distance between the two curves changes for 0 < 8 < —725 Find the rate at which the distance between

the two curves is changing with respect to @ when 6 = %

3(3-2sin(2c\)
82 I51nBO) 39 cos (357
Hees (20D

Yees (5 %3 =@

daé

(d) A particle is moving along the curve r = 3 - 2sin(26) so that = 3 for all times ¢ > 0. Find the value
dr T
of — at § = =,
dr 6 dr
i -Jees (95 9 o
at

dr

=P () 505y

Or
de -~ _(.O_J
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—w
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Do not write beyond this border.

2. The graphs of the polar curves r = 3 and r = 3 — 2sin(26) are shown in the figure abovefor 0< 6 <7z. 7

(a) Let R be the shaded region that is inside the graph of r = 3 and inside the graph of r = 3 = 2sin(26). Find
the area of R. )

(W) = —ﬁ:ﬂ(%}l‘ %T\

1'(‘1

A - j:—\-ﬁ * T (( 3N - (g—i%\nl®71>d@

-0

- 24, %98
A 34,393
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Do not write beyond this border.

(b) For the curve r = 3 — 2sin(26), find the value of % ard'=

o\|>4

-V SING ¥ ' Cosar=-

2\2 - = (- 25W10) SWW 4 - 4o 20 osd

——:-' ox "o = EE_?’_“L@

el -

(c) The distance between the two curves changes for 0 < 8 < % Find the rate at which the distance between

the two curves is changing with respect to & when 6 = ’3’ Y= voine
O\%/c)x _ Yot + v'st_
\'vS\v\w «vmos@ = S
C\\j’/ = "25’\\(‘:?\_56__@&@ - Hcos L0 S’m@ o "r\/?s
20 S\WNG - HCeol20Ces9 L <«

da/c)\x = 2.%% CE&

(d) A particle is moving along the curve r = 3 — 25sin(28) so that %zg = 3 for all times ¢ > 0. Find the value

ar -
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Do not write beyond this border.

2. The graphs of the polar curves 7 = 3 and r = 3 — 2sin(26) are shown in the figure above for 0 < 6 < 7.

(a) Let R be the shaded region that is inside the graph of r = 3 and inside the graph of r = 3 — 2sin(26). Find

the area of R.
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Do not write beyond this border.

(b) For the curve r = 3 — 2sin(28), find the value of 2 at 6 = z

deé
X;rCQSa

xe (3-?.5:‘-.(29})“'5 ¢

%K- s -4 cos(’t'?);‘.g"‘ )
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.1/3‘ -.{’ﬁ]}
y |3
9 1] 3

~
~

(c) The distance between the two curves changes for 0 < 6 < Z  Find the rate at which the distance between

2

the two curves is changing with respect to 8 when 6 = %

r““ 3
(MT <(y')

e
(¢c,50+ 0.150

“Xs rcvs @ 7;,;}1,9 |
Xz 1=72s, [w)«;& )3 3= 2sA(28)s
X'z g5 VTR 14

(d) A particle is moving along the curve r = 3 — 2sin(26) so that -‘2—? = 3 for all times ¢ 2 0. Find the value
a ie0=L DR~ 4 o8 (14) 22 -
ofdtat9—6. DF ( )Df
— _
7
: OR -y (%) 3
3
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AP® CALCULUS BC
2014 SCORING COMMENTARY

Question 2

Overview

In this problem students were given the graphs of the polar curves » = 3 —2sin(26) and r =3 for 0 < 0 < 7. In
part (a) students had to find the area of the shaded region R that is the common area inside both graphs. Students
needed to find the area bounded by the polar curve » = 3 — 2sin(26) in the first quadrant and add it to the area

2
of the quarter circle in the second quadrant resulting in %J.Oﬂ/ (3- 25in(2¢9))2 do +%T7T. In part (b) students

needed to find % at 6 = % Students had to realize that x = rcos(@) and then differentiate to find KL

do do

0 = % In part (c) students were asked to find the rate at which the distance between the curves in the first

quadrant was changing at € = % Students needed to set up an equation for the distance between the curves in

the first quadrant, D = 3 — (3 — 2sin(26)), and then evaluate the derivative of D at the required value. Finally,

in part (d) students were given that % = 3 and were asked to find the value of % at g = % Students had to

. - dr _ dr do _z
invoke the chain rule to get 30 4 and evaluate the result at = c
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), no points in part (c), and 2 points in part (d).
In part (a) the student writes a correct integrand for the unshaded portion in the first quadrant. The limits of 0 and

% are correct for that integrand. The student earned the integrand and limits points. The student uses an incorrect

constant on the integral and appears to be combining the integral with the shaded quarter circle in the second
quadrant. The student did not earn the answer point. In part (b) the student’s work is correct. In part (c) the
student’s work does not present a valid approach to the question. In part (d) the student’s work is correct.

Sample: 2C
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 does not square the integrand, so the integrand point was not earned. Because this is not a
valid integrand for polar area, the student is not eligible for the limits and answer points. In part (b) the student
earned the first point with a correct expression for x on the second line of work. The student has an incorrect
value for % In part (¢) the student’s work does not present a valid approach to the question. In part (d) the
student’s work is correct.
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