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<

-
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r =8/(4 + sin 8)
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Chapter 11 Practice Exercises

75. (a) Perihelion = a — ae = a(l — e), Aphelion =ea+a = a(l +e)

(b)

76. Mercury: r =

Planet Perihelion Aphelion

Mercury 0.3075 AU 0.4667 AU
Venus 0.7184 AU 0.7282 AU
Earth 0.9833 AU 1.0167 AU
Mars 1.3817 AU 1.6663 AU
Jupiter 49512 AU 5.4548 AU
Saturn 9.0210 AU 10.0570 AU
Uranus 18.2977 AU | 20.0623 AU
Neptune 29.8135 AU | 30.3065 AU

(0.3871) (1 — 0.20562) 0.3707

14 0.2056 cos 6
(0.7233) (1 — 0.0068%) __

" 1+0.2056 cos 6

Venus: 1= S50 tg e g~ = TT00068 057
Earth: r = 114(:0})(1)-60715(35229 = 1+0(.)f)()691()77cos9
Mars: 1= (ERER080) —
Jupiter: r = SERGEOMH — e
Sawrn: r = CPREZ0) —
Uranus: r = SpR0E000) — bl
Neptune: r = (3()1'(162),((}();20;%2862 S 1+o.%)%g§ cos 0

CHAPTER 11 PRACTICE EXERCISES

. x=3fandy=t+1 = 2x=t = y=2x+1

2. x:\/iandyzl—\/fé y=1-x

699

3. x=jtantandy = 1sect = x? = j tan’t 4. x=—2costandy =2sint = x*=4cos’tand
and y? = 1 sec’t = 4x® = tan’ t and

4y? =sec’t = 42 +1=4y? = 4y? —4x2 =1

y?=4sin’t = x> +y?=4

Copyright © 2010 Pearson Education, Inc. Publishing as Addison-Wesley.



700  Chapter 11 Parametric E

quations and Polar Coordinates

5. x=—costandy = cos’t = y = (—x)? = x 6. x=4costandy =9sint = x> = 6cos’tand
2 s 02 X,y
y*=38lsin"t = J-+ ¢ =1
\\ y ‘=XZII 16_ g?ﬁz
\ /A
\ /4
\ 7/
t=0 1+ t=1 -4 t=0 X
%3 =21
o o T Tm w2
7. 16x2 4+ 9y? = 144 = %z—i-%:l = a=3andb=4 = x=3costandy =4sint,0 <t <27
8. xX2+y?*=4 = x=-2costandy =2sint,0 <t < 67
1 n .
o, = Yumy= bt o 8oL 8] g s
> x=juni=Pandy=jseci=1=y=Yx+ii@= = oh =2t > @
2009 (5) = &
1 3 o _ apa _ (3) 3 dy 3 L _s
0. x=1+5.y=1-7 = &= g = E A 7@ =-3t=2 = x=1+y5=7and
’ _3
R e RS A i Bk R BT e
3
@ x=40,y=F—1=t=+ L oy=(+F) 1= 257 -1
() x=cost,y =tant = sect = L = tan’t+ 1 =sec?t=y> =L 1=K 5 y= 4 VI-¥
12. (a) The line through (1, —2) with slope3isy =3x —5=x=ty=3t—5, 0o <t < 00
) (x—1)7+(y+2>=9=x—1=3cost,y+2=3sint=x=143cost,y =—2+3sint,0 <t <2r
(c) y:4x2—x:>x:t,y:4t2—t,—oo<t<oo
(d) 9’ +4y>=36= % + ¥ =1=x=2cost,y =3sint, 0 < t < 2
13, y=xl2 20 o &Lz Lz oy (jl) =i1(t-24x) > L= [\ /1+1( 249
= L= f\/ +2+X dx—fq/% x~1/2 4 x1/2) dxff ’1/2+x1/2)dx:%[2x1/2+%x3/2];1
2[(4+3-8) -2+ =202+5) =%
14, x = y2/3 — dx _ 2,-1/3 a )2 axs L_f8 1 dx 2d _fx 1+ 4 4
.X=Yy E—gx = &) = o = = J, + dy y=J, +W y
7 8
:f vV x:133+ dx j‘l V9X2/3+ 71/3) dx; [u:9x2/3+4 = du:6y71/3 dy;x =1 = u=13,
40
x=8 = u=40] - L=1% [ u/2du= § [2u32] ) = L [40%? — 1392] ~ 7.634
2
15, y= Sx00 — §x45 = = LIS - L5 o () = 4 (26— 24 x72)

= L= f\/l

3 (x¥5 -2+

x25)dx = L= f \/ (x2/5 42 + x72/5) dx—f % 1/5—|—x_1/5) dx
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Chapter 11 Practice Exercises

= SO = [ D S G2 2 - G D= ()

1710 10 285
= & (1260 +450) = 10 = 28

d . - d ax\2 , (dy)?
17. d—’t‘:fSSlnt+5s1n5tandd—{:5cost7500s5té (d—’t‘) +(d—{)

= \/(—5 sin t 4 5 sin 5t)* 4 (5cos t — 5 cos 5t)°
= 51/sin2 5t — 2sin tsin 5t + sin t 4 cos? t — 2cos tcos 5t + cos? 5t = 5+/2 — 2(sin tsin 5t + cos tcos 5 t)

=5/2(1 — cos 4t) = 5,/4(%) (1 — cos 4t) = 101/ sin? 2t = 10]sin 2t| = 10sin 2t (since 0 < t < F)

— Length = f 10sin 2tdt = [~5 cos 2072 = (=5)(~1) — (—5)(1) = 10

2
18. & — 32 — 2rand & = 32 + 12t = /(&) + (d—{) = \/(St2 - 120"

:3\/§|t\\/16+t2;>Length:f013ﬁ|t| 16+t2dt:3ﬁf01t

+ (32 + 121)* = /2882 + 18t
16 + 2dt; [u: 16 4+ € = du = 2t dt

= ldu=tdtt=0=u=16t=1=u= 17]; ¥f127\/adu — W2yl *f( (17)" - §(16)3’2)
=32 2((7)" —64) = v2((17)” — 64) = 8617.

2
19. %:—3sin9and%:3c0s9:>\/(%)2+(%) :\/(—?>sint9)2 (3cos )* = /3(sin2 0 + cos2 0) = 3

tength = [3d0 =3[ a0 =3(x —0) =%

) 2

20. x

V3
Candy =5 —t,—/3<t< 3= & =2tand ¥ = — 1:>Length:fiﬁ\/(Zt)Q—i-(tQ—l)th

V3 V3 V3 V3 ; V3
:fiﬁ\/t4+2t2+ldt:fiﬁ\/t4+2t2+ldt:fiﬁ\/(tQ—Fl)?dt:f_\/g(tQ—f—l)dt: [%ﬂ}iﬁ
=43

. V& 9
21. x:%andyzzt,ogtg \/§ = ‘é—’t‘ztandi—{:2 = SurfaceArea:f0 27r(2t)\/t2+4dt:j:1 27ul/? du
=2 [2u2]] = % whereu=12+4 = du=2td;t=0 = u=4,t=1/5 = u=9

22.x—t2—|—2andy—4\/ \/—<t<1 é%:Zt—%andi—{:%
2
éSurfaceArea:fl/ﬁ 27 (2 + 5) \/(Zt 2t2)2+(%) dt =27 ll/ﬁ @+ L)/ (2t+ )" dt
1 1
=2r |, 5 (E+3) @+g)d=2r ] 5 (2t3+%—|—%t_3)dt:27r[%t4+3t—lt_2]1/\/—
=2r (2-22)

Copyright © 2010 Pearson Education, Inc. Publishing as Addison-Wesley.
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702 Chapter 11 Parametric Equations and Polar Coordinates

23. rcos(@—i—%) :2\/§ = r(cos@cos%—sin@sin%)
=23 = 1rcos@—‘/Tgrsin9:2\/§

2
= rcosf —+/3rsinf =43 = x—/3y=4/3 £y
:>y:‘/T§x—4 /

_ y
:@:—4rc089+¢7§r51n9:¢7§j_x—i_y:l A”
= y=x+1 !

2 = rcosf=2=x=2

cos 0 y

25. r=2secl = r=

26.r:f\/isecﬁércosﬂzf\/iéx:fﬁ 4
x=-v3

_ _3 s 3 _
27. I'—*§CS(29 = r31n9——§ = y=-

[ 1 [O8)

(Y%
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Chapter 11 Practice Exercises

28. r=3 3csc€z>rsin9:3\/§:>y:3\/§ 4
NI y= o3

29. r=—4sinf = 2= —4rsinf = xX2+y>+4y=0
= x% + (y + 2)? = 4; circle with center (0, —2) and
radius 2.

r=—4sin a(y+2’=4
©,-2)
30. r=3v/3sinf =12 =3/3rsin r3y3sing
2
:>x2—|—y2—3\/§y:0: x2+(y—%§) 2%7; | (o.._:"rl)
2

circle with center (0, #) and radius #

- )7

3. r=2+/2cosf = r2:2\/5r0050

2
= x2+y2-2/2x=0= <X—\/§) +y?=2;
r=2V2cos 6
circle with center (\/5, 0) and radius \/E
[ﬁ,o) ]
[x—\/?)2+}2:2
32. r=—-6¢cosf) = r*=—6rcosf = x>+y>+6x=0 y
= (x +3)> +y? = 9; circle with center (—3, 0) and f=~6 cos 0
radius 3 /\
2 2
(x+3) +y =9

Copyright © 2010 Pearson Education, Inc. Publishing as Addison-Wesley.
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704  Chapter 11 Parametric Equations and Polar Coordinates

33. X2+y2+5y=0:>x2—|—(y+%)2:%:>C:(07_%) y
anda=3;r? +5rsinf =0 = r=—5sin¢

r=-5sin6

34, x24+y?—-2y=0 = x>+ (y—1)’)=1 = C=(0,1)and .
a=1;r2—2rsinf =0 = r=2sin6
(0.1)
r=2sin@

X

2 2
X e(y=1) =1

35. x2—|—y2—3x:0:>(x—%)2+y2:%:>C:(%,0) y

anda:%;r2—3r0039:0 = r=23cosf
r=3cos6 /\

36. X2+ y?4+4x=0 = x+22+y =4 = C=(-2,0) y
anda=2;r2+4rcosd =0 = r=—4cosf f=-4c0s0

(2.0

(x+2)2+y2-4

37. 38.

<

O<r=6cosf

/_\ 4sin@srs0
X A x

6

39. d 40. e 41. 1 42. f

43. k 44. h 45. i 46. j
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Chapter 11 Practice Exercises 705

47. A=2 Oﬂ%erE’:j:(Z—cos@)ZdH:j:(4—4cost9+00529)d0:j:(4—4cost9+W) do

-2
=37

= J (3 —4cos 0+ 32) dp = [26 — 4 sin 6 + 2|7

4. A= [ Lin30 a0 = [ (=) a0 = Lo - Lsined] [P = 5

= § = Z; therefore

49. r=1+cos20andr=1 = 1=1+cos20 = 0=cos20 = 20 = T

s
2

/4 /4
A:4f 111 +cos20)® — 1 2]d9:2f 1 +2cos 260 + cos? 20 — 1) df

—2 [ (2cos 20+ L+ 5y ag =2 [sin20+ L6+ 0] T _ o (147 40) =247

50. The circle lies interior to the cardioid. Thus,
=2 f 22 L [2(1 + sin §)]> d§ — 7 (the integral is the area of the cardioid minus the area of the circle)

:f,-/24 1+25in9+sin29)d9—w:f (6 +8sin6 — 200529)d9—7r—[69—80059—sm29]7/2 -7
=37 — (=3m)] — 7 =57

2T 2w
5. r=—1+4cosf = g—g:—sing;Length:j; \/(—1+cosﬂ)2+(—sin0)2d0:j; /2 —2cos 0 df

2 ‘ 2 -
- j; y/ H=cosf) —o 5 40 = fo 2 sin & df = [—4 cos %]3 = (—4)(—1) — (—4)(1) = 8

52. r=2sinf0+42c0s0,0<0 <7 = %—20059—25in9;r2+(d—9) = (2sin 0 4 2 cos )? + (2 cos § — 2 sin H)?

—8(sin?0+cos?0) =8 = L= [ /80— [2ﬁe]z/2:zﬁ(g) — /2

53. r = 8 sin® (g) 0<0< 7 = g—g—Ssm (%) cos (%) (d) [ ( )]2—1— [SSin2 (%) cos (%)]2

S ) o 1o [ G st G0 [ 5[50

= ‘/:/4[4_4‘305(?0)] do = [49—6Sin(?9)]0/ =4(5)—6sin(f)-0=n—3

r — : —sin r)2 in
54. 1= \/1+cos20 = §=5(1+cos20)712(-2sin20) = 2 = (§)° = 0y

2 2 1 s 20)2 in22 2 02
= r2+ (((11_;) =14 cos 29+ sin?20 _ (14cos26)*+sin“20 __ 142 cos 260 + cos® 26 + sin? 26

1+cos20 — 1+ cos 26 1+4-cos 26

/2
- 21++2000252299 =2=1L= f,ﬁ/g\/idg =2 [% - (- g)] =V2n

55. x22—4y = y:—xTz = 4dp=4 = p=1,; 56. x2:2y = %Z:y = 4p=2 = p:%;

therefore Focus is (0, —1), Directrix is y = 1 therefore Focus is (0, 1); Directrix isy = — 3

Copyright © 2010 Pearson Education, Inc. Publishing as Addison-Wesley.



706  Chapter 11 Parametric Equations and Polar Coordinates

5792 =3x = x=% = d4p=3 = p=1; 8.y =-Sx = x=—{y > 4p=% = p=1;
3
therefore Focus is (3,0) , Directrix is x = — 3 therefore Focus is (— %,0) , Directrix is x = 3

59. 162 +Ty? =112 = S 42 =1

=c2=16-7=9 = c:3;e:9:%

a

6132 —y? =3 = x>~ L =1 = c2=1+4+3=4 6252 -4x>=20=> % - ¥ =1 = 2=44+5=09

= c=2%e=:= % = 2; the asymptotes are = c=3,e=;= %;theasymptotesarey: :I:ﬁx

y::t\/gx

2

63. x> =—12y = — 5=y = 4p=12 = p=3 = focusis (0, —3), directrix is y = 3, vertex is (0, 0); therefore new

vertex is (2, 3), new focus is (2, 0), new directrix is y = 6, and the new equation is (x — 2)? = —12(y — 3)
64. y> =10x = % =X =2 4p=10 = p= % = focus is (% ,O) , directrix is x = — % , vertex is (0, 0); therefore new
vertex is (— 4, —1) , new focus is (2, — 1), new directrix is x = —3, and the new equation is (y + 1) = 10 (x + )

65. %2—1—%:1 = a=5andb=3 = ¢=+/25—-9=4 = fociare (0, +4), vertices are (0, £ 5), center is

(0, 0); therefore the new center is (—3, —5), new foci are (—3, —1) and (—3, —9), new vertices are (—3, —10) and

2 2
(—3,0), and the new equation is @ + % =1

Copyright © 2010 Pearson Education, Inc. Publishing as Addison-Wesley.



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Chapter 11 Practice Exercises 707

%4—%:1 = a=13andb=12 = ¢=+/169 — 144 =5 = fociare (£5,0), vertices are ( £ 13,0), center

is (0, 0); therefore the new center is (5, 12), new foci are (10, 12) and (0, 12), new vertices are (18, 12) and

x=5" | =12 _
e T o1 =1

(—8,12), and the new equation is

[

_x2_2:1 = a:2\/§andb:\/§ = c=+/8+ :\/E = foci are (O,:I:\/TO),VCrticesare

0, + 2\/5) , center is (0, 0), and the asymptotes are y = = 2x; therefore the new center is (2, 2\/5) , new foci are

N TN

2, 2\/5 + 10) , hew vertices are (2, 4\/5) and (2, 0), the new asymptotes are y = 2x — 4 + 2\/5 and

(Y*Zﬁ)z Cx=2?
8 2 -

y=-2x+4+ 2\/5; the new equation is 1

2

g‘—ﬁ—%’—z =1 =a=6andb=8 = c=/36+64 =10 = fociare (+ 10,0), vertices are ( + 6,0), the center

is (0,0) and the asymptotes are = £ X ory = =+ ‘3—‘ x; therefore the new center is (—10, —3), the new foci are
(=20, —3) and (0, —3), the new vertices are (—16, —3) and (—4, —3), the new asymptotes are y = % X+ 33—1 and
4 4 x+10°  y+37 _

y = —3x — % ; the new equation is *¢ =
X2—4x—4y? =0 = x2—4x+4—4y? =4 = x—-2? -4y’ =4 = %—yul,ahyperbma;a:zand

b=1=c=+y1+4= \ﬁ; the center is (2, 0), the vertices are (0, 0) and (4, 0); the foci are (2 + \ﬁ,O) and

x =2
2

the asymptotes arey = =+

42 —y2 44y =8 = 42—y’ 44y -4 =4 = 4> —(y-22 =4 = x2 - 7@;2)2 =1, ahyperbola; a = 1 and
b=2 = c=+14+4= \/g; the center is (0, 2), the vertices are (1,2) and (—1, 2), the foci are (i \/5, 2) and
the asymptotes are y = =+ 2x + 2

y2—2y+16x=—49 = y?> -2y +1=—16x — 48 = (y — 1)> = —16(x + 3), a parabola; the vertex is (—3, 1);
4p =16 = p =4 = thefocusis (—7,1) and the directrix is x = 1

X2 —2x+8y=—-17 = x> - 2x+1= -8y — 16 = (x — 1) = —8(y + 2), a parabola; the vertex is (1, —2);
4p =8 = p =2 = thefocusis (1, —4) and the directrix isy = 0

9x% + 16y? + 54x —6dy = —1 = 9(x2+6x) +16(y> —4dy) = —1 = 9(x2+6x+9) + 16(y> — 4y +4) = 144

= O(x+3) + 16(y — 2)* = 144 = O3 L 022" — | an ellipse; the center is (—3,2);a = 4 and b = 3

= c=4y16-9= ﬁ; the foci are (—3 + ﬁ, 2) ; the vertices are (1,2) and (—7, 2)

25x? +9y? — 100x + 54y = 44 = 25(x* —4x) + 9 (y* + 6y) =44 = 25(x* —4x+4) + 9 (y* + 6y +9) = 225
= % + % = 1, an ellipse; the center is (2, —3);a=5and b=3 = c = /25 — 9 = 4; the foci are
(2, 1) and (2, —7); the vertices are (2,2) and (2, —8)

X24+y?—2x—2y=0 = xX2—2x+1+y?-2y+1=2 = (x—1)?+ (y — 1)? = 2, acircle with center (1, 1) and

radius = \/5

X2y H4x+2y =1 = X2+ 4x+4+y? +2y+1=6 = (x+2)?+ (y + 1)?> = 6, a circle with center (-2, —1)
and radius = \/6
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77.

78.

79.

80.

81.

82.

83.

84.

85.

Chapter 11 Parametric Equations and Polar Coordinates

r= ﬁ = e =1 = parabola with vertex at (1,0)
\’\ 1+cos(9
%(10) |
— 8 _ 4 _1 : . Yy
I= 5709 = I= 7 (1) ot = e=3; = ellipse;
ke=4 = lk=4=k=8k=2-ca=>8=+4 —1a fe —8 |
() 2 2+cos O |

= a= ? = ea= (5) (136) ; therefore the center is /'_“
(3,7) ; vertices are (8, 7) and (3, ) m/(alam

r=1L— = e=2 = hyperbola;ke =6 = 2k =6

= k=3 = vertices are (2, 7) and (6, )
2, ‘n') 1 20050

X

12

r= 3+siné

= r=

(¢]
I
(S
~
[¢]
I
N
<

__ 4
1+ (l) sin 6

12
=5 lk=4 = k=12 a(l—e):4:>a[1—(%)2]

3,7/2) = 3+sin 6

AN
d(6,3) K—— (3/2,31/2)

—

R R NOIOR

center is (% , 37) ; vertices are (3, g)

(6,31/2)

—_ — —7icdi ; —n. iad R < _ _ @O
e=2andrcos =2 = x =2isdirectrix = k = 2; the conic is a hyperbola; r = ;-5 = 1=

1+2cosé
= r= 4
14+2cos @
_ _ — _Aicd; : _ A4 E . ke @)
e=1landrcosd = —4 = x = —4isdirectrix = k = 4; the conic is a parabola; 1 = —"— = 1= 15
_ _ 4
= Ir= 1—cos@

1 . i directs . . ke _ o0
e=jandrsinf =2 = y=_2isdirectrix = k = 2; the conicis anellipse;r = ;5 = T= T (D) sind
__ 2
= I= 35 me
) . P . - - ke © (2
e=jzandrsinf = —6 = y = —6isdirectrix = k = 6; the conic is an ellipse; r = =5 ér—m
_ _6
:>r_3fsin0

(a) Around the x-axis: 9x*> +4y> =36 = y>=9—2x% = y = + /9 — 2x2 and we use the positive root:

v=2 [T (\fo-3x) ax=2 [Tr (9 9xt) d = 2m [ox — 1x7]2 = 24

Copyright © 2010 Pearson Education, Inc. Publishing as Addison-Wesley.



Chapter 11 Additional and Advanced Exercises

(b) Around the y-axis: 9x? +4y? =36 = x? =4 — gy2 = x= £,/4- ng and we use the positive root:

2
szf(:”(\/“*g}ﬂ) dy:2f:7r(4—gy2)dy:27r[4yf%y3]g:167r
86. Ox®—dyt=36,x=4 = yi =250 o y:%vx2—4;":f;”(%\/m)2d":%”f;(xz—@dx

3 4 T T ™
=554, =510 - (-9 =% (F-%) =F =24

87. (@) r=12t=5 = r+ercosf=k = /xX>+y’+ex=k = /x> +y?=k—ex = x* +y*
=k —2kex +e’x* = x> —e?x2+y?+2%kex k> =0 = (1 —e?)x>+y>+2kex —k*=0
b)) e=0=x+y>’-K =0 = x> +y>=k> = circle;
0<e<l=e’<l=¢e-1<0=B"-4AC=02-4(1-¢€*)(1)=4(e>—1) <0 = ellipse;
e=1= B2—4AC=0>-40)(1)=0 = parabola;
e>1 = e?>1 = B2-4AC=0?—-4(1—¢e?) (1) =4e* —4 >0 = hyperbola

88. Let (1, 61) be a point on the graph where r; = afl;. Let (15, 62) be on the graph where r, = af; and
02 = 01 4+ 2m. Then ry and 1, lie on the same ray on consecutive turns of the spiral and the distance between

the two points is roy — r; = afy — af; = a(f; — ;) = 2ma, which is constant.

CHAPTER 11 ADDITIONAL AND ADVANCED EXERCISES

<

1. Directrix x = 3 and focus (4,0) = vertex is (3 ,0)

1 L. 7 ¥2 7.y
= p=5 = theequationisx — 3 = % 2

(=3
T T T T [ T T 171
U
e
e
e
=

| I I I |

709

2. x2—6x—12y+9=0 = x2—6x+9=12y = 2 —y — vertexis (3,0)and p=3 = focus is (3,3) and the

2
directrixisy = —3

3. x> =4y = vertexis (0,0)andp = 1 = focus is (0, 1); thus the distance from P(x, y) to the vertex is \/x? + y?

and the distance from P to the focus is /X% + (y — )2 = /X2 +y2 = 2/x2 + (y — 1)
= X+y?=4[x>+(y—1)?] = x> +y> =4x> +4y> — 8y +4 = 3x%> + 3y? — 8y + 4 = 0, which is a circle

4. Let the segment a + b intersect the y-axis in point A and y
intersect the x-axis in point B so that PB = b and PA = a A
(see figure). Draw the horizontal line through P and let it a
intersect the y-axis in point C. Let /PBO = 6§ cl- XN P(xy)
= ZAPC = 6. Thensin § =  and cos § = % vy eb g
:>z—§+ﬁ—z:cos20+sin29:1. o B

5. Verticesare (0, £2) = a=2e=: = 05=5 = c=1 = fociare (0, £1)
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6. Let the center of the ellipse be (x, 0); directrix x = 2, focus (4, 0), ande:% = f—c=2= i=2+c
= a=3@2+c). Alsoc=ac=3%a = a=3(2+3a) > a=3+3a = 3a=3 = a=2;x-2="2
=x-2=(2)3)=2 = x=2 = thecenteris (£,0);x—4=c = c=2 —4="%so0thatc’ =a> — b

2 2 A . _28)\2 2832 5
= ()" = (3)" = & therefore the equation is —(X(%i)) + A~ =1lor 71445) + 3 =1

7. Let the center of the hyperbola be (0, y).
(a) Directrixy = —1,focus (0,~7)ande =2 = c—5=6 = $=c—6 = a=2c—12. Alsoc =ae =2a
= a=2Q2a)—-12 = a=4 = c=8y—(-)=2=3=2 = y=1 = thecenteris (0,1); ¢ = a’ + b’

€

. . — 2
= b? =c? — a’? = 64 — 16 = 48; therefore the equation is (ym') — % =

b)) e=5=c-5=6= S=c—6 = a=5c—30. Also,c =ae =5a=a=5(5a) —30=24a=30= a:%

5

= c:%;yf(fl)zgz—g) =1 = y=—23 = thecenteris (0,—2);c? =a’+ b’ = b?=c?—a’
2 3)2 5

625 25 _ 5. S ) N G 16 (y +3) %3

=3¢ — Tz = 5 therefore the equation is €l ) =1lor —% 5 =1

8. Thecenteris (0,0)andc =2 = 4 =2a%+b> = b> =4 —a’ Theequationisgf%i:l = i—gf%zl
= P =1 5 9@ -2 - 1442’ =% (4 - a%) = 196 — 492> — 1442’ = 4a’> —a' = a' —1972° + 196
=0 = (a2-196)(a?—1)=0 = a=ld4ora=1;a= 14 = b?> =4 — (14)> < 0 which is impossible; a = 1
= b? =4 — 1 = 3; therefore the equation is y2—%2:1

9. b2x% +a%y? =a’h’ = ¥ =YX .ar(x;,y)) the tangent line is y — y; = (— &) (X —X1)

a%y a%y

= a’yy; +bxx; = b’x] +a’y} = a’b” = bPxx; +a’yy; —a’h? =0

10. b°x2 —a%y? =2’ = ¢ = bz—; ; at (xy,y;) the tangent line is y — y; = (ble) (x —xp)

a? a’yy

= b’xx; —a’yy; = b’x? —a’y? = a’b? = b’xx; —a’yy; —a’b’> =0

11. 12.

x2+4y2-4=0 5 2_\2

11 1 \
%

13. 14.

Copyright © 2010 Pearson Education, Inc. Publishing as Addison-Wesley.
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15. (9x% +4y? — 36) (4x> +9y> — 16) <0 Y
9x2+4y2-36=0

= Ox?+4y> —36<0and4x> +9y> —16 0 3] ax2e02=16
or9x? +4y?> —36 Oand4x®> +9y?> - 16 <0 C

16. (9x% + 4y? — 36) (4x> + 9y? — 16) > 0, which is the
complement of the set in Exercise 15

17. (a) x=c¢”costandy =e*sint = x*+y? =e* cos’t+¢e* sint = e*. Also ¥ = % =tant
= t=tan"! (¥) = x?+y? = e!™ 0/ s the Cartesian equation. Sincer* = x* +y? and
= tan~! (), the polar equation is r* = ¢* orr = ¥ forr > 0
(b) ds?2=12d6% +dr%;r=e* = dr=2¢* df
= ds? =12 d6? + (2¢% dF)” = (e¥)” d6? + 4e* 9>
— 5 dp? = ds=\/5M )= L= [ /5 df

= {@} T ﬁ(e“”— 1)

0 2

() cos (%) a6]”

18. r = 2 sin® (Q) ﬁdrzZsinQ(Q)cos()déids =r? d6? + dr? —[251n()] do? + [ sin
0 4(@) d6?
3 3

= 4 sin ( 3)d¢92+4s1n (g )0(3)3 2(%) do? = [4sin* (£)] [sin® (£) + cos® (£)] d6? = 4 sin

3
= ds=2si ()d& Then L = f 2 sin? (%)d@:fo [lfcos(%—e)]dﬁz[Gf‘isin(%—‘g)]z =37
19. e=2andrcosf =2 = x = 2is the directrix = k = 2; the conic is a hyperbola withr = ﬁ
@2 4
= r= T+2cosf  1+2cosf
20. e=1landrcos§ = —4 = x = —4is the directrix = k = 4; the conic is a parabola with r = l_é‘iose
_ _»a 4
= r= 1—cosf — 1—cosf
21. e= % andrsin @ =2 = y = 2is the directrix = k = 2; the conic is an ellipse withr = 1+:iin9
28 2
= = 1+(%)2sm0 = 27smo
22. e= % andrsin § = —6 = y = —6is the directrix = k = 6; the conic is an ellipse withr = 1—52111(9

63 _ _ 6
1— () sing — 3—sind

= r=
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23.

24.

25.

26.

27.

Arc PF = Arc AF since each is the distance rolled; y

Z/PCF = APE — Arc PF = b(/PCF); § = ACAE

= Arc AF = af = af = b(£/PCF) = /PCF = (%) 6; Cp
/OCB = % — f and ZOCB = /PCF — /PCE a b P(xy)
= ZPCF- (§-a) = ()0 (5-0) = §- el
=({)0-(5-0) = 5-0=(})0-5+a (2.0)

= azw—H—(%)H = a:ﬂ'—(%)e.
Nowx:OB—FBD:OB—i—EP:(a—}-b)cos@—l—bcosoz:(a—i—b)cosﬂ—i—bcos(w—(a+ 0

= (a+b) cos @ + b cos 7 cos ((£E2) §) + b sin 7 sin ((2£2) 6) = (a+ b) cos 6 — b cos ((2£2) 6) and
y:PD:CB—CE:(a—i—b)sin&—bsina:(a—i—b)sin@—bsin((%)@)

= (a+b)sin 0 — b sin 7 cos ((:£2) #) + b cos 7 sin ((2£2) 6) = (a+ b) sin 6 — b sin ((2£2) 6) ;

therefore x = (a+b) cos § — b cos ((22) §) and y = (a + b) sin § — b sin ((2£2) 6)

o
o
~—

o

x =a(t—sint) = %’;:a(lfcost)andletézl = dm:dA:ydx:y(%) dt
2
=a(l —cos t)a(l — cos t) dt = a®(1 — cos t)? dt; then A = fo a%(1 — cos t)? dt

2m

2w i m
:a2f0 (I—ZCost—kcos.Qt)dt:an0 (1—2008t+%+%0052t)dt:aQ[%t—2sint+%2t]2

0
—3ma% X =x —at—sinandy =ly=1lal—cost) = M, = [Ydm= [¥6dA

2r 27 2r
:\/; %a(l—cost)aQ(l—cost)th:%a3j; (1—cost)3dt:%3f0 (1 —3cost+3cos’t—cos®t) dt

O . 3 . . . .1 2m
:%fn [173cost+%+73°3521f(lfsm2t)(cost)] dt:%[%t73s1nt+73sg‘2‘fsmt+%t}

Sma® M (d)
__ Sma o — My __ 2
= 25+ . Therefore y = 37 = -

0

— % Also,My = [Xdm= [X 6dA
27 27
:f() a(tfsint)aQ(lfcost)th:agfo (t —2tcost+tcos’t—sint+ 2 sintcost— sintcost) dt

2m
=a %—2005t—2tsint+%t2+%0052t+isin2t+cost+sin2t+ %@t} = 372a3. Thus

0
i:

3 {
My _ 3n28
M

=3 r=ma = (7ra, %a) is the center of mass.

tan o —tan ¥

5:¢2—¢1itanﬂ:tan(%—?ﬁl):%; v

1
the curves will be orthogonal when tan § is undefined, or v,

_ -1 r =1
when tan 1)y = = e = [ﬁ} B r=g®)
= 1’ = —f'(0)g'()
!-f(e)
r=sin* (¢) = & =sin® (¢)cos(4) = tanyp= 6 an (9)
O w a) cos (& (e — 20

r =2asin 30 = % =6acos 30 = tany = @ = % = %tan30;when9: %,tanw: %tan%

Copyright © 2010 Pearson Education, Inc. Publishing as Addison-Wesley.
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28. (a) v b M=1=r=0"= L=—0"2 = @y,
:%270 = elim tan ¢ = —oo
— 0
m = 1 — 3 from the right as the spiral winds in

around the origin.

_ /Bcosh _ . 1 __m. __ sinf __ : T
29. tan¢1—7\/§Sm€——cotels—%ate—g,tanwg—0059—tanﬂls\/gatG—g,smcetheproductof

these slopes is —1, the tangents are perpendicular

_r __ a(l—cosf) - _ 7 _
30. tanlp—@—wlslate—gﬁw—

EE]
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NOTES:

Copyright © 2010 Pearson Education, Inc. Publishing as Addison-Wesley.



