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Consider circle x* + y* = 2and hyperbola y = 2
. x

Let (u, V2 - uz) and (v, 2) be points on the circle and hyperbola, respectively. We need to minimize the distance between
v

these 2 points:

(Distance)z = flw,v) = (u-v)+ (m - 2)2

v

The tangent lines at (], 1) and (3, 3) are both perpendicular to y = x, and so they are parallel.

The minimum value is (3 - ])2 +(3- ])2 = 8.

Section 10.2 Plane Curves and Parametric Equations

1.

x=2t-3 Jox=t+1
y=3t+1 y==2
t=x+3 y=(x_l)2
2
y=3x+3+l=§—x+]—l—
2 2 2

i
I
Ix-2y+11=0 i
Vi

ERRE B S
4. x =21
y=t'+1
xY x?
y=(—)+l=—+l,x20
2 4

For ¢ < 0, the orientation is right to left.

For ¢ > 0, the orientation is left to right.
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1008 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

5. x=¢

= 1,2 .
...zt

= L,

Yy
y = £ impliest = x'
Y =3

6. x=r+t,y=1*-1¢
Subtracting the second equation from the first, you have

x—-y=2 or t=5%z.

yo =) x-y
4 2

t -2 1 -11]0 I 2

x 12 0 0 12 |6

y 6 2 0 0 |2

Because the discriminant is
B* - 44C = (-2)" - 4(1)(1) = o,
the graph is a rotated parabola.

\

A

IS

P

8.

11.

x=4
y=8-1
x4 =t
y=8-x"x20
ol
i
' e
x=t-3
_ t
YET3
t=x+3
x+3 3 x+3
=]+—=—.—
(x+3)-3 x x
1
o
o R
2 24
x=1+l
t L
y=1t-1 )
1. -
x=l+-t-1mpl|est= T :
X = \
= l __1 \
Y=
= 2t
y=|t—-2|
X Ix——4]
={=~2
7 =12 2
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16. x = tan* 4
y =sec? 6
sec?d = tan? @ + 1
i y=x+1
) x20

b2 3 4
17. x = 8cos @
y =8siné

x% + y* = 64 cos® 6 + 64sin? 6 = 64(1) = 64

Circle

18. x = 3cos @
y = Tsin@

12. x =|r -1
y=t+2
v =|r=2)-1]=]y- 3
3. x=¢,x>0
y=2e +1
y=x+1x>0
[ B S R
e
4. x=e',x>0
y=e¥ -1
y=x‘2—l=-l—2——1,x>0
Nl
A | M_ ’
a4
15. x = secl
y = cos@
0549<£,£
2°2
xy =1
y ==
X
|x'21,ly|sl
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. 1010 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

19. x = 6sin20 ' 23.

x =-3+4cosé
y = 4cos 26 y=2+35sin6
2 2
3=4 7]
(5-) + (Z) = §in? 20 + cos2 20 =1 . T cos
6 4 ] y-2=75sin6 _
x2 P - 2 2
§g+i’;_l (x:3) +(y—;-2-j =cos’ @ +sin?8 =1
Ellipse ) 5
) (x+3)+(y—2)=]
_4 16 25
s '_"\ .
5 Ellipse
e o> l‘ k4
K'“\«,____FWF/ [
~ ) /""‘\\
—12 t 5
20. x = cosd M
y = 2sin 260 -4
y = 4sin@cosd
1—x =sin2@ 24. x = secd
- x° = sin y =tan @ \\\ //,/
y= i4X\/l - xz xz - SCCZ 9 3 \\\ .r// a
= . 2 _ 2 ,rg” *\
y = tan® @ // \\\
axra e
, f '/ ? . X2 -y =1
P4
b 25. x = 4secd
- y =3tan @ ‘ 5 _
¥2 AN A
21. x=4+2cosf Tg=seczt9 . N T
, . - T, :
y=-1+sind ) /.;/ A
(x - 4)2 %— = tan® @ s I \\
X7 = cos’ @ , ) -°
- : 22
+1 16 9
Qi_]_)_ =sin?@ < \
2 2 ,{;W,a*’ 26. x = cos® @ 15
-4 O+

(8}

B

xP = cos? @ -

= qin3
4 1 . y =sin’ 6 /;\
\‘ﬁ
1

~
22. x = -2+ 3cosf y*? = sin* 6 y
y =~5+3sin6 4y =1 '
(x+2)2+(y+5)2=9coszt9+9sin20=9 2. x =18
x+2+(+5" =9 =3Int
Circle =3mYx=Inx
5 2
10 5 .f-*"’ﬂ
/"“"‘} 1 ~ 5
I'(
{\-_,-' ]
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Section 10.2 Plane Curves and Parametric Equations 1011

28, x =1In2t - 31. By eliminating the parameters in (a) —(d), you get

y =1z y = 2x + 1. They differ from each other in orientation
. and in restricted domains. These curves are all smooth

¢ =& except for (b). :
22 3 (@ x=ty=2t+1

_ € - — ler ¥
Y ¥ 4 ' _
3 ( \

. (b) x = cos@ y=2cos6 +1
29. x=e “-1<sx<1 -1<y<3
y=eJI
ﬂ:.@i: Owhend = 0,7, +2x, ....

¢ =1 . o~ do
x 3
e’=\3/; | i
B e
xl -
ye = :
0
0
() x=¢"' y=2"+1
30. x =e* ‘ x>0 y>1
y=¢
y'=x
y>0
y=\/3—c,x>0
.
| S S
1 ,.,w"""_—s @ x=¢ y =2 +1
x>0 y>1

to
s
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1012 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

32. By eliminating the parameters in (a) — (d), you get
x? + y* = 4. They differ from each other in orientation
and in restricted domains. These curves are all smooth.
(8 x=2cosf,y = 2sin @

—_
o
-~
= =
v ]
~ o
=
#
N
1]
N
|
< <
* It
(=

(©) x=A/t y=~4-1
x20 y=20
)
S :
(d) x = —/4 - ¥ y=e
-2<x<0 y>0

33. The curves are identical on 0 < @ < 7. They are both
smooth. They represent y = 2(I - xz) for-1<x<1.

The orientation is from right to left in part (a) and in part (b).
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34. The orientations are reversed. The graphs are the sam, ‘
They are both smooth.

35. (a) 4
,.«-""“—_"'V-\
-8 '/ \ 8
-
4
e e
wany
|

(b) The orientation of the second curve is reversed.
(¢) The orientation will be reversed.
(d) Answers will vary. For example,

x=2sect x=2sec(-t)
y =5sint  y = 5sin(~t)

have the same graphs, but their orientations are
reversed. '

36. The set of points (x, y) corresponding to the rectangular

equation of a set of parametric equations does not show
the orientation of the curve nor any restriction on the
domain of the original parametric equations.

37. X = X + t(.X2 - x|)
Y =0 +’(J’2 -»n)

x—x,_t

X2 = X
X = X
Y=+ =2 - )
2 T X
Y2 =N
-y =—"=—(x-x
Yy -n Xz"xl( ‘1)
,V‘J’l=m(x—xl) ‘
38. x="h+rcosé
y=k+rsing
cos¢9=x_h .
P
sing = 2%
-
-n’ - k)
c0526’+sin26=(x 2) +(y 2) =1
s r

]
~

(= + (- k) = 12
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39. x=h+acosl 47. From Exercise 40 you have
=k + bsin@ a=4c=5=>b=3
x—h x = 4secd
= cos @
a y = 3tanéd.
-k . .
y—b— = sin @ ‘- Center: (0, 0)
(x - h)z . (v - k)Z . Solution not unique
a’ b? 48. From Exercise 40 you have
40. x=h+asech a=lLc=2=b=1+/3
=k + btan @ x=+/3tanéd
x_h=sec0~ ‘ y = secd.
a Center: (0, 0)
Y-k _ tan 6
b Solution not unique
(x _ h)2 ( y - k)2 The transverse axis is vertical, so, x and y are
p= e 1 interchanged.
41. From Exercise 37 you have 4. y=6x-3
x = 4 Examples:
y =Tt x=ty=6-5
= = ]
Solution not unique x=i+ly=6+
42. From Exercise 37 you have 50. y = 4
x=1+44 x-1
y=4-6L Examples:
4
Solution not unique x=tys= 1
43. From Exercise 38 you have X=t+ly= 4
x=3+2cosd t
y=1+2sind 51y = 2
Solution not unique
Example
44. From Exercise 38 you have x =1 y=2
x=-6+ 4cosé Cx =3 y=t
y=2+4sind 3
X = tan ¢, y =tan ¢
45. From Exercise 39 you have
_ .2
a=10,c=8=b=6 52. y=x
x =10cos 8 o _ Example .
y = 65sin 8 x =1, y=1¢
I _ 46
Center: (0, 0) x=1r, y=t
Solution not unique 53. y=2x-35
46. From Exercise 39 you have ' At(3,1),t=0: x=3-1
a=5c=3=>b=4 y=23-1)-5=-2t+1
x =4+ 5cos
in @ or, x =t +3
y=2+4siné. y=2+1

Center: (4, 2)

Solution not unique
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1014 Chapter 10 Conics,

54. y =4dx+1

At(-2,-7)t = -1: x

Parametric Equations, and Polar Coordinates.

55. y = x?

t =4at(4,16):
56. y = 4 - x*

t =1lat(1,3):

57. x = 2(6 - sin 6)
¥ = 2(1 - cos 6)
.

=

=

b

|( 'i_'lf{

-2

U\

1

<
1]

-1+¢

A-1+1)+1=4-3

i
£
B
~
~

Not smooth at § = 2n7

58. x =60 +sind
y=1-cosé
€
" _,»f’h'\ '/‘\.

-2

Not smooth at x = (2n - )z

59. x =a—-g-sine

y=1- %cosﬂ
'"\’f'“'@“‘\};,
N o7

Smooth everywhere

60. x
y

20 - 4sin @
2-4cos 8

8

',,r""’" -]

I %
-1 £

P

-3

Smooth everywhere

61. x = 3cos® @
y = 3sin* 6
4
b,
6 . «
" s
\\ g

Not smooth at (x, y) = (£3, 0)and (0, £3), or

=1
0—2n7r.

62. x = 260 = sind

y=2-cosb
&N 4 N
N4 \\,\/

Smooth everywhere

63. x = 2cot@
y = 2sin? @
4
Rl b
8_"‘"'-_/ \ﬁ_ 6

Smooth everywhere

3t
1+
3¢2

64. x =

. /

\\ |

g

Smooth everywhere - .

65. If fand g are continuous functions of ¢ on an interval /,
then the equations x = f(r) andy = g(r) are called
parametric equations and ¢ is the parameter. The set of
points (x, y) obtained as ¢ varies over / is the graph.

Taken together, the parametric equations and the graph
are called a plane curve C.
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Section 10.2 Plane Curves and Parametric Equations 1015

66. Each point (x, y) in the plane is determined by the plane 71. Matches (b) because (1, 0) is on the graph.

curve x = f(¢), y = g(¢t). For eacht, plot (x, y). As¢ :
. () Y . g() . P ) ( y) . 72. Matches (c) because the graph is undefined when
increases, the curve is traced out in a specific direction 0=0

called the orientation of the curve.
73 When the circle has rolled & radians, you know that the

67. A curve Crepresented by x = f(f)and y = g(¢) onan center is at (a6l a),

interval / is called smooth when /' and g'are

continuous on / and not simultaneously 0, except sin 8 = sin(180° - 0) = |A_C| = Iﬂl or I BD| = bsin O
possibly at the endpoints of /. b b
AP
68. The graph matches (a) because x = t = y = > = x% cos @ = —cos(180° - §) = I___bl or |AP|= -bcos
For(b),youhave y = ¢t = x = {* = y2, which is not So, x = af — bsinfand y = a — b cos .

the correct parabola.

¥

69. Matches (d) because (4, 0) is on the graph.

Matches (a) because (0, 2) is on the graph.

70

d o
1 4 -
A <
' 9
h < ¥

8 D

74. Let the circle of radius 1 be centered at C. 4 is the point of tangency on the line OC. O4 = 2, AC = 1,0C = 3.P = (x, y)is

the point on the curve being traced out as the angle & changes 4B = :47’, AB = 20and AP = @ = a = 26.Form the right
triangle ACDP. The angle OCE = (z/2) - 6 and

ADCP=a—[£— ):a+0—(£]=30—(£} )
2 2 2

OFE + Ex = 3sin(§ - 0) + sin(36 - %) = 3cos @ ~ cos 30 2

]

X

y = EC - CD = 3sim9—cos(30—-§—) = 3sin @ - sin 30

So, x = 3cosd — cos 36, y = 3sin & — sin 34.

75. False 78. x = 8cost,y = 8sint
x=t!=>x20 : A ()
= coc? 02 4
y=£2=2y20 (a)(E) +(§J—cost+smt_1

The graph of the parametric equations is only a portion

2 + y* = 64 Circle radius 8,
of the line y = xwhen x 2 0. Y

Center: (O, 0) Oriented counterclockwise

76. False. Let x = t*and y = . Then x = y*andy is not (b) Circle of radius 8, but Center: (3, 6)

a function of x. . o .
(c) The orientation is reversed.

77. True. y = cos x

(100)(5280) _ 440

ft/ sec
3600 3

79. (a) 100 mi/hr =
x = (vocos )t = (i;—o cos 9):

vy =h+(vwsinf) 16 =3 + (%-(—) sin H)t - 162
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)

4 Y
] da] 400
1] ¥

It is not a home run when x = 400, y < 10.

© =

Q 400
&

Yes, it's a home run when x = 400, y > 10.

(d) You need to find the angle & (and time f) such that

(# cos 6} = 400

y=3+ (? sin 6)[ - 16t = 10.

From the first equation ¢ = 1200/440 cos 6. Substituting into the second equation,

2

10 = 3+(ﬂsin0) 1200 ) o 1200
3 440 cos @ 440 cos 4
2 2
7 = 400tan @ - IG(I—Z—Q) sec?@ = 400 tan 0 — 16(@) (tan? 6 + 1)
a2 . m

You now solve the quadratic for tan 8:

2 2
16122) a2 6 - 400tan 6 + 7+ 16[122) - 0.
) 1

tan @ ~ 0.35185 = @ ~ 19.4°
80. (a) x = (v cos O)
Y = h+ (v sin ) - 161>

X x
t=——— =y = h+ (v sin 6) ~ 16,
Vo cos 8 7 (¥ ¢ vy cos 8 vy cos &
2
y=h+(tan9)x—-—l6se§ axz

Vo
2
(b) =5+ x - 0.005x* = h + (tan O)x - 185C 92

Vo

h=5,tan0=l=>0=%,and

16 sec?(z/4
0.005 = 85ec(7/4) 2(”/ ) _ 1)
Vo . Vg
w2 = =2 _ 6400 = v, = 80.
0.005

So, x = (80 cos(45°))r
y =5+ (80sin(45°))r - 1612
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