Chapter 12

Systems of Equations and Inequalities

12.R Chapter Review

1. Solvethefirst equation for y, substitute into the second equation and solve:
12x- y=5 ® y=2x-5
15x+2y=8
5x+2(2x-5) =8® 5x+ 4x-10=8
Ox =18® x=2® y=2(2)-5=4-5=-1
Thesolutionis x=2, y=-1.

2.  Solvethe second equation for y, substitute into the first equation and solve:
12X+3y =2
t7x- y=3 ® y=7x-3
2x+3(7x- 3)=2® 2x+21x-9=2

5
23x=11 ® x=@ y=7§!L1+- 3= 89_8
23 236~ 23 23 23

11 8
The solutionis X = 23" ¥ = 53.

3.  Solve the second equation for X, substitute into the first equation and solve:
l 3x-4y =4

X-3 :E ® x:3y+E
2 2

—— —

®e 10 3 5 1 a0 1

Y +=~ 4y=4® Qy+=- 4y=4® 5y==-® y==® x=J=+==2

Y YT =3OV 0 X% S
Thesolutionis X =< Y =5

4. Solvethefirst equation for y, substitute into the second equation and solve:
.}2x+ y= 0 ® y=-2x

! _ 13
%5x- 4y—-3
13 13 13 1 210
5X- 4(- 2X)=-—® 5Xx+8X=-—@® 13x=-— ® x=-=® y=-28- =1
2 2 2 2 20

The solutionis X = "5 ¥ =1,
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Chapter 12 Systems of Equations and Inequalities

5.

Solve the first equation for x, substitute into the second equation and solve:
] X-2y-4=0 ® x=2y+4
f3x+2y- 4=0
3(2y +4) +2y- 4=0® 6y+12+2y- 4=0
8y=-8® y=-1® x=2(-1)+4=2
Thesolutionis x=2, y=-1.

Solve the first equation for x, substitute into the second equation and solve:
] Xx-3y+5=0 ® x=3y-5
tox+3y-5=0
2(3y-5)+3y- 5=0® 6y-10+ 3y- 5=0

5 350
9y=15 ® y==® Xx=3¢-+ 5=0
g R

The solutionis X =% Y = 3.

Substitute the first equation into the second equation and solve:

jy=2x-5
{x:3y+4
x=3(2x-5)+4® x=6x-15+4
11 2210 3
-5x=-11® x==® y = + b=-=
50 %55 77 s
11 3

The solutionis * =75 Y = °E.

Substitute the first equation into the second equation and solve:

I X=5y+2
fy:5x+2
y=505y+2)+2® y=25y+10+2
1 e 10 5 1
-24y=12 ® y=-=® X=5¢ =++2=-=+2=-=
Y Y 2 5&2!2! 2 2
1 1

The solutionis X~ "5 ¥~ 5,

Multiply each side of the first equation by 5 and each side of the second equation by 30 and
add to eliminate y:

! Xx- y+4=0 ¥4® 5x-5y+20=0
15x+5y+ 12=0

i

i

'|'-1x+}y+2=0 YH®
12 67 5

20x +32=0
8 12
20x:-32®x:-§ Substitute and solve for y: 'E'y+4_0 ® y=%

8 12
The solution of the systemis * = "5 Y~ %
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10. Solvethe second equation for y, substitute into the first equation and solve:

I 1
+ =V =
IJ. X ) y=2

y—

ly+4x+2=0 ® y=-4x-2
1

X+=(-4x- 2)=2
4( )

X- X- -1=2® O:§
2 2

There is no solution to the system. The system of equations is inconsistent.

11. Rewrite each equation and add to eliminatey:
1 x-2y- 8=0 ¥%H® x-2y=8
12x+2y-10=0 W@ 2x+2y=10

3x =18

X=6

Substitute and solve for y:
6-2y=8® -2y=2® y=-1
The solution of the systemis x =6, y =-1.

12. Rewri\te each equation and add to eliminate y:
|
I x-3y+;:0 F® x-3y:-7

o Nl

[
' X+3y =

t

N =

X+3y-5=0 ¥#%®

NI

NITw
>
1]
~ NIlw

Substitute and solve for y:
1 3
=) +3y=5 ® 3y== ® y==
20) y y 5 y 5

3

2.

©

The solution of the systemis X =+ ¥ =

13. Solvethefirst equation for y, substitute into the second equation and solve:

1 Y- 2x=11 ® y=2x+11
t2y- 3x=18
2(2x+11)- 3x=18
4x+22- 3x=18® x=-4® y=2(- 4) +11=3

The solutionis x=- 4, y = 3.
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14.

15.

16.

17.

Multiply each side of the second equation by 2 and add to eliminatey:
13x-4y-12=0 ¥3® 3x-4y= 12
1Bx+2y+ 6=0 ¥® 10x+4y=-12
13x = 0
x=0

Substitute and solve for y:
30)-4y=12 ® -4y=12 ® y=-3
The solutionis x=0, y=-3.

Multiply each side of the first equation by 2 and each side of the second equation by 3 and
add to eliminatey:
12x+3y-13=0 3#4® 4x+6y-26=0

13x-2y =0 %® 9x-6y =0
13x -26=0
13x =26
X=2
Substitute and solve for y:
3(2)-2y=0
-2y=-6
y=3

The solution of the systemis x =2, y = 3.

Multiply each side of the first equation by 5 and each side of the second equation by —4 and
add to eliminate x:
14X +5y =21 %%® 20x+ 25y =105
% 5x+6y =42 ¥%¥%® - 20x- 24y=-168
y=-63

Substitute and solve for x:
4x +5(- 63) =21
4x- 315=21
4x = 336
Xx=284
The solution of the systemis x = 84, y= - 63.

Multiply each side of the second equation by —3 and add to eliminate x:
13x- 2y =8 ¥%%® 3x-2y= 8
D Xx-2y=12 ¥3A® - 3x+2y=-36
=-28
The system has no solution, so the system is inconsistent.
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18.

19.

20.

Section 12.R  Chapter Review

Multiply each side of the first equation by —2 and add to eliminate x:
i 2x+ 5y=10 %%¥%® - 4x-10y=-20
14x+10y=15 ¥%%O®  4x+10y= 15
0=-5
The system has no solution, so the system is inconsistent.

Multiply each side of the first equation by —2 and add to the second equation to eliminate X;
and multiply each side of the first equation by —3 and add to the third equation to eliminate
X:
ir X+2y- z= 6 ¥%¥Y® - 2x-4y+2z=-12
i2x- y+3z=-13 ¥%¥%® 2X- y+3z=-13
{3x- 2y+3z=-16 - Sy+5z=-25 YH® y-z=5
¥34® - 3x- 6y+3z=-18
Yu® 3x- 2y+3z=-16
-8y+6z=-3#4
Multiply each side of the first result by 8 and add to the second result to eliminate y:
y- z= 5 34® 8y- 8z= 40
-8y+6z=-34 W® -8y+6z=-34

-2z= 6

z=-3

Substituting and solving for the other variables:
y-(-3)=5 X+2(2)- (-3)=6

y=2 X+4+3=6
x=-1

Thesolutionisx=-1 y=2, z=-3.

Add the first equation and the second eguation to eliminate z; and multiply each side of the
first equation by 2 and add to the third equation to eliminate z:
i[ X+5y- z=2 #H® x+5y-z=2
i2x+ y+ z=7 H® 2x+ y+z=7
f x- y+2z=11 3x+6y =9 ¥HW® - x-2y=-3
¥%® 2x+10y- 2z= 4
Y#.®  x- y+2z=11

3x+ 9y =15 ¥%¥® x+3y=5
Add the two results to eliminate x:

-X-2y=-3
Xx+3y= 5
?

Substituting and solving for the other variables:

x+3(2) =5 2(-1)+2+z2=7

X+6=5 -2+2+z2=7

Xx=-1 z=7

Thesolutionisx=-1 y=2,z=7.
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21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

610y &8 -40 &4 -4
A+C=g2 4g+al 5;=a3 9
e-l 20 5 -20 & 00

10y 6&8-41 &2 4
2 45- 8l 53=a 1 -1
120 6 -20 &6 40

610y 66 O

BA=6% 2 45=al2 24
§120 &6 120

¢ -3 Ou_é16 12 O

U
"A4B=-4% 1207 6-4 -4 8
é 10y, . 64 -3 0O
_ &4 -3 00_
AB=g2 4pS T Dh=a12 -2 -8
&1 20 &2 5 -4
) 610y .
_ & -3 oF C_é2 -120
BA=a1 1-2082%%e5 o0
&1l 20
é3 - 4 i é68 -13 8l
CB =gl 50{;.41 f_gA:Ag 2 -10
& - 20 ds -17  4¢
pe-¢ -3 oux‘fs"é” 9 - 31
a1 1-208 NTae 5

Augment the matrix with the identity and use row operationsto find the inverse:

_é&4 6u é 6|1 Oy
AZe1 30 ® @ 3o 1
61301u ¢l 3|10 1y ¢él13] 01y, é10] 5 -1
® % ol100® @0 6|1 -a® 1|1 200w 1l-i i
Interchange R =-4r, +r, =-tr, R =-3r,+r,
r,andr,
/l_ <
ar=i
&35 30

Augment the matrix with the identity and use row operations to find the inverse:

&3 2
él-20

&3 2|1 Ou

A= 61 -2lo 1

®
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¢1-210 Loy 6l -2(0 Iyg €1 -2) 0 1y él 0]-3 - 30
©®e3 2[100% @ -4[13% @0 1|-1-:30® 0 1|-1 -3
Interchange R =3,+r, R, =- %I, R=2r,+r,
r,andr,

A-1=é'2 éu
&1 - 30
31. Augment the matrix with the identity and use row operations to find the inverse:
gl 3 3y gl 3 3110 Oy
A=g 2 1; ® g 2 1|0 1 0y
él -1 20 éL-12|00 1o
e 3 3100 €& 3 31 00 €0 -3[-2 3
€ a é a é a
®® -1 -2|-1 1000 1 2|1-1 @0 1 2| 1 -1 0
® -4 -1]-10 4 & -4 -1]-1 ol &0 7|3 -4 4
R,=-rtr, R=-r1, R=-3r,+¢
Ry=-r+r, Ry=4r,+1,

¢ 0 -3|-2 3 W &4 0 0]-& £ & €s 92 3

€ ua é TooT o e’ 7
@0 1 2| 1 -100@ 10[ 3 I -20%EA'=Ed § -&

u u e L
o 1] ¢-¢t ®o0 -4 4 ¢ -4 W
R=tr R =3r;+1
R9:-2I’3+I’,
32. Augment the matrix with the identity and use row operations to find the inverse:
a1l 2y a1 2110 0Oy
A=g32 -1; ® g 2 -1|10 1 0y
él 1 lu ¢l 1 1|10 0 1u
¢l 1 1100 Iy & 1 1100 W & 1 110 0 1
®a32-11010;® H -1-4{01-3;® H 1 4|0 -1 3,
a1 2/]11003 & -2 -1110-353 & -2 -1|1 0 -3
Interchanger, andr, R, =-3r, +r, R=-r,
R =-3r +r,

é1 0 -3]0 1-20 é10-3|0 1-20 €é100] 2 % -2u
®e01 410 -1 3l;|®é01 4(1)% §a®é010-i71‘ % %a
€0 7|1-2 30 &0 1|5-5 30 & 01| 3-%2 3
I:‘]1_"’2'”1 Rs:%rs R.l:3r3+r1
R =2r,+r, R, =-4r,+r,

&3 4 -3

Atzed § i

L1 2 3 A

e7 -7 7u
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33. Augment the matrix with the identity and use row operations to find the inverse:

€4 -80 €4 -8|1 0u

A%e1 20 ® &1 2[0 w
®el 201u®e1201u®e1 2|10 -1y
€4 -8|100 e00O0Il140 & OJ|1 44
Interchange R =4r,+r, R=-r1
r,andr,

There is no inverse because there is no way to obtain the identity on the left side.

The matrix is singular.

34. Augment the matrix with the identity and use row operations to find the inverse:

&6 20 &6 210 10

o€ 1-4|-%0ug 6l -4|-§ ou
&6 2| 015 & O0f-2 1

Rlz_%rl I:‘)2265"1""‘2

There is no inverse because there is no way to obtain the identity on the left side.
The matrix issingular.

3X- 2y=1

1 , . é3 -2l
35. L10x +10y=5 can be written as: &0 10|50
3 -2|10q él 16|2u él | 20 €l 16| 20 €1 0
® ® ; ~® ® . .
e1162u -50 @ llza & 1|H
R =-3,+r, Interchange R,=-3,+r, R,=-4&r, R =-16r,+r,
r,andr,
2 1
Thesolutionis * =5 Y = 71p.
i3x+2y— 6 - | (é% 2 68
36, } « yv= ; can be written as: & -1|-1g
él -1|-4o €1 -1 él -1]-su_ é1 0|1
o5 2| &t sl fo o 1 e o ik
Interchange R =-3,+r, R,=3r, R=r,+r,
r,andr,
3

The solutionis X =+Y =35
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i5x+6y-3z= 6 éb 6 -3| 6y
37. {4x-7y-2z=-3 canbewrittenas.gd -7 - 2|-3
i3x+ y-7z= 1 e3 1 -7] 10
¢l 13 -1] 99 é1 13 -1} 9u €1 13 21 3%1]
®A-7-2]-3;® 0 -59 2[-39;® & 1 " m| =Y
83 1 -7[ 10 & -38-4|-260 & -33 -4]|- 269
Rl:'r2+r1 RZ:-4r1+r2 Rz:'s—lgrz
R=-3r+r,
€10 -8 Zu &0 -E|&u é10 0fu
®0 1 -5 H0® O 1-%(50® 0 10|53
00 2|8 ©0 1i 00 1
I:\)1=':I-3‘r2+r1 R3=-§—192r3 Rizg_grS-'-rl
R, =38r, +r1, R =&rs+r,
1
The solutionis X =% Y =327 5.
i2x+y+ z=5 & 1 115
38. {4x-y-3z=1 canbewrittenas. g -1 -3]|1;
i8x+y- z=5 e 1 -1130
& 1 11 50 €1 5 35| 3u é10 -3|
® 0 -3-5]-90® &0 1 2| 33u®H 1 2| 3y
€0 -3 -5]-150 & -3 -5]-155 & 0 O0]-6g
Rz:'zrl"'rz Rl:%rl Riz_%r2+rl
R =-4r +r, R, =-3r, R =3r,+r,
Thereis no solution; the system is inconsistent.
i X -22= 1 el 0 -2] 1y
39. [2x+3y =-3 canbewrittenasi 3 0f-3;
14x-3y-4z= 3 & -3 -4] 30
él 0 -2 1y él 0 -2 1y ¢é10 -2 Ly
®D 3 4[-5;® H 1 3|-33® H 1 3]-3
@ -3 4|-1g & -3 4|-1g &0 0 8|-6(
R2:-2l’l+l'2 R2=%I‘2 R3:3I’2+I’3
R =-4r +r,
€10 -2] u é1L 0 0]-3u
® 0 1 3[-20® & 10|-2g
@00 1]-3¢g & 0 1]-3g
R =35r, R=2r,+r,
%:-%I’3+r2
1 2_ 3
Thesolutionis X~ "5 Y= "3 27" 7.
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i Xx+2y- z= 2 gl 2 -1
40. {2x-2y+ z=-1 canbewrittenasg® -2 1
T6x+4y+3z= 5 & 4 3
él 2 -1 20 é1 2
® L -6 3[-5® 0 1- u®eOl--
@ -8 9]-7p & -8 a & 0 5]-
RZ:-ZI‘1+I‘2 Rzz'?lsrz F21:'2r2+r
R =-6r +r, R =8r,+r,
10 O
®e& 1-3
© 0 1
=&, R,
The solutionis * =3 Y 75 47" Iz.

20
-1
50
g €10 0

\] olcn N
c

wiroluiwi-
o CN

N C/

N
Gl= o0 cae
Sl o o
o C

i X- y+ z=0 6l -1 1

41. i Xx- y-5z=6 canbewrittenas. gl -1-5
12x-2y+ z=1 e -2 1

él -1 110u ¢é1 -1 1

®LH 0-6[6)® HL 0 1-1;® H 0 1

@ 0 -1l1g & 0 -1 15 & 0O
RZZ-I’1+I‘2 :'?13"2 Rl:'r2+r1
R?,='2r1+r3 R3=I'2+I’3

The solutionis x =y+1 z=-1 yisany real number.

Oy
6y
10
ou él-10

1
lX y+1l
-(:)I'l,:|® 1z=-1

i 4x- 3y+5z=0 ¢ -3 5
42. [2x+4y-3z=0 canbewrittenasie2 4 -3[0y
16x+2y+ z=0 €6 2 1100
11 1%. Ou él -:-Z %
Ou®é0 = -3 O[]®é0 1-1
Oo & 2 -F|0g & 1-1
R1=711r1 |:">2='2r1"'r2 R2=1—1I’2 Rlz%rz-'-rl
R =-6r+r, R=4%f; Ry=-r,+r,

1
The solution is % 22' y =2z zisany real number.

Oy

: X- y- z-t=1 a1
2x+ y+ z+2t= 3 . 2
A oy-2z-3=0 bewrlttenas_él
é3

¥3x 4y+ z+5% =-3
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Interchanger, andr,

R,

r,+r,

- 21,401,

1.

R

R
2,z=-3t

Interchanger, andr,

1y

The solution is x

F P

1
1__020
31__35
MANO
1

@ b ad

can be written as:

=-3
6

i X-3y+3z- t= 4
I'x+2y- z
+3z+2t= 3

.I. X

44,

tx+ y+5z

D N3 \OD S
l-b7_56_5 _5

1 1
L
NI SN0

1
SRS B T2

1

el s NeNe)

DD
®

D 3 35
<t~

)
1

M <O

MM <
1

@ @S
@

=R . =)

F NN
1 1

A md
1

Mo

™ O ™ <t

3r,+r1,
=-3r,+r,
=-4r, +r,

R
R,

3

3

S STV [N NS I 15
T T NTE]

1 1 .
— 1 A
1
O O « o

o 1 o o

DB DD

@
jun e v [Ne e N
S T R TR T

—A <« - n

! 1
O O 1 O

o 1 o o

DB TDED

®
R s =

o)
S LT T =T
1 1

|
ISV TTo R TYOTIE o B T
1

— ©
oI <0 Qo
1

o 1 o o

,a_é@é@am@

®

1337

—-_1
R4—--5r4

r+r
26
=+,

3
5

R2:£5r3+r2

R
R4



Chapter 12 Systems of Equations and Inequalities

45,

46.

47.

48.

49.

¢ 0 0 0]-%
€ C
@ 10 0f-4%
® e 2Y
@ 0 10| ¢
® 00 1]-2t
I%:r4+rl
RZZ-I‘4+I‘2
Ry=-r1,+1,

_ 17 _ 1 _22 B 2
The solution is “1_5'3/—-%,2—1—5, “IE.

Evaluating the determinant:
34
1 3|=3(3)- 4(1)=9- 4=5

Evaluating the determinant:

-4 0
L 3|7 43-10=-12- 0=-12

Evaluating the determinant:
140

le 6‘ ‘-1 6‘ ‘-1 2‘

-1 2 6|= -4 +0

1 3 4 3 4 1

4 1 3
=12(3)- ) |- 4[- 1(3)- 6(4)] + O[- 1 - 2(4)]
=1(6- 6)- 4(-3- 24) +0(-1- 8)
=1(0)- 4(- 27)+0(- 99=0+108+0 =108

Evaluating the determinant:

2 310

‘1 5‘ ‘0 5‘ ‘0 1‘
0 1 5|=2 -3 +10
2 3] -1 3] |1 2
12 3
=2[1(3)- 2(9)] - J0(3)- (-1)(5)] +190(2)- (- 10 ]
= 2(3-10) - 3(0+5) +10(0+1) =2(- 7) - 3(5) + K1)

=-14- 15+10=-19
Evaluating the determinant:

2 1 -3
01 |5 1 5 0
5 0 1l=2 - +(-3)
6 0l 12 0 2 6
26 0

=2(0- 6)- 1(0- 2)+(-3)(30- 0) = -12+2- 90= -100
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50. Evaluating the determinant:
-2 10
2 3 13 1 2
- +0
4 21 |-1 2 -1 4

1 2 3l=-2
=-2(4-12)- 12 +3 +0(4 +2)=16- 5+0=11

-1 4 2

51. Set up and evaluate the determinants to use Cramer's Rule:
1 X-2y=4
13x+ 2y =4

|1 -2] I
p=|1 2|—1(2)-3(-2)—2+6—8

4 -2
D, =, “5[=4(2)- 4¢ 2 =8+8=16

14
D, =|3 4|=1(4)- A3)=4-12=-8

. . <« Ruler y = Dx _ 16 _ _Db_-8_
FlndthesolutlonsbyCramersRuIe.x—3—§— y=p-=-7--1
52. Set up and evaluate the determinants to use Cramer's Rule:
] Xx-3y=-5
tox+3y= 5
p=|? "3l-13)- 2-3=3+6=0
=[5 3|= = =
_|-5-3|_ _ _
D, =| 5 3—-5(3)-5(-3)—-15+15—O
D, =|} “3|=15)- 2¢5)=5+10=15
, =[5 2|=15)- 2¢5)=5+10=
. . , __Db _o0_ _ Db _15_5
FmdthesolutlonsbyCramersRuIe.x—3—§—0 Y= =T33

53. Set up and evaluate the determinants to use Cramer's Rule:

12x +3y =13

%3x-2y:O

D= % g’ =.4-9=-13
D, =|" 3|=-26- 0=-26
D, = %18|:0-39:-39

: : , ._D, _-26_ b, _-39_
Find the solutionsby Cramer'sRule:x= 5 = —3 =2 y=5=—3=3
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54. Set up and evaluate the determinants to use Cramer's Rule:

13x- 4y = 12
f5x+2y:-6

p=|3 "2‘|:6+2o:26
D, = _12 "21|:24-24:o
D, =|3 X&|=-18-60=-78

. - 1 " — DX — — — y_ —
Find the solutions by Cramer's Rule: x = D-%%" 0 Y= =75~ -3

55. Set up and evaluate the determinants to use Cramer's Rule:
i X+2y- z= 6
i2x- y+3z=-13
13x- 2y+3z=-16

1 2-1

-13] 23 2 -1
D=2 -1 3:1|_ |2| +(-1)| )
5 .5 3 23" ¢33 3-2
=1(-3+6)- 2(6- 9)- 1(- 4+3)=3+6+1=10
6 2 -1
_ -1 3| |-133 |-13 -1
D, =|-13 -1 3[=6| 5 3|- 2| +(-1| 12
16 1o 3 2 3 16 3 16 -2
= 6(- 3+6)- 2(-39+48)- 1(26- 16)=18- 18- 10=- 10
1 6-1
13 3| |2 3 2 -13
D, =|2 -13 3=1|_ |-6| +(-1)| )
O Py 16 3| °[3 3 3-16
= 1(- 39+48) - 6(6- 9)- 1(-32+39) = 9+18- 7=20
1 2 6
1 -13] |2 -13[, ]2 -1
D,=[2 -1 -13 =1|_ ) |2| Tolvels
2 > 16 2 -16|" 4|3 -16|7°[3 - 2

=106 - 26)- 2(-32+39)+6(-4+3)=-10-14- 6=-30
Find the solutions by Cramer's Rule:
_ D, _-10_ _b _20_ _D,_-30_
X*p=1w-"1 YD DW"2 2D 03

56. Set up and evaluate the determinants to use Cramer's Rule:

i X- y+z= 8
i2x+3y- z=-2
13x- y-92= 9
1 -1 1
3 - 2 -1 12 3
D=|2 3 -1=1 -1 +1
-1 -9 3 -9 |3 -1
3 -1 -9

=1(- 27- 1)+ 1(-18+ 3)+1(- 2- 9) = -28- 15- 11=-54
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8 -1 1

- -2 3
D,=|]-2 3 -1=8 +1

- 9 -1
9 -1 -9

=8(-27- 1)+ 118 +9)+1(2- 27)= - 224+27- 25=-222

181-2-1 2 -1 |12 -2
D, =2 -2 -1:J| ‘-8 ‘+J_| ‘
3 9 -9 9 -9 3 -9 3 9
=118 +9)- 8(- 18+3)+1(18+6)=27+120+24 =171
1 -1 8
D,=|2 3 -2|=
3 -1 9
=1(27- 2)+1(18 +6)+8(- 2-9)=25+24-88=-39
Find the solutions by Cramer's Rule:
D, -222 37 D, 171 19 D, -39 13

— X —

X*D~"54°~9 YTDTTHETF ‘" DT

1_9‘(1)

-2

‘3-2
9

-
+8

‘() .

57. Find the partial fraction decomposition:

X(XG. 4) :§+X-;B4 (Multiply both sides by x(x - 4).)
6= A(x- 4) +Bx
Let x=4: then6= A4- 4)+B(4) ® 4B=6 @ B::-;
Let x=0: then6=A(0- 4)+B(0) ® - 4A=6 ® Az__g
ae3o
6 _¢& 20 gﬁﬂ

X(X- 4) X x- 4

58. Find the partia fraction decomposition

X A
= + Multiply both sidesb +2 3
T RS = (Multiply both sides by (x+ 2)(x- 3))

x =A(x- 3)+B(x+2)

Let x=-2: then - 2=A(-2- 3)+B(-2+2) ® - 5A=-2 ® A:E
Let x=3: then3= A3- 3)+B(3+2) ® 5B=3 ® Bz-g
@0 a3o
X 85@ &0

(x+2)(x- 3) x+2 X-3
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59. Find the partia fraction decomposition:

;('4 _£‘+E+—(Mult|plybothsd%byx(x 1))

X (x-) x x° x-
X-4=Ax(x- 1 +B(x- D +Cx?
Let x=1: thenl- 4=A@l -1)+B(l- )+C@)°® - 3=C® C=-3
Let x=0: then 0- 4=A(0)(0-1) + B(0-1)+C(0)’® -4=-B® B=4
Let x=2:then2 4=AQQ2-D)+B(2-1)+C(2*® -2=2A+ B+ 4C

® 2A=-2-4-4(-3 ® 2A=6 ® A=3

60. Find the partial fraction decomposition:
2x-6  _ A B C . : 2
< 2°x. 1)— — 2+ <2 x. 1(Multlply both sidesby (x- 2)%(x-1).)
2x - 6= A(X- 2)(x- 1)+B(x- 1)+ C(x- 2)
Let x =1 then2(1)- 6 =A(1- 2)(1- 1)+B(1- 1)+C(1- 2)
® -4=C® C=-14
Let x =2 then2(2)- 6= A(2- 2)(2- )+ B(2- 1)+C(2- 2°® -2=B
Let x=Q then2(0)- 6= A(0- 2)(0- 1)+ B(0- 1)+C(0- 2Y
® -6=2A-B+4C ® -6=2A-(-2)+4(- 49
® 2A=8 ® A=4
2X- 6 __4 . -2 N -4
(x- 2¥(x-1) X-2 (x-2y x-1

61. Find the partia fraction decomposition:

X A Bx+C _ |
C+9(x+] —1" (Multiply both sides by (x+)(x?+9).)

x=A(X +9)+(Bx+ C)(x +J)
Let x=-1: then -1=A((-)*+9)+ (B(- ) +C)(- 1+)

® -1=A(0) +(- B+C)(0)® -1=10A® A:-l%

Let x=1: then 1= A1>+9)+(BO) +C)A+1) ® 1=1B+2B+2C
2160
® 1=10é~i++2|3+2c ® 2=2B+2C ® B+C=1
109

Let x=0:then 0=A0*+9)+ (B0)+C)0+1) ® 0=9A+C
& 10
® Ozgg-i:—i-C ® C=EB=1-C ® B:1-2 ® B:i
109 10 10 10
@16 & 90
x___ &0o, &0" 100
(¢ +9)(x+1) x+1 x> +9
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62. Find the partia fraction decomposition:

3X A Bx+C _ |
(x- 2)(x?+1) = 2+ —1 (Multiply both sidesby (x- 2( x* +1))

3Ax = AX*+1) +(Bx + C)(x- 2)
Let x=2: then 3(2) = A(2)°+1) + (B(2) + C)(2- 2)

® 6=5A® A=£53

Let x=0: then 3(0) = A0*+]) + (B0)+C)(0-2) ® 0=A- 2C

® O=§-2C® 2C:§ ® C:§
5 5

5
Let x=1: then 3(1) =AL*+D)+(BD) +C)1-2) ® 3=A-B-C
0

® 3:2?_; B-§ ® B:-ES

592 5 5
B0 &6 30
+ - =X+ =t
3X —&-g+8 5X 52

(x- (X2 +D) x-2  x°+1

63. Find the partial fraction decomposition:
x3 _Ax+B_  Cx+D
(X*+4)* x*+4 (X*+4)
X =(Ax +B)(x* +4)+ Cx+ D
x®= Ax® +Bx? +4AX +4B +Cx+D
x> = Ax® +Bx’ + (4A+ C)x+ 4B+ D
A=1
B=0
AA+C=0® 41)+C=0® C=-4
4AB+D=0® 4(0)+D=0® D=0

3

= (Multiply both sides by (x* +4)?.)

X _ X - 4X
(X*+4)° x*+4 (X*+4)°

64. Find the partia fraction decomposition:
xX’+1 _Ax+B, Cx+D
(X* +16)> x*+16 (x*+16)°
X +1= (Ax + B)(x’+16) +Cx+D
X +1= Ax®+ Bx® +16Ax + 16B +Cx +D
X3 +1=Ax*+Bx?+(@6 A+C)x+16B+D

(Multiply both sides by (x* +16)%.)
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A=1
B=0
16A+C=0® 16l) +C=0® C=-16

16B+D=1® 16(0)+D=1® D=1
1 __x_ -16x+1
(x> +16F  x*+16 (x*+16Y

65. Find the partial fraction decomposition:
x? _ x? _ A B Cx+D
= = + +
(X+D(x*-1) (*+1(x-DYx+1) x-1 x+1 x*+1
(Multiply both sides by % - 1)(x +1)(x* +1).)
= A(X+1)(x* +1) + B(x- 1)(x* +1)+ (Cx + D)(x - 1)(x+1)
Let x=1: then T =A(1+I1°+1)+B(1- )L +1)+ (C@) + D)(1- 1 +1)

® 1=4A ® A=:11

Let x=-1: then
17 = A(-1+1)((- 12 +1)+B(-1- 1)(¢ 1 +1)+(C(- 1)
+D)(- 1- 1)(- 1+1)

® 1=-4B ® B= 2
Let x=0: then
0% = A(0+1)(¢F +1)+B(0- 1)(¢ +1)+ (C(0) + D)(0- 1)(0+1)

1 & 10 1
® 0=A-B-D ® 0:—-8-—+-D® D==
4 49 2

Let x=2: then
2 = A(2+1)(Z +1)+B(2- 1)(Z +1)+(C(2)+D)(2 1)(2+1)

O 0
® 4=15A+5B+6C+3D ® 4= 158——+5g——+6C+ o
25
® 6C=4-24+2.3 5 gc=0® C=0
4 4 2
@0 &g0
NG X? g_z SZQJ 85@

(x2+1)(x2-1) O€ +1)(x- 1)(x+1)  X- 1 X1 x4l

66. Find the partia fraction decomposition:
4 _ 4 __A B . Cx+D

OC+B(X-1) (+4)KX-D(xX+1) x-1 x+1 X +4
(Multiply both sides by % - 1)(x + 1)(x* +4).)
4 = A(X+1)(X* +4)+ B(x- 1)(x* +4) +(Cx+ D)(x - I)(x+1)
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Let x=1: then 4=ALl+I1°+4)+B(- 11> +4)+(C) + DYL- L +1)
® 4=10A ® Azé
Let x=-1: then
A=A-1+D(-D°+ 4)+B(-1- D(- D>+ 4) +
(C(- D+D)(-1- (- 1+])

® 4=-10B ® B:-é
Let x=0: then
4= AN0+1)0?+4) +B(0-1)(02%+4) +(C(0)+ D)(0- DO +1
e 80
® 4=4A- 4B- D ® 4:§'8§‘“ D® D:-ﬁ
5 & 59 5
Let x=2: then
4=AR+1DR2%+4)+BR- )R> +4) +(C(2)+ D)(2- D2 +1)
@0 @20 ae4
® 4=24A+8B+6C+3D ® 4= 248-_+sg Z+6C+
52
® 6c=4-28,16,12 5 «~_0® Cc=0
5 5 5
R0 @6 A0
4 4 & gS;a "&5 o

(C+4) (- (x +4)(x-1(x+D) x- 1 %41 x+4

67. Solvethefirst equation for y, substitute into the second equation and solve:
j2X+y+3=0 ® y=-2x-3
{ X2 + y2 -5
x?+(-2x- 3)°=5® x°+4xX +12x+9=5

5x*+12x+4=0® (5x+2)(x+2)=0

x:-g orx=-2
5

e gp— =1
y = y
®2 11
Solutions: 8 5 ( 21)
68. Add the equationsto eliminatey, and solve:

iIX*+y*= 16
|
$2x-y* = -

X*+2x = 8

X2+ 2x- 8=0® (x+4)(x-2)=0
X=-40r x=2
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lfx=-4 (-47+y*=16 ® y*=0 ® y=0
Ifx =2 (2P +y?=16 ® y*=12 ® y=+JI2=+23
Solutions: (4, 0), (2, 2¥3), (2, - 2J3).

69. Multiply each side of the second equation by 2 and add the equations to eliminate xy:
P2xy+ y¥=10 %® 2xy+ y?’=10
|
f-xy +3y’= 2 #i® -2xy+6y’= 4
Y =14® y’=20® y= w2

Ify = J2: 2x(J’z)+(J’z) =10 ® 2J2x=8 ® X—F—Zﬁ

fy=-v2 2x(-¥2)+(-42) =10 ® - 2y2x=8 ® x= 28‘,_:-2,/'
solutions: (242, v2), (- 242, - V2)

70. Multiply each side of the first equation by —2 and add the equations to eliminate y:
i13%- y¥=1%%® -6X° +2y°=-2
176 - 2% =5 %%®  7x*-2y’= 5
X =3
X =+d3

fx=d3 JJB)-y’=10 -y’=-80 y=+/B=22/2

If x =- 3 3(-J§)2- V=1® -y?=-8®@ y=+B8=+22
solutions: (v3, 2¢2), (V3. - 242), (- ¥3, 242),(- 3, - 2/2)

71. Substitute into the second equation into the first equation and solve:
X +y" =6y

A

] x2:3y
y+y’=6y® y'-3y=0® y(y-3)=0® y=0 or y=3
fy=0: x*=30 ® xX*=0® x=0

lfy=3 x*=33) ® xX*=9 ® x=4%3
Solutions: (0, 0), (-3, 3), (3, 3)

72. Multiply each side of the second equation by —1 and add the equations to eliminate y:
12X +y*=9 ¥%¥%® 2x*+y*= 9
% X*+y*=9 ¥%¥h® -x-y*=-9
NG 0
x=0
fx=0 0°+y’=9 ® y' =9 ® y=43
Solutions: (0, 3), (0, —=3)
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13x° +4xy +5y° =8

Section 12.R  Chapter Review

1 X +3xy+2y° =0 ® (X+2))(X+y)=0 ® X=-2y of Xx=-y

Substitute x = - 2y and solve:
3x° +4xy +5y° =8
3(- 2y)* + 4(- 2y)y+5y* =8
12y*- 8y +5y* =8

Substitute x = - y and solve:

3x% + 4xy+5y* =8
3(-y) +4(-y)y+5y =8
3y - 4y° +5y =8

9y? = 4y’ =8

y:

242 Jfo - Ify=J2:

T. X_-2§3 ﬂ 3 |fy:_‘,§: X =
2J' (= . 220 _ 42
' T % 3 g 3

V2 20 @2 - 242 ¢
*3;?3’ °

Ify=

Ify= ——

Solutions: ee

5 [ V2.42).(V2.- V2)

74. Multiply each side of the first equation by 2 and each side of the second equation by 3 and
add to eliminate the constant:

';[3x2+2xy- 22 = 6 BE® 6x+4axy- 4y’= 12

§ Xy- 2y°=-4 H® 3xy- 6y’ =-12
6x°+ 7xy- 10y* =0
(6x - 5y)(x+2y)=0

5
X==y or X=-2
6y y

5
Substitute * =g Y and solve: Substitute x = - 2y and solve;

) _
gyxy'zyz_' _2yxy- 2y2:_
-4yt =- 4
- 2:-4® 2:—
67 ¥ 73 y' =1
_ N®D y=%1
y=+—
|fy:@; ngyzm:SJ‘l_z Ify=1 X=-2
7 6 7 21 |fy:-1 X=2
fyo A2, 5 -2J42 _ 5J42
7 6 7 21
B2 2/420P 542 24429
Soluti , , 2,1),(2,-
U|on3821 - gg— 1 - z( )( ])
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75.

76.

77.

Multiply each side of the second equation by —y and add the equations to eliminate y:
Px-3x+y*+y=-2 %¥h® X -3x+y’+y=-2
I x-x

f

+y+1= 0 %¥#h® -x*+ x-y*-y= 0

- 2X =-2
x=1
fx=1 1°-3) +y+y=-2 ® y"+y=0® y(y+1)=0
® y=0ory=-1
Notethat y* O because that would cause division by zero in the original equation.
Solution: (1, -1)

Multiply each side of the second equation by —x and add the equations to eliminate Xx:

.}x2+x+y2:y+2 Y#® X +x+y’=y+2
|

% X+1=

YH® -X-x  =y-2

X
y’=2y® y*- 2y=0® y(y-2)=0
y=0ory=2
Ify=0: X*+x+0°=0+2 ® X +x-2=0® (x-1)(x+2)=0
® x=1lorx=-2
Ify=2: X*+x+2°=2+2 ® x°+x=0® x(x+1)=0
® x=0orx=-1
Notethat x * O because that would cause division by zero in the origina equation.
Solutions: (1, 0), (-2, 0), (-1, 2)

Graph the system of linear inequalities:

1- 2X+y£2

{ X+ys3 2

(@ Graphtheline - 2x +y= 2. Useasolid line since the
inequality uses £.

Choose atest point not on theline, suchas (0, 0).
Since - 2(0)+0 £ 2 istrue, shade the side of the line
containing (O, 0).
(b) Graphtheline x+y=2. Useasolid line since the
inequality uses?.
Choose atest point not on theline, suchas (0, 0).
Since 0+ 03 2 isfalse, shade the opposite side of the
line from (O, 0).
(c) Theoverlapping region is the solution.
(d) Thegraph is unbounded.
(e) Find the vertices:
Tofind theintersectionof x+y =2 and - 2x+y = 2, solve the system:
] x+ty=2 ® x=2-y
1 ox+ y=2
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Substitute and solve:
-A2- Y)+Yy=2® -4+2y+y=2® 3y=6® y=2
Xx=2-2=0
The point of intersectionis (0, 2).
The corner point is (0, 2).

78. Graph the system of linear inequalities:
] X-2y£6
tox+ y3 2
(@ Graphtheline x- 2y =6. Useasolid line since the
inequality uses £.

Choose atest point not on theline, suchas (0, 0).
Since 0- 2(0)£ 6 istrue, shade the side of theline
containing (O, 0).

(b) Graphtheline 2x+y =2. Useasolidline since the
inequality uses?.

Choose atest point not on theline, suchas (0, 0).
Since 2(0)+0 3 2 isfalse, shade the opposite side of : - .-
the line from (O, 0).

(c) Theoverlapping region is the solution.
(d) Thegraph is unbounded.
(e) Findthe vertices:
Tofind theintersectionof x- 2y =6 and X+ y = 2, solve the system:
] X-2y=6 ® x=2y+6
1 2x +ty=2
Substitute and solve:
2(2y+6)+y=2® 4y+12+y=2® 5y=-10® y=-2
X=2(-2)+6=2
The point of intersectionis (2, —2).
The corner pointis (2, —2).
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79. Graph the system of linear inequalities:

i x30

! y® 0

"'x+ y£4

tox +3y£6

(@ Graph x3 0;y3 0. Shaded region isthefirst quadrant. - \y
(b) Graphtheline x+y=4. Useasolid line sincethe w4

inequality uses£.

Choose atest point not on theline, suchas (0, 0).
Since 0 +0 £ 4 istrue, shade the side of the line
containing (O, 0).

(c) Graphtheline 2x+3y =6. Useasolid line since the
inequality uses £.

Choose atest point not on theling, suchas (0, 0).
Since 2(0)+ 3(0)£ 6 istrue, shade the side of the
line containing (0, 0).

(d) Theoverlapping region is the solution.
(e) Thegraph isbounded.
(f) Findthe vertices:

The x-axis and y-axisintersect at (0, 0).

The intersection of 2x + 3y = 6 and the y-axisis (0, 2).

The intersection of 2x + 3y = 6 and the x-axisis (3, 0).

The three corner points are (0, 0), (0, 2), and (3, 0).

80. Graph the system of linear inequalities:
i x30
L y0
"ax+y3 6
tox+ y3 2
(@ Graph x3 0;y3 0. Shaded regionisthefirst
guadrant.
(b) Graphtheline 3x+y=6. Useasolidline
since the inequality uses?3.
Choose atest point not on the line, such as
(0, 0). Since 3(0) + 03 6isfalse, shadethe
opposite side of the line from (0, 0).
(c) Graphtheline 2x+y=2. Useasolidline
since the inequality uses?.
Choose atest point not on the line, such as
(0, 0). Since2(0) + 03 2isfalse, shadethe
opposite side of the line from (0, 0).
(d) Theoverlapping region is the solution.
(e) Thegraph isunbounded.
(f) Findthe vertices:
The intersection of 3x+y=6 and they-axisis (0, 6).
The intersection of 3x + y= 6 and the x-axisis (2, 0).
The two corner points are (0, 6), and (2, 0).
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81. Graph the system of linear inequalities:

x30
y: o0

_',.2x+ YES
t X+2y3 2

(@
(b)

(©)

(d)
(€)
(f)

Graph x3 0; y3 0. Shaded region isthefirst
quadrant.

Graphtheline 2x+y =8. Useasolidline
since theinequality uses £.

Choose atest point not on the line, such as
(0, 0). Since2(0) + 0 £ 8istrue, shadethe ififif;
side of the line containing (O, 0).

Graphtheline x+ 2y = 2. Useasolid line since the inequality uses?.
Choose atest point not on theling, suchas (0, 0). Since0 + 2(0) 3 2isfase, shade
the opposite side of the line from (0, 0).

The overlapping region is the solution.

The graph is bounded.

Find the vertices:

The intersection of x+2y =2 and they-axisis (0, 1).
Theintersection of x +2y =2 and the x-axisis (2, 0).

The intersection of 2x+y = 8 and the y-axisis (0, 8).

The intersection of 2x + y = 8 and the x-axisis (4, 0).

The four corner pointsare (0, 1), (0, 8), (2, 0), and (4, 0).
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82. Graph the system of linear inequalities:

i x30

! y: 0

'3x+ y£9

tox+3y3 6

(@ Graph x23 0;y3 0. Shaded regionisthefirst
quadrant.

(b) Graphtheline 3x+y=9. Useasolidline
since the inequality uses£.

Choose atest point not on the line, such as

(0,0). Since 3(0) +0£ 9 istrue, shadethe ™

side of the line containing (0, 0).
(c) Graphtheline 2x+3y =6. Useasolidline

since the inequality uses?.
Choose atest point not on the line, such as
(0, 0). Since 2(0)+3(0)3 6 isfase, shade
the opposite side of the line from (0, 0).
(d) Theoverlapping region isthe solution.
(e) Thegraph is bounded.
(f) Find the vertices:

The intersection of 2x + 3y = 6 and the y-axisis (0, 2).
The intersection of 2x + 3y = 6 and the x-axisis (3, 0).
The intersection of 3x+y= 9 and they-axisis (0, 9).
The intersection of 3x+ y= 9 and the x-axisis (3, 0).

The three corner points are (0, 2), (0, 9), and (3, 0).

83. Graph the system of inequalities:
}' X2 +y2 £16
T x+ys32
(@ Graphthecircle x>+ y* =16.Use
asolid line since the inequality uses £.

true, shade the side of the circle

Choose atest point not on the circle, ¥
suchas (0, 0). Since g2+ 2£161S \

containing (O, 0).

(b) Graphtheline x+y=2. Usea

solid line since the inequality uses?.
Choose atest point not on the line, such
as(0,0). Since g+ s o isfalse shade

the opposite side of the line from (O, 0).

(c) Theoverlapping region is the solution.
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84. Graph the system of inequalities:

}' y2Ex-1

Tx-y£3
(@ Graph the parabola y* = x - 1.Use asolid line since the
inequality uses £. Choose atest point not on the parabola,
such as (0, 0). Since 2 £ - 1 isfase, shade the opposite
side of the parabolafrom (0, 0).
(b) Graphtheline x- y=3. Useasolidline sincethe
inequality uses £. Choose atest point not on the line, such as
(0,0). Since . gg 3istrue, shade the same side of the line
as (0, 0).

(c) Theoverlapping region isthe solution.

85. Graph the system of inequalities:

i yEX?

yea
(@ Graph the parabola y = x*.Use asolid line since
the inequality uses £.Choose atest point not on the
parabola, such as (1, 2). Since 5 ¢ 12 isfalse, shade
the opposite side of the parabolafrom (1, 2).

(b) Graph the hyperbola xy =4. Use A
asolid line since the inequality uses £.

Choose atest point not on the hyperbola, such as

(1,2). Since 150 £ 4 istrue, shade the same side of

the hyperbolaas (1, 2).

(c) Theoverlapping region is the solution.

86. Graph the system of inequalities:

}' X’ +y?31
TX2+y*£4
(8 Graphthecircle x>+ y” =1.Useasolid line since
the inequality uses ¢ .Choose atest point not on the
circle, such as (0, 0). Since 2423 1 isfase, shade
the opposite side of the circle from (0, 0).

(b) Graphthecircle x*+y?=4. Use

asolid line since the inequality uses £.Choose a test
point not on the circle, such as (0, 0). Since

02+ 02 £ 4 istrue, shade the same side of the circle as
(0, 0).
(c) Theoverlapping region is the solution.
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87. Maximize z=3x +4y Subjectto x3 0, y3 0, 3x+2y3 § x+y£8
Graph the constraints.

The corner points are (0, 3), (2, 0), (0, 8), (8, 0).
Evaluate the objective function:

Vertex |Vaueof z=3x +4y
0, 3) z=3(0) +4(3) =12
0, 8) z=3(0) +4(8) =32
(2,0 z=3(2) +4(0)=6
(8,0) z=3(8) +4(0) =24

The maximum valueis 32 a (0, 8).

88. Maximize z=2x+4y Subjectto x3 0, y3 0, x+y£6 x3 2
Graph the constraints.

1y STl

:E:‘-‘_i}ﬁ(éé)ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

T

The corner points are (2, 4), (2, 0), (6, 0).
Evaluate the objective function:

Vertex |Vaueof z=2x+4y
2,9 z=2(2)+4(4)=20
(2,0) z=2(2) +4(0)=4
(6, 0) z=2(6) +4(0) =12

The maximum valueis 20 at (2, 4).
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89. Minimize z=3x +5y
Subjectto x3 0, y3 0, x+y31 3x+2y£12, x+3y£12
Graph the constraints.

To find the intersection of 3x+2y =12 and x + 3y = 12, solve the system:
13x+2y =12
P x+3y=12 ® x=12-3y
Substitute and solve:

J2 - 3y)+2y=12® 36-9y+2y =12® -7y=-24® y=2—74
40 72 12

x=12- F—es12- 2=
xR2 240
The point of intersectionis 8_ 7 ¢
w2 240
The corner points are (0, 1), (1, 0), (0, 4), (4, 0), ?7 "7 e

Evaluate the objective function:

Vertex |Vaueof z=3x+5y

0, 1) z=3(0)+5(1) =5

0, 4 z=3(0) +5(4) =20

(1,0 z=3(1) +5(0) =3

4,0 z=3(4) +5(0) =12

a2 240 8&2(5 &40 36 120 156
8_’___ =+ Bg—i= —+—=— »223

7 7¢ Z=e79 78 7 7 7

The minimum valueis 3 a (1, 0).
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90. Minimize z=3x +y
Subjectto x3 0, y3 0, XE8 y£6, 2x+y3 4

The corner points are (0, 4), (2, 0), (0, 6), (8, 0), (8, 6).
Evaluate the objective function:

Vertex Vaueof z=3x+y
(O, 6) z=30)+6=6
©, 4) z=30)+4=4
(2,0 z=3(2)+0=6
(8,0 z=3(8)+0=24
(8, 6) z=3(8)+6=30

The minimum valueis 4 at (0, 4).

91. Maximize z=5x+4y Subjectto x3 0, y3 0, x+2y3 2, 3x+4y£12, y3 X
Graph the constraints.

X+2X=2® 3x=2® x=%® y:%

@ 26
The point of intersection is 8;_3 3¢.
To find the intersection of y = x and 3x + 4y =12, substitute and solve:

X+4x=12® 7x=12® x:1—$® yzl—f
w0 120
The point of intersectionis &7 7 g.
@ 20 a2 120

The corner points are (0, 1), (0, 3), &3’ 32, 87 ' 7 2.
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Evaluate the objective function:

Chapter Review

Vertex |Vaueof z=5x+4y
©, 1) z=5(0) + 4(1) =4
&3t s
3’ 3¢ Sﬂ 3 3
e 0 0
?—2'1—2‘: i 33_2_ 4?_2_:@»1543
7' 7¢ Z= €79 e79 7
108 22 120

The maximumvalueis 7 at &7’ 7¢

92. Maximize z=4x +5y Subjectto x230,y30, X+3y36, x3y, 2x+y£12

93.

94,

Graph the constraints.
14

2

4 & B 7
The corner points are (1.2, 1.2), (3,0),4, 4), (6, 0).
Evaluate the objective function:

Vertex |Vaueof z=4x +5y
(1.21.2) z=4(1.2) +5(1.2) =10.8
(3,0 z=4(4) +5(0) =16
4,4 z=4(4) +5(4) =36

(6, 0) z=4(6) +5(0) =24

The maximum valueis 36 at (4, 4).

Multiply each side of the first equation by —2 and eliminate x:

i12x+ 5y=5 %¥® - 4x-10y=-10
1AX+10y= A Y®  4x+10y= A
0=A-10

If there are to be infinitely many solutions, the sum in elimination should be 0 = 0.
Therefore, A- 10=0 orA =10.

Multiply each side of the first equation by —2 and eliminate x:

12x+ 5y=5 3%3¥® - 4x-10y=-10
1AX+10y= A ¥H®  4x+10y= A
0=A-10

If the system is to be inconsistent, the sum in elimination should be 0 = any number except
0. Therefore, A- 101 0 orA* 10.
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95. when x=1, y=(1)°+b(1)+c=2® 1+b+c=2® b+c =1
when x=-1 y=(-1)°+b(- 1) +c=3® 1-b+c =3® -b+c=2
ib+c=1
so we have the system |,
t-b+c=2
subtracting the first equation from the second equation yields

b+c=1
- (-b+c=2) \ b=-05
2b=-1

Back-substituting we get: -05+c=1® c=15
Therefore, y = x*- 0.5x+ 1.5, which satisfies the given conditions.

96. when x=1, y=(1)*+b(1)+c=3® 1+b+c=3® b+c =2
when x=3, y=(3°+b(3 +c=3® 9+Db+c=5® D+c=-4

Jb+c=2
so we have the system |,
f3b+c=-4

subtracting these equations yields
b+c=2
-(3b+c = -4)
-2b=6
\' b :% =-3
back substituting into the equation b+c =2, weget -3+¢c=2® c =5
Therefore, y =x*- 3x+ 5, which satisfies the given conditions.

97. y=ax’+bx+c

At (0, 1) the equation becomes: At (1, 0) the equation becomes:
_ 0 =a(ly +b(1)+c
1:a(0)2+b(0)+c O=atbsc
c=1 atb+c=0

At (=2, 1) the equation becomes:
1=a(- 2)°+b(- 2) + c= 4a- 2b+c® 4a- 2b+c =1
The system of equationsis:

i a+ b+c=0
ida- 2b+c=1
1 c=1
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Substitute ¢ =1 into the first and second equations and simplify:
j at+ b+1=0 ® a+ b=-1 ® a=-b-1
t4a- 20+1=1 ® 4a-2b= 0
Solve thefirst equation for a, substitute into the second equation and solve:

A-b- 1)- 2b=0
_4b- 4-2b=0
6b=4® b=-2® a=2-1=-1
30 87373
L 2

The quadratic functionis ¥ = " 3% - 3% "+,

X’ +y*+Dx+Ey+F=0
At (0, 1) the equation becomes:
02+1°+ D(0)+ E()+F =0
E+F=-1
At (1, 0) the equation becomes:
1?+0*+D(1)+ E(0)+F =0
D+F=-1
At (=2, 1) the equation becomes:
(- 2°+1°+D(- 2) +E()+F =0

-2D+E+F=-5
The system of equationsis:
i E+F=-1
i D +F=-1
- 2D+E+F=-5

Substitute E + F = - 1 into the third equation and solve for D:
-2D+(-1)=-5® -2D=-4® D=2
Substitute and solve:
2+F=-1 ® F=-3
E+(-3)=-1 ® E=2
The equation of thecircleis x> + y* + 2x+ 2y- 3= 0.

Let x = the number of pounds of coffee that costs $3.00 per pound.
Let y = the number of pounds of coffee that costs $6.00 per pound.
Then x+y =100 represents the total amount of coffee in the blend.
The value of the blend will be represented by the equation: 3x + 6y = 3.90(100).

Solve the system of equations:

1] X+ y=100 ® y=100- x
13x+6y =390
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Solve by substitution:
3x +6(100- x) =390 ® 3x+ 600- 6x =390
-3x=-210® x=70
y=100- 70=30
The blend is made up of 70 pounds of the $3 per pound coffee and 30 pounds of the $6 per
pound coffee.

100. Let x =the number of acres of corn.
Let y = the number of acres of soybeans.
Then x+y =1000 represents the total acreage on the farm.
Thetotal cost will be represented by the equation: 65x + 45y = 54325.
Solve the system of equations:
] x+ y= 1000 ® y=1000- x
1 65x + 45y = 54325
Solve by substitution:

65X +45(1000- x)=54325® 65x+ 45000- 45x =54325

20x=9325® x=466.25® y =1000- 466.25® y =533.75
Corn should be planted on 466.25 acres and soybeans should be planted on 533.75 acres.

101. Let x =the number of small boxes.
Let y = the number of medium boxes.
Let z = the number of large boxes.

Oatmeal raisin equation: X+2y+2z=15
Chocolate chip equation: X+y+2z=10
Shortbread equation: y+3z=11

Multiply each side of the second equation by —1 and add to the first equation to eliminate x:
pX+2y+2z=15 %¥Y®  Xx+2y+2z= 15
i X+ y+2z=10 %¥® -x- y-2z=-10

t y+3z=11 y = 5
Substituting and solving for the other variables:
5+3z=11 x+5+2(2)=10
3z=6 Xx+9=10
z=2 x=1

1 small box, 5 medium boxes, and 2 large boxes of cookies should be purchased.
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102. (a) Let x =the number of lower priced packages.
Let y = the number of quality packages.
Peanut inequality: 8x+6y £120(16) ® 8x +6y£ 1920
Cashew inequality: Ax +6y £ 72(16) ® 4x+6y£1152
The system of inequalitiesis:
i x20
! y2 0
' 8x +6y£1920

t4x +6y £ 1152
(b)  Graphing:

3

- 300

Tt I

—.{0.0)
TR

1 8x+ 6y =1920
lax+6y=1152 ® 6y=1152- 4x
Substitute and solve:
8x +1152- 4x=1920
4x=768® x=192® 6y=1152- 4(192)=384® y=64
The corner points are (0, 0), (0, 192), (240, 0), and (192, 64).

103. Let x =thelength of thelot.
Let y =thewidth of thelot.

Perimeter equation: 2x+ 2y = 68
Diagonal equation: x> +y* = 26°
Solve the system of equations:
]2X+2y=68 ® y=34-X
1 x2+y =676
Solve by substitution:
X"+ (34- x)’=676® X +1156- 68x+ x° =676
2X? - 68x+480=0® x* - 34x+240=0
(x- 24)(x-10)=0® x=24 or x=10
y=10 or y=24
The dimensions of the lot are 24 feet by 10 feet.
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104. Let x = the height of the window.

105.

106.

Let y = the width of the window.
Areaequation: xy = 4

Diagonal equation: X2 +yP = (2‘/5)2
Solve the system of equations:

I - =4
L =4 @ y=3
PX+y =8
Solve by substitution:
&
x2+?+ =8® Xx* +£3 =8® X' +16=8x%
X9 X

x* - 8X? +16=0® (X - 4)2 —0® x2=4
X=2 or x=-2

y=2 y=-2
The dimensions of the window are 2 feet by 2 feet. (Dimensions must be positive.)

Let x = thelength of oneleg.
Let y =the length of the other leg.
Perimeter equation: X+y+6=14
Pythagorean equation: x° +y° = 6°
Solve the system of equations:
j X+ty=8 ® y=8-xX
1 +y* =36
Solve by substitution:
X%+ (8- X)2=36® x* +64- 16x+ x*=36
2x% -16x+28=0® x*- 8x+14=0

X=8¢J64- 56 _8+J8 _8+2J2 413
2 2 2
Ifx=4-J2,theny=8- 4+J2=4+ {2
Ifx =4+y2 theny =8- 4- y2=4- 2
Thelegsare 4 +J2 and 4 - 2.

Let x =the length of the two equal sidesin the isosceles triangle.

Let y =thelength of the base.

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

Since the altitude to the base y is 6, the Pythagorean theorem will produce another
2

2o 2 _ 2

e7g TO =X

Solve the system of equations:

] 2x+y=18 ® y=18- 2X

i

equation:

2
T%+%:%
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Solve the first equation for y, substitute into the second equation and solve:

- 2 _ 2
(18- 2%° o o 324 7jx+4x 1362 o

81- 18X+ X°+36=x’® -18x=-117® x=65

y=18- 2(6.5)=5
The base of the triangle is 5 inches.

107. Let x = thelength of the side of the smaller square.
Then 2x = the length of the side of the larger square.
The needed fencing is 4x +8x =12x.
Solve the area equation:

x2+ (2X)? =5000 ® 5x* =5000® x>=1000® x =10+10
12x =120410 » 379.5 feet of fence are needed.

108. Let x =the amount Katy receives.
Let y = the amount Mike receives.
Let z = the amount Danny receives.
Let w = the amount that Colleen receives.
Conditions:

X+y+z+w=45
y =2X

W= X

1
z==X

2

Solve by substitution:
X+y+z+w=45

X+2X+ x+-;x=45® gx =45® x=10
Katy receives $10, Mike receives $20, Danny receives $5, and Colleen receives $10.
109. Let x = the speed of the boat in still water.

Let y = the speed of the river current.

Let d = thedistance from Chiritzato the Flotel Orellana (100 kilometers)
Rate | Time | Distance

100
100

trip downstream | x+y

w1 ol

trip downstream | x- y
The system of equationsis:
| ly 100 ® 5x+5y=200
+ - +5y=
(Y55 x+5y

|
i
i (x- y)@)=d ® 3x-3y=100
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5x+5y =200 #® 15x +15y =600

|, _1100_110
3x - 3y =100 4@ 22X 1oy =500 0 3
30x =1100
:g'io— 3y =100® 110- 3y=100® 10= 3y ® y—l??

The speed of the boat = 1% » 36.67 km/hr ; the speed of the current :1—;) » 3.33 km/hr.

110. Let x =the speed of the planein till air. (475 miles per hour)
Let y = the speed of the jet stream.
Let d = the distance from Chicago to Ft. Lauderdale.
The jet stream flows from Chicago to Ft. Lauderdale because the time is shorter in that

direction.
Rate | Time | Distance
Chicago 1o 5
Ft. Lauderdald X" Y| ? d
Ft. Lauderdale - 17 d
to Chicago I &

The system of equationsis:

! (x+y)£8 d ® 5x+5y=2d

i
7
1(x y)gé”68 d ® 17x-17y=6d
Substitute 475 for x and solve:
] 5(475)+5y=2d ® 2375+ 5y=2d
117(475)- 17y=6d ® 8075- 17y = 6d
8075- 17y = 3(2375+5y)
8075- 17y =7125+ 15y ® 950= 32y® Yy » 29.69
The speed of the jet stream is approximately 29.69 miles per hour.

111. Let x =the number of hoursfor Bruce to do the job alone.
Let y = the number of hours for Bryceto do the job alone.
Let z =the number of hours for Marty to do the job alone.

Then )1( represents the fraction of the job that Bruce doesin one hour.

%, represents the fraction of the job that Bryce doesin one hour.

% represents the fraction of the job that Marty doesin one hour.

The eguation representing Bruce and Bryce working together is:
1 1 - i - § - 075
X y 9 4
32
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The equation representing Bryce and Marty working together is:

11 1 5
—+-==—===0.675
y z 380 8
& o
The equation representing Bruce and Marty working together is:
11 1
—+=-==—==0.37
<27 %0 0.375
&
Solvethes;gst(_elT of_ch_uanonsr L&t =xt v=y?, w=zt
Xy =075 lu+v=075 ® u=075-v
-1 -1 14
Ly +z°=0675 Iv+w=0675 ® w=0.675-V
i x1+71=0375 fu+w=0375

Substitute into the third equation and solve:
0.75- v+ 0.675-v=0.375® -2v=-1® v =05
u=0.75-05=0.25
w=0.675-05=0125
Solvefor x, y,and z: x=4, y=2, z=8 (reciprocals)
Bruce can do the job in 4 hours, Brycein 2 hours, and Marty in 8 hours.

Let x = the number of dancing girls produced.
Let y = the number of mermaids produced.
Thetotal profitis. P =25x +30y. Profit isto be maximized; thus, thisis the objective
function.
The constraints are:
x30, y20 A non-negative number of figurines must be produced.
3x+3y £ 90 90 hours are available for molding.
6x+4y£120 120 hours are available for painting.
2x +3y £ 60 60 hours are available for glazing.
Graph the constraints.

y

To find the intersection of 6x + 4y =120 and 2x + 3y = 60, solve the system:
j6x+ 4y =120
12x+3y=60 ® 2x=60- 3y
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113.

Substitute and solve:
3(2x) + 4y =120® 3(60- 3y)+4y=120
180- 9y +4y =120® -5y=-60® y=12
2Xx=60- 312 =24® x=12

The point of intersectionis (12, 12).
The corner points are (0, 0), (0, 20), (20, 0), (12, 12).
Evaluate the objective function:

Vertex | Vaueof P =25x +30y

(0, 0) P = 25(0) + 30(0) = 0
(0, 20) P = 25(0) + 30(20) = 600
(20, 0) P = 25(20) + 30(0) = 500

(12, 12) P =25(12) + 30(12) = 660
The maximum profit is $660, when 12 dancing girl and 12 mermaid figurines are produced
each day.
To determine the excess, evaluate each constraint at x =12 and y = 12:

Molding: &+3y=3(12)+3(12)=36+36=72

Painting:  $+4y =6(12) + 4(12) = 72+ 48 =120

Glazing: 2+ 3y =2(12) +3(12) =24 +36 = 60
Painting and glazing are at their capacity. Molding has 18 more hours available, since only
72 of the 90 hours are used.

Let x =the number of gasoline engines produced each week.

Let y = the number of diesal engines produced each week.

Thetotal costis. C =450x + 550y. Cost isto be minimized; thus, thisisthe objective
function.

The constraints are:
20 £ x £ 60 number of gasoline engines needed and capacity each week.
15£ y£ 40 number of diesel engines needed and capacity each week.
X+y3 50 number of engines produced to prevent layoffs.

Graphth i

Evaluate the objective function:

Vertex | Vaueof C =450x + 550y

(20, 30) C =450(20) + 550(30) = 25,500
(20, 40) C =450(20) + 550(40) = 31,000
(35, 15) C =450(35) + 550(15) = 24,000
(60, 15) C =450(60) + 550(15) = 35,250
(60, 40) C = 450(60) + 550(40) = 49,000
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The minimum cost is $24,000, when 35 gasoline engines and 15 diesel engines are
produced.

The excess capacity is 15 gasoline engines, since only 20 gasoline engines had to be
delivered.
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