Chapter 11

Analytic Geometry
11.4 The Hyperbola

B 2. C 3. A

Center: (0,0); Focus: (3, 0); Vertex: (1,0);
Transverse axisisthe x-axis;, a=1, ¢=3. Findb:
b?=c?-a?=9-1=8
b=48=2J2

. . X2y
Write the equation: T 71

To graph, enter: y, =4/8(x*- 1);y, = - \/8(x2 - 1)

Center: (0, 0); Focus: (0,5); Vertex: (0, 3);

Transverse axisisthey-axis, a=3 c¢=5. Findb:

b?2=c?- a2=25- 9=16
b=4
2 2

Write the equation: yv - 1)% =1
To graph, enter:

Y, =31+ X2 /16y, = - 3L+ /1€

Center: (0, 0); Focus. (0,-6); Vertex: (O, 4)

Transverse axisisthey-axis, a=4; c=6. Findb:

b*=c’- a*=36-16=20
b =420 =2{6
. : y* X2
Write the equation: 670" 1
To graph, enter:

Y, = 41471205y, = - 4f1+° 1 20

Center: (0, 0); Focus: (=3, 0); Vertex: (2,0)

Transverse axisisthe x-axis; a=2; ¢=3. Findb:

b?=c?- a*=9- 4=5
b=45
. . X2y
Write the equation: -1
To graph, enter:

y, =5(X° 14-1);y, :-‘/5(x2/4- 1)

47

9.4

94

47
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Chapter 11 Analytic Geometry

9. Foci: (-5,0), (5,0); Vertex: (3,0) Center: (0, 0); 31
Transverse axisisthex-axis;, a=3 c¢=5. Findb:
b2=cz-a2=2§-92=16 ® b=4 47 47
Write the equation: % - i% =1 / \
To graph, enter: =T
Y =4dX19- 1y, =- 4fx°19-1
10. Focus: (0O, 6); Vertices: (0,-2), (0, 2) 31
Center: (0, 0); Transverse axisisthey-axis, |
a=2;, c=6. Findb: 47 47
b’=c’-a’=36-4=32 ® b=4y2 '
. . y2 X2 | — | ]
Wr o =
ite the equation T 1 —
To graph, enter:
Y, =2JXx°132+1;y, =- 2yyx* /32 +1
11. Vertices: (0,-6), (O, 6); Asymptote: y = 2x; 10
Center: (0, 0); Transverse axisisthey-axis, S
a =6. Find b using the slope of the asymptote: o 15
2-0-20 20=6® b=3
. oy LA
Write the equation: T =1 -10
To graph, enter:
Y, =641+ X2 /95y, =- 6L+ Xx°/9
12. Vertices: (-4, 0), (4,0); Asymptote: y = 2x; 6.2
Center: (0, 0); Transverse axisisthe x-axis,
a =4. Find b using the slope of the asymptote: p
b b - -9.4 9.4
2=2=2® b=8 } \
. . X2y
Write the equation: w51 6.2
To graph, enter:

Yy, =8JX°/16-1;y,=-8Yx* /16 1
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13.

14.

Section 11.4

Foci: (4, 0), (4, 0); Asymptote: y = - X;
Center: (0, 0); Transverse axisisthe x-axis;, c=4.
Using the slope of the asymptote:

31

The Hyperbola

4.7

w
| Ll

47

b 4.7
-3-°1® -b=-a® b=a
Find b:
b2 =¢?- g2
a’?+b? =c? (c=4)
b?+b? =16
2b* =16
b’=8 ® b=J8=2J2
a=J8=2J2 (a=bh)
X2y’
Write the equation: T-7-1
To graph, enter: ylz‘/m;yzz-m
Foci: (0,-2), (0, 2); Asymptote: y =- X;
Center: (0, 0); Transverse axisisthey-axis, ¢ =2.
Using the slope of the asymptote: 47
-5=-1® -b=-a® b=a
Find b:
b2 =c?- a2
a’+b*=¢c’ (c=2)
b?+b*=4
2b* =4
b’=2 ® b=4y2
a=J2 (a=h)

2 2

Write the equation: XZ - L(Z =1

Tograph, enter: y, =X +2;y, =- JX* +2

=31
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Chapter 11 Analytic Geometry

15.

16.

X2 y?
i
The center of the hyperbolaisat (0, 0).
a=95 b=3. Theverticesare (5, 0) and (-5, 0).
Find the value of c:

c’=a’+b*=25+9=34

c=34

Thefoci are (m O) and ( J34, ()

Thetransverse axisis y = 0.
3 3

The asymptotesare Y =g Xady = - £

To graph, enter:

y, =3J(X° /1 25-1); y, =- 3J(X* /25- 1)

2 2

6~ 4~
The center of the hyperbolaisat (0, 0).

a=4, b=2. Theverticesare (0, 4) and (0, —4).

Find the value of c:
c2=a’+b?=16+4=20

c=4J20 =25
The foci are (O, 2‘/5) and (O, - 2‘/3).
Thetransverse axisis x=0.
The asymptotesare y = 2xandy = - 2X.
To graph, enter:
y, S AJ(C T A+1); y, = - 4(X° 14 +1)

-6.2
y
y=-2x 8 y =2

9.4 9.4
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17.

18.

4x*-y* =16
Divide both sides by 16 to put in standard form:
4x* y* _16

16 16 16
X2y
T 1
The center of the hyperbolaisat (0, 0).

a=2, b=4. Theverticesare (2, 0) and (-2, 0).

Find the value of c:
c=a’?+b*=4+16=20
c =420 =245
Thefoci are (2‘/5, 0) and ( 245, 0)
Thetransverse axisis y = 0.
The asymptotesare y = 2xandy = - 2X.
To graph, enter:

Y, =4yJ(xX*14-1); y, = -4‘/(x2/4- 1)

y' - 4x° =16
Divide both sides by 16 to put in standard form:
y’ 4x* _16
16 16 16
2 2
y X _
s 771

The center of the hyperbolaisat (0, 0).

a=4, b=2. Theverticesare (0, 4) and (0, —4).

Find the value of c:
c’=za’+b*=16+4=20
c =420 =25
The foci are (O, 2J§) and (O, - 2J§).
The transverse axisis x=0.
The asymptotesare y = 2xandy = - 2X.
To graph, enter:

Y, = 4J(X 1 4+1); y, = - 4‘/(x2/4+1)

Section 11.4 The Hyperbola
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Chapter 11 Analytic Geometry

19.

20.

Yy - 9x° =9
Divide both sides by 9 to put in standard form:
Y o _9
9 9 9
S
9T~

The center of the hyperbolaisat (0, 0).

a=3 b=1. Theverticesare (0, 3) and (0, -3).

Find the value of c:
c®=a’+h*=9+1=10
c= 10
Thefoci are (0, Jl_O) and (O,- JE)
Thetransverse axisis x =0.
The asymptotesare y = 3xand y = - 3x.
To graph, enter:

% =9 +9); y, =- {J(9X +9)

X2- yz —4
Divide both sides by 4 to put in standard form:
Xy _4
4 4 4
Xy
7 771

The center of the hyperbolaisat (0, 0).

a=2, b=2. Theverticesare (2, 0) and (-2, 0).

Find the value of c:
c*=a’+b*=4+4=8
c=J8=2J2
Thefoci are (2J§, O) and ( 242, 0).
Thetransverse axisis y = 0.
The asymptotesare y = xandy = - X.

To graph, enter: y, = ‘/(xz -4y, =- ‘/(xz - 4)

V[ @3

4.7
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Section 11.4 The Hyperbola

2. y*-xX'=25
Divide both sides by 25 to put in standard form:

2 2

y- X _ 1

25" 2B~
The center of the hyperbolaisat (0, 0). y
a=95 b=5. Theverticesare (0, 5) and (0, -5). Y= F =x
Find the value of c: 2105

c®=a’+b*=25+25="50 ,

c = J50 =52 —g -6 -4 -2 2 4 6 8
Thefoci are (05/5) and (0,- 5J§). -z
Thetransverse axisis x = 0. ’
The asymptotesare y = xandy = - X. _alF
To graph, enter:
¥, = (X +25); y, = - yJ(X° +25)

22. 2x°-y*=4
Divide EJoth gid% by 4 to put in standard form:
The center of the hyperbolaisat (0, 0). =Vox [y
a=4y2, b=2. Theverticesare 41
(JZ O) and ( W2, O). Find the value of c:
c°=a’+b*=2+4=6

c=J6 |
Thefoci are (V6, 4 and (- V6, 0. 27
Thetransverse axisis y = 0. -4t
The asymptotesare y = J2xand y = - J2 x..
To graph, enter:

Y =@X - 4); y, = (2 - 4)
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Chapter 11 Analytic Geometry

23. x*-y*=1 24. y'-x =1
y: X _ XY

25. %-§—1 26. T'E_l

27. Center: (4,-1); Focus: (7,-1); Vertex: (6,-1);

28.

29.

30.

Transverse axisis parallel to the x-axis;
a=2;, ¢c=3. Findb:
?=c’-a*=9- 4=5

b=J5

Write the equation:

(x- 4F (y*+1° _,
4 5

Center: (-3, 1); Focus. (-3, 6); Vertex: (=3, 4);
Transverse axisis parallel to the y-axis;
a=3 c=5. Findh:

b?=c?-a*=25-9=16

b=4
- (Y- 1P (x+3)°
Write the equation: 5" 15 - 1

Center: (-3, -4); Focus. (-3, -8);
Vertex: (-3, —2); Transverse axisisparallel to the
y-axis, a=2; ¢c=4. Findb:

b*>=c?- a*=16- 4=12

b=J12 =248
2 2
Write the equation: ¢l 24) X IZB) =1

Center: (1, 4); Focus. (-2, 4); Vertex: (0, 4);
Transverse axisis parallel to the x-axis;
a=1 c=3. Findb:
b?=c?’-a*=9- 1=8
b=J8=2y2
-1 -4,
1 8

Write the equation:

\':.(jt
Vs ]

y-12-0.75(x+3)
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Section 11.4 The Hyperbola

31. Foci: (3,7),(7,7); Vertex: (6,7); Center: (5,7); 2y
Transverse axisis paralld to the x-axis;
a=1 c=2. Findb:

y- 7=8/3(x- 5)

b?=c’-a*=4-1=3 °l

b=43 "l

_ _(x-52 (y-7?_ i
Write the equation: T -—73 -1 : _7=83x- 5)

32. Focus. (-4, 0); Vertices: (4, 4), (-4, 2); Y
Center: (-4, 3); Transverse axisisparallel to the 1
y-axis, a=1 c¢=3. Findh:

2=c*-a*=9-1=8
b=y8=22

(y' 3)2 _ (X+4)2 =1

1 8

Write the equation:

33. Vertices. (-1, -1), (3,-1); Center: (1,-1);
Transverse axisis parallel to the x-axis;, a =2.
x-1_y+1

Asymptote: —s— = =5~ Using the slope of the
asymptote:
b_b_3

7=7-3 ® b=3

2 2
Write the equation: (X'4l) - (ygl) =1

T y+1=-15(x-1

34. Vertices: (1,-3), (1, 1); Center: (1,-1);
Transverse axisis parallel to they-axis;, a = 2.

ox-1_y+1 .
Asymptote: —— =5 Using the slope of the
asymptote: _ '
2-2-2 0 =4 ® b=74 2
2 _ 2 y+1=1.5(x-1) 1
Write the equation: ¢l zl) - (Xl_Gl) =1 /
g _E|.
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Chapter 11 Analytic Geometry

(x-2F (y+3? _
35. - —g— -1

The center of the hyperbolaisat (2, -3).

a=2, b=3. Theverticesare (0, -3) and (4, -3). 3.2

Find the value of c: 74 I‘-,L ,a“) 114
c?=a’+bh?*=4+9=13 B '
c= I3

Foci: (2- JI3,-3) and (2 +J/13,-3).

Transverse axis. y =- 3.

3=2(x- 2 y+3=-2(x-2),

Asymptotes: y+
Tograph, enter: y, =-3+3y((x- 2)°/ 4- 1);
Y, =-3- 3Y((x- 2?1 4- 1)

(y+3)2_(x-2)2_1
4 9
The center of the hyperbolaisat (2, -3).
a=2, b=3. Theverticesare (2, -1) and (2, -5). 3.2
Find the value of c:
c’=a’+b*=4+9=13

D
c= i3
Foci: (2,- 3- J1_3) and(2,- 3+J1_3). /h\\\

Transverse axis. x=2.

2 2
+3==(X-2, y+3=-=(x-2
y 3( 2,y 3( )

36.

114

Asymptotes:
Tograph, enter: y, =-3+2yJ((x - 2)° /9+1);
Y, =-3- 2y((x- 27 /9+1)

37. (y-27°-4(x+2Y =4
Divide both sides by 4 to put in standard form:
(-2 (x+2f _
-1 -1
The center of the hyperbolaisat (-2, 2).
a=2, b=1. Theverticesare (-2, 4) and (-2, 0). 6
Find the value of c: \__/
c°=a’+h*=4+1=5
c=45 8 4
Foci: ( 2,2-J§)and(- 2,2+J§). SN
Transverse axis; x=- 2. -2
Asymptotes. y- 2=2(Xx+2), y- 2=-2(Xx +2).
Tograph, enter: y, = 2+ 2J((x + 2)° +1);

Y, =2- 2y(x +2)° +1)
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38.

39.

(x+4)*- 9(y- 3°=9
Divide both sides by 9 to put in standard form:
(x+4?° (y- 3 _q
9 1 -
The center of the hyperbolaisat (4, 3).
a=3 b=1. Theverticesare (-7, 3) and (-1, 3).
Find the value of c:
c’=a’*+bh?*=9+1=10
c =10
Foci: ( 4- J0, 3) and ( 4+ J10, 3).

Transverse axis. y = 3.

1 1
S(x+4), y- 3=-=(x+4
S(x+4), y-3=-Z(x+4)

Asymptotes: Y~ 37
Tograph, enter: y, = 3+y((x+ 4)*/9- 1);
Y, =3- J((x+4)°/9- 1)

(x+1)*- (y+2)* =4
Divide both sides by 4 to put in standard form:
(x+1)? Y+ _,
4 4
The center of the hyperbolaisat (-1, —2).

a=2, b=2. Theverticesare (-3, -2) and (1, —2).

Find the value of c:

c*=a’*+b*=4+4=8

c=JyB=2J2
Foci: ( 1- 242, - 2) and ( 1+24J2,- 2).
Transverseaxis. y=- 2.
Asymptotes: y+2=x+1 y+2=-(x+1).
Tograph, enter: y, =- 2+2y((x +1)° / 4 - 1);

Y, =- 2- 2J((x+1)*/4- 1)

Section 11.4 The Hyperbola

9.2

54

1.1

]

[,

3.7
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Chapter 11 Analytic Geometry

40. (y-3)*- (x+2)°*=4
Divide both sides by 4 to put in standard form:
(v- 37 (x+2)° _,

4 4
The center of the hyperbolaisat (-2, 3).
a=2, b=2. Theverticesare (-2, 5) and (-2, 1). 9.2

Find the value of c:
c’=a’+b*=4+4=8
c=JB8=2J2 -11.4 74

Foci: (- 2,3- 242) and (- 2, 3+242).

Transverse axis, X =- 2.

Asymptotes. y- 3=x+2, y- 3=-(x+2).

Tograph, enter: y, = 3+2yJ((x +2)° / 4 +1);

Y, = 3- 2y(x+2)° /4 +1)

41. Complete the square to put in standard form:
X*- y*- 2x- 2y- 1=0
(X - 2x+1)- (Y +2y+1)=1+1-1
(x-1fF- (y+1)* =1
The center of the hyperbolaisat (1, -1).
a=1 b=1. Theverticesare (0, -1) and (2, -1). 2.1
Find the value of c: \

c2=a’?+b%2=1+1=2 3.7 /
c=2 \
Foci: (1- ¥2,-1)and (1+42,- 1).

Transverseaxis: y=-1.
Asymptotes: y+1=x-1 y+1=-(x-1).

Tograph, enter: y, =- 1+ f(x- 1 - 1);

Y, =- 1- y((x- 1)°- 1)

5.7
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42.

43.

Compl ete the square to put in standard form:
y?- X°- dy+4x-1=0
(Y- dy+4)- (X*- 4x+4) =1+4- 4
(y-2)*- (x-2° =1
The center of the hyperbolaisat (2, 2).
a=1 b=1. Theverticesare(2, 1) and (2, 3).

Find the value of c:
c?=a’+b*=1+1=2

c=W2

Foci: (2,2- Ji) and(z 2+ JE)

Transverse axis. x=2.

Asymptotes. y- 2=x- 2, y-2=-(X- 2).

To graph, enter: y, = 2+ ((x- 2)% +1);

Y, =2- y((x- 2y +1)

Compl ete the square to put in standard form:
Y- 4x*- 4y- 8x- 4=0
(y?- 4y+4)- 4(x?+2x+1)=4+4- 4
(y- 27 - 4(x+1) =
(y- 2P (x+17 _,

]

The center of the hyperbolaisat (-1, 2).
a=2, b=1. Theverticesare (-1, 4) and (-1, 0).

Find the value of c:
c®=a’+b*=4+1=5

c=45

Foci: ( 12- Jg) and ( 12+ JB)

Transverse axiss x=-1.

Asymptotes. y- 2=2(x+1), y- 2=-2(x+1).

To graph, enter: y, = 2+ 24((x + 1Y + 1);

1

Y, = 2- 2y((x +1) +1)

Compl ete the square to put in standard form:
2X* - y*+4x+4y- 4=0
2(x* +2x+1)- (Y - 4y+4) =4+2- 4
2(x+1)?%- (y-2)?=2
(x+1° (y-22 _,

1

2

Section 11.4 The Hyperbola

51
2.7 6.7
-11
6
N
—7 /,.H‘ 5
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Chapter 11 Analytic Geometry

The center of the hyperbolaisat (-1, 2).
a=1 b=J2. Theverticesare (-2, 2) and (0, 2).
Find the value of c:
c°=a’+h*=1+2=3

c=43
Foci: ( 1- 3, 2) and ( 1+ 3, 2).
Transverse axis. y = 2.
Asymptotes:
y- 2= J2(x+1), y- 2=- J2(x+1).
To graph, enter: y, = 2+ 2 J(x +1) - 1);

Y, =2- J2(x +1) - 1)

45. Complete the square to put in standard form:
4x% - y? - 24x- 4y+16 =0
4(x*- 6x+9)- (y*+4y+4) =-16+36- 4
4(x- 3)*- (y+2)?* =16
(x-3? (y+2 _,
4 16
The center of the hyperbolaisat (3, -2).
a=2, b=4. Theverticesare (1, —2) and (5, -2). 4
Find the value of c: 3
c*=a*+b’=4+16=20 —64
c =420 =25
Foci: (3- 245,- 2) and (3+245,- 2).
Transverseaxis: y=- 2.
Asymptotes: y+2=2(x-3, y+2=-2(x- 3).
Tograph, enter: y, =- 2 +44yJ((x- 3)*/ 4- 1);
Y, =- 2- 4y((x- 3)°/ 4- 1)

[62]
| L

ST T

3.7

"~

no

124

]

46. Complete the square to put in standard form:
2y? - x> +2x+8y+3=0
2(y? +4y+4)- (x*- 2x+1)=-3+8-1
2(y+2)?%- (x-1)2?=4

(y+2)? (x-17° _
5 T4 1
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The center of the hyperbolaisat (1, -2).
a=y2, b=2. Theverticesare

(1 - 2- ﬁ) and (1 - 2+J§) Find the value of c:

c?=a’+b*=2+4=6

c=J6

Foci: (1 - 2- J8) and(1 - 2+J8).

Transverse axis: x=1.

y

Asymptotes: y+2 = TZ(X- D) y+2=- e}(x- 1)
Tograph, enter: y, =- 2+J2y((x- 1)°/ 4 +1);

Y

Yo, = 2- 2y((x- 17/ 4+1)

47. Complete the sguare to put in standard form:

Y - 4x°- 16x - 2y- 19=0
(y*- 2y+1)- 4(x*+4x+4)=19+1- 16
(v- 1F - 4(x+2 =4

(y- 12 (x+2¢ _,

7

The center of the hyperbolaisat (-2, 1).
a=2, b=1. Theverticesare (-2, 3) and (-2, -1).

Find the value of c:
c®=a*+b*=4+1=5

c=J5

Foci: ( 2,1- J§) and ( 2,1+ JE)

Transverse axis. x=- 2.

Asymptotes. y- 1=2(x+2), y-1=-2(x+2).

To graph, enter: y, =1+ 2J(x +2)* +1);

1

Y, =1- 2(x +2)7 +1)

48. Complete the sguare 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+ 4P (y+1° _,

9

3

Section 11.4 The Hyperbola

1.1

5.1

<

B
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Chapter 11 Analytic Geometry

The center of the hyperbolaisat (4, —1).
a=3 b=y3. Theverticesare (-7, 1) and

no

(-1, -1). Find thevalueof c:

D

c2=a’?+b?*=9+3=12

=J12 =243

SV

Foci: (- 4- 2J3,- 1) and (- 4+243, - 1).

S

Transverseaxis: y=-1.

{g(x+ 4),y+1=- @(x+ 4)

Tograph, enter: y; =- 1+ JBy((x +4)°/9- 1)
Y, =-1- J3Y((x+4)*/9- 1)

Asymptotes. y+1=

49. Rewrite the equation:

y = 16+ 4%
y2 =16+4x% y30
2 _ - y3 0

2 -4
1 y3 0 2

I‘<‘<

- X_
4

=
»

50. Rewrite the equation:

V' =9+9x%, YyE£0 ]
y?- 9x? =9, y£O
y

2
X" _
—_ =1

N

N

51. Rewrite the equation:

5+x

y£O

y
y y£0

I R & O @

5
y2
- 55 ]

D%

y£O =

=

0.7
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52. Rewrite the equation: I
y=y- 1+ X° 8
y’=-1+x*, y20 -

X*-y? =1 y3 0

53.

@

(b)

(©)

Section 11.4 The Hyperbola

Set up a coordinate system so that the y

two stations lie on the x-axis and the S

origin ismidway between them. The

ship lies on a hyperbolawhose foci are A, B X
the locations of the two stations. Since " 10
the time difference is 0.00038 seconds

and the speed of the signal is 186,000

miles per second, the differencein the

distances of the ships from each station

is.

distance = (186,000)(0.00038) = 70.68 miles
The difference of the distances from the ship to each station, 70.68, equals 2a, so
a =35.34 and the vertex of the corresponding hyperbolaisat (35.34, 0). Sincethe
focusisat (100, 0), following this hyperbola, the ship would reach shore 64.66 miles
from the master station.
The ship should follow a hyperbolawith avertex at (80, 0). For this hyperbola,
a = 80, so the constant difference of the distances from the ship to each station is

160. Thetime difference the ship should look for is:

time = TE% = 0.00086 seconds

Find the equation of the hyperbolawith vertex at (80, 0) and afocus at (100, 0). The
form of the equation of the hyperbolais:
2 2
- § =1 wherea= 80.
Sincec=100and b® =¢*- a* ® b’ =100”- 80" = 3600.
2

2
The equation of the hyperbolais: é(m - ?%)%KS =1.

Since the ship is 50 miles off shore, we have y = 50. Solve the equation for X:

x2 507 _ x? . 2500 _ 61 , 61
5200 3600 +® Ba00 1T300 36 @ X T 04005
X » 104 miles

The ship'slocation is (104, 50).
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54.

55.

(@

(b)

(©)

(@

Set up a coordinate system so that the y

two stations lie on the x-axis and the S

origin is midway between them. The

ship lies on a hyperbolawhose foci are A B X
the locations of the two stations. Since
the time difference is 0.00032 seconds
and the speed of the signal is 186,000
miles per second, the differencein the
distances of the ships from each station
is.

distance = (186,000)(0.00032) = 59.52 miles
The difference of the distances from the ship to each station, 59.52, equals 2a, so
a =29.76 and the vertex of the corresponding hyperbolaisat (29.76, 0). Sincethe
focusisat (50, 0), following this hyperbola, the ship would reach shore 20.24 miles
from the master station.
The ship should follow a hyperbolawith a vertex at (40, 0). For this hyperbola,
a =40, so the constant difference of the distances from the ship to each station is 80.

The time difference the ship should look for is:

time = ﬁm = 0.00043 seconds

Find the equation of the hyperbola with vertex at (40, 0) and afocus at (50, 0). The
form of the equation of the hyperbolais:

2 2
%-%zl where a = 40.
Sincec=50and b’ =c*- a> ® b*=50%- 40% =900.

2 2
The equation of the hyperbolais: 1&@ - gyxj =1

Since the ship is 20 miles off shore, we have y = 20. Solve the equation for X:

2 207 X 400 13 L 13
600 900 1 ® g0~ ltogp -5 @ X T1600%F
X » 48 miles

The ship'slocation is (48, 20).

Set up arectangular coordinate system so that the two devices lie on the x-axis and the
origin is midway between them. The devices serve asfoci to the hyperbola so

c= é)g =1000. Since the explosion occurs 200 feet from point B, the vertex of the

hyperbolais (800, 0); therefore, a = 800. Finding b:
b’=c’- a®> ® b*=1000"- 800° =360000 ® b =600
The equation of the hyperbolais:
NG y?
—_— — =]
800° 6007

If x=1000, find y:

1000° VY Y _ 1000 600° ) , 600
- =1 ® = -1= ® =600 e
800° 6007 600° 800° 800° y 800

y = 450 feet
The second detonation should take place 450 feet north of point B.
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56. Answerswill vary.

57.

58.

59.

60.

Section 11.4 The Hyperbola

If the eccentricity iscloseto 1, then c » aandb » 0. When biscloseto O, the hyperbolais
very narrow, because the slopes of the asymptotes are close to 0.
If the eccentricity isvery large, then cismuch larger than aand b is very large. The result

isahyperbolathat is very wide.

If a=b, thenc® =a”+a’ = 2&°
¢ _ C_
Thus, ;-2 or 3= N7
The eccentricity of an equilateral hyperbolais 2 .

X2 2 _ _ _

TV =1 (a=2, b=1)
isahyperbolawith horizontal transverse axis,
centered at (0, 0) and has asymptotes: y =+ % X

2 X2_ _ _
y-7=1 (a=1 b=2)

isahyperbolawith vertical transverse axis, centered
at (0, 0) and has asymptotes. y =+ %x

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

y? X
el
Solve f(z)y )
X
el
_ X° 6
y'=a ? b’e
z_ax&b_ o
b2
y_ % X2+1

2

3

ASX® -¥ orasx® ¥, theterm % 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.
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61. Put the equation in standard hyperbolaform:
A +Cy’+F=0 A10,C*0,F10

A +Cy* = -F
AX2 CyZ_l

— e —
-F  -F

2 2
LS A

-F/IA -FIC

Since - F/Aand - E/C have opposite signs, thisis a hyperbolawith center at (0O, 0).

62. Complete the sguare on the given equation:
Ax?+Cy?+ Dx+Ey +F =0, where Aand C have opposite signs.
®, DO ®, EO
Agx2+Ax—+ ng Y= F

Ag( +%x+iv+0§y2 +_y+_"__+_- F

+
ZCQJ 4A 4C

D* E? D -E
@ If —+4—C- F 1 0, thisisthe equation of ahyperbolawhosecenterlseT 5

4A
* o)
C<0 or g—D,£+ifA<O_
2A 2C9

D? E? _
(b) If 4_A2+ Teg - F =0, then
A8X+RSZ+C8§/+£— = &;/+£92_i‘&;(+£92
2A8 € 2Co & 2co C& 2Ap
_Aae DO

whichisthe graph of twoi ntersecti ng lines.
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