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' CALCuULUS BC, QUESTION Ho. 4
. Consider the polar curve r = 2dn(30) for 0 < 6 < n.
(@) In the xy-plane ﬁmﬁd_ed below, sketch the curve. - _
- Noter The xy-plane is provided in the pink test booklet only.
(b) Find the area of the region inside the curve, = .
(c) Find the slope of the curve at the point where § = %

a) +

. T _ T
) A= ) Hoit30d0 «\ (1-coscOo=0- Linte]

/3 . _
Or ) Ysn'30do=...=T
_ o _
a o
oo 3\ Hsn'dede=,,.=T
9 - ;

2) X= dsnd0 s
- Y= A3m3S snd
Nyg= ~AsnIOsnd + 6o 0 1s8
- Me= QAsn3omse+ GCQSBQs‘mG
Rt GJA{, 9fa=~a and Jﬁ/dﬁh-‘f,sn
SN "a/..q = Y
s |

(x"+yt)" = by - dy’

(s Xaﬂa_ﬂf}% )= 6 313 +iaxu;fa&"§

At 0=Th, x=\ e el 5o
4 (892 %0) = 6 M)y +13 - ¢
ReR% =l = /. =Y,

't

g

E 3@5 -
2;!5 Macr =Q and correck

Jeaf le;mﬂ-

12 Constont a0d i of
' in{tﬂmjriun

3 ]\ Ha&rund

I+ AohdFereahaho anx
bl =

GVOlThion
[m.‘s,( Im'ulvr— SIHT‘(E@J
(1 %= AP ek
4=dsndBsin Q@
B |
I+ %30
< Rngwar |
@ |
[l E:qausses cone In
\  rechangohe coordineles
= Tnplc dffretioher
imvolying (x"+3‘)FJ P£D,
|2 Answer using X=1anc
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AP Calculus BC-3

The figure above shows the graphs of the line z = %y and the curve G’ given by ¥

=. 1+1,.r.

/....IIJ‘LEI-I(-

z-axis. The line and the curve intersect at point P.

(a)

) equ_a.tinn =

Find the coordinates of point P and the value of g?—r for curve ' at point P.

Set: up and evaluate an integral expression with respect to y that gives the

area uf 5.

- FINAL DRAFT I"DH. SGURING

Let & be the shaded region bounded by the two graphs and the

2003
1

Uum Gwapmtufthecurve:: —¢* =1. Show that 2? —y® =1 can be written as the polar

1 .
cost@ — sin’@

" 7(d) Use the polar equation given in part (c) to set up an integral expression with respect to the polar

a.ugle # that rerpreaents the area of 8.

(a)

(b)

At P, gy=1!1+'-y“,s-n v=-
Since :::=g~y, 5——2-;

Area = L%(m—gy)dy

= 0.346 or 0.347

(c) z=rcosb; §F= raind
2?2 —y? =1=>r?cos’ 0 — rigin?@ =1
P T
cos® @ — sin® §
(d) Let B be the angle that segment OP makes with

3
the r-axis. Then tan f =¥ A = %

m_g/;—
.A.IBH- fm_lz’g];'zdﬁr

_ 1 pral(3) 1
q EJ:J cos @ ~—13ir.tii5'm'§'l

l:mﬂrdinatmufP

2 dz
I'Ti-!‘—rﬂtp
[ 1 : limits
X 'l:iﬁtegr&ud_
1 : answer

rl:mbsﬁtutegm:rmsﬂand
g y = rsinf into 27 — 3% = 1
| 1: isolates r

1 : limits
1 : integrand and constant

(ot nead Jume#’., or

lg e  fmids. Gan 't leave ézflﬁf‘j

'*'} 2 views {445 indel -:x,-:-'anj
"f"l'l-'r ﬂt‘p:ﬂ" = Area,

not Jusd o’ L Vp" tither. sl

k*_ “!‘r‘ H™ Ao aim |
1432
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AP® CALCULUS BC
2003 SCORING GUIDELINES (Form B)

Question 2

‘The figure above shows the graphs of the circles 2* + ¢ =2 and .-
(z — 1 + * = 1. The graphs intersect at the points (L1) and (L—1).
Let R be the shaded region in the first quadrant bounded by the two
 circles and the paxis.
(a) Set up an expression involving one or more integrals with respect to
z that represents the area of R. '
(b) 'Eat.upanmcpressinn involving one or more integrals with respect to
y that represents the area of R.

ﬁfi‘w (¢) The polar equations of the circles are + = 2 and r—ﬁmsﬂ respectively. Set up an expression
involving one or more integrals with respect to the polar angle § that represents the area of R.

' " B E== 1: integrand fo PR
/) ﬁm=fl\ff—(m—1}‘dr+f- 2 _ 2 ds integrand for larger circle
. : 1 : integrand or geometric area
for smaller circle
I:Hmiﬁsmintcgmlfﬂ}

; Note: < -1 > if no addition of terms
Mm:i(r-lg}+ﬁ V2 -2t dr . .

OR

®) mm_ﬁl{«fﬂ—f—(l-\fl—*f})dy = v
_ 2 : integrand
< —1 > reversal
< —1 > algebra error
in solving for z
< —1 > add rather
than subtract

< —2 > other errors

() Area f/fi dﬂ_l_ffj l[imaﬂ)zdél 1 : integrand or geometric area
for larger circle

| 1: integrand for smaller circle
| 1: limits on integral(s)

; ; ~ MNote: < -1 = if no addition of terms
f il %w{ﬁ)” +f‘é%(2m3}2dﬂ
‘.

OR

- : N wamaw&mmmmmnmm
. Avzilable at apcentral. collepeboard gorn.
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AP Calculus BC-2
The curve above is drawn in the xy-plane and is described by the equation in
polar coordinates r = @ + sin(26) for 0 < @ < x, where r is measured in
materund @ is measured in radians. The derivative of » with respect to E is

gwenby ﬁ = 1+ 2cos(26).

(a) Firid the area bounded by the curve and the z-axis.

(b) Fmdtheangia 6 ﬂlatmmpondstuﬂmpomtmﬂmcuwemﬂ:
x-coordinate —

2.#:#

(© Fo_ri;-{é{

(d) Find the value of & hlﬂieintervalﬂﬁﬂi—

Eull~ F‘c-fguf Polar d-{:k‘,r 200% spht
Final Draft for Scoring

2005

r=g +11|1.(1‘;E].
iy

mn&gntwe What does this fact say about r ? What does this fact say about the curve?

thatcmmpnudstaﬁepuimon_t[wminﬂmﬁrstquadrmt

2
with greatest distance from the origin. Justify your answer.
1 [~ 2 g .
(a) ﬁreani_[:r dé 1 : limits and constant
1= _ 3:4 1:integrand -
=5 |7 (0 +sin(26))" 46 = 4382 sl -
(b) -2 = rcos(6) = (6 +sin(268))cos(6) 2_{l:equn.ﬁun
8 =2.786 " | 1: answer
(c) 'Sinm%{ﬂfuraiﬂqg—x,risdmingmﬂﬁs -2_{l:hfmmaﬁmabmrtr
interval. This means the curve is getting closer to the origin. }:_i“f“m“ﬁm“b”“tﬂ"’ ks
! . 3 dr 4 T . o S
@ mcmlyvalwm[ 2] where & =0 is = Z. 2:{1,3_?01-1.:147
I : answer with justification
a r
010
g
T 1.913
" .
3 1.571.
mmmadmmmﬂ-g.
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Question 3

The graphs of the polar curves » = 2 and » = 3 + 2cos & are shown in

the figure above. The curves intersect when 8 = ETE and 8 = 4f 2
2 2

(a) Let R be the region that is inside the graph of r = 2 and also inside
the graph of r = 3 + 2cos &, as shaded in the figure above. Find the

area of R.
(b) A particle moving with nonzero velocity along the polar curve given
by » =3+ 2cos @ has position (x(#), ¥(¢)) at time f, with & =10
dr _ dr

when ¢ = 0. This particle moves along the curve so that kg L

AT
N

Find the value of d—: at 8 = ¥ and interpret vour answer in terms of the motion of the particle.
-}

di

& _ @
dt — d@’
answer in terms of the motion of the particle.

{c) For the particle described in part (b),

Find the value of %—1:- at @ = 'jgi and interpret your

() Area =27(2) +3 [jj;rj’ (3 +2cos 0)° do T .
= ;[Lr,rg 2 : integral for section of limagon
4: 1 : integrand
1 : limits and constant
1 : answer
dr dr it
® o=rfs  ABlo=sfs - 2 o f=xf3

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

andwﬂwhmh%, '

{c) y=rsin@=(3+2Zcosd)sind 1 : expression for y in terms of &
: ' d
ﬂ‘ = Q{ =(.5 3-41; ?V|
At gegss  AE)ganys Mo=x/3
1: interpretation
The particle is moving away from the x-axis, since
d—Pbi} and y > 0 when H:E.
dt )

@ 2007 The College Board. All rights reserved.

1 : interpretation
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