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.1 ·' + (_1 · 2f = -I 
.n. .r2 2v = o 

x - ,,- -1., + (l\' -I = () { ' ' 
_, 2 + -".: -I.I (\\' t- 12 = () 

{
.,· = (.r + .l ) ' 

.w. 
I ~ 2_1' = 2 

-to. {
(r I f + (1· + I )" = 5 
2.r \' .1 

{
, 2 + .,.2 + .I \' 

-t I. 
2.1 + " - I 

{

.1 .l r = - 5 
-t2. ' . -r + vz - 2:i 

22 

() 

/11 t.·.H'rct\l'., ./3-46. let x H'prc.,ent one 1111111/)er and let v represent 
rite other 1111111/Je,: Use the gii-c•11 conditio11s to 11•rite 11 .,yste111 of 
11011/i11Mr eq11atio11s. So!l·e the system a11d find the 1111111/J,,,x 

-t3. ·nic ~um of two number 1~ IO and their prouuct is 24. Find the 
numbers. 

44. ll1e sum of two number · i~ 20 and their product is 96. Find the 
numbers. 

45. TI1e diffe rence be tween the squares of two numbers is 3. Twice 
the square of the first numher increased by the sq uare or the 
~econd number is 9. Find the numbers. 

46. The di ffe re nce.: between the squares of two numbers is 5. 
Twice the square of the second number subtracted from 
three times the square of the first numhe r is 19. Find the 
numbers. 

Practice Plus 

/11 £.rerci~e~ ./7- 52. soh'e l!aclt system bv 1he m ethod of yo11r 
choice. 

{
2x" + XI' = 6 

47. , 
r + 2.ry = 0 {

4. x1 + xy = JO 48. , 
x- + Jxy = - 9 

{
- 4.r + V = 12 

49. 3 , 
y = x · + Jr 

50 . . 
{

- 9t+),= 4S 

• y = x 3 + S.r2 

{

1- + _!._ = 7 
x 2 y2 

51. 5 2 
- - = -3 
x 2 y2 . { 

2 I 
- + - = II 
x 2 y2 

52. 
~ - 3_ =- 14 
x 2 y2 

/11 Exercises 53- 54, make a ruu!{lt .1·ketclt in a recw11g11lar coordi1111te 
.\_l'\'te111 of tlte !{raph.1· rt!presentill!{ !he eq11ation.1· in eaclt system. 

53. The 5y ·tem, who~c graphs a rc a line wi th positive slope and 
a parahola whose equation has a positive le11ding coe fficient , 
ha\ two so lut ions. 

54. The ,y~tem. whose grnphs an.: a line with nega tive slope and 
a parabola who~e equation has a negative leading coefficient , 
ha~ one solution . 

Application Exe rcises 

55. A planet's o rbit follows a path described by J 6.r2 1- <1/ = M . 
A comet fo llows the par.ibolic pa th y = x 2 - • . Where might 
the comet inte rsect the orbiting plane t? 

56. 

57 . 

58. 

A sy tem for track ing ships indica te, that a \ hip he 
, , !Th ' <>n -

ucscribcd by 2y- x- - · c p~occ,, 1' ro.:pL;ilcd . 4 P01h 
ship is fou nd to lie on apa tl~_de cn bcc.l ,h\ 2, - , .. d~dth, 
· . known that th..: ship 1s loc,1ted 111 lhl: 111 , 1 ,iuad 1111 1s . ran1 !f 
coordinate system, dete r111111 e 11 exact loL,ll1on l lh. 

Find the length and width of a rectangk \\ho\e rc rlinc 
.16 feel and who~c area 1s 77 square feet. 1Cr 11 

Find the length and width of a rectangle who,e pc 
. n~ 

40 fee t and who,e area 1s 96 square feet. er " 

U··c• the r0 ,-111 11/a jr,r the area of a recwngle and thl' Pwiuir, 
., .I' • . . ,,orean 

Tlu:or<'llt to so!l'e /~xerctses 59- 60. 

:W. A small televisio n has a picture with a diagonal mca~urc 
10 inches and a viewing area of 48 square inches. Find 01 

· I I 1· I · tnt length and w1c t 1 o t 1e , crce n. 

60. The area of a rug is I 08 square feet and the length of 1_ 
diagonal is 15 feel. Find the length and width of the rug. 

61. 

.......__, . l: A = 108feet 
•. --.__: feet 

~ w 

The figure shows a square floo r plan with a smaller ,qui 
area tha t will accommodate a combin11t ion fountain and IX' 
The floor with the fountain-pool area removed has an ar~ 
of 21 square meter · nnd 11 pe rimete r of 24 mcter Find 1 

dime nsions of the floor a nd the dimension · of the squ,ir~ tt.. 
will accommodate the pool. 
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r Section 5.4 Systems of Nonlinear Equations m Two Variables 589 

1 
. ir.::i of 1h.: rectangular r1ecc ol c-irdt)t>'l .. , -I 1 , I JL • . < , Iu s 1o wn 1clO\\ 

~-- , 16 ,qua re mche~. T he ca rd hoard is u~ed t . k 

II 

,, - . . · 0 m.i ·c an open 
111 cuttllll!. a 2 m ch sq ua re from e rH.:h co. 1 . 

'''" • •. -: 1 l . . . • 1ner anl turn 111!! 
Ill<' , 1JL,. II t 1c 1ox 1s to h<1vc a volume t>I -,., , . 1 - . up . . __ ., cu 11c mche~. 

f. I ihe i,:ngth a nti Width of lhe c ·ird h(>'lr.1 t i h 1111 - • < u 1a1 mus t e 
u,.:d 

L 

I 
I 
I 

' --------- ...J 

~-1• Bct\\Ct:n 1990 a nd 201 3. there was a d ro p in viole n t crime a nd 
., ,pi~l' 111 the pnson population m the U nited S tates. The bar 
~r.1ph , hows the m_nnhe r of v io le nt cr im es per 100.000 pcor le 
.inJ the number of 11npnsonme nts pe r 100.000 people for ,i,; 
,dc,1cd ~ c,irs from 1990 throug h 20 1.1. 

ls(Xl r 730 

f -ixi 

:: t,rn) 
;. 

= -i(X) 

= 
-: -1()() 
:., 

:- ;oo 
t 

200 

/ 100 
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Rate of Violent Crime and 
Imprisonment in the Unikd State, 
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Imprisonment 

500 
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Source.:~: C.S. Justice.: Dc.:partmcnt: f-131 

-ISO 

201:l 

a. Ba,cd o n the information in the graph. it appears that there 
\\a, a year when the numbe r o f Yiolenl c rimes per I 00.000 
,\me ricans was the sam e as the number of imprisonment s 
per 100.000 Ame ricans. According to the graph . be twern 

which two years did th is occur? 

h. The data can be modele d by quadra tic a nd linear fun ctions. 

~iolent crime rate 

lmprisument rate 

V = CJ.6.r2 - 28.r T 730 

- 15.r + y = 300 

In each function. x represents the number llf years after 
1990 and y represents the numbe r per 100.000 Americans. 
Soll e a nonlinear system to de te rmine the year described 
in part (a). Round to the ne arest year. How many 
viole nt crimes per I 00.000 Americans a nd how _ m a ny 
1mpri 'ionme n1 s per I 00.000 A m ericans were the re 111 that 
\ear'! 

Exp/ · · ain,ng the Concepts 
64. \Vhat is a ystem o f nonlinea r equations? Provide an example 

lll(h \'O d . . . . ur cscnpt1011 . 
~ E . . 
.. Xplain how to solve a nonlinea r system using th e.: subst1tut1on 

lllcthod. Use x 2 + v 2 = 9 a nd 2 r _ y == 3 to illust ra te your 
explanation. · 

66. Explain how to ,oh e a nonlinear ,~ <,tc.:m u <;mg t he addi t ion 
1111.: thod . ,e x ~ y : = 5 a nd Jr~ 2y~ 19 to illustrate 

you r cxph1nat1on 

Techno lo gy Exercises 
67. crify your solutions to any l\\ e exerc!'e, from I: .,c.:rci,e, ' 

by usi ng a graphing utility to graph the two cquat1on, 111 the 
sy~te m in the sa me vie wing recta ngle. The n L1'C the inter, ect1o n 

fea ture to verify the o lut ion'i. 

Mt Write a ~y,tc m o f eq ua tion'i. one e quation who,c g ra ph 1s 
n line and the othe r whose graph is a rarabola. tha t ha~ no 
ordered pairs tha t arc re a l numhc rs in it, ,olution set. Grarh 
the equation~ using a graph ing Ul ili ty and verify that you are 

cor rec t . 

Critical Thinking Exercises 
Make Sense'! I,, 1:.·.n•rc1ses 69-72. determine ll'hetltc'r eaclt 
sta/i'llll'III make~ se11.1e or don 110/ make .H 'll ff. and explain your 

ffll.1"01/ IIIK, 

69. 

70. 

71. 

72. 

I use the.: same ,teps to solve nonlinear sy~tcm'> a, I did to 
solve linear systems. a lthough I don't obta in linea r e qua tio n, 

whe n a variable 1s elimina ted. 

I graphed a non linear syste m that rnode led the or h its o f Ea rt h 
and Mar~. a nd the graphs indica ted the syste rn ha d a solut ion 
with a real o rde red pair. 

W itho ul usi ng any a lgebra. it's obvio us lhat the nonlinear 
syste rn consisting o f x 2 f ,v2 = 4 and x 2 .._ y1 = 25 doe, not 
ha, ·e real-number ,olutio ns. 

I thi nk that the no nlinear svstem consisting o f x 2 + 11
2 = 36 

and r = (.r 2)2 - 3 is ea.s1er to solve g1~aphically ;han by 
u~in f!_ the ~uhs111u1ion method or the a dd ition me thod. 

111 1:.·.\·erci1·es 73 76. determine 11•hl'flter each swtem elll is trtte or 

f alse. If tltc' suu,·1111·111 is ji1lse. make the nl'C<'.l".rnry clw11KefS) to 
produce a trtt,• statc111/'III. 

73. i\ sy ·tern o f two equa tions in two va riables w h m.e graphs 
arc a c irc le a nd a line can have four real ordere d -pair 
solut ions. 

74. A system of two equa tio ns in two va r iables whose graphs 
arc a parabola a nd a ci rc le can have fou r real o rdered-pair 
so lutio ns. 

75. A system of two equations in two , ·a riables whose graphs 
are two ci rcles mus t have at least two real ordered-pai r 
solutions. 

76. A system of two e quatio ns in two variables whose graphs a rc 
a parabola a nd a c ircle canno t have only o ne real ordered-pai r 
solutio n. 

77. The points o f inte rsection of the graphs of x,· = 20 a nd 
x 2 + / = -11 are joined to form a re~lang le. Fimi the area of 
the recta ngle. 

78. Find II a nd /J in this figure. 

II 


