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CHAPTER 9
Conics, Parametric Equations, and Polar Coordinates

Section 9.1

1

13.

. y2= —6x = 4(—5)x

y2 = 4x
Vertex: (0, 0)
p=1>0

Opens to the right
Matches graph (h).

Xy
o T 41
Center: (0, 0)
Ellipse
Matches (f)

3
Vertex: (0, 0)

Focus: (—%,O)
Directrix: x = %

y2—4y—4x=0
y2—4y +4=4x+ 4
(y =22 =41+ 1)

Vertex: (—1,2)
Focus: (0, 2)
Directrix: x = —2

Conics and Calculus
Solutions to Odd-Numbered Exercises

3.

11.

15.

(x+372= -2y - 2)
Vertex: (—3,2)
p=-3<0

Opens downward
Matches graph (e).

y2 _ % _

16 1

Hyperbola
Center: (0, 0)

Vertical transverse axis.
Matches (c)

x+3) +(y—22=0
(y = 22 = 4(-3)x+3)
Vertex: (—3,2)
Focus: (—3.25, 2)
Directrix: x = —2.75

X+4x+4y—-4=0
X2+ 4x+4=—-4y+4+4
(x+2?=4(-1(y -2
Vertex: (—2,2)

Focus. (—2,1) 4

Directrix: y = 3

177
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17.y2+x+y=0
Y Hy+i=-x+3

(y+3) =4(-x-3)
Vertex: (% —%) 2

Focus: (0, —%)

Directrix: x = %

21. (y—22=4-2(x— 23
y2—4y +8x—20=0

25. y=4-x
X¥+y—4=0

27. Since the axis of the parabolais vertical, the form of the
equation isy = ax? + bx + c. Now, substituting the val-
ues of the given coordinates into this equation, we obtain

3=c4=9+3b+c11=16a+ 4b + c.

Solving this system, we have a = % b= —134, c=3.
Therefore,

y=3@—5x+30r5x2— 14x— 3y + 9=0.

LRI
a2=25D0b2=9c2=16
Center: (1,5)

Foci: (1,9),(1,1)
Vertices: (1, 10), (1, 0)

31

ot
5

19.y2—-4x—-4=0

y2=4x+ 4
= 41)(x + 1)
Vertex: (—1,0) 4
Focus: (O,
(0,0) L
Directrix;: x = -2 -6 6
[
-4
23. (x — h)2 =4p(y — k)
X2 = 46)(y — 4)
X2 —24y+ 96 =0
29. X2+ 4y =4 y
2 2 oL
LTl
0,0
@2=4P=1c=3 /jﬂTT\ x
Center: (0, 0)
Foci: (/3,0 27
Vertices: (2, 0)
_ VB
€=

33. Ox2 4+ 4y? + 36x — 24y + 36 =0
9+ 4x+4) +4(y>—6y+ 9 =—-36+36+36
= 36

CET RO

@2=9W=4c2=5
Center: (—2,93)

Foci: (-2,3 + /5)
Vertices: (—2, 6), (—2,0)

e="3
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35. 122+ 20y2 — 12x + 40y — 37 =0 37. X2+ 2y2 — 3x+ 4y +025=0
1 9 1 9
12<x2—x+z)+20(y2+2y+ 1)=37+3+20 <x2—3x+z>+2(y2+2y+1): —atgt2=4
= 60 x- (3/2F , (y+17 _,
4 2
[x- /2P  (y+1?_
5 3 a2=4,b2=2c2=2
2 _ 2 _ 2
F=5p=3c=2 Center: (g —1)
Center: (% —1) 3
Foci: (E + /2, —1)
Foci: (% + /2, —1)

39.

Vertices: (% + /5, —1)

Solve for y:
20(y?+ 2y +1) = —12x° + 12x + 37+ 20
57 4+ 12x — 12x?

2 —
(y+1) 20
14 57 + 12x — 12x?
y * 20
(Graph each of these separately.)
1
-3 &-) 3
-3
Center: (0, 0)
Focus: (2, 0)
Vertex: (3,0)

Horizontal major axis

a=3c=20 b=.5

X2 y2 B
9 "5~ 1
. Center: (0, 0)

Horizontal major axis
Points on ellipse: (3, 1), (4, 0)

Since the mgjor axisis horizontal,

5)+(3)->

4]1.

R

Solvefory: 2(y? + 2y + 1) = —x* + 3x — % +2

(y+1)32= %G+ 3x — x2>

_ o, [T
y * 8

(Graph each of these separately.)

1

[

-3

Vertices: (3,1), (3,9)
Minor axis length: 6
Vertical major axis
Center: (3,5)

a=4b=3

(x=32 (y—=-52_
9 s =1

Substituting the values of the coordinates of the given points into this equation, we have

O\, (1), g6 _
(;) + (?) =1, and 22 =1

The solution to this system is a? = 16, b? = 16/7.
Therefore,

LS G G |G
16+16/7_1’16+16_1'




49.

53.

92 —y?—-36x—6y+18=0
9% —4x +4) —(y>+6y+9) =-18+36—-9
x—=22 (y+3?_
1 9
a=1b=3c=.10
Center: (2, —3)
Vertices: (1, —3), (3, —3)
Foci: (2 + /10, -3)
Asymptotes: y = —3 + 3(x — 2)

1

9y? — X2+ 2x + B4y + 62 =0
9y2+6y+9 —(x¥—2x+1)=-62—1+81=18

(y+3?2 (x—12_
2 18

a=v2b=3/2c=2J5
Center: (1, —3) -5 7
Vertices: (1, -3 + /2) T
Foci: (1, —3 + 2/5) - 23
Solvefory: -7

Ay +6y+9) =x>—2x—62+81

X2 —2x+ 19
9

1

(y+32=
1
y=—3:§ X2 —2x+ 19

(Graph each curve separately.)

51.

55.
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45.%27)(22:1 47, (x—41)2_(y—;2)2:1
a=1b=2c=.5 a=2b=1c=.5
Center: (0, 0) Center: (1, —2)
Vertices: (0, 1) Vertices: (—1,-2),(3, —2)
Foci: (0, +./5) Foci: (1% /5, -2
Asymptotes; y = :%x Asymptotes: y = —2 + %(x -1

XX — 92+ 2x—54y—-80=0
(+2x+1) —9(y>?+6y+9=80+1-81=0
x+1)2-9(y+32=0
y+3= i%(x +1)
Degenerate hyperbolais two lines intersecting at

(-1, -3).

X

L
\

-2y —6x— 12y —27=0

3 —2x+1) —2(y?+6y+9 =27+3-18=12

x—=1?_ (y+3?7_
4 6

a=2b=/6.c= /10

Center: (1, —3) s

Vertices: (—1, —3), (3, —3)

Foci: (1 + /10, -3)

1

Solvefory:

2(y2+6y+9) =3x2—6x— 27 + 18

2 _ —

(y+3)2:3X 6x — 9
2
_ 3(x2—2x — 3)
y=-3+% >

(Graph each curve separately.)
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57.

61.

65.

67.

73.

Vertices: (1, 0)
Asymptotes: y = +3x
Horizontal transverse axis

Center: (0, 0)
a=1,¢9=1-9=13 O b=3
a 1

S
Therefore, 1 9 = 1.

Center: (0, 0)
Vertex: (0, 2)
Focus: (0, 4)
Vertical transverse axis

a=2c=4pP=c2—a=12

Y X _
Therefore, 1 1 1.

X X g X
6 2.3

Atx=6y=+/3y =—=
Y Y "oz o

At(6,V3): y - fS=zT\/§(xf6)

or 2x—3J/3y—-3=0

-2.3
9
or2x+3/3y—3=0

At(6,—V3): y+ /3=

X2+ 4y? —6x+ 16y + 21 =0
A=1C=4

AC=4>0

Ellipse

O+ 9y? —36x + 6y +34=0
A=C=9
Circle

(x —6)

69. y2 —4y —4x =0
A=0C=1
Parabola

59.

63.

(b)

75.

Vertices: (2, £3)

Point on graph: (0, 5)

Vertical transverse axis

Center: (2,0)

a=3

Therefore, the equation is of the form
Y x=27_
9 b2

Substituting the coordinates of the point (0, 5), we have

é—i—l or

9
— 2 _ 2
9 b? b 4

Yo (x— 27 _

Therefore, the equation |s§ - 9/4

Vertices: (0, 2), (6, 2)
2

Asymptotes. y = gx, y=4- §x

Horizontal transverse axis
Center: (3,2)
a=3

WIN

Slopes of asymptotes: ig ==
Thus, b = 2. Therefore,

(x—32 (y—2?2_
9 4

1.

From part (a) we know that the slopes of the normal lines
must be 79/(2/3).
= = 9
At(6,V3) y—V3=—-——=(x—56
(6.V3): y= 3= - "= 0

or9x +2/3y —60=0

2)- 9 -
At(6, —V/3):y + f—zﬂ(x 6)

or9x —2/3y—60=0

71. 42 + 4y? — 16y + 15=0

A=C=4
Circle

X —6x+3=6+22+4y+2

-2 —-6x—4—-5=0
A=3C=-2AC<0
Hyperbola
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77. (a) A parabolaisthe set of all points (x,y) that are
equidistant from a fixed line (directrix) and a fixed

79. () A hyperbolaisthe set of all points (x, y) for which the
absolute value of the difference between the distances

point (focus) not on the line.

(b) (x — h)2 = 4p(y — k) or (y — k)> = 4p(x — h)
(c) See Theorem 9.2.

from two distance fixed points (foci) is constant.

(b)

K?  (x—h? _

x—h? (K2 _
b?

(y -
2 1or 2

b?

© yzkig(x—h)ory=k+§(x—h)

“b
81. Assume that the vertex is at the origin. 83. y=ax?
X2 = 4py y’ = 2ax
(3?2 = 4p(2) The equation of the tangent lineis
g:p Y — aX? = 2axy(X — %) Or y = 2axX — axg?
4 Lety = 0. Then:
inai 9
The pipeis located ; meters from the vertex. —ax? = 28X — 2a%.2
y
axy? = 28%X
sl
o Focus Therefore,% = X is the x-intercept.
d
(-3,1) 3,1 y
o
S 2 |1z 5

w 0% %)

59

85. (a) Consider the parabolax? = 4py. Let m, be the slope of the one tangent line at (x,, y,) and therefore, —1/m, is the slope of
the second at (x,, y,). From the derivative given in Exercise 32 we have:

1
m, = ?pxl or X, = 2pm,

i:ix or X -~

rno 2p 2 2
Substituting these values of x into the equation x2 = 4py, we have the coordinates of the points of tangency (2pmy,, pm,?)
and (—2p/my,, p/my?) and the equations of the tangent lines are

(y — pmy?) = my(x — 2pmy)  and (y - %) = ;E(x + %2)

The point of intersection of these linesis

<|o(mo2 -

and is on the directrix, y = —p. y
M p) y p

y=-p---4

—CONTINUED—
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85. —CONTINUED—

(b) 2 —4x—4y+8=0

Directrix: y = 0 and the point of intersection (% O) lieson thisline.

87. y=x—-x
dy .
dx_l 2x
At (x,, y,) on the mountain, m = 1 — 2x,. Also, m =
yan—1_ .
X + 1 1-24

(x—2?2=4y—-1). Vertex (2,1)

x-a-a¥_g

dx
dy 1
ax 2% L

Tangent lineat (—2,5): y—5=—-2(x+2) 0 2x+y—1=0.
Tangmtlineat(:i,%):y—%=%(x—3) O 2x—4y—-1=0.

Sincemm, = (—2)(% = —1, thelines are perpendicular.
. . . 1 1
Point of intersection: —2x + 1 = >
5 _ 5
2 4
L1
2
y=0

(X, =% —1=(1-2x)(% +1)
X2+ x —1=-22-x+1

X2+2x,—-2=0

—21\02—4ux—a::—2¢2¢§:

y1—1
X + 1

= 2(0) 2
Choosing the positive value for x,, we havex;, = —1 + V3.
m=1-2(-1+ /3 =3-2/3
no0-1_ 1
X T1 X+ 1
Thus, ———— = 3 - 2./3
"%t 1
= =+ 1
3-2/3 °
3+2/3 1
3 Xo
2/3 _
3
The closest the receiver can be to the hill is(2J§/3) — 1= 0.155.

-1+ 3

o
(X1, Yy,

b
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89. Parabola Circle
Vertex: (0, 4) Center: (0, k)
X2 = ap(y — 4) Radius: 8
2 = a4p(0 — 4) it X2+ (y — k2 =64
A 42+ (0-k?>=164
2 = —a(y — 4) k? = 48
2 k= —4\@ (Center is on the negative y-axis.)

y=4-7% ¥+ (y + 4/3)° = 64

y=-4/3+ /64 — X
Since the y-value is positive when x = 0, we havey = —4./3 + /64 — 2.

A= 2[4“4— Xf) —(-4v3+ \/m)] dx

0

3 4
= 2[4x - % + 43 — %(x\/64 —x2 + 64arcsin§)]

8/ lo
64 o1
=216-3+ 16J§—2m—32arcsmE
_ 64+ 3:;/3 —2m) _ 15,536 square feet

91. (d) Assumethaty = ax2.

(~60, 20)
l 1 20+

— 2
Y= 180"

(60, 20)
20=a60)2 0 a=

360 180

15+
1 1

(b) F(x) = 7552 F¥) = g w0

60 1 \2 2 (%
S=2 l+<—x> dx = —| /90% + x?dx ) {
o 90 90/,

—t—t t t
-60 -45 -30 -15 15 30 45 60

21

= % 2 (formula 26)

[x\/QO2 + X2 + 902 In‘x + /90?2 + XZ‘]

60
[0]
= 9—10[60\/11,700 + 902 In(60 + /11,700) — 90 In 90]

= 9—1()[1800JT3 + 902 In(60 + 30./13) — 902 In 90]

= 20/13 + 90|n<%g/ﬁ>

= 10[2JE +9 In(L:;/ﬁﬂ ~ 1284 m

11
2 — - = = =
93. X —4py,p—4,2, ,2,2

w

As p increases, the graph becomes wider.

-

1
y p=> p=
\ 4/
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_5 _ _ /(5 _ (p2_3
97.a—2,b—2,c— <2> (2)—2

The tacks should be placed 1.5 feet from the center. The string should be 2a = 5 feet long.

99. e=2S !
a
A+P=2a
< > \(a,0)
S ATP B
- 2 A P,
A+P A-P
c=a-P="—"—-P="3
e C_(A-P/2_A-P
a (A+P)/2 A+P
A—-P 35.34au — 0.59au
101 €=\ p ~ 3534au + 059au ~ %72
X2 y2
103. 1—02+§=1 105. 16x2 + 9y? + 96x + 36y + 36 = 0
2x + 18yy’ + 96 + 36y’ =
% 2yy’_o 32x 8yy’ + 96 + 36y’ =0
12" 5 T y'(18y + 36) = —(32x + 96)
,_ =5 _ —x ,_ —(32x + 96)
Y=oy T ay Y= T8y + 36
= 0whenx = —3.y’isundefined wheny = —2.
At(—8,3): y’ 8.2 y y y

T12° 3 Atx=—3,y = 20r —6.

The equation of the tangent lineisy — 3 = %(x + 8). It Endpoints of major axis: (-3, 2), (—3, —6)

will crossthey-axiswhenx = Oandy = 5(8) + 3 = 2. Aty = —2,x=0o0r —6.
Endpoints of minor axis: (0, —2), (—6, —2)

(x+32, (y+2?7_
16

Note: Equation of ellipseis 1

107. (@) A= 4JZ%J4 “X2dx = [x\/4 %+ 4arcsin<§>]z =27 [or, A= mab = m(2)(1) = 2]

2
- _ L oyge =t ,13]2_%
(b) Disk: V—27TJ;) 4(4 x)dx—27[4x |, =3
y:%\/4—x2
y =
24 — ¥

X2 16 — 3x?
2=/ _r - [T
V1+(y) 1+ 16— 22 2y

_ (VI3 [ m oe—as o[\ _ 27 30) ~
sfz(zw)Ly< ay )dx—z\/éL\/:%x\/lG 3x +16arcsm< 7 )]o’ 9(9+4\/37r)~21.48

—CONTINUED—
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107. —CONTINUED—

2

2 2
(c) Shell: V= 27-rf X4 — X dx = —rrj —2x(4 — xd)Y2 dx = —%[(4 - x2)3/2]0 = %T
0 0
Xx=2J/1-y?
p —2
X = ——2
Vi-y?
VT eR= J1+ N YIES

1-y2  J1-y?

! V1 + 3y2 i —
=2(2W)J2\/1— 2> _—=>dy = 8 \/1+32d
y Ty y y? dy

zf[/éy 1+ 32 +In‘\/§y+\/1+ \] 7T\6+ J/3In(2 + /3)| = 3469

109. From Example 5, 111. Areacircle = #r2 = 1007
/2 Areaellipse = 7ab = 7a(10)
C=4af J1—-€esinf6do
0 2(1007) = 10ma OO a =20

S Hence, the length of the major axisis 2a = 40.

For — + 9 1, we have
a=7b=5c= .49 - 25 =26, e—f:Z—*?/é.
C= 4(7)] J1- %smz 0do
~ 28(1.3558) =~ 37.9614
113. Thetransverse axisis horizontal since (2, 2) and (10, 2) 115.2a=10 1 a=>5
are the foci (see definition of hyperbola).
( yperbolz) c=60 b= 11
Center: (6, 2)
c=42a=6=2—-a2=7 $ ? \
Therefore, the equation is
(x-6?7 (y—2°_,
9 7 '
117. Time for sound of bullet hitting target to reach (x, y): % + w y
m S
+ 2 + 2
Time for sound of rifle to reach (x, y): w
S -
2c (x—0c2+y? (X +c)2 +y? (75 Y x
Since the times are the same, we have: — + y = y e
m S S

— 2 2 2 2
LCEJF 4c ﬁx—c)2+y2+(x c)2+y:(x+c)2+y
Vm vas VS VS

Vi2X — Ve
/(X_C)2+y —m~ s>

VeVm

2 2
(1 - V%)xz +y2= (V% - 1>c2
VS Vm

X2 y2

- =1
CAVE/V? C(Ve? — V2) V2




Section 9.1 Conics and Calculus 187

119. The point (x, y) lies on the line between (0, 10) and (10, 0). Thus, y = 10 — x. The point also lies on the hyperbola
(x2/36) — (y?/64) = 1. Using substitution, we have:

X (10-x? _
36 64

16x2 — 9(10 — x)2 = 576
72 + 180x — 1476 = 0

X = —180 + /1802 — 4(7)(— 1476) _ —180 + 192./2 _ —90 + 96./2
2(7) 14 7
Choosing the positive value for x we have:
M 6.538 and y = M ~ 3.462
X2 2y? 2y? X2
121. ?+§=1D ?=1—?,02=a2—b2
X2 2y? 2y? x2
- t P e-p !
X2 X2 1 1
@ a@-p U 2:X2(¥+a2 bz)
2 2a%(a? — b?) O xe s Va2 — 12 _ . J2ac
282 — b? T V22— J2a2 -1
PR T SR .
b2 a?\2a2 — b? b2 2a2 — b2
T SRR -
AR RN N =
J2ac b2 ) ( J2ac b? )
There are four points of intersection: - ,* —
P <\/2 2 - p? fJZaZ V222 — 0?2 /2282 — 2
L P2 _ L X
a2 w52 b2 =0D Ye™ "oy
L 24y . _ P
z- w U@ bZ_ODyh_Zczy
J2ac b? . .
A <\/m, NN , the slopes of the tangent lines are:
e J2ac o /%8¢ \/iac
, J2a2 — p? c , \/2a2 a
Ye= O =2 ad Y= =
2a2<7) 202< )
V2282 — P? f\/2a2

Since the slopes are negative reciprocals, the tangent lines are perpendicular. Similarly, the curves are perpendicular at the
other three points of intersection.

123. False. See the definition of a parabola. 125. True

127. Fase y? — X2 + 2x + 2y = Oyields two intersecting 129. True
lines.
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Section 9.2  Plane Curves and Parametric Equations

Lx=Jty=1-t

@ () y
tlol1]| 2 | 3 | 4

1e

x| 0| 1] V2] V3] 2 \ ‘ )

-1 1 ‘2 3

yl1lo] -1] -2 -3 N
© 2
ol

-4

3.x=3t-1 5 x=t+1 7. x =18
y=2t+1 y = 3t2
_ (x+ 1>+1 x = t3impliest = x%/3
3 y =x%/?
2X—3y+5=0 ,
y
1
ol
N e R AR
e
Ll
9. x=Jtt=0 1. x=t—1 13. x = 2t
— t =t—-2
y=t—-2 y:t—l y=| |
=x2—-2,x=20 | 4|
y =X X 2 X X —
, y:x+1 y—E—Z‘— >
X
ni
3+ y
2+ 4
i

15. x=¢€,x>0 y
y=e'+1

y=x34+1,x>0
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y=-1+sné

xy=1
_1
y X
X 21yl <1
y
a
o
L ‘lﬁ \ .
-'-\ 1 1 2 3
ol
_al
23. X=4+ 2cos6
— 2
(x 44) = cos? 0
+ 2
(y l1) — §n
(x—42  (y+17?
+ =
4 1 1

TS

-4

27. X=4seco
y = 3tan 0
X = s
yg—tanze

Section 9.2 Plane Curves and Parametric Equations
19. x=3c0s 6, y=3sn6 21. X =4sn26
Squaring both equations and y = 2co0s26
adding, we have 2
X2+ y2 =09, E=Sin220
y 2
4 yz = cos? 26
2+ X2 y2
X 16 ! 4 !
-4 -2 1 2 4
—24 4
4l
-4
25. X=4+ 2cosf
y=—-1+4sn#
(x— 4?2 _
Y cos? 0
(y+12_ .,
BT sinc 6
x=42 (y+1?_
T
3
-5
29. x = t3 3L X=g'!
y = 3Int y=¢*
y = 3In¥x = Inx _1
X
2
¢ =3y
Pl -1
- 3 - =
1 / 5 \/y X
1
—2 y: g
x>0

y>0
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33. By eliminating the parametersin (a) — (d), weget y = 2x + 1. They differ from each other in orientation and in restricted
domains. These curves are all smooth except for (b).

@ x=ty=2t+1 (b) x = cos 6 y=2cosfh+1
y —-l<x<1 —1<y<3
T dx _dy

i %_@:Owhenezo,tthm----

() x=¢ y=2et+1 (d x=¢ y=2e¢+1
x>0 y>1 x>0 y>1
y y
ol o
3t al
2 2

35. Thecurves areidentical on 0 < 6 < . They are both smooth. Represent y = 2(1 — x?)

37. (9 4 4 (b) The orientation of the second curve is reversed.

(c) The orientation will be reversed.

\\_/' \\_/' (d) Many answers possible. For example, x = 1 + t,

y=1+2t,andx=1—-tx=1- 2t

-4 -4
39. X =% + tx, — x) 41. x=h+ acosf
y=y, +tly, —y,) y=k+bsng
XZX _y X=h_ osp
Xy = X
y=y +<X7X1)(y—y) Y=K_sne
A\, —x /)2 b
Y2V x—h? (y—k?_
Y=Y = X, — Xl(x X)) 22 + 2z 1
Y=y = mX—x)
43. From Exercise 39 we have 45. From Exercise 40 we have 47. From Exercise 41 we have
X = 5t X=2+ 4cos6 a=5c=40 b=3
y= -2t y=1+4sné. x = 5cos 6
Solution not unique Solution not unique y = 3siné.
Center: (0,0)

Solution not unique
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49,

55.

61.

65.

67.

71.

73.

From Exercise 42 we have 5. y=3x—-2 53. y=x3
a=4c=50 b=3 Example Example

X =4sec o X =1, y=3t-2 X =t, y=t

y = 3tan 6. x=t—-3 y=3t-11 x = 34, y=t
Center: (0,0) X = tant, y = tan3t

Solution not unique

X=2(6 — sin6) 57.x:0—§sin9 59. x = 3cos®
y = 2(1 — cos6) y=1-3cosg y =3sin®9
5 5 4
Y -6 /\\ 6
-1 -1 -4
Not smooth at § = 2n7r Not smooth at (x,y) = (£3, 0) and
(0,+3), 0r 6 = 3n7.
X = 2cot o 4 63. See definition on page 665.
y=2sn?6
-6 ‘q\“—"— 6
-4
Smooth everywhere
A plane curve C, represented by x = f(t),y = g(t), issmooth if f’and g’ are

continuous and not simultaneously 0. See page 670.

X = 4cos 60 69. x =cosf + 6sin b
y =2sn26 y=sn6 — 6coso
Matches (d) Matches (b)
When the circle has rolled 6 radians, we know that the center is at (a6, a). y

sin 6 = sin(180° — 0) _ 14c]_ D] or |BD| =bsiné

b b P
o |AP|

cosf = —cos(180° — 6) = — - or |AP| = —bcosg &
Therefore, x = af — bsinfandy = a — bcos 0 ‘ B D "
False

x=t20 x=0

x=t>20 y=0

The graph of the parametric equationsis only a portion of theliney = x.
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. 100)(5280 440 . .
75. (@) 100 mi/hr = % = ?ft/sec (d) We need to find the angle 6 (and time t) such that
440 )
X = (——cos @ |t = 400
X = (Vo cos O)t = (% cos G)t < 3
440 .
y =h+ (v,sn o)t — 16t2 y=3+(?sm0>t716t2=10.
34 (ﬂo sn g)t _ 162 From the first equation t = 1200/440 cos 6. Subsiituting
3 into the second equation,
®) 440 1200 1200 \?
10=3+ (T sin 9)(440 cos 0> B 16(440 cos 0)
2
7 = 400 tan 6 — 16(%) sec? 6
0 400
° 2
It is not a home run—when x = 400,y < 20. = 400tan 6 — 16<%) (tan? 6 + 1).
(c) 60 .
We now solve the quadratic for tan 6:
1202 (@) _
16<44) tan® 6 — 400tan 6 + 7 + 16 44 =0
0% 400 tan 6 = 0.35185 [0 6 =~ 19.4°
Yes, it's ahome run when x = 400,y > 10.
Section 9.3  Parametric Equations and Calculus

dy dy/dt -4 -2

Codx  odx/dt 2t ot

5.

9.

XxX=2t,y=3t-1

dy _ dy/ct _3
dx dx/dt 2
g0

dXZ—OLlne

X=2c0sh, y=2sin6

dy _ 2cosf _ .. _ .
dx ~ —2sn6 cot § = 1When(974
d?y  csc?h  —cstPh _ @
o2 - “osne- 2~ ~Y2wheno=-.
concave downward

dy _dy/dt _ —2costsint _
“dx dx/dt 2sintcost

[Note: x+y=10 y:1—xandgz—1]

T.x=t+1y=t2+3

dy 2t+3 .
- 1 = lwhent= -1
dy _

@ 2 concave upwards

1. x=2+sch y=1+2tan 9

dy _ 2sec?6
dx secOtan6
_2sech

T
= o —2csc9—4when0—6_

d% _ —2cschcotf
dx? sec ftan 0

= -2cot? 9= —6/3when § =

ol

concave downward
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13. x=cos’ 6, y =sn ¢

dy _ 3sin? 6 cos 6
dx —3cos?0sing

:7tan0=71whene=g.
dy _ —sec?9 1
dx® —3cos?2fsnh 3cos*Hsing

sectfcsc 0 42 a

= 3 =3 When6—4.
concave upward

7. x=2t,y=t2-1t=2
@) 10

N

-4

(b) Att =2, (x,y) = (4,3), and
dx_,d_,d_,
dt 7 dt " dx
(© g—i:z.At(4,3), y—3=2%x-4)
y=2x—5
(d) =

N
-5 5

15.

19.

21. x = 2sin2t,y = 3sint crossesitself at the origin, (x, y) = (0, 0).

Atthispoint,t = Qort = 7.

dy _ 3cost

dx 4cos2t

_o W _3 _3 i
Att = 0: dX—4andy—4x.TangentL|ne
Att = 77,@ = —§andy: _—Sx Tangent Line

dx 4 4

X=2cotf,y=2sn?0
dy _4sinfcosf _

- = in3
ax s 0 2sin° 6 cos 6
_ 2.3 ,_27 . dy_3/3
At< \/5,2),9— 3,anddx— g
- 3_3J3 2
Tangent line: y >~ g (x+ \/§>
3/3x -8y +18=0
T g
At(0,2), 6= o and dx 0
Tangent linee y —2 =0
B o7 g _ 3
At<2J§,2>,9—6,anddX— g
Tangent line: y— % = f§(x -2/3)

J3X+8 —10=0

X=t2—t+2 y=t3-3t t=—1
@ 5

A

N

(b) Att= -1, (x,y) = (4,2), and

dx _ ,dy . dy_
dt 3 dt_o’dx_o

© %:O.At(4,2), y—2=0(x- 4
y=2
(d) 5

“.2 /
o O
N

©
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23.

25.

29.

33.

X=0c0s0+ 0sinfh, y=sn6— 6cos o

dy

Horizontal tangents: 40

Points: (—1,[2n — 1]m), (1, 2n7) where nis an integer.
Points shown: (1,0), (—1, @), (1, —2#)

: dx _ _m 37 57
Vertical tangents: a0 0 cos 6 = 0when 6 = > o g
—1\n+1, —
Points: (—( 1) (22n 1)77, (—1)”*1>
. o (m 37 S5
Points shown: <2,1), ( > 1), (2,1>
Xx=1-t y=t2 27.
Horizontal tangents: % =2t =0whent=0.
Point: (1, 0)
Vertical tangents: % = —1 # 0; none
3
- AN ]
(1,0
-1
x=3cos0,y=3snéo 31.
- dy _ _m3m
Horizontal tangents: 4o~ 3cos6 = 0when o = UCE

Points: (0, 3), (0, —3)

de
Points: (3,0), (—3,0)

Vertical tangents: —3sinf§=0when o =0, =

4

0,3)

6
-3, 0)\_‘/!(3, 0)

0.-3

-4

X=sc6 y=tanb

dy

= g2 -
do sec? 6 # 0; none

Horizontal tangents:

%:sec()tanOZOwhenx:O, T

Points: (1, 0), (—1,0)

Vertical tangents:

35.

=0snf=0whend =0, = 2m, 3m,. ...

x=1—-t y=1t-3
dy

dt
Points: (0, —2), (2,2)

Horizontal tangents: =3t2—-3=0whent = +1.

%: —1 # 0; none

Vertical tangents: p

X=4+2cosh, y=—-1+sno

dy

do
Points: (4, 0), (4, —2)

3

Horizontal tangents: cos § = Owhen 6 = -

m
>

de
Points. (6, —1), (2, —1)

Vertical tangents: —2sin6=0whenx =0, m.

(4,0
§2,-1) 36 -1
T @2

Xx=ty=2,0<t< 2

x_ oy, (%f + (%2 — 42+ 4= 42+ 1)

dt dt dt dt

=2, ot

2
s=2f V2 + 1dt
0
JE— R 4
= [t\/t2+ 1+ Int+ V&2 + 1|]
0

=25+ In(2 + /5) ~ 5916
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37. x=¢etcost,y =etsint,0 <t <

Ny

X _ g N tcost — g
i (sint + cost), il (cost — sint)

[T
) dt dt
/2 /2
=f V2e %t = f\/if e (—1) dt
0 0

- [_ ﬁeft]:/z =J/2(1-e ™) ~112

41. x = acos®*h, y = asin® g, %= —3acos? 6sin 6,

dy_ oo
40 3asin? 0 cos 6

w/2
S=4J 9a2cos* fsin? + 9a2 sin® 6 cos? 6 do
0

/2
= 12af sin 6 cos 9+/cos? § + sin? § do
0

/2

/2
:6af sin20d0:[—3acos?_0]0 = 6a
0

45. x = (90 cos 30°)t, y = (90 sin 30°)t — 16t2

@ s

0

(b) Range: 219.2 ft

ax _ e W _ 904n30 —
(© at 90 cos 30°, i 90sin30° — 32t.

45
y=0fort = 16

45/16
s= J (90 cos 30°)2 + (90sin 30° — 32t)2 dt

0

= 230.8ft

_ Cap g X_ 1 dy_
30. x=Vty=3t L & 20t 3
1 1 7
S:J /i_,_gdt:;f ﬂdt
o 4t 2Jo \ﬁ
16
=6f\/1+u2du
0

- le[m(m ru)+ um]

6
0
= le[ln(\/ﬁ +6) + 6\/§] ~ 3.249

3
u=61 du=—dt
N

—

43. x = a(f — sin ), y = a1l — cos 0),
dx dy

— = a(1 — cos ),

do @ZaSHG

S= ?_f Ja2(1 - cos6)? + a2sin? 6 do
0

=2J/2al V1 - cos6dd
0

T &§né
=2J/2a| ————d6
o 1+ cosé

= [—4\/§a l+cost9] = 8a
0

(d y=0 0O (90snoat =162 O t:%gsine
902 . 90? .

x—(90c030)t—1—600303m6—§sm20

/| 902 el

X(G):§200320:0 0 6=45

By the First Derivative Test, § = 45°<%>
maximizes the range.

dx
at 90 cos 6,

dy
dt

(90/16)sin @
s= j (90 cos H)2 + (—90 sin H)2 dt
0

(90/16)sin & (90/16)sin §
= j 90dt = 90’[]
0 0

902 .
—Tesne

ds 90?2 T
@—TGCOSG—O O 0—5

By the First Derivative Test, # = 90° maximizes the
arc length.

—=00sinf—32 = 90§n0732<%sin 6) =—-90sn§6
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47. @) x=t—sint X = 2t — sin(2t) (b) The average speed of the particle on the
_ _ second path is twice the average speed of
y =1~ cost y=1- cos(2) aparticle on the first path.
i T y=1- cosl3)
/\ /\ The time required for the particle to
. 3 o 3 traverse the same path ist = 4.
1 -1
Sty Xy _ —asng X _agne W
40 x=1t, y=2, dtfl’dtfz 51.x—4coso,y—4sm0,d9— 4sin 6, d0—4cos(9
4 4 /2
@ S:2’7Tj 2t\/l+4dt=4\@7rf tdt S:2’7Tj 4.cos 9/ (—4sin 6)2 + (4 cos 6)2 do
0 0 0
4 /2 /2
= [2\@779] = 327./5 = 32wf cos §d = [327Tsin 0] = 327
0 0 0
4 4
(b) S= 2wf t/1+ 4dt = 2\/§wf tdt
0 0
4
= [ﬁwtz] = 1677\@
[0]
.o dX . dy -
53. x =acos’f, y = asin® 0, i —3acos’ §sin b, i 3asin? 6 cos @
/2 /2 12782 "2 12
S:47rf asin® §/9a? cos* fsin? 0 + 9a?sin® § cos? Hdf = 12a27rf sin* 6 cos Hdo = [sin5 9] :€77a2
0 0
b 2 2
55. %y = gy/ g: 57. One possible answer is the graph 59. s = f %) + (%
X X/ given by a
See Theorem 9.7, page 675. X=ty=—t See Theorem 9.8, page 678.

——t—F+—N+T+—++>X
-4 -2 2 4

4+

6l. X =rcos¢, y=rsing¢

7]
S= 27rf rsing/r2sin? ¢ + r2cos? ¢ de
0

0

= Zﬁzf sin ¢ d¢
0

6

0

= [—277!‘2 cos d)]

= 27r?(1 — cos 6)
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63. x=/t,y=4-10<t< 4

I PR SN PP ARV [ DR | A (O
A—fo(4 t)z\/fdt ZL (4t=12 — 12/2) it [2(8ﬁ Stﬁﬂo 3

o3 (1 3 (* 3 2\1* 3
X=16), 4 tNt(zﬁ)‘jt_szL("' t)dt_[sz<4t 2)]0_4
3(* , 1 3 (s 3[716727]48
N _ T = 2 -1/2 _ gt1/2 4 t3/2 — _ =0 + %2 _9°
vy 320(4 1) Zﬁdt MJ;[l& 8t t3/2] dit 643th 3tJt ot Jto :
o (38
%9 - (%2
. dx .
65.x:3cos(9,y:BSnO,@:—:SsmG
0
V=2n-f (3sin A)?(—3sin 6) do
/2
0
:—547'rf sin® 6 do
w/2
0
:_547TJ (1 — cos? ) sin 6do
/2
0
= *5477[*C0$6’+ cosge} , = 367
/2
67. x=2d€n?9 y
y=2sn26tan g 27
dx . n o :
—_— = 0<6<5 1
40 4sin6cos o } }2 o
-2 -1 1 1
/2 . . /2 . 1 :
A=J 23m2(9tan0(4sm00050)d0=8j sin* 6do !
0 0 I
] !
—sn®fcosf 3 . 3172 3x I
—8[ 2 —85|n0c050+80]0 =5
69. mab isarea of ellipse (d). 71. 6ma?isareaof cardioid (f). 73. %abisareaof hourglass (a).
1-—-t2 2t 2
75. (9 X—l+t2, y—m, -20t< 20
o | N
The graph isthe circle x2 + y? = 1, except the point (—1, 0). l\__/
: 1-t?)\2 202 1-22+t 442 (14192
. 2+ 2 — = = =
Verify: X +y <1+t2) <1+t2> 1+ t?)2 1+ t?2 -

(b) Astincreasesfrom —20 to 0, the speed increases, and ast increases from 0 to 20, the speed decreases.

77. False

d [g/(t)]
dzy _dtl () ] _ (g — g’ (Hf1r)
dx2 (1) [f ()P
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Section 9.4  Polar Coordinates and Polar Graphs

y=4s|n127 =4 y=—4sin<—g>—2\/3
(xy) =(0,4) xy) =(-22/3)
7»(4,3—71) ° |
P =
7.(r. 6) = (5, %”) 9. (r. 0) = (—35,25)

(x,y) = (—3.5355, 3.5355) (xy) = (2.804, —2.095)

y
L
il
[ ]
(-354,354) 34 B i 3 3 X
2+ -1
1T o .
o L x (2.804, —2.095)
4 -3 -2 -1 1 3l
i
13. (x,y) = (=3,4) y
r=+/9+ 16 = +5 5
_ _4 (-3,4) 4t
tan 6 = —3 ¢

9 ~ 2.214, 5.356, (5, 2.214), (-5, 5.356)

P
————
-4 -3 -2 -1 1

15. (x,y) = (3, -2 17. (x,y) = (
(r, 6) = (3.606, —0.589)

19. (@ (x,y) = (4,35)

4t (4,35)
[ ]

5 4
23

)

i (b) (r, 6) = (4,35)

5. (2, 2.36)

11.

(r, ) = (2.833, 0.490)

n
2

(v2,2.36)

X = /2c08(2.36) =~ —1.004
y = /2sin(2.36) = 0.996
(x,y) = (—1.004, 0.996)

xy =(11
r=+2

tang =1

3T (2d e

F— ol

(4,35)

S5

4

)
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21 X2+ y?2=a? z 23. y=4 z
r=a T rsnfg=4 T
/—\ r=4csch
t t } A } 0 4
N —
25. 3Xx—-y+2=0 27. y2 = Ox

3rcosf—rsnf+2=0
r(3cos@ —sinf) = -2

-2
3cosf — sinf

29. r=
r2=9
X2 +y2=9

31.

35 r=3sect y

rcosf =3 sl
X=3

2l
Xx—3=0

L

s
39.r=2+sn6 4

0<0<22r7

r2sin? @ = 9r cos

_ 9cos 6
sin? 0

r = 9csc? 0 cosh

r=sné 33.
r2=rsne
¥ +y2=y
e (y-2f -1
2 4
XX+y2—y=0

(NI

37.r =3 — 4cos6
0<6< 27

4l r:l+c050

Traced out once on
—m<6< 7

-10
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43, r=2005<%) 2 45, r2 = 4sin29 2
0<60<i4nw -3 3 0<0< E O
T
-2
-2
47. r =2(hcos6 + ksin 6) Radius. h? + k2
r2 = 2r(hcos 6 + ksin 6) Center: (h, k)
r2 = 2[h(r cos 0) + k(r sin 6)]
X2 + y2 = 2(hx + ky)
X2 +y2—2hx—2ky=0
(@—2hx+h?) +(y2—2ky+ k) =0+ h?>+ k2
x—h2+ (y—k?2=h2+Kk?
49. (4, %)(2 7—67> 51. (2,05), (7,1.2)
5 d= /22 + 72 — 2(2)(7) cos(0.5 — 1.2)
_ 2 2 _ & T .
d= \/4 T2 - 2490 °°5< 3 e) ~ /53— 28005~ 0.7) ~ 5.6
o
= /20— 16 cos -, = 2/5=45
53. r=2+3sn§ 55. (@), (b) r = 3(1 — cos 0)
g:3c030§n0+coso(2+3§n0) 4
dx 3cosfcosf — sin B2 + 3sin ) /_\j\
_2cosf(3snf+1) _ 2cosH3sino + 1) - N
"~ 3c0s20—2snf 6coH—2snf— 3
-4
At (5,71), Y _ o,
2)" dx -
& 2 ro-(33) 0 xy-03
At (2, ), -3
% Tangent line: y — 3= —1(x — 0)
A 1377 dy
t—,?,&—O. y=—-x+3
_rdy_
(©) Ato =3, o = —10.
57. (@), (b) r =3sin6 5

L

™,
3/3 7 3/39
o= (323) 0 o= (339
Tangent line: y — % = f\/§<x - 37‘/3)

9

y:—\/§x+§

_rdy_ s
© Ato ==, = J3 1.732.
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5. r=1-sno

dy

i (1 —sinf) cosf — cosfsin 6

=cosfl—2snh) =0

. 1 T
(:059—0,5m0—2 [l 0—2,

Horizontal tangents: (2, %) <

%=(—1+sin0)sin0—cosecose
= —sinf+sin?f+sn?6—1
=2smrg—sno—1
=(2sn9+1)(sng—1) =0

. o 77 1l
snf=1,sn6= | 072‘6’ 6

. (3 7m) (3 1ln
Vertical tangents: (2, 6 )(2 6 )

63. r = 4sin § cos? 6

2

S .

-2
Horizontal tangents:
(0, 0), (14142, 0.7854), (1.4142, 2.3562)

67. r=3sn6 n
2
r2=3rsing
X2 +y2=23y
32 9
2 _ = . 1
e fy-3f - I
. 3 i
Clrcler—a
o3
Center: (0,2>

Tangent at the pole: 6 = 0

71. r = 2 cos(36)
Rose curve with three petals
Symmetric to the polar axis

Relative extrema: (2, 0), (— 2, g) <2, @)

3
a@| @ | wm | 7| 27| 57
1996 2 3|23 |6 "
r{2lo|-v2|-2]0|2 |o |-2
57

g T T O
Tangents at the pole: 0 62 6

6l. r=2csch+ 3

dy _ (2csc§+ 3)cosf + (—2cscHcot ) sin

do
=3cosf=0
T 37
=%27%
izontal: (5.7 3m
Horizontal: <5, 2), (1, 2>

65. r=2cscH+5

Horizontal tangents: (7, g) (3, %)

69. r = 2(1 — sin0) I
Cardioid

Symmetric to y-axis, 0 = g
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73.

75.

79.

r =3sin26

Rose curve with four petals

Symmetric to the polar axis, 6 =

Relative extrema: <

Tangents at the pole: 6 = 0, z

T
+3, 2

M

™
2

S5
+3, T)

, and pole

2

(6 = 7, 37/2 give the same tangents.)

r=5
Circleradius: 5
X2+ y2=25

r=3—2cos6

Limagon

Symmetric to polar axis

T | m | 2
6|0 312 3 T
r|1|2 1|3 |4 5 f
83.r =260
Spira of Archimedes
Symmetricto 6 = 7—27
a | 7| 37 57 | 37w
G102 22| ™| 4|2
T 37 57
r 0 E w ? 2w ? 37
Tangent at the pole: # = 0
85. 12 = 4. cos(26)
Lemniscate
Symmetric to the polar axis, 0 = 7—27 and pole

Relative extrema: (+2, 0)

0

0

m
6

r

+2

+/2

o| &Iy

Tangents at the pole: 6 =

aoom
4’4

3

o4

77.

81.

NIy

r = 4(1 + cos 6)
Cardioid

r=3csch
rsng=3
y=3

Horizontal line

NIy

[SIE]
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! 2
87. Since 8. r=—
0
1 . .
r=2-scf=2- v Hyperbolic spiral

91.

93.

99.

the graph has polar axis symmetry and the lengths at the
pole are

a — T x=-1
=373 N
Furthermore, / :
-6 v = 6
rd —ooasGD% \I
=
rd ococas6d —2%.
1 r r
Also, 1 =2 — =2 - =2—--
T cos 0 r cos 6 X
X=2Xx—r
= 2X
1+Xx

Thus, r 0 +cocasx —1.

rd coasfld O

r:gD 9:2225_'”0:25'”9
7 rrsné y

_2sné

Y=

2sinf 2c0s6

2

The rectangular coordinate system consists of all points of the form (x, y) where x is the directed
distance from the y-axis to the point, and y is the directed distance from the x-axis to the point.

Every point has a unique representation.

The polar coordinate system uses (r, 6) to designate the location of a point.
r isthe directed distance to the origin and 6 is the angle the point makes with the positive x-axis,

measured clockwise.

Point do not have a unique polar representation.

r = acircle 95. r = 2sin Hcircle 97. r = 3(1 + cos h)
0 = bline Matches (c) Cardioid
Matches (a)
r=4sn¢
o v o
(a)OseslzT 0 5;<o0<m © -—5s0s

[SIE]

[SI=]
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(SIE]

101. Let the curver = f(6) berotated by ¢ to form the curver = g(6). If (r,, 6,) isapoint on
r = f(6),then (ry, 6; + ¢)isonr = g(h). That is,

96, + ¢) =1, =1(6,).
Letting 6 = 6, + ¢, 0r 6, = 6 — ¢, we see that .6)
9(0) = 9(6, + ¢) = 1(6,) = (6 — ). ®

(r.6+9)

103. r=2—-sné

@ r=2—sin<0—%>=2—%(sin6—cose) (o) r=2—(—cosf) =2+ cos b

4

4

L/

-2

Y
N

-4

©r=2-(-sng =2+snéo (dr=2-cosé

4

L e
oy Il\_,

-4

105. (@ r=1—sné N (b)r=1—sjn<9—g> I
] Rotate the graph of
r=1-sné
&‘) through the angle /4.
_r 21— cos6) __r _ 2cos30
07 @y =596~ 2€n6 109 ten ¢ = 546 = —6sin30
At § = =, tan ¢ is undefined [J ¢=7—27. At0=g,tan¢,//=0D ¥ = 0.

2

] S
— 0
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_ 6 _ _ 1 da  6sné
111. r= 1fc03076(1 cos 6)~* O do (1 — cos 6)? ’ ;
6 Gl
~r _(1—cosh _1-cosf s D 7
Y4 T 6sne  sno \
dé (1 — cos )2 -
2 1- <_%)
At =" tan i = N /3
2
— T (60
113. True 115. True
Section 9.5 Areaand Arc Length in Polar Coordinates
1 /2 >
1 (@ r=8sno (b) A:2<§>f [8sjne] do
0
g /2
=64J sin? 6 d6
0

/2
= SZJ (1 — cos26) do
0

| /2
, = 32[0 - gnzg] = 167
A = 7(4)? = 167
/6 /6 Vl /4
3. A=21 (2 cos 36)2d6 =2[9+13in60 =T 5. A=2*J (cos 26)* do
2 6 o 3 12 )o
1 1. /4 g
= - + = ——
270 4$|I’l40]O 8
1 /2 . 5 _1 T )
7. A=2 = (1 —sin®“do 9. A=2—= (1+ 2cos6)°do
2) . 12 Jomsa
/2 . . T 2 —
=[§0+Zcoso—lsin29] _ 37 =[30+4S|n6+sm20] =7773\/é
2 4 —m/2 2 2m/3 2
2
-1|— 4

-2

11. The areainside the outer loop is

2m/3 2m/3
2[%J (l+200$())2d0]:[39+4sin0+sin2()] :LZS‘@.
0 0

From the result of Exercise 9, the area between the loopsis

A (477' +23J§> _ (277 —23\/§> 433
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13. r=1+ cos@ 15.r =1+ cosé
r=1-cosé r=1-sné
Solving simultaneously, Solving simultaneously,
1+ cosf=1-cosb 1+cosf=1-sno
2cosh =0 cosf = —sin g
T 37 tang= -1
0= E, 7
g3 Im
Replacingr by —r and 6 by 6 + = in the first equation 4’ 4

17.

21.

and solving, —1 + cos® =1 — cosh,cosf =1, 6 =0.
Both curves pass through the pole, (0, ), and (0, 0),
respectively.

Replacing r by —r and 6 by 6 + 7 in the first equation
and solving, =1 + cosf# =1 — sinf, sSin 6 + cos 6 = 2,
which has no solution. Both curves pass through the pole,

Points of intersection: (1, g) (1, 3—;) (0,0 (0, ), and (0, m/2), respectively.

. . . (2-2 37 2+ﬂ7j>
Pomtsofmtersectlon.( > 4>< > 2 ,(0,0)
. 0
r=4-5sn6 19.r = - i
2 2
r=3sn6 R 1

Solving simultaneously, Solving simultaneously, we have

4—-5sn6#=3sno 0/2=20=4. I
sno= % Points of intersection: =+
(2,4),(-2,-4)
T 5
0=% "%

Both curves pass through the pole, (0, arcsin 4/5), and
(0, 0), respectively.

(3w (3 5w
Points of intersection: (2, 6)’ (2, 5 > (0,0
r=4sn26 z
r=2
r = 4sin 26 is the equation of arose curve with four petals and is symmetric to the polar axis,
0 = /2, and the pole. Also, r = 2 isthe equation of acircle of radius 2 centered at the pole. 0
Solving simultaneously, 8
4sin20 =2
7 5
20=%66
7w 5w
0= 1 12

Therefore, the points of intersection for one peta are (2, 7/12) and (2, 57/12). By symmetry, the other points of
intersection are (2, 77/12), (2, 117/12), (2, 137/12), (2, 177/12), (2, 197/12), and (2, 237/12).
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23.r=2+ 3cosb ;-5
4 2
o
2 ,_\\
-4 \,/ 8
\
“ [r=2+3cos0

Thegraph of r = 2 + 3 cos @ isalimagon with an inner

loop (b > a) and is symmetric to the polar axis. The graph

of r = (sec 6)/2 isthe vertical linex = 1/2. Therefore,

there are four points of intersection. Solving simultaneoudly,
Sec 0

2+3c050=?

6c0s29 +4cosf—1=0

cosf = _217\/5
6
6= arccos<_2+6‘/ﬁ> ~ 1.376
0= arccos(iziT m) ~ 2.6068.

Points of intersection: (—0.581, +2.607), (2.581, +1.376)

Area and Arc Length in Polar Coordinates
25. r = cos 6
r=2-3sn6

Points of intersection:

(0, 0), (0.935, 0.363), (0.535, — 1.006)

The graphs reach the pole at different times (6 values).

r=cos6
1E:|

-4 5

[

-5
r=2-3sn6

27. From Exercise 21, the points of intersection for one petal are (2, 7/12) and (2, 57/12). The area within one petal is

1 /12 1 5m/12 1 /2
A=7J’ (4sin29)2d6+ff (2)2d0+7f (4sin20)> do 4
2 0 2 /12 2 5m/12
/12 57/12 @
= 16J sin?(26) do + ZJ d6 (by symmetry of the petal) -6 6
0 /12 '.'n.z j
/12 57/12
B N [ e :
4 0 /12 3

4
Total area = 4<? - 3

1 /2
29.A=45f (3—Zsin0)2d0}
1< Jo

B /2
= 2116 + 12cos 6 — sin(20)] =117 — 24
0

71 /6 5 1 /2 )
31.A=2*f (4sin6) d0+*f (2" do
,2 0 2 /6

/6 /2
— 1630 gsno) [+ | a0]
2 4 0 /6

:%T—Zf: (477—3\@)

wWIN

\/§>=@*4\/§=2(4W*3\/®

6

Al
Ny

-6

T 2
33. A=2 lf [a(1 + cos §)? de} _am
2 ) 4
3 . sn20|™ a2xw
=a2|=6+ + —
a [20 2sin6 ]O 2
_ 3a?m  almw _ 5a2m
2 4 4
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35.A=Laz+1fﬂ [a(1 + cos 0)]2do n
8 2 ). 2
%az %2 7;2@ + 2cosf + %2% do
%az %ZBB +2s8n6 + 3'”429]:/2 T
37. (@ r=acos?6 (b)

r3 = ar2 cos?

(X2 + y?)¥/2 = ax2

/2

1\ (™2
(© A= 4<§>L [(6cos? 6)? — (4cos? H)?]de = 40L

/2 _
:10f <1+2c0320+w)d6:10[
0

2 2

39. r = acos(nb)

/2
§0+ sin26+%sin40]
0

o

/2
cos*ode = 10f (1 + cos26)?de
0

157
2

Forn=1: Forn = 2:
r=acoséf r = acos20
a2 ma? AWK ) ma?
A= TI'(E) _T A= 8<§>f0 (acosZO) do = —
3 3
t 2 0 " 0
Forn = 3: Forn = 4.
r = acos360 r = acos46
/6 2 /8 2
A= 6(1> (acos30)?do = T A= 16(1) (acos46)2do = ma
2/ Jo 4 2/ Jo

[NIE}
[NIE}

In general, the area of the region enclosed by r = acos(ng) forn=1,2,3,. .
(wa?)/2if niseven.

.is(ma?/4if nisodd and is
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41. r=a
r'=20

21 2
s = f Jaz+ 02dg = [a@] = 2ma
0 0]

(circumference of circle of radius a)

45.r:29,0ses7—27

4 0.5

43. r=1+sn6

cos 6
3m/2

2|
/2

=22

w/2
3m/2

_‘
N
Il

(1 + sin )2 + (cos )2 dg

n
Il

3m/2

Y1+ sn6de

—Ccos 0

/2 J1—-sné
- [4ﬁ JT—sn 0]3’22
=4/2(V/2-0=38

=2J2 de

1

)

bl —

-1
05 Q

-1

= ~05

Length ~ 4.16 Length = 0.71
51. r=6¢c0s6
r'=—6sn6

/2
S= 27-rj 6 cosfsin 6./36cos? § + 36sin%9 do
0

/2

= 72wf sin 6 cos 6 do
0

w/2

= [3677 sin? 0}
0

= 367

55. r = 4cos26
r’=—8sn20

/4
S= 277f 4 cos20sin /16 cos? 20 + 64 sin?26 do
0

/4
= 3277[ €0S 20 sin 6/cos? 20 + 4sin?260 do = 21.87
0

1(" 1(”
57. Areazif [f(a)]de:Ef r2de

«

P B
Arc length =J T(6)2 + T(0)2d9 = f 24 (%)2(10

Length = 4.39

53. r=¢¥

r’ = ae?

/2
S= 27'rf €9 cos 0/ (e29)? + (ae??)? do
0

/2
=27J/1+ aZJ' €% cos 6 do
0

a6 /2
=271+ a2[4a2 - l(Zacos@ + sin 0)]
(0]
271+ a2
w1 A

59. (a) iscorrect: s= 33.124.

49. r =sin(3cosh),0< < 7
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61. Revolver = a about theliner = bsecod whereb > a > 0. z
f(e) = a 2at
f(0) =0

S—waﬂ[b—acoso]\/mde <>a b0

2
= 27ra[b(9 —asn GL
= 2ma(2wh) = 4m2ab
63. False. f(§) = 1 and g(6) = —1 have the same graphs.

65. In parametric form,

o= [ S 2
. dt dt

Using @ instead of t, we havex = r cos# = f(#) cosfandy = r sin § = () sin 6. Thus,

o /() cos 6 — f(0) sin Bandﬂ = f(6) sin 6 + f(6) cos 6.
do dé
It follows that

(S () = trcoe + [0
B

Therefore, s = J VIO + [f(6)]2de

a

Section 9.6 Polar Equations of Conics and Kepler's Laws

2e 2e
1'r_1+ec0549 3'r_l—esine
2
(a)e—l,r—1+cose,parabola €) e—l,r—lising,parabola
1 2 . 1 2 .

(B) =051 =1 050080 2+ cosg &P® (B) e=05r=1"05sns 2_sng o P®
(c) e=15r1= 3 = 6 hyperbola (c) e=15rT= 3 = 6 hyperbola

ST 14150050 2+ 3cose VP > =1 "15sn6 2-3sng P

e=10 e=05
4 4

e:\%ﬂ:&/e:l.S\/ " >\%{;}&__/ 0
> AN <L

vy -8
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4
5T =1 1 esno
(a s e=01 (b)
-30 30 -30 30
e=0.25
e=05
e=0.75
Ne=09
~40 -40
The conic is an ellipse. As e - 1, the ellipse becomes The conic is a parabola.
more elliptical, and ase - 0, it becomes more
circular.
© go esll

~40

\/ A

The conic isahyperbola. Ase - 1%, the hyperbolas opens more slowly, and as e — oo, they open more rapidly.

7. Parabola; Matches (c)

-1
B =T " 5no
Parabolasincee = 1
( 13m
Vertex.( > 2>
g
SN
1 2
19. r = 5 -5

Hyperbolasincee=2 > 1

Vertices: (5, 0), (* g 77)

-1+ 20056: 1—2cosé

9. Hyperbola; Matches (a)

_ 6
2 + cos 6
_ 3
1+ (1/2) cos 6

15. r =

Ellipsesincee = % <1

Vertices: (2, 0), (6, m)

21. r =

3

11. Ellipse; Matches (b)

17. r2 + sin6) = 4

4
2+ sn6
-2
1+ (1/2)sin6
. . 1
Ellipsesincee = > <1

3/2

2+6sn0 1+3sn6

Hyperbolasincee=3 > 1

Vertices: (

\
——

NIE

3
8 2

33m)

42
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23. 1 Ellipse 25. ‘Hz Parabola
g ™,
2 -2
27. r = -t 2. r= SR
. T aw
1 sm<0 4> 2+ cos<0+g>
Rotate the graph of Rotate the graph of
- -1 _ 6
1-sing F= 2 coso

31.

35.

41.

counterclockwise through the angle 77:

2

Y . i 10

\

-6

5

Change 6to 0 + —:r =

INE

Ellipse
1
e= E,y =1d=1
__ &«
1+ esing
1/2
1+ (1/2)sing
1
2+ sing

Ellipse
Vertices: (2, 0), (8, m)

3 16
e—5,d— 3

_ e
1+ ecos6

16/5
1+ (3/5) cos

_ 16
5 + 3cos6

y
+ + —
5+ 3 cos<0 4)

37. Hyperbola
e=2,x=1d=1
ed

33.

clockwise through the angle 7—67

5

N
=

L/

-3

Parabola

e=1x=-1,d=1

r

ed

1

:l—ec039:1—0050

2

r:14—ec039:1+2c030

43. Hyperbola
Vertices: <1, 3—;) (9, %>
5 9
e = Z, d= g
‘= ed
1—--esnb
_ 9/4
1—(5/4)sing
9

T~ 4-5sn6

2

39. Parabola
. _m
Vertex: (1, 2)
2
e=1d=2r 1—sno

45. Ellipseif 0 < e < 1, parabola
if e =1, hyperbolaif e > 1.
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47.

51.

55.

57.

6l r =

(a) Hyperbola(e =2 > 1)
. 1
(b) Ellipse <e =5 < 1)
(c) Parabola(e = 1)
(d) Rotated hyperbola (e = 3)

a=3,b=4c=5¢e=

wlo

—16

2_-_ 2
' 1 — (25/9) cos?9

Vertices: (126,000, 0), (4119, )

49. a=5c=4e=

,b=3

als

9

2__ v
' 1 — (16/25) cos?6

1(( 3 ¥
53.A—2[2f0 <72_Cosg> de}

™ 1
= QJ(; md@’v 10.88

126,000 + 4119 3 B 3 _c 40627 84,000
a= — 5 = 65,059.5, ¢ = 65,059.5 — 4119 = 60,940.5, e = a_ 43373 d= 4119(40,627)
= ed _ 4119(84,000/43,373) _ 345,996,000
1—ecosf 1 — (40,627/43,373)cosh 43,373 — 40,627 cosH
, 345,996,000
When 6 = 60°r = 723’059-5 =~ 15,004.49.

Distance between the surface of the earth and the satelliteisr — 4000 = 11,004.49 miles.

a = 92.957 x 10° mi, e = 0.0167

_ (1-e&da _ 92,931,075.2223
1—-ecosf 11— 0.0167 cosh

r

Perihelion distance: a(1 — ) =~ 91,404,618 mi
Aphelion distance: a(1 + e) = 94,509,382 mi

5.537 x 10°
"1 — 0.2481 cos6

1 (™°[ 5537x10° 72
@ A—ZJ; [1_0_2481CO30] do ~ 9.341 x 10 kn?
5.537 x 10°

1 /9, 2
S [ w
2J)o 11— 0.2481 cos6

1 2”[ 5.537 x 10° ]ng
2 ), L1—0.2481cos6

1(* " 5.537 x 10° 2
(®) EL [1 — 0.2481 coso] df = 9.341 x 10%

a =~ 7 + 0.8995 rad

248 ~ 21.867 yr

In part (a) the ray swept through a smaller angle to generate the same area since the length of the ray islonger than in part (b).

,_ (—5.537 x 109)(0.2481 sin )
(1 — 0.2481 cos6)?

59. a = 5.900 x 10°km, e = 0.2481

[ = (1-e?)a 5537 x10°
1—-ecosh 1— 0.2481cosh

Perihelion distance: a(1 — e) = 4.436 x 10°km
Aphelion distance: a(1 + e) = 7.364 x 10°km

©r
5.537 x 10°

—1.3737297 x 10°sinf

/9 \/ 2
S:J; (1 - 0.24810050) * [

9
2559 X 1°KM _ 4 17 108 kmyyr

(1 — 0.2481 cos6)?

2
] do =~ 2.559 x 10° km

21.867 yr
5.537 x 10°

—1.3737297 x 10°sin6

+0.899 \/ 2
$= L (1 —0.2481 cose) * [

4.119 x 10°km

~ 8
21.867 yr 1.88 x 108 km/yr

(1 — 0.2481 cos6)?

2
] dé = 4.119 x 10°km
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ed ed
83 =T ane®= 1T gng

Points of intersection: (ed, 0), (ed, =)

ed —edcosf \, .
oy (1 n s‘n@)(cose) * ((1 n s‘n0)2>(sn9)
dx [ -—ed . —ed cosé
(m)(anﬂ) + (m)(COS@)
At (ed, 0)% — 1At (ed, w)% -1

(5o + ()0

dx ed ed coso

7 (m)(sine) + (m>(cose)

At (ed, 0)% — 1At (ed, w)% _—

Therefore, at (ed, 0) we have mm, = (—1)(1) =
intersect at right angles.

Review Exercises for Chapter 9

1

5.

Matches (d) - ellipse

16x% + 16y? — 16x + 24y — 3 =10
i> _3,1,9
16/ 16 4 16

1\? 3\?
(X_E) + <y+z>
Circle

(1.3
Center: <2, 4>

Radius: 1

(xz—x+;>+<y2+§y+ 9
4 2

1

X2 —2y2+24x+ 12y +24=0
3x*+8x+16) —2(y>?—6y +9) = —24+ 48— 18

(x+4% (y—32_
2 3

1

Hyperbola
Center: (—4, 3)
Vertices: (-4 + /2,3

Asymptotes; y = 3 + \/g (x + 4)
y

—1, and at (ed, ) we have mm, = 1(—1) = —1. The curves

3. Matches (a) - parabola

9.

X2+ 22— 12x+ 12y +29=0
X2 —4x+4) +2(y>+6y+9 =-29+ 12 + 18

x—2?% (y+3?_
1/3 - 1/2 =1

Ellipse

Center: (2, —3)

7)
2

Vertices: <2, -3+
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11. Vertex: (0, 2) 13. Vertices: (—3,0),(7,0) 15. Vertices: (x4, 0)
Directrix: x = —3 Foci: (0, 0), (4, 0) Foci: (+6,0)
Parabola opens to the right Horizontal major axis Center: (0, 0)
p=3 Center: (2, 0) Horizontal transverse axis
(y — 22=403)(x—0) a=5c¢c=2b= .21 a=4,c=6b=./36—-16=2.5
y2—4y—12x+4=0 (x—2)2+y72_1 Xy 1
25 21 16 20
X2 y2 J5 i )
17. 9 + i lL,a=3b=2c=.5¢e= 3 19. y = x — 2 hasadope of 1. The perpendicular slopeis — 1.

21.

=x2—2x+
By Example 5 of Section 9.1, Yoo a2

/2 dy _ 5 _1 _5
c=12f /1—<g>sin20d0~15.87. ax - X7 2= ~lwhenx=7andy =
0
5

Perpendicular line: Y=~ —1<x - 1)

(@ V = (mab)(Length) = 127(16) = 1927 ft3
3 3 3

(b) F = 2(624) f SEMENCENESS CYIE f Vo yrdy - f WeE
-3 -3 -3

8 3 Ly 1 3
=3(624) 5 yv9—y2+ 9arcsinZ | + 30 -y)¥2 73

3
8 3/(97 3( 97 277
= §(62.4)[E <7> - 5(—7)] 7(62 4)( ) ~ 7057.274
(©) You want?1 of the total area of 127 covered. Find h so that y

Areaof filled
tank above

h
zj ﬂ /9 _ y2 dy = 37 x-axisis 3
3 1
0 h 2
0 4
9 : Areaof filled

h
%[ym+ 9arcsin<X>] == tank below
0

3 8 - X-axisis 6TL

ﬁ

h</9 — h? + 9arcsin (2) 9:

By Newton’s Method, h = 1.212. Therefore, the total height of the water is 1.212 + 3 = 4.212 ft.

(d) Areaof ends = 2(127) = 247w
Areaof sides = (Perimeter)(Length)

/2 7
= 16f (, /11— (16) sn29> dh(16) [from Example 5 of Section 9.1]
~256 7’/2[ /17 sin?(0) + 4 17 1
+ 4\/1 - (176>sm2 <3£T> + \/1 (176) smz(g” ~ 353.65

Total area = 247 + 353.65 =~ 429.05
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23. x=1+4t,y=2-3t y

=21 g y=2—3<x_1> N

4 4 A}
_ 3. u
Y=y N

-1 12 3 5
ol

v+ 3x—11=0 -2+

Line

25. x=6c0sh,y=6sn6 y 271. x=2+sechy=3+tan b

XV, (Y g Al (x—22=sec?g=1+ta?0=1+ (y— 32
<J (9 2~\\\ (x—22-(y-32=1

X2 + 2 = 36 _1 _1 —
y 4 2_2” 2 4 Hyperbola
Circle _al

g (KT 3? (y— a7

29. x=3+@B—- (-2t =3+5t 16 + 9 =1
ymzrEoermzo R O e LI
(other answers possible) 16 9 '

Thenx = —3 + 4cosfandy = 4 + 3siné.

33. x = cos 36 + 5cosh 35. (@) x=2cot 6,y =4snfcosh,0< 0 <
y=sn30 + 5sino 4
5
-12 12
/ﬂ,—\ —
7 o
\_,J a
- (b) (4 + x®)y = (4 + 4cot?2f)4sin 6 cos §

=16csc2 6 - sinf - cos O

cos 6
BTY
= 8(2 cot 6)
= 8x
37. x=1+ 4
y=2-3t
dy_ _3 _x-1 y
@ 4= 2 (b) t=" ©
sl
No horizontal tangents -3+ 11 oL

3
y=2-3x-1=—"
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1
39 x==
X1
y=2t+3
d__2 _ e _1
@ ="y~ 2 () t=72 © y
No horizontal tangents _2,4 °
(t + 0) Y=x ]
\\Z
e NI
41.x=2t+1 43. x = 3 + 2cosh
1 y=2+5sn6
y:
-2 @ % = 280 2500t0 = Owhen o= 2,57
—(2t-2)
2 _ 9t)2 — 2 Points of horizontal tangency: (3,7), (3, —3
@ dy _ (2—-20% _(t 21)(2t +21) — owhent — 1. gency: (3,7), ( )
dx -2 t2(t — 2) (x—132 (y—2)2
(2t + 1)2 R
Point of horizontal tangency: (% —1) (©) y
1 1/1 8T
+1== == ==
(b) 2t +1 XDt 2(x 1> 1
o
1 1
y=1<1—x)[1<1—x)_2] —+— P
2 X 2 X U
B 4x2 B 4x2 T
T 1-x2-4x1-x (5x—1)(x-—1)
(© Y
3 :k
2 1
N N
_11\'
-2+ 1
45. x = cos®6
y = 4sdn%0
dy _ 12sin?dcosf _ —4sinf _ _ _
@ = 3cos2f(—sinh) ~ cosh 4tanf = Owhen 6 =0, .
dy dx . .
But, i 0 a 0 = 0, 7. Hence no points of horizontal tangency.

(b) x23 + <374’>2/3 -1

(©
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47. X = coto

y =sin20 = 2sin6 cosf

49. x =r(cosf + 6sino)

y = r(sinf — 6 cosb)

dx

a0 rocoso
dy .
a0 rosing

s= rf 02 cos?6 + 62sin?6de
0

N P & PP i
rfo 0do 2[0]0 27rr

@, (0 2
-3 3
—
-2
_mdx_ dy dy 1
B ALO=5 0= Hap - 239~ "2
51 (x,y) = (4, —4)
r=J4+ (-42=42 ‘
o
6= 74
(r, 0 = (4\5,7—77), (—4\@,347)
4 4
53. r = 3coséh
r2 = 3r cosf
X2 4+ y? = 3x
x2+y?2—3x=0
57. r2 = cos20 = cos?6 — sinZ6

ré

(XZ + y2)2 = x2 — y2

61l. (X2 +y?)? = ax?y

IN

r

= acos?fsing

=

65.r=4
Circle of radius 4
Centered at the pole
Symmetric to polar axis,

r2cos?f — r2sin2o

= a(r? cos?6)(r sin g)

0 = /2, and pole

55. = —2(1 + cos6)

—

r2

—2r(1 + cos6)
X2 +y2 = —2(£ /X% + y2) — 2
(X2 +y2+ 22 = 4(x® + y?)
59. r = 4cos26sech
= 4(2 cos?f — 1)(i)
cos 6

r cosf = 8cos?d — 4

X2
x= 8<m) -4

x3 + xy? = 4x2 — 4y?

2
63. X2+ y? = az(arctan )%)

12 = a2¢2

67. 1= —soch = =
coséf

rcosf=—1,x= -1

Vertical line
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69. r = —2(1 + cosé)

73.

75.

77.

Cardioid

Symmetric to polar axis

71. r = 4 — 3coso
Limagon
Symmetric to polar axis

T T | 2w | w27
1913 |2|3|" 0191323 |"
r{-4(-3|-2|-1|0 ) 1

r 1 > 4 > 7
r = —3cos(26) z
Rose curve with four petals 1
Symmetric to polar axis, 6 = 7—27 and pole ‘ s
‘ 4
Relative extrema: (—3, 0), (3, g) (-3, m), (3, %”)
T 3 i
Tangents at thepole: 6 = —, —
4" 4
r2 = 4sdn?(20) 1
r = +2sin(20)
Rose curve with four petals
Symmetric to the polar axis, 6 = 7—27 and pole 50
Relative extrema: (t 2, E), <12, 3—”)
4 4
Tangents at the pole: 6 = 0,7—27
f=— 3 79. r = 40526 secf
cod 6 — (7/4)] ' )
Strophoid
Graph of r = 3 sec rotated through an angle of =/4 Symmetric to the polar axis
> rd —ocasé [ %
— +
\ rd —ocoasg O TW
-1 8
4

N
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8L r=1- 2coso
(8 The graph has polar symmetry and the tangents at the pole are

T w
0—3, 3

®) dy _ 2sin?0 + (1 — 2 cosh) cosh
dx 2sinfcosf — (1 — 2cosh) sind
_ -1+ J/1+ *
Horizontal tangents: —4 cos?6 + cosf + 2 = 0, cosf = 1+ —81 2_1 +8\/§
Whencoss = L Y38 | _ (1t /33 _3% /@,
8 8 4
3% V?’e’, arccos<1+8 V33>] ~ (—0.686, 0.568)
S_T V33 —arccos<1+8 V33> ~ (—0.686, —0.568)
3+T 33 arccos(l_S V?’Bﬂ ~ (2.186, 2.206)
o ~ ,
3%433, —arccos<1833> ~ (2.186, —2.206).
Vertical tangents:
sing(4cos® — 1) = 0,sinH = 0, cosh = %
1
6=0,m0= iarccos<z>, (=1,0),(3,m
(% iarccos%> ~ (0.5, £1.318)
©
=g
-25
83. Circle: r = 3sin#
dy _3cosfsing + 3sinfcosh _ sin 26 _ _mdy
dx ~ 3cosfcosh — 3snfsing  cos?h — simeg 20 A= g = V3
Limagon: r = 4 — 5sinf
dy _ —5cosfsing + (4 - 5sinf)cosd  _ mdy V3
dx —5cosfcosf — (4 —5sinh) sind 6’ dx 9

Let « be the angle between the curves:
tana = /3 - (\/§/9) = 2\/5.
1+ (1/3) 3

Therefore, a = arctan(”) =~ 49.1°.

3
3
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85. r=1+ coshr=1-— cosé

The points (1, 7/2) and (1, 37/2) are the two points of intersection (other than the pole). The slope of the graph of
r=1+ cosfis

m = dy _r’sinf+rcosf  —sin?g + cosf(1 + cosh)
1 dx r’cosf —rsnd —sinfcosd — sinb(1 + cosé)’

At(1, 7/2),m = —1/—1=1andat (1,37/2), m; = —1/1 = —1. Thesopeof thegraphof r = 1 — cosf is
_dy _ sin2 + cosé(1 — cos6)
M= Gx ~ sinfcosd — sinf(1 — cos6h)’

At (1, 7/2),m,=1/—1= —1andat (1, 3w7/2), m, = 1/1 = 1. In both cases, m; = —1/m, and we conclude that
the graphs are orthogonal at (1, 77/2) and (1, 37/2).

87. r =2+ cosé 89. r =sing - cos?0

T /2
A=2lL (2 + cosh)2dd| ~ 14.14 <9”> A=2|% (sinf cos?6)2 do
2 J, 2 2y

™
~o0(Z)

0.5
-3
-0.5 0.5
-0.1

91. r2=4sn20

3

93. r =4cosh,r =2
1

/2 1 /3 1 /2
A= 2[f 4sin20d0} =4 A= 2[f 4d0+ff (40050)2d0} ~ 491
2 Jo 2 Jo 2 ).

2

3
) 3 ) @ 6
=2 -3

95. s = ZJ' a%(1 — cosh)? + a%sin?6do
0

" 7 sinf ™
2J/2a 1—cosgdd=2.2a 7d0:[—4 2a1+cos(91/2] = 8a
V2 J;) V1~ cosf V2 o 1+ cosé V2al ) 0

97.r=# 1 6

1-sne®" 9.1 =
Parabola

2 2
3+ 2c0s0 1+ (2/3)coshC 3

Ellipse

NIy

[SIE]

2 46 8
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