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Section 10.5 Area and Arc Length in Polar Coordinates

L4 =L[°[7(0)] a6 8. A= % [ [4sin 36T a6
af . w2 . } m
= ,_‘)-jo 2[4 sin 9]2 do = 8‘[0 zsm2 6do " = 8-"0/33in2 3646
=31 — cos 68
8 saf4 =8| ———db
2. 4=4[[fO)] a0 =% S 260)° df 8, 2

. 73
_ 4[9 _sin 60]
6 0
- 4[£] _ 4
3 3

Itz
9. 4=~ [ [sin 261" a6

3z/2

3.4-= gjf[f(a)]’ do = %Lﬂ [3 - 2sin 6] a0

4 4 =L[°[rO) db = £["[1- cos 26} do

5. 4=1 [ [6sin o] a0
2 ljrrlzl—cos 40 46
P - . T 2 0 2
18J‘ L_Cﬂzﬁdg=9[9_s‘"2‘9] =97 o2
o2 2 5 _l[a_sin40]
4

Note: » = 6sin 4 is circle of radius 3, 0 < 6 < . 4 o
_ ] z] z
412 8
1 pafr0 2
10. 4= 2[5 [ (cos 56) da]
7/10
0 = 1[9 + —sin(lOH)] - 2
2 s 20
6. 4213 ézdg 11.A=2lj”/22(1—sin0)2d0J
. ——2-Io[cos ] 2711
7f2
=2I”_‘ +cos20 =[30+2cos9—lsin29] -3
20T 2 4 a2 2
9 sin207" 9
=0+ = - 1 pn/2 . 2
4 2 b 4 12.A=2-27!o (1 - sin 6)° do
Note: r = 3 cos @ is circle of radius 3,0 <0< 3 1 /2 37— 8
2 = —l9+20059——sin26:l =2z
z 2 4 o 4
/\ 13. 4= L["[5+2sin 6] do
u ’ = ﬂ:”[zs +205sin 6 + 4sin’ 6] df
! = %J‘:” [25 + 20sin 6 + 2(1 - cos 26)] d6
/6 = 1276 - 20 cos 6 - sin 26]"

7. 4= 2{% [ (2cos 36 dBJ = 2[0 + -é—sin 66]

]
Wiy

= H27(27)] = 27

0
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1050 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

18. Half of the inner loop of r = 2 — 4 cos @ is traced out

1 27
14. 4 Ejo [4 - 4cos 6] a0

on the interval 0 < @ < % So

8 I:” (1 - cos 9)2 do

- _ 1 /3 _ 2
=8_l'o2 (1—2cos€+coszﬁ)d0 A=2 2-[0 (2 - 4cos 6)" 6
#/3 )
. , = 4 —16cos @ + 16 cos*> 6| do
= 8f’ (1-2cosa+'—+°7°s-3‘2)da o L ]
- = [7[4 - 16 cos 0 + 81 + cos 26]) a
3 l 2z 0
= 8 =0 - 2sin 8 + —sin 20 7
[2 TosmEr s L = [126 — 16 5in 6 + 4 sin 26]""
= SB(M)] = 24z = 12(x/3) - 16(/3/2) + 4(~/3/2)
= 4z - 6/3.
4 5
15. On theinterval —— < @ < 0,r = 2./ cos 28 traces out
4 : T
one-half of one leaf of the lemniscate. So, ; < Jn
4= 4—1-j'° 4cos 20 d§ T
2 J-xf4 o
_ 8[sm 26?] _ 8[1} -4
2 2 ) 19. The inner loop of » = 1 + 2 sin @ is traced out on the
interval Iz <@ < UE So,
6 6
/6
A==| " []+2sm9] de
' = ll”/6[1+4sm0+4sm 0](10
17/6
| 11z/6 .
= 5o [1+ 4sin 6 + 2(1 - cos 26)] do
1 . )
16. On the interval 0 < 6 < 7/2,r = /6 sin 20 traces out = 5[30 — 4 cos 6 - sin 2«9]'7;/66
half of the lemniscate. So
1 (2 -1 ”” 2\/§+£- 2\/'-I—
4=2-~{" 6sin26 do T2
2k
_ /2 _ 1
= 6,:M:, = 6[.]_ + l:' = 6. = —2'[27! - 3\/3]
2|, 2 2
17. 4 = 'j (1 + 2 cos 6)’ do
° 21/3
= [36 + 4sin0 + sin 20 = 2= /3
7T 2 -
2
T
K 4
e
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Section 10.5 Area and Arc Length in Polar Coordinates 1051

2. A< 2[ % L’::i,,(zm (4 - 6sin 0)2 d&] 21. The area inside the outer loop is
2 2[—;— I;”/s(l +2cosé)’ dG:I [36 + 4sin@ + sin 26"
= jmsi"(m) [16 — 48sin 6 + 36sin” 6] d6
: _dzt33
- .L’Z:in(z/s) [16 — 48sind + 36(’—I—°2°S—20H do : 2
From the result of Exercise 17, the area between the
= [340 + 48cos 6 - 9sin 26]" . ~ 17635 loops is

n

A=(4n+3\/ij_{2z—23\/§]=”+3\/§.

2

- 3

22. Four times the area in Exercise 21, 4 = 4(7r + 3\/5) More specifically, you see that the area inside the outer loop is

2[%[_”:6 (201 + 2sin 6))° de] = [ ’/2 (4 +165in 6 + 165sin> ) d6 = 87 + 6/3.

The area inside the inner loop is

2ff [ (201 + 25in 6)) 6| = 47 - 643

So, the area between the loops is (87: + 6\/5) - (47: - 6\/5) = 4z + 12/3.

23. The area inside the outer loop is

4=2. j‘”” [3 - 6sin 6] d6

51/

- L’”/’G [9 - 365in 6 + 365in 6] d6

= [17[5~ 365in 0 + 18(1 - cos26)] o

[276 + 36 cos 6 ~ 9sin 26]"2 = {8‘—” (45” ~18/3 + 9‘/_H 187 + #

57/6 2
The area inside the inner loop is

1 pa2 .12
A= 2--5]”/6 [3 - 6sin 6] a0

[276 + 36 cos 6 - 9sin 26]'; = [ﬂ’i ( +183 - 9‘/] 97 — #3

2

Finally, the area between the loops is
{lSr; + #J - [9:: 27*/—] = 97 + 27./3.

2
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1052 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

24. The area inside the outer loop is

1 a3 1 7
A=2-5_|'0 [-2—+c050_ do

= J'Z”/3 [% +cosf + 1+ cos20 20] do

0 2
. q2x/3

- [36 +sin g + S1.26

4 40
_z(zzJ+£__[3_

A\3) 2 "
T, N3

27 8

1

The area inside the inner loop is

A—24l i |i-l—+cosl9} do
292732

PG + sin @ +
4

3, (2,3 Bz N3

4 2 2 8 4 8

25. r =1 + cos @

I -cosé®

’

Solving simultaneously,

1+cos@ =1-cosé
2cosf =0
n 37w
=?T'

Replacing r by — and @ by @ + 7 in the first equation
and solving, —1 + cosd = 1 — cos @,cos 8 = 1,

6 = 0.Both curves pass through the pole, (0, 7), and
(0, 0), respectively.

Points of intersection: (l, 32[—) (I, 37”), (0,0)

26.

27.

28.

r = 3(1 + sin 8)
r = 3(1 - sin )
Solving simultaneously,
3(1 + sin 8) = 3(1 - sin )
2sind =0
g =0,

Replacing by —r and 8by 6 + x in the first equation
and solving, =3(1 - sin §) = 3(1 — sin ), sind =1,
6 = n/2.Both curves pass through the pole,
(0,37/2), and (0, 7/2), respectively.

Points of intersection: (3, 0), (3, 7), (0, 0)

r=1+cos@
r=1-sin@

Solving'simultaneously,

l+cosf =1-siné
cos @ = —sin @
tan 8 = -1
3z In
=T,T.

Replacing » by —r and 8 by @ + x in the first equation
and solving, —1 + cos @ = | - sin 6,

sin @ + cos @ = 2, which has no solution. Both curves

pass through the pole, (0, ), and (0, 7/2), respectively.

Points of intersection:

2—\/5,175’ 2+\[i’7_7r,(0’0)
2 4 2 4

r=2-3cosf

r = cos@

Solving simultaneously, , .
2-3cosd = cosb

cos 8

Both curves pass through the pole, (0, arccos 2/3), and
(0, /2), respectively.

Points of intersection: (l f} (l, 5—”], (0,0)
) 2 3 23
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Section 10.5 Area and Arc Length in Polar Coordinates 1053

29. r =4 —5siné
r = 3sin @
Solving simultaneously,
4 - 5sin@ = 3sinf

|8 D=

sin @

RLs
6 6
Both curves pass through the pole, (0, arcsin 4/5), and

9:

(0, 0), respectively.

Points of intersection: (—3—, f—), 2, o’z (0, 0)
26/\2 6

3 +sind
2csc

30.

~
0

by

The graph of r = 3 +sinfisa limagon symmetric to
0 = x/2, and the graph of » = 2 csc @ is the horizontal
line y = 2.So, there are two points of intersection.
Solving simultaneously,

3+sinf = 2cscd

sin?@ + 3sind —-2=0
. -3+ /17
sinf = ———
2
g = arcsin(———\'”z_j ~ 0.596.

Points of intersection:

\/ﬁ+3 (\/1—'7—3]
2 2

, arcsin

>

Jﬁ+3

2
(3.56, 0.596), (3.56, 2.545)

&)

, T — arcsin

o

31 r

N ol

r =
Solving simuitaneously,
you have

6/2 =28 = 4
Points of intersection:
(2.4).(-2.-4)

32. 6

z
4

N

r =
Line of slope 1 passing through the pole and a circle of
radius 2 centered at the pole.

Points of intersection: (2, %J, (—2, %)

2

L.

33. r =cos@
2 -3siné

r
Points of intersection:
(0, 0), (0.935, 0.363), (0.535, -1 .006)

The graphs reach the pole at different times (& values).

34. r = 4sin d
2(1 + sin 6)

r

Points of intersection: (0, 0), (4, g—)

The graphs reach the pole at different times (6 values).
]
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1054 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

35. The points of intersection for one petal are (2, #/12) and (2, 57/12). The area within one petal is

A

]

712
5712

1 pafr2 szf1z 2 I ¢n/2 . 2
- fo (4 sin 26)° d6 + -J‘ (2 do+ [ (4sin20) a6

]

16 I sin?(260) d6 + 2 I dé (by symmetry of the petal)

7/12

#f12
8[0 -7 sin 46] [20]5”/ 2 . :431 -3

Total area = 4(47” - JE) = '—2—’5 -4/3 = %(4:: - 3V3)

36. The common interior is 4 times the area in the first 38. r

5-3sinf@and » = 5 — 3 cos @ intersect at
quadrant.

6 = z/dand & = 5xz/4.
A

_"m [2(1 - cos 0)]2 de

A=2[ 7 (5~ 3 5in 6)? de]
SI”/2[1—2c056+l~+M)d0
0 2

i

Sxf4
[—5?90 +30cosd - %sin 26]

g3 _2ging . n20]" "
2 59( 57 V2 9) (59(x \/'
0 = —30X2_Z|_ +30M<2
204 2 4) | 2\a
2)—2]=67r—16 sor

==- 3042 ~ 50.251

37. 4

4[% ;" (3~ 2sin0)" as

2[1] 9 +12cos @ - s1n(20)] /2 =1llr - 24

1 /e . 2 1 p/2 12
39. 4= 2[51'0 (4sin 6)° d6 + EL/G 2 d0:|
/6
= 16[19 -1 sin(26’)] + 417
2 4 0

N (4;: 33)

4 sin 01
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Section 10.5 Area and Arc Length in Polar Coordinates 1055

40. The common interior is given b a*
| enfa & 4 43. 4 = [ I [a(l+cos€] da} Tz
A =2-[""[2cos 6] db
25 = —0+2in0+sm20] _ &z 1
- 4J"’/21+00520d6 4 X 4
i L i Sa’n
. 72 N = eee—— e —
_ 2[0 , sin 20] . 4
2 7/4
Jz_m_1
2 4 2
- -7—[_ _ ] &
2
.2 r‘ 4 44. Area = Areaof r = 2acosf — Area of sector —
twice area between r = 2acosd and the lines

6=20==2
3 2
41, r =2cosf=1= 0 = /3 r 1 pnl2 )
_ — , A= ma® - (?)az - 2|:—5L/3 (2acos 8) dﬁ]
A=2. -—j. ([2cos€] - l)d6
2% wa® ., (al
- ==—-2 [, (1+ cos26)d6
= [ [2(1 + cos 26) - 1] a6
° 27a® sin 207"
. 7, = - 2(12 9 + —
= [6 + sin 29]0/3 3 l: 2 ]x/?i
_\_/—_3_ _ 27d® + 3347
4 6
-2
1.6
42. 3sinf =1+sinf = sind =1/2= 0 = 7/6
/2 . a2 . A2
A=2 3sind|” - |1 + sin @] ) dO 2 x
-[ ([ I -1 ] ) 45. 4 = lsa— + %L/z [a(l + cos o)[ a6
= [™[9sin20 - 1~ 2sin @ — sin*F|d
L-/s[ ] 0sd + cos2 26’) 40
= [7°[4(1 - cos26) - 1 - 25in 6] ab
/6 2[3 sin 207"
/2 = 0+25in¢9+———]
= [36 - 2sm20+2c050] 2(2 4 Ly

3Z 32, 2-‘[-— ‘/—
2 76
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1056 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

46. r = acos@,r = asin @ 47.(a) r = acos* @
tan@ = 1,0 = n/4 r* = ar? cos®
Vpnfa, . 2 2 22 s
A=2l:—2-j0 (a'sin 6) da} | (x*+5)" = a
il — ‘e (b) T
=a2f/4l cos26‘d0
0 2
. 7/4
_ laz[ﬁ _sin 20]
2 2,

(c) 4

4(%) " [(6 cos? 6)° — (4 cos? 6)2] d6

40 J‘:/z cos* 6 db

]0.[0”/2 (1 + cos 20)2 do

10]0”’2 (1 +2c0820 + 1= °2°s 4‘9) 0

3 1 #f2
10, —6’+sin26’+-—sin4¢9:| = —
2 8 2

0

pr}

roegeos

48. By symmetry, 4, = 4,and 4, = A4,.
A =4, = % _[_”:/63 [(Za cosd)’ — (a)z] de + % J'://: [(2a cos 6)° — (2a sin 0)2] do
= -‘12—2 J-_”:Z (4 cos? 6 - 1) df + 2a° _[://: c0s26 dé
= “72[9 + sin 20]" + a?[sin 2] = “7(32’- + \/3) + a1 - -? = aZ(% + 1)

A3 - A4 = _l_(lJHZ = na

2(2 4
_ 5= , 1)~ .2
A5 = E[?)a - 2(5).[5”/5 (2a sin )" d6
B 51a* 2 (7
TR L”/G(l ~ cos 26) d6
=57m-—a2[29—sin20]” ELC SRV B RN )
12 saf6 12 302 12 2
_ o 1) g7te 2 1Y (a/a ,
4y = 2(5] [ (2asing)* ag + 2(-2-) j”/s a* do
af6 : o /4
= 24? IO (1 - cos 20) d6 + |:a-67:|”/‘S
2 2
=512[26?—sin267]:;/6+7z‘i=az Z—ﬁ +E—=a25—”_£3_
12 3 2 12 12 2
1) pa/a . 2 2
4, = 2(—2—)le6 [(Za éln 0)" - (a) ]d&
_ 2 [, 2 _ . wa _ S V3
=a L/e (4sm 6 - l)d0 = a’[f - sin 20]”/6 = a5 - 1+ >

[Note: 4 + A + A, + A, = ma* = area of circle of radius a ]

© 2014 Cengage Learning, All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.




Section 10.5 Area and Arc Length in Polar Coordinates 10587 .

49. r = a cos(nf)) 50. r=secd-2cos8,-% <0 <X
For n = L o2 2
r = acosd rcosf =1-2cos’ @

2 2 2
a\'  na® , X=1‘2$‘£=]"2‘2x—2
A4=m3) =& a : P
g (x2 +y2)x = x2 + y? - 2x?
Y xr-1)=-x? -
» ¥+ x)
0 yo = -
a ‘ 1-x
1 A= 2(1] I m(sec&—ZcosG)z de
. 9 }Jo
For n = 2: = I:/A(sec26—4+4cosz 0)a’9
r = acos 26 »
1 er/a i = I:M(secze—4+2(l+cos2¢9)) de
A= 8(—)_[ (acos 29)2 do = —/—
2)7 2 . iz T
= [tan @ - 26 + sin26])" =2 - —
For n = 3: |
r = acos 36
1 ¢l 2 a* 1
A=6=|[" (acos36)’ db = — 51 r=8,r =0
2)7%0 4

s= [N 0T a0 = 89]:” = 167

(circumference of circle of radius 8)

.......... PR @;_M, " v 852. r=a

ey

r=20
s = _[02” Nat + 0t df = [ats’]tz)’r = 27a '
For n = 4: ' (circumference of circle of radius a)
r = acos 46 53. r =4sind
2
4= l6(l)j”/8(acos 40y do = T ¥ = 4cosf
2)70 2 .

s = Io” \/(4 sin 9)2 + (4 cos 0)2 do

5
5

= [T4do = [46]] = 4z
(circumference of circle of radius 2)

54. r = 2acos@
r' = -2asin @

.[_”32 \/ (2a cos ‘9)2 + (~2assin 0)2 do

In general, the area of the region enclosed by
r = acos(nf)for n = 1,2,3,...1is (ﬂaz)/4 if n is odd

af2 7
and is (naz)/Zif nis even. = _[_,,/2 2ad0 = [2"9]_{3/2 = 27a

N
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1058 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

88. r=1+sind

r = cos @

s = 2[7 \J('+ sin 0 + (cos 6" ao
=22 IS”IZ 1+ sin@ do

zf2
372 —cos @
=22 do
jﬂ/Z J1-siné
= [+/2yT=sin 0]’;’22
= 4/2(V2-0) =3
56. r =8(1+cos6),0<6 <27

r' = —8sin @

s = 2["J[8(1 + cos ) + (~8sin O] a6
= léj.oﬂ\/l +2cos @ + cos? 8 + sin? 4 do
= 16ﬁj: 1+ cos @ do
= 16\/—2._[”,/1 + cos @ - __\,1—0059

0 ~/1 - cos @
z in @
= 16v/2 e
J-O 1 —cos@
= [32 \/-2_\/1» — ¢cos 0]:
= 64
57. r=26,05¢95§
4
-1 e 2
]
Length ~ 4.16
58. r

=sec€,0$05-73£

3

-3

-3

Length ~ 1.73 (exact \/3)

59.

60.

61.

62

63.

r=—n<0<2rx

!
05

©
in

Length ~ 0.71

Length ~ 31.31

r=sin(3cosh),0<0 <7

4

1/":'

)

P

Length ~ 4.39

r=2sin(2cos6),0< 0 < 7

£

»

Length ~ 7.78

r =6cosd
r' = —6sin @
S = 27:_[:/2 6 cos 8 sin 61/36 cos? 6 + 36 sin® 6 dO

2r _[0”/2 sin @ cos 6 d@

[3671 sin® Q]::/z
= 367
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66.

67.

68.

S

acos 6

—asin @

27 I:/Z a cos O(cos O)/a* cos § + a® sin> 0 dO

27 a? j:lz cos? 0 dO = na® J:lz (1 + cos 26) d

”az(e + sin 29] i _ n’d®
2 )l T2

|

a(l + cos 6)

—asin @

Section 10.5 Area and Arc Length in Polar Coordinates.. - 1b59'

65. r = %

" = ge®

S =27 I:lz e% cos 6 (e"”)2 + (ae"a)2 do

271 + a? "2 28 o5 0 dO
0

~
I

2a6 /2
= 221+ a?|——(2a cos @ + sin 6)
4a* + 1 o
22N+ @ .
= I 2 (e™ - 2q)

4a® + 1

27 j: a(l + cos @)sin 6\/;2(1 + cos 6)° + a?sin® @ d = 2zd’ j: sin §(1 + cos B)\/2 + 2 cos & db

. 2
~2N/27a* || (1 + cos 6)"*(-sin 6) df = _4_*/_—2525-[(1 + cos 0)5”]

4 cos 260
~8sin 260

*  327a’
0 5

27 _[0”/4 4 cos 20 sin 6/16 cos? 26 + 64 sin> 6 20 df = 327 _[:/4 cos 20 sin O/cos? 20 + 4sin® 20 df ~ 21.87

0
1

2nj:9 sinOJ@? +1d8 ~ 42.32

69. You will only find simultaneous points of intersection.
There may be intersection points that do not occur with
the same coordinates in the two graphs.

7M. (a) r=10c0s0,0< 8 <7
Circle of radius 5

Area = 257

rapa

70. @) S = 2z’ £(6)sin o[ 7(6) + 1(6) do
B 2 1 A2
(b) S =2z f(8)cos b f(6) + f(6) db
“ (b) r =5sin0,0<0 <7
Circle radius 5/2
Area = 15—7:
4
4 e )
72. Graph (b) has a larger arc length because it has more
leaves.
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1060 Chapter 10 Conics, Parametric Equations, and Polar Coordinates ) : .

73. Revolve r = 2 about the line r = 5sec 6. ’ 74. Revolve r = aabout the line r = b sec @ where
f(g)=2,f'(g)=0 b>a>0.
27 > > f(e) =a
S =2z (5-2cos O}\2® + 0 db | 7(6) = 0
= 4ﬂ_[o'” (5 - 2cos ) a0 ' S = 27:]02’r [6 - acosbNa? + 0% do

4n{56 - 2sin 6]."
4072

27a[b6 - assin 0];”
27a(27b) = An’ab

[RTE
ERES

r=Ssecf \r

N2 |

75. r = 8¢c0s8,0< 80 <nx
_lpr _lpx ) _ 1+cos26 sin20”_
(a) A—Ejo_r da_ij() 64 cos 0da_32j0——2—d9_16[0+-7- = 167

(Area circle = 7r? = 74% = l67r)

(b)
6102 |04 0.6 0.8 1.0 1.2 1.4

A 632 12.14 | 17.06 | 20.80 | 23.27 | 24.60 | 25.08

(c), (d) For i—ofarea (47 ~ 12.57): 0.42
1 /4
For —2—ofarea (87 ~ 25.13): 1.57(3J

For %ofarea (127 ~37.70):2.73

(e) No, it does not depend on the radius.
76. r =3sinf,0<8 <~

@ A =3[ r"d0 =3[ sin? 0df = 37 (1 - c0520) a0 = 36 - Lsin 26] = 2

. rad; e i 3 _ {3\ _ 9
[Note. radius of circle iss = A= 71'(3) =< ]

(b)
6102 0.4 0.6 0.8 10 |12 1.4

A4 | 0.0119 | 0.0930 | 0.3015 | 0.6755 | 1.2270 | 1.9401 | 2.7731

Q

1 19
, (d) For =of —= 0.8836:6 ~ 0.88
(c), (d) orso area(847r )

For %ofarca( 2 T |.767l):9 =~ 1.15

1
4

4
For l of area ( 2
2 4

T~ 3.5343):0 % ~ 1.57

N |
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Section 10.5 Area and Arc Length in Polar Coordinates 1061

77. r =asin@ + bcosb
r2 = arsin@ + brcos @
x4+ =ay+bx

x* + y* — bx — ay = 0 represents a circle.

78. r = sin @ + cosd, Circle
A= '5 [2r do
= —;—j: (sin @ + cos 6?)2 do

—]2—J':(l +25in 0 cos 6) d6 = %[e +sin? 67 = %

Converting to rectangular form:
r2 = rsin@ + rcos 6

X+ =y+x
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79.(a) r=26,020

As a increases, the spiral opens more rapidly. If
8 < 0, the spiral is reflected about the y-axis.
12

/"H'—
10 A :\ | 14
N P
R

~-12

(b) r = aB, 8 = 0, crosses the polar axis for
0 = nn, nand integer. To see this

r=af = rsin@ =y =afsind =0

for @ = nx. The points are
(r,0) = (anm, nz),n = 1,2,3, ...

© f(6) =6, 7(6) =1
s= [\ +1d0

= %[ln(\/xz +1+ x)+x\/x2 + l]
0
= %m(\/mz 1+ 2;1) + 2Jar? +1 % 212563
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80. r = &/
LI () do -4, () a0
—H:” e dg - %ﬁu e do
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81. The smaller circle has equation » = a cos 8. The area

of the shaded lune is:
1) pn/4 2
A= 2(5) IO [(a cos )" — l] dé

7 2
= _[/4 i—(1+c0526')—l dé
0 2

z/4

2 .
a_(0+51n20)_9
2 2 )
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This equals the area of the square, —-\/E—% = %
Az 1Y =z 1
__..._+— - — O ——
2\4 2 4 2 .
ma® +2a* -2t -4=0
a2=4_-,ﬁ.=2
2+
a=2

Smaller circle: » = /2 cos 8
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1062 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

. 3t 3[2
2. X = y = —
8 1+27 157

27(8 + 1) 277
(+e)  (1+¢)
2w
{ +::3)2

So, x* +y° = 3x.

@ X+ )y =

3xy =

(r cos 6) + (rsin 6)° = 3(r cos O)(r sin 6)

3 cos @ sin O
cos® @ + sin® @

w

_l”/22 _
(c) A_E.[o rtdfd = —

N~

83. False. f(6) = 1and g(6) = —1have the same graphs.

84. False. f(6) = Oand g(6) = sin 26 have only one point

of intersection.

85. In parametric form,

Using @ instead of ¢, you have
x =rcosd = f(6)cosfand

y = rsin@ = f(6)siné.So,

-g;;- = f'(f)cos & - f(6)sinGand
% = 7(6)sin 6 + £(8) cos .

It follows that
(£] + (L] -or + rer
so. s = [* 7O + [T do.

Section 10.6 Polar Equations of Conics and Kepler's Laws

2e
lL.r= ——
1+ ecoséd
@ e=1r= —-——g-—, parabola
1+ cosé
(b) e = 0.5,
y = L ellipse
1+0.5cosé 2+cos@’ P
(c) e =1.5,
3 6
r= = , hyperbola
1+15c0os@ 2+ 3cosé P
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(a) e =1,r = ————, parabola
l1-cos@
(b) e = 0.5,
1 2 .
r = = , ellipse
1-05cosf@ 2-cosf
(c) e=15,
r= 3 = 6 , hyperbola
1-15c0os@ 2-3cos@
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