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dy/df

dy
2 tand —— —tané
— tz df
8. tn = tmlp et en0  ds -
1+tang tanf 1 +-@t1119 1+dt;/’riﬁ -
’ dz/do
. g% i % tanf E (% sinG—!—rcosQ) = temﬂ(g-g cosB—rsinS)
=42 e =
d—; + d—g tan @ (j{) cosf - rsinB) - L'm(!(él—) sin @ + r cos 9)
o sin? # .
_ TOWwTrT aed _ rcos’f +rsin’f v
~dr dr sin®f dr o, dr .o, dr/dd
i s 0 CT o o0s20 4 L sin20
BT coss a8t ™" e X
82 ar=¢ = dr/dd= qo, so by (b) The Cartesian equation of the tangent line at (1, 0) is

. .8 _
Exercise 81, tanyy =r/e” =1 = y = = — 1, and that of the tangent line at (0, e"/z)

e o
yr
(0, ‘,"‘-'2)

P =arctanl = 7 isy:e"/z—-m.
(c) Let a be the tangent of the angle between
the tangent and radial lines, that is,
a = tan . Then, by Exercise 81,
.r dr 1
=.dr/db 0" a"
r = Ce®/* (by Theorem 10.4.2).

14 Areas and Lengths in Polar Coordinates

Lr=vB0<0<F A= [t do = [ 4(VE) db = [T 30 a0 = 3677 = &

8™

2r=€? 1 <6<2m. A=f3"%(eo/2) d = f2"1 ade—%[ ]i =1(e 2"—e"')
3. r=sinf, <6< 2.

27 /3

A= f27r/3 1 sin edo — -/ (1 — (:0320) do = %[0 -3 31n20]27r/3

=il% ~3(-F) -3 +3(B)] =15+ ) =5+ %
4 r=500,0<0<m A= N ( sm) f

5.7r=0,0<0<xw A= [;16%d0=[16°]]
<0<

1 r _ = 2r] _ 122
2sm3 +2sm3]—-4[3

5sinfdf = [—5 cosG] = % +% =1

3

in
6.7 =1+sinb,
A=[7, 51 +sin0)*df =} [7,(1+2sin60+sin?8) df = 1 [7,[1 +2sinf+ § (1 - cos 26)] db

=3[0-2cos0+ 30~ 3sin20] = 3[r+2+4+5-0-(3-0+2-0)]=3(L+2)=L +1

7. r=4+ 3sint

A

8 r=sin48,0 -

9. The area abowv¢
=0t08 =1

1. The curve r?

0=m/4,s0+

multiply it by

A=4f7
—-8 17*4

12 The curve r?
so we’ll find
2.[1/2

=-3(-1
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7'7~=4+3sin0,—§ SOS

mlﬂ

A= [T 1(4+3sin0)%dd = § [T/ (16 + 245in6 + 9sin’ 0) df

=3/ ”,/.32 (16 +9sin® ) df  [by Theorem 5.5.6(b)]

I

i -

2 cos20) df = [410 — & sin 29] K-

8.r=5sind0,0<9< 2 A= ["*15in?46d0 =

9. The area above the polar axis is bounded by r = 3 cos 6 for
0 = 0to @ = /2 (not 7). By symmetry,
= 2f"/2 1r2do = f"/2(3cose)2d0
=32 [7/2 cos? 67d49=9f"/2 1(1+ cos26) do
=2[6+1sin20]7* = 2[(Z2 +0) — (0+0)] =

Also, note that this is a circle with radius £, so its area is 7(2)" =

0. A= [7"1r?df = [7" 1 [3(1 + cos6)]* df
=2 [2"(1 + 2cos 6 + cos® §) df
= "[1+2cos€+%(1+00520)]d€
- =3[0+ 2sin0+ 1sin20]2" = Lz
11. The curve v = 4 cos 26 goes through the pole when

0 = /4, so we'll find the area for 0 < 6 < 7/4 and
multiply it by 4.

A=4f"Lr2dg = 2f”/4 (4 cos 20) do
=8 /*c0os20df = 4[sin 20774 = 4(1 — 0) = 4

12.

The curve r? = sin 26 goes through the pole when § = /2,

so we’ll find the area for 0 < ¢ < /2 and multiply it by 2.
= 2f"/2 1r2dp = f"/251n20d0 = -—[cos2€]"/2
——5(-1— D=-4(-2)=1

a9

4l1r
1

ST/ 11— cos8) do = [0~

—0)-(0-0)=

1.2] "/2 [16 +9- (1 — cos26)] d [by Theorem 5.5.6(a)]

32 sin 80]

r=3cos @

Ny
padh)

L

(o/w)\w o)
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13. One-sixth of the area lies above the polar axis and is bounded o 17. The shaded loo
. r=.L008 ]
bythecurver=2cos30for6’=0t00=7r/6 g=Z tof=m7/2.
T8
= (if"/6 1(2c0s36)%df = 12 f"/s cos® 30 df _ fﬂ/2

= 7'/6(1+cos66) de @_’ _ 1

2 Jo
[0+6sm60]"/6_6(-§)=7r =1o-

1 A= [7"2(2+cos20)°dd = 1 [>"(4 + 4 cos 20 + cos? 26) df (

=1 0"(4+4c0320+%+%cos40) do /_\J//_\
It (3,0)

il

%[%0 + 2sin 20 + % sin40](2)1r

o\/
=%(9W)=9?" 9.r=0 = 3
A= [T 3
15. A= [0 1(1+2sin660)?d = L [Z"(1 + 4sin 60 + 45in? 69)d0 : W A=2["%]
=3 77 [1+45in68 +4- 1(1 — cos 126)] df
=1 [2"(3+ 4sin66 — 2cos 126) do ol O

= %[3{9—-§c056¢9~ésin1249]§’r
=3[6r-2-0)-(0-2-0)] =

16. A = [ 2(2sin8 + 35in99)* d§ = Zf"/z 1(2sin 6 + 35in 96)* do
= f”/2(4sm 0 + 12 sin 0 sin 96 + 9sin® 96) d6
f"n [2(1 — cos26) + 12 - L(cos(8 — 96) — cos(6 + 96)) + 2(1 - cos 180)] do
[integration by parts could be used for | sin 8sin 96 d6
= f"/2(2 2c0s26 +6cos 80 — 6cos 106 + 2 — £ cos 180) df

= [40 —sin20 + 25in 80 — 2 5in100 — ZsinlSG];'/2 =Ly

2. To determine w

through the pols

2 2co820 - 1=

6=

M:a

9—-
A=2 0“/41

=f6'/4 [4.;

=[-20 4 sis

=35 35




n 96 df]
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18. A= j”*"“ 4sin36)*do =8 [7/° sin® 30 df

17. The shaded loop is traced out from 8 = 0
-4[ 1—c0569)d9

tof=mn/2
= Jo/? 3r*d0 = § [7/*sin” 20 d6 = 4[f - 4 sin60]"° = 4
2 Jo 3
N w/2 1
_'2_‘1} 5(1——(:0549)(!9 =4 sin 36

=
19.r=0 = 3cosb0=0 = 60=35 = 0=

A= f’iﬂn,_,?cosﬁﬁ )2df = [/ 9cos?50d0 = § [7/*°(1 + cos 108) df = £ [0 + L sin106]]

Tﬂ'/’lﬂ Gar
20

2. A=2[]"* L(2c0s40)*df = 2 [7/*(1 + cos86) df = 2[0 + } sin86]7/° = %
r 3% r i & TR
21 ‘ r=1+ 2sin f (rect.) ( 2) r=1+2sin This is a limagon, with inner loop traced
18

11x

3.
out between 0 = ?(—f and =2*

[found by solving r = 0].

-1 et
b= oy S
v=g | U=

A=2[7* (142
jﬂs * sin@)? fsf/”:( + 4sin 6 + 4sin® §) df

73”";2 [1+4sin¢ A
s 6+4-3(1—cos26)] df = [0 — 4 cos6 + 26 — sin26];7¢

* (2 Zﬁ—é):ﬂ—gﬁﬁﬁ

To determine when the strophoid
ir = 2cosf — sec@ passes

through the pole, we solve r = 0
) ={) =S

= 2cosf —
cos cos@

200820 -1=0 = cos’f= 1 1
2c08°#—1=0 = cos“f== = cosb=*+— =
2 ./E

9=§0r9:‘3_11f0rl]£957rwithﬂ#7’25.

A=2 [ L(2cos0 —sec)? db = [7/*(4cos® 0 — 4 + sec? 0) dO

= 0"/4[4-%(1+c0526)—4+scc29]d9 f’r’m —2 + 2 cos 20 + sec? 8) d

=[-20+sin20 +tanb];/* = (-2 +141) -0=2-

NE]




