Chapter 10

Analytic Geometry

Section 10.1

Not applicable
Section 10.2

1.

1

10.

11.

12.

Y- + (3 -n)

2
—4

i

)

(x+4)° =9

x+4=4%3

x+4=3 or x+4=-3
x=-1 or x=-7

The solution set is {—7,—1}.
(_29 _5)
3,up

parabola

(b); the graph has a vertex (h,k)=(0,0) and
opens up. Therefore, the equation of the graph
has the form x* = 4ay . The graph passes

through the point (2, 1) so we have
(2)" =4a(1)

4=4a

l=a

Thus, the equation of the graph is x* =4 y.

(g); the graph has vertex (h,k)=(1,1) and opens
to the left. Therefore, the equation of the graph
has the form (y —1)2 =—4a(x-1).

13.

14.

15.

16.

17.

18.

(e); the graph has vertex (h,k)=(1,1) and opens
to the right. Therefore, the equation of the graph
has the form (y—l)2 =4a(x-1).

(d); the graph has vertex (h,k)=(0,0) and
opens down. Therefore, the equation of the graph
has the form x? = —4ay . The graph passes

through the point (—2,—1) so we have
(-2 =da(-1)

4=4a

a=1

Thus, the equation of the graph is x’=—4 y.

(h); the graph has vertex (h,k)=(-1,—1) and
opens down. Therefore, the equation of the graph
has the form (x+ 1)2 =—4a(y+1).

(a); the graph has vertex (h,k)=(0,0) and
opens to the right. Therefore, the equation of the
graph has the form y® = 4ax . The graph passes

through the point (1,2) so we have
(2)° =4a(1)

4=4a

l=a

Thus, the equation of the graph is y* = 4x.

(c); the graph has vertex (h,k)=(0,0) and
opens to the left. Therefore, the equation of the
graph has the form y* = —4ax . The graph passes

through the point (—1,-2) so we have
(-2 =da(-1)

4=4a

I=a

Thus, the equation of the graph is y2 =—4x.

(f); the graph has vertex (h,k)=(-1,-1) and
opens up; further, a =1. Therefore, the equation

of the graph has the form (x+1)2 =4(y+1).
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19.

20.

The focus is (4, 0) and the vertex is (0, 0). Both
lie on the horizontal line y=0. a =4 and since

(4, 0) is to the right of (0, 0), the parabola opens
to the right. The equation of the parabola is:

y2=4ax
y:=4-4.x
y2=16x

Letting x =4, we find y* = 64 or y =+8.

The points (4, 8) and (4, —8) define the latus
rectum.

YA

D:x=-4
V=1(0,0)
| |
-20

The focus is (0, 2) and the vertex is (0, 0). Both
lie on the vertical line x=0. a =2 and since
(0, 2) is above (0, 0), the parabola opens up. The
equation of the parabola is:

x2=4ay
X’ =42y
x2=8y

Letting y =2, we find x* =16 or x = +4 .

The points (—4, 2) and (4, 2) define the latus
rectum.

21.

22,

Section 10.2: The Parabola

The focus is (0, —3) and the vertex is (0, 0). Both
lie on the vertical line x=0. a =3 and since
(0, -3) is below (0, 0), the parabola opens down.
The equation of the parabola is:

x* =—4ay
X’ =-4-3.y
x° =-12y

Letting y =—3, we find x> =36 or x =46 .
The points (—6,—3) and (6,-3) define the latus

rectum.

The focus is (4, 0) and the vertex is (0, 0). Both
lie on the horizontal line y=0. a =4 and since

(-4, 0) is to the left of (0, 0), the parabola opens
to the left. The equation of the parabola is:

y? =—4ax
yi=—4.4.x
y2 =-16x

Letting x = —4, we find y> =64 or y = +8. The

points (—4, 8) and (-4, —8) define the latus
rectum.

YhoA
10~
-4,8 -
( ) - D:x=4
F=(-4.0)\_
I N N T Y I
-10 /7 10
V=(0,0 /1
—4,-8) " [
-10
\ J
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Chapter 10: Analytic Geometry

23.

24,

25.

The focus is (=2, 0) and the directrix is x=2.

The vertex is (0, 0). a =2 and since (-2, 0) is to

the left of (0, 0), the parabola opens to the left.
The equation of the parabola is:

y? =—dax
yi=—4.2.x
y? =—8x

Letting x =2, we find y> =16 or y = +4 . The

points (-2, 4) and (-2, —4) define the latus
rectum.

The focus is (0, —1) and the directrixis y=1.
The vertex is (0, 0). a =1 and since (0, —1) is
below (0, 0), the parabola opens down. The
equation of the parabola is:

x* =—4ay
x? =—4-1-y
x2=—4y

Letting y =-1, we find x>=4orx=+2. The

points (-2, —1) and (2, —1) define the latus
rectum.

The directrix is y = —% and the vertex is (0, 0).

. 1 1 . 1) .
The focus is (O’E) a =3 and since (0,5) is

above (0, 0), the parabola opens up. The

26.

equation of the parabola is:

x2=4ay

2 1
—4.—.

X > y

x2=2y

Letting y :%, we find x> =1 orx =+1.

The points (1, %) and (—1, %) define the latus

rectum.

The directrix is x = —% and the vertex is (0, 0).
The focus is l 0. a —l and since l 0] 1is
277) 72 2’

to the right of (0, 0), the parabola opens to the
right. The equation of the parabola is:

y2=4ax

2 1
=4.—.

y 5

y2=2x

Letting x :%, we find y* =1 ory=+1. The

points (%, —lj and (%, lj define the latus

rectum.

D:x=-
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27. Vertex: (0, 0). Since the axis of symmetry is

28.

vertical, the parabola opens up or down. Since
(2, 3) is above (0, 0), the parabola opens up. The

equation has the form x* =4ay . Substitute the
coordinates of (2, 3) into the equation to find a :
2% =4a-3

4=12a
ool
3

The equation of the parabola is: x* = % y. The

focus is (O,%). Letting y =%, we find

2 _4 2 . 21
= — =+= <« 2
by 9 or x 3 T'he points (3,3] and
(—%éj define the latus rectum.

Vertex: (0, 0). Since the axis of symmetry is
horizontal, the parabola opens left or right. Since
(2, 3) is to the right of (0, 0), the parabola opens
to the right. The equation has the form

y2 =4ax . Substitute the coordinates of (2, 3)
into the equation to find a :
3’ =4a-2
9=8a
9

a=<

8

The equation of the parabola is: y* = %x . The

focus is (%, 0) . Letting x :%, we find

81 9 . 99
= — =+— _— —
16 ory _4.Thepomts (8’ 4) and

yz
(%, —%) define the latus rectum.

29.

30.

Section 10.2: The Parabola

Y B
D.xf—g 5
V=(0,0)
Ll
-5
\?5

The vertex is (2, —3) and the focus is (2, -5).
Both lie on the vertical line x=2.

a=|-5-(-3)|=2 and since (2, -5) is below

(2, -3), the parabola opens down. The equation
of the parabola is:

()c—h)2 =—4a(y—k)

2
(x=2)" =-4(2)(y-(-3))
(x-2)" =-8(y+3)
Letting y =-5, we find
(x-2)" =16
x—2=H=>x=-"2o0rx=6
The points (-2, —5) and (6, —5) define the latus
rectum.
YA
10 -

The vertex is (4, —2) and the focus is (6, -2).
Both lie on the horizontal line y=-2.

a= |4— 6| =2 and since (6, —2) is to the right of

(4, -2), the parabola opens to the right. The
equation of the parabola is:

(y—k)" =4a(x—h)

(y-(-2))" =4(2)(x-4)

(y+2)° =8(x—4)
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Chapter 10: Analytic Geometry

Letting x =6, we find

(y+2)° =16

y+2=t4=>y=—-60ry=2
The points (6, —6) and (6, 2) define the latus

rectum.

D:x=

2

3
'/6, 2)
L1 Y. A

8

®F=(6-2)
V=4, -2
(6, —6)

31. The vertex is (-1, —2) and the focus is (0, -2).
Both lie on the horizontal line y=-2.

a=|-1-0/=1 and since (0, -2) is to the right of

(=1, =2), the parabola opens to the right. The
equation of the parabola is:

(y—k)* =4a(x-h)

(y=(-2)) =4(1)(x=(-1))

(y+2)" =4(x+1)

Letting x =0, we find

(y+2)’ =4

y+2=2=y=—4ory=0
The points (0, —4) and (0, 0) define the latus

W=

A

rectum.
D:ix= -2
I
-3-2-1
V=1(-1,-2)

32,

33.

The vertex is (3, 0) and the focus is (3, —2). Both
lie on the horizontal line x=3. a=|-2-0/=2

and since (3, -2) is below of (3, 0), the parabola
opens down. The equation of the parabola is:

(x—h)’ =—4a(y—k)
(x=3)" =—4(2)(y-0)

(x=3)" =-8y
Letting y =—-2, we find
(x=3)° =16

x-3=H=>x=-lorx=7
The points (-1, -2) and (7, -2) define the latus
rectum.

Y
10 -

V=30

/D:_\‘:Z

The directrix is y =2 and the focus is (=3, 4).
This is a vertical case, so the vertex is (-3, 3).
a =1 and since (-3, 4) is above y =2, the
parabola opens up. The equation of the parabola
is: (x—h)* =4a(y—-k)
(x=(3))° =4-1-(y-3)

(x+3)* =4(y-3)
Letting y =4, we find (x+3)>=4 or

x+3=%2. So, x=—1orx=-5. The points
(-1, 4) and (-5, 4) define the latus rectum.

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall



34. The directrix is x =—4 and the focus is (2, 4).

35.

This is a horizontal case, so the vertex is (-1, 4).
a =3 and since (2, 4) is to the right of x=—-4,

the parabola opens to the right. The equation of

the parabola is: (y—k)* =4a(x—h)

(y=4)" =43:(x=(-D)

(y—4)* =12(x+1)

Letting x =2, we find (y—4)* =36 or
y—4=16. So, y=—2ory=10. The points

(2, -2) and (2, 10) define the latus rectum.
¥

D:x=-41

V=(-1.4){

The directrix is x =1 and the focus is (-3, -2).
This is a horizontal case, so the vertex is
(-1,-2). a =2 and since (-3, -2) is to the left
of x=1, the parabola opens to the left. The
equation of the parabola is:

(y—k)* =—4a(x—h)
(y=(=2))* =—4-2-(x—(-1))
(y+2)* =—8(x+1)
Letting x=-3, we find (y+2)> =16 or
y+2=14. So, y=2ory=—-6. The points
(-3, 2) and (-3, —6) define the latus rectum.
y D:x=1

\ 3
(=3.2)
I T\ [

Section 10.2: The Parabola

. The directrix is y =—2 and the focus is (-4, 4).

This is a vertical case, so the vertex is (-4, 1).
a =3 and since (-4, 4) is above y=-2, the
parabola opens up. The equation of the parabola
is:
(x—h)* =4a(y—k)
(x=(=4)* =4-3-(y-1)
(x+4)? =12(y-1)
Letting y =4, we find (x+4)* =36 or
x+4=26. So, x=—10orx=2. The points
(-10, 4) and (2, 4) define the latus rectum.
YA
14—

V=4l o

. The equation x* =4y is in the form x* = 4ay

where 4da=4ora=1.
Thus, we have:
Vertex: (0, 0)
Focus: (0, 1)
Directrix: y=-1
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Chapter 10: Analytic Geometry

38. The equation y* =8x is in the form y? = 4ax 41. The equation (y—2)? =8(x+1) is in the form
where 4a =8 ora =2. Thus, we have: (y—k)* =4a(x—h) where 4a=8ora=2,
Vertex:  (0,0) h=-1, and k =2 . Thus, we have:

Focus: (2,0) Vertex: (_1, 2)
Directrix: x=-2 ertex: (=1, 2);
irectrix: x . Focus: (1, 2);
Dix==24 7 Directrix: x=-3
5
(27 4) D:x=-3 A
F=(2,0) V=(-1,2)
-5
2,4 I
_5 -6
Y =
39. The equation A
y2 =—16x is in the form y2 =—4ax where ' 5 o
_4a=-16ora=4. Thus, we have: 42. The equation (x+4)° =16(y+2) is in the form
Vertex: (0, 0) (x—h)? =4a(y—k) where 4a=16 ora=4,
Focus: (-4, 0) h=-4, and k =-2. Thus, we have:
Directrix: x=4 Vertex: (-4, —2);
Yoo Focus: (-4, 2)
10~ Directrix: y=-6
(=+.8) — |D:x=4 A
. - 10~
F=(—4,0 \ -
NN S Y . -
-10 10 . -
- F=(-4,2
V:(O’O)/* (12'% 1 J(I. | )_/112}‘7
(-4, -8) _ 4 ¥ o
10 V=(-4,-2)
- ‘ 3 .
D:y=-6 L

40. The equation x* =—4y is in the form x> =—4ay -10[-

where —4a=—4 ora=1. Thus, we have:
Vertex: (0, 0) 43. a. The equation (x—3)> =—(y+1) isin the
Focus: (0, 1) form (x—h)> =—4a(y—k) where
Directrix: y=1 1
V) —4a:—10ra:Z, h=3, and k =—1. Thus,
Sk we have:

Vertex: (3,-1);

L V=(0.0) Focus: (3,-3);

2,-1) Directrix: y=-

FN[oN}

F=(0.-1)

974
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44.

45.

~ V=3.-1)
I L1 =

The equation (y+ 1)?> =—4(x—2) is in the form

(y—k)? =—4a(x—h) where —4a=-4ora=1,

h=2, and k =—1. Thus, we have:
Vertex: (2,-1);
Focus: (1,-1)

Directrix: x=3

YA AD:x=3
4_

F=(1,-1) &1\-1)

[ AN L1 X

-5 A 5
-6~ L ]

The equation (y +3)2 =8(x—2) isin the form
(y—k)* =4a(x—h) where 4a=8ora=2,

h=2, and k =-3. Thus, we have:
Vertex: (2, -3);

Focus: (4, -3)
Directrix: x=0
YAD: x=0

N T 7 T O O

46.

47.

48.

Section 10.2: The Parabola

The equation (x— 2)2 =4(y—3) isin the form
(x—h)* =4a(y—k) where 4a=4ora=1,
h=2, and k =3 . Thus, we have:

Vertex: (2, 3); Focus: (2, 4); Directrix: y =2

¥)

(0,4)
b:_‘,:2, )
L 1| T I Y
-3 L 7
2+

Complete the square to put in standard form:
V' —4y+dx+4=0
y2 —4y+4=—-4x
(y- 2)2 =—4x
The equation is in the form
(y—k)* =—4a(x—h) where
—4a=—4ora=1, h=0, and k =2 . Thus, we

have:
Vertex: (0, 2); Focus: (-1, 2); Directrix: x=1

YA AD:x=1
.
(-1, 4) V=(0,2)
F=(-1,2)e
X
7 3
Y

Complete the square to put in standard form:
X +6x—4y+1=0
x* +6x+9=4y—-1+9
(x+3)’ =4(y+2)
The equation is in the form (x—h)* = 4a(y—k)
where 4da=4ora=1, h=-3, andk=-2.

Thus, we have:
Vertex: (-3, —2); Focus: (-3, -1)
Directrix: y=-3
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Chapter 10: Analytic Geometry

49.

50.

V=(3,-2)

Complete the square to put in standard form:
x*+8x=4y—8
X +8x+16=4y-8+16
(x+4)? =4(y+2)
The equation is in the form (x— h)? = 4a(y—k)
where 4da=4ora=1, h=—4, andk=-2.

Thus, we have:
Vertex: (-4, -2);
Focus: (-4, -1)
Directrix: y=-3

Complete the square to put in standard form:

y2 —2y=8x-1
y?—2y+1=8x—1+1

(y - 1)2 =8x
The equation is in the form (y —k)2 =4a(x—h)
where 4da=8ora=2, h=0, and k =1. Thus,
we have:
Vertex: (0, 1);

Focus: (2, 1)
Directrix: x = -2

. Complete the square to put in standard form:

Y +2y—x=0
y 42y +1=x+1

(y+l)2 =x+1
The equation is in the form (y —k)2 =4a(x—h)
where 4a=10ra=%, h=-1, andk=-1.
Thus, we have:

Vertex: (-1, -1); Focus: (—%,—lj

. . 5
Directrix: x = 1

~<

D:x = —

Bl
[}
I

. Complete the square to put in standard form:

x* —4x=2y
X' —4x+4=2y+4

(x=2)*=2(y+2)
The equation is in the form (x —h)2 =4a(y—k)
where 4a=20ra=%, h=2,andk=-2.
Thus, we have:
Vertex: (2, -2); Focus: [2, —%)

Directrix: y = —%
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53.

54.

Srv=(2,-2)
Complete the square to put in standard form:
x*—dx=y+4
X’ —4x+4=y+4+4
(x=2)*=y+8
The equation is in the form (x— h)? = 4a(y—k)
where 4a =1 ora:%, h=2, and k =—8. Thus,

we have:

Vertex: (2, -8); Focus: (2,—%)

Directrix: y = —3743

LN
T 1

Complete the square to put in standard form:
y2 +12y =—x+1

¥y +12y+36=—x+1+36
(y+6)" =—(x=37)

The equation is in the form

(y—k)? =—4a(x—h) where

—4a=-1 ora=%, h=37, and k =—6. Thus,

we have:

Vertex: (37, -6); Focus: (1477,—6}

Directrix: x = %
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56.

57.

58.

59.

60.

Section 10.2: The Parabola

(y=D*=c(x-0)

(y—l)2 =cx

-1’ =c)=1=c

(y=1)’=x

(x=1*=c(y-2)
2-1?=c(1-2)

l=—c=>c=-1

(x-1*=-(y-2)

(y-D>=c(x-2)
0-1)%=c(1-2)

l=—cc=c=-1

(y-D*=-(x-2)

(x=0)* =c(y=(-1)
x° =c(y+1)
2’ =c(0+)=>4=c
XX =4(y+1)

(x—=0)> =c(y-1)
K =c(y-1)
2> =c(2-1)

(x=1% =c(y—(-1)
(x=1)" =c(y+1)

A

~V = (37. —6)

(

147 11
47 2

47 13
4 2

0-1)2 =c(1+1):>1=2c:>c=%

(=D =2(y+1)
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61.

62.

63.

64.

65.

(y=0)* =c(x—(=2))
y2 =c(x+2)

12=c(0+2):>1=20:>c=%

¥ =3 (r+2)

(y=0) =c(x-1)

¥ =c(x-1)

1> =c(0-1)
1=—c
c=-1
y? =—(x-1)

Set up the problem so that the vertex of the
parabola is at (0, 0) and it opens up. Then the
equation of the parabola has the form:

x* =4ay . Since the parabola is 10 feet across
and 4 feet deep, the points (5, 4) and (-5, 4) are
on the parabola. Substitute and solve for a :

52 = da(4) = 25=16a = a =%

a is the distance from the vertex to the focus.
Thus, the receiver (located at the focus) is

% =1.5625 feet, or 18.75 inches from the base

of the dish, along the axis of the parabola.

Set up the problem so that the vertex of the
parabola is at (0, 0) and it opens up. Then the
equation of the parabola has the form:

x* = 4ay . Since the parabola is 6 feet across

and 2 feet deep, the points (3, 2) and (-3, 2) are
on the parabola. Substitute and solve for a :

32:4a(2):>9=8a:>a=§

a is the distance from the vertex to the focus.
Thus, the receiver (located at the focus) is
% =1.125 feet, or 13.5 inches from the base of

the dish, along the axis of the parabola.

Set up the problem so that the vertex of the
parabola is at (0, 0) and it opens up. Then the

equation of the parabola has the form: x* =4ay.

Since the parabola is 4 inches across and 1 inch
deep, the points (2, 1) and (-2, 1) are on the
parabola. Substitute and solve for a :

978

66.

67.

68.

22=4a(l) = 4=4a = a=1
a is the distance from the vertex to the focus.

Thus, the bulb (located at the focus) should be 1
inch from the vertex.

Set up the problem so that the vertex of the
parabola is at (0, 0) and it opens up. Then the
equation of the parabola has the form: x* =4ay .
Since the focus is 1 inch from the vertex and the
depth is 2 inches, a =1 and the points
(x,2) and (—x, 2) are on the parabola.
Substitute and solve for x:

2 2
P =4DQ2) = ¥ =8=> x =422

The diameter of the headlight is 42 ~5.66
inches.

Set up the problem so that the vertex of the

parabola is at (0, 0) and it opens up. Then the

2:cy.

The point (300, 80) is a point on the parabola.
Solve for ¢ and find the equation:

300% = ¢(80) = ¢ =1125
x* =1125y

equation of the parabola has the form: x

y
(300,80)

(150,h) 80
X (0,0) h

Since the height of the cable 150 feet from the
center is to be found, the point (150, &) is a point
on the parabola. Solve for A:

150° =1125h
22,500 =1125h
20="h

The height of the cable 150 feet from the center
is 20 feet.

Set up the problem so that the vertex of the
parabola is at (0, 10) and it opens up. Then the
equation of the parabola has the form:

x* =c(y-10).

The point (200, 100) is a point on the parabola.
Solve for ¢ and find the equation:
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69.

70.

200% = ¢(100-10)
40,000 = 90c
444.44 =
x* =444.44(y~-10)

(-200,100) (200,100)

(0,10)

50

Since the height of the cable 50 feet from the
center is to be found, the point (50, A) is a point
on the parabola. Solve for A:

50% = 444.44(h-10)
2500 = 444 .44h — 4444 4
6944.4 = 444.44h

15.625=h
The height of the cable 50 feet from the center is
about 15.625 feet.

Set up the problem so that the vertex of the
parabola is at (0, 0) and it opens up. Then the

equation of the parabola has the form: x? = day .

a is the distance from the vertex to the focus
(where the source is located), so a =2. Since
the opening is 5 feet across, there is a point
(2.5, y) on the parabola.

Solve for y: x’ =8y
2.5% =8y
6.25=8y

y=0.78125 feet

The depth of the searchlight should be 0.78125
feet.

Set up the problem so that the vertex of the
parabola is at (0, 0) and it opens up. Then the

equation of the parabola has the form: x* =4ay .

a 1is the distance from the vertex to the focus
(where the source is located), so a =2. Since
the depth is 4 feet, there is a point

(x, 4) on the parabola. Solve for x:

K =8y=x’=84= x> =32 x=442
The width of the opening of the searchlight
should be 8v/2 ~11.31 feet.

979

71.

72.

73.

Section 10.2: The Parabola

Set up the problem so that the vertex of the
parabola is at (0, 0) and it opens up. Then the
equation of the parabola has the form: x* =4ay .

Since the parabola is 20 feet across and 6 feet
deep, the points (10, 6) and (—10, 6) are on the
parabola. Substitute and solve for a:

10% = 4a(6)
100 = 24a
a=4.17 feet

The heat will be concentrated about 4.17 feet
from the base, along the axis of symmetry.

Set up the problem so that the vertex of the
parabola is at (0, 0) and it opens up. Then the
equation of the parabola has the form: x* =4ay .
Since the parabola is 4 inches across and 3
inches deep, the points (2, 3) and (-2, 3) are on
the parabola. Substitute and solve for a :
2% = 4a(3)

4=12a

1.
=— inch

a=3 inc

The collected light will be concentrated 1/3 inch

from the base of the mirror along the axis of
symmetry.

Set up the problem so that the vertex of the

parabola is at (0, 0) and it opens down. Then the

2:cy.

The point (60, —25) is a point on the parabola.
Solve for ¢ and find the equation:

60% =c(=25) = c=—144
x? =-144y

equation of the parabola has the form: x

25

(60,-25)

To find the height of the bridge 10 feet from the
center the point (10, y) is a point on the parabola.
Solve for y:

10> =—144y
100 =—144y
—-0.69 =y
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74.

The height of the bridge 10 feet from the center
is about 25 — 0.69 = 24.31 feet. To find the
height of the bridge 30 feet from the center the
point (30, y) is a point on the parabola.

Solve for y:

30> =—144y
900 =—144y
—6.25=y

The height of the bridge 30 feet from the center
is 25 — 6.25 = 18.75 feet. To find the height of
the bridge, 50 feet from the center, the point
(50, y) is a point on the parabola. Solve for y:

50> =—144y
2500 =—144y
y=-17.36

The height of the bridge 50 feet from the center
is about 25 — 17.36 = 7.64 feet.

Set up the problem so that the vertex of the
parabola is at (0, 0) and it opens down. Then the

equation of the parabola has the form: x? = cy.

The points (50, —h) and (40, —h+10) are points on
the parabola. Substitute and solve for ¢ and A:

502 = c(—h) 40% = c(—h+10)
ch=-2500 1600 = —ch+10c

X

h (40,-h+10)
10

(50,~h)

1600 = —(-2500) +10c¢
1600 =2500+ Oc
—900 =10c
-90=c
—90h =-2500

h=27.78
The height of the bridge at the center is about
27.78 feet.

980

75.

76.

a. Imagine placing the Arch along the x-axis
with the peak along the y-axis. Since the
Arch is 625 feet high and is 598 feet wide at
its base, we would have the points

(299,0), (0,625), and (299,0) . The
equation of the parabola would have the
form y = ax” +c . Using the point (0, 625)
we have
625=a(0)" +c
625=c¢
The model then becomes y = ax” +625 .
Next, using the point (299,0) we get
0=a(299)" +625
—625=(299)"a
625
(299)°

Thus, the equation of the parabola with the
same given dimensions is

y=- 6252 X’ +625.
(299)
b. Using y=- > x* +625, we get
(299)

Width (ft) | X | Height (ft), model
567 283.5 63.12
478 239 225.67
308 154 459.2

c. No; the heights computed by using the
model do not fit the actual heights.

Ax*+Ey=0 A#0, E£0
Ax? =—Ey:x2 z—gy
This is the equation of a parabola with vertex at

(0, 0) and axis of symmetry being the y-axis.

The focus is (0, —%j . The directrix is

E

vy

. The parabola opens up if —% >0 and

. E
d f ——<0.
own i A<
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77. Cy*+Dx=0 C#0, D#0
Cy* =-Dx

2
y =—=x

C
This is the equation of a parabola with vertex at
(0, 0) and whose axis of symmetry is the x-axis.

The focus is (—%, OJ . The directrix is

D . The parabola opens to the right if

*Tac

D50 and to the left if —2 <0.
¢ C

78. AX’+Dx+Ey+F=0 A#0
a. If E#0, then:
Ax2+Dx=—Ey—F

2 2
Al X +2x+D— =—Ey—F+D—
A 442 4A

JE D
E 4AE

DY _-E[ _D-4AF
24) ~ A |Y T aaE

This is the equation of a parabola whose
D D’>-4AF
2A°  4AE

axis of symmetry is parallel to the y-axis.

b. If E=0, then
—D++\D?*-4AF

2A
2 _ __D . .
It D" —4AF =0, then x= 24 is a single

vertex is [— ] and whose

Al +Dx+F=0=x=

vertical line.
c. If E=0,then

—D+D?*-4AF

AX* +Dx+F=0=x=
X X 2A

If D> —4AF >0, then

e —D+D? - 4AF

2A

-D—~\D?>-4AF

x=———————+ are two vertical lines.
2A

and

d.

Section 10.2: The Parabola

If E=0, then
~D+~\D* - 4AF
2A

If D*—4AF <0 , there is no real solution.
The graph contains no points.

A’ +Dx+F=0=x=

79. Cy*+Dx+Ey+F=0 C=#0

a.

If D#0, then:
Cy’ +Ey=—-Dx—F

¥ 4c
2 2
EV 1 E
| =—| -Dx-F+=—
(y 2cj C[ * 4c)
JEY =D, F_E
Y 2¢) T¢|""D 4o

L EY _-D[ _E-4CF
YToc C 4CD

This is the equation of a parabola whose
E*-4CF E
4CD ° 2C

axis of symmetry is parallel to the x-axis.

If D=0, then
~E+\E*-4CF

2C

2 2
c(yuéyﬂ_j:_px_mff_

vertex is ( J , and whose

Cy’ +Ey+F=0=y=

If E2-4CF =0 ,then y= —% is a single
horizontal line.
If D=0, then

_F4AF? _
Cy2+Ey+F=0:>y=%C4CF

If E>—4CF >0, then

y=—E+\/E2—4CF

2C

_—E-E>-4CF
r= 2C

and

are two horizontal

lines.

If D=0, then

—E++E*-4CF
2C

If E?—4CF < 0, then there is no real
solution. The graph contains no points.

Cy’ +Ey+F=0=y=
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Section 10.3 16. (a); the major axis is along the x-axis and the
vertices are at (—2,0) and (2,0).

1 d=\/(4—2)2+(—2—(—5))2 =22 +3% =13

2 2
17. 42 =
32 9 25 4
2. [_Ej = 2 The center of the ellipse is at the origin.

a=35, b=2. The vertices are (5, 0) and (-5, 0).
Find the value of c:

3. x-intercepts: 07 =16—4x>
' b ! =a>-bp*=25-4=21-c=+21

2 _
4 =16 The foci are (\/Z,O) and (—\/Z,O).
xr=4 y
x =12 - (~2,0),(2.,0) sk
. . 2 _ _ 2
y-intercepts: y” =16-4(0) (=5.0)
y> =16 3
=44 —(0,-4),(0,4
y=+4—(0,-4),(0,4) (—v21.0) (0. —2)L (21, 0)
The intercepts are (—2,0), (2,0), (0,—4), and L
(0,4). -r
4. (2,5);change x to —x: -2 ——(-2)=2 18. x_2+y_2=1
9 4
5. left 1; down 4 The center of the ellipse is at the origin.
a=3, b=2. The vertices are (3, 0) and (-3, 0).
6. (x—2)2 +(y —(—3))2 =1’ Find the value of c:

A=a?-bpr=9-4=5¢=+5

(x=2)"+(y+3) =1 The foci are (\/5,0) and (—\/5,0)~

7. ellipse y
5 -
8. major B
0.2)["
=5
10. 5;3;x )
(—\/5 0) (07 _2)
11. (—2, —3) (6, —3) B
— 5 -
12. (1,4
(14) L
o . 19. =+ o
13. (c); the major axis is along the x-axis and the 9 25
vertices are at (_4,0) and (4,0) . The center of the ellipse is at the origin.
a=15, b=3. The vertices are (0, 5) and (0, -5).
14. (d); the major axis is along the y-axis and the Find the value of c:
vertices are at (0,—4) and (0,4). t=da>-p*=25-9=16
c=4
15. (b); the major axis is along the y-axis and the The foci are (0, 4) and (0, —4).

vertices are at (0,—-2) and (0,2).

982
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20.

21.

X r2—=1
16

The center of the ellipse is at the origin.

a=4, b=1. The vertices are (0, 4) and (0, —4).
Find the value of c:

> =a’-b*=16-1=15

c=+15
The foci are (O, \/E) and (0, —\/B)

y
(0.N15)~ 5[ (0, 4)

(—1.0)

=5
(0, —15)
I ()

4x* +y* =16
Divide by 16 to put in standard form:

2 2
ATy 16

16 16 16

2 2

L

4 16

The center of the ellipse is at the origin.
a=4, b=2.

The vertices are (0, 4) and (0, —4). Find the
value of c:

2 =a’-p*=16-4=12
c=12=2J3
Thefodzne(o,zJ?)and(o,—2J§).

983

22,

23.
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X

x> +9y? =18
Divide by 18 to put in standard form:
2 2

XX 9% 18

18 18 18

2 2

_+y_=1

18 2

The center of the ellipse is at the origin.
a= 3\/5, b= \/E . The vertices are (3\/5, O)

and (—3\/5, O) . Find the value of c:
A =a’-b*=18-2=16

c=4
The foci are (4, 0) and (-4, 0).
Y
5 -
(—4.0) L (0.42) (4.0
1 L1 [ L X
=5 L S 5
0 _3) (3V2.0)
w50 L© \2)
s
4y* +x* =8
Divide by 8 to put in standard form:
47 28
8 8 8
22
.X_ + y_ =1
8 2
The center of the ellipse is at the origin.
a=8=2V2, b=+2.

The vertices are (2\/5, 0) and (—2\/5, O). Find
the value of c:
c>=a’-b>=8-2=6
c=+6
The foci are (\/6, 0) and (—\/6, O).
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Chapter 10: Analytic Geometry

y 2 42
3 26. X*+y’=4 — A
4 4
(—2+/2,0) 0.\2)[ This is a circle whose center is at (0, 0) and

radius = 2. The focus of the ellipse is (0,0) and
3 the vertices are (—2,0), (2,0), (0,-2), (0,2).
(=6, 0)

y
(0, —2) sk
-3 B
0.2)]"
—2,0 = 2,0
24. 4y* +9x* =36 (1 |'|)K L (r |)| 3
Divide by 36 to put in standard form: - :/v :
4y 9x* 36 0. =2)-
36 36 36 _sL
2 2 ’
- +y_ = 1
4 9 27. Center: (0, 0); Focus: (3, 0); Vertex: (5, 0);
The center of the ellipse is at the origin. Major axis is the x-axis; a=35; ¢=3. Find b:
a=3, b=2. The vertices are (0, 3) and (0, -3). r=a?-c?=25-9=16
Find the value of c: b=4
F=a>-p*=9-4=5 > c=45 P
The foci are (0’ \/g) and (0’ _\/g) . Write the equation: 2—5+E =1

X
—54-(0, —4)

25. 28. Center: (0, 0); Focus: (-1, 0); Vertex: (3, 0);
2 y2 Major axis is the x-axis; a=3; ¢=1. Find b:
— =1 2_ 2 2 _

16 16 b*=a"—-c"=9-1=8
This is a circle whose center is at (0, 0) and h=2 \/5
radius = 4. The focus of the ellipse is (0,0) and s 2
i ion: 42—
the vertices are (~4,0), (4,0), (0,-4), (0.4). Write the equation: ==+ =g~ =1
Yy Y
S[(0,4) e
i (0,2+2)
(—4,0) B (4.0)
10 A T T D W
=5 5

0,22

-5

984
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29. Center: (0, 0); Focus: (0,-4); Vertex: (0, 5); 32. Foci: (0, £2); length of the major axis is 8.
Major axis is the y-axis; a=5; ¢=4. Find b: Center: (0, 0); Major axis is the y-axis;
P =a’—c2=25-16=9 a=4; ¢c=2. Find b:
b=3 Pr=a’-c*=16-4=12 - b=23
2 2 2 2
Write the equation: X + Y _ 1 Write the equation: — +y_ =1
9 25 12 16

0, =5)

30. Center: (0, 0); Focus: (0, 1); Vertex: (0,-2); 33. Focus: (—4,0); Vertices: (-5,0) and (5,0);

Major axis is the y-axis; a=2; c¢=1. Find b: Center: (0,0) ; Major axis is the x-axis.

P =a’-c*=4-1=3 — b=+3 a=5; c=4.Find b:
22 2_ 2 2
Write the equation: x—+y7=1 b*=a"-c"=25-16=9 — b=3
2 2
y Write the equation: S
5 25 9
(0.2) 1
(—3.0) P 0. 1) C(0.3)
L1 1 ] |1\ I 3
B ‘ (-5.0)
(0, =1) /3, 0) -5
(0, =2)
-5 —4,0 4,0
( ) 0.3 (4,0)
_5 -
31. Foci: (+2,0); Length of major axis is 6.
Center: (0, 0); Major axis is the x-axis; )
a=3 ¢c=2. Findb: 34. Focus: (0,-4); Vejrtlces': .(0, +8). '
Center: (0, 0); Major axis is the y-axis;
P =a>-c*=9-4=5 - b=/5 a=8 c=4. Find b:
2 2
Write the equation: %-ky? =1 b =a’-c* =64-16=48 — b=4\3
2 2
y Write the equation: — +2 =1
SF 48 64

985
Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall



Chapter 10: Analytic Geometry

35.

36.

37.

Foci: (0, £3); x-intercepts are +2.

Center: (0, 0); Major axis is the y-axis;

c=3, b=2. Find a:

A =b*+c*=4+49=13 - a=+13
2 2

Write the equation: —+ RN
4 13
5
0. N —& (0,3)

(2.0)

Vertices: (+4, 0); y-intercepts are +1. Center:
(0, 0); Major axis is the x-axis; a=4; b=1.

Find c:
cF=d*-b*=16-1=15

a=+15
2

Write the equation: f—6+ y: =1

(15, 0)

Center: (0, 0); Vertex: (0,4); b=1; Major
axis is the y-axis; a=4; b=1.

2

Write the equation: x° +i]_6 =1

y
0, 4)

(0, V13)

X

11 1
(1,0) 4

38.

39.

40.

41.

42,

Vertices: (5, 0); ¢ =2; Major axis is the x-
axis; a=25; Find b:

br=a*>-c?=25-4=21

b=+21
. . y?
Write the equation: —+-——=1
25 21
y
sk (0,421)
- (5.0)
(—5.0) -

(0. —21)

Center: (—1,1)

Major axis: parallel to x-axis

Length of major axis: 4=2a >a=2
Length of minor axis: 2=2b —>b=1

2
(x+)?

-1 =1
2 (y=D

Center: (—1,-1)

Major axis: parallel to y-axis

Length of major axis: 4=2a >a=2
Length of minor axis: 2=2b —>b=1

(y+)*
-

(x+1D>+ 1

Center: (1,0)
Major axis: parallel to y-axis

Length of major axis: 4=2a >a=2
Length of minor axis: 2=2b —>b=1

2
(x—1)2+y7=1

Center: (0,1)

Major axis: parallel to x-axis
Length of major axis: 4=2a >a=2
Length of minor axis: 2=2b —>b=1

2
X 2
—+(y=-1D" =1
2 (y-=D
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43.

44.

2
(=3  (y+1)’
9

=1 isin the

The equation

(x—h)?* (y—k)*
b? " a?

to the y-axis) where a =3, b =2,

form

=1 (major axis parallel

h=3, and k =—1. Solving for c:

=a®-b*=9-4=5>c=45
Thus, we have:
Center: (3,-1)

Foci:  (3,-1+45), (3,—1—\6)

Vertices: (3, 2), (3, 4)
y

(x+4)° +(y+2)2

The equation =1 isinthe

4

(x—h’  (y-k)?* _

2 + b2 -
a

(major axis parallel to the x-axis) where

a=3, b=2, h=—4, andk=-2.

Solving for c:

A =a>-b*=9-4=5>c=45

Thus, we have:

Center: (—4,-2); Vertices: (-7, -2), (-1, -2)

Foci: (—4+«/§,—2), (—4—\/§, _2)

y
5

form 1

(_41 0)

I

3
~1,-2)

L— (
S (=4 445, -2)

\

987

Section 10.3: The Ellipse

45. Divide by 16 to put the equation in standard

46.

form:
(x+5) +4(y-4)* =16
(x+5) +4(y—4)2 _16

16 16 16
2 A2
(t57 =4,
16 4
The equation is in the form
82 2
(x 2h) +(yb2k) =1 (major axis parallel to the
a

x-axis) where a=4, b=2, h=-5, andk=4.
Solving for c:

P =a>-p>=16-4=12>c=12=23
Thus, we have:

Center: (-5,4)

Foci: (—5—2\6,4), (—5+2\E,4)

Vertices: (=9, 4), (-1, 4)
y
(-s.6) T
(=5 +2v3.4)
(=9, 4) N
S (-1,4)
(=5 -23.4) (59 u
Ll 101 17111 L X
9 1
L

Divide by 18 to put the equation in standard
form:

9(x-3) +(y+2)* =18
9(x=3)  (y+2)’ _18

18 18 18
22 2
=3, 0+’

2 18

The equation is in the form
x—h)? —k)?

( ] > O - )

y-axis) where a = 3\/5, b= \/E,

h=3, andk=-2.

Solving for c:

t=a*-b*=18-2=16>c=4

Thus, we have:

Center: (3,-2)

Foci: 3,2), (3,-6)

Vertices: (3, -2+ 3\/5), (3, - 2—3\5)

=1 (major axis parallel to the
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47.

48.

y
3 (3. -2 +32)
(3.2)
L1 1 | | L 11
-3 - 7
- (G +12.-2)
G-V2-9F (3.-2)
B (3. -6)
1M (3.-2-3\2)

Complete the square to put the equation in
standard form:

x* +4x+4y* -8y +4=0
(P +dx+4) +4(y* =2y +1)=—4+4+4
(x+2)* +4(y—1)* =4
(x+2)? +4(y—1)2 _4
4 4 4
(x+2)
4
The equation is in the form
x—h)? —k)?
( 2) Lo 2)
a b
x-axis) where a=2, b=1, h=-2, andk=1.
Solving forc:c® =a®> —b> =4-1=3 > c=+3

Thus, we have:
Center: (-2, 1)

Foci: (—2—\/5,1), (—2+J§,1)

Vertices: (-4, 1), (0, 1)

+(y-1* =1

=1 (major axis parallel to the

)7
3
(=2 —+3,1) (=2,2) (=2++3.1)
(=4, 1) 2D 1)
|1 é X
- (=2,0)
42

Complete the square to put the equation in
standard form:

x*+3y* —12y+9=0
X +3(yT —4y+4)=-9+12
X +3(y-2)* =3
2 2
L 30-2° 3
3 3 3
2

X 2
—+(y=-2)" =1
3 (y-2)

The equation is in the form

(x—h)?* (y—k)*
2 + b2

=1 (major axis parallel to the
a

x-axis) where a=+/3, b=1, h=0, and k =2.
Solving for c:

P =d®-b=3-1=25c=12

Thus, we have:

Center: (0, 2)

Foci: (—\/5,2), (\/E, 2)
Vertices: (—«/5, 2), (\/5, 2)
y

5 -
(—\2.2) | (2,2)
(—3,2) 0.2)] “3.2)
©.1)
| | | | |
-2 0 R

. Complete the square to put the equation in

standard form:
2x* +3y* —8x+6y+5=0
2(x* —4x)+3(y* +2y) =5
2(x* —4x+4) +3(y2 +2y+1) =—5+8+3
2x=2)* +3(y+1)? =6
2(x=2)* +3(y+1)2 _6

6 6 6
2 2
(=27 o+ _,
3 2
The equation is in the form
82 2
(x zh) + G bzk) =1 (major axis parallel to the
a

x-axis) where
a=+3, b=+2, h=2, andk=-1.

Solving for c:¢* =a* —b* =3-2=1 — c=1

Thus, we have:
Center: (2,-1)
Foci: (1,-1), (3,-1)

Vertices: (2—\/5, —1), (2+\/§, —1)
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50.

51.

2, - @2 -1+42)

| I I NN N O
PR ¢+ 3 -
(1,_1) B 3. 1)
I A R

Complete the square to put the equation in
standard form:

4x* +3y* +8x—6y=5
4(x* +2x)+3(y* =2y)=5
4(x% +2x+1D)+3(y* =2y +1) =5+4+3
4x+D)*+3(y-1* =12
4+’ 3(y-D? _12
12 12 12

3 4
The equation is in the form

2 2
(x—h) +(y—k)
b2 2
y-axis) where a=2, b=+/3, h=—1, and k =1.

Solving for c:¢* =a* —b* =4-3=1 — c=1

=1 (major axis parallel to the

Thus, we have:

Center: (-1, 1)

Foci: (-1,0), (-1,2)

Vertices: (-1, -1), (-1, 3)
y

5_

LI (-1.2)

(—1.1)
(=1 -3, 1)&&‘1“& D)
| L T | T
-5 5
(—1,0)
(=1, 1)
-5

FrTTTTY

Complete the square to put the equation in
standard form:

9x* +4y* —18x+16y—11=0
9(x* —2x)+4(y* +4y) =11

x> —2x+D)+4(y* +4y+4)=11+9+16
9(x—1)% +4(y+2)* =36

52.

Section 10.3: The Ellipse

9(x—1)° +4(y+2)2 _36

36 36 36
2 2
(=D, 042 _|
4 9

The equation is in the form
x—h)? —k)*

( - e - )

y-axis) where a=3, b=2, h=1, andk=-2.

Solving for c:

F=a’-b*=9-4=5->c=45

Thus, we have:

Center: (1,-2)

Foci: (1,—2+J§),(1,—2—J§)

Vertices: (1,1), (1,-5)
Yy
5

=1 (major axis parallel to the

—~
—_
—_

~—

1, =2+ /5)
( IIIII\/mIII X

-5
(-1, -2)
(1. -2)
-5

II‘I

(1, =5)

Complete the square to put the equation in
standard form:

x*+9y? +6x—-18y+9=0
(x* +6x)+9(y* -2y)=-9
(x* +6x+9)+9(y* —2y+1)=-9+9+9
(x+3)2+9(y-D*=9
(x+3)° 9=’ _9
9 9 9
+3)°”

+(y-1)* =1

The equation is in the form

(x—h)?* (y—k)*
2 + b2

=1 (major axis parallel to the
a

x-axis) where a=3, b=1, h=-3, and k =1.
Solving forc:c® =a* —b*> =9-1=8 > c =22
Thus, we have:

Center: (-3, 1)

Foci: (—3+2J§, 1), (—3—2\5, 1)

Vertices: (0, 1), (-6, 1)
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53.

y
4
(=3 -2V2,1) (-3,2) 3 +2v2n
(=6,1)@® (-3,1)e (0, 1)
| é X
o (=30
4-2

Complete the square to put the equation in
standard form:

4x* +y* +4y=0
4x* +y> +4y+4=4
4x* +(y+2)* =4

2 2
A O+2)” _4

4 4 4
2
x2+(y+2) ~1
4

The equation is in the form
N2 N2

(=’ (y=k)
b2 2

y-axis) where a=2, b=1, h=0, and k =-2.

Solving for c:

=a®-bp*=4-1=3 > c=43

Thus, we have:

Center: (0,-2)

Foci: (0,—2+\/§), (0,—2—\/5)
Vertices: (0, 0), (0,—4)
] | yi ©, P) | [
3
(0, =2 + 3)
(1, -2
0, -2)

=1 (major axis parallel to the

54. Complete the square to put the equation in
standard form:

9x* +y* —18x=0
9(x* —2x+1)+y* =9
9(x—1)2+y* =9
2 2
x—b” ¥y 9
9 9 9
2 }’2
x=D"+=—=1
(x=1) 9
The equation is in the form
x=h)*  (y=k)’
b2 2
y-axis) where a=3, b=1, h=1, andk =0.

L

Solving for c:

=d>-b*=9-1=8 > =22
Thus, we have:

Center: (1, 0)

Foci: (1, 2\/5), (1,—2\/5)
Vertices: (1, 3), (1,-3)
b (1,3)

w =

(1,242)

d I
=2 (0,0)[ (1.0) [(2,0) 4

(1, —2+2)

3_
(1, -3)

55. Center: (2,-2); Vertex: (7,-2); Focus: (4, -2);
Major axis parallel to the x-axis; a=5; c=2.

Find b:
PP=a*-c?=25-4=21 — b=+21

(-2 (y+2)° _
25 21

Write the equation: 1

A (2, -2+ 421)

(7’ 72)

7 (2, -2 -+21)
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56. Center: (-3, 1); Vertex: (=3, 3); Focus: (-3, 0);

57.

58.

Major axis parallel to the y-axis; a=2; c=1.
Find b:
b =a’-c*=4-1=3 — b=+3

2 12
3’ =D _

Write the equation: 2 1
y
5_
(23,2033 L3
L = (=3 +43.1)
(3\/3’|1)||1||_||||X
-6 B
(=3,0) (=3, -1 |-
o

Vertices: (4, 3), (4,9); Focus: (4, 8);
Center: (4, 6); Major axis parallel to the y-axis;
a=3; c=2. Find b:

Pr=a’-c?=9-4=5 - b=+5
_A)2 <Y
(=d” (=6 _

Write the equation: =1
5 9

(4.3)

N T T O T O
7

3 1

Foci: (1, 2), (-3, 2); Vertex: (-4, 2);
Center: (-1, 2); Major axis parallel to the
x-axis; a=3; ¢=2. Findb:
PP=d>-c?=9-4=5 — b=+5

1)? —2)?
LATNG

1

Write the equation:

y
(—1.2+5) 5

Section 10.3: The Ellipse

59. Foci: (5, 1), (-1, 1);

60.

61.

Length of the major axis = 8; Center: (2, 1);
Major axis parallel to the x-axis; a=4; ¢=3.
Find b:

PP=d>-c*=16-9=7 — b=A+7

2 2
(=2 (=1’ _

Write the equation: 1
16 7
YA
SC@.1+47)

(-1,1) ~F G.1)
(-2, 1){(@& (6, 1)

SN an
L 2.1-47)

—5+

Vertices: (2,5),(2,-1); ¢c=2;
Center: (2, 2); Major axis parallel to the y-axis;
a=3; ¢c=2. Findb:

PP=a*-c?=9-4=5 — b=45

2 2
Write the equation: (x=2) +(y 2 =1
5 9

V@5
5 (2.5)

2-+52)

L1111

=5
_5_

Center: (1, 2); Focus: (4, 2); contains the point
(1, 3); Major axis parallel to the x-axis; ¢=3.
The equation has the form:

2 2
oD =

a b
Since the point (1, 3) is on the curve:
0o 1

JERES
1 _
b2

Find a:
> =b*+c2=149=10 = a=+10

(x-1)°
10

1

=1

1 5b*=1-> b=1

Write the equation: +(y— 2)? =1
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62.

63.

}7
=
(-2,2) d.3) (4,2)

1 —+/10,2 1 10, 2
(o |) 1 |(1'|1) 1 (I JF-V\/_ :
) 4

_1_

Center: (1, 2); Focus: (1,4); contains the point
(2, 2); Major axis parallel to the y-axis; c=2.
The equation has the form:

2 2
(=1’ (v=2)° _

b* a’ !
Since the point (2, 2) is on the curve:
1 0 1
[

%:1 - b =1 > b=1
b

Find a:
a>=b+c*=144=5 - a=+/5
2
Write the equation: (x— 1)2 +% =1
y
5

(L2 +45)

&
1k (1245

Center: (1, 2); Vertex: (4, 2); contains the point
(1, 5); Major axis parallel to the x-axis; a=3.
The equation has the form:

x=1)% (y-2)°
( . > O : ) _

a b

Since the point (1, 5) is on the curve:
0,3 _
9 »

9

—=1—>b=9 > b=3
bz

1

1

Solve for c:
¢*=a*=b*=9-9=0. Thus, c=0.
2 2

o) 02

1

Write the equation:

yi
HH a, 5)
(1,2 AN
canfr Y
5 x
a, -1
[ TTTT

64. Center: (1,2); Vertex: (1, 4); contains the point

65.

1+ \/5, 3) ; Major axis parallel to the y-axis;
a=2.

2 2
b =27

a2

Since the point (1 +\/§, 3) is on the curve:
3 1

—+—=1

4 p?

i2=l - b=4 > b=2

b~ 4

The equation has the form: 1

2 2
(=)’ (=2 _

Write the equation:
4 4

1

Solve for c:

c*=a*-b*=4-4=0. Thus, c=0.
YA

[T
(2
-1

l [TTT
)

—H

(-1,2)

1,4)-
T
NG, 2)

N | L
a@ix
[
[

] ]
\ [
\ [

Rewrite the equation:
y =16 -4x
y2 =16-4x> s
4x* +y* =16,

y=0
y=0

2y
R >0
4 16 Y

y
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Section 10.3: The Ellipse

66. Rewrite the equation:
y=v9-9x
y2 =9-9x?, y=0

69. The center of the ellipse is (0, 0). The length of
the major axis is 20, so @ =10. The length of
half the minor axis is 6, so b =6. The ellipse is
situated with its major axis on the x-axis. The

9x* + y* =09, y=0 ¥ y2
2 2 equation is: —+=—=1.
XT+%:1’ y>0 100 36
y 70. The center of the ellipse is (0, 0). The length of
5 the major axis is 30, so a =15. The length of

half the minor axis is 10, so b=10. The ellipse

is situated with its major axis on the x-axis. The

2 2
B equation is: LI

225 100

L X The roadway is 12 feet above the axis of the
ellipse. At the center (x =0), the roadway is 2
feet above the arch.
At a point 5 feet either side of the center,

67. Rewrite the equation: evaluate the equation at x=5:

y=-64-16x" 52 2

Y =64-16x%, y<0 225100
16x7 + y* = 64, y<0 v .25 _200
2 2 100 225 225
RN 1, y<0 200
4 64 y=10,72 ~9.43
Y 225
(=2,0) 2 [ (2,0) The vertical distance from the roadway to the
T T T O T archis 12-9.43 = 2.57 feet.

68.

—g7 (0, -8)

Rewrite the equation:

y =—4—4x2

y2 =445, y<0

4x2+y2=4, y<0
2 yz
+—=1, <0
1 4 Y
y
2_
—1,0) [(1,0
] (I J.) (J.)l X
) \»/ 2
(0, =2)
74_

71.

At a point 10 feet either side of the center,
evaluate the equation at x=10:
2 2
107 > _
225 100
', 100 _125

100 225 225

y=10 /E ~7.45
225

The vertical distance from the roadway to the
archis 12—-7.45=4.55 feet.

At a point 15 feet either side of the center, the
roadway is 12 feet above the arch.

Assume that the half ellipse formed by the
gallery is centered at (0, 0). Since the hall is 100
feet long, 2a =100 or a =50 . The distance
from the center to the foci is 25 feet, so ¢ =25.
Find the height of the gallery whichis b :

b* =a* —c? =2500-625=1875

b=+1875=433

The ceiling will be 43.3 feet high in the center.
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72.

73.

74.

Assume that the half ellipse formed by the
gallery is centered at (0, 0). Since the distance
between the foci is 100 feet and Jim is 6 feet
from the nearest wall, the length of the gallery is
112 feet. 2a =112 ora =56 . The distance
from the center to the foci is 50 feet, so ¢ =50.
Find the height of the gallery whichis b :

b =a*-c? =3136-2500 = 636

b=~636 =252

The ceiling will be 25.2 feet high in the center.

Place the semi-elliptical arch so that the x-axis
coincides with the water and the y-axis passes
through the center of the arch. Since the bridge
has a span of 120 feet, the length of the major
axis is 120, or 2a =120 or a =60 . The
maximum height of the bridge is 25 feet, so

2 2

b =25. The equation is: +2 =1,
3600 625
The height 10 feet from the center:
2 2
100
3600 625
v, 100
625 3600
¥ =625 3500
3600
y = 24.65 feet
The height 30 feet from the center:
2 2
30° v
3600 625
90
625 3600
y? =625 2700
3600
y = 21.65 feet
The height 50 feet from the center:
2 2
50° L v _
3600 625
', 2500
625 3600
2 _ ¢35 1100
3600
y =13.82 feet

Place the semi-elliptical arch so that the x-axis
coincides with the water and the y-axis passes
through the center of the arch. Since the bridge

75.

76.

has a span of 100 feet, the length of the major
axis is 100, or 2a =100 ora =50 . Let i be the

maximum height of the bridge. The equation is:

2 2
X Y

+ Pl
2500  K?
The height of the arch 40 feet from the center is
10 feet. So (40, 10) is a point on the ellipse.
Substitute and solve for 4 :

40>  10?
L
2500 K2
10% 1600 _ 9
h? 2500 25
9h% = 2500
n=22_1667
3

The height of the arch at its center is 16.67 feet.

If the x-axis is placed along the 100 foot length
and the y-axis is placed along the 50 foot length,
2 2

. . . X y
the equation for the ellipse is: —+——=1.
a P 50% 257

Find y when x = 40:
2 2
LU
50° 25
v, 1600
625 2500
9
2
=625-—
Y 25
y =15 feet

To get the width of the ellipse at x =40, we
need to double the y value. Thus, the width 10
feet from a vertex is 30 feet.

Place the semi-elliptical arch so that the x-axis
coincides with the major axis and the y-axis
passes through the center of the arch. Since the
height of the arch at the center is 20 feet, b =20.
The length of the major axis is to be found, so it
is necessary to solve for a . The equation is:

2 2
x_2 +2 =1
a” 400
The height of the arch 28 feet from the center is
to be 13 feet, so the point (28, 13) is on the
ellipse. Substitute and solve for a:
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77.

78.

79.

282 132
—_t =
a® 400
784, 169 231
a? 400 400
231a® = 313600
a® =1357.576

a=36.845
The span of the bridge is 73.69 feet.

1

Because of the pitch of the roof, the major axis
will run parallel to the direction of the pitch and
the minor axis will run perpendicular to the
direction of the pitch. The length of the major
axis can be determined from the pitch by using
the Pythagorean Theorem. The length of the
minor axis is 8 inches (the diameter of the pipe).

2(5)=10

2(4)=8
The length of the major axis is

J(8)7+(10)" =/164 = 2/41 inches.

The length of the football gives the length of the
major axis so we have 2a =11.125 or

a =5.5625 . Atits center, the prolate spheroid is
a circle of radius . This means

27hb =28.25
b 28.25
2

2
Thus, i;mb2=f;z(5.5625) 2825 ~471.
3 3 27

The football contains approximately 471 cubic
inches of air.

81.

Since the mean distance is 93 million miles,

a =93 million. The length of the major axis is
186 million. The perihelion is

186 million — 94.5 million = 91.5 million miles.
The distance from the center of the ellipse to the
sun (focus) is

93 million — 91.5 million = 1.5 million miles.

995

80.

Section 10.3: The Ellipse

Therefore, ¢ =1.5 million. Find b:
pr=g?_c?

6\2 6\2
=(93><10 ) —(1.5><10 )
=8.64675%10"
=8646.75x10"?

b=92.99%10°

The equation of the orbit is:
2 2
X 4 y
6\ 6\
(93x10°)" (92.99%10°)

We can simplify the equation by letting our units
for x and y be millions of miles. The equation then
becomes:

2 2

Xy

=1
8649 8646.75

Since the mean distance is 142 million miles,

a =142 million. The length of the major axis is
284 million. The aphelion is

284 million — 128.5 million = 155.5 million miles.
The distance from the center of the ellipse to the
sun (focus) is

142 million — 128.5 million = 13.5 million miles.
Therefore, ¢ =13.5 million. Find b:

b*=a*-¢?

= (142><106)2 —(13.5><106)2

=1.998175x10'°

b=141.36x10°
The equation of the orbit is:
2 2
X + y _
62 62
(142><10 ) (141.36><10 )

We can simplify the equation by letting our units
for x and y be millions of miles. The equation then

becomes:

2 2
o Y

+ =1
20,164 19,981.75

The mean distance is
507 million — 23.2 million = 483.8 million miles.

The perihelion is
483.8 million — 23.2 million = 460.6 million
miles.

Since a =483.8x10° and ¢ =23.2x10° , We can
find b:
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b =a*-c?

= (483.8x106)2 —(23.2><106 )2

=12.335242x10"
b =483.2x10°
The equation of the orbit of Jupiter is:
2 2

X + y
(483.8><106)2 (483.2><10")2

We can simplify the equation by letting our units
for x and y be millions of miles. The equation

then becomes:

x2 y2

+ =1
234,062.44  233,524.2

82. The mean distance is
4551 million + 897.5 million = 5448.5 million

miles.

The aphelion is

5448.5 million + 897.5 million = 6346 million
miles.

Since a =5448.5x10° and ¢ = 897.5x10° , we
can find b:

b*=a®-c?

= (5448.5><106 )2 —(897.5><106 )2

=2.8880646x10"

b =15374.07x10°

The equation of the orbit of Pluto is:
2 2
al >+ Y > =1
6 6
(5448.5%10°)"  (5374.07x10°)

We can simplify the equation by letting our units
for x and y be millions of miles. The equation
then becomes:

2 2

al + Y =1
29,686,152.25 28,880,646
83. a. Put the equation in standard ellipse form:
AP +Cy* +F =0
Ax® + Cy2 =-F
2 2
A O
-F -F
2 2
+—2 =1
-F/A) (-F/C)
where A#20,C#0,F #0,and —F/A and

—F /C are positive.

1

If A#C,then —% * —%. So, this is the

equation of an ellipse with center at (0, 0).

b. If A=C, the equation becomes:

A)62+Ay2 =-F — )cz+y2 =_7

This is the equation of a circle with center at

(0, 0) and radius of ‘/% .

84. Complete the square on the given equation:
Ax*+Cy*+Dx+Ey+F =0, A#0,C#0
Ax* +Cy* +Dx+Ey=—F
D E
Al X2 +=x|+C| Y2+ = )=—F
(x ij (y c’
2 2 2 2
A(x+£j +C[y+£) :D—+E——F
2A 2C 4A 4C
where A-C>0.
D> E?

let U=—+—-F
4A 4C

a. If Uis of the same sign as A (and C), then

2 2
D) (L E
24) \""ac) |
v v
A C
This is the equation of an ellipse whose
. (—D —EJ
center is | —, — |.
2A 2C

b. If U =0, the graph is the single point
(ﬂ i)
247 2C)"
c. If Uis of the opposite sign as A (and C), this

graph contains no points since the left side
always has the opposite sign of the right side.

85. Answers will vary.
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Section 10.4

1. d= \/(—2—3)2 +(1-(=4))’
= J(=5)" +(5) =v25+25 =50 =5\

3. x-intercepts: 0% =9+ 4x?
4x* =9

¥’ = —% (no real solution)

y-intercepts: y* = 9+4(0)2
¥’ =9
y=13 — (0,—3),(0,3)
The intercepts are (0,—3) and (0,3).

4. True; the graph of y2 =9+x% isa hyperbola
with its center at the origin.

5. right 5 units; down 4 units

2
6. y= x2 _9;p(x):x2—9, q(x)=x>—4
x" =4

The vertical asymptotes are the zeros of ¢ .
q(x)=0
x*—4=0
xr=4
x=-2,x=2
The lines x =-2, and x =2 are the vertical
asymptotes. The degree of the numerator,

p(x)= x> -9 ,is n=2. The degree of the
denominator, g(x)= xt—4 ,ism=2.
Since n=m, the line y= % =1 is a horizontal

asymptote. Since this is a rational function and
there is a horizontal asymptote, there are no
oblique asymptotes.

7. hyperbola
8. transverse axis

9. b

997

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Section 10.4: The Hyperbola

(2.4);(2,-2)
(2.6):(2.4)
4

2;3;x

= —ix . =—X
Yy 9 Y=y
(b); the hyperbola opens to the left and right, and
has vertices at (il,O) . Thus, the graph has an

2
equation of the form x° —Z—z =1.
(c); the hyperbola opens up and down, and has
vertices at (0, +2). Thus, the graph has an
2 2
equation of the form RANE Y
4 p?

(a); the hyperbola opens to the left and right, and
has vertices at (i2,0) . Thus, the graph has an

2 2
equation of the form % - o,

bz
(d); the hyperbola opens up and down, and has
vertices at (O,il) . Thus, the graph has an

2
equation of the form y2 —b—z =1.
Center: (0, 0); Focus: (3, 0); Vertex: (1, 0);
Transverse axis is the x-axis; a=1; ¢=3.Find
the value of b:
b =c*—a*=9-1=8

b=+8=22
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20. Center: (0, 0); Focus: (0, 5); Vertex: (0, 3);
Transverse axis is the y-axis; a=3; ¢=5.

Find the value of b:
b =c*-a*=25-9=16
b=4
2 2
Write the equation: DAY

9 16

21. Center: (0, 0); Focus: (0, -6); Vertex: (0, 4)
Transverse axis is the y-axis; a=4; ¢=6.

Find the value of b:
b’ =c* —a* =36-16=20
b=+20=25
2 2
. N S
Write the equation: 620 l.

22. Center: (0, 0); Focus: (-3, 0); Vertex: (2, 0)
Transverse axis is the x-axis; a=2; ¢=3.
Find the value of b:
b*=c*-a’>=9-4=5

b=+5

2 2

Write the equation: XT ——=1.

23. Foci: (-5,0), (5, 0); Vertex: (3, 0)
Center: (0, 0); Transverse axis is the x-axis;
a=3; ¢c=5.

Find the value of b:
b*=c?>-a*>=25-9=16=>b=4
2 2
. . x° 0y
Write th tion: ——-—=1.
rite eequa 10n 9 16

-10 Pl 10
|17 \ﬁl
Fl—(—S, 0) / AN F =(S!0)
N\
// -10 AY
o, 4
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24. Focus: (0, 6); Vertices: (0, -2), (0, 2)

25.

Center: (0, 0); Transverse axis is the y-axis;
a=2;, c=6.

Find the value of b:
Pr=c*—a?=36-4=32 =b=42
y2 X2
Write th tion: =——=—=1.
rite the equation 2 32

Vertices: (0, —6), (0, 6); asymptote: y =2x;
Center: (0, 0); Transverse axis is the y-axis;
a = 6. Find the value of b using the slope of the

asymptote: %2222: 2b=6 = b=3

Find the value of c:
2 =a>+b*=36+9=45
2 2

c=3\/§
yooox

Write th tion: =———=1.
rite the equation %69

999

Section 10.4: The Hyperbola

26. Vertices: (-4, 0), (4,0); asymptote: y=2x;

27.

Center: (0, 0); Transverse axis is the x-axis;
a =4 . Find the value of b using the slope of the
asymptote: b_b_ 2 = b=8
a 4
Find the value of c:
c? =a*+b* =16+64 =80

c=4\/§

2
>y

. . X
Write th tion: ——=—=
rite the equation T

Foci: (-4, 0), (4, 0); asymptote: y =—x;
Center: (0, 0); Transverse axis is the x-axis;
¢ =4 . Using the slope of the asymptote:

_22_1:_b:_a:b:a.
a

Find the value of b:
b*=c*-d®> = a® +b* =¢? (c=4)

br+b*=16=2b*> =16 = b> =8

b=+8=22
a=+8=2v2 (a=b)
2 2
Write the equation: %_y? =1.
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Chapter 10: Analytic Geometry

28.

29.

Foci: (0, -2), (0, 2); asymptote: y =—x ;
Center: (0, 0); Transverse axis is the y-axis;
¢ =2. Using the slope of the asymptote:

—%z—l:—b:—a:b:a
Find the value of b:

b2 =% — g2
a?+p?=¢? (c=2)

PP+br=4=2p =4
=2 = b=+2

a=+2 (a=Db)
2 2
Write the equation: y? -5 = l.
y= ﬁ%(o, 2)y=*
N e
N id
\s‘% =(03V7)
No & 122
vz, 0) N [L7102.0)
T i
3 P 7N 3
k b 1 =(0=_V7)
g N\
/ \
/ N i_\
Ve a .
F=(0,-2)
£y
25 9

The center of the hyperbola is at (0, 0).
a=5, b=3. The vertices are (5,0) and

(-5,0). Find the value of ¢:

P =d?+b*=25+9=34=c=+34

The foci are (\/374,0) and (—\/3_4,0) .

The transverse axis is the x-axis. The asymptotes

3 3
are y=§x; yz—gx.

30.

31.

2
y X

XL

16 4
The center of the hyperbola is at (0, 0).
a=4, b=2. The vertices are (0, 4) and

(0, —4). Find the value of c:
ct=a*+b* =16+4=20

c= \/2_0 = 2\/§
The foci are (0, 2\/3) and (0, —2x/§).

The transverse axis is the y-axis. The asymptotes
are y=2x;y=-2x.

y=-2x ¥ y=2x
N7 0
Ko V,=(0,4)
|

F =(0,-2V5)

4x* —y* =16
Divide both sides by 16 to put in standard form:
2 2 2 2
ATy 16 xT ¥y
16 16 16 4 16
The center of the hyperbola is at (0, 0).
a=2, b=4.
The vertices are (2, 0) and (-2, 0).
Find the value of c:

A =a’+b*=4+16=20
c=\20=25
The foci are (2\/5,0) and (—2x/§,0).

The transverse axis is the x-axis. The asymptotes
are y=2x;y=—2x.
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32.

33.

4 y2 -x*=16
Divide both sides by 16 to put in standard form:
4 y2 X 16 y2 x*

=L R

16 16 16 4 16
The center of the hyperbola is at (0, 0).
a=2, b=4. The vertices are (0,2) and

(0,-2). Find the value of c:

A =a’+b*=4+16=20 — c=+20=2V5
The foci are (O, 2\/5) and (O, —2x/§) .

The transverse axis is the y-axis. The asymptotes

1 1
are y=§x andy=——x.

2
YA
5e—F,= (0. 2.V5)
oo L= @D T oL,
(= (;)T_l\ ~ : ":/_TY |(;i0)
s ~ T Py
-5 ///_ ~. 15
,/LL_ = ~.
v, = (0, —2)5.[/_f1:1_(0, 2 V5)
y2-9x* =9

Divide both sides by 9 to put in standard form:
2 2
YOO 9 _ ¥y 2
L __ZZ -2 < =1
9 9 9 9 "
The center of the hyperbola is at (0, 0).
a=3, b=1.
The vertices are (0, 3) and (0, —-3).
Find the value of c:
c*=a’+b*=9+1=10
c=+10
The foci are (Ox/ﬁ) and (0,—@) .

The transverse axis is the y-axis.
The asymptotes are y =3x;y =—3x.

34.

35.

Section 10.4: The Hyperbola

Xyt =4
Divide both sides by 4 to put in standard form:
x? y2 4 Xy

A AN A —

4 4 1274 1
The center of the hyperbola is at (0, 0).

a=2, b=2. The vertices are (2,0) and
(=2,0). Find the value of c:
F=a’+b’=4+4=8 > c=8=2/2
The foci are (2\/5, O) and (—2\/5, 0).

The transverse axis is the x-axis.
The asymptotes are y=x; y=—x.

£

=1.
25 25
The center of the hyperbola is at (0, 0).
a=5, b=>5. The vertices are (0,5) and

(0,=5) . Find the value of c:
> =a"+b>=25+25=50
c=~/50 =52
The foci are (0,5\/5) and (O,—S\/E).

The transverse axis is the y-axis.
The asymptotes are y=x;y=—x.

V,=(0.5) Y
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Chapter 10: Analytic Geometry

36. 2x° -y’ =4 39. The center of the hyperbola is at (0, 0).
Divide both sides by 4 to put in standard form: a=6, b=3.
2y The vertices are (0,—6) and (0,6) . Find the
L A |
2 4 ' value of c:
The center of the hyperbola is at (0, 0). A =a?>+b*=36+9=45
a:\/i,bzz. C:\/4—5:3\/§
The vertices are(\/E, 0) and (—\/E, 0) . The foci are (O, _3\/5) and (0, 3\/3) )
Find the value of c: The transverse axis is the y-axis.
P =a+b*=2+4=6 — c=+6 The asymptotes are y =2x; y =—2x. The
The foci are (\/6, 0) and (—\/6, 0). 2 2
equation is: RSN
The transverse axis is the x-axis. 369

The asymptotes are y = Vs y=—v2x. 40. The center of the hyperbola is at (0, 0).

a=2, b=4.

The vertices are (-2,0) and (2,0).

Find the value of c:

c?=a’+b*=4+16=20
c=20=25

The foci are (~2v/5,0) and (2/5,0).

The transverse axis is the x-axis.
The asymptotes are y =2x; y =—2x.

2 2
37. The center of the hyperbola is at (0, 0). The equation is: XT _f_6 =1.
a=1, b=1.The vertices are (1,0) and (-1,0).
Find the value of c: 41. Center: (4,-1); Focus: (7,-1); Vertex: (6, -1);
A= +bt=1+1=2 Transverse axis is parallel to the x-axis;
=2; c=3.
c= \/5 a. C
Find the value of b:

The foci are (\/E, O) and (—\/E, O) . P=c?—a?=9-4=5=b=15
The transverse axis is the x-axis. ) ] (x—4)?% (y+1)?
The asymptotes are y =x;y=—x. Write the equation: RS—— 1.

The equation is: x* —y> =1.

38. The center of the hyperbola is at (0, 0).
a=1, b=1.The vertices are (0,—1) and (0,1).

Find the value of c:
¢ =d’+b’ =1+1=2
N
The foci are (0, —\/5) and (0,\/5).

The transverse axis is the y-axis.
The asymptotes are y =x;y=—x.

The equation is: y2 -x*=1.

1002
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42. Center: (-3, 1); Focus: (-3, 6); Vertex: (-3, 4);
Transverse axis is parallel to the y-axis;
a=3; ¢=5.Find the value of b:
b=c-a*=25-9=16=>b=4

_1)2 2
Write the equation: - _(X+3) _

9 16

43. Center: (-3, -4); Focus: (-3, -8);
Vertex: (-3, -2);
Transverse axis is parallel to the y-axis;
a=2;, c=4.
Find the value of b:
b*=c*—a*=16-4=12

b=+12=23
(y+4> (x+3)° _

4 12

Write the equation:

1.

= E(x +3)

4=
3

V,=(3,-6)
Fi=(3,-8) -14[

Section 10.4: The Hyperbola

44. Center: (1, 4); Focus: (-2, 4); Vertex: (0, 4);

45.

-
- +.l
- / B NIC R G

1003

Transverse axis is parallel to the x-axis;
a=1; ¢=3.Find the value of b:

br=c*-a*>=9-1=8

b=+8=22

2
Write the equation: (x— 1)2 —% =1.
y-4=2V2(x-1)
y 1,4 +2V2)
V=049 V,=(24)
F =24 oF,=(44)
1,4
((1, 4 12\/5)

y-4==2V2x-1)

Foci: (3,7), (7, 7); Vertex: (6, 7);
Center: (5, 7); Transverse axis is parallel to the
x-axis; a=1; c=2.

Find the value of b:
b*=c*—a*=4-1=3
b=+3
72
Write the equation: (x—5)* —% =1.

{\i T+3) y-7=/3(x-5)
/
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Chapter 10: Analytic Geometry

46. Focus: (-4, 0); Vertices: (-4, 4), (-4, 2);
Center: (—4, 3); Transverse axis is parallel to
the y-axis; a=1; ¢=3.
ind the value of b:
b*=c*-a*=9-1=8

=V8=22

2

Write the equation: (y —3»)2 —% =1.
y

(—4.3)

8_
F7—(46) B '
/,y—3=\%(x+4)

V, = (—4,4) L=> -
(- 4—2(‘;)5\%4—4+2@3)

B T SRR
I(J.I r)| >|\F‘Xy serd
= Fl—( 4,00 + 2

47. Vertices: (-1,-1), (3,-1); Center: (1,-1);

Transverse axis is parallel to the x-axis; a=2.

Asymptote: y+1= %(x -1)

Using the slope of the asymptote, find the value

of b:

b_b_3
= b=3

a 2 2

Find the value of c:
A =a’+b*=4+9=13
c=+13

(x-1> (y+1)°
4 9

y+1/=‘§(x—l)

=1.

Write the equation:

/
:(.1,_2%// (1, 1)
A X
LN N = (1 T3 D)
:,_\i Vy=(3.-1)
(1, —4)\\

48. Vertices: (1,-3), (1, 1); Center: (1,-1);

Transverse axis is parallel to the y-axis; a=2.
Asymptote: y+1= %(x—l)

Using the slope of the asymptote, find the value
of b:

a_2_3 4

—== b=4 b=

bTp 2 T TP by

Find the value of c:

T3

Write the equation:

(+D* 91’
4

) == Yy
y+1 2( \1)4
(1, -1) \

]
y+l—2(v—l)/

(x=2°_ (y+3)°
4 9
The center of the hyperbola is at (2, -3).

a=2, b=3.

The vertices are (0, -3) and (4, -3).
Find the value of c:

A =d®+b*=4+9=13=c=13

Foci: (2-+/13,-3) and (2++/13,-3).

Transverse axis: y =-3, parallel to x-axis.

=1

Asymptotes: y+3 = %(x -2);

y+3=—%(x—2)
y
\2
11 1 »
—4
v, = (0, -3)
= (2 — 13, —3’)
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50.

51.

+3)° (=2 _
4 9

The center of the hyperbola is at (2, -3).

a=2, b=3.The vertices are (2, —1) and (2, -5).

Find the value of c:

A =d®+b*=4+9=13=c=413

Foci: (2,—3—@) and (2,—3+JE)

Transverse axis: x =2, parallel to the y-axis

1

Asymptotes: y+3= %(x -2);

y+3=—§(x—2)

2CF =23+ V3) y+3=2G-2)
X

- ‘y+3=—%(x—2)

(y-2)* —4(x+2)* =4
Divide both sides by 4 to put in standard form:

2
%—(Hz)z:l.

The center of the hyperbola is at (-2, 2).
a=2, b=1.

The vertices are (-2, 4) and (-2, 0). Find the
value of c:

F=d+b’ =4+1=5=c=5

Foci: (-2,2-+/5) and (=2,2++5).
Transverse axis: x =—2, parallel to the y-axis.
Asymptotes: y—2=2(x+2); y—2=—-2(x+2).

\
F,=(-2 2+ Vs)

~
\
(_2’ 2) LS o 1 _/(_la 2)
SoPK ¢

‘iFl =(-2,2-V5)

\
\

Section 10.4: The Hyperbola

52. (x+4)*-9(y-3)*=9

Divide both sides by 9 to put in standard form:
(x+4)°

-3)*=1.

5 (y-=3)

The center of the hyperbola is (-4, 3).
a=3, b=1.

The vertices are (-7, 3) and (-1, 3).
Find the value of c:

cz=a2+b2=9+1=103c=\/ﬁ

Foci:(—4—\/ﬁ, 3) and (—4+JE,3)

Transverse axis: y =3, parallel to the x-axis.

Asymptotes: y—3 :%(x+4), y=3= —%(x+4)

L

y—3=%(x+4)

\

/T

F, = (—4 ++10,3)

=

,I I I»—-—IV

53, (x+1)*-(y+2)° =4

Divide both sides by 4 to put in standard form:

(x+D)* (y+2° _
4 4

The center of the hyperbola is (-1, -2).

a=2,b=2.

The vertices are (-3, -2) and (1, -2).

Find the value of c:

A=’ +b’ =4+4=8=c=8=22
Foci:(—1—2\/§,—2) and (—1+2x/§,—2)
Transverse axis: y =—2, parallel to the x-axis.
Asymptotes: y+2=x+1; y+2=—(x+1)

YA
4 y+2=x+1

1.

-1,-2)

y+2=-x+1)
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Chapter 10: Analytic Geometry

54. (y-3)2-(x+2)%=4 56.

Divide both sides by 4 to put in standard form:
(-3 (+2)?
4 4

hyperbolais at (-2, 3). a=2, b=2.
The vertices are (-2, 5) and (-2, 1).

Find the value of c:

A=a>+b’ =4+4=8=c=8=2\2
Foci:(~2,3-2v2) and (-2,3+242)

Transverse axis: x =—2, parallel to the y-axis.

=1. The center of the

Asymptotes: y—3=x+2;
y=3=—(x+2)

F,=(-2,3+2V2) ¥
N

Ny—3=~(x+12)
F,=(2,3-2V2)

55. Complete the squares to put in standard form:
x° —y2 -2x-2y—-1=0
(x> =2x+D) - +2y+)=1+1-1
(x=D*=(y+D* =1
The center of the hyperbola is (1, —1).
a=1, b=1. The vertices are (0, -1) and

(2, -1). Find the value of c:

F=d*+b =1+1=2=c =12

Foci: (l—x/z,—l) and (1+\/§,—1).
Transverse axis: y =—1, parallel to x-axis.

Asymptotes: y+1=x-1 y+1=—(x-1).

oF, = (1++2.-1)
‘V2 =(2.-1)

1006

Complete the squares to put in standard form:
vy —x*—4y+4x—1=0

(Y2 —dy+4)— (x> —4x+4)=1+4-4

(y-2"-(x-2)" =1

The center of the hyperbola is (2, 2).

a=1, b=1. The vertices are (2,1) and (2,3).

Find the value of c:

A =a’+p =1+1=2=c=12

Foci: (2,2-+2) and (2,2++/2).

Transverse axis: x =2, parallel to the y-axis.

Asymptotes: y—2=x-2; y—-2=—(x-2).

F =22+ V2)
¢ y=-2=x-2

Fi=2.2-V2)

. Complete the squares to put in standard form:

v —4x* —4y-8x-4=0
(Y —4y+4)—4(x* +2x+1)=4+4-4
(y=2)* —4(x+1)* =4
Y
v 42) (x4 =1
The center of the hyperbola is (-1, 2).
a=2, b=1.

The vertices are (-1, 4) and (-1, 0).
Find the value of c:

A =d?+p =4+1=5=c=45

Foci: (~1,2-+/5) and (~1,2++/5).
Transverse axis: x =—1, parallel to the y-axis.
Asymptotes: y—2=2(x+1); y—2=-2(x+1).
Y= 2=2(x+1)
Fy=(-1,2+V5)
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58. Complete the squares to put in standard form:
2x* =y  +4x+4y—-4=0
22 +2x+)—(y? —4y+4)=4+2-4
2+ —(y-2)* =2

2
(x+1)2——(y_22) =1

The center of the hyperbola is (-1, 2).
a=1, b= \/5 .

The vertices are (-2, 2) and (0, 2). Find the
value of c:

F=a’+bh* =1+2=3=c=43

Foci: (~1-+/3,2) and (-1++73,2).
Transverse axis: y =2, parallel to the x-axis.
Asymptotes:
y=2=~2(x+1);y—2=-2(x+1).

59. Complete the squares to put in standard form:
4x* —y? —24x-4y+16=0
4(x* —6x+9)—(y* +4y+4)=—16+36—4
4x-3)" —(y+2)> =16
(=3 (+2)° _

=1

4 16
The center of the hyperbola is (3, -2).
a=2, b=4.
The vertices are (1, —2) and (5, —2). Find the
value of c:
c?=a’+b* =4+16=20

c=20=25

Foci: (3-24/5,-2) and (3+2+/5,-2).

Transverse axis: y =—2, parallel to x-axis.

Asymptotes: y+2=2(x-3);
y+2=-2(x-3)

Section 10.4: The Hyperbola

yv+2==2(x-3) YA

F,=(3-25.-2)e
V,=(1.-2)

.FEZ (3 + 2 \,"IS. —2}

V,=(5-2)

—7H

60. Complete the squares to put in standard form:
2y* —x* +2x+8y+3=0
2(y* +4y+4)—(x* —2x+1)=-3+8-1
2y+2) —(x-1)* =4
+2° _(x=1* _

2 4
The center of the hyperbola is (1,-2).

a=v2, b=2.
Vertices: (1,—2—\/5) and (1,—2+x/§)
Find the value of c:
I =d’+b*=2+4=6

c=+6
Foci: (1,—2-+/6) and (1,—2++/6).
Transverse axis: x =1, parallel to the y-axis.

NG

Asymptotes: y+2 = TZ(x -1

1

y+2=—g(x—l)

F,=(1,-2+VG)

YA
y+2=-2 -1 g V=026V
= -
= B %
=4 WRES(L, -2
-1.-2)4¢ E*i/f(s, 2)
P

sV = —2-\2)

Y
™

F =(01,-2-V6)

\S
\
\3
\
T T

4
T
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61. Complete the squares to put in standard form:
y? —4x* —16x-2y—19=0
(Y =2y+1D)—4(x> +4x+4)=19+1-16
(y-1)?-4(x+2)* =4

(y D er2r o1
The center of the hyperbola is (-2, 1).

a=2, b=1.
The vertices are (-2, 3) and (-2, —1). Find the
value of c:
A =a’+b*=4+1=5
c=+5

Foci: (—2,1—\/5) and (—2,1+\/§).

Transverse axis: x =—2, parallel to the y-axis.
Asymptotes: y—1=2(x+2); y—-1=-2(x+2).

F,=(-2,1+V%)
y=1=-20:+2) Yh y—1=2x+2)
b 6
A
\
2, 1)\\/
3,1 u
(| ).I/I\I ﬁ 1|’ 1|) I

-6 VgV 4
v, =(2,-1) \

/
¥ —~4
F =(2,1-V5)

T I"k'

V,=(2,3)

o

T

62. Complete the squares to put in standard form:
x> =3y +8x—6y+4=0
(x> +8x+16)-3(y> +2y+1)=—4+16-3
(x+4)? =3(y+1)* =9
(x+4)° (y+D?

9 3
The center of the hyperbola is (-4, —1).

a=3, b= \/5 . The vertices are (-7, —1) and
(-1, -1). Find the value of c:
F=a+b*=9+3=12

c= \/E = 2\/5

Foci: (—4-2+/3,-1) and (-4+2v3,-1).

Transverse axis: y =—1, parallel to x-axis.

3

y+1=§(x+4); y+1=—T(x+4)

=1

Asymptotes:

L

1 Y3 4
(= -1+ V3) ,y+ - 3(x+)

\|4.|'T||r1' [

_(_4 235D o e V,=(1,-1)
V,=(7.-D) 1/(4 )R\

Fy=(=+2V3,-1)
(-, 1-V_)

-5

V3
y+1=—?(x+4)

63. Rewrite the equation:

16+ 4x*
y:=16+4x>, y=0
y: —4x* =16, y=0

64. Rewrite the equation:

y =9 +9x?

y'=9+9x*, y<0

y2—9x2=9, y<0
2 2
y X
———=], <0
9 1 Y
YA
y=-3x [Ly=3x
\\7
|||||+|||||§
-5 5
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Section 10.4: The Hyperbola

65. Rewrite the equation:

y =—\1—25+x2

v ==25+x* y<0

x? —y? =25, y<0
2 2
XY
— =], <0
25 25 Y
y
N 10 s
N | s
N s/
AN = Ve
N e
|/ 2 2

L g N g 68. (y;z) —(x42) =1

—-10 4 AN 10 .
L AN The graph will be a hyperbola. The center of the
d N hyperbolais at (2,-2). a=4, b=2. The

Al 4 B N vertices are (2, 2) and (2, —6). Find the value of c:

y=x T1OF y=—x A =a?+b? =16+4=20= c =20 =245
66. Rewrite the equation: Foci: (2’ —2- 2\/5) and (2’ -2+ 2\/5)
y= /_1 42 Transverse axis: x =2, parallel to the y-axis

5 Asymptotes: y+2=2(x-2); y+2=-2(x—-2)
y ==14+x", y20

2. -2)
Fy= (2 -2 = 2\5)—

69. x> =16(y-3)
The graph will be a parabola. The equation is in

67 (x—3)* _y_2 -1 the form (x—h)* = 4a(y—k) where 4a =16 or
4 25. a=4, h=0, and k =3. Thus, we have:
The graph will be a hyperbola. The center of the Vertex: (0, 3); Focus: (0, 7); Directrix: y=—1

hyperbolais at (3,0). a=2, b=5.

The vertices are (5, 0) and (1, 0).
Find the value of c:

A =a?+bh =4+25=29 = c=+/29
Foci: (3—@, 0) and (3+\/E, O)

Transverse axis is the x-axis.

Asymptotes: y = %(x—S); y= —%(x—?»)

1009
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70. y? =—-12(x+1)
The graph will be a parabola. The equation is in
the form (y —k)? =—4a(x—h) where —4a=-12
ora=3, h=-1, and k =0 . Thus, we have:
Vertex: (—1,0); Focus: (-4, 0); Directrix: x =2

y
10

V=(-1,0)

\\IIII‘

X

71. The graph will be an ellipse. Complete the
square to put the equation in standard form:

25x% +9y? —=250x+400 =0
(25x% —250x)+9y* = —400
25(x* —10x)+9y* =—400
25(x* —10x+25)+9y? =—400+625
25(x—5)2 +9y* =225
25(x-5)° 9y* _225
225 225 225
@5 ¥

9 25
The equation is in the form

N2 2
(x=hY (=)
b2 2
y-axis) where a=5, b=3, h=5, and k=0.
Solving for c:¢? =a* —b*> =25-9=16 >c=4
Thus, we have:

Center: (5,0)

Foci: 5,4), 5,4

Vertices: (5, 5), (5,-5)

NVi=(.5)

1

=1 (major axis parallel to the

1010

72.

73.

The graph will be an ellipse. Complete the
square to put the equation in standard form:

x> +36y> —2x+288y+541=0
(x* —2x)+(36y* +288y) =541
(x* =2x)+36(y* +8y) =541
(% =2x+1)+36(y> +8y+16) =—541+1+576
(x=1)* +36(y+4)* =36
(x=1)2 +36(y+4)2 _36
36 36 36
(x=1)°

+(y+4)* =1

The equation is in the form
x—h)’*  (y—k)*
=’ (y=h)

a b

x-axis) where a=6, b=1, h=1, andk=—4.

Solving for c:

A =d®—b*=36-1=35—>c=4/35

Thus, we have:

Center: (1,—4)

Foci: (1—\/%,—4), (1+\/§’_4)

Vertices: (7,—4), (-5,-4)

=1 (major axis parallel to the

y
2_
L 1 1 1 1 _| I T T
=5 | 8
FZZ(l_\/ﬁ~_4) _F1:(1+'\/§~_4)
Lo C: (1, —4)
V, = (=5, —4)y6| V, = (7, —4)

The graph will be a parabola. Complete the square
to put the equation in standard form:

x> —6x—-8y-31=0
x* —6x=8y+31
¥’ —6x+9=8y+31+9
(x—3)* =8y +40
(x=3)* =8(y+5)
The equation is in the form
(x—h)* =4a(y—k) where 4a=8 or a=2,
h=3, and k =-=5. Thus, we have:
Vertex: (3,-5);
Focus: (3,-3);
Directrix: y=-7
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74. The graph will be a hyperbola. Complete the
squares to put in standard form:

9x? —y* —18x—8y—88=0
9(x* —2x+1)—(y* +8y+16)=88+9-16
9x-1)* - (y+4)* =81
(=1 (+4 _,
9 81
The center of the hyperbolais (1,—4) .

a=9, b=8l1.
The vertices are (—2,—4) and (4,-4) .
Find the value of c:
ct=a*+b*=9+81=90

¢ =90 =310
Foci: (1-3v10,~4) and (1+310,4).

Transverse axis: x =—2, parallel to the y-axis.

Asymptotes: y+4=3(x—1); y+4=-3(x-1).

4 (L.5)

10 /

\\ _/,

\ L /

T —/{

Vo= (=2.-H\\[ /]
LN !\
10 -

~

T/

Fy=(1 =310, —4)

75.

Section 10.4: The Hyperbola

First note that all points where a burst could take
place, such that the time difference would be the
same as that for the first burst, would form a
hyperbola with A and B as the foci. Start with a
diagram:

(x, V/) N

\
\
Y > e————-e

2 miles
Assume a coordinate system with the x-axis

containing BA and the origin at the midpoint of
BA.
The ordered pair (x, y) represents the location of

the fireworks. We know that sound travels at 1100
feet per second, so the person at point A is 1100
feet closer to the fireworks display than the person
at point B. Since the difference of the distance

from (x,y) to A and from (x,y) to B is the

constant 1100, the point (x, y) lies on a hyperbola
whose foci are at A and B. The hyperbola has the

equation
ES
at b

where 2a =1100, so a =550 . Because the
distance between the two people is 2 miles (10,560
feet) and each person is at a focus of the hyperbola,
we have
2¢=10,560

¢ =5280
b* =c* —a® =5280° —550% = 27,575,900
The equation of the hyperbola that describes the

location of the fireworks display is

2
X2 y

5502 27,575,900 =1
Since the fireworks display is due north of the
individual at A, we let x =5280 and solve the
equation for y.
5280y 1
5502 27,575,900
2

Y  __
27,575,900 o1.16
y* =2,513,819,044
y=50,138

Therefore, the fireworks display was 50,138 feet
(approximately 9.5 miles) due north of the person
at point A.
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76. First note that all points where the strike could 77. To determine the height, we first need to obtain

take place, such that the time difference would
be the same as that for the first strike, would
form a hyperbola with A and B as the foci.
Start with a diagram:

(x, }2 N

Yy e————-e

1 mile
Assume a coordinate system with the x-axis

containing BA and the origin at the midpoint of
BA.
The ordered pair (x, y) represents the location

of the lightning strike. We know that sound
travels at 1100 feet per second, so the person at
point A is 2200 feet closer to the lightning strike
than the person at point B. Since the difference

of the distance from (x,y) to A and from (x, y)

to B is the constant 2200, the point (x,y) lies on

a hyperbola whose foci are at A and B. The

hyperbola has the equation

2 »

T2
a b
where 2a =2200, so a =1100. Because the
distance between the two people is 1 mile (5,280
feet) and each person is at a focus of the
hyperbola, we have
2¢=5,280

c=2,640
b* =c* —a’ =2640° -1100° = 5,759,600
The equation of the hyperbola that describes the

location of the lightning strike is

2
)C2 y

11002 5,759,600 =1
Since the lightning strike is due north of the
individual at A, we let x = 2640 and solve for y.
2640> v :
1100 5,759,600

2

Yy  __
5,759,600 476
y* =27,415,696
y=5236

The lightning strikes 5236 feet (approximately
0.99 miles) due north of the person at point A.

the equation of the hyperbola used to generate
the hyperboloid. Placing the center of the
hyperbola at the origin, the equation of the
2 2
hyperbola will have the form x_2 —2)—2 =1.
a
The center diameter is 200 feet so we have

a= % =100. We also know that the base

diameter is 400 feet. Since the center of the
hyperbola is at the origin, the points (200,-360)

and (—200,-360) must be on the graph of our

hyperbola (recall the center is 360 feet above
ground). Therefore,

(200)* B (-360)* |

(100)> b’
2
30
2
3o 36(2)
b
b* = 43,200

b = 43,200 = 1203

The equation of the hyperbola is
2 2
X Y

=1
10,000 43,200

At the top of the tower we have x = % =150.

1507y,
10,000 43,200
Y a5
43,200
y* =54000
y=~232.4

The height of the tower is approximately
232.4+360=592.4 feet.
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79.

First note that all points where an explosion
could take place, such that the time difference
would be the same as that for the first detonation,
would form a hyperbola with A and B as the
foci. Start with a diagram:
N D,

_ —a (1200, y)
-7
- I
(-1200,0) -~ D} (1200,0)

A 0,00 (@0 g

>
»

x

2400 ft
Since A and B are the foci, we have

2¢=2400 = ¢=1200

Since D, is on the transverse axis and is on the

hyperbola, then it must be a vertex of the
hyperbola. Since it is 300 feet from B, we have
a=900. Finally,

b? = —a® =1200% —900° = 630,000

Thus, the equation of the hyperbola is

2
X2 y

_ =1
810,000 630,000
The point (1200, y) needs to lie on the graph of

the hyperbola. Thus, we have

(1200
810,000 630,000
o7
630,000 9
y* =490,000
y =700

The second explosion should be set off 700 feet
due north of point B.

a. Since the particles are deflected at a 45°
angle, the asymptotes will be y =tx.

b. Since the vertex is 10 cm from the center of
the hyperbola, we know that a =10. The

. b
slope of the asymptotes is given by =—.
a

Therefore, we have

2:1 = i:1 =b=10
a 10
Using the origin as the center of the

hyperbola, the equation of the particle path

would be

2 2
2 Y 1, x20
100 100

80.

81.

Section 10.4: The Hyperbola

Assume the origin lies at the center of the
hyperbola. From the equation we know that the
hyperbola has a transverse axis that is parallel to
the y-axis. The foci of the hyperbola are located

at (0,%c)

> =a’+b*=9+16=25 or c¢=5

Therefore, the foci of the hyperbola are at

(0,-5) and (0,5).

If we assume the parabola opens up, the common
focus is at (0,5). The equation of our parabola

will be x* = 4a(y —k) . The focal length of the

parabola is given as a = 6. We also know that
the distance focus of the parabola is located at

(0,k+a)=(0,5) . Thus,

k+a=5
k+6=5
k=-1

and the equation of our parabola becomes
x* =4(6)(y-(-1))
x*=24(y+1)

or

2
>y

X
Assume a—z—b—z =1.

If the eccentricity is close to 1, then

c=aand b=0. When b is close to 0, the
hyperbola is very narrow, because the slopes of

the asymptotes are close to 0.

If the eccentricity is very large, then
¢ is much larger than a and b is very large. The

result is a hyperbola that is very wide, because
the slopes of the asymptotes are very large.

2 2

For y_2 _x_2 =1, the opposite is true. When the
a b

eccentricity is close to 1, the hyperbola is very
wide because the slopes of the asymptotes are
close to 0. When the eccentricity is very large,
the hyperbola is very narrow because the slopes
of the asymptotes are very large.
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82. If a=b, then ¢> =a®+a” =2a* . Thus,
2

C C ..
—=2o0 —= V2. The eccentricity of an
a

a

equilateral hyperbola is V2.

x2

83. T—yz =1 (a=2, b=1)
This is a hyperbola with horizontal transverse

axis, centered at (0, 0) and has asymptotes:

y=i%x
)C2
y2—7=1 (a=1, b=2)

This is a hyperbola with vertical transverse axis,

centered at (0, 0) and has asymptotes: y = i%x .

Since the two hyperbolas have the same
asymptotes, they are conjugates.

2 2
84. - =1
a b
Solve for y:
2 2
=l
a b

2
X
y2=a2[1+b—2)
2.2 2
2 _a'x b
2= )

ax |b?
y=iT x—2+1

2
As x — —eo Oras x — oo, the term —- gets

close to 0, so the expression under the radical

gets closer to 1. Thus, the graph of the hyperbola

gets closer to the lines y = —%x and y= %x .

These lines are the asymptotes of the hyperbola.

85. Put the equation in standard hyperbola form:
A +Cy*+F=0 A-C<0, F£0
Ax® + Cy2 =-F
2 2
Ai + CL — 1
-F  -F

- 4 =
_EY (L
A C
Since —F /A and — F/C have opposite signs,
this is a hyperbola with center (0, 0).

The transverse axis is the x-axis if —F/A>0.
The transverse axis is the y-axis if —F/A<O0.

86. Complete the squares on the given equation:

Ax* +Cy* + Dx+Ey+F =0, where A-C<0.
2. D 2L E V- _

A(x +Ax)+C(y +Cy)— F

To complete the square in x, we add

2 2
( b j = f? inside the first set of parentheses.

24
Since we are multiplying by A, we need to add
D* D?
-—— =——to the right side of the equation.
442 4A

To complete the square in y, we add

2 2
£ = E— inside the second set of
2C)  4c?

parentheses. Since we are multiplying by C, we
E* _E’

add C-—— =—— to the right side of the
4c*  4C

equation. Therefore, we obtain the following:

o B velro ) - Bro -

a. If U #0, then

with % and % having opposite signs. This

is the equation of a hyperbola whose center

s[-L2 _E
24" 2C)
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b. If U =0, then

A(x+%)2 +C(y+%)2 =0
(rrde) =)

which is the graph of two intersecting lines,

through the point (—2 , with

_E

247 2C
A
ol

slopes *

Section 10.5

1.

2.

10.

11.

12.

13.

sin Acos B+ cos Asin B

2sin@cos @

1—cos@
2

1+cosé@

cot(26) =%

parabola

B’ —4AC<0
True

True

False; cot(26)= %

X +4x+y+3=0
A=1and C=0; AC=(1)(0)=0. Since
AC =0, the equation defines a parabola.

2y* =3y+3x=0
A=0 and C=2; AC=(0)(2)=0. Since
AC =0, the equation defines a parabola.

6x* +3y* —12x+6y=0
A=6 and C=3; AC=(6)(3)=18. Since

Section 10.5: Rotation of Axes; General Form of a Conic

14.

15.

16.

17.

18.

19.

20.

21.

1015

AC >0 and A # C, the equation defines an
ellipse.

2x° +y* —8x+4y+2=0
A=2 and C=1; AC=(2)(1)=2. Since

AC >0 and A # C, the equation defines an
ellipse.

3x2-2y* +6x+4=0
A=3 andC=-2; AC=(3)(-2)=-6. Since
AC <0, the equation defines a hyperbola.

4x* =3y* —8x+6y+1=0
A=4 and C=-3; AC=(4)(-3)=-12. Since
AC <0, the equation defines a hyperbola.

2y —x*—y+x=0
A=-1 and C=2; AC=(-1)(2)=-2. Since
AC <0, the equation defines a hyperbola.

y?—8x* —2x-y=0
A=-8 and C=1; AC =(-8)(1)=-8. Since
AC <0, the equation defines a hyperbola.

x*+y?—8x+4y=0
A=1land C=1;, AC=(1)(1)=1. Since
AC >0 and A = C, the equation defines a circle.

2x* +2y* —8x+8y =0
A=2 and C=2; AC=(2)(2)=4. Since
AC >0 and A = C, the equation defines a circle.

x* +4xy+y?=3=0
A=1,B=4, and C =1,

cot(2€):u—;l—9=0
B 4 4
20=S=9="
2 4
o , . T
x=xcos——y sz
V2, N2, 2,
"o
y:x'sinE+y'cosE:£x'+£y'
4 4" 27 2
- (i)
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22, X’ —4xy+y*-3=0 25. 13x% —6:33xy+7y* =16=0
A=1,B=-4, and C=1; A=13,B=-6y3,and C=7,
A-C 1-1_ 0
B -6/3 -6J3 3
T T
=5=0=7 20=2L= ="
3 3
x:x'cosE—y'sinE:—zx'——zy' L, . 1, B,
4 4 2 2 x—xcosE—ysmg_Ex—7
2
el s 1 , ,
> (x"=) =§(x—\/§y)
7 . 7 n \/5 ’ 2’ ’
y=xsingyeosy=Tma koY y“’““%”'”%i%'*%y'
2,0, 5.
= (x+Y) =5(\/§x+y)
23. 5x +6xy+5y° -8=0 26. 11x% +1083xy+)> —4=0
A=5B=6and C=35; A=11,B=10V3,and C =1,
cot(26)=ﬂ=g=9=0 A-C _11-1_ 10 3
B 6 6 Cot(2€): = = -
B 1043 1043 3
20="— =" n n
2 4 26253628
, o o,.n 2, V2,
X=XxXcos——ysin—=——=x ——y , T ,. T \/5 , 1,
4 4 2 2 X=XCoS——ysin—=—x——y
6 6 2 2
=£(x/_ /) 1
2 Y =§(\/§x'—y')
, . T , T \/E ’ \/E ’
y=x"sin—+y'cos—=—x"+—1y o, o 1, 3,
4 4 2 2 y=xsin—+ycos—=—x"+—y
6 6 2 2
B o s
2 =E(x+\/§y)

24. 3x* —10xy+3y* -32=0
A=3,B=-10, and C =3;
A-C_3-3_ 0

cot(20) = = = =
B -10 -10
20="— ="
2 4
, o, . n N2, V2,
x=xcos——ysin—=—x'——y
4 2 2
NG
= 2(x )
—x'sinE+ 'cosg—ﬁx'+£ ’
Y 4 VYT 2
ﬁ 7’ 7
= )

1016
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Section 10.5: Rotation of Axes; General Form of a Conic

27. 4x> —4xy+y* —8/5x-163/5y=0 29. 25x> —36xy+40y*> —1213x-8/13 y =0

A=4,B=—-4,and C =1; A =25, B=-36,and C =40;

cot(29)=ﬁ=ﬂ=i; 00526=i
-36 12 13
, 4 2 213
sin@ = = |—=——=="
13 V13 13
1+i
13 \F 3 313
cosf = = [ ===
2 13 13 13
=x ’si _\/g L5 x=x’cosﬁ—y'sin9=—3\/gx'——2\/ﬁy'
x=xcos@—-ysinf=—x—-———y 3 3
5 5 /G
\/g ’ ’ =£ 3x =2V
=~ ('-2y) ;5 Y)
= x'si ’ BECIIRERY y=x'sin6+y'cos6=—2\/ﬁx’+—3\/ﬁ)”
y=xsinf+y cosH—Tx +?y 3 T

\/g ’ ’ =@2' 3,
=<5 (27 +Y) ;3 (243

28. x> +4xy+4y2+5J5y+5=0
A=1,B=4,and C =4,

cos28=—=

_2 25

5 5

L _¥5

Js 5
5, 2405,
W2y

5
y:x'sin€+y'cos€:%x'+?5y'

= g(Zx'+y')

1017
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30. 34x* —24xy+41y* -25=0
A=34, B=-24 and C =41;
A-C _34-41_7

cot(20) =—— —; cos(26) l
B 24

i=—; cosé’—\} 25 ,/6 4
25

4, 3,
x=x"cos@—y'sin@=—x"-= —— 4x -3y’
y 5 5)’ 5 y

’

y=x"sin@+ y'cos9=§x +%y'=%(3x'+ 4y")

31. X +4xy+y*-3=0; 6=45°

{Q(x'— y')] +4[%(x'— y')]{ﬁ(x'+ y')]+£g(x'+ y')J -3=0

2 2

%(x'z -2xy' + y'2)+2(x'2 —y'2)+%(x'2 +2xy + y'Z)—3 =0

1 7”2 ’ ’ 1 ” 7”2 7”2 1 7”2 ’’ 1 2
—X T =Xy + =y H+2XT =2y =X+ XYy +—y =3
y 2)’ y 2 y 2)’
3x? - y? =3
2 7?2
X _y -1
1 3

Hyperbola; center at the origin, transverse axis is the x” -axis,
vertices (1, 0).

32. X —dxy+y*-3=0; 6=45°
E%(X'—y')J —4(%(X'—y')J(g(X'+y')}{%()ﬂy')J -3=0

%(x'2 -2xy'+ y'z)—Z(x'z - y'2)+%(x'2 +2xy'+ y'z)—3 =0

1 7?2 ’ 7 1 7”2 ”? 7”2 1 ”? ’ 7 1 7”2
=X =Xy + =y =2+ 2y =X+ XY+ =y =3
> y 2)’ y > y 2)’

—x?+3y”? =3
” 7”2

y _ X =1
1 3

Hyperbola; center at the origin, transverse axis is the y” -axis,
vertices (0, £1).

1018
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Section 10.5: Rotation of Axes; General Form of a Conic

33. SxP+6xy+5y°-8=0; 0=45°

2 2 YA
V2 V2 V2 V2 '
5| == (X' =) | +6] —(x'=y") || —=(x"+ ) |+5] —(x"+y") | =8=0 3r ¥
[2()6 y) S (=) || () 5 () B I
0,2
g(x'z — 2x'y'+ y'2)+3(x'2 —y'2)+§(x'2 + 2x'y'+ y'z)—8 =0 ©.2)
2 5 5 2 5 5 ] ] ] ] | X
X5y Sy 3 =3y P S 5y + =y =8 -3 3
2 2 2 2 (0, -2)
8x'2+2y'2=8 —
” ” 2l
LY 3
1 4

Ellipse; center at the origin, major axis is the y’ -axis, vertices (0, +2).

34. 3x%—10xy+3y*-32=0; §=45°

3(%(x’—y’)} —10[%()6'—%)}(%( '+y')J+3[%(X'+y')J —32=0 ¥«
%(x,z_zx,y»+yrz)_s(x’z_y’2)+%(x’2+2x'y'+y'z)—32=0 B I I/I/IVE

-5
%x’z ~3xy'+ % y? —5x2 45y +%x’2 +3xy + % y? =32 >

—2x? +8y? =32

” 7”2
Y X 1

4 16
Hyperbola; center at the origin, transverse axis is the y’ -axis, vertices (0, +2).

35. 13x2—633xy+7y2-16=0; 6=60°

YA '

(L)) -3 (L) L) oL ) | 6= sh

?(X'z - 2/3xy + 3y —%(ﬁx’z - 2xy — x/gy'z)+%(3x’2 + 2432y +)y?) =1 Y ¥

o)

13, 133 39 , 9 9 , 21 , 73 7 - N
—x7? __x/yf+_yr2 _Exfz +3\/§x'y'+5y'2 +Ix,2 +Tx/y;+_y/2 =16 »

4 2 4 4 (2,0%~T
4x? +16y” =16 Y.

72 7”2

4 1
Ellipse; center at the origin, major axis is the x”-axis, vertices (£2, 0).
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36. 11x>+10V3xy+y>—4=0; 6=30°
(3535 106 L350 3) 38 ) o (S04 -a=0

1741(3)/2 —23xy + 7 ) +¥(\/§x'2 +2xy —[3y” ) +i( 2 4 23xy +3y” ) =4

33 , 13 ,, 11 , 15 , L1501, B, 3,
2 Yy x5 Bry - 2y =X Y+ 2y =4
4 2 T T YTy 2 Y
16x% —4y? =4
4x% - y? =1
V2 V2
x" oyt
T 7!
4

Hyperbola; center at the origin, transverse axis is the x”-axis, vertices (0.5, 0).

37. 4x>—4xy+y —8J5x-16/5y=0; 6 ~63.4°

2 5 y

5

—8«/5{?()/— 2y')J—16\/§£g(2x'+ y')j =0 ¥

%(x'2 —4xy' + 4y'2 )—%(Zx'z -3xy - 2y'2)+§(4x'2 +4xy + y'z)
—8x'+16y'—32x"-16y"=0

-4
4,2 16,, 16 ” 8,2 12//8/2 4/2 4// 1/2 7
—X T ==Xy + =y ==X T+ XY+ -y =X+ =Xy +—-y —-40x =0
5 5 y 5)’ 5 5 y y y 5)’
5y —40x"=0
y/2=8x/

Parabola; vertex at the origin, axis of symmetry is the x' axis, focus at (2, 0).

1020
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Section 10.5: Rotation of Axes; General Form of a Conic

38. XX +4xy+4y>+5J5y+5=0; 0=63.4°
[g(x'—2y')J +4(§(x'—2y')}(§(2x'+ y')}+4[g(2x'+ y')}
+5\/§{§(2x'+ y')j+5=0

%(x'2 —4xy' + 4y'2)+%(2x'2 -3xy' - 2y'2)+%(4x'2 +4xy + y'z)

+10x"+5y"+5=0
1 4., 4 0 8 0 12,, 8 o 16, 16 ,, 4 ,
— X=Xy =y =X =y =y =X+ — XY+ =
57 TV Sy T TS TSy T 577757

+10x"+5y"+5=0
552 +10x"+5y'+5=0
X420 +1=—y —1+1

&+ =—y

Parabola; vertex at (—1, 0), axis of symmetry parallel to the y”-axis; focus at (x', y ') = (—1,—%) .

g

’

k X

5]

|
v
b =

{DGE

il
—&

\
39. 25x> —36xy+40y> —12413x=8/13y =0; §=33.7°

25 {@(3)«- 2y')J2 —%(m (32~ 2y')]{1£33(2x'+ 3y’)J+4O[£(2X’+ 3y’)]2

13 13 13

—12@(%(3){—2y')]—8\/ﬁ(1£33(2x'+3y')]:0
25 7?2 ’ r 7”2 36 7”2 ’ 7 7”2 40 7”2 ’ 7 7”2
E(9x —12xy" +4y )—E(6x +5xy -6y )+E(4x +12xy' +9y )
-36x"+24y —16x"-24y" =0
225 , 300 ,, 100 ,, 216 ,, 180 ,, 216 ,
— X — Yt —y X ——xy +—
13 13 13 13 13 13
160 5 480, 360

X —xy+ —-52x'=0
13 EREETIN
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Chapter 10: Analytic Geometry

13x% + 52y =524 =0
X —4x+4y? =0
(x'=2) +4y? =4

1_22 7”2
C=27 ¥y

4 1
Ellipse; center at (2, 0), major axis is the x’-axis, vertices (4, 0) and (0, 0).
YA

X S

— x‘

2, 1)
B 4,0)
] ] ] ] | &
-3 2,-1)
1+

40. 34x* —24xy+41y*-25=0; 6~36.9°
2

34[%(4;&— 3y')j2 —24(%(4;{— 3y')j(%(3x'+ 4y’)j+41@(3x'+ 4y')j ~25=0

2_2(16)6'2 — 24Xy 9y'2)—§—:(12x’2 +7xy -12)7) +;—;(9x'2 +24xy'+16y") =25

544 ,, 816 ,, 306 ,, 288 ,, 168 ,, 288 ,, 369 ,, 984 ,, 656 ,,
— X Xyt —y - —x T —— Xyt —y t—x T+t —xYy +—y " =25
25 25 25 25 25 25 25 25 25
25x"% +50y% =25
x'2+2y'2=1
2 y'2
—t—=1
1
! 2
Ellipse; center at the origin, major axis is the x"-axis, vertices (1, 0).
Y
yv* 2_ _X,"
(1,0)
] ] ] | &
-2 2
10 -
-
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Section 10.5: Rotation of Axes; General Form of a Conic

41. 16x* +24xy+9y> —130x+90y =0

A=16, B=24,and C =9; cot(26) =A < 16_9=l:cos(29)

.
25 = i:-; cos@ = 6 4 = 0=36.9°
2 25 V

4 , 3, 1
x=x"cos@—y'sinf@=—x"-=y = 4x -3y’
y 5 Sy 5 y

sinf@ =

’ . ’ 3 4 4 ’ l ’ ’
= o+ O=—x'+—=y ==(3x"+4
y=x"sin@+ y’cos SA gy 5(x y)
1 ’ 1 1 1
16(—(4x'—3y')) +24(—(4x'—3y')j(—(3x'+4y')j+9(—(3x'+4y')j
5 5 5 5
_130(5 (4x"-3y ))+90[%(3x'+4y')j =0

2

12(16;/2 24x'y'+9y'2)+%(12x'2+7x'y'—l2y'2)

+%(9X'2 +24xy + 16y'2)—104x'+78y'+54x’+72y' =0

256 , 384 ,, 144 ,, 288 , 168 ,, 288 ,
Xt e XY — Y A — XY - ——

X
25 250 T s Y T s 257 " s
81 n 200 'y'+ﬁ 2~ 50x"+150y" =0
25" "5 25

25x —50x"+150y" =0
X -2x' =-6y
X' =1)*=-6y"+1

1
1_12:_ r_ 2
(x'=D 6[y 6)

Parabola; vertex (1, %) , focus [1, —%) ; axis of symmetry parallel to the y' axis.
YA
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Chapter 10: Analytic Geometry

42. 16x* +24xy+9y> —60x+80y=0

A=16, B=24,and C =9; cot(26) =A < 16_9=l:cos(249)

-7
i: i:-; cos@ = 6 4 = 0=369°
2 25 V

4 , 3, 1
x=x"cos@—y'sinf@=—x"-=y = 4x -3y’
y 5 Sy 5 y

sinf@ =

’

, . ’ 3 ’ 4 1 ’ ’
= o+ O=—x'+—=y ==(3x"+4
y=x"sin@+ y’cos SA gy S(x y)
1 ? 1 1 1 ’
16[5(4x'—3y')j +24[§(4x'—3y'))(§(3x'+4y'))+9(§(3x'+4y'))
_60(%(4{—3y')j+80[%(3x'+4y')j=0
16 ) ’ 7 ” 24 7”2 ’ 7 7”2
E(l6x —-24xy" +9y )+g(12x +7xy —12y )

+%(9x'2 + 24Xy + 16y'2)—48x'+36y'+48x'+64y' =0

256 0 384 o 144 0 288 o 168, 288
Xy +—y"+ —x"+—xy' -
25 25 57 s 25 257

81 , 216 ,, 144 , )
+—x"+—xy +—y"+100y"=0
25" 250 T a5 Y Y

25x +100y’ =0

43. A=1, B=3, C=-2 B*>-4AC=3"-4(1)(-2)=17>0; hyperbola
44. A=2, B=-3, C=4 B*—4AC=(-3)"-4(2)(4)=-23<0; ellipse
45. A=1, B=-7, C=3 B>-4AC=(-7)*-4(1)(3)=37>0; hyperbola
46. A=2, B=-3, C=2 B*—4AC=(-3)"-4(2)(2)=-7<0; ellipse

47. A=9, B=12, C=4 B>-4AC=12>-4(9)(4)=0; parabola
1024
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48.

49.

50.

51.

52.

53.

54.

5S.

Section 10.5: Rotation of Axes; General Form of a Conic

A=10, B=12, C=4 B*—4AC=12*-4(10)4)=-16<0; ellipse
A=10, B=-12, C=4 B?*—4AC=(-12)-4(10)4)=-16<0; ellipse
A=4, B=12, C=9 B*—4AC=12>-4(4)9)=0; parabola

A=3, B=-2 C=1 B*-4AC=(-2)*-403)1)=-8<0; ellipse
A=3, B=2, C=1 B>-4AC=2?-4(3)(1)=-8<0; ellipse

A’ = Acos® 6+ Bsinfcos @+ Csin’ 6

B’ = B(cos> 6 —sin> 8) + 2(C — A)(sin 8 cos )
C’ = Asin* @— Bsin @ cos 8+ C cos” 8
D’=Dcos@+Esin8

E’'=-Dsin@+ Ecos

F'=F

A'+C':(Acos2 6+ Bsin Ocos 8+ Csin> (9)+(Asin2 6— Bsin 6 cos 8+ C cos> 6)

= A(cos2 @ +sin® 6)+ C(sin2 0+ cos® 9) =ADH+C)=A+C

B =[B(cos> @ —sin’ 8)+2(C — A)sin O cos 8]
=[Bcos20—(A—-C)sin26]
= B?cos> 20— 2B(A—C)sin20¢c0s 20+ (A—C)” sin” 20
4A'C'= 4[Acos2 6+ Bsin 0cos 8+ Csin> 49][Asin2 6— Bsin6cos 8+ C cos’ ]

=4|:A(1+C(;528]+B(sin226)+C(1—602829)}[A(I—CZSZH)_B(QH;B]_}_C(1+C(;SZH):|
=[A(l+cos28)+ B(sin 26) + C(1—cos 20)][ A(1 - cos 26) — B(sin 20) + C(1+ cos 26)]
=[(A+C)+ Bsin20+(A—-C)cos20][(A+C)—(Bsin268+(A—C)cos26)]
=(A+C)* —[Bsin 20+ (A—C)cos 26]°
=(A+C)* —[B?sin® 20 +2B(A—-C)sin20cos 20 + (A—C)* cos> 26]
B?—4A'C'=B?cos? 20 —2B(A—-C)sin20cos 26 + (A— C)* sin> 26
—(A+C)* + B?sin* 20+ 2B(A—C)sin260cos 20+ (A—C)* cos* 26

= B*(cos> 26 +sin’ 26) + (A — C)*(cos® 20 +sin” 20) — (A+ C)*

=B +(A-C)* = (A+C)? = B>+ (A’ =2AC+C*H)—(A* +2AC+C?)

=B*-4AC
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Chapter 10: Analytic Geometry

56. Since B> —4AC = B> —4A’C’ for any rotation & (Problem 55), choose € so that B=0. Then
B> —4AC=—4AC".

a. If B> —4AC=-4AC"=0then A’C’=0. Using the theorem for identifying conics without completing the
square, the equation is a parabola.

b. If B> —4AC =-4A’C’<0then A’C’ >0. Thus, the equation is an ellipse (or circle).
c. If B> —4AC=-4A'C’>0then A’C’ <0. Thus, the equation is a hyperbola.

57. d? =(y, —yl)2 +(x, —xl)2

. . 2 . o2
= (x} sin@+ y; cos @ —x/sin @ — y/ cos @) + (x5 cos @ — y; sin @ — x{ cos &+ y, sin )

((x = x{)sin 6+ (¥4 — ¥{) cos 8)" +((xs = x{)cos 6 (¥4 — y{)sin 6)°

(x5 —x])? sin? 0+ 2(x5 = x]) (5 — y{)sin Ocos 6+ (5 — y{)’ cos* 6

+(x = x)) cos? 0-2(x; = x]) (v} — ¥ )sin Gcos O+ (v} — v/ ) sin> @
(x5 —xl')2 (sin2 6+ cos’ €)+(y; - yl')2 (cos2 6 +sin’ 0)
(=) +(24=50)" |(sin® 6+ cos 6)

’ \2 ’ "2
(25 =)+ (>3- ¥1)

58 xl/2 +yl/2 =al/2

172 172 172
=a —-X

(2 122
y=|a'"-x

1/2_1/2
y=a-2a'"x""+x

24" x"? =(a+x)—y
4ax = (a+x)* —2y(a+x)+ y2
dax = a® +2ax+ x> = 2ay - 2xy + y*
0=x*—-2xy+ y> —2ax—2ay +a*
B> —4AC=(-2*-4()(1)=4-4=0
The graph of the equation is part of a parabola.

59 - 60. Answers will vary.
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Section 10.6
1. rcos@; rsin@

2. r==6cosd
Begin by multiplying both sides of the equation

by rto get r> =6rcos@ . Since rcosd=x and

r* =x* +y*, we obtain x* + y> =6x.

Move all the variable terms to the left side of the
equation and complete the square in x.

x* —6x+ y2 =0
(x2 —6x+9)+ y* =9
(x—3)2 +y?=9
conic; focus; directrix
1;<1;>1
True

True

NS W

e=1; p=1; parabola; directrix is

perpendicular to the polar axis and 1 unit to the
right of the pole.

8. e=1
the polar axis and 3 units below the pole.

p =3 ; parabola; directrix is parallel to

4 4
9. r= — = 3
2=3sin@ 2[1—sin¢9j
2
_ 2
l—ésinﬁ
2
3 4
ep=2, e=—; p=—
b 2 P73

Hyperbola; directrix is parallel to the polar axis

and % units below the pole.

10. ep=2,e=2; p=1

r=—m—o—m;
1+2cos @

Hyperbola; directrix is perpendicular to the

polar axis and 1 unit to the right of the pole.
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Section 10.6: Polar Equations of Conics

Hr=g 23 ' :
T =cos 4(1—cos9)
3
= 4 .
l—lcosﬁ
e _3 e—l' _3
P=y T Py

Ellipse; directrix is perpendicular to the polar

axis and % units to the left of the pole.

12. = g 26 g = 6
Tesin 8(1+sin6j
3
_ 4
I .
1+—sin@
3 1
=—, e = —, = 3
P 1 1 P
Ellipse; directrix is parallel to the polar axis and
3 units above the pole.
13. r= !
1+cos@

ep=1, e=1, p=1
Parabola; directrix is perpendicular to the polar
axis 1 unit to the right of the pole; vertex is

L]

Directrix
YA A
2 L
1
(39
| x Polar
-2 2 axis
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Chapter 10: Analytic Geometry

15.

r= 3 16. r=—10
1-siné@ 5+4cosé
ep=3, e=1, p=3 10 _ 2

r= =

Parabola; directrix i 1lel to the pol is 3 4
arabola; directrix is parallel to X e;(t) ar axis 5(1+4cos 9) 1+gcosﬁ
units below the pole; vertex is (E, 7) . 5

ep=2, ezi, p=§

Yi 5 2
4 Ellipse; directrix is perpendicular to the polar
: axis % units to the right of the pole; vertices are
3,7
G. ™ (E,OJ and (10, ).
- 0 9
) (%,5’77:)— R Also: a:%[10+%):59—0 so the center is at
Directrix
=4 (10—%,%)2(%,7[),and c:%—O:% )
8 that the second focus is at
y=—-
4+3sin6 (ﬂJrﬂ,”j:(@,ﬂ)_
8 2 9 9 9

r = =

4(1+3sin¢9j 1+§sin€
4 4

Directrix

Polar

ep=2, e:%, p:%

Ellipse; directrix is parallel to the polar axis 2

units above the pole; vertices are

5 )mle) 9
1(, 8) 32 R
. —6c¢co0s
Also: a—§(8+7j—7 so the center is at r: 9 i 3
g 323w\ _(243z) 24 24 3(1-2cosd) 1-2cosf
7°2) \7172) - "7 3
. 6]7:3, 622, p==
so that the second focus is at 2

[24 N 24 3ﬂj 3 (48 3 ;z-j Hyperbola; directrix is perpendicular to the polar
7 71°2) 772

22)

3. .
axis > units to the left of the pole; vertices are

Directrix Y

(-3,0) and (1, ).

2, T

2,0

Polar

Also: a= l(3— 1) =1 so the center is at
x Axis 2

(1+1,7)=(2.7) [or (-2.0)].and c=2-0=2
so that the second focus is at (2+2,7)=(4,7)
[or (—4,0)].
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18.

Directrix
y
%)
7) x Polar
(—3,0) axis
)
12
r:—
4+8sin @
12 3

4(1+2sin@) 1+2sin@

ep=3, e=2, p=%

Hyperbola; directrix is parallel to the polar axis

3 .
E units above the pole; vertices are

(1, Ej and [—3, 3—“)
2 2

Also: a=—(3—-1)=1 so the center is at

2\ (27 for (237
(1+1,3)—(2,2j [or( 2, > j], and

¢ =2—-0=2 so that the second focus is at

(2+ 2%) - [4,%) [or (—4,37”) 1.

N =

)
(1= Directrix
_W Polar
(3! Tr) 0O (3 0) axis

Section 10.6: Polar Equations of Conics

8
2—sin @
8 4

R
2(1—lsin0j 1——siné@
2 2

r =

=

ep=4, ezé, p=38

Ellipse; directrix is parallel to the polar axis 8
units below the pole; vertices are

(8, Ej and [§,3—TC)
2 32

Also: a= 1(8 +§j = E so the center is at

2 3 3
(8—%,%) = (%,%) ,and ¢ =§—0 =§ so that
the second focus is at (%-f-%,%) = (%,%) .
YA 11
(8.3)
4, m) x,_ Polar
N
8 3m
(57
< Directrix‘;
8
r=—————
2+4cosé
8 4

2(1+2cos8) - 1+2cos@

ep=4, e=2, p=2
Hyperbola; directrix is perpendicular to the polar
axis 2 units to the right of the pole; vertices are

(i, 0) and (-4, ).
3
Also: a= %(4 —%) =% so the center is at

4 4 _(8 8
(§+§,0j—(3,0) [or( 3,7[)],and

c= %— 0= % so that the second focus is at
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Chapter 10: Analytic Geometry

8,8 )_(16 _16
(520)~(15.0) or [-15.0)1.

Directrix

21. r(3—2sin0)=6:r=—_
3-2sind

6 B 2
3(1—25in(9j l—gsine
3 3

r =

ep =2, e=§, p=3

Ellipse; directrix is parallel to the polar axis 3
units below the pole; vertices are

[6, Ej and (§’3_TCJ
2 5 2

Also: a :l(6+éj :ﬁ

so the center is at

2 5 5
18 & 12 12 12
(“?3}(?3) and e="g-0="¢

that the second focus is at

12z (Urx
5 5°2) \5°2)

YA

(2, m)

A

Directrix

SO

_ 2
2—cos@
2 1

1
2(1—lcos0J 1——cos@
2 2

22. r(2-cos@)=2=r

r =

ep =1, ezé, p=2

Ellipse; directrix is perpendicular to the polar
axis 2 units to the left of the pole; vertices are

(2,0) and @ nj.

Also: a= %(2+2) =% so the center is at

3
4 2 2 2
(2—5,0j—(§,0),and C—E—O—E so that
. 2 2 4
th d f t|=+=,0|=|=,0].
e second focus is a (3 3 j (3 J
Directrix

(o)
COS& _ COSQ

23. r= = =
" 2sec@d—1 5 1 1 2—cos@
cos@ cos@

[ 6 cosd | _ 6
cos@ )\ 2—cos@ 2—cos@
6 3

BT
2[1—10056j 1—=cos@
2 2

ep =3, e=%, p=6

6secd

r =

Ellipse; directrix is perpendicular to the polar
axis 6 units to the left of the pole; vertices are

(6,0) and (2, m).

Also: a = %(6+2) =4 so the center is at

1030
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(6—4,0)=(2,0),and ¢ =2-0=2 so that the
second focus is at (2+2,0)=(4,0).

Directrix
A Yh
Y
(3.3
X Pol.ar
ax1s
(2, m) (6, 0)
3n
3. 5)
Y

(ane)_ a
24, 3cscd  \sinf@)  sing

cscﬁ—l_ 1 1 1-sin@

sin @ sin @

(3 sin@ |\ 3
sin@ J\ 1—sin @ 1—-sin @

ep=3,e=1, p=3
Parabola; directrix is parallel to the polar axis 3

units below the pole; vertex is (%, 3;) .

YA

x Polar
axis
3 3m
3 .
4k Directrix
25. r= !
1+cos@

r+rcosf=1
r=1-rcosé
r* =(1-rcos )’
)c2+y2 =(1—x)2
)c2+y2 =1-2x+x*

' +2x-1=0

Section 10.6: Polar Equations of Conics

3
1—siné
r—rsin@ =3

26. r

r=3+rsin@
r* =(3+rsin6)*
x? +y2 =3+ y)2

X Hy =9+6y+y°

x*—6y-9=0
27. r=—8
4+3sin @
4r +3rsin@ =38
4r=8-3rsinf
16r* = (8—3rsin 8)>
16(x* + y*) = (8—-3y)*
16x% +16y* = 64— 48y +9y>
16x* +7y* +48y—64=0
28, r=— 10
5+4cos@
Sr+4rcos@ =10
5r=10—4rcos@
25r? = (10— 4rcos 0)*
25(x* + y*) = (10— 4x)?
25x* +25y% =100 -80x +16x*
9x? +25y? +80x—100=0
29. r=—9
3—-6c¢cosél
3r—6rcos@=9

3r=9+6rcoséd
r=3+2rcosé

r* =(3+2rcosf)’
x? +y2 =(3+2x)°
X2+ 92 =9+12x+4x7
32—y +12x+9=0
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Chapter 10: Analytic Geometry

12

" 4+8sind
4r+8rsin@ =12

4r=12-8rsin@
r=3-2rsiné
r* =(3-2rsin6)’
¥yt =(3-2y)
K +y?=9-12y+4y°
x*=3y?+12y-9=0

r

__ 8
2—siné
2r—rsin@=38
2r=8+rsin@
4r* = (8+rsin6)?
47 +y)=@8+y)
4x* +4y* =64 +16y +y*
4x* +3y* -16y—-64=0

31. r

8

r:—
2+4cos@
2r+4rcos@ =8

2r=8—4rcos@
r=4-2rcosé@

r* =(4-2rcos6)’
x* 4yt =(4-2x)°
x* +y? =16—16x+4x>

3x? —y? —16x+16=0

32.

33. r(3-2sinf)=6
3r—2rsin@=6
3r=6+2rsiné
9r% =(6+2rsin)*
9(x* +y*) = (6+2y)°
9x? +9y* =36+24y +4y’
9x? +5y? —24y-36=0

1032

34.

35.

36.

37.

38.

r(2—cosf)=2
2r—rcos@ =2
2r=2+rcos@
4r* = (2+rcosf)’
4x*+y)=2+x)?
4x° +4y2 =4+4x+x>
3x? +4y? —4x—4=0

e 6secl
2secd—1
6
r:—
2—cos @
2r—rcos@=6
2r=6+rcos@
4r* = (6+rcos )’
4(x* +y2) =(6+x)°
4x% +4y* =36+12x+x
3x? +4y* —12x-36=0

2

. 3cscd
cscd—-1

3
r:
1—-sin @
r—rsin@=3
r=3+rsin@
r? = (3+rsin6)*

¥4yt =(G+y)’
X +y =9+6y+y°
x> —6y-9=0

r——e‘p
1+esin@
e=1, p=1
1
r= -
1+siné

e’
1—esin @
e=1; p=2

r =

r:
1-siné@
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Section 10.6: Polar Equations of Conics

e 44. Consider the following diagram:
14
39 r=——— Directrix D
1—ecos®
4 ] Id(D, P)
e=—; p=3
5 P=(r,0)
P I
12 l ) I
= I
r= 45 — 12 9\ |:L Polar
1-—cos@ 5—4cosd Pole O Q Axis
(Focus F)
40. r=—=L _
1+esinf
2 d(F,P)=e-d(D, P)
e=3: p=3 d(D, P)= p—rsind
2 6 r=e(p—rsinf)
r — —
1+2ging 3*2siné r=ep—ersin@
r+ersind=ep
r(1+esin@) =ep
41. r=—=L
l—esin@ po_ P
e=6; p:2 1+esin@
= 12 45. Consider the following diagram:
1-6sind P=(r6)
I
82, r=—P /1 fao.p)
1+ecos@ A o Polar
e=5 p=5 Pole O 1 Q Axis
25 (Focus F) P
r —_——
1+5cos @ l
Directrix D
43. Consider the following diagram:

d(F,P)=e-d(D, P)

P=(r0) .
Directrix D d(D, P)= p+rsm 0
r :d(D,P) r=e(p+rsinf)
I r=ep+ersinf
6\ FL Polar 3 g =

Pole O Q Axis r—ersmuo =ep
(Focus F) r(1—esin@) =ep

P . o

1—esin@

d(F,P)=e-d(D,P)
d(D,P)=p—rcosf

r=e(p—rcosf)

r=ep—ercosé

r+ercosf =ep
r(l+ecos@) =ep
€,
" 1+efos¢9
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Chapter 10: Analytic Geometry

 1-0.206c0s 8
At aphelion, the greatest distance from the sun,
cosfd=1.

. (3.442)10"  (3.442)10’
1-0.206(1)  0.794
=~ 4.335x10" miles

At perihelion, the shortest distance from the sun,
cosfd=-1.

. (3.442)10"  (3.442)10’
1-0.206(-1)  1.206

~2.854x10" miles
4x107

-

Section 10.7

&

ok W

—6x10" 6x10’
—4x107
2t &
=3 =3
4 2

plane curve; parameter
ellipse
cycloid

False; for example: x =2cost, y =3sint define
the same curve as in problem 3.

True

10.

x=3t+2, y=t+1, 0<¢r<4
x=3(y-D+2

x=3y-3+2

x=3y-1

x=3y+1=0

YA

1034

(3.442)10 8.

~
]/ 5

x=t-3, y=2t+4, 0<r<2

y=2(x+3)+4
y=2x+6+4
y=2x+10
2x—-y+10=0
Y
8
T I -
-8

y=+x-2
YA
5_
L 1 1 L ¥ 1 |
_3 N
-5+
x:@, y=4t, t=20
2
y=4[x—J=2x2, x>0
2
y
10
9_
8_
7_
6_
S_
4_
3_
2_
1 | |
00 1 2
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Section 10.7: Plane Curves and Parametric Equations

11. x=1>+4, y=1>—4, —co<t<oo 14, x=21—4, y=41> , —c0<t<oo
y=(x-4-4 x+4Y >
y=x-8 y=4( > j =(x+4)

For —eo <t <0 the movement is to the left. For
0 <t < oo the movement is to the right.

Y

10 -

YA

15. x=2¢', y=1+¢', t20
12. x=vi+4, y=+i-4, 120 rEsen yEiTe

y=x—4-4=x-8 y=l+§
Y 2y=2+x
101~

| 1L
—10+
I I I T B
1 2 3 4 5
13. x=3t, y=t+1, —co<t<oo
x=3(y-1)> 16. x=¢', y=e', 120
A y:_x_l_l
X

Y

1035
Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall



Chapter 10: Analytic Geometry

17. x=+t, y=r"?, 120 20. x=2cost, y=3sint, 0<t<m
L X _ Y
y—(x) 5 cost sin ¢

— 3 2
y=x
(ﬁj [lj =cos’t+sin’r=1
yi 2 3
3 2
x—+y—=1 y=0
4 9
Y
L1 L1 3
-3 3 =
S+ L
I S |
-3 3
18. x=t3/2+1, yzx/;, >0 -1
(a2
x—(y ) +1 21. x=2cost, y=3sint, —n<t<0
_ .3
x=y +l x—cost y—sint
Y
3_
ﬁ X =cos’t+sin’r=1
| 2 3
X y
- —t—=1 <0
49 Y
| O [ YA
-1 4 3l
L L
L g | [ N B
. -3 3
19. x=2cost, y=3sint, 0<¢t<2x L
Z=cost L=sins ~
2 3
-3

2
[ij (lj =cos’t+sin’r=1
2 3

2

9

-l>|><

YA

)
\

Y

1036
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Section 10.7: Plane Curves and Parametric Equations

22. x=2cost, y=sint, OStsg

23.

24,

X = cost =sint
> y
L\
[E) +(y)2 =cos’ t+sin’r =1
2
%+y2: x20,y=20

0 1 2 3
T
x=sect, y=tant, OSZSZ
sec’t=1+tan’t
x* =1+y?
xz—y2=1 ISxS\/E, 0<y<l1
v
2_
2. 1)
1_
0 L 5
0 1 2
T B
x=csct, y=cott, —<t<—
4 2
csc?t=1+cot’t
x2=1+y2
xz—y2=1 ISxS\/E, 0<y<l1

y

—_
|
L I A B O B B N B

()

S
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

x:sinzt, y:coszt, 0<r<2mn

sinf+cos’t=1

x+y=1
YA
14
back and
forth twice
| X
-1 1
-1
=¢>, y=Int, t>0
x=t", y=Int, t>
y=ln\/;
y=—Inx

Y.
x=t, y=4t—-1 x=t+1, y=4t+3
x=t, y=—8t+3 x=t+1, y=-8t-5
x=t, y=t>+1 x=1—-1, y=1t>=2t+2

x=t, y==21"+1

x=t-1, y=-2"+41-1

x=t, y=¢ x=3t, y=t
X=t, y=l4+1 x=i‘/m, y=t
x=t3/2, y=t XZ\/;, yzé/;
x=+r, y=t x=1*, y=t*
x=t+2, y=t; 0<¢<5

x=t, y=—t+1; —-1<¢r<3

x=3cost, y=2sint; 0<r<2n
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Chapter 10: Analytic Geometry

43. C
38. x=cos££(r—l)j,yz4sin(£(t—1)j;0£ts2 !
2 2 16 . 16)
1o
39. Since the motion begins at (2, 0), we want x =2 L1
and y = 0 when ¢ = 0. For the motion to be Y
clockwise, we must have x positive and y
negative initially. IR (U0 e 4
x=2cos(wt), y=-3sin(wt) B
2 L
2= w=n -16
[0
x=2cos(mt), y=-3sin(mr), 0<r<2 c,
. . . )
40. Since the motion begins at (0, 3), we want x =0 16—
and y = 3 when ¢ = 0. For the motion to be -
counter-clockwise, we need x negative and y -
positive initially. LD D
x=-2sin(wt), y=3cos(wr) :i—LJ—$“_CZ 1
2
o l=>w=2n —
[0 -
x=-2sin(2mr), y=3cos(2mt), 0<r<1 —16F
41. Since the motion begins at (0, 3), we want x =0 G,
and y = 3 when ¢ = 0. For the motion to be
clockwise, we need x positive and y positive
initially.
x=2sin(ar), y=3cos(ar)
2
Lolsw=1n Ll
[0
4
x=2sin(2mt), y=3cos(2mr), 0<r<l1
42. Since the motion begins at (2, 0), we want x =2 B
and y = 0 when 7 = 0. For the motion to be -16[
counter-clockwise, we need x positive and y
positive initially. C,
x=2cos(ar), y=3sin(ar)
2n 2n
— =32 w=—
w
szm%?EJ,y:3m{gﬁq,0StS3
3 3 [
-

-16

1038
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Section 10.7: Plane Curves and Parametric Equations

4. C 46. x=sint+cost, y=sint—cost
! ;
. /"\ .
//. : N
—1 B [~
- -2
- 47. x=4sins—2sin(2r)

C, y=4cost—2cos(2t)
3.5

Y AR S
\

-6.5

- 48. x=4sint+2sin(2f)
G y =4cost+2cos(2t)
6

-y

6

L

-1 49. a. Use equations (1):
C, x=(50c0890°)7 =0

75 y=—%(32)t2+(50sin90°)t+6
=—16¢" +50t +6

b. The ball is in the air until y =0. Solve:
—16t> +50t+6=0

B —50++/50% —4(~16)(6)

-1 t=
2(-16)
45. x=tsint, y=tcost :—SOi\/2884
7 -32
=—0.12 or 3.24
The ball is in the air for about 3.24 seconds.
7 L 11 (The negative solution is extraneous.)
=5
1039
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Chapter 10: Analytic Geometry

c¢. The maximum height occurs at the vertex of d. Weuse x =3 so that the line is not on top
the quadratic function. of the y-axis.
40
t= _b =— >0 =1.5625 seconds
2a 2(-16)
Evaluate the function to find the maximum
height:
—16(1.5625) +50(1.5625) + 6 = 45.0625
The maximum height is 45.0625 feet. 0 o 5
d. Weuse x =3 so that the line is not on top
of the y-axis. 51. Let y, =1 be the train’s path and y, =5 be
50 Bill’s path.

a. Train: Using the hint,

X =%(2)z2 =1

0 5 = 1

0

Bill:
50. a. Use equations (1): X, =5(t-5)
x=(40c0s90°)r =0 ¥, =5
1 2 . ono

y==7(32)1" +(40sin90°)1 +5 b. Bill will catch the train if x, = x, .

=—16t> +40r +5 * =5(t-5)

1* =51-25
b. The ball is in the air until y =0. Solve:
s £ =5t+25=0
—16t" +40t+5=0 .
5 Since
_ —40+4/40° —4(-16)(5) b? —dac = (=5)2 —4()(25) |
2(-16) =25-100=-75<0
—40++1920 the equation has no real solution. Thus, Bill

= 32 ~=0.12 or 2.62 will not catch the train.
The ball is in the air for about 2.62 seconds. c
(The negative solution is extraneous.) : ¥y

c¢. The maximum height occurs at the vertex of 104
the quadratic function. I,.,
t=—i=— 40 =1.25 seconds 1 1=10 )
2a 2(—16) 5T Bill

Evaluate the function to find the maximum T . 1210
height: 1 I-I N I | =I 1 Traln
~16(1.25)% +40(1.25)+5 =30 0 " "'so 0 ¥

The maximum height is 30 feet.

1040
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52. Let y, =1 be the bus’s pathand y, =5 be

53.

Jodi’s path.
Bus: Using the hint,

1
x =§(3)z2 =1.5¢
»=1
Jodi:
x, =5(t=2)
Y2 =5

Jodi will catch the bus if x; = x, .
1562 =5(1-2)
1.5¢* =5t-10

1.5/ =5:+10=0

Since

b* —4ac = (-5)* —4(1.5)(10) ,
=25-60=-35<0

the equation has no real solution. Thus, Jodi
will not catch the bus.

y
101
::1:5 t=8
5+—e—o Jodi
I t=5 t=8
1 - O Bus
T T T T T T T T T T T
0 50 100 7

Use equations (1):
x =(145c0s20°)1

y= %(32);2 +(1455in20°)1 + 5

The ball is in the air until y =0. Solve:
—161> +(1455in20°) 1+ 5=0

—1455in20° i\/(145 sin 20°)> —4(-16)(5)
2(-16)

=

=—0.10 or 3.20

The ball is in the air for about 3.20 seconds.
(The negative solution is extraneous.)

Section 10.7: Plane Curves and Parametric Equations

1041

54.

Find the horizontal displacement:
x =(145c0820°)(3.20) = 436 feet

The maximum height occurs at the vertex of
the quadratic function.

b 145sin20°
20 2(-16)

Evaluate the function to find the maximum
height:

—16(1.55)2 +(1455in20°) (1.55)+5 = 43.43
The maximum height is about 43.43 feet.

t=— ~1.55 seconds

250

0 440

=50
Use equations (1):
x=(125c0s40°)¢
y=-161>+(125sin40°) + 3
The ball is in the air until y =0. Solve:
—161> +(125sin40°) ¢ +3=0

_ —125sin40° i\/(125 §in40°)” — 4(-16)(3)
- 2(~16)
=-0.037 or 5.059

t

The ball is in the air for about 5.059 sec.
(The negative solution is extraneous.)

Find the horizontal displacement:
x=(125c0s40°)(5.059) = 484.41 feet

The maximum height occurs at the vertex of
the quadratic function.
b 125sin40°
T 24 2(-16)
Evaluate the function to find the maximum
height:
~16(2.51)” +(125sin 40°) (2.51) +3 = 103.87

The maximum height is about 103.87 feet.

= 2.51 seconds
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Chapter 10: Analytic Geometry

e. x=(125c0s40°)t 56. a. Use equations (1):
y=—167> +(125sin40°)1 + 3 x = (40c0s 45°)1 = 20§21
120 11

y= —5-6(9.8)t2 +(40sin45°)+ 300

/\ :_4—:t2 +207/2£+300

500

~60 b. The ball is in the air until y=0. Solve:

4.9
55. a. Use equations (1): —?tz +208/26+300=0
x = (40cos 45°) 1 = 20321
1

—20V2+ J(zoﬁ )2 _4(_469)(300)

_ 2 . o
y= 2(9.8)z +(40sin45°)7 + 300 . -
= —4.9¢% +20/21 + 300 2(6' j
b. The ball is in the air until y=0. Solve: =~—8.51 or 43.15
— 4.9 +2042: +300=0 The ball is in the air for about 43.15
' seconds. (The negative solution is
2
~2032 % \/ (20v2)" -4(-4.9)300) extraneous.)
=
2(-4.9) c. Find the horizontal displacement:
~-5.450r11.23 x=(207/2)(43.15) = 1220.5 meters
The ball is in the air for about 11.23
seconds. (The negative solution is d. The maximum height occurs at the vertex of
extraneous.) the quadratic function.
c. Find the horizontal displacement: t= _ﬂ = _Lﬁ ~17.32 seconds
x=(203/2)(11.23) = 317.6 meters 2a 2(_6'j
d. The maximum height occurs at the vertex of E;alllll ? te the function to find the maximum
the quadratic function. 4g 9 ’
b 2042 ~22(17.32) + 2042 (17.32) +300
=——=-— = 2.89 seconds 6
2a 2(=4.9) =~ 544.9 meters
Evaluate the function to find the maximum
height: e.
~4.9(2.89)" +203/2(2.89) +300 700
= 340.8 meters
e.
350
0 1300
| =
-100
0 400
0

1042
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57.

At t =0, the Camry is 5 miles from the
intersection (at (0, 0)) traveling east (along
the x-axis) at 40 mph. Thus, x =40r-35,

y =0, describes the position of the Camry
as a function of time. The Impala, at =0,
is 4 miles from the intersection traveling
north (along the y-axis) at 30 mph. Thus,
x=0, y=30r—-4, describes the position of
the Impala as a function of time.

P (0,0)

Let d represent the distance between the
cars. Use the Pythagorean Theorem to find

the distance: d = \/(4Ot—5)2 +(30r —4)* .

Note this is a function graph not a
arametric graph.

Flokl Fletz Floks THOD
AR AE-502+0|| Bmin=A
[GEE—4 222 Anax=.2
“Ne= ascl=.1
Wr= Ymin=-2
“y= Ymax=y
M= Yzzl=1
~NE= Ares=1

Himirun
L T i

The minimum distance between the cars is
0.2 miles and occurs at 0.128 hours (7.68
min).

Impala
st
$1=025
1=0.125 =025 Camry
t=OHH1\HH§‘ e
T 1=0.125
L

Section 10.7: Plane Curves and Parametric Equations

58.

1043

At 1 =0, the Boeing 747 is 550 miles from
the intersection (at (0, 0)) traveling west
(along the x-axis) at 600 mph.

Thus, x =-600t+550, y =0, describes the
position of the Boeing 747 as a function of
time. The Cessna, at t =0, is 100 miles
from the intersection traveling south (along
the y-axis) at 120 mph. Thus, x=0,

y =-120¢+100 describes the position of
the Cessna as a function of time.

(0,0 B

Let d represent the distance between the
planes. Use the Pythagorean Theorem to
find the distance:

d= \/(—600t +550) + (=120 +100)* .

Note this is a function graph not a

arametric graph.
Flotll Flntz Flots
el-LEY -E~BEH+?§? Hmin=?

FE4C-12AE+10A Hmax=1.2
nscl=.1
wNe= Ymin=-18
wNa= “Ymax=186
~hy= Yacl=18
whe= Ares=1

[ L ] P o S
W=.91z46269 Y=9.B05B06H

The minimum distance between the planes
is 9.8 miles and occurs at 0.913 hours (54.8
min).

Boeing 747

Cessna
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Chapter 10: Analytic Geometry

59. a. We start with the parametric equations x =(v,cos@)s and y = —%gt2 +(vysin@)t+h.
We are given that 8 =45°, g =32 ft/sec’, and h=3 feet. This gives us
x=(vy-cos45°)¢ =%voz ;oy= —%(32)12 +(vy sin45°) 1 +3=—16t> +%voz +3
where v, is the velocity at which the ball leaves the bat.

b. Letting v, =90 miles/hr =132 ft/sec, we have

y=-16¢> +%(132)t+3:—16t2 +66v2 1+3
The height is maximized when ¢ =— 662 =M = 2.9168 sec
2(-16) 16

y=-16(2.9168) +66v/2(2.9168)+3 ~139.1
The maximum height of the ball is about 139.1 feet.

c. From part (b), the maximum height is reached after approximately 2.9168 seconds.

NG

x=(vycos6)r = {132-TJ(2.9168) ~ 27225

The ball will reach its maximum height when it is approximately 272.25 feet from home plate.

d. The ball will reach the left field fence when x =310 feet.
x=(vycos8)r=6632 1

310 = 66+/2 1
t =ﬂ =3.3213 sec
6672

Thus, it will take about 3.3213 seconds to reach the left field fence.
y= —16(3.3213)2 + 66\/5(3.3213) +3=136.5
Since the left field fence is 37 feet high, the ball will clear the Green Monster by 136.5—-37 =99.5 feet.

60. a. x=(vycos@)r, y=(vysin@)r—16¢>

= X
vy cos @
2
y=v,sinéd al -16 ol
Vv, cos @ Vo cos

16 2

y=(tan@)x —————x
vo2 cos® @
y is a quadratic function of x; its graph is a parabola with a = 2_16 Py b=tan@,and c=0.
vy~ cos

b. y=0
(vosin@)t—16t> =0
1(vysin@—161)=0
t=0 or v,sin@—-16t=0
! sin @
16

1044
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c. x=(vycos8)t=(v, cosﬁ)(

16

d x=y

(v cos @)1 = (v, sin 8t —16¢>

16t* + (v, cos @)1 — (v, sin @)t =0

1(161 + (v, cos ) - (v, sin6)) =0

t=0 or 16¢+(v,cos8)—(v,sin@)=0

=W sin @ —v, cos & :V—O(sinﬁ—cosﬁ)
16 16

At t=v—06(sim9—cos49):

2

x=v, cosﬂ(:—g(sinﬁ—cosﬁ)j = %cosﬁ(sinﬁ—cos 0)

2

y= %(—cosz @ +sinfcos 9) (recall we want x=1y)

2

2 2
\/x2+y2 =,/2 vLCOSH(SinH—cosH) _Yo
16 16

vpsind ) v,” sin 26
32

fee

t

Chapter 10 Review Exercises

x/zcose(sin 6 —cos8)

Note: since & must be greater than 45° (sin&—cos8 >0 ), thus absolute value is not needed.

61.

62.

x=(x,—x)t+x,

y=(y2 =)ty —eo<t<e
-5 _,
X, — X

y=(y2—y1)[ = ]"’Jﬁ
X, — X,

2 1

y—y1=[y2_y1](x—x1)

X =N
This is the two-point form for the equation of a
line. Its orientation is from (x;, y;) to (x5, ¥,).

a. x(t)=cos3t, y(t)=sin3t, 0<r<2m

A
N

1

-1.5

2 2
b. cos’t+sin’s= (x1/3) + (y”3)

x2/3 +y2/3 =1

63 — 64. Answers will vary.

1045

Chapter 10 Review Exercises

1. y*=—16x

This is a parabola.
a=4

Vertex: (0, 0)
Focus: (4,0
Directrix: x=4

1
16x% = - xXX=—
y 16y

This is a parabola.

1
a=—
64
Vertex: (0, 0)
Focus: (O, Lj
64
1

Directrix: y=——
64
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Chapter 10: Analytic Geometry

2
X

2
FTRR
This is a hyperbola.
a=5, b=1.
Find the value of c:
=a*+b*=25+1=26

c=26
Center: (0, 0)
Vertices: (3, 0), (=3, 0)

Foci: (\/%,0), (—\/%,0)

Asymptotes: y = lx; y= —lx
5 5
2
R .|
25
This is a hyperbola.
a=5,b=1.

Find the value of c:
A =a’+b*=25+1=26

c=26
Center: 0, 0)
Vertices: (0, 5), (0, -5)
Foci: (O, \/%), (0, —\/%)
Asymptotes: y=5x; y=-5x

2 2

y_ +)C_ =1

25 16
This is an ellipse.

a=5, b=4.
Find the value of c:
c?=a*-b*=25-16=9
c=3
Center: (0, 0)
Vertices: (0, 5), (0, -5)
Foci: (0, 3), (0,-3)

2 2

X_ + y_ = 1

9 16
This is an ellipse.

a=4, b=3.
Find the value of c:

A=a*-b*=16-9=T=c=+7

Center: (0, 0)
Vertices: (0, 4), (0, —4)

Foci: (O, \/7), (O, —\/7)

x> +4 y=4

This is a parabola.
Write in standard form:
x*=-4 y+4

X’ =—4(y-1)

a=1

Vertex: (0, 1)

Focus: (0, 0) Directrix:

3y —x* =9
This is a hyperbola.

Write in standard form:

y2 x2

3 9
a=+3, b=3

Find the value of c:
A =a*+b*=3+9=12

c=\2 =243
Center: 0, 0)

Vertices: (O,x/g), (O,—\/g)
Foci: (0, 2\/5), (O,—Z\/g)

3
Asymptotes: y :?x; y=——x

4x* —y* =8
This is a hyperbola.

Write in standard form:

SR

2 8

a=~2, b=8=22.
Find the value of c:

A =a*+b*=2+8=10
c=+10

Center:  (0,0)

Vertices: (—\/5,0),(\/5,0)
Foci: (—\/E,O), (\/E,O)

Asymptotes: y=2x; y=-2x

9x* +4y* =36
This is an ellipse.
Werite in standard form:

3

3
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11.

12.

a=3,b=2.

Find the value of c:
ct=a*-b*=9-4=5
c=+5

Cnter: (0, 0)
Vertices: (0, 3), (0, —3)

Foci: (O, \/g), (O, —\/g)

x* —4x=2y
This is a parabola.
Write in standard form:
X —4x+4=2y+4
(x=2)" =2(y+2)
1

a=—

2
Vertex: (2,-2)

Focus: (2, - i)
2

Directrix: y = 3
2
2y? —4y=x-2

This is a parabola.
Werite in standard form:

2(y* —2y+1)=x-2+2

1
- =—x
(y=D 5
1
a=—
8
Vertex: (0, 1)
Focus: (l, 1]
8
Directrix: x=——
8

1047
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13. y? —4y—4x* +8x=4
This is a hyperbola.
Write in standard form:

(Y —4y+4)—4(x* -2x+1)=4+4-4
(y-2)" —4(x-1)> =4
-2 (-D* _,
4 1
a=2, b=1.
Find the value of c:

¢ =a’+b* =4+1=5

e
Center: (1,2)
Vertices: (1, 0), (1, 4)

Foci: (1,2—J§), (1,2+J§)

Asymptotes: y—2=2(x-1); y-2=-2(x-1)

14. 4x* +y* +8x—4y+4=0
This is an ellipse.
Write in standard form:

4O+ 2x+ 1)+ (Y2 —dy+4)=—d+4+4
Ax+1D)*+(y-2)* =4
2 2
(D7 (=27
1 4
a=2, b=1
Find the value of c:
2=a>-bp*=4-1=3 — c=3
Center: (-1, 2)
Vertices: (-1, 0), (-1, 4)

Foci: (—1,2—@), (—1,2+J§)

1

15. 4x*+9y* —16x-18y=11
This is an ellipse.
Write in standard form:

4x* +9y* —16x—18y =11
4(x* —4x+4)+9(y* =2y+1)=11+16+9
4(x=2)+9(y-1)* =36
_7\2 _1\2
@-2° =D _,
9 4
a=3, b=2. Find the value of c:

=a*-bp*=9-4=5 - c=+5
Center: (2, 1); Vertices: (-1, 1), (5, 1)

Foci: (2—\6, 1),(2+£, 1)
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16.

17.

18.

4x* +9y* —16x+18y =11

This is an ellipse.
Write in standard form:

4x* +9y* —16x+18y =11
4(x* —dx+H)+9(y* +2y+1) =11+16+9
4(x=2) +9(y+1)* =36

(=2 (+D)’
9 4

1

a=3,b=2.

Find the value of c:

A =a>-b*=9-4=5

c=+5

Center: (2, —1); Vertices: (-1, -1), (5,-1)

Foci: (2—6,—1),(2%6,—1)

4x* —16x+16y+32=0

This is a parabola.
Werite in standard form:

4(x* —4x+4)=-16y-32+16
4(x—2)* =—16(y+1)
(x=2) =—4(y+1)
a=1
Vertex: (2, -1); Focus: (2,-2);

Directrix: y=0

4y* +3x-16y+19=0
This is a parabola.
Write in standard form:

4(y* —4y+4)=-3x-19+16
4(y—2)" =-3(x+1)

(y=2)* =—%(x+1>

3
a=—
16
Vertex: (-1, 2); Focus: (—%, 2)

Directrix: x=—

N

1048

19.

20.

21.

9x? +4y? —18x+8y =23

This is an ellipse.
Write in standard form:

9(x* —2x+1)+4(y* +2y+1)=23+9+4
9(x—1)>+4(y+1)> =36
(@=D®  +D’
4 9
a=3, b=2.
Find the value of c:
A =a’-b*=9-4=5

c=+5
Center: (1,-1D
Vertices: (1, —4), (1, 2)

Foci: (1,—1—6),(1,—1%6)

xr—y*—2x-2y=1

This is a hyperbola.

Write in standard form:

(X =2x+1)—(y* +2y+D) =1+1-1
(x=D*=(y+D* =1

a=1, b=1.

Find the value of c:

cF=a’+b*=1+1=2

.
Center: (1,-1)
Vertices: (0, -1), (2, -1)

Foci: (1+x/§,—1),(1—x/§,—1)
Asymptotes: y+1=x—-1; y+1=—(x-1)

Parabola: The focus is (-2, 0) and the directrix is
x=2. The vertex is (0, 0). a =2 and since
(=2, 0) is to the left of (0, 0), the parabola opens
to the left. The equation of the parabola is:

y2=—4ax
y2=—4-2~x
y? =—8x
YA A
5_
2.4 =
o4 = Dix=2
F=(20\_
AN B B
5
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22. Ellipse: The center is (0, 0), a focus is (0, 3), and 24. Parabola: Vertex: (0, 0); Directrix: y=-3;
a vertex is (0, 5). The major axisis x=0.

a =3 ; the focus is the point (0,3) ; the graph
a=5, c=3. Find b: point (0,3); the grap

opens up. The equation of the parabola is:

2_ 2 2_ns_go_ -
b =a"—c —25. 9—.16.So,b—4. The X = day
equation of the ellipse is:
52 yz x2=4(3)y
PR @ =12y
2 2
y
R . A
4?5 S
2 2 .
XY F=(00,3)¢
16 25 B
[ X
-5 V=0, 0L 5
4 0) - D:y=-3
-5

25. Ellipse: Foci: (-3, 0), (3, 0); Vertex: (4, 0);
Center: (0, 0); Major axis is the x-axis;
a=4; ¢c=3. Find b:

b’ =a*-c*=16-9=7
23. Hyperbola: Center: (0, 0); b \/7
Focus: (0,4); Vertex: (0,-2); -
Transverse axis is the y-axis; a=2; c=4.
Find b:
b*=c*—a*=16-4=12

b=+12=23

Write the equation: ~——-—=1

V,=(0,-5)

2 2

1049
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26. Hyperbola: Vertices: (-2, 0), (2, 0);

Focus: (4, 0); Center: (0, 0); Transverse axis is

the x-axis; a=2; c=4.

Find b:
b*=c*—a*=16-4=12
b=+12=23
2 yz
Write the equation: — T =1

(0,243

27. Parabola: The focus is (2, —4) and the vertex is

28.

(2, -3). Both lie on the vertical line x=2.
a =1 and since (2, —4) is below (2, —3), the
parabola opens down. The equation of the
parabola is:

(x—h)* =—4a(y—k)
(x=2)* =—4-1-(y—(-3))
(x=2)> =—4(y+3)

YA
2

Y Y Y )
L 7

V= (2,-3)

Ellipse: Center: (-1, 2); Focus: (0, 2);

Vertex: (2, 2). Major axis: y=2. a=3; c=1.
Find b:

b*=a*-c*=9-1=8

b=8=242

2 2
Write the equation: (x+1) + -2 —

8

1

1050

29.

30.

7
-1,2+2V2)

(-1,2-2VT)
3

Hyperbola: Center: (-2, -3); Focus: (-4, -3);
Vertex: (-3, -3); Transverse axis is parallel to
the x-axis; a=1; ¢=2. Find b:
b*=c?—a*=4-1=3

b=A3
2 2
Write the equation: (x+2)” ‘; 3)°

y+3=V3(x+2)

1

y+3=—VB@x+2) ¥
di

//(—2, -3+V3)
X

[
-

3

F,=(0,-3)

/ )
(-2, 3-\V3)

Parabola: Focus: (3, 6); Directrix: y=8§;
Parabola opens down. Vertex: (3,7) a=1.
The equation of the parabola is:

(x—h)* =—4a(y—k)
(x=3)* =—4)(y-T7)
(x=3)>=-4(y-7)

¥

(1,6)

|
(&)
T
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31.

32.

33.

Ellipse: Foci: (-4, 2), (-4, 8); Vertex: (-4, 10);

Center: (—4, 5); Major axis is parallel to the y-
axis; a=35; ¢=3. Find b:

b =a*-c*=25-9=16 — b=4
(x+4)”  (y-9)°
25

=1

Write the equation:

V,=(-4,10) 4
10

Fy=(-4.8)\[-
(_ 35) (_4., 5) :(Os 5)
=(-4,2) f
B 3
-10 V,=(-40) 2

Hyperbola: Vertices: (-3, 3), (5, 3);

Focus: (7, 3); Center: (1, 3); Major axis is
parallel to the x-axis; a=4; ¢=6. Find b:

P =c?—a>=36-16=20 — b=+20=25

(x-1> (y-3)°
16 20

Write the equation: =1

Hyperbola: Center: (-1,2); a=3; c=4;
Transverse axis parallel to the x-axis;

Findb: b*=c?-a’>=16-9=7 — b=+7
(xc+D)’ (y=2)°
9 7
(-1,2+V7) 7

2 s

=1

Write the equation:

\\
1,2-V7)

1051

34.

3s.

36.

Chapter 10 Review Exercises

Hyperbola: Center: (4,-2); a=1; c=4;
Transverse axis parallel to the y-axis.

Fnd b:
b =c*—a*=16-1=15—>b=4/15

2 Y
Write the equation: (y+12) _(x154) =1

y‘t =@

2 =B
4,2 V= -1)
! ( |\|)| AL X

> y+2= %(x—4)

Hyperbola: Vertices: (0, 1), (6, 1); Asymptote:
3y+2x—-9=0; Center: (3, 1); Transverse axis

is parallel to the x-axis; a =3; The slope of the

.2 .
asymptote is -3 ; Find b:

B N BN VS SN |
a 3 3
Write the equation: (x—3) o= D* =1
9 4
y
y-1=— {x 3~ 5— ean -

6 1

- 3.3 // _
) j:%%:« =
=6- VB, W &7 U, (3+ VI3, 1)
| 1 (Il B N | |1 X
-2 ,L__.__:\l 8
Aé_ G, -1 \\3

y-1=26-3)77

-5

Hyperbola: Vertices: (4, 0), (4, 4);
Asymptote: y+2x—10=0; Center: (4, 2);
Transverse axis is parallel to the y-axis; a=2;
The slope of the asymptote is —2 ; Find b:
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37.

38.

39.

40.

1

—7)? N2
Write the equation: S 42) _x 14) _

F,=4,2+V5)
\ Y —2=2x-4)
/

F =(42-V5)

y2+4x+3y—-8=0
A=0and C=1; AC=(0)1)=0. Since
AC =0, the equation defines a parabola.

2x* —y+8x=0
A=2 and C=0; AC=(2)(0)=0. Since
AC =0, the equation defines a parabola.

x> +2y* +4x-8y+2=0

A=1and C=2; AC=(1)(2)=2. Since
AC >0 and A # C, the equation defines an
ellipse.

x> -8y’ —x-2y=0

41.

42,

43.

44.

45.

46.

A=1 and C=-8; AC=(1)(-8)=-8. Since

AC <0, the equation defines a hyperbola.

9x* —12xy+4y* +8x+12y =0
A=9, B=-12, C=4

B> —4AC = (-12)* —4(9)(4) =0
Parabola

4x% +4xy+y* =85 x+16y/5y =0
A=4, B=4, C=1

B> —4AC=4>-4(4)1) =0
Parabola

4x* +10xy+4y* -9=0

A=4, B=10, C=4

B> —4AC =10 —4(4)(4) =36 >0
Hyperbola

4x* —10xy+4y* -9=0

A=4, B=-10, C=4

B> —4AC = (~10)* —4(4)(4) =36 >0
Hyperbola

x* —2xy+3y? +2x+4y-1=0
A=1, B=-2, C=3

B> —4AC =(-2)*—4()(3)=-8<0
Ellipse

4x% +12xy—-10y* + x+ y—10=0
B> —4AC =12% —4(4)(-10) =304 >0
Hyperbola

47.

2x% +5xy+2y° —%ZO

A=2,B=5and C=2; cot(26)=%=%=0 — 20
x:x'cosﬁ—y'sinezﬁx'—ﬁy'zﬂ(x'—y')
2 2 2
y=x'sinf+y'cos@=—x"+—y'=—(x'+y')
2 2 2
1052
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(x'2—2x'y'+ y'2)+%(x'2'— y'2)+(x'2+ 2x'y'+ y'z)—%ZO

o 1 o9 22 x? y.z
—x ==y == -y =05 ———=1
2 2 2 1 9

Hyperbola; center at (0, 0), transverse axis is the x™-axis, vertices at (x',y')=(%1,0); fociat (x',y")= (i\/ﬁ,O);

asymptotes: y'=23x".

-5 (-1, 0 5

-5

2x* —5xy+2y? —%ZO

A=2,B=-5mdC=2 cot(20)=2"C =272  29=T _, 4=T
B -5 2 4
x=x'cos@— 'sinezﬁx'—ﬁ 'zﬁ(x'— )
y > 5 y > y
L. 1 ﬁ 1 \/5 ll ﬁ 1 1
y=x'sinf+y'cos@=—x"+—y'=—(x'+y')
2 2 2
2 (2 2 V2 "
2 - l_ Al _5 - l_ 1 - l+ Al +2 - l+ Al __:O
[z(x y) S (=) () S ()| =2
(xlz_szyl+yV2)__(x|2V y!2)+(‘x|2+ 2x|yl+ yl2)__=0
|2 |2
—lx'2+2y'2=2—>—x'2+ 9y'2=9—>y——x—=1
2 2 2 1 9
Hyperbola; center at (0, 0), transverse axis is the y'-axis, vertices at (x',y') :(O,il);foci at (x',y') :(O,i\/ﬁ);
1

asymptotes: y'=x—

W

1053

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall



Chapter 10: Analytic Geometry

49. 6x* +4xy+9y*-20=0

A=6,B=4,and C =9; cot(2€):%:
)
sin@ = —5=\/E=ﬁ; cos@ =
2 5
x=x'cos@— ys1n9—£x'—iy:\/_(x—2y)
5 5 5
y:x'sin€+y'cos@z%x#%y':g@x# y')

6(\/5§(x'— 2y')] +4[f(x'— 2y')][f(2x'+ y')]+9(\/5§(2x'+ y')] -20=0

g(x'z— 4x'y'+ 4y'2) +§(2x'2—3x'y'— 2y'2)+%(4x'2+ 4x'y'+ y'z) -20=0

6 , 24 24 , 8 , 12 8 , 36 , 36 9 ,
— X=Xyt —y Tt =X ——x'y ==y T+t —x"+—x"y+ -y =20
5 5 J Sy 5 5 J 5y 5 5 J Sy

2 2
10x2+5y2 =20 5 +2 =1

2 4

Ellipse; center at the origin, major axis is the y'-axis, vertices at (x',y')=(0,%2); fociat (x',y') = (O, i\/E) .

Yooy
2_
(0, 2)
yf
| I [
-2
(0,-2)
i,

50. x> +4xy+4y’ +164J5x—8J5y=0

A=1,B=4,and C =4; cot 20 LE;C %——é; cos 20 3

) fw‘ $+3(fﬁgm

x=x'cos@—y'sinf =— 5 x' 2\/— \/_
y=x'sim9+y'cosﬁz?\/—x#%y':%(h#y)

(g(x'— 2y')j2 +4(§(x'— 2y')j(§(2x'+ y')j+4(§(2x'+ y')j2
+16\/§(§(x'— 2y')j—8\/§[g(2x'+ y')) =0
é(x'z— 4x'y'+ 4y'2)+%(2x'2—3x'y'— 2y'2)+%(4x'2+ 4x'y'+ y?)+16x'=32y'~16x'-8y' =0

1054
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57 5T YT TS TS

5x°—40y'=0— x”? =8y’
Parabola; vertex at the origin, focus at (x',y")=(0,2).

1, 4 4, 8 4, 12 8 , 16 , 16 4,
1 LI 1 1 "__'+_'+_"+_'_40|:0
TSy Tt TSy Y

4x* —12xy+9y* +12x+8y=0

A=4,B=-12,and C =9; cot(26) £= 495 — cos(20) = 3
-12 12 13
3] o5
1-— 1+—
sin@ = A V. i— \/7 3\/_ - 6=33.7°
2 13
x:x'cose—y'sine—— 2\/7y \/— (3x'-2y
13 13 13
y:x'sin€+y'cos€:@ 3\/7y \/—(2 +3y)
13 13 13
2 2
4 £(3x'—2y') 12 \/5(3 —2y) E(Zx'+3y') +9 m(2x+3y)
13 13 13 13
+12(1£33(3x'—2y')j+8(1£33(2x'+3y')]:0

40 0 . 2y 120 0 o oy, 9,0 Co a2
—(9x —12x'y'+4y )—E(6x +5x'y'- 6y )+E(4x +12x'y'+9y )

36J13 |, 2413 |, 16V13 , 2413

+ x'= y'+ x'+ y'=0

13 13 13 13
36 0 48 16 5 72 5 60 T2 , 36 , 108 81 , ,
xX'y+—y“-—x Xy =yt Dt 'y —y 2444135 =0

BT TETE T T T T T 137

ENE
X

13y2+4/13x'=0 = y?=- =

Parabola; vertex at the origin, focus at (x', y') = (—ﬁ,

1055
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52. 9x* —24xy+16y* +80x+60y=0

A=9,B=-24,and C =16; cot(26)= A-C_9- 16:1 — cos(20) =

A
25
\, 25 }6 4—)6369
1

x=x'cos@— ysme—%x——y =—(4x'-3y")

3
=x'+

ull-h | W
W | — &Il

y=x'sin@+y'cosf = (3x'+4y")

5
9(%(4x'— 3y '))2 —24(%(4x'— 3y '))(%(3x'+ 4y')) +16(%(3x'+ 4y '))2 +80(%(4x'— 3y')) +60(%(3x +4y')) =0
(

9 l2 1 1 |2 24 |2 1 1 |2 16 |2 1 1 |2 1 1 1 " __
25 (16x7=24xy'+ 0y )—2—5(12x +7x'y'=12y )+2—5(9x +24x'y'+ 16y ) +64x'= 48y '+ 36x'+ 48y' =0

144 , 216 , , 81 , 288 , 168 288 , 144 , 384 | N 256

—x Ty oy e e x y ey T — xR T y + —— y 4+ 100x' =0
25 25 25 25 25 25 25 25 25

25y +100x'=0 — y'? =—4x'

Parabola; vertex at the origin; focus at (x',y')=(-1,0).

1056
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53.

4
r =
l—-cos@
ep=4, e=1, p=4
Parabola; directrix is perpendicular to the polar
axis 4 units to the left of the pole; vertex is

(2,m).

Directrix
A YA
n
(+3)
2, m) x Polar
0 7 Axis
3n
&
4
6
54. r= -
1+sin@

ep=6, e=1, p=6
Parabola; directrix is parallel to the polar axis 6

. . T
units above the pole; vertex is (3, 5) .

yi

D‘irectrix 8~ N

<t . .

B3k
6,m O (6,0 axis
gl
6 3
-

ep =3, (32%, p=6

Ellipse; directrix is parallel to the polar axis
6 units below the pole; vertices are

6, r and | 2, 3_15 . Center at (Z,ZJ ; other
2 2 2
T
f t|4,=|.
ocus a ( X 2)

1057
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Yi

lo.3)

(3, 0) x Polar
o axis
% N

Directrix

, (3]

(3, )

A

56. r= =
3+2cos8 (1+200s6’)
3
ep:z e:g p:l
3737

Ellipse; directrix is perpendicular to the polar
axis 1 unit to the right of the pole; vertices are

(%, O) and (2, ). Center at (%,ﬂ'j : other

8
fi t|=.7|.
ocus a (5 ﬂ'j

YA A Directrix
21
53
/%: (2.0)
(2,m) | \/ | X Polar
_zk_;/ 2 axis
g3l
2y
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58.

8 2

r= = 59.
4+8cos@ 1+2cosb
ep=2,e=2, p=1
Hyperbola; directrix is perpendicular to the polar
axis 1 unit to the right of the pole; vertices are
[%, OJ and (-2, ). Center at (%,Oj : other
8
£ t|—=,7|.
ocus a ( 3 j
y Directrix
n 60.
23
2
(§'0) (-2, ) xPolar
0 Axis
3
%)
Y
. 10 _ 2
54+20sinf 1+4sind
| 61.
ep=2,e=4, p=—
P p 5
Hyperbola; directrix is parallel to the polar axis
% unit above the pole; vertices are
E,E and —2,3—75 = g,z . Center at
52 32 32
8 16 37 16
—,— | ; other f t|——,—&|=|—=.= |-
[15’2)’0 eriocusa [ 152 j [15’2)
YA
3
62.
il
32 |
Directrix »: Polar
) (2,00 3 axis
S
528
-3

1058

4
1—cosé@
r—rcos@ =4

r

r=4+rcosé
r? = (4+rcosf)’
x* 4yt =(4+x)?
X +y? =16+8x+x"

y>—8x-16=0

6
2—sin@
2r—rsin@ =6
2r=6+rsinf
4r% =(6+rsin )’

4+ )= (6+y)

r =

4x* +4y* =36+12y+y?
4x* +3y* —12y-36=0

8

"= 4+8cos@
4r+8rcosf@ =8

4r =8—8rcos@
r=2-2rcos@

r* =(2—-2rcos )’
X +y?=(2-2x)°
x4y =4-8x+4x’

3x? —y? —8x+4=0

2

B 3+2cos@
3r+2rcos@=2

3r=2-2rcosé
9r? = (2-2rcos )’
9()62 +y2) =(2-2x)*

r

9x* +9y> =4 -8x +4x*
5x2+9y* +8x-4=0
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63.

64.

65.

x=4t-2, y=1—t, —co<t<oo

X
2 e
i, -
x=4(1-y)-2
x=4-4y-2
x+4y=2

x=2t"+6, y=5—1, —co<t<oo
y

10~

9_

8_

s /‘/r
6_

5_

4 \\
3_

2_

1_

0 Y ) B
012345678910
x=2(5-y)"+6

x=2(25-10y+*)+6
x=50-20y+2y* +6
x=2y*-20y+56

=3sint, y=4cost+2, 0<r<2n

=sint, =—— =cost

4

sinf+cos’t=1

(05 -

2 2
L )
9 16

X
x y=2
3

66.

67.

Chapter 10 Review Exercises

x=Int =1, t>0
b
3
L IJ/ L1 1
=3 3
3
my=mﬁ
Iny=3Int
Iny=3x — y=¢*

T
x=seczt, y=tan2t, OSZSZ

Y4

\

2.1

(1,0 2

tan2t+1:seczt—>y+1:x
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68. x=r"% y=2t+4, 120

69.

70.

71.

72.

y

10

9

8

7

6

5

44

3_

2_

1_

o Y
012345678910

y 253 +4

Answers will vary. One example:

y=-2x+4

x=t, y=-"2t+4

x=ﬁ y=t
>

Answers will vary. One example:
y=2x"-8

x=1, y=2r*-8

x=2t, y=2(2)’ -8=8:>-8

%:cos(a)t); %zsin(a)t)
2—”=434a)=27r:>a)=2—=z
w 2

X T \y . |(~&
— =CO0S| —1 |[;=—=sI1n| —t
4 (2 j 3 (2 )

= x=4cos(§1j; y =3sin(§1j, 0<t<4

| =

=sin(@1); §=cos(a)t)

ol *

25250)227[30)22?7[

x . (2z y 2r
—=sin| —1|; —=cos| —t
4 5 3 5

= x:4sin(2?”tj; y :3005(2?”tj, 0<r<5

73.

74.

Write the equation in standard form:

2 2

43 +9y2 =36 > —+2 =1
9 4

The center of the ellipse is (0, 0). The major axis

is the x-axis.

a=3;, b=2;

cz =a2 —b2 =90-4=5 —> C=\/§~
For the ellipse:

Vertices: (=3, 0), (3, 0);

Foci: (—x/g, 0), (\/3,0)

For the hyperbola:
Foci: (-3, 0), (3, 0);

Vertices: (—\/g, O), (\/g, 0) ;
Center: (0, 0)

a=A5; c=3;
=c-a*=9-5=4 — b=2

2 .2
The equation of the hyperbola is: x? ——=1

Write the equation in standard form:
2 2
o4y’ =16 » -2 =
16 4
The center of the hyperbola is (0, 0). The

transverse axis is the x-axis.

a=4; b=2;

A =a®+bh> =16+4=20 - c=~/20=24/5.
For the hyperbola:

Vertices: (-4, 0), (4, 0);

Foci: (—2x/§, 0),(2\/5,0)

For the ellipse:
Foci: (-4, 0), (4, 0);

Vertices: (—2«/3, O), (Zx/g, 0) ;

Center: (0, 0)

a:2\/§; c=4

b =a*-c*=20-16=4 — b=2
P

The equation of the ellipse is: —+-—=1
20 4
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75. Let (x, y) be any point in the collection of

points.
The distance from

()C, }7) to (370)= \/(-x_3)2+y2 .

The distance from

X———|.

(x, y) to the line x :§ is 16 ‘

Relating the distances, we have:

3 16
V=3 +y* =2 x——
=37y =5 1¥73
2
9 16
x=3)Y+y == | x——
(x=3)"+y 16( 3)
x2—6x+9+y2=2[x2—2x+@j
16 3 9

16x% —96x+144 +16y* = 9x* —96x +256
7x2 +16y* =112

2 2
I 107
112 112

2 2

N

16 7

The set of points is an ellipse.

76. Let (x, y) be any point in the collection of
points. The distance from

(x, y) to (5,0) =/ (x=5)* + y* .

The distance from
16

16
x,y)tothelinex=—1is | x——]|.
(x, y) 3 3

Relating the distances, we have:

Jx=5)7%+y? =% 16

X——
2
(x=5)% +y* zé[x—g)

5
16 5

x2—10x+25+y2=— X X
16 57 25
16x* —160x+400+16y? = 25x> —160x + 256
9x* —16y* =144
%_16))2 -1
144 144

2 2
X y

16 9
The set of points is a hyperbola.

80 2,20

Chapter 10 Review Exercises

77. Locate the parabola so that the vertex is at (0, 0)

78.

and opens up. It then has the equation:

x* =4ay . Since the light source is located at the
focus and is 1 foot from the base, a =1. Thus,
x* =4 y . The width of the opening is 2, so the
point (1, y) is located on the parabola. Solve for
y:

P =4y >1=4y - y=0.25 feet

The mirror is 0.25 feet, or 3 inches, deep.

Set up the problem so that the vertex of the
parabola is at (0, 0) and it opens down. Then the
equation of the parabola has the form: x* = cy.
The point (30, —20) is a point on the parabola.
Solve for ¢ and find the equation:

302 = ¢(=20) > c=—45

x? =—45y

20

(30,-20)

To find the height of the bridge, 5 feet from the
center, the point (5, y) is a point on the parabola.
Solve for y:

5% =—45y 525=—45y — y~—0.56

The height of the bridge, 5 feet from the center,
is 20 — 0.56 = 19.44 feet.

To find the height of the bridge, 10 feet from the
center, the point (10, y) is a point on the
parabola. Solve for y:

102 =—45y 5100 =-45y — y =222

The height of the bridge, 10 feet from the center,
is 20 — 2.22 = 17.78 feet.

To find the height of the bridge, 20 feet from the
center, the point (20, y) is a point on the
parabola. Solve for y:

207 =45y —400=—-45y — y ~ —8.89

The height of the bridge, 20 feet from the center,
is 20 -8.89 = 11.11 feet.

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall



Chapter 10: Analytic Geometry

79.

80.

Place the semi-elliptical arch so that the x-axis
coincides with the water and the y-axis passes
through the center of the arch. Since the bridge
has a span of 60 feet, the length of the major axis
is 60, or 2a =60 or a =30 . The maximum
height of the bridge is 20 feet, so b =20. The

2 2
X Y

—t—=1.
900 400
The height 5 feet from the center:

52 y2

= 4+ =
900 400
o 25
400 900

vy = 400-§ — y=19.72 feet
900

equation is:

The height 10 feet from the center:

102 y2 _

900 400
100
400 900

y: = 400-@ — y =~ 18.86 feet
900

The height 20 feet from the center:

- 4+ =

900 400
', 400
400 900

y = 400-ﬂ — y=14.91 feet
900

The major axis is 80 feet; therefore,

2a =80 or a =40 . The maximum height is 25
feet, so b=25. To locate the foci, find c:

2 =a®-b* =1600-625=975 — c=~31.22
The foci are 31.22 feet from the center of the
room or 8.78 feet from each wall.

1062

81. First note that all points where an explosion
could take place, such that the time difference
would be the same as that for the first detonation,
would form a hyperbola with A and B as the
foci.

Start with a diagram:
N
(1000, )

-
-

(1000, 0)

-
(~1000,0)_ ~~ D,

A 0,0) (a,0)

1<
I

\
Y we-———-00

2000 feet
Since A and B are the foci, we have
2¢ =2000

¢ =1000
Since D, is on the transverse axis and is on the

hyperbola, then it must be a vertex of the
hyperbola. Since it is 200 feet from B, we have
a =800 . Finally,
b* =c* —a® =1000” —800° = 360,000
Thus, the equation of the hyperbola is

2 B 52 |
640,000 360,000

The point (1000, y) needs to lie on the graph of

the hyperbola. Thus, we have

(1000 >
640,000 360,000
o9
360,000 16
y* =202,500
y =450

The second explosion should be set off 450 feet
due north of point B.

82. a. Train:

X = %tz;

Lety, =1 for plotting convenience.
Mary:

x, =6(t—-2);

Lety, =3 for plotting convenience.
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83.

Mary will catch the train if x, = x, .

%tz =6(1—2)
37 =61-12
?—41+8=0
Since b* —4ac = (-4)* —4(1)(8)
=16-32=-16<0

the equation has no real solution. Thus,
Mary will not catch the train.

Use equations (1) in section 9.7.
x=(80cos(35°))t

y= —%(32):2 +(80sin (35°))1+6

The ball is in the air until y =0. Solve:
~164” +(80sin(35°))r+6=0

—80sin (35°) i\/(BOSin(35°))2 —4(-16)(6)

=
2(-16)

_ —45.89£+/2489.54
=32
=—0.13 0r 2.99

The ball is in the air for about 2.99 seconds.
(The negative solution is extraneous.)

The maximum height occurs at the vertex of
the quadratic function.

—b —80sin(35°
t= = = # =~1.43 seconds

2a 2(-16)
Evaluate the function to find the maximum
height:

~16(1.43)* +(80sin (35°) ) (1.43) + 6 ~ 38.9 ft

Chapter 10 Test

d. Find the horizontal displacement:

x=(80c0s(35°))(2.99) = 196 feet
(or roughly 65.3 yards)

50

O/H\\\ 220

=50

84. Answers will vary.

Chapter 10 Test
2
+1 2
Y Git) M

4 9

Rewriting the equation as

2 2
x—(-1 -0
( ( )) _(y ) =1, we see that this is the
2? 3

equation of a hyperbola in the form
(x=h) (y=k)’

a’ b*
h=-1,k=0,a=2,and b=3.Since a* =4
and b> =9, we get c=a’+b? =4+49=13, or
¢ =+/13 . The center is at (-1,0) and the
transverse axis is the x-axis. The vertices are at
(hta,k)=(-1%2,0),or (-3,0) and (1,0).
The foci are at (h*c,k)= (—li\/E,O), or

(—1—«/6,0) and (—1+\/E,O) . The asymptotes

=1. Therefore, we have

are y—0=i%(x—(—1)),or y=—%(x+1) and

y=%(x+1).
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2. 8y=(x-1)" -4

Rewriting gives
(x—1)*=8y+4

(x=1)2 =8[y‘(’%n
(x=1) =4(2)(y -(‘3)

This is the equation of a parabola in the form
(x— h)2 =4a(y—k). Therefore, the axis of

symmetry is parallel to the y-axis and we have

(hk)= (1,—;) and a =2 . The vertex is at

(h,k)= (1,—;) , the axis of symmetry is x=1,

the focus is at (h,k+a)= [1,—%+ 2) = (1,%) ,

and the directrix is given by the line y=k—a,

or _3
y 2

2x* +3y* +4x—6y=13
Rewrite the equation by completing the square in
x and y.

2x2 43y +4x-6y=13
232 +4x+3y* -6y =13
2(x2 +2x)+3(y2 —2y)=13
2(x% +2x+1)+3(y* =2y +1)=13+2+3

2(x+1)° +3(y-1)°

9 6
This is the equation of an ellipse with center at

(-L1) and major axis parallel to the x-axis.
Since a> =9 and b> =6,wehave a=3,
b=+6,and ¢* =a®>~b* =9-6=3, 0r

¢ =+/3 . The foci are (htc,k)= (—li\/g,l) or
(—1—\/5,1) and (—1+\/§,1) . The vertices are at
(hta,k)=(-1£3,1), or (—4,1) and (2.,1).

1064

4. The vertex (—1,3) and the focus (—1,4.5) both

lie on the vertical line x =—1 (the axis of
symmetry). The distance a from the vertex to the
focus is a =1.5. Because the focus lies above
the vertex, we know the parabola opens upward.
As a result, the form of the equation is

(x—h)’ =4a(y—k)

where (h,k)=(-1,3) and a =1.5. Therefore,
the equation is

(x+1)* =4(1.5)(y-3)

(x+1)° =6(y-3)

The points (h+2a,k), thatis (—4,4.5) and
(2,4.5), define the lattice rectum; the line

y =1.5 is the directrix.

F=(—1.45)

(x+1)F =6y —3)

5. The center is (h,k)=(0,0) so h=0 and k=0.

Since the center, focus, and vertex all lie on the
line x =0, the major axis is the y-axis. The

distance from the center (0,0) to a focus (0,3)
is ¢ =3. The distance from the center (0,0) to a
vertex (0,—4) is a =4 . Then,

P =a’-c*=4>-3"=16-9=7
The form of the equation is

(=h) |, (=k) _

b> a’ =1
where =0, k=0, a=4,and b=+/7 . Thus,
we get
2 2
Xy
7 16

To graph the equation, we use the center
(h,k)=(0,0) to locate the vertices. The major

axis is the y-axis, so the vertices are a =4 units
above and below the center. Therefore, the

vertices are V; =(0,4) and V, =(0,—-4). Since

¢ =3 and the major axis is the y-axis, the foci

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall



Chapter 10 Test

are 3 units above and below the center.
Therefore, the foci are F; =(0,3) and

F, =(0,-3) . Finally, we use the value b= J7
to find the two points left and right of the center:

(_\/7,0) and (\/7’0)' by the lines

; y—k= i%(x —h). Therefore, the asymptotes

Therefore, the foci are ¢ = 2\/5 units above and
below the center. The foci are F; = (2, 2+ 2\/§ )

and F, = (2,2— 23 ) . The asymptotes are given

6. The center (h,k)=(2,2) and vertex (2,4) both

lie on the line x =2, the transverse axis is
parallel to the y-axis. The distance from the
center (2,2) to the vertex (2,4) is a=2,so the

other vertex must be (2,0) . The form of the
equation is

-k _(=n)

a’ b2 7. 2x* +5xy+3y* +3x—7=0 is in the form
where h=2, k=2 ,and a=2. This gives us Ax? +Bxy+Cy* + Dx+Ey+F =0 where
(y—2)2_(x—2)2=1 A=2,B=5,and C=3.

4 b B*—4AC=5"-4(2)(3)

Since the graph contains the point —25-24
(x,y):(2+\/ﬁ,5),we can use this point to =1
determine the value for b. Since B> —4AC >0, the equation defines a
(5- 2)2 (2 ++/10 - 2)2 1 hyperbola.
4 b’ 8. 3x>—xy+2y>+3y+1=0 is in the form
%_ll]_(z)=1 Ax* + Bxy+Cy* + Dx+Ey+F =0 where
5 10 A=3, B=-1,and C=2.
e B?—4AC =(-1)" —4(3)(2)
b =8 =1-24
b=2\2 T .
Therefore, the equation becomes Slllril;zeé ~4AC <0, the equation defines an

(-2 (x-2)° _
4 8
Since ¢ =a’>+b*=4+8=12 , the distance

1

from the center to either focus is ¢ = 2\/5 .

1065
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9. x*—6xy+9y’ +2x—3y—2=0 is in the form

10.

Ax® + Bxy+Cy* + Dx+ Ey+ F =0 where
A=1, B=—6,and C=9.
B —4AC =(-6)" —4(1)(9)

=36-36

=0
Since B> —4AC =0, the equation defines a
parabola.

41x* —24xy +34y* —25=0
Substituting x = x'cos@—y'sinfd and

y=x'sin@+ y'cos@ transforms the equation

into one that represents a rotation through an
angle 6. To eliminate the x'y' term in the new

. A— .
equation, we need cot(26) = TC . That is, we

need to solve

cot(26) = 41-34
24
7
t(20)=——
cot(20) >

Since cot(26) <0, we may choose
90° <260 <180°, or 45°< 6 <90°.
(-7, 24) A

N7 +24%=25

24
20

NR

We have cot(26) = —L 5o it follows that

24
cos(2¢9):—%.
.
1-
sin@ = C08(2‘9): 25 = E:i
2 2 25 5
1+(—7j
f1+ /
cosf = C05(26): 25 = i:é
2 2 25 5

6 =cos™! @j ~53.13°

With these values, the rotation formulas are

1066

x—z)c'—i '
57757

Substituting these values into the original
equation and simplifying, we obtain

41x* —24xy +34y* =25=0

2
34 3 4 4 3
41_ '__' _24_ '__' — '+_'
(sx syj (sx sy)(sx sy)

2
+34(£x'+zy') =25
5 5
Multiply both sides by 25 and expand to obtain
41(9x7=24x"y'+16y” )= 24(12x7 = 7x"y'= 12y * )

and —ix'+E !
y 5 5)’

+34(16x+24x" y'+9y? ) = 625
625x+1250y " = 625

x4+ 2y'2 =1
xf2 y12

+ =1
11
2

Thus: a=\/I=1 and b:Jg:%

This is the equation of an ellipse with center at
(0,0) in the x'y'—plane. The vertices are at

(-1,0) and (1,0) inthe x'y'—plane.

Fod—pr=1-1=1 c=£
2 2
The foci are located at [i\/f,o] in the
x'y'—plane. In summary:
x'y’— plane xy — plane
center 0,0) (0,0)
vertices (£L0) (3,4),[_3’_4j
55 5 5
12 32
minor axis 0+\/§ 5710 )
intercepts ) NN
5710
32 2&}
10°5 )
foci (i\/z,OJ
2 W2 22
10" 5
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The graph is given below.
Vi
3 - 73
v -+ |2
\ =+
— f I__I L
T X
4 B /\
v T »
e 3
. r=—=

" l-ecos@ :1—20056

Therefore, e =2 and p =%. Since e >1, this is

the equation of a hyperbola.

3
y=—
1-2cos@
r(1-2cos@)=3
r—2rcos@ =3

Since x=rcos@ and x* +y* =r?, we get

r—2rcos@=3
r=2rcos@+3

P’ = (2rcos¢9+3)2
X +y? =(2)c-+-3)2
X +y? =4x* +12x+9
3x? +12x—y* =9
3(x2 +4)c)—y2 =-9
3(x% +4x+4)-y’ =—9+12

3(x+2)* =2 =3

1 3

12. (x=3-2 (1)
{y=1—ﬁ 2
t x Yy ()
0|x=3(0)-2==2| y=1-v0=1 | (-2,1)
1] x=3(1)-2=1 | y=1-v1=0 | (1,0)
4| x=3(4)-2=10 | y=1-4=-1|(10,-1)
9| x=3(9)-2=25|y=1-v9=-2|(25,-2)

1067

Chapter 10 Test

40 x
(25, =2)

—(10.—1)

5
To find the rectangular equation for the curve,

we need to eliminate the variable ¢ from the
equations.

We can start by solving equation (1) for 7.
x=3t-2
3t=x+2
_x+2
3
Substituting this result for 7 into equation (2)
gives

y=1- /x43-2’ 2<x<25

. We can draw the parabola used to form the

reflector on a rectangular coordinate system so
that the vertex of the parabola is at the origin and
its focus is on the positive y-axis.

y
. 41t
(-2, 1.5) : 21 :(2, 1.5)
2 0T 2 F
_2-:

The form of the equation of the parabola is

X = 4ay and its focus is at (O,a) . Since the

point (2, 1.5) is on the graph, we have

2> =4a(1.5)
4=06a
a=2

The microphone should be located % feet (or 8

inches) from the base of the reflector, along its
axis of symmetry.
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Chapter 10 Cumulative Review

f(x+h)—f(x)

1.
h
2 2
“3(x+h)" +5(x+h) -2 (-3x"+5x - 2)
- h
—3(x% +2xh+ 17 )+ Sx+5h =2+ 3x> —5x+2
- h
_ —3x% —6xh—3h" +5x+5h—2+3x" —5x+2
h
_ _2n2
:M:_M_S}HS

2. 9x*+33x° —71x* —57x—10=0
There are at most 4 real zeros.

Possible rational zeros:
p==x1,£2,+£5 £10;, ¢g==1,£3,19;

P4

g 3
5

+2 42 410, —,+—

9 9

Graphing y, =9x*+33x’ = 71x* —=57x~10
indicates that there appear to be zeros at x = -5

and at x = 2.
Using synthetic division with x = -5:

-5)9 33 71 -57 -10
—-45 60 55 10

9 —-12 -11 =2 0
Since the remainder is 0, -5 is a zero for f. So
x—(=5)=x+5 is a factor.
The other factor is the quotient:
9x* —12x* —11x-2.
Thus, f(x)= (x+5)(9x3 —12x? —11x—2) .

1068

Using synthetic division on the quotient and
x=2:
2) 9 -12 —11 -2
18 12 2
9 6 1 0

Since the remainder is 0, 2 is a zero for f. So
x—2 is a factor; thus,

f(x)= (x+5)(x—2)(9x2 +6x+1)
= (x+5)(x—2)(3x+1)(3x+1)

Therefore, x = —% is also a zero for f'(with
multiplicity 2). Solution set: {—5,—%, 2} .

6—x2>x°
0>x"+x-6
X’ +x-6<0
(x+3)(x-2)<0
f)=x*+x-6
x=-3,x=2 are the zeros of f .
Interval | (—e0,=3) | (-3,2) (2,00)
Test Value —4 0 3

Value of f 6 -6 6
Conclusion | Positive | Negative | Positive

The solution set is { x| —3<x< 2} , Or [—3, 2] .

Flx)=3"+2

a. Domain: (—eo,c0) ; Range: (2,0).

b, f(x)=3"+2
y=3"+2
x=3"+2 Inverse
x-2=3"
log; (x—2):y:f’l(x):log3(x—2)
Domain of f~' =range of f =(2,).
Range of f~' =domainof f =(—co,c0).

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall



5. f(x)=log,(x-2)

a.

f(x)=log, (x-2)=2

x=18
The solution set is {18} .

f(x)=log,(x-2)<2
x—2<4* and x-2>0
x—2<16 and x>2
x<18 and x>2
2<x<18
(2,18]

This graph is a line containing points
(0,—2)and (1,0).

(=2
slope=ﬂ=0 ( )=E=
Ax 1-0 1
using y—y, =m(x—x)
y—0=2(x-1)

y=2x—-2 or 2x—y—-2=0

This graph is a circle with center point (2, 0)
and radius 2.

(x=h)’ +(y—k) =12
(x=2)* +(y-0)
(x—2)2 +y2 =

22
4

This graph is an ellipse with center point
(0, 0); vertices (+3,0) and y-intercepts

(0,£2).
(x=h)"  (y=k)’ _

=1
a’ b*
2 2
—O _0 2 2
(x32) +(y22) =1 = %+y_:1

This graph is a parabola with vertex (1, 0)
and y-intercept (0,2).

Chapter 10 Cumulative Review

(x—l)2 =5y ory :2(x—1)2

This graph is a hyperbola with center (0,0)
and vertices (0,%1), containing the point
(3,2).

(y=k) (x=h) _

- =1
a’ b*
2 2
Yy ox_
1 »?
2 2
(2 () _
IS
4 9
22
1 p?
4—]%:1
9
3=b_2
3b° =
b* =3
The equation of the hyperbola is:
yox
1 3

This is the graph of an exponential function
with y-intercept (0,1), containing the point

(1,4).
y=A-b*

y-intercept (0,1) =>1=A-b" =A-1= A=1
point (1,4) = 4=b"=b

Therefore, y=4".
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7. sin(260)=0.5
20="42%kn = O=T+kn
6 12
or 26=5—7[+2kn = 6=5—n+kn
6 12
where k is any integer.

8. The line containing point (0,0), making an angle
of 30° with the positive x-axis has polar
equation: @ =z

6

9. Using rectangular coordinates, the circle with
center point (0, 4) and radius 4 has the equation:
(x=h) +(y—k)* =1
(x=0)" +(y—4)" =42

X +y?—8y+16=16
X +y?-8y=0
Converting to polar coordinates:
r* —8rsin@=0
r* =8rsin@
r=8sin @
y
9_
(0,4):
Lig |1 B L X
. B 3
i
0. f(x)=— >
sin x+cos x

f will be defined provided sinx+cosx#0.
sinx+cosx=0

sin x =—cos x

sin x
=-1

CcOS X
tan x = —1
3

xX= 7 + k7, k is any integer

The domain is
{ ]

11. cot(26)=1, where 0° <8<90°

X # 37” +kz, where k is any integer} .

29=£+kn:9:E+E,Where k is any
4 8 2

integer. On the interval 0° <8 <90°, the

solution is @ = % =225°.

X

12. x=5tant — =tant

W

sec’t=1+tan’t

y=SSeczt=5(1+tan21)
X z x2
=5 1+[—j =5+—
5 5

2

The rectangular equation is y = x? +5.

Chapter 10 Projects
Project I — Internet Based Project
Project I1

1. Figure:

4495.1x10

c=37.2x10°
B2 =a? —c?
b2 =(4495.1><106)2 —(37.1><106 )2

b =4494.9%10°

x2 y2

+ =
(4495.1 x10%)%  (4494.9 x10°)?
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. Figure:

5913.5x10S

77381.2x10° +4445.8x10° =11827x10°
a= 0.5(11827><106) =5913.5%10°

c=1467.7x10°
b = (591:«5.5><106 )2 —(1467.7><106 )2

b=75728.5x10°

x2 y2

+ =
(5913.5x10%)%  (5728.5x10°%)*

. The two graphs are being graphed with the same
center. Actually, the sun should remain in the
same place for each graph. This means that the
graph of Pluto needs to be adjusted.

. Shift = Pluto's distance — Neptune's distance
=1467.7x10° =37.1x10°
=1430.6x10°

(x+1430.6 x10%)? y?
O s =1
(5913.5x10°) (5728.5x10°)

. Yes. One must adjust the scale accordingly to
see it.

(4431.6x10°,752.6x10°),

(4431.6><106,752.6><106)

. No, The timing is different. They do not both
pass through those points at the same time.

Project II1
1. Asanexample, 7; will be used. (Note that any

of the targets will yield the same result.)
z=4ax’ + 4ay2

0.5 =4a(0)* +4a(-2)*

0.5=16a

a=—

32
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The focal length is 0.03125 m.

I, 1,
==X +=
g g

Target X R [ Z y
T, 0 9.551 | -11.78 | 0.5 | -1.950
T, 0 9.948 | -5.65 | 0.125 | -0.979
T, 0 9.928 | 590 | 0.125 | 1.021
T, 0 9.708 | 11.89 0.5 2.000
T 9.510 | 9.722 | -11.99 | 11.31 0
Ty 9.865 [ 9.917 | —5.85 | 12.165 0
T, 9.87519.925 | 5.78 |12.189 0
Tq 9.350 | 9.551 | 11.78 |10.928 0

1

Z ngz +%y2, y = Rsin6, x = RcosO

T, through 7, do not need to be adjusted. T

must move 11.510 m toward the y-axis and the z
coordinate must move down 10.81 m. 7; must

move 10.865 m toward the y-axis and the z
coordinate must move down 12.04 m. 7; must

move 8.875 toward the y-axis and z must move
down 12.064m. T; must move 7.35 m toward the

y-axis and z must move down 10.425 m.

Project IV

Figure 1
L (0,0)
(x.=70), | (52:-70)
} 280t | 280 ft
(525, -350) (525, -350)
1050 ft
1. x*=-4ay

(525)* = —4a(=350)
272625 =1400a
a=196.875

X = —787.5y

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall



Chapter 10: Analytic Geometry

Let y =-70. (The arch needs to be 280 ft

high. Remember the vertex is at (0, 0), so we
must measure down to the arch from the
x-axis at the point where the arch’s height is
280 ft.)

x* =—787.5(-70)

¥} =55125 — x=12348
The channel will be 469.6 ft wide.

Figure 2

1050 ft

Z 42—
a’> b
2 2
A
275625 122500

x2 y2
2

x? (280)° 1
275625 122500
2

2 = 1= 1595605

122500
x? =99225
x=1315
The channel will be 630 feet wide.

If the river rises 10 feet, then we need to
look for how wide the channel is when the
height is 290 ft.

For the parabolic shape:

x* =-787.5(-60)
x* =47250
x=%2174
There is still a 435 ft wide channel for the
ship.
For the semi-ellipse:

2 2

X N (290) ~1

275625 122500

2
x2 =[1— (290) ]275625

122500
x? = 86400
x=1293.9

The ship has a 588-ft channel. A semi-
ellipse would be more practical since the

1. 4—-2=sec’t, 0

channel doesn’t shrink in width in a flood as
fast as a parabola.

Project V

IN
~
IN

IN

In
LN

1—t=tan’t, 0<t

For the x-values, t = 1.99, which is not in the
domain [0, w/4]. Therefore there is no t-value
that allows the two x values to be equal.

On the graphing utility, solve these in
parametric form, using a t-step of w/32.

It appears that the two graphs intersect at about
(1.14, 0.214). However, for the first pair,

t =0.785 at that point. That t-value gives the
point (2, 1) on the second pair. There is no
intersection point.

. Since there were no solutions found for each

method, the “solutions’ matched.

x =4r-2 yy=1-t D=R;R=R
-y =t

x=4(1-y)-2

x+4y=2

X, =sec’t ¥, =tan’¢

2 _ o
l+tan”t =sec”t D=[1,2], R=[0,1]

I+y=x
x—y=1

x+4y=1
{x—yzl
5y=0
y=0
x=1
The t-values that go with those x, y values are

not the same for both pairs. Thus, again, there is
no solution.

x: 2% =Int

y: £ =2+4

Graphing each of these and finding the
intersection: There is no intersection for the
x-values, so there is no intersection for the
system.

Graphing the two parametric pairs: The
parametric equations show an intersection point.
However, the t-value that gives that point for
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each parametric pair is not the same. Thus there
is no solution for the system.

Putting each parametric pair into rectangular
coordinates:
x =t >t=e"

¥ =l3 =63x

D =R, R=(0,)
X, = t% —>t= x%

y, =20 +4=2x" +4
Then solving that system:

y=e3x
y=2x%+4

This system has an intersection point at

D =[0,00), R=[4,0)

(0.56, 5.39).
However, In t = 0.56, gives t = 1.75 and
t= (0.56)2/3 = 0.68. Since the t-values are not

the same, the point of intersection is false for the
system.

. X: 3sint=2cost = tant=2/3 = t=0.588

y: 4 cost+2 =4 sin t = by graphing, the
solutionis t=1.15ort=3.57.

Neither of these are the same as for the x-values,
thus the system has no solution.

Graphing parametrically: If the graphs are done
simultaneously on the graphing utility, the two
graphs do not intersect at the same t-value.
Tracing the graphs shows the same thing. This
backs up the conclusion reached the first way.

x, =3sint v, =4cost+2

. X y=2
sint =— cost =——
3 4

sin®t+cos’t=1

2 _ 72
R )
9 16
D=[-3, 3], R=[-2, 6]
X, =2cost v, =4sint
cost == sint =2
2 4

cos’t+sin’ 7 =1
22
x_ + y_ = 1
4 16
D=[-2, 2], R=[-4,4]
Solving the system graphically: x=1.3,
y =-3.05. However, the t-values associated
with these values are not the same. Thus there is

no solution. (Similarly with the symmetric pair
in the third quadrant.)

1073

Chapter 10 Projects

. Efficiency depends upon the equations. Graphing

the parametric pairs allows one to see
immediately whether the t-values will be the
same for each pair at any point of intersection.
Sometimes, solving for t, as was done in the first
method is easy and can be quicker. It leads
straight to the t-values, so that allow the method
to be efficient.

If the two graphs intersect, one must be careful
to check that the t-values are the same for each
curve at that point of intersection.
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