Chapter 12

Systems of Equations and Inequalities

12.7 Systems of Nonlinear Equations

T e
ly=x+1
Graph: y, =x°+1 y,=x+1 Solve by substitution:
5 X +1=x+1
x*-x=0
X(x-1)=0
x=0or x=1
-2 2 — —
= y=1 y=2
-1 Solutions: (0, 1) and (1, 2)
(0, 1) and (1, 2) are the intersection
points.
. Jyzin
ly=4x+1
Graph: y, = X°+1 vy, =4x+1 Solve by substitution:
20 X2 +1=4x+1
X°- 4x=0
X(x-4)=0
> 5 Xx=0 orx=4
y=1 y=17
-5 Solutions: (0, 1) and (4, 17)
(0, 1) and (4, 17) are the intersection
points.
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Section 12.7  Systems of Nonlinear Equations

Iy J36- X2
|y 8- X
Graph: 'y, —‘/36- XZ: y, = 8- X Solve by substitution:
8 J36- x> =8- x
36- x> =64- 16X+ X?
2x° - 16x+28=0
x*- 8x+14=0
x . 6 = B SES
_(2.59, 5._41) ant_j (5.41, 2.59) are the 8+ 2 JZ
intersection points. X= =
x=412
If x =4+ 2, y=8- ( + ) 4- J2

1fx =4- J2, y=8- ( ) A+ 2
Solutions:

(4+J§,4- ﬁ) and (4- ﬁ,4+J§)

! ty = Va- X
| y=2x+4
Graph: 'y, _‘/4_ X'y, =2x+4 Solve by substitution:
3 J4 X°=2x+4
4- x*=4x*+16x+16
-\ 5x°+16x+12=0
7 3 (X+2)(5X+6)=0
_l Xx=-2 or x=-2
(=2, 0) and (-1.2, 1.6) are the - 5
intersection points. 8
((-2, 0) isdifficult to find using y=0 or yzg
INTERSECT becauseit is at the end &6 80
of the domain of the function.) Solutions (-2,9and ST

1253



Chapter 12 Systems of Equations and Inequalities

e ly=Jx
o
1y =2- X
Graph: y, =JX; y,=2- X Solve by substitution:
3 JX =2- x
X =4- 4x+ X?
Xx*-5x+4=0
(x-4)x-1)=0
A 2 x=4 orx=1
0 y=-2or y=1
(1, 1) istheintersection point. Eliminate (4, —2); it does not check.
Solution: (1, 1)
6. |V=YX
Ty=6-x
Graph: y, =JX; Yy, =6- X Solve by substitution:
5 J)-( =6- X
X =36- 12x + X*
x?-13x+36=0
a g (x-4)x-9 =0
XxX=4 orx=9
-1 y=2 ory=-3
(4, 2) istheintersection point. Eliminate (9, —3); it does not check.
Solution: (4, 2)
1 X =2y
7. {X =y 2y

Solve each equation for y in order to enter it into the graphing utility:
y?-2y+1=x+1

(y- 17 =x+1
y-1=+/x+1
y=1+ JXx+1
Grph =%y, =1 JiFL Soveby susitiion

) y3:1-Jx_+1 y2-4y=0
y(y-4)=0

y=0 ory=4

x=0 orx=8

o 10 Solutions: (0, 0) and (8, 4)

-1
(0, 0) and (8, 4) are the intersection
points.
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Section 12.7  Systems of Nonlinear Equations

jy=x-1
8 ly=x*-6x+9
Graph: y,=x-1 y,=x"-6x+9 Solve by substitution:
5 X°- 6x+9=x-1
x*- 7x+10=0
(x- 2)(x-5=0
X=2 orx=5
-1 = 8 y=1 ory=4
-1 Solutions: (2, 1) and (5, 4)
(2,1) and (5, 4) are the intersection
points.
1 x*+y =4
9 1.
I X +2x+y =0
Graph: y, =v4- X%; y, =-4- %, vy, =v-X%- 2x; y, = - W- X% - 2x
31 Substitute 4 fox” + y* in the second
uation:
47 AE\* 47 B 2x+a=0
E_j/f 2X=-4
=-2
=31 y = J4- (_ 2)2 -0
(-2,0) isthe_intersec’;ion pqint: Solution: (=2, 0)
(Note: Thisintersection point is
impossible to find on your graphing
utility unless you have just the right
window and make an excellent guess.)
N 2 2
10. i 2 X2 =8
I X“+y +4y =0

Graph: y, =v8- X*; y, =- /8- X%; y,=-2+y4- xC; y,=-2- J4- X

Substitute 8 fox” + y* in the second

/(!\ equation:
4.7 4.7 8+4y =0
\g;/ 4y=-8
=.2

-5 X = i‘l8- (-2F =+2
(-2,-2) and (2, -2) arethe Solution: (-2, -2) and (2, -2)
Intersection points.

1255



Chapter 12
i y=3x-5
11. %X2+y2:5
Graph: y, =3x- 5§ Y, = J5- X°;
Yo =- ¥5- X°
3.1
4.7 '//_N( 4.7

12.

13.

Systems of Equations and Inequalities

Ny,

(1, -2) and (2, 1) are the intersection

points.

=31

Ix°+y° =10
% y=Xx+2

Graph: y, = X+2; y, = ¥10- X*;

y, = - 10~ X°

?{\

BN

-

(1, 3) and

4
(-3,-1) arethe

intersection points.

IX+y' =4

A

I V- x=4

4.7

Solve by substitution:

x*+(3x - 5)* =
X +9x% - 30x+25=5
10x° - 30x+20 =0
x> -3x+2=0
(x-1)(x-2)=0
x=1 or x=2
y=3) -5 y=3-5
y=-2 y=1
Solutions: (1, —-2) and (2, 1)

Solve by substitution:
x*+(x+2)?>=10
X +x*+4x+4 =10
2x° +4x-6=0
X +2x-3=0
(x+3)(x-1)=0
x=-3o0or x=1
y=-1 y=3
Solutions: (-3, -1) and (1, 3)

Graph: y, =v4- X2; y, =-J4- %, y,=JdX+4; y, = - Jx+4

(-1, 1.73), (-1, -1.73), (0, 2), and (0,
—2) are the intersection points.

3.1

4.7

TN
S

31

Substitute x + 4 fory? in the first equation:

X +x+4=4

x>+x=0
X(x+1)=0
x=0 orx=-1
y2:4 y2:3
y=+2 y*=+J3
Solutions:

©0.-2, 0,2),(-1 ¥B).(-1 - ¥3)
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14.

15.

16.

i X +y° =16
1xe- 2y =8

Graph: y1=J16 x y2—-\/16 X2, ¥, =(X°-8)/12

N

S L
L

(-3.46, 2), (0, 4), and (3.46, 2) are
the intersection points.

I ow=4

%x2+y2:

Graph: y, = < Yo = V8- x%;
Y, =- 8- X2

4.7

%\
N

3.1
(-2,-2) and (2, 2) arethe
intersection points.

N/
\é x
I
<

Xl

Graph: y, = X°; Y, =
4

LA

Inkekseckion

k=i | ly=1
—2

(1, 1) isthe intersection point.

Substltute %+ 8 forx® in the first equation:

2y+8+y° =16
y?+2y-8=0
(y+4)(y- 2)=0
y=-4ory=2
=0 or xX* =12

x=0 x = +2J3
Solutions: (0, -4) (2¥/3, 2), (- 243, 2)

Solve by substltutl on:

Solutions: (1, 1)

Section 12.7  Systems of Nonlinear Equations
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Chapter 12

17.

18.

19.

}X2+y2=4

| y=x"-9
Graph: y, =x*- 9; y, = W4- X’;

No solution; Inconsistent.

ixy=1
i y=2x+1
1
Graph: W=% Ve =2x+1
3.1

A

3.1
(-1, -1) and (0.5, 2) are the
intersection points.

jy=x"-4
ty=6x-13
Graph: y, = x*- 4, y,=6x-13
20
JIN
| )l), 6
-5

(3,5) istheintersection point.

Systems of Equations and Inequalities

Solve by substitution:
X' +(x*- 9Y =4
x*+x*-18x* +81=4
x*-17x* +77=0

2 _ 17789~ &7

2
2 = 17+ J-19
—
There are no real solutionsto this
expression; Inconsistent.

Solve by substitution:
X(2x+1) =1

2x% + x-1=0
(x+D)@2x-D =0

Xx=-1or x=

N NI

y=-1 y=
g 0
Solutions: (-1, —1) and 85 ZE

Solve by substitution:
x?- 4 =6x-13
X’ - 6x+9=0
(x-3?%=0
x-3=0
x=3
y=6(3)- 13=5
Solutions: (3,5)
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Section 12.7  Systems of Nonlinear Equations

ix*+y* =10
20.
| Xy =3
A 7 Solve by substitution:
Graph: vy, = <; =J10- X*;
AT 2 +380 Z1g
Y, =-v10- x exo
4
A&Q.b*\ x2+%:10
47 /F 47 X" +9=10x"
K_,/ x*-10x* +9=0
(xX*-9)(x*-1)=0
—4 (x- 3(x+3)(x- D(x+1) =0
(1,3),(3,1),(-3,-1), and (-1, -3) x=3orx=-3orx=1orx=-1
are the intersection points. y=1 y=-1 y=3 y=-

Solutions: (3, 1), (-3,-1), (1, 3), (-1, -3)

21. Solvethe second equation for y, substitute into the first equation and solve:
12x* +y* =18
,:\ Xy = 4 ® y==
.2
27 + ‘%‘0 =18

)G +E—18
X2

2x* +16 = 18x?
2x%- 18x*+16=0
X'-9x*+8=0
(x*- 8)(x*-1)=0
x*=8 or x*=1
X=J8=42J2 or x=%1
If X = 242: y= i:‘/_

2J2

4
If x = - 245 =2 _=_ 7
X =- 242 Y27 V2
Ifx =1 y:%:4
Ifx =-1 y=2=-4

Solutions: (ZJEJ_) ( 242, - J_) ¢ 4.(-1-4
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Chapter 12 Systems of Equations and Inequalities

22. Solvethe second equation for y, substitute into the first equation and solve:
iIx -y =21
% X+y=7 ® y=7-Xx
X?- (7-x)°=21® x*- (49- 14x+x?) =21
14x=70® x=5® y=7-5=2
Solution: (5, 2)
23. Substitute the first equation into the second equation and solve:
i y=2x+1
loxe +y? =1

2x%+ (2x+1)° =1® 2X +4x% +4x+1=1
6Xx° +4x=0® 2x(3x+2)=0
2x=0 or 8+2=0

x=0 or x:--2
If x=0: y=20)+1=1
2 & 20 4 1
If x=-=": =2¢- =++1=-—+1=-Z=
A S B 3
&2 16

solutions OD& 3733

24. Solve the second equation for x and substitute into the first equation and solve:
P x*- 4y =16
{ 2y-x=2 ® x=2y-2
(2y-2)°- 4y?=16® 4y* - 8y + 4- 4y*=16
8y=12® y= 3® X = 2 30 2=-5
yRle® Y= O xmg o5 2T
o 30
Solutions: § 2 2¢

Solve the first equation for y, substitute into the second equation and solve:
i Xx+y+l= 0 ® y=-x-1
1 +y?+6y- x=-5

X2+ (-x- 1 +6(-x- 1)- x=-5
x> +x*+2x+1- 6x- 6- x=-5

25.

2%% - 5x=0® X(2X- 5)=0® X =0 or x:g
If x=0: y=-(0)- 1=-1
Ifx:E: y:-§-1:-Z
2 2 72
& 70
Solutions: (O 1)’85" Y
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Section 12.7  Systems of Nonlinear Equations

26. Solve the second equation for y, substitute into the first equation and solve:
12X - xy+y* =8
i _ _4
7 =4 ® y=5

2%2% - Xg__+8 = —8® 2x2 -4+i—6—8

2x* +16=12x* ® x* - 6x*+8=0
(x*- 4)(x*- 2) =0® (x- 2)(x+2)(x- ﬁ)(x +J§)=
X=20r x=-2 or Xx=v2 or x=-4J2
y=2 y=-2 y=2\/§ y=-2\/_2
Solutions: (2, 2), (- 2,- 2), (V2. 242).(- V2. - 242)

27. Solvethe second equation for y, substitute into the first equation and solve:
1 4x%- 3xy +9y* =15
! 2 5
J\ 2x+3y=5 ® = -=X+=
| y y 3% 3

50
4x2 - 3Xg x+-—+9(é~-x+-— =15® 4x% +2x%- 5x+ 4x?- 20x +25=15
10 - 25x +10=0® 2x°- 5x+2=0

@2x- (x- 2) = 0® x=-; or x=2

5 1
Ifx=2: —--2 -==
y () 373
& 40 10
Solutions: 85 3;382

28. Solve the second equation for X, substitute into the first equation and solve:
12y%- 3xy+6y+2x+4=0
i _ _ _3y-4
7 2x-3y+4—0 ® 2x—3y-4 ® x-= 5
X3y -

2yt Gy ey +

2y - gy2+6y+ 6y+3y- 4=-4® -§y2+15y:0

-5y?+30y=0® -5y(y-6)=0® y=0or y=6® x=-2 Xx=7
Solutions: (-2, 0), (7, 6)
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Chapter 12 Systems of Equations and Inequalities

29.

30.

31.

32.

Multiply each side of the second equation by 4 and add the equations to eliminate y:
I -4y =-7 H® X-4y°=-7
13x2+ y? =31 94® 12x% +4y* =124
13x? =117
x?=9
X=x3
If x =3: 33°+y*=31® y'=4 ® y=#2
fx=-3 3(-3°+y"=31® y'=4® y=4=2
Solutions: (3, 2), (3, -2), (-3, 2), (-3, -2)

Multiply each side of the second equation by —2 and add the equations to eliminate y:
f3x?-2y?=-5 34® 3x%- 2y’=-5

|

§2x2- y2=—2 VBi® -4x2+2y*= 4

- x° =-1

X*= 1® x=4#
lfx =1 207 -y*=-2® Yy =4 ® y==2
fx=-1 2(-1)°-y'=-2® yY=4® y=+2
Solutions: (1, 2), (1, -2), (-1, 2), (-1, —2)

Multiply each side of the first equation by 5 and each side of the second equation by 3 to
(::-Iiminatey:
17x?- 3y’ =-5 $a® 35x%- 15y°=-25

|
§3x2+5y2 =12 ® 9x®+15y°= 36

44x? = 11
XZ: 1‘@ X:i}
4 2
_ 1 aelo _ 45 _9 _.3
Ifx =5 3550 +5y° =12 ® 5y’ =7 ® y2_Z® y=+5
— 1 10 2_45 2_9 _ 3
Ifx--i. 3e'§ra +5y? =12 ® 5y*= ® vy =12 ® y_ii

a 30a 30331 30331 30

Solutions: 85 2;382 2:33 2 2:3;8 2 2¢

Multiply each side of the first equation by —2 and add the equations to eliminate x:
1 X*-3y =-1 %¥® -2X° +6y = 2
12X - Ty =-5 Yi® 2x7- Ty =-
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Section 12.7  Systems of Nonlinear Equations

Ify =3 x2-3(‘/§)2:-1® X2 =8 ® x=+2J2
fy=-v3 x*-3-J3)=-10 x=80 x=22
Solutions: (242, J3), (22, - VB), (- 242, ¥B).(- 242, - V3)
33. Multiply each side of the second equation by 2 and add to eliminate xy:

| X2 +2xy=10 ¥® X2 +2xy=10
13- xy= 2 WBA® 6x°- 2xy= 4

7x° =14
x*=2
X =+42
If x = J2: 3(J§)Z-J§xy:2 ® -2xy=-4® y:i® y =22

2
If x = - J2: 3(-J§)2-(-J§)y:2® Lxy=-4® y:_—4® y=-2J2

2
Solutions: (ﬁ Zﬁ), ( J2, - ZJE)

34. Multiply each side of the second equation by —5 and add to eliminate xy:
15xy+13y* =-36 ¥%¥® Sxy+ 13y°* =-36
DXyt 7y’ = 6 %O -5xy- 35y° =-30
- 22y* = - 66
y’= 3
y=+43
ify=v&  x(B)+7(«B) =6 ® JBxx=-15® x=2 ® x=-5/

fy=-y& x(-J3)+7(-B)'=6 ® - SBxx=-15 ® x:% ® x=5J3
Solutions: ( 543, J§) (5J§, - J§)

35. Multiply each side of the first equation by 2 and add the equations to eliminate y:
fox?+ Y= 2 @ 4x*+2y°= 4
|
f x*-2y¥=-8 #® xX-2y*’=-8
5x° =-4
4

X2=-=

No solution. The system isinconsistent.
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Chapter 12 Systems of Equations and Inequalities

36.

37.

38.

Multiply each side of the first equation by 2 and add the equations to eliminate x:
P-x2+ y2=-4 @ -2x*+2y¥=-8

|

F2X2+3y°= 6 B® 2x*°+3y’= 6

By*=-2
2

2_——
y'=°5

No solution. The system isinconsistent.

Multiply each side of the second equation by 2 and add the equations to eliminate y:
I X2+2y =16 ¥® X +2y° =16
14x2- v =24 ¥%® 8x*- 2y* =48

9x° =64

> _ 64 _ .8
X =3 ® x—ig

8. 8y L2 _80 » _ 40 _ . 2J10
|fX—§. ééﬂ +2y =16 ® 2y2_3® y—§® y=% 3

_ 8 @85, ., _ , 80 , _ 40 _ . 2J10
If x = § & §ﬂ +2y° =16 ® 2y _§® \ —E® y=% 3

—— 2J106 -2J1006 g8 8 241006 & 8 - 24106
Solutions: g?\i;’ G dg’ 3 dgg,ngg,Tz

Multiply each side of the first equation by 2 and add the equations to eliminate y:
14X +3y*= 4 ¥® B8x*+6y’= 8

|

f2x%- 6y°=-3 ¥ ® 2x*- 6y*=-3

10x? =5
)(2:1@ x:ié
, 2 2
Ifx=g: 4%2 +3y°=4 ® 3y*=2 ® y2=%® y=i§

2. ﬁ@z 2 _ 2 _ 2 _ 2 _ .6
|fX—-T. 4§7ﬂ+3y—4® 3y —2®y—:-3® y—i?

e B2 JEOERZ  J60 @ J2 Joo @ Y2 W60
Solutions: g’Tg’g" ?dgT,ngT,_ g
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39.

40.

4]1.

Section 12.7  Systems of Nonlinear Equations

Multiply each side of the second equation by 2 and add the equationsto eliminate y:

15 2 5 2
2. L2=-3%e 2-X=-3
:‘Xz y’ x?y?
}%+i2: 7 M® %+%:14
Xy X"y
11
- =11
X2
11=11x’® x*°=1® x=+
_a 3 1._ 1_ >_1 _ .1
Ifx=1 —t+==7T® Z=4® y == y=+
% y? 4 2
_ a 3 1 _ 1._ > _1 1
Ifx=-1 + =7 ® =4 ® == ® =+
Y Y A S A

sotuions & 25,81 - 73 &1 25 §1 - 25

Multiply each side of the first equation by —3 and add the equations to eliminate x:

i2 3 wepe 6,9
- ==-1%{®@ —+—== 3
:[X2 y? 4 FARRVE
I8 Lo me 2-L-0
Xy L
2
==1
y
2=y*® y=Hf2
Ify = J2: %-iz:-l® 3:% ® x2=4® x==+2

2 3 2
fy=-J22. S-—0=-1® 5=50® x*=4® x=12
X ﬁ) X 2

Solutions: ( ) (2 Ji) ( ) ( Ji)

M ultiply each side of the first equation by —2 and add the equations to eliminate x:

—+==6 WO —-==-12
:1X4 v’ 4 RV
}%-3:19 Yu® 3434: 19
IR Xy
# _7
y

-14=7y'® y*=-2
There are no real solutions. The system isinconsistent.
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Chapter 12 Systems of Equations and Inequalities

42. Add the equationsto eliminatey:
1 1

|—-——1
Py
T 1 1 _
| 5 t==4
TX_y
2 5@ 225¢' ® x'=2 ® x=42
X 5 5
2 1 1 1 _3 2 2
If x=4= +—=4@® —==@® V'=Z @® = +4Z
4_ epd vy y 2 73 VTR
&s;
|fX:-4§: 1 +i:4® _1:§® y4:_2® y:+4g
5 2 3 3

& &> Oece ¢
BT EEREEE
Solutions: 5'V 35 5 3@@ 5 3¢

43. Factor thefirst equallon solve for x, substitute into the second equation and solve:

1x-3xy+2y =0® (X-2y)(x-y)=0® x=2yo0r x=y

T X’ +xy=6

Substitute x = 2y and solve: Substitute x = y and solve:
X2+ xy =6 X°+Xxy=6
(2y)° +(2y)y=6 yZ+yxy=6

4y? +2y*=6® 6y’ =6 Y +y’=6® 2y°=6

Y =1® y=+1 Y =3® y=+/3
Ify=1 X=2X=2 fy="3  x=43
|fy:-1 X:2(-1):-2 |fy:-‘/§; x:_ﬁ

Solutions: (2,3, (-2,- 3, (3, ¥B). (- V3. - V3)

44. Factor thefirst equation, solve for X, substitute into the second equation and solve:

}xz-xy-2y2= 0® (X-2y)(x+y)=0® x=2yor Xx=-y

| Xy+ X=-6
Substitute x = 2y and solve: Substitute x = - y and solve:
Xy +x=-6 Xy x=-6
(2y)y+2y=-6 AN
-y - y+6=0
2y° +2y+6=0 Cy-3(y- 2 =0
2(y*+y+6) =0 S y=-3ory=2
y:-li‘/12-4(1)(6) Ify=-3 x=3
4] fy=2: x=-2

No real solution
Solutions: 3 3, (—=22)
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45,

46.

47.

48.

Section 12.7  Systems of Nonlinear Equations

M ultiply each side of the second equation by —y and add the equations to eliminate y:
LY +y+xX - x-2=0 %@ y' +y+x -x-2=0

I X-2

i y+1+T:O YH® -y*-y - x+2=0
|

x*-2x =0® x(x-2)=0
x=0or x=2
Ifx=0Q V+y+0-0-2=0® Yy +y-2=0® (y+2)(y-1)=0
® y=-2o0ry=1
If x =2 YV+y+22-2-2=0® y'+y=0® yy+1)=0
® y=0ory=-1
Solutions: (0, -2), (0, 1), (2, 0), (2, 1)

Multiply each side of the second equation by - x* and add the equations to eliminate x:
I 2x®+y?+3y- 4=0 %¥%® x°-2x°+y*+3y=4

% y?-y .
Jf X-2+7:O ¥Ya® - X +2%%- y2+ y=0

4y=4® y=1
fy=1 X-2X+1°+34-4=0® x’-2x°=0® x°(x-2)=0
® x=0 orx=2 (Notex! 0 -divisionhy zerg
Solutions: (2, 1)

Rewrite each equation in exponential form:
I log,y=3® y=x
%Iogx(4y) =5® 4y=x
Substitute the first equation into the second and solve:
4x3=x°

x*- 4x°=0® x3}(x*- 4=0® x>’=0or X’=4® x=0 or x=#
The base of alogarithm must be positive, thus x* Oand x ! - 2.

If x =2 y=2"=8
Solution: (2, 8)

Rewrite each equation in exponential form:

1log,(2y) =3 ® 2y=x’

%Iogx(4y) =2 ® 4y=X

Substitute the first equation into the second and solve:

1 1
2x3=x*® 2x*- x> =0® x*(2x- 1)=0® x*=0 or X=3 ® X=3 orx=0
The base of alogarithm must be positive, thus x* 0.

gl 1 1 2 10

1 D _ - P
|fX_§_ 4y_8§5_4 ® Y—16 Solution: 85’161'2
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Chapter 12 Systems of Equations and Inequalities

49.

50.

Rewrite each equation in exponential form:
!’ Inx=4lry ® x=¢e""" =V =y*
flog,x=2+2log,y ® x =329 = 3x3°9 = 3,39 =9y

So we have the system
T x=9y?

Therefore we have
9y2 - y4
gy?- y* =0
y'(9-y*) =0
y*(3+y)3-y)=0
y=0ory=-3ory=3
Since Inyis undefined when y £ 0, the only solutionis y = 3.
Ify=3 x=y'® x=3'=81
Solution: (8, 3)

Rewrite each equation in exponential form:
!’ Inx=5lny ® x=e" =" =y°
T|092X =3+ 2|092y ® Xx= 23+2Iogzy — 23 ><22Iogy — 23 >Q|092Y2 — 8y2

5

Tx=y
So we have the system|,
1 x=8y

2

Therefore we have
8y2 :y5
8y’ - y°=0
y*(8-y’) =0
y=0 or 8 y’=0® 8=y*® 2=y
Since Inyis undefined when y £ 0, the only solution is y = 2.
lfy=2: x=y°® x=2°=32
Solution: (32,2)
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51. Solvethefirst equation for x, substitute into the second equation and solve:
1 X+2y=0® x=-2y
Hx-12+(y-1° =5
(- 2y- 1P +(y- 1)°=5 Iy
Ay* +4y+1+y -2y +1=5 41

5 +2y- 3=0 \(r\
(5y- 3)(y+1):O — I +— —
3 -4 -z N 2/ 4
yzg =0.6 ory=-1 _E_K

=-1.2 orx=2 '4:
6).(2,-

6
X==- =
5

The points of intersection are ( 1.2,0

52. Solvethefirst equation for X, substitute into the second equation and solve:
1 X+2y=-6 ® X=-2y-6
T(x+1)°+(y+1’= 5
(-2y- 6+17 +(y+1)? =5 Iy
4y’ + 20y+ 25+y*> +2y+1=5 4
5y? +22y+21=0 21
(5y+7)(y+3)=0

16

X=- or x=0

ol

The points of intersection are (- £, - ), (0, - 3).

53. Complete the square on the second equation, substitute into the first equation and solve:
1(x- 1)2+(y+2)2‘4
% YV +4y- x+1=0 ® Yy +4y+4=x-1+4® (y+2)°=x+3
(x- 1P +x+3=4 y
X*- 2x+1+x+3=4 '
x-x=0
X(x-1)=0
x=0 orx=1
fx=0Q (y+2)2=0+3® y+2=+{3

® y=-2+y3
Ifx=1 (y+2?=14+3® y+2=4#2
® y=-2%2

The points of intersection are:

(0.-2- ¥3),(0,-2+4/3), ¢ -4 @ 0).
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54. Completethe square on the second equation, substitute into the first equation and solve:

55.

l(X+2) +(y-1)° =4
1 Y -2y-x-5=0® Yy -2y+1=x+5+1® (y-1)°=x+6
(x+2)2+x+6=4 |

XC+4X+4+Xx+6=4 4

x2+5x+6=0 Z
x+2)(x+3=0 L

X=-2 orx=-3 TR

fx=-2:(y-1)°=-2+6 ® y-1=%2 T

® y=-lory=3
fx=-3 (y-1°=-3+6 ® y-1=+{3
® y=1+3
The points of intersection are:

(-31- ¥3).(-3.1+¥3). (- 2, - D (- 2.9).

Solve thefirst equatlon for x, substltute into the second equation and solve:

! y——3® X - 3‘§® x—)—/+3
|
Px2-6x+y*+1=0
ag+30 6430424120
ey ey o
0,2 0. 2154y 1z __
$+y 8=0 =
16+y*- 8y° =0
y'- 8y +16=0
(Y- 47°=0
V¥ -4=0
y =4
y=+2
_ " _4 5
lfy=2 x=5+3=5
Ify=-2 x—i2+3 1

The points of intersection are: (1, -2), (5, 2).

1270



Section 12.7  Systems of Nonlinear Equations

56. Substitute the first equation into the second equation and solve:

i _ 4

i y=x+2

X +4x+y*-4=0

2 xe 4 ('jz A=
XXt T 470
2

24

2 —
+ -4 =-x
X“+4x- 4 vt

(x+2)°(X* +4x- 4) =-16
(x* + 4x+4)(x* + 4x- 4) =- 16
x*+8x>+16x" - 16 =- 16
x*+8x3+16x2 =0
xz(x2 +8x+16) =0

x*(x+4)?=0
X=0 orx=-4
y=2 y=-2

The points of intersection are: (0, 2), (-4, -2).

57. Graph: y,=xU(28); y,=eU(-x)
Use INTERSECT to solve:
3.1

4.7 \n,__ 4.7

Inksrssckion

|H=.'153!ll:l?5? Y= BlaZ7017
-31 Solution: (0.48, 0.62)

58. Graph: y, =xU(3/2); y,=eU(-x)
Use INTERSECT to solve:
3.1

47 >L 47

Inkeksgckion
IH:.EHBBHH:I.E V= ErzEHIEY

31 Solution: (0.65, 0.52)
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59. Graph: y, =J(2- X°); vy, =4/x°
Use INTERSECT to solve:
3.1

4.7 'I(FFFH\IK 4.7
AR
Inkerseckion

i=-1 647705 |V=-HB3417

3.1 Solution: (-1.65, —0.89)

60. Graph: y, =v2- X°; v, =-v2- X°; y, =4/%°
Use INTERSECT to solve:
3.1

NIBAAR

Inkerseckion

IH:':I..BEBHHH Y= 1ZR0ENE
—31 Solution: (-1.37, 2.14)

61. Graph: yl =\ (12' X4); yz =- 44(12' X4); y3 = m; y4 =- m
Use INTERSECT to solve:
3.1

—

H‘M__T’_‘:'(_
-3.1

Solutions: (0.58, 1.86), (1.81, 1.05), (1.81, —1.05), (0.58, —1.86)

/

62. Graph: y, =y(6- x*); vy, =-y(6-x"); y,=1/x
Use INTERSECT to solve:
2

ey
|

)
Solutions:; (0.64, 1.55), (1.55, 0.64), (-0.64, —1.55), (—1.55, —0.64)

21
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63.

64.

65.

66.

67.

Section 12.7  Systems of Nonlinear Equations

Graph: y, =2/x; vy, =Inx
Use INTERSECT to solve:
3.1

4.7 §< 4.7

-

Inkersgckion

IH=E.3'-|5.'-'5EIH Y= HEZROLE
=31 Solution: (2.35, 0.85)

Graph: 'y, =J4- X Y, = J4- y, =Inx
Use INTERSECT to solve:
3.1

4.7 /—_}!’_ 4.7
[/

=31 Solution: (1.90, 0.64), (0.14, —2.00)

Let xandy be the two numbers. The system of equationsis:

I X-y=2

12 +y? =10

Solve thefirst equation for x, substitute into the second equation and solve:

(y+2)° +y*=10® y* +4y+4+y* =10
2y’ +4y-6=0® Y +2y-3=0® (y+3)(y-1)=0® y=-3 or y=1
Ify=-3 X=-3+2=-1
Ify=21 x=1+2=3
The two numbersare 1 and 3 or —1 and 3.

Let xandy bethe two numbers. The system of equationsis:
X+ y= 7
I-y=21
Solve the first equation for X, substitute into the second equation and solve:
(7- y)?-y?=21® 49-14y+y?- y?=21
-14y =-28® y=2® x=7-2=5
The two numbers are 2 and 5.

Let xandy be the two numbers. The system of equationsis:

1 xXy=4
%x2+y2:8

Solve the first equation for x, substitute into the second equation and solve:
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c?
?i +y?=8® 2 +y?=8® 16+ y' =8y’
Y& y’
y*-8y?+16=0® (y*- 49?=0@® y?>- 4=0 ® y*=4 ® y=%2
Ify=2: x:%:z

Ify=-2 X = iz =-2
The two numbers are 2 and 2 or —2 and —2.
68. Let xandy bethe two numbers. The system of equationsis:
I xy=10
-y =21
Solve the first equation for x, substitute into the second equation and solve:

&
;Si -y?=21® 100, y?=21

2 %
100- y* =21y*® y* +21y*- 100=0® (y*- 4)(y’ +25)=0
y2=4 ® y=%2
or y®=-25which isimpossible
Ify=2 x:%—):S
lfy=-2 :_1—%:-5

The two numbersare 2 and 5 or =2 and 5.

69. Let xandy bethetwo numbers. The system of equationsis:

Solve the first equation for x, substitute into the second equation and solve:
X-xy=y® x1- y)=y® lei

y Oy y oy
2 Y 5@ 2- y=5y® 6y=2® y=~
y 3
1 P 5.1
Ifv==x: = e =2 =
Y=3 I-1°3772
1 dl
The two numbersare 5 &9 3,
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70. Let xandy be the two numbers. The system of equationsis:
I Xty=Xy

Xy
Solve the first equation for X, substitute into the second equation and solve:

y 1 1
- X=y® X(y-1)=y® x= ® - — =3
Xy- x=y® x(y-1)=y v 1 Ey 8y
gy-l@
Y1l 3o Y 2.3py-2=3y®2y=-20 y=-1
y |y y
_a _ -1 _-1_1
fy=-1  X=g7%3%3
L d-1
The two numbersare 5 a9 -
i oa_2
7. i b 3
ta+b=10
Solve the second equation for a, substitute into the first equation and solve:
1C)T-b:§® 30 - b)=2b® 30- 3b=2b® 30=5b
b=6® a=4
a+b=10; b- a=2
Theratioof a+ btob- ai3170:5.
1oa_4
72. i b3
ja+b=14
Solve the second equation for a, substitute into the first equation and solve:
MT_b:%® 34 - b)=4b® 42- 3b=4b® 42=7b

b=6® a=8
a-b=2 a+b=14
2

Theratio of a- btoa+b |s14

Nl
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73.

74.

75.

76.

Let x = thewidth of the rectangle.
Let y =the length of the rectangle.

12X +2y =16
1 xy=15
Solve the first equation for y, substitute into the second equation and solve:
2x+2y=16 X(8- x) =15
2y=16- 2Xx 8x - x2=15
y=8-x

x?- 8x+15=0® (x- 5)(x- 3)=0
Xx=5o0r x=3
y=3 y=5
The dimensions of the rectangle are 3 inches by 5 inches.

Let 2x = the side of thefirst square.
Let 3x = the side of the second square.

(2x)*+ (3X)° =52® 4x* +9x°=52® 13X =52® x° =4® x=2
The sides of thefirst square are 4 feet and the sides of the second square are 6 feet.

Let x =theradius of thefirst circle.
Let y =theradius of the second circle.
12pX+2py =12p
1 px*+ py’ = 20p
Solve the first equation for y, substitute into the second equation and solve:
pXx*+py* =20p
X* +y* =20

x> +(6- x)>=20

x*+36- 12x+ x> =20
2x% - 12x+16=0

2px+2py=12p
X+y=6
y=6- X

X?- 6x+8=0
(x-4)(x-2=0
X=4 or x=2
y=2 y=4

The radii of the circles are 2 centimeters and 4 centimeters.

Let x =thelength of each of the two equal sides in the isosceles triangle.

Let y =the length of the base.

The perimeter of thetriangle: x+x+y =18

Since the altitude to the base y is 3, the Pythagorean theorem will produce another
2

g%/g + P = 2

Solve the system of equations:

equation:
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i2x+y=18 ® y=18- 2x
iy?
1T +9=x°
Solve thefirst equation for y, substitute into the second equation and solve:
(18- 2x)2
4

324 - 72x+4x?
i

81- 18x +x* +9=x°
-18x=-90 ® x=5
y=18-2(5)=8
The base of the triangle is 8 centimeters.

+9=x°

+9=x2

77. Thetortoisetakes 9 + 3 = 12 minutesor ¢ 5 hour longer to complete the race than the hare.
Let r =therate of the hare.
Let t =the time for the hare to complete the race.
Then ¢ .o =thetime for the tortoise.
r - 0.5 =theratefor the tortoise.
Since the length of the race is 21 meters, the distance equations are:
i rt=21
%(r - 05)(t+0.2)=21
Solve thefirst equation for r, substitute into the second equation and solve:

6
G- 05:41+02)=210 21+4T2-05t 01=21

10t >%21+£ - 05t- 0. 1— 10t x(21)

210t+42- 5t2- t =210t ® 5t2+t- 42=0® (5t - 14)(t+3 =0
_14

s =2.8 ort=-3
t = - 3 makes no sense, since time cannot be negative.
Solveforr:
r=— 21 =75
2.8

The average speed of the hareis 7.5 meters per hour, and the average speed for the tortoise
is 7 meters per hour.
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78.

79.

80.

Let v, V,, v, = the speedsof runners 1, 2, 3.
Lett,t,, t, = thetimesof runners 1, 2, 3.
Then by the conditions of the problem, we have the following system:

15280 = v, t,
15270 = v, t;
5260 = v, t,
15280 = v, t,
Distance between the second runner and the third runner after t, secondsis:
5280 - v,t, = 5280 - Vstliz_:ig: 5280 - 52603%%8: 10.02

The second place runner beats the third place runner by 10.02 feet.

Let x = the width of the cardboard.
Let y =thelength of the cardboard.
The width of the box will be x- 4, the length of the box will be y- 4, and the height is 2.
Thevolumeis V = (x- 4)(y- 4)(2).
Solve the system of equations:
1 Xy =216
12(x - 4)(y- 4) =224
Solve thefirst equation for y, substitute into the second equation and solve:

2x- 8)3%- 48 = 224

432 - 8x- 17%+32 = 224
432x - 8X* - 1728+ 32x = 224X
- 8% +240x - 1728=0
x*- 30x+216=0
(x-12)(x-18)=0
Xx=12 or x=18
y =18 y=12
The cardboard should be 12 centimeters by 18 centimeters.

Let x = the width of the cardboard.
Let y = thelength of the cardboard.

The area of the cardboard is: xy = 216

The volume of thetubeis: V = pr°h=224 whereh =yand2pr = xorr = %p

Solve the system of equations:

lxy=216 ® y:2—)1(6

| .2
iPrgy=224 @ =22

Solve thefirst equation for y, substitute into the second equation and solve:
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82.

Section 12.7  Systems of Nonlinear Equations

22160
X C—+
X 9

4p

=224

216x = 896p ® x= 2P ,13.03® y=-220 16,58
216 13.03

The cardboard should be 13.03 centimeters by 16.58 centimeters.

Find equations relating area and perimeter:
i X +y® = 4500
%3x+3y+(x- y) = 300
Solve the second equation for y, substitute into the first equation and solve:
4x +2y = 300 x* +(150- 2x)? = 4500
2y =300- 4x X? +22500 - 600x + 4x* = 4500
y =150- 2x 5x° - 600x +18000 = 0
x* - 120x+3600 =0
(x- 60 =0
x-60=0
X =60
y =150 - 2(60) = 30
The sides of the squares are 30 feet and 60 feet.

Let x =the length of aside of the square.

Let r =theradius of thecircle.

The areaof the squareis x° and the area of thecircleis pr?.

The perimeter of the squareis 4x and the circumference of the circleis 2pr.
Find equations relating area and perimeter:

1 x°+pr? =100

%4x +2pr =60

Solve the second equation for X, substitute into the first equation and solve:
4x +2pr =60 (15- 3pr)* + pr* =100

4x=60- 2pr  225- 15pr+3p’r’ + pr? =100
x=15- zpr (" +p)r" - 15pr +125=0
b?- 4ac =(- 15p)* - 4(3p” + p)(125) = 225p® - 500(}p” + p)
=100p® - 500p <0

Since the discriminant is less than zero, it isimpossible to cut the wire into two pieces
which have atotal are of 100 sguare feet.
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83. Solvethe system for | and w:
j2l+2w =P

i lw=A

Solve thefirst equation for |, substitute into the second equation and solve:

2l =P-2w ® Izg-w

aP _ O =
€2 g = A
P 2 _
EW'W =A
P
2 _
W-§W+A—O
p_ [P? P, [P?-16A P _ JP?2-16A
WZEi T-4A=Ei ) :Zi >
2 2
W_PiJP2-16A
7
_P+yP?-16A P P+ P2 16A _ P- - 16A
If w= 7 thenl—§-
If W_P \/P2 16Ath _E_ P- JPz 16A P+‘/P2 16A

If it isrequired that Iength be greater than width, then the solution |s.

woP-P?-16A P+ JP?-16A
- - -

7

84. Solvethe system for | and b:
‘| P=b+2 ® b=P-2
b2
2 2
n 'h? + T =1
Solve the first equation for b, substitute into the second equation and solve:

4h?+b%2=417® 4h?*+(P- 21)%= 412
4h*+ P%- 4Pl + 417 = 41> ® 4h*+ P*= 4P|
4h?+ P2 4h?+ P?

| =————® b=P-
4P 2P

85. Solve the equation:

m - 42m- 4)=0® m’- 8m+16=0® (m- 4)°=0® m- 4=0® m=4
Use the point-slope equation with slope 4 and the point (2, 4) to obtain the equation of the
tangent line:

y-4=4(x-2)® y- 4=4x-8® y=4x- 4
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86. Solve the system:

87.

lx +y* =10
| y=mx+Db
Solve the system by substitution:
X2+ (Mx+b)?2 =10® x*+ m?x? +2bmx + b*-10=0
(1+m?)x*+ 2bmx +b” - 10=0
Note that the tangent line passes through (1, 3). Find the relation between m and b:
3=m(1)+b
b=3-m
There is one solution to the quadratic if the discriminant is zero.
(2bm)? - 4(n? +1)(b* - 10)=0
4b’m?® - 4b*m’ +40m” - 4b° +40=0
40m? - 4b*+40=0

Substitute for b and solve:
40n7 - 43- m)* +40=0

40m? - 4’ +24m- 36+40=0® 36m°+24m+ 4=0

On? +6m+1=0® (3m+1f =0® m:-é
®16_10
P=3-¢353
110

The equation of the tangent lineis ¥ = " 3% 3.

Solve the system:
jy=x+2
%y=mx+b
Solve the system by substitution:
X*+2=mx+b
X*- mx+2-b=0
Note that the tangent line passes through (1, 3). Find the relation between m and b:
3=m(1)+b
b=3-m
Substitute into the quadratic to eliminate b:
X*- mx+2- (3-m)=0
x*- mx+(m-1)=0
Find when the discriminant is O:
(-m)?- 41 m-1)=0® m?*- 4m+4=0® (m-2)2=0
m-2=0® m=2 ® b=3-2=1
The equation of the tangent lineis y = 2x +1.
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88. Solve the system:
ix*+y=5
% y=nmx+b
Solve the system by substitution:
X*+mx+b=5
x*+mx+b-5=0
Note that the tangent line passes through (-2, 1). Find the relation between m and b:
1=m(- 2)+b
b=2m+1
Substitute into the quadratic to eliminate b:

x°+ mMx+2m+1-5=0® x°+mx+ (2m- 4) =0

Find when the discriminant is O:
(M?- 4D@2m-4)=0® n?- 8m+16=0® (M- 4)*=0
m- 4=00 m=4 ® b=2(4)+1=9
The equation of the tangent lineis y = 4x+9.

89. Solve the system:
12x° +3y° =14
% y=mx+Db
Solve the system by substitution:
2x% +3(mx + b)* =14
2x% +3m°x* + 6mbx + 30° =14
(8m* +2)x* + 6mbx +3b*- 14 =0
Note that the tangent line passes through (1, 2). Find the relation between m and b:
2=m(1)+b
b=2-m
Substitute into the quadratic to eliminate b:
(3mF +2)x* +6m(2- m)x +3(2- m)®-14=0
(Bm’ +2)X° +(12m- 6m’)x +12- 12m+3m°- 14=0
(Bn? +2)x* + (12m- 6n?)x + (3m? - 12m- 2) =0
Find when the discriminant is O:
(12m- 6m°)* - 4(3m° +2)(3° - 12m- 2) =0
144 - 144m° +36m’ - 4(9n* - 36m*- 24m- 4) =0
1447 - 144m® + 36m* - 36m* + 144m* +96m+16 =0
1447 +96m+16 = 0
9m* +6m+1=0
(Bm+1P =0
3m+1=0

The equation of thetangent lineis 'y = - %x +%.
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90. Solvethe system:
13 +y* =7
% y=mx+b
Solve the system by substitution:
3 +(mx+b)’ =7
3 +m’x* +2mbx+b* =7
(M*+3)x*+2mbx+b*- 7=0
Note that the tangent line passes through (-1, 2).

Find the relation between m and b:
2=m(-1)+b
b=m+2
Thereis one solution to the quadratic if the discriminant is zero.
(2bm)* - 4(n? +3)(b* - 7) =0
4b’m? - 4b’m’ +28m° - 12b° +84 =0
287 - 12b* +84 =0
7’ - 3b*+21=0
Substitute for b and solve:
7 - 3(m+2)>+21=0® 7m*- 3n¥ -12m- 12+21=0

Anf - 12m+9=0® (2m- 3°=0® mz-i

b:§
2

The equation of the tangent lineis y

+2=

TR

3
rR

[)S] BN

91. Solvethe system:
i X2 - yz -3
% y=mx+b
Solve the system by substitution:
x?- (Mx+b)*>=3® x°- M’ X’ - 2mbx- b°=3® (L- n¥)x’- 2mbx- b*- 3=0
Note that the tangent line passes through (2, 1). Find the relation between m and b:
1=m(2)+b
b=1-2m
Substitute into the quadratic to eliminate b:
(1- m)x® - 2m(1- 2m)x - (1- 2m)*- 3=0
(1- M)X° + (- 2m+ 4m*)x- 1+4m- 4m*- 3=0
(1- M)X® + (- 2m+4n?)x + (- 4m* +4m- 4)=0
Find when the discriminant is O:
(-2m+4m?)? - 4(1- m?)(- 4m*+ 4m- 4) =0
Am?- 16m°+16m'- 4(4m' - 4m>+4m- 4) =0
4m?- 16m*+16nt - 16m* +16m°3- 16m+16=0
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92.

93.

4m®- 16m+16=0® n’- 4m+4=0

(M- 2?=0® m-2=0® m=2® b=1-2(2)=-3
The equation of the tangent lineis y = 2x- 3.

Solve the system:
12y*- x* =14
% y=mx+b
Solve the system by substitution:
2(Mmx+b)?- x2=14® 2n? x>+ 4mbx +2b? - x*=14
(2m?*- )% +4mbx + 2b”- 14 =0

Note that the tangent line passes through (2, 3). Find the relation between m and b:

3=m(2)+b
b=3-2m
There is one solution to the quadratic if the discriminant is zero.
(4bm)® - 4(2m?*- 1) 2b’- 14) =0

16b°m?- 16b’m® +112m* + 8b”*- 56 =0® 112n7 +8b” - 56 =0® 14m*+b*- 7=0

Substitute for b and solve:
14n? +(3- 2m)?- 7=0

14m? + 4m’- 12m+9- 7=0® 18n"- 12m+2=0® 9m*- 6m+1=0

1 g0 7
3m-1)2=0® m==® b= 3- 2c=+=+
(3m-19 m %% 3
The equation of the tangent lineis y = $x + 3.
Solvefor r,andr,:
; _ b
’I[r1+r2— 3
- C
f onr=<
Substitute and solve:
r:-r-9®&r-29r :E
1T R € 3p A
b c
-1} - L 5:0® ar,’+br+c=0
! _-bt vJb?- 4ac
2 2a
o b_ Ebx b’ dac? 2_-bFb?- dac
%7 a & 2a 5 2a 2a
- b+ b? - dac -b- Jb?- dac
. and
The solutions are: 2a 2a :
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94. Consider the circle with equation (x - h)® +(y - k)*=r? and the third degree polynomial

95.

with equation y =ax®+ bx’ +cx +d.

Substituting the first equation into the first equation yields

(x- h)*+(ax®+bx +cx+d- k)2 =r2.
In order to find the roots for this equation we can expand the terms on the left hand side of
the equation.

Notice that (x - h)*yields a 2™ degree polynomial, and (ax°+ bx” +cx +d - k)2 yieldsa
6™ degree polynomial.

Therefore, we need to find the roots of a 6™ degree equation, and the Fundamental Theorem
of Algebra states that there will be at most six real roots. Thus, the circle and the 3 degree
polynomial will intersect at most six times.

Now consider the circle with equation (x - h)®+(y - k)*=r? and the polynomial of
degree nwith equation y =a, + ax+a,x’ +a,x°*+..+a X'.

Substituting the first equation into the first equation yields

(x- )+ (g +ax+ax’+ ax’+.+ anx”)2 =r?.
In order to find the roots for this equation we can expand the terms on the left hand side of
the equation.

Notice that (x - h)*yields a 2™ degree polynomial, and (a, + ax + ax’+ ax* + ...+ anx”)2
yields a polynomial of degree 2n.
Therefore, we need to find the roots of an equation of degree 2n, and the Fundamental

Theorem of Algebra states that there will be at most 2n real roots. Thus, the circle and the
n™ degree polynomial will intersect at most 2n times.

Since the area of the square piece of sheet metal is 100 square feet, the sheet’s dimensions
are 10 feet by 10 feet. Let x = the length of the cut.

10 —>

10-2x

10 —— 10 -2x

The dimensions of the box are length=10- 2x; width=10- 2x height =x
Note that each of these expressions must be positive. So we must have

x>0 and 10-2x>0® x <5, thatis, 0 < x<5.
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So the volume of the box is given by
V =(length) { width) x{ height) = (10- 2x)(10- 2x)(x) =(10- 2x)*(x)
(a) In order to get avolume equal to 9 cubic feet, we solve (10- 2x)*(x) = 9.
(10- 2x)*(x) = 9® (100- 40x + 4x*)x= 9 ® 100x- 40X’ +4x* =9
So we need to solve the equation 4x®- 40x° +100x - 9 = 0.
Graphing the function y, = 4x® - 40x*+100x- 9 on acalculator yields the graph

The graph indicates that there three real zeros on the interval [0,6].

Using the ZERO feature of a graphing calculator, we find that the three roots shown
occur at x »0.09, x » 4.27 and x » 5.63.

But we' ve already noted that we must have 0 < x < &, so the only practical valuesfor
the cut are x » 0.09 feet and x » 4.27 feet.

(b) If the sheet metal has dimensions k feet by k feet, then the volume equation becomes
V = (k- 2x)(k- 2x)(x) = (k- 2x)*(x)=9
Solving for k we get the quadratic equation
xk?- 4x%k + 4x%-9=0

- -(- 4X2)iJ(- 4x2)2- 4(X)(4X3- 9) _ Ax% £ J16x* - 16X* +36X

2X 2X
_Ax? £J36x _ Ax% £6dX
2X 2X

Therefore, we get areal solution for k provided x 3 0and 4x? + &x 2 0.
4 £ &x 2 0@ 4X 3 6yx ® 16x* 3 36x

16x* - 36x 3 0® 4x(4x3- 9)3 0

Thislast inequality holds provided x 3 #g
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