Study Guide and Review

Graph the hyperbola given by each equation.
a2 2
30. 0 +3)° x=6)" 4
30 2
SOLUTION:

The equation is in standard form, and h = 6 and k = —3. Because a®=30and b’ = 8,a= Jﬁ ~55andb = wfﬁ
The values of a and b can be used to find c.

> =a’+b’

¢ =(\30)°+(+/8)
2 =30+8

c =38=62

Use h, k, a, b, and c to determine the characteristics of the hyperbola.

orientation: In the standard form of the equation, the x—term is being subtracted. Therefore, the orientation of the
hyperbola is vertical.
center: (h, k) = (6, —3)
vertices: (h, k +a) = (6, 2.5) and (6, —8.5)
foci: (h, k+c) = (6, 3.2) and (6, —9.2)
asymptotes:
y—f= :I:%(J.‘ —h)

y=(=3 = i%{x—ﬁ}
y+3= :I:E(.T—G}
y+3= ﬂ:[gx—S 15]

y = ilgx—s 15]—3
y=gﬂ;—3ﬁ—3 OR
y = —gx—I-SU/E—S
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ANSWER:
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LM

w2 2
31, e+ -6 4

18 36
SOLUTION:
x+7: (v —6)*
18 - 36 =1

The equation is in standard form, and h = —7 and k = 6. Because a’=18and b’ = 36, a = 'u'lﬁ ~42andb =6.
The values of a and b can be used to find c.

02 :a2+b2
2 =18+36
2 =54

¢ =54=273

Use h, k, a, b, and c to determine the characteristics of the hyperbola.

orientation: In the standard form of the equation, the y—term is being subtracted. Therefore, the orientation of the
hyperbola is horizontal.

center: (h, k) = (-7, 6)

vertices: (h £ a, k) =(-11.2, 6) and (2.8, 6)

foci: (h £ ¢, k) =(0.3,6) and (-14.3, 6)

asymptotes:

y—k = +2(x—h)
y—6=£(x—[-)

7z
y—6= £y20x+7
y—6= x[yor+7y2]
y = £[yar+7y2] +6
y =[x +7yf2+6 OR
y=-[yfax -2 +6

Graph the center, vertices, foci, and asymptotes. Then make a table of values to sketch the hyperbola.
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3. =D’ ~(x+1)°%=1
4

SOLUTION:
2
-1

4 —(x+1%=1

The equation is in standard form, and h = -1 and k = 1. Because a’=4andb®=1,a=2andb = 1. The values of
a and b can be used to find c.

c2 :a2+b2
CZ =4+1

¢¢ =5

c =45=22

Use h, k, a, b, and ¢ to determine the characteristics of the hyperbola.

orientation: In the standard form of the equation, the x—term is being subtracted. Therefore, the orientation of the
hyperbola is vertical.

center: (h,k) =(-1,1)

vertices: (h,k +a) = (-1, 3) and (-1, 1)

foci: (h, k+c) =(-1,3.2)and (-1, -1.2)

asymptotes:
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y—k=+8(x—h)
y—l=i(x-[-1])
y—1l=£2(x+1)
y—1= £[2x+2]
¥y = £[2x4+2] +1
y =2x+3 OR
y=—2r—1

Graph the center, vertices, foci, and asymptotes. Then make a table of values to sketch the hyperbola.

33.x2—y2—2x+4y—720
SOLUTION:
Convert the equation to standard form.
x2_y? _ox+dy—7 =0
X-2x+1-(y -4y +4)-7-1+4 =0
(-'-4-2" =4

-1 -2° _,
4 - 4

The equation is in standard form, and h = 1 and k = 2. Because a’=4andb®=4,a=2andb = 2. The values of a
and b can be used to find c.

2 )
c =a +b
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2 =4+4
¢Z =8
¢ =8=28

Use h, k, a, b, and c to determine the characteristics of the hyperbola.

orientation: In the standard form of the equation, the y—term is being subtracted. Therefore, the orientation of the
hyperbola is horizontal.

center: (h, k) =(1, 2)

vertices: (h + a, k) =(-1,2)and (3, 2)

foci: (h + ¢, k) =(-1.8,2) and (3.8, 2)

asymptotes:

y—k= +8x—n)

y—2=H(x-1)

y—2=F(x-1
= A4

y=x+3 COR
sz ]
Graph the center, vertices, foci, and asymptotes. Then make a table of values to sketch the hyperbola.
y F
N1 V
4 / {
(-1.83. 2 {3.83, 2)
=5 i/ \ 5%
A AN
Vi l
. SERM P
:,2_.),2_21»_,_4,,._ =0
ANSWER:
y x
N V
4 / |
(—=1.83,2 {3.83, 2)
~s i/ \ 5%
A AN
Vi l
V. AN k

-y — 2+ dy-T=0
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Write an equation for the hyperbola with the given characteristics.
34. vertices (7, 0), (-7, 0); conjugate axis length of 8

SOLUTION:
Because the y—coordinates of the vertices are the same, the transverse axis is horizontal, and the standard form of
x-m* -
2 b 2

the equation is 1.

)

The center is the midpoint of the segment between the vertices, or (0, 0). So, h =0 and k = 0. The length of the

conjugate axis of a hyperbola is 2b. So, 2b =8, b = 4, and b% = 16. You can find a by determining the distance from
a vertex to the center. One vertex is located at (7, 0), which is 7 units from (0, 0). So, a = 7.

7 2
Using the values of h, k, a, and b, the equation for the hyperbolais X~ — ¥ =1
49 16
ANSWER:

2
D

49 16

35. foci (0, 5), (0, —5); vertices (0, 3), (0, —3)

SOLUTION:
Because the y—coordinates of the vertices are the same, the transverse axis is horizontal, and the standard form of

«-n' -k’
the equation is 3 - 3 =1
a b

The center is the midpoint of the segment between the foci, or (0, 0). So, h =0and k =0. You can find ¢ by
determining the distance from a focus to the center. One focus is located at (0, 5), which is 5 units from (0, 0). So, ¢

=5and c¢® = 25. You can find a by determining the distance from a vertex to the center. One vertex is located at (0,
3), which is 3 units from (0, 0). So, a = 3 and a’=09.

Now you can use the values of ¢ and a to find b.

b2 :02—a2
b2 =25-9
b2 =16
b =4

7 2
Using the values of h, k, a, and b, the equation for the hyperbola is *__ — Y =1
9

16
ANSWER:
2
y'oxtog
o 16
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36. foci (1, 15), (1, -5); transverse axis length of 16

SOLUTION:
Because the x—coordinates of the foci are the same, the transverse axis is vertical, and the standard form of the
»—m?  (x—k)’
5 — 5 =1.
1 b

equation is

The center is the midpoint of the segment between the foci, or (1, 5). So, h = -1 and k = 5. You can find ¢ by
determining the distance from a focus to the center. One focus is located at (1, 15), which is 10 units from (1, 5). So,

c=10and 02 = 100. The length of the transverse axis is 16, so a = 8 and a2 = 64.

Now you can use the values of ¢ and a to find b.

b2 =2 52
b2 =100 — 64
b2 =36
b =6

2 2
Using the values of h, k, a, and b, the equation for the hyperbola is 35" _ &-D° _ 1.
&4 36

ANSWER:
2 2
G s 1
64 36

37. vertices (2, 0), (-2, 0); asymptotesy = + qi X

SOLUTION:

Because the y—coordinates of the foci are the same, the transverse axis is horizontal, and the standard form of the
=k -’ _
2 b 2

equation is 1.

o

The center is the midpoint of the segment between the vertices, or (0, 0).So, h =0 and k = 0. To find a, determine
the distance from a vertex to the center. One vertex is located at (2, 0), which is 2 units from (0, 0). So, a = 2 and a’

b . 3
= 4. Because the slopes of the asymptotes are —, using the positive slope ai ,b=3and b2=0.
o

7 2
Using the values of h, k, a, and b, the equation for the hyperbolais X~ —F =1.
4 9
ANSWER:
2
P
4 9
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Use the discriminant to identify each conic section.
38.x% — 4y® —6x - 16y — 11=0

SOLUTION:

B2—4AC  =0-41)(-4)
=16

The discriminant is greater than 0, so the conic is a hyperbola.

ANSWER:
hyperbola

39. 4y2—x740y +107=0
SOLUTION:
B2-4AC  =0-0(4)
=0

The discriminant is 0, so the conic is a parabola.

ANSWER:
parabola

40. 9x% + 4y + 162x + 8y +732=0
SOLUTION:

B2—4AC  =0-4(9))
= —144

The discriminant is less than 0 and A # C, so the conic is an ellipse.

ANSWER:
ellipse

56. MONUMENTS The St. Louis Arch is in the shape of a catenary, which resembles a parabola.
a. Write an equation for a parabola that would approximate the shape of the arch.
b. Find the location of the focus of this parabola.

_—

| 630 f

SOLUTION:
a. With the vertex at the origin, the parabola goes through (0, 0), (315, —630), and (—315, —630). Use a system of
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equations to determine a, b, and c iny = ax’ +bx +c.

0a+0b+0c=0
(315)%a + 315b + Oc = —630
(-315)%a — 315b + Oc = —630

c=0
99,225a +315b =-630
+99,225a —315b =-630
198450a =-1260
2z
a = —
315

Substitute and solve for b.
Z
99,225 —— +315b =-630
315
630b =-630

2
The equation isy = — 1% X + 630.

b. Convert the equation to standard form.
2
y =-——x*+630
315

2 2
630 =———x
y 315

oy

. ]

15
(y —630) =x2

2

. 315 .
The value ofp is — Jq +4 or —39.375. The focus of the parabola is 630 — 39.375 or 590.625 feet above the
ground. )
ANSWER:

2
a. Sample answer:y =— T X2 + 630

b. 590.625 ft above the ground.
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58. ENERGY Cooling towers at a power plant are in the shape of a hyperboloid. The cross section of a hyperboloid is a
hyperbola.
a. Write an equation for the cross section of a tower that is 50 feet tall and 30 feet wide.
b. If the ratio of the height to the width of the tower increases, how is the equation affected?

SOLUTION:

a. The height of the cross section is 50 feet, which is 2a. So, a = 25 and a2 = 625. The width of the cross section is
30 feet, which is 2b. So, b = 15 and b? = 225,

3 2
The transverse axis is vertical, so the equation for the cross section is £ — Y o=1
225 625
b. Sample answer: The ratio of the denominator associated with y to the denominator associated with x will
increase.
ANSWER:
2
a x? -y 1
225 625
b. Sample answer: The ratio of the denominator associated with y to the denominator associated with x will
increase.
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