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59. Designing a Flashlight Mirror The mirror of & flashlight s a
‘paraboloid of revoluton. s diameer s 6 cm and its deph is 2 cm.
How far from the vertex should the filament of the light bulb be:
placed for the Mashligh to have its beam run paralel to the axis
of its mirror?

60. Designing a Satellite Dish The reflector of a tlevision
satellite dish i a paraboloid of revolution with diameter 5 ft and &
depth of 2 1. How far from the vertex should the receiving.
antenna be placed?

61. Paxabolic Microphones The
‘Sports Channel uses  parabolic
microphone to capture all the
sounds from golftournaments
throughout a season. If one of its
microphones has 4 parabolic sur-
face generated by the parabola
2 = 10y loate the focus (the
clcteonic receiver) of the
parabola

62. Paxabolic Headlights Sicin Glas,Tnc., makes parabolic
headlighis for 3 variety of automobile. If one of s headlghts
has a parabolic surface generated by the pargbola = 12y, where
should s light bulb be placed?

63. Group Activity Designing a Suspension Bridge The
main cabls of a suspension bridge uniformly disribute the
weight of the bridge when i the form of  parabola. The min
cables of a patcular bridge are attached fo owersthat ae 600
apart. The cables are attached o the towers at a height o 110
above the roadway and see 10 1t above the roadway at theie owest
points. If vertica support cables are at SO-t inervals along the
Tevel roadway, what ar the lengths ofthese vertical cables?

o=

4. Group Activity Designing a Bridge Arch Parabolic arches
are known to have sreater strength than other arches. A bridge
with 3 supporing parsbolic arch spans 60 f with a 30-f wide.
road passing underneath the bridge. In oder (o have a minimum
clearance of 16 ft, what is the maximum clearance?

“The maximum clearsnce s bout 21,33 fet.

Standardized Test Questions

65. True or False Every point on a parsbola is the same distance
from it focus and is axis. Justify your answe.

6. True or False The dirccrix of a parsbola is parallel o the
parsbola’s ai. Justify your answer.
I Exercises 67-70, slve theproblem withoutusin a calcultor
7. Multiple Choice Which of the following curvs i not  conic
section? D
) circe
® clipse
(© hyperbola
) oval
&) parsbota

68. Multiple Choice Which paint do al conics of the form
# = dpy have in common?

@
® 0.0

©w.n

©) 0.0

® (-1.-1)

69. Multiple Choice The focus of 32

(®) 3.3,

® 6.0

(© .3

(©) 0.0,

(®) (=3, -3,
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63. Group Activity Consider the sysiem of equations
Raa=s
y=22-3
(a) Solve the system graphically.
5) 1 you have access 02 grapher tha also does symbolic alge-
bra, use it 0 find the exact solutions (o the system.

64, Writing to Learn Look up the adjective eccenric in a diction-
ary and read s various definitions. Notic that the word is
derived from ex-centric, meaning “ou-of-center” o “off-center”
‘Explain how thi i rlated o the word's everyday meanings as
wellas its mathemarical meaning for llpses.

Standardized Test Questions

65. True or False The distance from a focus of an llipse o the
closer vertex is a(1-+), where a i the semimajor axis and ¢ is the
eccentricity. Jusify your answer.

66. True or False The distance from a focus of an ellipse o cither
endpoint ofthe minor axis is half the length of the major axs.
Justiy your answer.

In Exercises 6770, you may use a graphing caleulator 0 solve the

problem.

67. Multiple Choice One focus of # + 47 =

@ 0. ® 0
© V3.0 V2.0
® .0,

-3
68, Multiple Choice The focal axis of S 52 9—

®y
®)y=

69. Multiple Choice The center of
92442 = T2 =2y + 144 = 0is B

(@) .2 ®).3)
(© (4. D) .5
(E) (4.6)

70. Multiple Choice The perimeter of a triangle with one vertex on
theellpse /a? + ¥ = 1 and th other two verices at the foci
of the elipse would be

@) a+h (8) 24+ 20
(©)2a+ 2. D)2 +2c.
®a+b+e

Explorations
71. Area and Perimoter The area of an llps is A = mab,but
the permeter canno b expresed s0 simply:
V(Ga + b){a + 3b)
P 1(u+b)1] —th
(a) Prove that, when. , these become the familiar formu-
1 forthe area and permeter (cirumfernce)of a circle.
) Find  pai o llipses such tha the one with gester arcahas
Smalle primeter, Ansvers will vy
72. Writing to Learn Keplor's Laws We hav encounered
Keplr’s Firt and Thid Laws (9. 193). Usin a ibrary
orthe Itemet,
(a) Read sbout Keple’ lfe, and write in your own words how he
came o discover his thre aws of lantary motion. Answers
il vy,
) Wt s Keplr’ Second Law? Explain it with both picures
and wonds. Explanions and devings will
73, Pandulum Velocity vs. Position As a pendulum swings
towand and away from a mevion deteto, s isance (i mlers)
o the deectr i given by the posiion function () = 3 +
OS2 — 5, where 1 repesents time (inseconds). The velocty
nlsc) of the pendulum i given by () = ~2 sin 21~ 5.
(a) Using parametric mode on your grapher,plo the s ) rlation
for velocity versuspositon or 0 =1 % 21
) Wriethe equaton o the resulin conic insandard orm, in
ermsof  andy,and elminating the paramete
74. Pondulum Velocity vs. Position A pendulum tht swngs
tovant and way from s motion deector hs a distance (in foc)
o the dtetor of x) = 5+ 3sinCat + 72 and  velocity
(infUsec) f () = 3 costat + 2, where  eprsents time
(in seconds).
(a) Prov thatthe plot ofvelociy vrsus posiion (dstance) i an
elps.
) Writing to Learn Describe the moton of the pendulum.

Extending the Ideas
75, Prove that  nondegenerat graph ofth cquaton
AR+ R+ De+ By 4 F=0

isan ellipse £ AC'> 0.

76. Writing to Learn The graphofthe equaton
GoRR L 6mRR
@ »
i onsiderd t b degenerate ellps. Describe the graph.
How s it ke a fullfedged ellipse, and how i i ifeent?
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FIGURE 8.30 Strategically located
ORAN transmiters O, Q. and R
Example 6)

200, 400] by [-200, 400]

FIGURE 8.31 Graphs for Example 6.

Reflecting tlescopes date back to the 16005 when Iszac Newion used a primary parabol-
c mirror in combination with 2 flt secondary mirror, slanted to reflect the light out the
side o the eyepicce. French optician G. Cassegrain was the firs to use a hyperbolic sec-
ondary mirror, which directed the light through a hole a the vertex of the primary mirror
(see Exercise 70). Today, reflcting telescopes such as the Hubble Space Telescope have
become quite sophisticated and must have nearly perfect mirrors o focus properly.

Long-Range Navigation
Hyperbolas and radio signals are the basis of the LORAN (longsrange navigation) sys-
tem. Example 6 llusrstes thissystem using the defnition of hyperbola and the fat that
radio signals travel 980 ft per microsecond (1 microsecond 1076 sec).

EXAMPLE 6 Using the LORAN System

Radio signals are sent simultaneously from transmitters located at points O, 0, and R
(Figure 8.30). R is 100 mi du north of O, and Q is 80 mi due cast of O. The LORAN.
receiver on sloop Gloria receives the signal from 0 323.27 pse after the signal from
R, and 258.61 pusec after the signal from Q. What is the sloop’s bearing and distance
from 07

SOLUTION The Gloria i at a point of intersection between two hyperbolas: one
‘with foci O and R, the other with foci O and Q.
‘The hyperbola with foci (0. 0) and R(0. 100) has center (0, 50) and transverse axis
2a = (323.27 psec)(980 ft/psec)(1 mi/5280 ft) = 60 mi.
Thus a=30and b = Ve~ = V/36% = 307 = 40, yielding the equation
Gosp 2
30% a0
‘The hyperbola with foci O(0, 0) and Q(80. 0) has center (40, 0) and transverse axis
2a = (258.61 psec)(980 ft/pusec)(1 mi/5280 1) = 48 mi.
Thusa =24 and b = V& — & =~ \/30? — 28 = 32, yielding the equation
God0f 2
242 32
‘The Gloria i at point P where upper and right-hand branches of the hyperbolas meet
(see Figure 8.31). Using a grapher we find that P = (187.09, 193.49). So the bearing
from point O'is

and the distance from point O is
d="\/IST09 + 193.49° = 269.15.
So the Gloria s about 187.1 mi cast and 193.5 mi north of point O on a bearing of
roughly 44°, and the sloop is about 269 mi from point 0.
Now try Exercise 57.
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In Exercises 3942, find the center, verices, and the foci of the
byperbola.
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In Exercises 43-46, graph the hyperbola using a parametric grapher in
Do graphing mode.

Z_ 2 2_2
i T
o LD =2

s

In Exercises 4750, raph the hyperbola, and find is vertices, foci,
and ccceniciy

474 = -9 =36

48405 = 2 =9y + 47
49,90~ 4y = Sox 4 By =420
50.259% = 0% = 50y = S4x = 28

o
In Exercises 51 and 52, write an equation for the hyperbola.

pr——
2 o a2 a
4

53. Writing to Learn Prove that an equation for the hyperbola with
center (0,0, foci (0, c), and semitransverse axis ais y¥/a® =
3/ = 1 where ¢ > a> 0 and b? = ¢ = a2, [Hin: Referto
dervation at the beginning of the section.]

54 Degenerate Hyperbolas Graph the degenerate hyperbola
2 g2
@3- w5-

55. Rogue Comet A comet following a hyperbolic path about the
Sun has a perihelion of 120 G, When the line from the comet to
the Sunis perpendicular o the focal axis of the orbi,the comet is
250 G from the Sun. Caleulate a. b, ¢, and e. What ar the coor-
dinates of the center of the Sun if the center of the hyperbolic orbit
50, 0) and the Sun les on the positve x-axis?

56. Rogue Comet A comet following a hyperbolic path about the
Sun has a perihelion of 140 G, When the line from the comet to
the Sunis perpendiculr o the focal axis of the orbi,the comet is
405 G from the Sun. Calculae a. b, c. and . What are the coor-
dinates of the center of the Sun if the center of the hyperbolic orbit
50, 0) and the Sun les on the positve x-axis?

57. Long-Range Navigation Three LORAN radio transmiters are
positoned as shown in the figure, with R due north of O and 0 due
cast of 0. The enuise ship Princess Amn receives simultancous

signals from the three transmiters. The signal from O arrives 323.27
usec after the signal from K, and 646.53 psec after the signal from
0. Determine the ship's bearing and distance from point 0.

58. Gun Location Observers are located at positions A, B, and C
with A due north of B. A cannon is located somewhere i the frst
quadrant as illustrated in the figure. A hears the Sound of the can-
non 2 sec before B, and C hears the sound 4 sec before B.
‘Determine the bearing and distance of the cannon from point 5.
(Assume that sound travels at 1100 f/sec.)

¥

8 00 13

Group Activities In Exercises 59 and 60, solve the system of equa-
tons algebraically and support your answer graphically.

27 2
sef-L=1 60.5-y=1
-2 Ry=o
61. Group Activity Consider the sysiem of equations
L
T-L-
E
L
SeL=
(a) Solve the system graphically.

(b) 1f you have access to a grapher tht also does symbolic alge-
b, use it 10 find the the exact solutions o the system.




image5.png
62 Writing to Learn Escape of the Unbound When NASA
Taunches a space probe, the probe reaches aspeed suficient for it 0
become unbound from Earth and escape along a hyperbolic tjecto-
1y Look up escape speed in an astronomy textbook or on the Intermet,
‘and write  paragraph n your own words about what you find.

Standardized Test Questions
63. True o False The distance from a focus of  hyperbol to the
close verex i e ~ 1), where i the semitransverse axis and e
i the cccenticity. Justify your answer
64. True or False Uslike that of a ellips, the Pythagorcan relation
for a hyperbola is the usual a? + b2 = c2. Justify your answer.
In Exercises 65-65. you may use a sraphing calculator (0 solve the
problem.
65. Multiple Choice One focus of x2 = 4y = 4is &
(A) (4, 0).
® (V5.0.
©a@o0.
@) (V3o
=0 G+sP —6°
66. Multiple Choico The focalaxsor 530 - 2% i

67. Multiple Choice Th center of
— 129 = 6= T2y — 44 = 0s &
@ -2,
® -3,
©@.-4
e -3
® -6,
68.Muliple Ghoics The sloes of he asymptos of e

Explorations
6. Constructing Points of a Hyperbola Use a geomety sofi-
ware package,such as Cabri Geomelry II™, The Geometer’s
Stetchpad, or a simila application on  hand-held devce,to

cary out the following constrction.

(a) Start by placing the coordinate axes in the construction
window.

(b) Construct two poiats on the x-axis at (+5,0) as the foci.

(e) Constructconcentri circls of radii £ = 1,2, 3..... 12 centered
at these two foci.

(@) Construct the points where these concenic circles met and
have a difference of radi of 2a = 6, and overlay the conic that
passes through these poins if the software has a conic tool.

(@) Find the equation whose graph includes all of these.
points. ) — /16 =1

70. Cassegrain Tolescope A Cassegrain telescope as described in
the section has the dimensions shown in the igure. Find the stan-
dasd form for the equation of the hyperbol centered at the origin
with the focal axis the x-axis.

Primary Paabolc Mior

Extending the Ideas
71 Prove that a nondegenerte graph of the cquaton
AR+ O 4 D+ Ey 4 F=0
s hyperbola if AC <0,
72. Writing to Learn The graph of the equation
BB _GoB

s considered 0 b 3 degenerste hyperbola. Describe the graph.
How s it ke a fll-fedged hyperbola. and how s it diferent?
7. Conjugate Hyperbolas The hyperbolas
L= —k| -1 and X"‘
ity secin e st o mbn il sanchct
cquations e conjugate hyperbalas. Prove that these hyperbolas
have the same asymptotes and tha the conjugat axi of esch of
hese hyperbolas i the ransverse axs of the other hyperbola.
74. Focal Width of a Hyperbola Prove that,fo the hyperbola
2.2,
@
=/, Why i it reasonable to define the
mmmmnypamnmhezb%v
75, Writing to Learn Explin how the standard form equations for
heconicsar rlaed to

A+ Bry + G + De 4 Ey + F=0.






 




 

