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. Graph each relation and identify the curve.
3 B 2 =4y ¢) X+ Y2 = 25
6" 9 QL x = &= S o= =
d) 22— y'=09 e) 4x + 4y* = 49 f) 9 — 16y? = — 144

. A rectangular hyperbola with centre (0,0) and vertices on the y-axis passes through

(6,—-9). Is (—2,7) on the hyperbola?

. An ellipse has centre (0,0) and major axis on the y-axis. Write the equation of the

ellipse if:
a) the x- and y-intercepts are +3 and t 5 respectively
b) the major axis is 12 units and the minor axis is 6 units.

. Find the equation of the hyperbola, centre (0,0), conjugate axis on the y-axis, and:

a) vertices at (+4,0), and an asymptote defined by y = 2x
b) a transverse axis of 8 units, and a conjugate axis of 14 units.

. A stone thrown horizontally from a bridge 25 m above the river splashes in the

water 40 m from the base of the bridge. If the stone falls in a parabolic path, find
its equation.

. One of the supports in a retractable roof of a sports complex is semi-elliptical. If it

is 25 m high and spans 60 m, find its equation.

. The base of a bridge arch is 80 m wide and 25 m high. Find its equation if the

arch is in the shape of a rectangular hyperbola.

. Describe and sketch the graph of each relation.

G- 1P, 2

_!
a) y+3 =10 +2 b) ——¢ : i
(x+57 (y—2P _ o o
T Tl d (x - 22 -3 t1p = -2

. Describe the graph of each relation. .

|
o

a) X+ +4x— 10y —20=0 b) 9* + 16y — 18x + 96y + 9 =

|
o

Y]

d) Hyperbola
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b) Parabola
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e) Circle
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2 2 2
y 2y
4+ L= b) — + == 1
6.agt=1 Dyt
2y _ Xy
L) 16 64 b) 16 49
8. y= —glz.\"
22 10. 2 — y? 380.25
9. ﬁ 5 1 . X y = "
i1. a) \ J‘/
X
-2 0/ JO
ENTS . ;'{_r-+ LIV
—3 =
b) y

c)

L) O e . -

ol

d) y

0 [ 2

- Loaf
(o120 = 30yt I2E 27

12, a) (x+2) + (y—5)
(—2,5), radius 7

x—1) +3)2
b) T + (VT) 1; an ellipse, centre

49; a circle, centre

(1,—3), major axis length 8, minor axis '
length 6

)x+ 7= é(y—4)2; a parabola, vertex (—7,4)

’

opening to the right, congruent to x = $)?
x=37 +2p
d) T - T = —1; a hyperbola, centre

(3, =2), transverse axis is vertical with length
2V/5, conjugate axis length 4

0y

1. Only one of these equations represents a conic with axes parallel to the coordinate

axes. Which equation is this?

X2 =2y +yP—6x— 14y +19=0
xy+2x—-2y+4=0

A+ 2y —6x+8 —1=0

3x2 —4xy + 16x — 8y + 16 = 0

Txt + 6xy — y> — 54x — 14y + 63 =0
x2 — 6xy +9y2 + 130x + 10y — 575 =0
4xy + 32 —8x — 16y + 4 =0

S5x2 — 4xy + 8y + 2x — 44y + 29 = 0

. Only one of these equations represents an ellipse. Which equation is this?

. State which equations could represent each conic.

i) an ellipse ii) a hyperbola
a) 9x? — 24xy + 16y? — 125y + 355 = 0
b) 82 4+ 12xy + 172 —4x + 22y — 7 =0
c) x2 — l6xy — 11y + 135 =0
d) 4x2 — 36xy + 31y? + 28x — 26y — 21 =0

e) 16x2 + 24xy + 9y? — 120x + 160y + 600 =

f) 41x2 + 4xy + 44y — 720 = 0

iii) a parabola

hpswers

0 l.3x2+2y1—6x+8y—1

=0

2.5¢% — dxy + 82 + 2x — 44y + 29 = 0

3. a) Parabola b) Ellipse
d) Hyperbola e) Parabola

¢) Hyperbola
f) Ellipse
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Write the standard equation for each circle with the
given center and radius.

1. Centér (0, 3), radius 5

. Center (2, 0), radius 3

. Center (1, —2), radius 9

. Center (—3, 5), radius 4

. Center (0, 0), radius V3
. Center (0, 0), radius V2

S G o W

7. Center (—6,—3), radius—lz-
8. Center (—3,—5), radius %
9. Center (%, %], radius 0.1

10. Center (—%, 3), radius 0.2

Find the center and radius for each circle. .

1. k=32 +(y—52=2 12 (x+3)°+(y—-7*=6

12 1
. 2+< ——) = 4. 5x% + 5y =
13. x y 5 5 14. 5x 5y
15. 4x2 +4y*=9 16. 9x2 + 9y* = 49
17. 3 -y = (x— 2)° 18. 9 — x2 = (y+ 1?

Sketch the graph of each equation.

19. x*+y*=9 20, x>+ y*=16

21 x2+(y—32%=9 22. (x— 4%+ y*=16
23 (x+ D2+ (y—12=2 24. (x—27+(y+2?=8
25. (x—4)2+ (y+3)7%=16

26. (x—3)2+(y—7%2=25

1\2 12 1
27'<x 2) +<J’+2) ~ %

1\2 1
28. (x+=) +yi=—
8<x 3) Y

Rewrite each equation in the standard form for the equa-
tion of a.circle, and identify its center and radius.

29, x*+4x+y*+6y=0
30. x> - 10x+ y?+8y=0
31. x2—-2x+y*—4y—3=0
32, x2-6x+y?—2y+9=0

Hms\ue/; {'v

odd

33. x%+ y?=8y+10x— 32
34, x?+ y*=8x— 10y

35. x> —x+y*+y=0

36. x2—3x+y*=0

37. x> - 3x+y*-y=1
38, x2—5x+y*+3y=2

39. xz—%x+y2+%y=0

1 2 1
XXty -y = o
40. x 3x y ‘3y 9

Graph both equations of each system on the same coordi-
nate axes. Solve the system by elimination of variables
to find all points of intersection of the graphs

41, x>+ y*=10 42, > +y*=4

y=3x y=x-2
43. x>+ y*=9 44, x>+ y* =14

y:x2—3 y=x2—2
45. (x - 2%+ (y+3)7% =4

y=x—3
46, (x+ 12+ (y—-42=17

y=x+2

In Exercises 47-56, solve each problem.

47. Determine all points of intersection of the circle
(x — 1)? + (y— 2)% = 4 with the y-axis.

48. Determine the points of intersection of the circle
x2 + (y — 3)? = 25 with the x-axis.

49, Find the radius of the circle that has center (2, —5)
and passes through the origin.

50. Find the radius of the circle that has center (—2, 3)
and passes through (3, —1).

51. Determine the equation of the circle that is centered
at (2, 3) and passes through (-2, —1).

52. Determine the equation of the circle that is centered
at (3, 4) and passes through the origin.

53. Find all points of intersection of the circles
x2+y*=9and (x— 5%+ y*=9.

54. A donkey is tied at the point (2, —3) on arope of
length 12. Turnips are growing at the point (6, 7). Can
the donkey reach them?

questions  over Hee page
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Lx?+(y-32=25 3.(x- 1+ (y+272=8l
S.x%+y2=3 7.(x+ 6)2+(y+3)2=%

1\2 1\
9.(x——> +<y——) =001 11.(3,5),V2

2 3
1\ V2
13. (0, E) =5~ 15.00, 0),% 17.(2,0), V3

2+ (y-3*=9

(3,3)

23. 25
Y4 Vi
T &x-42+(y+3?=
G+12+(y-1%=2 | 0 4, 1)
A i
——t -—E-—I-—i-—Q_L 5 i
2=t x

29, (x+ 22 + (y+3)%2 =13, (-2, -3), V13
3L.(x— 12+ (y—22=8(1,2), 2V2
33. (x— 5%+ (y—42%=9,(5,4), 3

_ 1y iz_l<l _1) V2
35'(x 2) +(y+2) 2'\2' " 2) 2
_3Y L[, 1P 7 ii) Vid
37'<x 2) +(y 2) _2’<2'2 T2
1\ 32 97 (1 3) Vo7
. Tl = + — ==l ==
39 (x 3) +<y 4) 144'\3" a) 12

16

41.{(1,3), (-1, —3)}

¥
y=3x

L J(1.3)

47.(0,2 +V3) and (0,2 - V3)

49.V29 51.(x— 2%+ (y—3?*=32
1

53, (2,- Y1) ana (5, VAL)

‘\2 2 - =7
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ELLIPSE awd [y fERBOL A

Skeich the graph of each ellipse.

X

WA A
9 4
x2

3. —+y®2=1
9 y
2 2
X

5.+ X =1
36 25

Sketch the graph of each ellipse.

__32 _12
(x—3) +(y )

15. =1
4 9
(x+5)° (y-27°
16 — — 4+ ——=1
49 25
(x+ 12 (y—27?
17. ) +L—)—=1
6 . 25
(x—3?% (y+4)°
o L C )
36 64

(y+1?
19. (x—2)2+l—=1
36
(x + 3)? 4
20. +(y+12=1

Sketch the graph of each hyperbola and write the equa-

tions of its asymptotes.
2 2
X
o, X L o
4 9
2 2
x
23. -2 =1
4 25
2
x
25, ——y*=
25 Y
2
27, ¢ — L =1
25

29. 9x2 — 16y* = 144
31. x> —y*=1

X
22.———y—=1
16 9
2 2
20 L -2 21
9 16
2

26. x2 -2 =1
9
2
28. —9——y2=
30. 9x% — 25y% = 225
32. y2-x%=

x2 2
7. 2+ L=
24 5
9. 9x? + 16y* = 144
11. 25x% + y* =25

13. 4x2+9y? =1

x2 2

8. = +-=1
6 17
10. 9x2 + 25y = 225
12. x? + 16y* = 16

14. 25x% + 16y* =

Graph both equations of each system on the same
coordinate axes. Use elimination of variables {as in
Section 10.4) to find all points of intersection.

2

2
X
33.—+y—=1 34. xz—y——1
4 9 4
2 x2 2
x2_2l__=1 ___+_y_=1
9 9 4
x2 2 2
35.—+3’—=1 36. x2+y—=1
16 9
x+yt= xPtyi=4
37\ AINAN [T A g Y
LN ARGy
R = & A
YACAY L) 2
43/ D2 4353=36
NN
ODD ¥ oamnswers !
L 3.
YA y
P B
¥ = Tt |- |
-3 3 x = Sl T
%2+%2—1 g t=t
5.




T 9x2 + 16y% = 144

VT jx
13.
: Y
Bl gt 92 =11
= — x
15.

e | 2
w3, o-17

] 9
19.
¥,
54
= S e e
| LT
1,-1~"L
(y.+l'1‘2
% 2 =
(“ . 2) * 6

3
29.y=*x=x
Y 4
¥
5 92 1ay*=
I
| . % M E
| s

| ~

a9, (2V0, VIS (oVID _5vi5
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In Exercises 7-22, find the center, foci, vertices, 18 (x + 2" + s -
~of the ellipse, and sketch its graph. 4

19. 9x% + 4y? 4+ 36x — 24y + 36 =0

AR x ¥
YRR B i e = 20. 9x* + 4y* — 36x + 8y + 31 =0
. LR X 2 21, 16x* + 25y% — 32x + 50y + 31 = 0
e fes = 1 10 — + — =
16 25 169 144 !
x2 2 2 2 .
i 2o 2.5 12y In Exercises 23-28, find the center, foci, and vertices of the
9 3 28 64 ellipse. ~
3. x% +4y? =4 14. 5x% + 3y = 15
15, 3x2 + 2y2 = 6 16. 552 + Ty? = 70 B S S 248 Hlex & Boyit = 1
- (x = 1) . (=57 _ 1 25. 12x% + 20y* — 12x + 40y — 37 =0
9 25 26. 36x? + 9y* + 48x — 36y + 43 =0
27. %%+ 2y% — 3x + 4y + 025 = 0
In Exercises 2938, find an equation of the ellipse.
29. Center: (0, 0) 30. Center: (0, 0)

Focus: (2, 0) Vertex: (2, 0)

Vertex: (3, 0) Minor axis length: 3 47. Mountain Tunnel A semielliptical arch over a tunnel for a
road through @ mountain has a major axis of 100 feet and
height at the center of 30 feet. Determine the height of the

. o arch 5 feet from the edge of the tunnel:
33. Vertices: (3, 1), (3, 9) 34, Vertices: (0, 2), (4, 2)
Minor axis length: 6 Minor axis length: 2
35. Foci: (0, £5) 36. Foci: (£2, 0)
Major axis length: 14 Major axis length: 8
37. Center: (0, 0) 38. Center: (1, 2)

Major axis: horizontal Major axis: vertical

Points on ellipse: Points on ellipse:

(3, 1), (40 (1,6),5.2)

0DD # ouswers
Le 3¢ 5 f
7. Center: (0, 0) 9. Center: (0, 0) 15. Center: (0, 0) 17. Center: (1, 5)
Foci: (3, 0) Foci: (0, 1,-3) Foci: (0, £1) Foct: (1, 9), (1, 1)
Vertices: (+5, 0) Vertices: (0, =5) Vertices: (0, +V/3) Vertices: (1, 10), (1, 0)
3 : (0, =

Yt o V. T 4

- A= (1, 5)

i
Wk

|
o
=
e

11, l(:chter: (0, 0) 13. Center: (0, 0)
oci: (2, 0) Foci: (£1/3
: (V3,0
Vertices: (3, 0) Vertices: (£2, 0))

P%?I W Move amnswars over ()aja _—




19. Center: (-2, 3) 21. Center: (1, —1)

Foci: (—2,3 = V/5) ) 3V10 )
Vertices: (-2, 6), (-2, 0) PRI = 20 _1>
5
= N 1
¢ 3 Vertices: (1 g _\{1—0’ —1)

e =

W w

1
23. Center: (0, 0) 25. Center: (5, ~1)

V3
) 1
Foci: (O’ = Foci: (— + /2, —1)
) 2
Vertices: (0, =1) 1.
Vertices: (— * V5, "1)
2
3
27. Center: 5, -1

Foci: <§ - V2, —1), G +V2, —1)

1 7
Vertices: —-—= —=1), (=, -
riices ( 2 ) < 1)

2 2

Xy
29, —+ =

g "5 !

— 3)2 — §)2
33, W3 O -5p

9 16

x2 y2 2 72
35—+ L= B a2 =

24 49 7 6+16

41. 319 ~ 13 ft



In Exercises 7-22, find the center

, foci, and vertices of the

hyperbola and sketch its graph using asymptotes as an aid.

x2 yz
7.x2— yi=1 8. - -2 =
U 9 16
2 2 2
ST 02
%y =7 "9 1
2 2 2 2!
1m -2 =y 2.2 -2 -
25 144 36 4
13. 5y% = 4x + 20 14. 7x2 — 3y> = 21
(x=1? (y+2)7 (x + 17  (y— 472
: ~ =1 16 = =
=R 1 144 25
7. (p + 62— (x— 2% =1
P O )
1/4 1/9
19, 9x — y> —36x — 6y + 18 =0

20. x2 - 9y2 + 36y —72 =0

In Exercises 23-28, find the center, foci, and vertices of the

hvperbola

23, 2x% — 3y% =
25. 9y — x? + 2x + 54y + 62 =

24. 3y? = 5x2+ 15

0

26, 9x2 — y? + 54x + 10y + 55 =0
27.3x2 =2y —6x — 12y - 27 =0

28. 3y? — x2+ 6x — 12y =0

In Exercises 29-38, find an equation of the specified hyper-

bola.

29, Center: (0, 0)
Vertex: (0, 2)
Focus: (0, 4)
31. Vertices (*1, 0)
Asymptotes: y = *3x
33. Vertices: (0, 2), (6, 2)
Asymptotes: y = 3x
y=4-%x
35. Vertices: (2, £3)
Point on graph: (0, 5)

30. Center: (0, 0)
Vertex: (3, 0)
Focus: (5, 0)
32. Vertices: (0, *3)
Asymptotes: y = *3x
34. Focus: (10, 0)

Asymptotes: y = *
Ceaten: (0,0)

Blw

X

36. Vertices: (2, £3)
Foci: (2, £5)

37. Find an equation of the hyperbola such that for any point on
the hyperbola, the difference between its distances from the

points (2, 2) and (10, 2) is 6.

38. Find an equation of the hyperbola such that for any point on
the hyperbola, the difference between its distances from the

points (—3, 0) and (-3, 3) is 2.

Morve ansywess

27. Center: (1, —3)

Vertices: (—1, —3), (3, —3)

Foci: (1 £ \/10,
2 2 2
y X X
29, ———=1 1.
4 12 g 1
-3 2 —_ 2
P t) S ¢ )
9 4
= 2 . 2
1. =62 (»—27_ 1

_3)
_2
9
2 2
yo (x—2)
3B ==
9 9/4 !

O_D‘D #+ amswer s

7. Ceanter: (0, 0) 9
Vertices: (*1, 0)

Foci: (i\/i 0)

11. Center: (0, 0)
Vertices: (0, *5)
Foci: (0, +13)

¥

20
- IG-/
e ’f/

-~ =

ol y
g e X

} '
t T
0 - = 20

15. Center: (1, —2)
Vertices: (—1, —2), (3, —2)

Foci: (1 = /5, -2)

17. Center: (2, —6)
Vertices: (2, —5), (2, —7)

Foci: (2, —6 + V?2)

19. Center: (2, —3)
Vertices: (1, —3), (3, —3)

Foci: (2 = V/10, —3)

23. Center: (0, 0)
Vertices: (+1/3, 0)
Foci: (£1/5, 0)

Center: (0, 0)
Vertices: (0, =1)

Foci: (0, =V/5)

(RN
R

3
\
\J
A
1
=~
/i
5
A
7
i
.'ll »

SN
T\

13. Center: (0, 0)
Vertices: (0, +2)
Foci: (0, £3)

25. Center: (1, —3)
Vertices: (1, =3 * 1/2)

Foci: (1, -3 + 21/5)
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Find the vertex, focus, and directrix for each parabola.

1. y=2x? 2. y=%x2
1. =l B
3.y 4x 4. y 1zx
1 2 1 2
5.y=5x-3°+2 6. y=x+2?-5
7.y=—(x+1)>%+6 8. y=-3x—-4%*+1

Find the equation of the parabola with the given focus
and directrix.

9. Focus (0, 2), directrix y = —2
10. Focus (0, —3), directrix y = 3

11. Focus (0. *l), directrix y = =
2 2
1\ . . 1
12. Focus (0, —), directrix y= — =
8 8
13. Focus (3, 2), directrix y = 1
14. Focus (—4, 5), directrix y = 4
15. Focus (1, —2), directrix y = 2
16. Focus (2, -3}, directrix y = 1
17. Focus (—3, 1.25), directrix y = 0.75
17 15
8 8

18. Focus (5, ), directrix y =

Write each equation in the form y = a(x — h)? + k. Iden-
tifv the vertex. focus, and directrix of each parabola.

19. y=x®2—6x+1
2l. y=2x*+12x+5
23, y=-2x*+16x+1
25. y=5x2 + 40x

20, y=x>+4x—7
22, y=3x*+6x—7
24, y=-3x%>-6x+7
26. y= —2x%+ 10x

Find the vertex. focus. and directrix of each parabola
) .and determine whether
the parabola opens upward or downward,

27. y=x*—4x+1 28. y=x*—6x—7
29, y=—-x2+2x-3 30. y=-x*+4x+9

3l. y=3x%—6x+1
33. y=—x*—-3x+2

32, y=2x2+4x—3
34. y= —x*+3x -

35. y=3x2+5 36. y=—-2x>-6

Find the vertex, axis of symmetry, x-intercepts, and y-
intercept for each parabola. Find several additional
points on the parabola, and then sketch its graph

37. y=x*-3x+2
39. y=—x>—2x+8
4L y="(x+ 2%+ 1
43. y=x?+2x+1
45, y= —4x?+4x—1
47. y=x* - 5x

49. y=3x*+5

51, v=x2-2x~1

38. y=x?+6x+8
40, y=—x%-2x+ 15
42, y=—2(x+ 1%+ 3
44, y=x*—6x+9
46. y= —4x®+12x—9g
48. y=3x* — 9x

50. y=—2x>+3

52, y=x2—4x+ 1

OPpD # oumswers

il L A = = .
1. Vertex (0, 0), focus (0, %), directrix y = Y
3.Vertex (0, 0), focus (0, —1), directrix y =1
5.Vertex (3, 2), focus (3, 2.5), directrix y = 1.5
7.Vertex (—1, 6), focus (—1, 5.75), directrix y = 6.25

9.y=%x2 11.y= —%xz 13.y=%x2—3x+6

15.y:-lx2+lx~l 17.y=x* + 6x+ 10

8 47 8
19. y = (x — 3)%> — 8, vertex (3, —8), focus (3, —7.75),
directrix y = —8.25
21.y = 2(x + 3)* — 13, vertex (-3, —13),
focus (—3, —12.875), directrix y = —13.125

23.y=-2(x— 4)? + 33, vertex (4, 33), focus (4, 32%

directrix y = 33%

25,y = 5(x + 4)® — 80, vertex (—4, —80),
1

19y oo o1
focus (—4, 79%), directrix y = —80 20

27.Vertex (2, —3), focus (2, ~2%>,

directrix y = —3%, upward

29, Vertex (1, —2), focus (1, —2%),
directrix y = —1%, downward

31. Vertex (1, —2), focus(l, _1%>'

directrix y = _ZTIZ—' upward

3 17 3

33.Vertex(—5, n ), focus( 5 4),
directrix y = %, downward

35, Vertex (0, 5), focus (0; 5%).

11

L upward

directrix y = 4

WW e AnSwers
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37. Vertex (%, = %), axis of symmetry x = -g—, 45. Vertex (%, 0), axis of symmetry x = %,

int 2; 11 » = i
LsLes o) (‘0’ ) (1,0), 20 intercepts (0, —1), (%. 0)

1.6

'y:x2—3_t+2

2

-1 (1,-1)|

Iy:--4x2+4x-—l
39. Vertex (—1, 9), ‘axis of symmetry x = —1,
intercepts (0, 8), (—4,0), (2,0 :
- p 5 ) )20 47.Vertex is (g, —%), axis of symmetry x = -Z—,
intercepts (0, 0), (5, 0)

5
41. Vertex (—2, 1), axis of symmetry x = -2, (?
intercept (0, 5)
4 49, Vertex (0, 5), axis of symmetry x = 0,
intercept (0, 5)

43, Vertex (—1, 0), axis of symmetry x = —1,
intercepts (0, 1), (-1, 0)
& 51. Vertex (1, —2), axis of symmetry x = 1,
intercepts (0, —1), (1 + V2,0), 1 — V2, 0)
pd s
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30.
32.

(x,g)sz Qj“*yL:"H
ST T
<7_-I—|~>L-¥ (Jv§>}' = Y




. (x+|> v ((z+2)- 4>L = 17
<L r2e 1)+ (x-2)°

¥+ 2+l + X "‘H-** '+ /

2" -2x =12 =0 §\ £ 0
- x -6 =0 / \C% < Z‘
Cx,—3) (Jr.-\—Z) =0 /

'>L=3/~2
g=s, 0

L}? <L+:O) ) (-U([o>
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