11.4 solns
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4. r=+/sinf, 0<6 < A:f %(v’sine) afe:f 3sinfdf = [—secosf| =3 +3=1
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7.r=443sinf, —T<p<T
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A= %((4+3sine)*de=§f
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[16+24sin9+gsin26)d9=%/ (16 +9sin” 8)d@ [by Theorem 5.5 7(b)]
—m/2

w2
=1. 2f [16+9-3(1 —cos26)|d6  [by Theorem 5.5.7(a)]
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=/ (4 —2cos260)df = [£6— 2sin20]7" = (£= —0) —(0—0) = &=
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10. A= [["1r*d8 = []7 1[3(1 + cos8)]*ds

o (3.3)
=2 uh(l+2casn9+coszﬂ}d6
=2 [27 [L+2cos8+ 2(1 + cos26)] df o —
— 2 Jo z a
— 2[26+2sin8 + 1sin26];" = Fr
6

13. One-suxth of the area lies above the polar axis and 1s bounded by the curve
r=2cos30foréd =0tof =m/6.

A=6[7°1(2cos30)% dd = 12 [[/° cos® 30 df

— 12 ["/%(1 + cos 66) d6

—6[6+ 1sin66]] " =6(Z) =

15. A= [7" 1(1+2sin66)?d6 = 1 [77(1 + 45in 66 + 45in® 66) df

=1 [*[1+45in 66 +4- 1(1 —cos126)] df

=1 [7(3 + 45in60 — 2 cos 126) df

= 1[36 — 2 cos 66 — Lsin126];"

~3[6r-3-0)~ (0~ 3-0] = 3n

2. r=0 = 2s5in60=0 = 60=00rm = &=00r%.

a3

/e : [ - G . .
A= [7/° L(2sin68)*d0 = [/ 25in>66.d8 = 2 [[/° 1(1 — cos 128) df = [0 — & sin126]7° =

Page 1




11.4 solns

26. To find the shaded area A, we’ll find the area A, mside the curve r = 2 + siné
and subtract 7(2)? since r = 3in @ is a circle with radius 2.
Ar= []"2(2+5sin6)*de = L [7"(4+4sinf + sin® §) d6
=1 [37 [4+4sin8+ - (1 — cos26)] db

=; 0 { —I—ismB——cosQﬁ'}dS

= %[%6—4cm9—%sin29]ﬂw =1[(or — 1) — (—4)] =2

sin 26

. sin26 = 20 =
sin oS P

=1 = tan20=1 = 20=7 =
e:g =
=8-2[7°1sin%20d0 =8 [7/° 1(1 — cos 46) do

—4[6—1sinag]]f —a(z 1. 1) =21

~
S1E]
—

r=2+sin@ r=3sinf

35. The darker shaded region (from 6 = 0 to § = 21 /3) represents % of the desired area plus 2 of the area of the inner loop.

From this area, we’ll subtract 1 of the area of the inner loop (the lighter shaded region from § = 27/3 to 6 = ), and then

double that difference to obtain the desired area.
A=2[["" 3 (3 +cos6)” do— [7 3 (3 +cos6)” ao]
= zw"s(‘i—l—cosﬂ—l—cos B)dﬁ' f21f3(1+c053+c0529)d6

— 2 [3+ cos0+ 1(1+ con26)] 0
— [ ya [4 +cos6+ 2(1+cos20)] ds

2w/3 - ke
I Y +sm2l9] _[g+sm9+g+sm2s]
4 0 4 2 T

—(5+2+5-2)-GrD+(c+ L+ -9)

39.2sin20 =1 = sin20=21 = 20=2Z 2% 137 o 1Tz

By symmetry, the eight points of intersection are given by

(1,0), where§ = & 2z 13z apnd LIz apnd

12> 122 12 T2 -

_ _ Ir 11w 19:1' 23:1'
(—1,8), where 8 = ,and =5

12 12 »

[There are many ways to describe these points.]

r=2sin2d
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42. Clearly the pole 1s a point of intersection. sin 20 = cos26 = 2 = gin 26
tan20 =1 = 20 = I + 2nm [since sin 26 and cos 26 must be

positive in the equations] = #=%+nw = gz%m%ﬁ_ %

So the curves also intersect at (11_\:"%) and (%,%‘) rr = cos 20

(=]

b /3 /3
45 L = f r? 4+ (dr/df)? df = f /(35in8)2 + (3cos 8)% df = f 9(sin”@ + cos>8) dd
a 0 0

w3
=3f o =3[6]7° =3(%) =m
0
As a check, note that the circumference of a circle with radius 2 1s 27 (£) = 3, and since = 0 to 7 = £ traces out 3 of the

circle (from 8§ =0to @ = 7), 2(37) = =

52. The curve r = 1 + cos(%) is completely traced
with 0 < 0 < 6r.

r+ (%) = [L+cos($)]” + [-§sin(§)]’

=/:=IT \/[1+cos {%]]2+5—1)sin2 [:%:]dﬂ

== 19.6676

r—1+c0s i

\
iL.5, 1r]=ql.5.51r]'20.'jﬂ-] _\rz 0)=(2,6m)
!t (0.5, 29r) = (0.5, 47)
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