AP® CALCULUS BC
2007 SCORING GUIDELINES

Question 3

The graphs of the polar curves r = 2 and r = 3+ 2cosé@ are shownin ¥

the figure above. The curvesintersect when 6 = 2z and 6 = 4—”.

3 3
(8 Let R betheregion that isinside the graph of r = 2 and also inside
the graph of r = 3+ 2cosé, as shaded in the figure above. Find the

N
4

areaof R =
(b) A particle moving with nonzero velocity along the polar curve given
by r =3+ 2cosé hasposition (X(t), y(t)) attime t, with 6 =0

a _dr
dt — do’

and interpret your answer in terms of the maotion of the particle.

when t = 0. This particle moves along the curve so that

' dr T
Find the value of s af= 3

(c) For the particle described in part (b), % = % Find the value of % a o= % and interpret your

answer in terms of the motion of the particle.

(@ Area= %7[(2)2 + %j::;j(3+ 2c0s6)? d 1: areaof circular sector
- 10370 2 : integral for section of limagon
4: 1:integrand
1: limits and constant
1: answer
dr dr . ar
®) dt‘a:;z/s C dOlg—gz L7e2 2: L 0=1/3

1: interpretation

The particle is moving closer to the origin, since a <0

dt
and r >0when49:%.
(©) y=rsng=(3+2cosf)siné 1: expression for y intermsof
dy dy . dy
— == =05 3:41:—
dt 6=rx/3 do 0=r/3 dt 0=r/3

1: interpretation
The particle is moving away from the x-axis, since

dy 4
E>Oand y>0when6_3.
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Do not write beyond this border.

Work for problem 3(a) I

Yl

/frw:—»'—fm} <Z>ZOL¢9 + —\2_ (3*2005%>10L9

2

s w3

R

*JANIOA STIN DIIOAA NTTM 10T 0T

Continue problem 3 on page 9.
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Do not write beyond this border.

Work for problem 3(b)

A fime {,:'LT' The arﬁ7(,(9, (s QP proaching the origim at
3, P 4
G rate of A3,

t=0= 1

Work for problem 3'(c)

She = 3’#?,(/0.(97
g = awb = (31—20958-)(5(419)
gt) = (3+2ees ) t)

Y = Y5t +3awst - 2
%lé‘,g :4@5(’973@5(%}-2 :@

M e t= ’";3, the rarﬁ‘gb,/f height- i€ (hmiy
et avrate of 1 /2. Thus, o pertick s Ymoviny
MP at a vt of /2 (but f wight alio be woving UW’thl(’).

END OF PART A OF SECTION I
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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Do not write beyond this border.

—>X
Let r=2 r £332c0e 0 g
Work for problem 3(a) P, s ” e v IS 3
an ‘f‘n. ¢ 3 y . 2 x
& 3, 5 A"g(r,)zM + "'; j(ﬁ) A&+ + g(n) LE = g
° oy i ]
7%(3,37'75“ 3,757¢7 + 7.3775%) g
Continue problem 3 on page 9.

-8-

©2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



Do not write beyond this border.
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Work for problem 3(c) Y= rsia &
= Pl (a-d*)cu 9) s
%’" é % = -}ft\&‘é".mﬂé‘-l- ot S /3“)"‘*0)
% x> —2sW G+ Jen & 42 cx”F
2
4 2 L) 4+ 4
'fﬁz ,,""2(‘-/;)*3./4) 2/&)
v
-2 3 +4o=a
frtrele.
END OF PART A OF SECTION I

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.

-9-

©2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).

"15pI0q ST PUOASq S/ 10U O




Mork for problem 3(a) I

= {(D‘- (?>+zc<ss@f31 6= 1.\
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Do not write beyond this border.

Continue problem 3 on page
-8-
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Do not write beyond this border.

Work for problem 3(b)
= Tsin e %"3 z —3—9, (?:\- Zco;@:&m@rl
s rse
Work for problem 3(c)

%\ et 5\n9~_§% = (h *'26059\)@38';5‘&0@('?_5\'\@\
A' < 95"&5 '

END OF PART A OF SECTION i
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
2007 SCORING COMMENTARY

Question 3
Overview

This problem presented students with two curves described in polar coordinates with 7 as a function of . The
values of @ for which the two curves intersect were also given. Part (a) judged students’ ability to find the area of
a region bounded by curves described in polar coordinates. Parts (b) and (c) involved the behavior of a particle

moving with nonzero velocity along one of the polar curves (and with constant angular velocity % =1,

although students did not need to know that to answer the questions). Students were asked to compute % and

d_)t} at a specific value of 8, and then to interpret their answers in terms of the motion of this particle. The
interesting aspect of the motion was that at this instant, the distance of the particle from the origin was decreasing

while its vertical distance from the x-axis was increasing.

Sample: 3A
Score: 9

The student earned all 9 points.

Sample: 3B
Score: 6

The student earned 6 points: 4 points in part (a), 1 point in part (b), and 1 point in part (c). The student earned all
T
3
but the student does not interpret this value as the particle moving closer to the origin so the second point was not
earned. In part (c) the student correctly states y = rsin @ and earned the first point. The student incorrectly

4 points in part (a). The student correctly evaluates the derivative at § = =~ and earned the first point in part (b),

evaluates the derivative in part (c) and then fails to give an interpretation of the value of the derivative.

Sample: 3C
Score: 3

The student earned 3 points: 2 points in part (a), no points in part (b), and 1 point in part (c). The student did not
earn the first point for the circular area, but the integrand and the limits and constant points were earned for a
section of the limagon relevant to the problem. The student did not earn the answer point. In part (b) the student
does not evaluate the derivative and so was not eligible for the interpretation point. In part (¢) the student states
the correct form of the derivative of y = rsin @ and earned the first point. The student does not evaluate the

derivative at 0 = % and so did not earn the second point. The student was not eligible for the answer point.
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