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Question 4

The graph of the polar curve r =1 - 2c0s 6 for 0< < 7 is y

shown above. Let S be the shaded region in the third quadrant
bounded by the curve and the x-axis. 1

(a) Write an integral expression for the area of S.
. . dx dy
(b) Write expressions for —— 70 and T in terms of 4.
(¢) Write an equation in terms of x and y for the line tangent to

the graph of the polar curve at the point where 8 = z

5
Show the computations that lead to your answer. -1
(@ r(0)=-1, »(8)=0 when 8 = % 5. { 1 : limits and constant
| e7/3 , " { 1 :integrand
Areaof § = 3 J.o (1-2cos @) dé = Zeow @ 45
o
G | Ws
o (1 - 2epnt IR “\"g‘x‘v‘x{"j"‘(\—gﬁﬁf\t)}
(b) x=rcosé and y =rsinf 1:uses x =rcosf and y = rsin @
dr
—( N 4:49 1=
-.,;z+~fcka,ﬁj;—2sm9 A= (- 277““""><» =) do
W /%,M ><'/ L T 3 2 : answer
: e _ dr ——=c0sf —rsinf = 4:;1t9£(;8§9—’51n6 |
dg deo
. dy _ar
S“)’(&‘We dasm8+rcosé? 2sin? @ + (1 - 2cos B)cos 8
-2 e 9)- ~Sn@ 1 (B(z5inB) =~ BY g e
[ uf‘\/; Ve
K= vers ) D ‘)\” l' Ff}m
(¢) When @ = 5, wehave x =0, y = 1 \ . [ 1:values for x and y
X= (A= 2o ” g E", Lned
<o dy _ dy/d8 ( Zo‘@) oS -'3' () v |3 lzexpressionfor@i
Tt P P B .
0=3 == 1 : tangent line equation
The tangent line is given by y =1 - 2x.
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Question 3

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

and & =4—”.

the figure above. The curves intersect when 8 = 2z 3

3

ES

(a) Let R be the region that is inside the graph of » = 2 and also inside (v ’
the graph of » = 3+ 2cos 6, as shaded in the figure above. Find the 2 /3 | ‘ﬁ:{}?
area of R. x "

(b) A particle moving with nonzero velocity along the polar curve given ot eriek 4
by r =3 + 2cos & has position (x(¢), y(¢)) at time ¢, with 6 = 0 2° cree :

. : dr _ dr L4 dobaek
when ¢ = 0. This particle moves along the curve so that a8 L ERNA
Find the value of Z at 6 = —3— and interpret your answer in terms of the motion of the particle.
. . . dy _ dy dy

(¢) For the particle described in part (b), =5 Find the value of 71— at @ = ? and interpret your

answer in terms of the motion of the partlcle.
ar/3 .
(a) Area = %7;(2)2 + % L ”/3 (3+2cos 0)2 deo 1 : area of circular sector
~ 10370 ! 2: intej'gral for section of limagon
4 1 : mtegrand
LI i 1 : limits and constant
- f T 1 : answer
3 - Vo & .
PR - A civd e W/ f
vgi;%-w (\C
_dr dr
(b) — =-1.732 1: =
df o=r3  A9lo_r/3 2: At g=rs3
v 74 Jees H ‘fjr R R | : interpretation
The particle is moving closér to the origin, since dr < O
and r > 0 when 8 = % Ok “/2 > ‘ sz
() 2: rsin @ =d(3 +2c0s8)sinf \!, @W"\;ﬁ@)(fﬁaj) 1: e;pression for y in terms of 8
y y a5 S . ay
— = — =05 e <y e R
dt 0=”/3 do 0:”/3 *‘ (}:1{:‘9@}. 2‘?‘{\& dt 9:7[/3
oSt =28 f‘oa 1: interpretation
The particle is moving away from the x-axis, since ak ‘V D e
E>O andy>0when9=?.
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Question 2

The curve above is drawn in the xy-plane and is described by the equation in
polar coordinates » = @ + sin(26) for 0 < 6 < 7z, where r is measured in

meters and @ is measured in radians. The derivative of » with respectto 8 is

[*]

vo= @4 sin{26)
RN

given by —Z% =1+ 2cos(286).

(a) Find the area bounded by the curve and the x-axis.

(b) Find the angle € that corresponds to the point on the curve with B 10 i
x-coordinate —2.
(c) For % <f< 2%, % is negative. What does this fact say about » ? What does this fact say about the curve?

(d) Find the value of € in the interval 0 < 6 < % that corresponds to the point on the curve in the first quadrant

with greatest distance from the origin. Justify your answer.

(a) Area = _é_'[;’rz de 1 : limits and constant

, 3: < 1:integrand
1 ¢7 . B T~
=3 [, (0 +sin(26))" d6 = 4382 | - answer

X= Y (0sE

(b) f_:Zj rcos(8) = (6 + sin(26))cos(6) 5. { 1 : equation
( 6 =2.786} 1 : answer
(c) Since _a% < 0 for % < @< 23—”, r 1s decreasing on this 5. { 1 : information about r
interval. This means the curve is getting closer to the origin. 1 + information about the curve
(d) The only value in {O, -725} where % =0is 8= —25 5. 1:8= % or 1.047
1 : answer with justification
g r
0|0
V3
3 1913 | £ —
V4
5 1.571

/4

The greatest distance occurs when {6 = 3
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The fxgure above shows the grap%s oféthe Cﬁniclels'} 2 +y® =2 and

(z —1)® + y* = 1. The graphs intersect at the points (1,1) and (1,—1).

Let R be the shaded region in the first quadrant bounded by the two

estion 2

circles and the z-axis.

(a) Set up an expression involving one or more integrals with respect to

z that represents the area of R.

(b) Set up an expression involving one or more integrals with respect to

y that represents the area of R.
(¢) The polar equations of the circles are 7 = +/2 and r = 2cosf, respectively. Set up an expression

involving one or more integrals with respect to the polar angle § that represents the area of K.

1 V2 1 : integrand for larger circle
(a) Area:f\ll——(:c—l)de+f V2 — 2 dr & &
0 1 1 : integrand or geometric area
for smaller circle
OR ‘

1 : limits on integral(s)

Note: < —1 > if no addition of terms

1 . V2
Area = Z(Wf)%-fl V2—m%dm

Area = f( J2 - (1—\/_1—“?))@ 1 : limits

2 : integrand
< —1 > reversal
< —1 > algebra error
in solving for z
< —1 > add rather
than subtract

< —2 > other errors

M, YA . 1 tri
() Area = f/4 1(&)2 e f/z l(g cos 0 do 1 : integrand or geometric area
0 2 T 2 for larger circle

l1: integrand for smaller circle

OR

1 : limits on integral(s)

Note: < ~1 > if no addition of terms

Area = 7r(x/§)2 +jl//2 -;—(QCOSQ)Z df
74
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