Chapter 8 Systems of Equations and Inequalities

Systems of Linear Equations in
Two Variables

8.1 Practice Problems

1. a. Check (2, 2).

Equation (1) Equation (2)

x+y=4 3x-y=0
2+42=4 3(2)-2=0
4=4 v 4=0 x

Because (2, 2) does not satisfy both
equations, it is not a solution of the system.

b. Check (1, 3).
Equation (1) Equation (2)

x+y=4 3x-y=0
? ?
1+3=4 3(1)-3=0
4:4 v 0:0 v

Because (1, 3) satisfies both equations, it is a
solution of the system.

2. The solution is {(-1, 3)}.

{ x+ty=2

-5 \4x+ty=-1

3. x—y=5 ()

{Zx +y=7 (2
Solve the equation (1) for x, then substitute that
expression into equation (2) and solve for y.
x—y=5=>x=y+5
2x+y=7:>2(y+5)+y=7:>
3y+10=7=3y=-3=y=-1
Now substitute the value for y into equation (1)
and solve for x.
x—y=5ﬁx—(—1)=5=>x=4
The solution is {(4, —1)}.

4. { x=3y=1 (1)

2x+6y=3 (2)
Solve the equation (1) for x, then substitute that
expression into the equation (2) and solve for y.
x=3y=1=x=1+3y
—2x+6y =3:>—2(1+3y)+6y =3=
-2-6y+6y=3=-2=3
Since the equation —2 = 3 is false, the system is
inconsistent. The solution set is <.

2x+y=-3 (1
{4x -2y=6 2)
Solve the equation (1) for y, then substitute that
expression into equation (2) and solve for x.
2x+y=-3=y=2x-3
4x-2y=6= 4x—2(2x—3)=6=>
4x-4x+6=6=6=6
The equation 6 = 6 is true for every value of x.
Thus, any value of x can be used in the
equation y = 2x — 3. The solutions of the
system are of the form {(x, 2x — 3)}.

3x+2y=3 (1)
Ix—4y=4 (2)

Multiply the equation (1) by 2, then add the
two equations.

3x+2y=3 6x+4y=06 _
{9x—4y=4:>{9x—4y=4:>15x_102>
2
xX=—
3

2
Now substitute x = g into the equation (2) and

solve for y:

\S]

9x—4y=4:>9(§j—4y=4=>6—4y=4=>

1
—4 =—2=} = —
y y )

The solution is (g,lj .
32

p=20+0.002x (D)
{p =77-0.008x (2)
Solve by substitution.
20+ 0.002x =77 —-0.008x = 0.010x =57 =
x=5700
Substitute this value into equation (1) and
solve for p.

(continued on next page)
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694 Chapter 8 Systems of Equations and Inequalities
(continued) 6. False. If the system consists of dependent
equations, there are an infinite number of
p =20+0.002x = p =20+0.002(5700) = solutions.
p=314 - .
The equilibrium point is (5700, 31.4). 7. Substituting each ordered pair into the system
2x+3y=3 find that (3. —1) i
8. Letx = the amount invested at 12%. 3x—4y=13" we find that (3, ~1) is a
Let y = the amount invested at 8%. .
solution.

Then 0.12x = the income from the 12%

investment and 0.08y = the income from the

8% investment. The system of equations is
x+y=150,000 (1)

{O.le +0.08y = 15,400 (2)

We will use the elimination method to solve the

system.
—12x—12y=-1,800,000 Multiply by — 12.

12x+ 8y = 1,540,000 Multiply by 100.
-4y =-260,000 Add.
y= ﬂfoo = 65,000
Solve for y.

Back-substitute y = 65,000 into equation (1)
and solve for x.
x+ 65,000 =150,000
x =85,000
Check:
12% of 85,000 = 10,200
8% of 65,000 = 5200
85,000 + 65,000 = 150,000 and
10,200 + 5200 = 15,400, as given.
Solution: $85,000 was invested at 12% and
$65,000 was invested at 8%.

8.1 Basic Concepts and Skills

1.

The ordered pair (a, b) is a solution of a system
of equations in x and y provided that when x is
replaced with a and y is replaced with b, the
resulting equations are true.

The two nongraphical methods for solving a
system of equations are the substitution and
elimination methods.

If, in the process of solving a system of
equations, you get an equation of the form
0 =k, where k is not zero, then the system is
inconsistent.

If, in the process of solving a system of
equations, you get an equation of the form
0 = 0, then the system has dependent equations.

False. A system consisting of two identical
equations has an infinite number of solutions.

10.

11.

12.

23)+3(-D)=6-3=3
33)-4(-1)=9+4=13

Substituting each ordered pair into the system
x+2y=6

{3x +6y=18"

(0, 3) are solutions.
24+2(2)=2+4=6

{3(2) +6(2)=6+12=18
—24+2(4)=-2+8=6
{3(—2) +6(4)=—6+24=18
0+23)=0+6=6

{3(0) +6(3)=0+18=18

we find that (2, 2), (-2, 4), and

Substituting each ordered pair into the system
S5x—-2y=17
-10x+4y=11"

ordered pairs are solutions.

we find that none of the

Substituting each ordered pair into the system
x—2y=-5 . .
{3x— y= 5’ we find that (3,4) is a

3-2(4)=3-8=-5

solution. Check: {3(3) —4=9-4=5

Substituting each ordered pair into the system

x+ y=1
1 1 , we find that (10, -9) is a
—x+t=-y=2
2 3
solution.
10-9=1
Check:

1 1
S0 +2(-9)=5-3=2

Substituting each ordered pair into the system
2
—+ 2 = 2
Xy

6 18
+—=

, we find that (2,3) is a solution.

9
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13. The solutionis {(2, 1}}.
2+1=3
2-1=1

14. The solution is {(6, 4)}.
6+4=10
6-4=2

M
8
6
4
2

|
,20

41—

15. The solution is {(2, 2)}.
2+2(2)=2+4=6
22)+2=4+2=6

L
—2-10[

1
-2

16. The solution is {(1, -2)}.
2()—-(2)=2+2=4
1-(2)=1+2=3

|
j/l||||°

19. The solution is

11421
333

g

=7
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20.

21.

22,

23.

24.

25.

The solution is (Z,l—lj .
2 2

6 8 \Yx
74_

The system is dependent. The general solution
is {(x,12-3x)}.

The system is dependent. The general solution

s

,/,
T T

2x+3y=6

\6y=*4x+12
LN L

1
L1 L1
3-2-100 12 3NS5 6 7%
o
_3_

Y-

The slopes of the two lines are different, so the
system is independent. There is a solution, so
the system is consistent.

The slopes of the two lines are different, so the
system is independent. There is a solution, so
the system is consistent.

The slopes of the two lines are different, so the
system is independent. There is a solution, so
the system is consistent.

26. The slopes of the two lines are different, so
the system is independent. There is a solution,
so the system is consistent.

27. The slopes and y-intercepts of the two lines
are the same, so they coincide, and the system
is dependent. There is a solution, so the
system is consistent.

28. The slopes and y-intercepts of the two lines
are the same, so they coincide, and the system
is dependent. There is a solution, so the
system is consistent.

29. The slopes of the two lines are different, so
the system is independent. There is a solution,
so the system is consistent.

30. The slopes of the two lines are different, so
the system is independent. There is a solution,
so the system is consistent.

31. The slopes of the two lines are the same while
the y-intercepts are different, so the system is
inconsistent.

32. The slopes of the two lines are the same while
the y-intercepts are different, so the system is
inconsistent.

33. The slopes of the two lines are the same while
the y-intercepts are different, so the system is
inconsistent.

34. The slopes of the two lines are the same while
the y-intercepts are different, so the system is
inconsistent.

35. The slopes of the two lines are different, so
the system is independent. There is a solution,
so the system is consistent.

36. The slopes and y-intercepts of the two lines
are the same, so they coincide, and the system
is dependent. There is a solution, so the
system is consistent.

In exercises 37-46, check your answers by
substituting the values of x and y into both of the
original equations.

37. Substitute y =2x+1 into

Sx+2y=9=5x+22x+1)=9=
5x+4x+2=9:>9x=7:>x=7/9

Use this value of x to find y: y = 2(%} +1=

y= 2 The solution is [Z,éj .
9 99
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38.

39.

40.

41.

42,

43.

Substitute x =3y—1 into 44.

2x-3y=7=2@By-1D)-3y=7T=
6y-2-3y=7=3y=9=>y=3

Use this value of y to find x: x=33)—-1=8.
The solution is {(8, 3)}.

Solve the second equation for y, and then
substitute y =7 — x into the first equation:
3x—-(7T-x)=5=3x-T7T+x=5=4x=12=
x = 3. Substitute this value into the second
equationto findy:3+y=7=y=4

The solution is {(3, 4)}.

Solve the second equation for y, and then 45.

substitute y =3x+7 into the first equation:
2x+Bx+7)=2=5x=-5=x=-1.
Substitute this value into the second equation to
findy: 3(-)-y=-T=>-3-y=-T=y=4.
The solution is {(-1, 4)}.

Solve the first equation for y, and then
substitute y =2x—35 into the second equation:
—Ax+22x-5)=7T=-4x+4x-10=7=
—10# 7 = there is no solution.

Solution set: & 46.

Solve the first equation for y, and then
. 3 5.
substitute y = —Ex + 5 into the second

equation:

—9x—6(—%x+%j=15:>—9x+9x—15:15:> 47.

—15#15 = there is no solution.
Solution set: &

Solve the first equation for y, and then

substitute y =3 - %x into the second equation:
3x+2(3—§x}=1$ 3x+6—%x=1:>

%x =—5= x =-3. Substitute this value into
the first equation to find y:
%(—3)+y:3:>y:5.

The solution is {(-3, 5)}.

48.

Solve the first equation for x, and then
substitute x =2y +3 into the second

equation:
42y+3)+6y=3=8y+12+6y=3=

l4y=-"9=y= —%. Substitute this value

into the first equation to find x:

x—2(—2j=3ﬂx+2=3:>x=2.
14 7 7

The solution is 2,—2 .
7 14

Solve the first equation for y, and then

substitute y = %(x —5) into the second

equation:

=3x+ 6(%(x—5)) =-15=-3x+3x-15=-15=

—15=-15= the system is dependent.
The general form of the solution is

)

Solve the first equation for y and then substitute
y =3 - x into the second equation:

2x+2(3—x)=6=>2x+6—2x=6:>6=6:>
the system is dependent. The general form of the
solution is {(x, 3— x)}.

Add the two equations and solve for x:

{x—y =1 = 2x=6= x=3. Now substitute
x+y=5

x =3 into the second equation and solve for y:
3+ y=5= y=2. The solution is {(3, 2)}.

Multiply the first equation by 2 and the second
equation by 3:
{2x—3y =5 :>{4x—6y =10

3x+2y=14 9x+6y=42
Add the equations and solve for x:
4x-6y=10 _ _
{9x+6y=42:>13x—52@x—4.

Substitute x =4 into the second equation and
solve fory: 3(4)+2y=14=2y=2=y=1.
The solution is {(4, 1)}.
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698 Chapter 8 Systems of Equations and Inequalities
49. Multiply the first equation by —2: 54. Multiply the first equation by —2:
x+ y=0 —2x-2y=0 x+ y=5 —2x-2y=-10
2x+3y=3 2x+3y=3 2x+2y=-10 2x+2y=-10"
Add the equations and solve for y: Adding the equations gives 0 = -20 = the
-2x-2y=0 equations are inconsistent, and there is no
2x+3y=3 = y=3 solution. Solution set: &
Substitute this value into the first equation and 55. Multiply the second equation by —2:
solve forx: x+3=0= x=-3. 4x+6y=12 4x+6y=12 .
e (L . Adding
The solution is {(-3, 3)}. 2x+3y=6 —4x-6y=-12
50. Multiply the first equation by —1: the equations gives 0 =0 = the equations are
{ x+y=3 {_ x—y=-3 dependent. Solving the second equation for y,
3x+y=1 Sxty=1 we have 2x+3y:6:>y:—§+2.
Add the equations and solve for x: 3
—x—y=-3 The general form of the solution is
= 2x=-2= x=-1. Substitute
3x+y=1 {(x _2_x+2)}
this value into the first equation and solve for y: T3
-1+y=3 =4.
Y ) :>. Y 56. Multiply the first equation by 2:
The solution is {(-1, 4)}.
4x+ Ty=-3 8x+14y=-6 Addi
51. Multiply the first equation by 2: —8x—14y=6  |-8x—ldy=6 ' "E
{575 - y=5 {IOx —-2y=10 the equations gives 0 =0 = the equations are
3x+2y=-10 3x+2y=-10 dependent. Solving the first equation for y, we
Add the equations and solve for x: —4x-3
have 4x+7y=-3=>y= .
10x=2y=10 _ 13 0= x=0 7
3x+2y=-10 ’ The general form of the solution is
Substitute this value into the first equation and —4x-3
solve for y: 5(0)— y=5=> y=-5. The YT
solution is {(0, -5)}. . .
. . . 57. Solve the first equation for y, and then
52. Multiply the first equation by 7 and the second substitute this value into the second equation
equation by 3: to solve forx: 2x+y=9= y=-2x+9.
{ 3x—2y=1:>{ 2lx—14y =7 2x—-3(-2x+9)=5=8x-27=5= x=4.
—Tx+3y= 1' —2lx+9y=3 Substitute this value into the first equation and
Add2 ;he e;]:anons and solve for y: solve fory: 2(4)+y=9= y=1.
x—ldy=7__ . _ __ The solution is {(4, 1)}.
{—21x+9y=3$ 5y=10= y=-2. '
Substitute this value into the first equation and 58. Addthe iquanons and solve for x:
solve forx: 3x-2(-2)=1=3x=-3= {x + ;y B 1% = 2x =4 = x =2. Substitute
x-2y=-
x = —1. The solution is {(—1,-2)}. LTy , .
this value into the first equation and solve for
53. Multiply the first equation by 2:

x— y=2 2x-2y=4 .
{—2x+ 2y=5"" {—2x+ 2y =5 - Adding the
equations gives 0 =9 = the equations are
inconsistent, and there is no solution.
Solution set: &

59.

y:242y=10= y=4.
The solution is {(2, 4)}.

Multiply the second equation by —2 and then add

the equations:
2x+5y=2 2x+5y=2
{ { —-2x—-6y=-4

y = 2. Substitute this value into the second

x+3y=2 =>-y=-2=

equation and solve for x: x+3(2)=2= x=-4.
The solution is {(-4, 2)}.
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60.

61.

62.

63.

64.

65.

Solve the first equation for y, and then substitute
this value into the second equation to solve for
x:4x-y=6=y=4x-6.
3x-4(4x-6)=11=-13x+24=11=>x=1.
Substitute this value into the first equation and
solve fory: 4()—y=6= y=-2.

The solution is {(1, -2)}.

Multiply the second equation by —3 and then
add the equations:

2x+3y=1
3x+ y=7

2x+3y=17 N
-9x-3y=-21
—7x =—-14 = x = 2. Substitute this value into

the second equation and solve for y:
3(2)+ y=7= y=1. The solution is {(2, 1)}.

Substitute the expression for x from the first
equation into the second equation, and solve for
y: 3y+4=5y+10= y =-3. Substitute this
value into the first equation and solve for x:
x=3(-3)+4=-5.

The solution is {(-5, -3)}.

Multiply the first equation by —2 and the
second equation by 3, then add the equations to
solve for x:

2x+3y=9 —4x—-6y=-18
{3x+2y =11 { 9x+6y=33
5x =15= x =3. Substitute this value into the
first equation to solve for y:
23)+3y=9= 3y=3=>y=1.
The solution is {(3, 1)}.

Substitute the expression for y from the second
equation into the first equation, and solve for x:

3x—4(2x3+1)=0:>9x—4(2x+1)=0:>

9x —8x—4 =0= x=4. Substitute this value
into the second equation to solve for y:

2(4)+1
y =

= 3. The solution is {(4, 3)}.

First, simplify both equations:

X,y

—+==1 6x+4y=24

46 {3x—2y=7 - Now
x+2(x=y)=17

multiply the second equation by 2, and then
add the equations:

6x+4y=24 6x+4y=24
{3x—2y=7 {6x—4y=14

12x=38:>x=%.

66.

67.

68.

69.

Substitute this value into the second equation
and solve for y:

B+2(£—y)=7ﬂ5—7—2y=7:>
6 6 6
5 5
2y=—=—=y=—.
y 5 Yy 1

The solution is (Q,ij .
6 4

First, simplify the first equation:

L _

PRGN {5x+3y 180 Multiply the
x— y=4

x—y=4

second equation by 3 and add the equations to
solve for x:

5x+3y=180 5x+3y=180
{x— y=4 {3x—3y=12
x = 24. Substitute this value into the second
equation to solve fory: 24—y =4= y=20.

The solution is {(24, 20)}.

=8x=192=

Simplify the first equation:
3x=2(x+y)=3x=2x+2y = x=2y.
Substitute this expression for x into the second
equation: 3(2y) -5y =2= y =2. Substitute
this value into the first equation to solve for x:
3x=2(x+2)=3x=2x+4= x=4.

The solution is {(4, 2)}.

Solve the first equation for y, and then
substitute this expression into the second
equation to solve for x:
ytx+2=0=y=—-x-2.
-x—2+2x+1=0= x=1. Substitute this
value into the first equation to solve for y:
y+1+2=0=y=-3.

The solution is {(1, -3)}.

Multiply the first equation by —2, then add the
equations:

02x+0.7y=1.5 —-04x-14y=-3 N
04x-03y=1.3 04x-03y=1.3
—1.7y =-1.7= y =1. Substitute this value

into the first equation to solve for x:
02x4+0.7(1)=15=02x=08= x=4.

The solution is {(4, 1)}.
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70.

71.

72.

73.

Solve the first equation for y, then substitute
this expression into the second equation to
solve for x: 0.6x+y=-1= y=-0.6x-1.
x=05(-0.6x-1)=7=x+03x+05=7=
1.3x = 6.5 = x =5. Substitute this value into
the first equation to solve for y:
0.6(5)+y=-1=3+y=-1= y=—4.

The solution is {(5, —4)}.

X, Y
—+==1 1
> *3 @D
3x y
—+==1 2
4 2 @

Clear the fractions by multiplying equation (1)
by 6 and equation (2) by 8.

3x+2y=6 (1)
{6x +4y=8 (2)
Now multiply equation (1) by —2, then add the
two equations.

—6x—4y=-24
6x+4y= 8
0=-16 False

The system is inconsistent.
The solution set is .

xX_Y
3 s 2D
6y-10x=25 (2)
Clear the fractions by multiplying equation (1)
by 15.
5x-3y=30 (@D
{—10x+6y:25 2
Now multiply equation (1) by 2, then add the
two equations.
10x -6y =60
—-10x+6y=25
0=285 False
The system is inconsistent.
The solution set is &.

Xy

——==1 1
3 2 ey
3y x 3
2 _r_ 2 2
8 4 4 @

Clear the fractions by multiplying equation (1)
by 6 and equation (2) by 8.

2x-3y=6 @
{Sy -2x=-6 (2)
Now add the two equations.

2x-3y=6
—2x+3y=-6

0=0 Vv

74.

75.

The system is dependent.

Solve equation (1) for y in terms of x.
g—%:1:2x4h:6:rﬁy:%h+6z
2

3y=2(x—3)=> y=§(x—3)

The solution set is {(x, %(x— 3))}
Xy
X 2 1
5 5 @D

I5Sy-6x=-30 (2)
Clear the fractions by multiplying equation (1)
by 10.

2x-5y=10 1)

—-6x+15y=-30 (2)
Multiply equation (1) by 3, then add the two
equations.

6x—-15y =30
—6x+15y =-30

0=0

Solve equation (1) for y in terms of x.

1 1
—x—-=y=1=2x-5y=10=
5 X ) y X=2)y
—5y=-2x+10=5y=2(x-5)=

)

)’=g(x‘5)

[(ARS)

The solution set is {(x,

2,5. 5 (1)

Xy
3.2 =-17 (2)
Xy
1 1
Let u =— and v =—. Then the system
X y
2u+5v=-5 . .
becomes {3u oy =17 Multiply the first
equation by 2 and the second equation by 5,
. 2u+5v=-5
then add the equations: {3u =7
4u+10v=-10
{lsu_lov:_gs:>19u——95:>u——5.

Substitute this value into the first equation to
solve for v:

2(-5)+5v=-5=5v=5=v=1.
1 1 1

U=—=-5=—=x=——.
X X 5

(continued on next page)
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(continued)

76.

77.

1 1
v=—=1l=—= y=1.
y y

The solution is {(—%, 1)}

L (1)

t2.00 @

Let u = 1 and v = l Then the system
X y

2u+ v=3

4u—-2v=0

equation by 2 and then add the equations:

2u + v=3:> 4u+2v=06

4u-2v=0 4u—-2v=0

becomes { . Multiply the first

S8u=6=>

3 . . . .
u= Z Substitute this value into the first

equation to solve for v: 2(%) +tv=3=v= %

b
)
Il
y
=
Il

U
N|w AW

<
Il

|
’\<|>—><|»—

= ==
<
Il

(O8]
N—
—_ W

The solution is { g,%

3 +—=4 )]
Xy
6_1_ 2 (2)
Xy
1 1
Let u =— and v =—. Then the system
X Yy
becomes {3u tv=4 . Add the equations and
6u—v=2

2 . .
solve foru: Qu=6=u= 3 Substitute this
value into the first equation and solve for v:

3(%J+v=4=>v=2.

78.

79.

8.3 (1)

Xy
—+ 2 =-1 (2)
y
1 1
Let u =— and v =—. Then the system
X y
6u+3v=0 . .
becomes { Au+9y = -1 Multiply the first

equation by —3 and add the equations to solve
for u- 6u+3v=0 N —18u—-9v=0 N
“ 4w ov=-1 4u+9v=-1

1 . .
~“ldu=-1=u= e Substitute this value
into the first equation to solve for v:

6 i)+3\1:O:>3v:_§:>v:_l_
14 - -

1 1 1 1
U=—>o—=—=x=14. v=—=
x 14 «x y

1 1
——=—=y=-7.
Ty

The solution is {(14, -7)}.
5 10
+ —=

Xy
2 12_, )
Xy

3 @

Let u= 1 and v= l Then the system
X y
Su+10v =3
2u—12v=-2
equation by 2 and the second equation by -5,
then add the equation to solve for v:
Su+10v=3 N 10u +20v==6 N
2u—12v=-2 —10u +60v =10

becomes { . Multiply the first

8v=16=v= l Substitute this value into
the first equation to solve for u:
5u+10(lj=3:> 5u=1=>u=l.

5 5

1 1 1
U=—=—=—=x=5.
x 5 x

(continued on next page)
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(continued) Multiply equation (2) by —1, then add the
equations.
V:lﬁlzlﬁyzs 2u+v=4
y S5y 2u—-v=-6
The solution is {(5, 5)}. 0= -2 False
3 4 The system is inconsistent.
80. |=+—=1 D The solution set is .
XY
1 2
6.4 5 2) 82. |—-—= @D
Xy Xy
1 1 2x—y=>5xy 2)
Let u=—"and v= 3 Then the system Divide equation (2) by 5xy.
Sutdv=l L 2 S )
u V= . —_——_——= —_——— =
becomes { 61+ 4y =3 Multiply the second , X 1y N | x 2y
equation by —1 and then add the equations to — =1 -——+—=1 (2)
5y 5Sx 5x Sy
solve for u: {3u+4v=1 :>{ Bu+dv=1 N ) )
Cloutdv=3 " |-6u—4v=-3 Let u=— and v=—. Then the system
X y
Bu=-2=u= % Substitute this value into u— 2v=73
the first equation to solve for v: becomes s 1 2 _..
2 1 5 5
3 3" h=l=dv=-l=v= I Clear the fractions in equation (2) by
multiplying by 5.
1 )1 3 ultiplying by
U==—— —=— = X =—. u— 2v=3
x 3 x 2 ) u=2v=3
1 1 1 —u+—-v=1 -u+2v=10
y 4y Add the equations.
. 3 u—-2v=3
The solution is 5,—4 . —u+2v=10
0=13 False
2 1 The system is inconsistent.
1. |—+—=4 1
8 Xy M The solution setis &.

xX+2y=06xy 2
Divide equation (2) by 6xy.
2 1 2 1

—+—=4 —+—=4 @
1x 1y = 1x 1y
—+—=1 —+—=1 (2)
6y 3x 3x 6y
1 1
Let u =— and v =—. Then the system
X y
2u+ v=4
becomes 41 .
—u+—-v=1
3 6

Clear the fractions in equation (2) by
multiplying by 6.

2u+v=4

! 2u+v==~6

2u+ v=4
—u+—-v=1 {
3 6

8.1 Applying the Concepts

In exercises 83—-86, the equilibrium point is the point
that satisfies both the demand equation and the
supply equation.
83. Add the equations to solve for p:
2p+x=140
12p—x=280
Substitute this value into the first equation
to solve for x: 2(30)+ x =140 = x =80.
The equilibrium point is (80, 30).

= 14p =420= p=30.

84. Add the equations to solve for p:
{ Tp+x=150
10p—x=20
Substitute this value into the first equation
to solve for x: 7(10) + x =150 = x =80.

The equilibrium point is (80, 10).

=17p=170= p=10.
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8s.

86.

87.

88.

89.

90.

Multiply the second equation by —1, then add

the equations to solve for x:
2p+x=25 2p+x=25 _
{ x—p=13:> { p—x=—13:>3p_12:>

p = 4. Substitute this value into the second

equation to solve forx: x—4=13=x=17.
The equilibrium point is (17, 4).

Multiply the second equation by —1, then add
the equations to solve for p:
p+2x=96 p+2x=96 _
{p_ =39 —p+ x=_39ﬁ3x—57=>
x =19. Substitute this value into the second
equation to solve for p: p—-19=39= p=>58.

The equilibrium point is (19, 58).

Let x = the diameter of the largest pizza, and let

y = the diameter of the smallest pizza. Then

{x+y:29:>2x=42:>x=21.
x—y=13

21+ y=29= y=8.

The largest pizza has diameter 21 inches, and

the smallest pizza has diameter 8 inches.

Let x = the number of calories in the hamburger
from Boston Burger, and let
y = the number of calories in the hamburger
from Carmen’s Broiler. Then

x+y=1130
{x -y=40
Substitute this value into the first equation to
solve for y: 585+ y=1130= y=1545.

A Boston burger has 585 calories while the
Carmen’s Broiler burger has 545 calories.

=2x=1170= x =1585.

Let x = the percentage of paper trash, and let
y = the percentage of plastic trash. If the total
amount of trash is #, then

x+y=48
{ x=5y"°
Substitute the expression for x from the second
equation into the first equation to solve for y:
S5y+ y=48= y =8. Substitute this value into
the first equation to solve for x:
x+8=48 = x =40. So, 8% of the trash is
plastic and 40% is paper.

Let x = the amount spent for food. Let y = the
amount spent for clothes. Then {x = 1000.
x=4y
Substitute the expression for x from the second
equation into the first equation to solve for y:

4y+y=1000= y =200. Substitute this

91.

92,

93.

value into the second equation to solve for x:
x = 4(200) = 800. They spent $800 for food

and $200 for clothes.

Let x = the number of beads, and let y = the
number of doubloons . Then
0.4x+0.3y =265
x+ y=770"
equation by —0.3 and then add the equations to
0.4x+0.3y =265
x+ y=770
0.4x+0.3y =265
-0.3x-0.3y =-231

Substitute this value into the second equation to
solve for y: 340+ y =770 = y = 430. Levon

bought 340 beads and 430 doubloons.

Multiply the second

solve for x: {

= 0.1x =34 = x =340.

Let x = the amount of 24¢ candy, and let
y = the amount of 18¢ candy. Then
X+ y=135
{O.24x +0.18y =26.70°
Multiply the first equation by —0.18 and the
add the equations to solve for x:
{ x+ y =135 N
0.24x+0.18y =26.70

—0.18x—-0.18y = -24.30
0.24x+0.18y =26.70

x =40. Substitute this value into the first
equation to solve for y:

40+ y =135= y =95. Janet bought 40
pieces of 24¢ candy and 95 pieces of 18¢
candy.

= 0.06x=2.40=

Let x = the number of Egg McMuffins, and let

y = the number of Breakfast Burritos. Then
27x+21y=123

{17x +13y =77

by 13 and the second equation by —21, then

add the equations to solve for x:
27x+21y=123 351x+273y =1599
17x+13y =77 —357x-273y =-1617

—6x =—18 = x = 3. Substitute this value into
the first equation to solve for y:
273)+21y=123=21y=42= y=2. You
will need to eat three Egg McMuffins and two
Breakfast Burritos.

. Multiply the first equation
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94. Letx = the number of Egg McMuffins, and let 2y+y
y = the number of Breakfast Burritos. Then =11.25= 3y=22.50= y=7.50.
{12)6 +20y =68 ) Substitute this value into the first equation to
27x+21y=129 solve for x: x =2(7.50) =15. She earned $15
Multiply the first equation by 21 and the tutoring and $7.50 working at McDougal’s.
second equation by —20, then add the equations
to solve for x. 98. Letx = the hourly amount earned by the
12 + 20y = 68 252 +420y = 1428 plumber, and let y = the hourly amount earned
= = =
{27x + 21y =129 {—540)6 - 420y =-2580 by the apprentice, Then {ZOxl-f:Oy —9200°
—288x=—1152 =5 x = 4. Substitute this value , , >
into the first equation to solve for y: Substitute the expression for x from the first
equation into the second equation and solve
12(4)+20y = 20y =2 =1 Y
(4 +20y=068=20y=20= y ou for y: 40(15+ y)+40y = 2200 =
will need to eat four Egg McMuffins and one . .
Breakfast Burrito. 600+ 80y = 2200 = y = 20. Substitute this
05 —h ) d 50 and | value into the first equation to solve for x:
. Letx=the amqunt invested at 7.5%, and let x=15+20=35. The plumber earns $35 per
y = the amount invested at 12%. Then hour and the apprentice earns $20 per hour.
X+ y =150,000
0.075x+0.12y =5190 Solve the first 99. Let x = the number of pounds of the herb, and
. . . . let y = the number of pounds of tea. Then
equation for x and substitute this value into the ~100
second equation to solve for y: { X y= . Solve the first
X+ y=50,000= x = 50,000 y. 5.50x +3.20y = 3.66(100)
0.075(50,000 — y) +0.12y = 5190 = equation for x, and substitute this expression
3'750 N 0’075y +0 12y' ~5190 = into the second equation to solve for y:
' T x+y=100= x=100-y.
0.045y = 1440 = y = $32,000 . s 5500 32003 26(100) .
Substitute this value into the first equation to : . _y o ~
solve for 1 550-55y+32y=366=-23y=-184=
x+32 OO(j ~50.000 = x = 18.000 y = 80. Substitute this value into the first
Mrs. Garcia invested $18,000 at 7.5% and equation to solve for x: x+80=100= x = 20.
$32,000 at 12%. There are 20 pounds of the herb and 80 pounds
of tea in the mixture.
96. Let x = the amount invested at 8%, and let
y = the amount invested at 10.5%. Then 100. Let x = the amount of 60% solution, and let
4+ —30.000 y = the amount of water added. Then,
%08+01%y—%§)'SdWﬂwﬁ“t Amount of
AOX LAY = luti % acid Amount of acid
equation for x and substitute this value into the solution
second equation to solve for y: X 0.6 0.6x
x4+ y=30,000= x=30,000—y. X+y 0.4 0.4(x +y)
0.08(30,000 - y)+0.105y =2550 =
2400—0.08y +0.105y = 2550 = xty+l 0.3 03x+y+1)
0.025y = 150 = y = 6000. Substitute this The amount of acid is the same in all three
value into the first equation to solve for x: SOhmOilS’ s0 we have :
X+ 6000 = 30,000 = x = 24,000 . Mr. Sharma {82X-04@;§) | {8fx‘8fy:g3
invested $24,000 at 8% and $6000 at 10.5%. At y) =030t y+D - (0.1e+0.1y=0.
) Multiply the second equation by —2 and add the
97. Letx = the amount earned tutoring, and let

y = the amount earned working at McDougal’s.
x=2y
Th .
Y _qios

Substitute the expression for x from the first

equation into the second equation and solve for y.

equations to solve for y:
O.Z.x - O.4y = O - ~
{—0.2)6— 02y=-0.6 =-0.6y=-06=y=1

Substitute this value into the first equation to
solve for x: 0.2x—-04(1)=0=> x=2.

(continued on next page)
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(continued)

So, there were 2 liters of the 60% solution and 1
liter of water added to make the 40% solution.
Adding one more liter to make the 30% solution
means there are 4 liters of the 30% solution.

. |

y=2x+30,000
y=3.5x '

Substitute the expression for y from the
second equation into the first equation to
solve for x:

2x+30,000 = 3.5x = 1.5x = 30,000 =

101. Let x = the speed of the plane in still air, and let = 0.000 macazines
y = the wind speed. So, the speed of the plane r=D gazt
with the wind is x + y, and the speed of the 104. a. C(x) =y =50x+750,000;
plane against the wind is x — y. Then, using the ’ ’
fact that rate x time = distance, we have R(x)=y=125x
5(x+ y)=3000 x+y=600 b. y
{6(x —y)=3000 7 \x- y=500" Add the 2,000,000~ Rw)
equations to solve for x: 2x =1100 = x =550. 1':(5)3’822: T
Substitute this value into the first equation to 1;502000 L
solve for y: 5(550+ y) =3000 = 1,000,000 (10500, 1250000
550+ y = 600 = y = 50. The speed of the 750,000 T
plane is 550 kph, and the wind speed is 50 kph. zgg’ggg:
102. Let x = the speed of the boat in still water, and 0 : 10,|000 : 20;)00 >
let y = the speed of the current. The speed of
the boat against the current (upstream) is x — y, y =50x+ 750,000
and the speed of the boat with the current ¢ y=125x
nge@f;;?:rf) dlisst);r-:cz ) al;eﬁl;\ismg the fact that Substitute the expression for y from the
2% ) _12 ’ 6 second equation into the first equation to
X=Yy)= A=Y= : solve for x:
= . Multiply the
{3(x—2y)=12 {x—2y=4 Py 125x = 50x + 750,000 =
second equation by —1 and add the equations to 75x =750,000 = x =10,000 MP4’s
lve for y:
sove or_y 6 _6 105. Letx = Shanaysha’s weekly sales. Then her
X— y= = Y=o L ,-9 salary at store B is 150 + 0.04x.
—2y=4" {—x+2y=—4""" Y
r-ey= rTey 150+ 0.04x > 400 = 0.04x > 250 = x > 6250.
Substitute this value into the first equation to Her weekly sales should be more than $6250.
solve for x: 2(x=2) = 12.:> 2.x =16 :> = 8 106. Let x = the yearly sales premiums. Then
So, the speed of the boat in still water is 8 miles Sheena’s salary at company A is 25,000 + 0.02x
per hour and the speed of the curre'nt is 2 miles and her salary at company B is 30,000 + 0.01x.
per hour. The speed of the boat going 30,000 + 0.01x > 25,000 + 0.02x =
downstream is 10 miles per hour and the 12 5000> 0.01x = 500.000 > x . If Sheena’s
mile trip will take 12/10= 1.2 hours. yearly sales premium is less than $500,000, then
103. 2. C(x)=y=2x+30,000; R(x) = y = 3.50x the offer from company B is the better offer.
¥y 8.1 Beyond the Basics
100,000~ R()
90,000~
80.00017 2 000, 70,000) 7 €W 107. |2logsx+3loggy=8 (1
70,000 3logz x— logz y=1 (2)
gg:ggg - Multiply equation (2) by 3. Then add the two
40,000 - equations.
30,000 2logsy x+3log; y =8
20,000~
10,000 9log; x—3log; y=3
L1110 —
0] 5000 15000 30000 x 11logs x =11
Solve for x.

I1logy;x=11=logz; x=1=x=3

(continued on next page)
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(continued) Substitute this value in equation (1) and solve
Substitute x = 3 into equation (2) and solve for y: forliz ;‘ y y
3logz3—log; y=1=3(1)-log; y=1= 3¢ —de? =4=3(4) 4" =4 =
dpY = Y= -
—log3y=—2=>log3y=2=>y=32=9 4e’ =—8=e¢’ =2=y=In2
Be sure to check your answer in the original 110. |2 —3.57Y =16 0]
system of equations. The solution is {(3, 9)} 3¢*T2Y _ 12657V = 46 (2)
Let u =x + 2y, and let v = x — y. Then the
108. {31(’%2 (x+y)=5log,y (x-y)=2 (D system becomes

2log, (x+ y)+310g2(x—y):14 2) o= 3" =16 )
Let u =x +y, and let v = x — y. Then the system 30" _ 126" = 46 2)
becomes ) )

3109n 1 — 5100, v =2 ) Multiply equation (1) by —4. Then add the

£2 £2 equations.

2log, u+3log,v=14 (2) . )
Multiply equation (1) by 3 and equation (2) by —4eu Tl2e” =64
5. Then add the two equations. 3e" —12¢” = 46

9log,u—15log,v="6 —e" =-18
10log, u +15log, v="70 Now solve for u.

191og, u =76 - =-18=¢" =18 = x=Inl8.
Solve for u. Substitute this value in equation (1) and solve
19log,u=76=log,u=4=u=2*=16 for v.
Substitute u = 16 into equation (2) and solve for M8 30" =16 = 18-3¢" =16 =
Vi v v_2 _[2
2log,16+3log, v=14= == ‘3:”‘1‘1(3)
2(4)+3log,v=14=3log,v=6= Now solve for x and y using = In 18,
log,v=2=v=2%=4 v=1n(3j
Now solve for x and y using u = 16, v = 4. 3)
x+y=16 x+2y=In18=In(9-2)=m9+ln2 (3)
x—-y=4 5
2x=20=x=10 x—y=1n(§j=1n2—ln3 4)
10+y=16=y=6 . .
Be sure to check your answer in the original lf\/[ultlply equation (4) by 2, then add and solve
. . or X.
system of equations. The solution is {(10, 6)}. x+2y=In9+1n2
109. 2x—2y=2In2-2In3

{3& —4e¥ =4 (1)

2¢* +5¢7 =18  (2)

Multiply equation (1) by 5 and equation (2) by
4. Then add the equations.

15¢* —20e” =20
8e* +20e” =72

23¢* =92

Now solve for x.

236x=92:>ex=%:>x=ln4.
23

3x=In9+3In2-2In3
=In(3%)+3n2-2In3
=2In3+3In2-2In3
3x=3In2=x=1In2
Substitute this value in equation (4) and solve
for y.
In2-y=In2-In3=-y=—-In3= y=In3
Be sure to check your answer in the original
system of equations. The solution is

{(ln2, m3)}.
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111.

112.

113.

114.

x+2y=17
3x+5y=11"
Multiply the first equation by —3, then add the
equations to solve for y:
x+2y=17 —3x—-6y=-21
3x+5y=11 3x+5y=11
y =10. Substitute this value into the first

First solve the system {

=-y=-10=

equation to solve for x: x+2(10)=7=

x =—13. Now substitute (—13, 10) into the
third equation to solve for c:
—13¢+3(10)=4= -13c=-26=c=2.

2x+cy=11

Sx-=T7y=5
The system is inconsistent if the lines are
parallel, i.e., if the coefficients of one line are
multiples of the coefficients of the other line,
but the constant in the first line is not the same
multiple of the constant in the second line.

14

5

If (x — 2) is a factor of both f{x) and g(x), then
the remainder when each function is divided by
(x = 2) is zero. Use synthetic division to find
the remaining factors.

2x=§(5x), s0.¢ :%(-7):

21 1 -4 a b
2 -4 2a -8
1 -2 a-4 2a+b-8
2l 1 -a b 8 116.
2 —2a+4 —4a+2b+8
1 2-a —2a+b+4 -4a+2b+16

This gives us the system
{ 2a+ b- 8=0:>{ 4cz+2b—16=0=>
—4a+2b+16=0 —4a+2b+16=0
4=0=>b=0

Substituting b = 0 into the first equation gives
2a+0-8=0=>a=4

The solution is a =4 and b = 0.

li=ax+by+c =0

62 =a2x+b2y+C2 =0=>£1 +k£2 =0 (1)

If P(h, k) is the point of intersection of ¢; and

£,, then ajh+bk+c =0 and

a2h+b2k+C2 =0. Since 51 +k£2 :0, P lies

on this line also. Therefore,

bi+kly=ax+by+c +k(a2x+b2y+cz)
=0

is an equation of the line passing through P.

115.

To find the intersection of the two lines, solve

2x+y=3

x—3y=12"

equation by 3, then add the equations to solve
2x+y=3 6x+3y=9

for x: { x—3yy=12 { x—3;=12:>

7x =21= x =3. Substitute this value into

the first equation to solve for y:

2(3)+y=3= y=-3. So the point of

intersection is (3, =3).

Solve the equation 3x+2y =38 fory to find

the system { Multiply the first

the slope: y:—%x+4:> the slope is —%.

The equation of the line is
3 3 3
+3=—-(x-3)=> y=—=x+—.
y S = y=—oxto

Verify graphically:

To find the intersection of the two lines, solve
Sx+2y=17
6x—5y=38"
equation by 5 and the second equation by 2,
then add the equations to solve for x:
Sx+2y=17 25x+10y =35
{6x—5y =38 {12x— 10y =76
x = 3. Substitute this value into the first
equation to solve for y: 53)+2y=7=

the system { Multiply the first

=37x=111=

2y =—8 = y =—4. So the line passes through
the point (3, —4). Because the line also passes
through the point (1, 3), the slope of the line is

3 ; (_34) = —%. The equation of the line is

7 7 13
-3=——(x-1)= y=——x+—. Verif
y 2 (x-D=y D) y
graphically:

(continued on next page)
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(continued)

117. To find the intersection of the two lines, solve

2x+ Sy+7=0 .
the system {1 3x—10y+3=0" Multiply the
first equation by 2, then add the equations to

solve for x:

{ 2x+ 5y+7=O:>{ 4x+10y+14=0
13x-10y+3=0 13x-10y+3=0
17x+17 =0 = x = —1. Substitute this value

into the first equation to solve for y:
2-D+5y+7=0=5+5y=0= y=-1.

The slope of the line 7x+13y =8 is —%, SO
. .. 13
the slope of the perpendicular line is = The

1
equation of the lineis y+1= 73 x+h)=

B8
YRy
Verify graphically:
4 A

8.1 Critical Thinking/Discussion/Writing

118. a. There is only one solution if the equations

are independent. Solve for x by multiplying
the first equation by b, and multiplying the
second equation by —b, , then adding the
equations:
ax+by=c
{azx +byy=c,
{ byaix+byby = bycy
=bjaryx—bbyy=-bic,
bya;x —bja,x =bycp —bic, =
x(bya; —biay) =byc; —bic, =
_bye; = bicy
~aiby —azhy
Solve for y by multiplying the first equation
by a, and multiplying the second equation

by —a, , then adding the equations:
aix+by=c
1 1y=a
ax+byy=c,
aya,x +a,by = ayc;
—ajarx —abyy =—ajc,
a)byy—abyy =a,c; —ajcy =
y(ayby —aby) = ayc; —a;c, =

e, — 416y _ 416 — a4

. arby—ab,  ab, —azb, .
Note that the denominator of x and y,
a,b, — ayb; , cannot equal zero.

There is no solution if the equations are
inconsistent. They are inconsistent if they
are parallel. The slopes of the lines are

by b a b
equal and A2 7L-"1 The

a ay ay by
intercepts are different. If ¢; = ¢,, then

S

#
a  da

There are infinitely many solutions if the
equations are dependent. From part (b), we
al bl . .
have — = —-. The intercepts of the lines
a, by
a b c
must be the same, so ad e R
a, by ¢
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119. a.

120. a.

The slope of ¢, is —%, so the slope of the
. .4 . .
perpendicular is 3 The equation of ¢, is

4
y_8:§(x—5):>3y—24:4x—202>
3y—4x=4.

3x+4y=12
-4x+3y=4"
Multiply the first equation by 4 and the second
equation by 3, then add the equations to solve
] 3x+4y=12
for x: {—4x+3y =4

{ 12x+16y =48

To find Q, solve the system {

12
12x+ 9y:12:>25y—60:>y—?.

Substitute this value into the first equation to

solve for x: 3x+4(%)=12=> 3x=%=>

X = i The coordinates of Q are i,g)
5 55

2 2
d(P,Q):\/(S—%j +(8—£j =49=7

5

The slope of ¢, is —%, so the slope of the

b
perpendicular is —. The equation of ¢, is
a

b
y=y==(x-x)=
a
ay —ay; = bx—bx; = ay —bx=ay, —bx, or

bx—x)=a(y~3,)=0

The intersection of ¢, and ¢, is the
solution of the system
ax+by=-c
=bx +ay = ay, — bx
abx + bzy =-bc
2 2 =
—abx+a”y=a"y, —abx
y(a2 + bz) =-bc+ a2y1 —abx; =
_ —bc+ a2y1 —abx,
a*+b*

ax+by=—c
=
—bx +ay = ay; —bx,
—a’x- aby = ac
—b2x+ aby = aby, — b2x1
—x(a® +b*) =ac+ aby, - b2x1 =
_ —ac—aby; + b2x1
a’ +b?
_ac+aby, - b2x1
a*+b*
The intersection of the two lines is
_ac+aby, —b2x1 —abx| + a2y1 —-bc
a’+b? ' a’ +b? .

¢. Now find the distance between (x;,y;) and

(_ ac + aby, —b2x1 —bc+a2y1 —abxl)

a’ +b* a’ +b?

s \2
ac +aby; — b x;
x1+—2 5
a”+b

2 2
—bc+a”y, —abx,
T -

a’+b?

_ \/(a(axl + by, -i—c))2 +(b(ax1 + by, +C)2
a’ +b? a’ +b?
_ ’az(axl + by, +c)? + bz(axl + by, +0)?
(a2 +b2)2 (a2 +b2)2
_[@® +b7)ax, + by, +0)>
(a2 +l)2)2

_ [(ax; + by, +¢)? B |ax1 + by, +c|
Ve

a=1b=lc=-7,x,=2,y,=3

lax, +by, +¢| 12 +13)-7] 2 N
= = —= 2

Ja? +b? Jiz 2

b. a=2b=-1c=3,x,=-2,y,=5

lax, + by, +¢| _[2(-2)-1(5)+3|

121. a.

Va2 +b? 22+ (=12
_6 _6¥5
05

c. a=5b=-2,c=-7,x=3,y,=4
|ax; + by, +¢| [53)-24)-7] 0

Ja? +p2 V32 4+ 42
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710 Chapter 8 Systems of Equations and Inequalities
d. a=ab=b,c=c,x=0,y,=0 Substitute a = 6 into equation (2) and solve for
|ax1 +by, + c| |a(0) +b(0)+ c| b.
= 3(6)-2b=4=-2b=-14=b=7
\/az+b2 \/az+b2 ( )
| c| Be sure to check your answer.
= The reflection point is Q(6, 7).
Va? +b?
123. A
122. b7 k\
\
’ Ve 3 =12
N A0 b) Vo
/
\
‘\
v, QG b)
, €:2x+3y =20 FQ. ) e
, Lt >
LR . kY *
X

Let Q(a, b) be the reflection point. Using the
hint, we have two equations, one developed

from the fact that the midpoint of P_Q lies on

line €, and the other developed from the fact
that € is perpendicular to the line containing the

segment @
Equation (1): The midpoint of P_Q is

M(a;—Z’ %) Since M lies on line €, we

have 2(“—;2) + 3(%) =20. We can

simplify this to

(a+2)+%b+%=20=>a+%b=§=>

2
2a+3b =33

2
Equation (2): The slope of € is 3 so the

slope of the line perpendicular to line € is %

Using the formula for the slope of E, we

have
3 bl s 6=-2=3a—2b=4.
2 a-2
So, the system is
2a+3b=33 @
{3a—2b:4 2)

Multiply the first equation by 2 and the second
equation by 3. Then add the two equations,
then solve for a.
4a+6b = 66
9a—-6b=12

13a=78=a=6

Let Q(a, b) be the reflection point. Using the
hint from exercise 122, we have two
equations, one developed from the fact that

the midpoint of @ lies on line €, and the

other developed from the fact that € is
perpendicular to the line containing the

segment E
Equation (1): The midpoint of P_Q is

M(a;rz, %) Since M lies on line €, we

have 3(%) + (%) =12. We can

simplify this to

3(a+2)+(b+1)=24=>
3a+6+b+1=24=3a+b=17
Equation (2): The slope of € is =3, so the

slope of the line perpendicular to line € is %

Using the formula for the slope of E, we

have
Il SR S S TS
3 a-2
So, the system is
3a+ b=17 o
{a—Sb:—l 2)

Multiply the first equation by 3. Then add the
two equations, then solve for a.

9a+3b =51
a-3b=-1
10a=50=>a=5

Substitute a = 5 into equation (1) and solve for
b.

3(5)+b=17=b=2
Be sure to check your answer.
The reflection point is Q(5, 2).
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8.1 Maintaining Skills

124. 3x—(2x—1)—(4x+3)=—5
3x—-2x+1-4x-3=-5
-3x-2=-5
3x=-3=x=1
125. y+2z=7, z=2
y+2(2)=7=>y+4=7=>y=3

126. x-3y=5; y=-3
x—3(—3)=5=>x+9=5=>x=—4

127. 2x+4+3y+5z=21;, y=1 z=2
2x+3(1)+5(2)=21=>2x+13=21=>
2x=8=>x=4

128. 3x—-5y+z=2; x=-2, z=3
3(-2)-5y+3=2=>-5y-3=2=
-Sy=5=y=-1

129. 2x+4+3y—-2z=5; y—z=4,7z=-3
y=(-3)=4=y+3=4=y=1
2x+3(1)—2(—3)=5=>2x+9=5=>
2x=—4=x=-2

130. 3x+2y+z=2; y+2z=1, z=2
y+2(2)=1:>y+4=1:>y=—3
3x+2(—3)+2=2=>3x—4=2=>
3x=6=>x=2

8.2 Systems of Linear Equations in

Three Variables

8.2 Practice Problems

1. Substituting the ordered triple into the system

x+ y+z=1
3x+4y+ z=-4,
2x+ y+2z= 5
we find that (2, -3, 2) is a solution.
24+ (-3)+2=1
32)+4(-3)+2=-4
22)+(-3)+2(2)=5

2. |2x+5y =1 (@
x=3y+2z=1 (2)
-x+2y+z=7 (3
Interchange equations (1) and (2).
x=3y+2z=1 (2)
2x+5y =1 O
-x+2y+ z=7 (3
Multiply equation (2) by -2, then add the
resulting equation and equation (1) to

eliminate x, then replace equation (1) with the
resulting equation.
—2x+6y-4z=-2 (2)
2x+5y =1 (@1
Ily—4z=-1 (4

x=3y+2z= 1 (2)
1ly-4z=-1 (4)
-x+2y+z= T 3
Now add equations (2) and (3), then replace
equation (3) with the resulting equation.
x=3y+2z=1 (2)
-x+2y+ z=7 (3)

—y+3z=8 (5

x=3y+2z= 1 (2)
1ly-4z=-1 (4)
-y+3z= 8 (5
Now multiply equation (5) by 11, add the
resulting equation to equation (4), then solve
for z.
Illy— 4z=-1 (4)
—11y+ 33z =88 (5)

29z =87
z= 3 (6)
The system becomes
x—=3y+2z 1 Q2
Ily—4z=-1 (4).
Z 3 (6)
Now substitute z = 3 into equation (4) and
solve for y.
1ly-4Q3)=-1=1ly=11=y=1
Substitute the values of y and z into equation
(2) and solve for x.
x=-3D+2Q3)=1=x+3=1=>x=-2
So, we have x = -2, y =1, and z = 3. Now
check in the original system.
2(=2)+5() =1 Vv
-2 -3(0)+23)=1 v
-=2)+2(H)+ 3 =7 Vv
The solution is {(-2, 1, 3)}.

2x+2y+ 2z=12 (1)
=3x+ y-llz=-6 (2)
2x+ y+ 4z=-8 (3)
Divide equation (1) by 2 and replace equation
(1) with the resulting equation.
x+ y+ z= 6 (4
-3x+ y-llz=-6 (2)
2x+ y+ 4z=-8 (3)

(continued on next page)
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712 Chapter 8 Systems of Equations and Inequalities
(continued) 5. { x+3y+2z=4 (1)
Multiply equation (4) by 3, add the resulting 2x+Ty—z=5 (2)
equation to equation (2), and replace equation Eliminate x.
(2) with the result. Similarly, multiply —2x-6y—-4z=-8
equation (4) by —2, add the resulting equation 2x+7y—- z=5
to equation (3), and replace equation (3) with y=5z=-3
the result. X+3y+2z= 4 ()
X+ y+ = 6 (4) y_SZ:_3 (3)
4y-8z= 12 (5 i )
_ Solve equation (3) for y in terms of z.
-y+2z=-20 (6) 5,23 Zs.13
Itiply equation (6) by 4, add the resultin yUorE T yE AL
Mu Py eq . Y ' Substitute this expression into equation (1)
equation to equation (5), and replace equation and then solve for x in terms of
(6) with the result. &
4y_8Z= 12 x+3(5Z_3)+ZZ:4:>
—4y+8z =—80 x+15z-9+2z=4=x=-17z+13
0=-68 The solution set is {(-17z+13,5z-3,2)}.
Xt 4y * SZ i lg Eg 6. The system is
Y 8 _ 68 ) x+y =0.65 (beam 1)
x+ z=0.70 (beam?2) .
Since equation (7) is false, the solution set of y+2z=0.55 (beam 3)
th tem is &.
© systetiLis Multiply the first equation by —1, add the
4. x+ y+z= 5 (D result to the second equation, and replace the

—4x— y-8z=-29 (2)
2x+5y-2z= 1 (3)

Multiply equation (1) by 4, add the resulting
equation to equation (2), and replace equation
(2) with the result. Similarly, multiply
equation (1) by -2, add the resulting equation
to equation (3), and replace equation (3) with
the resulting equation.
x+ y+ z= 5 ()
3y—-4z=-9 (4
3y—4z=-9 (9
Now multiply equation (4) by —1, add the
result to equation (5), and replace equation (5)
with the resulting equation.
x+ y+ z= 5 ()
3y—-4z=-9 4

0= 0 (6)

Solve equation (4) for y.
—9+4 4
Jy—dz=-9= y= 7 Z:—3+§z

Substitute this expression into equation (1)
and solve for x.

x+y+z=5:>x+[—3+—:zj+z=5:>
7 7
+—z-3=5=x=-—2z+8

X 32 X 3Z

The solution set is {(8 —%z, -3 +§z, Zj}

second equation with the new equation:
—1(x+y=0.65)=—-—x—y=-0.65
=-0.65

—X=y _ _

x+y =0.65 x+y =0.65
x+ z=070=4 —y+z=0.05
y+2z=0.55 y+z=0.55

Add the second and third equations and solve
for z: 2z =0.60 = z =0.30. Substituting this
value into the original second equation, we
have x+0.30=0.70 = x = 0.40 . Substituting
this value into the original first equation, we
have 0.40+ y =0.65 = y =0.25. Referring

to table 8.1, we see that cell A contains bone
(since x = 0.40), cell B contains healthy tissue
(since y = 0.25), and cell C contains tumorous
tissue (since z = 0.30).

8.2 Basic Concepts and Skills

1.

Systems of equations that have the same
solution set are called equivalent systems.

Adding a constant multiple of one equation to
another equation in the system produces an
equivalent system.

If any of the equations in a system has no
solution, then the system is inconsistent.
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10.

11.

If the number of equations is different from
the number of variables in a linear system,
then the system is called a nonsquare system.

True
True

Substituting the ordered triple into the system

2x-2y-3z=1
3y+2z=-1,
y+ z=0

we find that (1, —1,1) is a solution.
2()-2(-1)=-3() =1
3-D+2(H=-1
-1+ 1 =0

Substituting the ordered triple into the system
3x-2y+2z=2
y+ z=5,wefind that (2,3, 2)is a
X +3z=38

solution.
32)-23)+ 2=2
3+ 2=5
2 +3(2)=8

Substituting the ordered triple into the system
x+3y—- 2z=0

2x— y+ 4z=5, we find that (-10, 8, 7) is
x—11y+14z=0

not a solution.

-10 + 3@8) - 2(7)=0
2(-10)- 8 + 47)=0#%5
-10 -11(8) +14(7)=0

Substituting the ordered triple into the system
x=4y+ T7z=14
3x+8y— 2z=13
Tx—8y+26z=5
we find that {(4, 1, 2)} is not a solution.
4 -4+ 72)=14
34)+8() - 2(2)=16%13
7(4)-8(1)+26(2)=T72+#5

x+y+ z=4
To solve the system y-2z=4,
z=-1

substitute z =—1 into the second equation,
and solve fory: y—2(-1)=4= y=2.Now
substitute the values for y and z into the first
equation, and solve for x:
x+2-1=4=x=3.

The solution is {(3, 2, -1)}.

12.

13.

14.

15.

x+3y+ z=3
y+2z=8,

z=5
substitute z =35 into the second equation, and
solve fory: y+2(5)=8= y=-2.Now
substitute the values for y and z into the first
equation, and solve for x:
x+3(-2)+5=3=x=4.
The solution is {(4, -2, 5)}.

To solve the system

x—=5y+3z=-1
To solve the system y—2z=-6,
z=4

substitute z =4 into the second equation, and
solve fory: y—2(4)=-6= y=2.Now
substitute the values for y and z into the first
equation, and solve for x:
x=512)+3(4)=-1= x=-3.

The solution is {(-3, 2, 4)}.

x+3y+5z=0
To solve the system y+7z=2,
1

==

2

. 1. .
substitute z = > into the second equation, and

solve for y: y+7(%)=2=> y=—%.Now

substitute the values for y and z into the first
equation, and solve for x:

x+3(—§)+5(lj=0:>x=2.
2 2

The solution is (2,—§,lj .
2°2

2x-2y-3z=1 2x-2y-3z=1
Iy+2z=-1= y+ z=0 .
y+ z=0 3y+2z=-1

Multiply the first equation by 1/2:

1 3 1
2(2x 2y-3z=D)=>x—-y 21 2
Now multiply the second equation by —3, add
the result to the third equation, and replace the
third equation with the new equation:

“3(y+2z=0)= -3y-3z=0.

{—3y—3z =0

3y_‘_zz:_1:>—z=—1:>z=1.

(continued on next page)
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(continued)

So the system becomes

3 1
YT
y+ z=0.
z=1
16. (3x-2y+z=2 X +3z=8
y+ z=5= y+ z=5.
X +3z=8 3x-2y+z=2

Multiply the first equation by —3, add the
result to the third equation, and replace the
third equation with the new equation:
—3(x+3z=8)=-3x-9z=-24

—3x -9z=-24
{ 3x—2y+ z=2
The system becomes

X +3z=38

y+ z=5
—2y—-8z=-22

= 2y-87=-22

Now multiply the second equation by 2, add

the result to the third equation, and replace the

third equation with the new equation:

2(y+z=5)= 2y+2z=10.

2y+2z=10
{—2 y—8z=-22
The system becomes
X +3z=8.
y+ z=5
z=2

=-6z=-12=7=2

17. Multiply the first equation by —2, add the
result to the second equation, and replace the
second equation with the new equation:
—2(x+3y-2z=0)=-2x-6y+4z=0

it yeees,
The system becomes:
x+3y—- 2z=0 x+3y—- 2z=0
2x— y+ 4z=5=< —-Ty+ 8z=5
x—11y+14z=0 x—11y+14z=0

Multiply the first equation by —1, add the
result to the third equation, and replace the
third equation with the new equation:
—1(x+3y-2z=0)=-x-3y+2z=0
{—x - 3y+ 2z=0

1yt 14s o5 = 14y +162=5.

18.

19.

The system becomes:

x+3y—- 2z=0 x+3y—- 2z=0
-7y+ 8z=5=4 —-T7y+ 8z=5
x—11y+14z=0 -14y+16z=5

Multiply the second equation by —2, add the

result to the third equation, and replace the

third equation with the new equation:

-2(-7Ty+8z=5)=14y-16z=-10
14y-16z=-10

{—14 y+16z=>5

The system becomes:

= 0=-5.

B
-7y+ 8z=5= y--z=--
x—11y+14z=0 Moo s

Multiply the first equation by —3, add the result
to the second equation, and replace the second
equation with the new equation:
“3(x—4y+7z=14)= 3x+12y-21z=-42
3Bx+12y-21z=-42
{ 3x+ 8y— 2z=13

x=4y+ T7z=14
3x+8y—- 2z=13= 20y —23z=-29
Tx—-8y+26z=5 Tx—-8y+26z=5
Multiply the first equation by —7, add the
result to the third equation, and replace the
third equation with the new equation:
“T(x-4y+7z=14)= —Tx+28y—-49z7=-98

~7x+28y—49z=-98 _
{ Tx— 8y+26z=5 = 20y-232=-93

x—4y+ T7z=14

= 20y -237=-29

x=4y+ T7z=14

x—4y+ Tz=14
20y-23z=-29= 20y —-23z=-29

Tx—-8y+26z=5 20y —-23z=-93

Multiply the second equation by —1, add the

result to the third equation, and replace the

third equation with the new equation:

-1(20y - 23z =-29) = 20y + 23z =29
—20y+23z=29 _

{ 20y -23;=-93— V=704

x—dy+ Tz=14 x—4y+ 7z=14

20y - 237 =-29 = y—i—g =_§_3

20y —-23z=-93 0= —64
x— y+ z=6 x— y+ z=6
2y+3z=5=> 2y+3z=5.
2Z=6 Z=3

Substitute z = 3 into the second equation to
solve for y: 2y+33)=5= y=-2.

(continued on next page)
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(continued)

20.

21.

Now substitute the values for y and z into the
first equation to solve for x:
x=(-2)+3=6= y=1.

The solution is {(1, -2, 3)}.

Ax+5y+27=3 4x+5y+2z=-3

1 14

3y- z=14= y——z=—.
~3z=15 33
z=-5

Substitute z = -5 into the second equation to
solve for y: 3y —(-5)=14= y=3. Now
substitute the values for y and z into the first
equation to solve for x:
4x+53)+2(-5)=-3=x=-2

The solution is {(-2, 3, -5)}.

Multiply the first equation by —3/4 add the

result to the second equation, then replace the
second equation with the new equation:

—%(4x+4y+4z =7 =

21
Bx-3y-3z=-=
x—3y-3z 2

21
—3x—3y—3Z=—T:>_11y_3z=%=>

3x-8y =14
RET
TR
dx+4y+4z=17 7
3x—8y =l4= x+y+z=Z
4z =-1 iz__ﬁ
TRV
1
7=——
4

Substitute z =—1/4 into the second equation
to solve for y:

+i(_1j__§:> __8
AETIUY Ve AT

Now substitute the values for y and z into the
first equation to solve for x:

4x+4(—§J+4(—lj=7=>x=£.
11 4 11

The solution is ﬂ,—i,—l .
11" 11 4

22,

Sx+10y+10z=0
2y+ 3z=-0.6=

4z=1.6
x+2y+2z=0
3
+—z=-03
y 21
z=04

Substitute z = 0.4 into the second equation to
solve fory: y+ %(0.4) =-03= y=-009.

Now substitute the values for y and z into the
first equation to solve for x:
5x+10(-0.9)+10(04)=0= x=1.

The solution is {(1,-0.9, 0.4)}.

In exercises 23—44, be sure to check the answers by
substituting the values into the original system of
equations.

23.

Multiply the first equation by —1, add the
result to the second equation, and replace the
second equation with the new equation:
~lx+y+z=6)=>-x-y—-z=-06

—x-y-z=-6__ 5 _

{x—y+z=2 = 2y=—4
x+y+z=06 X+y+z=6
xX—y+z=2=4 -2y =-4
2x+y—-z=1 2x+y—-z=1

Simplify the new second equation, and then
multiply the first equation by —2, add the
result to the third equation, and replace the
third equation with the new equation:
2x+y+z=6)=2x-2y-2z=-12

{—2x—2y—2z=—12:>_y_3zz_11

2x+ y—- z=1

Xx+y+z=6 x+y+ z=6
-2y =4= y =2
2x+y-z=1 —-y-3z=-11

Add the second and third equations, replacing
the third equation with the new equation:

x+y+ z=6 x+y+ z=6
y =2 = y =2 =
—-y-3z=-11 -3z=-9
xX+y+z=6
y =2
z=3

Substitute the values for y and z into the
original first equation to solve for x:
X+2+3=6=>x=1.

The solution is {(1, 2, 3)}.
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24. Multiply the first equation by -3, add the —3(x+2y+3z=6)=-3x-6y-9z=-18
result to the third equation, then replace the -3x-6y-9z=-18
third equation with the new equation: { 3x+ y+2z=38 =-5y-Tz=-10=
=3(x+y+z=6)=-3x-3y-3z=-18 5y+7z=10
{—3x—3y—3z=—18:>_5y_:_10:>y:2 x+2y+3z=6 x+2y+3z=6
3x-2y+3z=8 y+5z=3= y+5z=3
x+ y+ z=6 x+ y+z=6 3x+ y+2z=8 Sy+7z=10
2x+3y— z=5=,2x+3y— z=5 Multiply the second equation by -5, and add
3x-2y+3z=8 y =2 the result to the third equation, then replace
Multiply the first equation by -2, add the the third equation with the new equation:
result to the second equation, then replace the —S(y+5z=3)= -5y-25z=-15
second equation with the new equation: ~S5y—25z=-15 5
(x+y+z=6)= 2x-2y-27=-12 { Sy+ 7z=10 — 8a== =g
{ §x+§y—2z=_5 Poy-s=
rrIy- 2 x+2y+3z=6 x+2y+3z=6
x+ y+z=6 x+y+z=06 y+5z=3 = y+5z=3
2x+3y— z=5= y—=3z=-7 Sy+7z=10 5
y =2 y o =2 T
Switch the second and third equations and Substitute the value of z into the second
subtract the new third equation from the new equation to solve for y:
second equation: 5 29
xX+y+2z=06 X+y+2z=06 y+5(§):3:y:§'
y=3z=-1= y =2 = Substitute the values for y and z into the first
y =2 y=3z=-1 equation to solve for x:
Xty+z=6 |x+ty+z=6 x+2(§j+3(iJ=6:>x=£.
y =2= y =2 18 18 18
3z=9 z=3 . [(35 29 5
Substitute the values for y and z into the first The solution is {(E’E’Ej}
equation to solve for x: x+2+3=6= x=1.
The solution is {(1, 2, 3)}. 26. Switch the first and second equations.
4x+2y+3z2=06 x+2y+2z=1
25. Switch the first and second equations.

2x+3y+ z=9 xX+2y+3z=6
xX+2y+3z=6=12x+3y+ z=9
3x+ y+2z=8 3x+ y+2z=8

Multiply the first equation by -2, add the
result to the second equation, then replace the
second equation with the new equation:
—2(x+2y+3z=6)=-2x—-4y—-6z=-12

{—2x—4y—6z=—12:>_y_5Z:_3:>

2x+3y+ z=9
y+5z=3

xX+2y+3z=6 xX+2y+3z=6
2x+3y+ z=9= y+5z=3
3x+ y+2z=8 3x+ y+2z=8

Multiply the first equation by —3, add the
result to the third equation, then replace the
third equation with the new equation:

x+2y+2z=1 =4x+2y+3z=6
2x— y+ z=-1 2x— y+ z=-1
Multiply the first equation by —4, add the
result to the second equation, then replace the
second equation with the new equation:

—4(x+2y+2z=1)=-4x-8y—-8z=-4

—4x-8y-8z=-4 _

{ 4x+2y+3z=6 = ~6y-5z=2
x+2y+2z=1 x+2y+2z=1
4x+2y+3z=6 = —-6y—5z=2

2x— y+ z=-1 2x— y+ z=-1
Multiply the first equation by -2, add the
result to the third equation, then replace the
third equation with the new equation:
2(x+2y+2z=1)=-2x—-4y—-4z=-2
—2x-4y-4z=-2
{ 2x— y+ z=-1
Sy+3z=3

=-5y-3z=-3=

(continued on next page)
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(continued)
x+2y+2z=1 x+2y+2z=1
4x+2y+3z=6 = -6y—5z=2
2x— y+ z=-1 Sy+3z=3

27.

Multiply the second equation by 5/6, then

add the result to the third equation to solve for
z

5 25 10

6( 6y—5z=2)= -5y PRI
5,2 _10
Y e T e > = =4
5y+ 3z=3 6

x+2y+2z=1 x+2y+2z=1
-6y-5z=2= -6y—-5z=2

5y+3z=3 z=-4

Substitute z = —4 into the second equation to
solve fory: =6y —-5(-4)=2=y=3.
Substitute the values for y and z into the first
equation to solve for x:
x+203)+2(-4)=1= x=3.

The solution is {(3, 3, —4)}.

x+ y—-2z=5 1)
2x— y—-z=-4 (2
x=2y+ z=-2 3)
Add equations (1) and (2), then replace
equation (2) with the new equation (4).
{ x+ y-2z=5 0)

ey amd (@ T3EL @

x+ y—-2z=5 x+ y—2z=5 1)
2x— y— z=-4=13x -3z=1 (4)
xX=2y+ z=-2 xX=2y+ z=-2 (3
Multiply the first equation by 2, add the result to

the third equation, then replace the third
equation with the new equation (5)
20x+y—-2z=5=2x+2y-4z=10
{2x+2y—4z =10

iyt sm_p 3 3=8 O

x+ y-2z=5 x+ y=-2z=5 ()
3x -3z=1 =43x -3z=1 4
x=2y+ z=-2 3x -3z=8 (5

Multiplying the equation (4) by —1, and
adding the result to equation (5) gives:
-1(3x-3z=1)= -3x+3z=-1

—3x+3z=-1
{ 3x-3z=8
Thus, the system is inconsistent and the
solution set is &.

= 0=-7 False

28. x+y+4z=06
x+2y-2z=38
7x+10y +10z = 60
Multiply the first equation by —1, add the
result to the second equation, then replace the
second equation with the new equation:
-l(x+y+4z=6)=-x—-y—-4z=-6

-x— y—-4z=-6 o

{ x+2y-2z=8 =y-6z=2
x+y+4z=06 x+y+4z=06
xX+2y-2z=8 = y—6z=2

7x+10y +10z =60 7x+10y+10z =60

Multiply the first equation by —7, add the
result to the third equation, then replace the
third equation:
“T(x+y+4z=6)=>-Tx—-Ty—-28z=-42
=Ix —Ty—28z=-42
{ 7x+10y+10z =60

x+y+4z=06 xX+y+4z=06
y—6z=2 = y—6z=2
7x+10y+10z =60 3y—-18z=18
Multiply the second equation by —3, and add
the result to the third equation:
—3(y-6z=2)= -3y+18z=-6
—3y+18z=-6
{ 3y—18z=18
Thus, the system is inconsistent and the
solution set is .

=3y-18z=18

= 0=12 False

29. Multiply the second equation by —2, add the
result to the first equation, then replace the
second equation with the new equation:
2(x+3y-z=-2)=-2x-6y+2z=4
{—2x—6y+2z =4

2x+3y+21=7:>_3y+4z=11

2x+3y+2z=17 2x+3y+2z=17
x+3y—- z=-2= -3y+4z=11
x— y+2z=8 x— y+2z=8
Multiply the third equation by —2, add the
result to the first equation, then replace the
third equation with the new equation:
2(x—-y+2z=8)= 2x+2y—-4z=-16
—2x+2y-4z=-16 _
{2x+3y+21=7 =35y-2z2=-9
2x+3y+2z=17 2x+3y+2z=17
x+3y—- z=-2= -3y+4z=11
x— y+2z=8 Sy-2z=-9

(continued on next page)
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(continued)

Multiply the third equation by 2, and add the
result to the second equation to solve for y:
2(5y-2z=-9)=10y-4z=-18

10y -4z=-18 _ _

{—3y+4z=11 =Ty=-T=y=-1

2x+3y+2z=17 2x+3y+2z=17
=3y+4z=11 = y =-1
5y—-2z=-9 5y-2z=-9

Multiply the second equation by —5, then add
the result to the third equation and replace the
third equation with the new equation:

{_gi:gzz_gz—k:%:z:z

2x+3y+2z=17 2x+3y+2z=17
y =-1= y =-1
S5y—-2z=-9 z=2

Substitute the values for y and z into the first
equation to solve for x:
2x+3(-)+2(2)=7=x=3.

The solution is {(3, -1, 2)}.

30. Switch the first and second equations:
x— y+2z=3 2x+2y+ z=3
2x+2y+ z=3=4 x— y+2z=3
x+ y+3z=4 x+ y+3z=4
Multiply the third equation by —2, add the
result to the first equation, and replace the
third equation with the new equation:
2(x+y+3z=4)=-2x-2y-6z=-8
{ 2x+2y+ z=3

_zx_zy_6zz_8:>—5z=—5:>z=1

2x+2y+ z=3 x— y+2z=3
x— y+2z=3 =2x+2y+ z=3
x+ y+3z=4 z=1

Multiply the first equation by -2, add the
result to the second equation, and replace the
second equation with the new equation, then
switch the first and second equations:
2(x—-y+2z=3)= 2x+2y-4z=-6
2x+2y+ z=3
{—2x+ 2y—-4z=-6

x— y+2z=3 2x+2y+ z=3
2x+2y+ z=3=43 x— y+2z=3

=4y-3z=-3

z=1 z=1
2x+2y+ z=3 2x+2y+ z=3
xX— y+2z=3 = 4y-3z=-3

z=1 z=1

31.

Substitute z = 1 into the second equation to
solve for y: 4y —3(1) = -3 = y = 0. Substitute
the values for y and z into the first equation to
solve for x: 2x+2(0)+1=3=x=1.

The solution is {(1, 0, 1)}.

Switch the first and third equations:

4x-2y+ z=5 x+3y-2z=6

2x+ y—2z=4=1:2x+ y-2z=4

x+3y—-2z=6 4x-2y+ z=5
Multiply the first equation by —2, add the
result to the second equation, and replace the
second equation with the new equation:
—2(x+3y—-2z=6)=>-2x-6y+4z=-12
{—2x —6y+4z=-12

2x+ y—-2z=4 = Sy+2z=-8

x+3y—-2z=6 x+3y-2z=6

2x+ y—-2z=4= —5y+2z=-8

4x-2y+ z=5 4x-2y+ z=5
Multiply the first equation by —4, add the
result to the third equation, and replace the
third equation with the new equation:
—4(x+3y—-2z=6)= -4x—-12y+8z=-24
{—4x —-12y+8z=-24

hro 2yt eos = lAyH9z=-19

x+3y—-2z=6 x+3y-2z=6
-5y+2z=-8= -5y+2z=-8
4x-2y+ z=5 -14y+9z=-19

14
Multiply the second equation by 5 and add

the result to the third equation and replace the
third equation with the new equation:

14 28 112
— I (Sy+2z=-8)> 14y-"7="S%
5 (y+2z=-9) YT
14y_§z=£ 17 17
5 5 2—z=—=7z=1
~l4y+ 9z=-19 3
x+3y-2z=6 x+3y-2z=6
=5y+2z=-8 =y -5y+2z=-8
-14y+9z=-19 z=1

Substituting z = 1 into the second equation, we
have =5y +2(1) = -8 = y = 2. Substitute the
values for y and z into the first equation to
solve forx: x+3(2)-2()=6= x=2.

The solution is {(2, 2, 1)}.
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32,

33.

Multiply the first equation by -2, add the
result to the second equation, and replace the
second equation with the new equation:
—2(x-3y+2z=9)= -2x+6y—-4z=-18
—2x+6y—-4z=-18
{ 2x+4y-3z=-9

x=3y+2z=9
2x+4y-3z=-9= 10y —-7z=-27
3x-2y+5z=12 3x=2y+5z=12
Multiply the first equation by —3, add the
result to the third equation, and replace the
third equation with the new equation:
—3(x-3y+2z=9)=-3x+9y—-6z=-27

=10y-7z=-27

x=3y+2z=9

—3x+9y—-6z=-27 _
{3x—2y+51=12 =Ty=z=-15
x=3y+2z=9 x=3y+2z=9
10y-7z=-27T= 10y -7z =-27
3x—-2y+5z=12 Ty— z=-15

Multiply the second equation by —7/10 and

add the result to the third equation to solve for
z:

7 49 189
-—0y-T7z="27)=-Ty+—z=—-
0y Te= D= Ty e=
49 189
“Ty+—z=—+
10 10 :>EZ=E=>Z=1
Ty— z=-15
x=3y+2z=9 x=3y+2z=9
10y-7z=-27T= 10y =7z =-27
Ty— z=-15 z=1

Substitute z = 1 into the second equation to
solve for y: 10y —=7(1) = -27= y =-2.
Substitute the values for y and z into the first
equation to solve for x:
x=3-2)+2(1)=9= x=1.

The solution is {(1, -2, 1)}.

Multiply the second equation by —1 and then
add the result to the third equation:
—(x+ty-z=D)=>-x-y+z=-1
—x—-y+ z=-1
{ x+y+2z=4
Multiply the second equation by —2, add the
result to the first equation, and replace the
second equation with the new equation:
2x+y-—z=D)=2x-2y+2z=-2
2x+ y+ z=6
{—2)(— 2y+2z=-2
2x+y+ z=6 2x+y+ z=6
xt+ty—- z=1= -y+3z=4
x+y+2z=4 z=1

=3z=3=7z=1

=-y+3z=4

34.

35.

Substitute z = 1 into the second equation to
solve fory: —y+3(1)=4= y=-1.
Substitute the values for y and z into the first

equation to solve for x: 2x—1+1=6= x=3.
The solution is (3, -1, 1).

Switch the first and second equations:

2x+ y—-3z=7 x— y—-2z=4
x— y—2z=4=42x+ y-3z=7
3x+3y+2z=4 3x+3y+2z=4

Multiply the first equation by —2, add the
result to the second equation, and replace the
second equation with the new equation:
2x-y-2z=4)=2x+2y+4z=-8

{ 2x+ y-3z=7

—2)c+2y+4z=—8:>3y+z=_1

x— y—-2z=4
2x+ y-3z=7= 3y+ z=-1
3x+3y+2z=4 3x+3y+2z=4
Multiply the first equation by -3, add the
result to the third equation, and replace the
third equation with the new equation:
3(x-y-2z=4)= -3x+3y+6z=-12

x— y—-2z=4

=3x+3y+6z=-12 _

{ 3x+3y+2z=4 = 6y+82=-8
x— y—-2z=4 x— y—-2z=4
3y+ z=-1= 3y+ z=-1
3x+3y+2z=4 6y+8z=-8

Multiply the second equation by —2 and add
the result to the third equation to solve for z:
2Q@y+z=-1)=>-6y—-2z=2

—6y—2z=2 _ _

{6y+8z:—8:>6z_ 6=>z=-1
x— y—-2z=4 x— y—-2z=4
3y+ z=-1= 3y+ z=-1
6y+8z=-8 z=-1

Substitute z =—1 into the second equation to
solve for y: 3y —1=—-1= y =0. Substitute
the values for y and z into the first equation to
solve forx: x—0-2(-1)=4= x=2.

The solution is {(2, 0, -1)}.

x— y—-z=3
x+9y+z=3
2x+3y—-z=6
Multiply the first equation by —1, add the
result to the second equation, and replace the
second equation with the new equation:
-x-y-z=3)=-x+y+z=-3
{—x + y+z=-3

10y am3 =10y+2e=0

(continued on next page)
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(continued)

x— y—-z=3 x— y—- z=3

x+9y+z=3= 10y+2z=0

2x+3y—2z=6 2x+ 3y— z=6
Multiply the first equation by —2, add the
result to the third equation, and replace the
third equation with the new equation:
2x-y-z=3)=-2x+2y+2z=-6
{—2x+ 2y+2z=-6

2x43y— z=6 oY +e=0

x— y— z=3 x— y— z=3
10y+2z=0=> 10y+2z=0
2x+ 3y— z=6 S5y+ z=0
Multiply the third equation by -2, then add
the result to the second equation:
-2(5y+2z=0)=-10y-2z=0
10y+2z=0 _
{—10y—2z=0:>0_0
The equation 0 = 0 is equivalent to 0z = 0,
which is true for every value of z.
Solving the second equation for y, we have

1
10y+2z=0=y= —gz . Substituting this

into the first equation, we have
x-y-z=3=

1 4
—|-Zz]-z=3=x=3+=
X ( SZ) Z X SZ

Thus, the solution is {(3 + % 2, — %Z, z)}

36. x+y— z=2
3x-y- z=10
3x+y-2z=8
Multiply the first equation by —3, add the
result to the second equation, and replace the
second equation with the new equation:
—3(x+y-z=2)=-3x-3y+3z=-6

-3x-3y+3z=-6 _
{ - y- z=10:> 4y+2z=4
x+y-z=2 x+y—z=2

3x-y—- z=10=4 —-4y+2z=4

3x+y-2z=8 3x+y-2z=8
Multiply the first equation by —3, add the
result to the third equation, and replace the
third equation with the new equation:
—3(x+y-z=2)=-3x-3y+3z=-6
{—3x—3y +3z=-6

3x+ y—-2z=8 =2y+z=2

x+y-z=2 x+y—- z=2
—4y+ z=4=4 -4y+2z=4
3x+y-2z=8 -2y+ z=2
Multiply the third equation by -2, then add
the result to the second equation:
-2(2y+z=2)=4y-2z=—4
—-4y+2z=4 —4y+2z=4
—2y+ z=2 4y-2z=-4
The equation 0 = 0 is equivalent to 0z = 0,
which is true for every value of z. Solving the
second equation for y, we have

=0=0

—4y+2z=4=y=-1 +%z . Substituting

this into the first equation, we have
xX+y—-z=2=

1 1
+ -l+—-z|-z2=2=>x=3+—
X ( 2z) Z X 2Z
.. 1 1
Thus, the solution is 3+Ez,—l+zz,z .

37. Rearrange the equations as shown:

x+y =0 x+y =0
y+2z=-4 = yt+2z=-4=
ytz =4-x x+y+z =4

x+y+z =4
y+2z=—4

x+y =0

Subtract the third equation from the first
equation, and replace the third equation:
x+ty+tz =4 = |x+y+ z =4
y+2z=-4 y+2z=-4
x+y =0 z=4
Substitute z = 4 into the second equation to
solve fory: y+2(4)=-4= y=-12.
Substitute the values for x and y into the first
equation to solve for x:
x=12+4=4=x=12.
The solution is {(12, 12, 4)}.

38. |2x+4y+3z=6
x+ 2z=-1
xX=2y+ z=-5
Subtract the third equation from the second
equation and replace the second equation with
the new equation:
2x+4y+3z=6 2x+4y+3z=6
x+ 2z=-1= 2y+ z=4
x=2y+ z=-5 x=2y+ z=-5

(continued on next page)
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(continued)

39.

Multiply the third equation by -2, add the
result to the first equation and replace the third
equation with the new equation:
2x-2y+z=-5)=-2x+4y-2z=10
2x+4y+3z=6
{—2x+ 4y-2z=10
2x+4y+3z=6

=8y+z=16

2x+4y+3z=6
2y+ z=4 = 2y+ z=4

x—=2y+ z=-5 8y+ z=16
Multiply the second equation by —4, add to the
third equation, and replace the third equation
with the new equation:
42y +2)=-4(4) = -8y-4z=-16
{—8 y—4z=-16

8y+ z=16 = -3z=0=72z=0

2x+4y+3z=6
2y+ z=4
z=0
Substitute z = 0 into the second equation to
solve fory: 2y +0=4 = y =2. Substitute

the values for y and z into the first equation to
solve for x: 2x+4(2)+3(0)=6= x=-1.
The solution is {(-1, 2, 0)}.

x+ y+ z=6 )

x+2y+3z=14 2)

x+4y+7z=30 3)
Multiply equation (1) by —1, add the result to
equation (2), and replace equation (2) with the
new equation (4).
“1(x+y+z=6)=-x-y-z=—6

{_x_ V- IEh 28

x+2y+3z=14

x+y+z=6 xX+y+z=6
x+2y+3z=3 = y+2z=8 (4)
x+4y+7z=30 x+4y+7z=30

Multiply equation (1) by —1, add the result to
equation (3), and replace equation (3) with the
new equation (5).
“l(x+y+z=6)=-x-y—-z=-6

{_x_ Y= 2= s i6=24 (5)

x+4y+7z=30
x+y+z=6
y+2z=8 (4

3y+6z=24 (5

Multiply equation (4) by —3, add the result to
equation (5), then replace equation (5) with

40.

the result (6).
-3(y+2z=8)=-3y—-6z=-24
—3y—67=-24
{ 3§+6z=24 6= 0=0
xX+ty+tz=6 ()
y+2z=8 (4
0=0 (6)

The system is now in triangular form. Solve
equation (4) fory: y+2z=8=y=-2z+8
Substitute the expression for y into equation
(1) and solve for x.
x+(2z+8)+z=6=x-2z+8=6=
x=2z-2

The solution set for the system is
{(z-2.-2z+8, 2)}.

x— y+ z=3 )
2x+ y— z=2 2)
x+2y-2z=-1 (3)
Multiply equation (1) by —2, add it to equation
(2), and replace equation (2) with the result
).
2(x—y+z=3)=>-2x+2y-2z=-6
-2x+2y—-2z=-6 _
{ by 2=2 =3y-3z=-4 (4)
x— y+ z=3
2x+ y—z=2 =
x+2y-2z=-1
Multiply the equation (1) by —1, add the result
to equation (3), and replace equation (3) with
the new equation (5).
“l(x-y+z=3)=>-x+y-z=-3
{—x + y—-z=-3

x— y+ z=3
3y-3z=-4 (4
x+2y-2z=-1

x+2y_22=_1:>3y—3z=—4 (5)

x— y+ z=3 x- y+ z=3
3y-3z=-4= 3y-3z=-4 4
x+2y-2z=-1 3y-3z=-4 (5
Multiply equation (4) by —1, add the result to
equation (5), then replace equation (5) with
the result (6).

—1(3y—3z=—4)=—3y+3z=4

3y-3z=-4 _
{—3y+3z=4 =0=0©
x— y+ z=3 x= y+ z=3 ()
3y=-3z=-4= 3y=3z=-4 4
3y-3z=-4 0=0 (6)

(continued on next page)
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(continued) Multiply the second equation by —3, add the
The svstem is now in trianeular form. Solve result to the third equation, and solve for z:
y & : B(y—4z=-2)=-3y+12z=6
equation (4) for y:
4 4 YHRIE0 s o=1
3y—3z=—4=>y—z=—§=>y=z—§ 3y— z=5
Substitute the expression for y into equation 2%+ _4 =_4_2 N 2%+ _4 =_4_2
(1) and solve for x. yoHe= yoHe=
4 4 5 3y— z=5 z=1
x= (Z - 5) +tz=3=x+ 3" 3=ax= 3 Substitute z = 1 into the second equation to
. . solve for y: y—4(1) = -2= y = 2. Substitute
The solution set for the system is ) .
y = 2 into the first equation to solve for x:
{(i,z—i, zj} 2x+2=4=x=1.
3 3 The solution is {(1, 2, 1)}.

41. Multiply the second equation by -2, add the 43. Multiplying the second equation by —1, and
result to the third equation, and replace the then adding the two equations, we have:
second equation with the result: 2x+6y+ 11=0
2%+ y=8)= —4x—2y=-16 { —6y+181—1:0:> 2x+18z+10=0=

2y+3z=1 — 4x+37=-15 2x+18z=-10= x=-5-9z
Ty =l 6y—18z+1=0 L3
-18z4+41=0=> y=——+3z.
3x— 2z=11 [ 3x- 2z=11 Y i
2x+ y =8 =4x+ 3z=-15 . 1
2y+3z=1 2y+3z=1 The solution is —5—9z,—g+3z,z .
Multiply the first equation by 4 and the second The system is dependent.
equation by 3, add the two result and replace
the second equation: 44. Multiplying the first equation by -2, and then
43x-2z=11)=12x -8z =44 adding the two equations, we have
3(-4x+3z=-15)= —12x+97 = —45 -2Bx+5y-15)=0= -6x-10y+30=0
12x -8z = 44 —6x-10y  =-30 C6z=—
{—12x+9z=—45=>Z=_1 { 6x+20y-6z=11 1V TO2=TE=
3x— 2z=11 y= 3 z- Q Substituting this expression into
—4x+ 3z=-15= 510
2y+3z=1 the first equation, we have
3x— 2z=11 ] 3x— 2z=11 3x+5(zz—QJ=15=>3x+3z=£=>
z=-1= 2y+3z=1 5 10 2
2y+3z=1 z=-1 49
Substitute z = —1 into the first and second = e <
equations to solve for x and y: 49 319
2y+3(-DH=1=y=2. The solution is {(?— z,gz 10 z)}
x-20=Dh=1= x=3. The system is dependent.
The solution is {(3, 2, -1)}.
8.2 Applying the Concepts

42. Multiply the second equation by —2, add the

result to the first equation, and replace the 45. Let x = the amount invested at 4%, y = the

second equation with the new equation:
2(x+2z=3)=-2x—-4z=-6
2x+y =4
{—Zx - 4z=-6
2x+ y =4
x+ 27=3=
3y— z=5

=y-—4z7=-2

2x+ y =4
y—4z=-2
3y— z=5

amount invested at 5%, and z = the amount
invested at 6%. Then, we have the system:
x+ y+2z=20,000
0.04x+0.05y+0.06z =1060 =
0.06z =2(0.05y)

(continued on next page)
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(continued)

46.

x+ y+ z=20,000
4x+5y+62=106,000 =
6z =10y
x+ y+ z=20,000
4x+ S5y+6z=106,000
-10y+62z=0

Multiply the first equation by —4, add the
result to the second equation, and replace the
second equation with the new equation:
—4(x+y+z=20,000) =
—4x—4y—4z=-80,000

—4x-4y—-4z=-80,000
{ 4x+5y+62=106,000

x+ y+ z=20,000

y+2z=26,000
-10y+6z=0

Multiply the second equation by 10, add the
result to the third equation, and solve for z:
10(y + 2z =26,000) = 10y + 20z = 260, 000
{_igi v 22; - 560’ 000 _, 26, = 260,000 =
z=10,000

x+ y+ z=20,000
y+272=26,000=
-10y+62z=0
x+ y+ z=20,000
y+2z=26,000
z=10,000
Substitute z = 10,000 into the second equation
to solve for y:
vy +2(10,000) = 26,000 = y = 6000. Substitut

e the values for y and z into the first equation
to solve for x:

x + 6000+ 10,000 = 20,000 = x = 4000.
Miguel invested $4000 at 4%, $6000 at 5%,
and $10,000 at 6%.

= y+22=26,000

Let u = the units digit, ¢ = the tens digit, and
h = the hundreds digit. The value of the
number is 1004 + 10z + u. Then, we have the
system

utt+h=14

u+h=t =

100u +10¢ + h =100A + 10t + u + 297

u+t+ h=14 u+t+ h=14
u—-t+ h=0 =Ju—-t+ h=0
Ou-—- 990 =297 u-— h=3
Add the first and second equations, and
replace the second equation with the new
equation.

47.

u+t+h=14 u+t+ h=14
u—t+h=0 ={2u+ 2h=14
u— h=3 u— h=3

Multiply the third equation by -2, add the
result to the second equation, and solve for h:
2w—-—h=3)=-2u+2h=-6

{_53152;1_234}1:8:}1:2
u+t+ h=14 u+t+ h=14
2u+ 2h=14=:2u+ 2h=14
u-— h=3 h=2

Substitute /2 = 2 into the second equation to
solve for u: 2u+2(2)=14=u=>5.

Substitute the values for u and # into the first
equation to solve for#: 5+¢t+2=14=1r="7.
The original number was 275.

Let a = the number of hours Alex worked,
b = the number of hours Becky worked, and
¢ = the number of hours Courtney worked.
Then, we have the system:

a+ b+ c¢c=6 =
124a +118b +132¢ =741
b+ c¢=2a

a+ b+ «¢=6
124a +118b +132¢ =741
—2a+ b+ ¢=0

Subtract the third equation from the first, and
replace the first equation with the result:
a+ b+ c¢=6
124a +118b +132c =741 =
-2a+ b+ ¢=0
3a =6
124a +118b +132c =741 =
-2a+ b+ =0
a =2
124a+118b+132c =741 =
-2a+ b+ ¢=0

Substitute a = 2 into the second and third
equations and simplify:
a =2
124(2) +118b +132¢ =741=>
-22)+ b+ =0

a =2
118b +132¢ = 493
b+ c=4

Multiply the third equation by —118, and add
the result to the second equation to solve for c.

(continued on next page)

Copyright © 2015 Pearson Education Inc.



724 Chapter 8 Systems of Equations and Inequalities
(continued) n+ d+ ¢g=300
“118(b +c=4) = —118b—118¢ = —472 “nt d= 3q=0
118h +132¢ = 493 el s 5n+10d +25¢g = 3005
118 —118c = —472 = 1e=2l=c=1 Multiply the first equation by 3, add the result
Substitute ¢ = 1.5 into the third equation to o the. secor'ld equation, and r'eplace the second
solve for b: b+15=4—>b=25 equation with the new equation:
) T s 3(n+d+q=300)= 3n+3d +3g =900
Alex worked 2 hours, Becky worked 2.5 31+ 3d + 30 = 900
hours, and Courtney worked 1.5 hours. nESd g = = 4d =900 = d =225
—3n+ d-3¢g=0
48. Letx = the number of 18-year olds, y = the n+ d+ q=300
number of 19-year olds, and z = the number of d =275
20-year olds. Then, we have the system 5n+10d +25¢ = 3005
)lc 8+ Y -11- 9Z - 3§ 0 Multiply the first equation by -5, add the
wox+y+lz 185= result to the third equation, and replace the
_g 38 third equation with the new equation:
x=otytz —5(n+d +q=300) = —51n—5d — 5¢ = —1500
x+ y+ z=38 -5n— 5d —5¢q=-1500 _
18x+19y+20z =703 { 5n+10d +25q = 3005 = 5d +20g =1505
x- y- z=8 n+ d+ q=300
Add the first and third equations, and replace d =225 =
the first equation with the result: 5n+10d +25q = 3005
x+ y+ z=38 n+ d+ ¢g=300
18x+19y+20z=703= d =225
x— y- z=8 5d +20g =1505
2x =46 Substitute d = 225 into the third equation to
18x+19y +20z =703 = solve for g, then substitute the values for d and
x— y- z=8 q into the first equation to solve for n:
X =23 5(225)+20g =1505 = ¢ =19.
18x+19y+20z =703 n+225+19=300= n=56.
x— y— z=8 There are 56 nickels, 225 dimes, and 19
Substitute x = 23 into the second and third quarters.
equations, then solve for y and z: 50. Lett = the number of touchdowns, f = the
X =23 number of field goals, and p = the number of
18(23) +19y +20z =703 = extra points. Then, we have the system
23— y- z=8 6t+3f+ p=46 6t+3f+ p=46
X =23 2+6t=2Q@f+p)=>6t-6f-2p=-2=
19y +20z=289= 2(6t) =53f) 12t =15f
-y- z=-15 6t+ 3f+ p=46
X =23 X =23 6t— O6f—-2p=-2
19y+20z=289 =4 19y+20z=289 12t -15f =0
—19y-192=-285 =4 Subtract the second equation from the first
19y +20(4) =289 = y=11 equation, and replace the second equation with
There are twenty-three 18-year olds, eleven the new equation:
19-year olds, and four 20-year olds. 6t+ 3f+ p=46 6t+ 3f+ p=46
49. Let n = the number of nickels, d = the number 6t— 6f-2p=-2= 9f +3p=48
12t -15f =0 12t -15f =0

of dimes, and g = the number of quarters.
Then, we have the system
n+d+q =300
d=3n+gq) =
0.05n+0.1d +0.25g = 30.05

Multiply the first equation by —2, add the

result to the third equation, and replace the

third equation with the new equation.
(continued on next page)
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(continued)

51.

—2(61+3f + p=46)= 12 —6f —2p=—-92
{—12t—6f—2p:—92

12-15f =0 2 72p=92

6t+ 3f+ p=46 6t+ 3f+ p=46
9f+3p=48=> 9f+3p=48
12t -15f =0 -21f-2p=-92

Multiply the second equation by % and add

the result to the third equation to solve for p:

%(9f+3p:48):> 21f+7p =112

21f+7p =112

=21f-2p=-92

Substitute p = 4 into the second equation to

solve for f, and then substitute the values for p

and finto the first equation to solve for :

9f +3(4)=48= [ =4.

6t +3(4)+4=46=1=>5.

There were 5 touchdowns, 4 field goals, and 4
extra points.

=5p=20= p=4.

Let x = the number of daytime hours Amy
worked, y = the number of night hours Amy
worked, and z = the number of holiday hours
Amy worked. Then, we have the system

X+ y+ z=53
7.40x+9.20y+11.757 =452.20 =

xX=y+z+9

X+ y+ z=53
7.40x+9.20y+11.757 = 452.20

x— y— z2=9

Add the first and third equations, and replace
the first equation with the result:

X+ y+ z=53
7.40x+9.20y +11.75z =452.20=>
X - y— z=9
2x =62
740x+9.20y+11.75z =452.20=
x— y— z2=9
X =31
7.40x+9.20y+11.75z = 452.20
X— y— z=9

Substitute x = 31 into the second and third
equations and simplify:

X =31
7.40x+9.20y +11.75z =452.20=>
x— y- z=9

52,

X =31
7.40(31)+9.20y +11.75z =452.20 >
31- y— z =9
X =31
9.20y +11.75z7 =222.80
—-y- 7=-22
Multiply the third equation by 9.2, add the
result to the second equation, and solve for z:
92(-y—-7z=-22)=-9.2y-927=2024
{ 9.20y +11.75z = 222.80 -
-9.20y - 9.20z =-202.40
2.557=2040=z=8
X =31
9.20y+11.75z =222.80 =
-y- 7=-22
X =31
9.20y +11.75z =222.80
z=8
9.20y +11.75(8) =222.80= y=14
Amy worked 31 daytime hours, 14 night
hours, and 8 holiday hours.

A=B+C A- B- C=0
A+B+C=100 =4 A+ B+ C=100

4A+5B+6C =480 4A+5B+6C =480

Add the first and second equations, and
replace the first equation with the new
equation:
A- B- C=0
A+ B+ C=100=
4A+5B+6C =480
2A =100
A+ B+ C=100 =
4A+5B+6C =480

A =50
A+ B+ C=100
4A+5B+6C =480

Substitute A = 50 into the second and third
equations and simplify:
A =50
A+ B+ C=100 =
4A+5B+6C =480
A =50 A =50
50+ B+ C=100 = B+ C=50
4(50)+5B +6C =480 5B+6C =280
Multiply the second equation by —5, and add
the result to the third equation to solve for C.
-5(B+C =50)= -5B—-5C =-250
—5B-5C =-250
{ sB+6C=280 €=

(continued on next page)
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(continued) Referring to table 8.1 in the text, we see
that cell A contains tumorous tissue (since
A =50 x =0.35), cell B contains tumorous tissue
B+ C=50=B=20 (since y = 0.30), and cell C contains bone
=30 (since z = 0.45).
She purchased 50 units at $4, 20 units at $5, 55, The system is
and 30 units at $6.
x+y =0.51(beam 1)
53. The system is x+ z=0.49 (beam 2)
x+y =0.54 (beam 1) v+ z=0.44 (beam 3)
x+  z=0.40 (beam 2) Multiply the first equation by —1, add the
y+2=0.52 (beam 3) result to the second equation, and replace the
Multiply the first equation by —1, add the second equation with the new equation:
result to the second equation, and replace the -1(x+y=051)=-x-y=-0.5l1
second equation with the new equation: —x— =-0.51
—1(x+y=0.54)= —x— y=—-0.54 { x y+ 2=049 Y TE=7002
{—x—y =_0'54:>—y+z=—0.14 x+y =051 x+y =051
x  +z=040 X+ z=049 =1 —y+z=-0.02
x+y =054 x+y =054 y+z=044 y+z=044
xt 2=040=4 -y+z=-0.14 Add the second and third equations and solve
y+z=052 y+2=052 for z: 2z =0.42 = z=0.21. Substituting this
Add the second and third equations and solve value into the original second equation, we
for z: 2z =0.38 = z=0.19 . Substituting this have x+0.21=0.49 = x =0.28 . Substituting
value into the original second equation, we this value into the original first equation, we
have x+0.19=0.40 = x =0.21. Substituting have 0.28+ y =0.51= y = 0.23. Referring to
this value into the original first equation, we table 8.1 in the text, we see that cell A
have 0.21+y=0.54 = y=0.33. contains healthy tissue (since x = 0.28), cell B
Referring to table 8.1 in the text, we see that cell contains healthy tissue (since y = 0.23), and
A contains healthy tissue (since x = 0.21), cell B cell C contains healthy tissue (since z = 0.21).
contains tumorous tissue (since y = 0.33), and .
cell C contains healthy tissue (si)r)lce z=0.19). 56. The system is
x+y =0.44 (beam 1)
54. The system is x+ z=2.21(beam?2)

x+y =0.65 (beam 1)
x+ z=0.80 (beam 2)
y+z=0.75 (beam 3)

Multiply the first equation by —1, add the
result to the second equation, and replace the
second equation with the new equation:
—1(x+y=0.65)=—-x—y=-0.65

-x—-y =-065__ _

{ ¥ +z=080 = YTz=013

x+y =0.65 x+y =0.65

x+ z=080=4 —y+z=0.15
y+z=0.75 y+z=0.75

Add the second and third equations and solve
forz: 2z=090=7=045.

Substituting this value into the original second
equation, we have

x+0.45=0.80 = x =0.35. Substituting this
value into the original first equation, we have
0.35+y=0.65= y=0.30.

v+ z=2.23 (beam 3)

Multiply the first equation by —1, add the
result to the second equation, and replace the
second equation with the new equation:
—1(x+y=044)= —x—y=-0.44

-x—-y =-044__ _

x +z=221 =-y+z=177
x+y =044 x+y =044
x+ z=221=4{ —y+z=177

y+2z=2.23 y+z=223

Add the second and third equations and solve
for z: 2z =4 = z =2 . Substituting this value
into the original second equation, we have
x+2=2.21= x=0.21. Substituting this
value into the original first equation, we have
0.21+ y =0.44 = y = 0.23. Referring to table

8.1 in the text, we see that cell A contains
healthy tissue (since x = 0.21), cell B contains
healthy tissue (since y = 0.23), and cell C
contains metal (since z = 2).
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8.2 Beyond the Basics

57. Because each of the ordered triples satisfies
the given equation, we can find the values of
the coefficients by solving the system

1+0b+0c=d 1=d
0+1b+0c=d=b=d=b=c=d=1.
0+0b+1c=d c=d

The equationis x+ y+z=1.
58. Because each of the ordered triples satisfies

the given equation, we can find the values of
the coefficients by solving the system

l+Ob+0c=d l=a,’
3 3
0+4b+3c=d = {db+3c=d =
142b+2c=d  |2b+2c=d—1
1
4b+3e = 12b+9c=1
= 1 =
2b+2c:%— bte=-3
126+ 9c=1_ . o _ 5
—12b-12c=4 CTI=CeETg
1eopeaf 2=l op8 22
3)° 3 3 3
4 5 1
Th tionis Xx+—y->z=—.
e equation is x 3y 3z 3

59. Because each of the ordered triples satisfies
the given equation, we can find the values of
the coefficients by solving the system

3—4:b+Of:d e dees
Ot—bt-—c=d={ b+2c—4d=0
4 2 b—de— d=-1

1+1b—4c=d

Multiplying the second equation by 2, adding
it to the third equation, and replacing the
second equation with the new equation, we

have

2b+2c—4d =0)=> 2b+4c—8d =0

{Zl;tjz:gj;?lzwb—%:—l

4b-  d=-3 [4b-  d=-3
b+2c-4d=0 =1 3b- 9d=-1
b—dc— d=-1 | b-dc— d=1

From the first equation, we have d =3-4b.
Substituting this into the second equation, we
have

3b—9(3—4b)=—1=>39b=26=>b=§.

60.

2 1
The equationis x+—y+—-z=—.
1 377373
Because each of the ordered triples satisfies
the given equation, we can find the values of
the coefficients by solving the system

Pl d g 10e- d=0
4 Ob+—c=d = 2c—8d =1
8 4 b— 6c-3d=-3

1+lb—2c‘:d
3

Multiplying the third equation by —1, adding
the result to the first equation, and replacing
the third equation with the new equation, we
have

—1(b—6c—3d =-3)=-b+6c+3d =3

b-10c— d=0
{—b+ 6et3d=3  HeH=3
b-10c= d=0  [b-10c— d =0
2-8d=-1=] 2c-8d=-1
b— 6c-3d=-3 | —dc+2d=3

Multiplying the second equation by 2 and
adding it to the third equation, we have
2(2c-8d =-1)=4c-16d =-2

4c—-16d =-2 1
{_4C+ 2d =3 :>—14d—1:>d——a.

Substituting this value into the second
equation, we have

2c-8 —i)=—1:>202—£:>
14 7

11
c= I Substituting the values for ¢ and d

into the first equation, we have

AT (LY R A ) t
14 14 14
111 1

The equationis x———y — =——.
AU IS A Y T 4 T T s
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61. Because each of the ordered triples satisfies 64. Because each of the ordered triples satisfies
the given equation, we can find the values of the given equation, we can find the values of
the coefficients by solving the system the coefficients by solving the system

a(0)?+ b0)+ c=1 =1 a0’ + b0)+ c=3 =3

a(=)2+b(-)+c=0=>1{a-b+c=0 a-)2+b(-)+c=4=la-b+c=4

al)’+ b()+ c=4 |atb+tc=4 al)>+ b()+ c=6 (atb+tc=6
Substituting ¢ = 1 into the second and third Substituting ¢ = 3 into the second and third
equations and then solving for b and ¢, we equations and then solving for b and ¢, we
have have

a-b+1=0 a-b+3=4
{a+b+1=4=>2a—2=>a—1 {a+b+3=6:>2a—4=>a—2
1-b+1=0=b=2 2-b+3=4=b=1
The equation is y = x2+2x+1. The equation is y = 2x2 +x+3.

62. Because each of the ordered triples satisfies 65. Because each of the ordered triples satisfies
the given equation, we can find the values of the given equation, we can find the values of
the coefficients by solving the system the coefficients by solving the system

a(0)>+ bO)+ c=2 =2 02 +42 +a(0) +b(4) +c=0

2 2 2
a(—lg +b(-1)+c=30= 4a—212+c = 360 (2v2) +(2v2) +a(22)+5(22) +c=0=
- a+2b+c=

a2+ b2)+ c¢=6 % +0? +a(-4) +b0) +c¢=0
Substituting ¢ = 2 into the second and third
equations and then solving for b and ¢, we 4b+c=-16
have (2V2)a+(2v2)b+c=-

{ a— b+2=30 {2a—2b+4=60 —4a +c=-16

4a+2b+2=6 da+2b+2=6 From the third equation, we have ¢ = 4a —16.
6a=60=a=10 Substituting this expression into the first and
10-b+2=30=b=-18 second equations, we have
The equation is y =10x> —18x+2. {4b+4a 16=-16

=
63. Because each of the ordered triples satisfies 22 a * (2\/_)17 t4a-16=-16

the given equation, we can find the values of
the coefficients by solving the system

a)?>+ b+ c=2 c=2
a(-1)? +b(-)+c=4 =1 a- b+c=4
a2+ b))+ c=4 |4at+2btc=4

Substituting ¢ = 2 into the second and third
equations and then solving for b and ¢, we
have

a—b+2=4 2a-2b+4=8
{4a+2b+2=4=>{4a+2b+2=4=>

ba=6=>a=1
1-b+2=4=b=-1

2

The equationis y=x"—x+2.

4a+4b=0

{2«/_+4 Ja+( «/§)b=oﬁ'
a+b=0

{2«/§+4 (2v2)p=07
{2f+4a+ 2[)1; 0=

(2v2+4) by +(22)b=0=

—4b = 0= b = 0. Substituting this value into
the first equation, we have 4(0) +c=-16 =
¢ =—16. Substituting into the third equation,
we have —4a—-16=-16= a =0. The

equation is X+ y2 -16=0.
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66.

67.

Because each of the ordered triples satisfies
the given equation, we can find the values of
the coefficients by solving the system

0> +3% +a©) +b3) +c=0
02 +(=D*+a(0) +b(-)+c=0=

(\/5)2+22 +a(v3)+b2) +c=0

3b+c=-9
-b+c=-1

(\B)a+2b+c=—7

Solve the first two equations for a and b:
{3b+c=—9 { 3b+ ¢c=-9 N

-b+c=-1 =3b+3c=-3
4de=-12=c=-3
3b—3=-9= b=-2. Substituting these values
into the third equation, we have

a3+2(-2)-3=-T=a3=0=a=0.

The equation is X2+ y2 -2y-3=0.

Because each of the ordered triples satisfies
the given equation, we can find the values of
the coefficients by solving the system

1> 422 +a) +b(2) +c=0
6> +(=3)2+a6) +b(-3)+c=0=
> +12  +a@ +b(1) +c=0

a+2b+c=-5
6a—-3b+c=-45
da+ b+c=-17

Multiply the first equation by —6, add the
result to the second equation, then replace the
second equation with the new equation.
Similarly, multiply the first equation by —4,
add that result to the third equation, then
replace the third equation with the new
equation:

—6(a+2b+c=-5)= —6a—-12b—-6¢ =30
—6a—12b—6¢ =30
{ 6a— 3b+ c=-45

3b+c=3

—4(a+2b+c=-5)=-4a-8b—-4c=20
—4a—-8b—4c =20

{ da+ bt c=-17 1b73¢=3

a+2b+c=-5

6a-3b+c=-45= 3b+ c=3
4a+ b+c=-17 -7b-3c=3

From the second equation, we have

¢ =-3b+ 3. Substitute this expression into

the third equation, and solve for b.

=-150-5¢c=~-15=

a+2b+ c=-5

68.

-7b-3(-3h+3)=3=2b=12=b=6.

So, ¢ =-3(6) +3 = ¢ =-15. Substituting into
the original first equation, we have
a+26)-15=-5=a=-2.

The equation is x% + y> —2x+6y—15=0.

Because each of the ordered triples satisfies
the given equation, we can find the values of
the coefficients by solving the system

52 4+6%+a(5) +b(6)+c=0
D2 +6%+a(-)+b(6)+c=0 =
32 +22+a3) +b(2)+c=0

Sa+6b+c=-61
—a+6b+c=-37
3a+2b+c=-13

Switch the first and second equations.
Multiply the first equation by 5, add the result
to the second equation, then replace the
second equation with the new equation.
Similarly, multiply the first equation by 3, add
that result to the third equation, then replace
the third equation with the new equation:

Sa+6b+c=-61 —a+6b+c=-37
—a+6b+c=-37=1{5a+6b+c=-61
3a+2b+c=-13 3a+2b+c=-13

5(—a+6b+c=-37)= -5a+30b+5¢c=-185
—5a+30b+5¢c =-185
{ 5a+ 6b+c=-61
6b+c=-41
3(—a+6b+c=-37)= -3a+18b+3c=-111
—3a+18b+3c=-111
{ 3a+ 2b+ c=-13

= 36b +6c = 246 =

= 20b+4c=-124=

5b+c=-31
—a+6b+c=-37 —a+6b+c=-37
Sa+6b+c=-61= 6b+c=-41
3a+2b+c=-13 5b+c=-31

Multiplying the third equation by —1, then
adding the result to the second equation, we
have
6b +c=-41

-5b—c =31
So, 5(-10)+c=-31=c=19
Substituting into the original second equation,
we have —a+6(-10)+19=-37= a =—4.

= b=-10.

The equation is x>+ y> —4x—10y+19=0.
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69. Letting u=1/x,v=1/y,w=1/z, we have 2U+2v+3w=8) = 2u—-4v-6w=-16
—2u—-4v-6w=-16
1 3 1 =
—+2-—=5 {2u+5v+9w=16 =vdw=0
5 06 u+dv-w=5 —3(u+2v+3w=8) = —3u— 6v— 9w = 24
—+—+—=4= 2u+4dv+6w=4 =Bu—-6v-9w=-24 10v—14w=8
)2C %} i 2u+3v+w=3 Ju—dv-Sw=32 T WEe=
“+=4+—-=3 =Sv=Tw=4
ryz u+2v+3w=_8 u+2v+3w=8
Multiplying the first equation by —2, adding M +5v+9w =16 = v43w=0
the result to the second and third equations, 3u—4dv—5Sw=32 —Sy—Tw=4
and replacing those equations with the new S )
equations, we have Mul.tlplylng the second equatlon by 5 and
D(U+3v—w=5) = —2u—6v+2w=—10 adding the result to the third equation, we
~2u—6v+2w=—-10 have
= -2v+8w=-6= 5v+3w=0)=5v+15w=0
2u+dv+ow=4
Sv+15w=0 1
v—4w=3 =8w=4=w=—.
—Sv-Tw=4 2
—2u—6v+2w=—10:>_3 3w 7 L
QU+3v+ w=3 v+ow= Substituting, we have
u+3v—w=>5 u+3v— w=>5 V+3(lj=0=>v=_§ and
2u+dv+bw=4= v—4w=3 2 2
2u+3v+w=3 -3v+3w=-7 3 1 19
S ) ut2|—=|+3| = [=8=u=—.
Multiplying the second equation by 3 and 2 2 2
adding the result to the third equation, we 2
have So, x=E,y=—§,z=2.
3v-4w=3)=3v-12w=9 )
3y—12w=9 _ 2 The solution set is {(—,——, 2)}
{—3v+ 3w=—7:> Ww=2=w= 9" 19° 3
Substituting, we have 71. Solve the first three equations in the system
v—4 _2 :3:}‘):2 and for x, y, and z:
9 9 —3(x+2y-5z=9)= 3x-6y+157=-27
19 2 —3x—-6y+15z=-27 __ _
’”S(EJ_(")‘S __ 14 {3x_ 14 =Ty +17z=-13
—2(x+2y-5z=9)= -2x—-4y+10z=-18
So, x EERNS Z——g
’ 14’y 19° 2 _2x_4y+10Z:_18:>—y+9Z=—15
9 9 9 2x+3y- z=3
The solution set is {(—H,E,—Ej}. x+2y-5z=9 x+2y— 5z=9
3x— y+2z=14=: —-Ty+17z=-13
70. Letting u=1/x,v=1/y,w=1/z, we have 2x+3y-z=3 —y+ 9z=-15

1 23

—+—+—=8

; %} g u+2v+3w=8
—+—+—=16={2u+5v+9w=16
*oy o< 3u—4v-5w=32
345 4,

X y z

Multiply the first equation by -2, add the

result to the second equation, and replace the

second equation with the new equation.
Similarly, multiply the first equation by -3,
add that result to the third equation, and
replace the third equation with that new
equation:

~1(=y+9z=-15)=7y—-63z=105
Ty+17z=-13

{ Ty—63z=105

—Ty+17(2)=-13=-Ty=21=y=-3

x+2(-3)-5(-2)=9=x=5.

Substituting x = 5, y = -3, and z = -2 into the

fourth equation of the original system, we

have

5¢=5(-3)+(-2)+3=0=

502—16:>c:—E.
5

= 46z2=92=7=-2
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72. Solve the first, third,

and fourth equations in

the system for x, y, and z:
—1(x+5y+2=42)= —x—-5y—z=-42

{—x—Sy— z=—42

= -6y+2z=-38=

x— y+3z=4
-3y+z=-19

—x=5y—-z=-42 _
{ X4 y—z=0 =>-4y-2z=-42=
—2y-z=-21

x+5y+z=42 x+5y+z=42
x=y+3z=4 =1 -3y+z=-19
x+y-2z=0 -2y—-z=-21
-3y+z=-19 _ _
{—2y—z=—21:> Sy=-40=y=8

-3@8)+z=-19=2z=5
x+5@)+5=42= x=-3.

Substituting x = -3, y = 8 and z =5 into the
second equation of the original system, we

have 3(-3)+8—-3(5) = c = ¢ = —16.

73. Each of the ordered triples satisfies the given
equation, so find the values of the coefficients

by solving the system

a(-D%>+ b(=D+ c=-1

a(0)> +b(0)+c=5
a2+ bQ2)+ c=5

a-b+tc=-1
= c=5
da+2b+c=5

Substitute ¢ = 5 into the first and third
equations and then solve those equations for a

Add the second and third equations, and
replace the third equation with the result:

x+y =0.60
z+w=0.75 N
y- w=-0.05
y+z =0.70
x+y =0.60
z+w=0.75
y+z =070
y+z =070

Note that the third and fourth equations are
the same and z =0.70 — y. So the second

equation becomes 0.70-y+w=0.75=
y =—=0.05+ w and the first equation

becomes
x+(—0.05+w)=0.60= x=0.65—w.

2=0.70-(-0.05+w) = z=0.075-w.

There are infinitely many solutions for the
system.

The system is

x+y =0.60 (beam 1)
z+w=0.75 (beam 2)
x+ w=0.65 (beam 3)

y+z  =0.70 (beam 4)
v+ w=0.85 (beam 5)
X+  z =0.50 (beam 6)

Subtract equation 3 from equation 1,and
replace equation 3:

and b X+y =060 [x+y =0.60
{ a- b+5=-1 {a—b=—6:> z+w=075 Z+w=075
4da+2b+5=5 2a+b=0 X+ w=0.65 y—  w=-0.05
3a=—-6=a=-2 y+z =070 y+z =070
2-b+5=-1=b=-4. y+ w=0.85 y+ w=0.85
The equation is y = —2x2 + 4x +5. X+ z =0.50 X+ z =0.50
. Add equations 3 and 5 to solve for y:
74. a. Letx = the amount grid cell A weakens the
beam, y = the amount grid cell B weakens Yy =0.60
the beam, z = the amount grid cell C z+w=075
weakens the beam, and w = the amount grid y- w=-005
cell D weakens the beam. Then we have y+z =070
X4y — 0.60 (beam 1) y+ w=08
z+w=0.75 (beam 2) *+ z =050
x4+ w=0.65 (beam 3) xX+y =0.60
y+z  =0.70 (beam 4) z+w=0.75
Subtract the third equation from the first, and 2y =0.80 N
replace the third equation with the result: ytz =0.70
Xty =060 [x+y =0.60 y+ w=085
24w=075 _ z+w=075 X+ =0.50
o N W= 83(5) Y _+ W= 6(;85 (continued on next page)
yrz =u. y+z =0.
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(continued) 82. 3x+2=A(x-2)+B(x+2)
Xty —0.60 3x+2=Ax—-2A+Bx+2B
2+w=075 =(A+B)x-2A+2B
y =0.40 L x= 0.2,7=0.3, Equating the coefficients gives the system
y+z =0.70 "w=045 { A+B:3:>{A+B=3 S dA=0s
v+ w=0.85 -2A+2B=2 A-B=-1
X+ z =0.50 A=1

Using table 8.1, we find that cell C contains
tumorous tissue. Notice that it is only
necessary to use beams 2, 4, and 5 to find
that the cell C weakens the beam by 0.3
unit.

8.2 Critical Thinking/Discussion/Writing

Answers may vary for exercises 75 and 76.

75.

76. a.

I+(-1)-2=-2 x+ty— z=-2
2)-(-D+32)=9=>12x-y+3z=9
1+(-D+2=2 xX+y+ z=2
x+3y+3z=15 b. |x+2y—- z=4
x+2y+ z=1 x+3y+2z=5
2y+4z=11 y+3z=1

8.2 Maintaining Skills

78.

79.

80.

81.

LB 3t 228
2.3 2 3
B=-1
i:é—l:>2:7A—5:>7:7A:>
57 5
A=1

! =é— ! :>1=A(n+1)—n=>

n-(n+1) n n+l
1+n=A(n+1)=>1=A

4 =g+ B :>4=2(n+2)+Bn=>
n-(n+2) n n+2
4=2n+4+Bn=0=2n+Bn=

-2n=Bn=-2=B

2x+3=A(x+3)+B(x—l)
2x+3=Ax+3A+Bx—B=(A+B)x+3A-B

Equating the coefficients gives the system

A+B=2 5
{3A_B=3ﬁ4A—5=>A—Z

§+B:2:>B:§
4 4

83.

84.

85S.

86.

87.

88.

1+B=3=B=2

2 +5x+6=(x+2)(x+3)
x?=3x-10=(x+2)(x-5)
2x% +5x-3=(2x-1)(x+3)
3x2+x-2=(3x-2)(x+1)
4x? -9=(2x-3)(2x +3)

x3—8=(x—2)(x2+2x+4)

8.3 Partial-Fraction Decomposition

8.3 Practice Problems

20-7 _ A B
(x+D(x-2) x+1 x-2
2x-T7T=A(x-2)+B(x+1) =
2x—7=(A+B)x+(-2A+B) =
{ A+ B= 2 {—A—B=—2

=

-2A+ B=-7 -2A+B=-7
-3A=-9= A=3
3+B=2=B=-1

2x—-17 3 1

+D(x-2) x+1 x-2

3x2 +4x+3  3x +4x+3

KPox x(x=D(x+1)
A B C
=—+—r
x x—-1 x+1

3x2 +4x+3

=A(x+D(x—-D+Bx(x+1)+Cx(x—1)
= Ax®> — A+ Bx? + Bx+ Cx* - Cx
=(A+B+0O)x*+(B-CO)x—A
A+B+C=3
B-C=4=A=-3
—-A =3

(continued on next page)

Copyright © 2015 Pearson Education Inc.



Section 8.3 Partial-Fraction Decomposition 733

continued
s el L bt
_ _ X X x
{ 3+§t€:i:>—3+23=7:>3=5 4x+7 A B
5-C=4=C=1 (x+D(x+2) x+1 x+2
2 dx+7=Ax+2)+B(x+1) =
¥ tdxws_ 3,5 1 4x+7=(A+B)x+(QA+B) =
X —x x x—-1 x+1
AvB=4 _ A_3B=1
3 x+5 —é+ B . C N 2A+B=17 ToE
T ox(x-D2 x (x=D (x-1)? 4x+7 3 + 1
x+5=A(x-1)2+Bx(x-1)+ Cx = (x+D(x+2)  x+1 x+2
X+5=(A+B)x2+(-2A-B+C)x+ A - i1+ 12=%
X X+
A+B =0 AT
2A-B+C=1=A=5B=-5 3
A =5 This means that if two resistances R; = ]
—2A-B+C=1=-205)+5+C=1=C=6 3
x+5 5 5 N 6 and R, = x+2 are connected in parallel, they
x(x—1)? T x (x-1) (x-1)2 will produce a total resistance given by
(x+1D(x+2)
3x2+5x-2 A Bx+C ax+7
4. 3 =—+— =
x(x*+2) X x"+2
332 +5x— 2= A(x> +2)+ (Bx + O)x = 8.3 Basic Concepts and Skills
2 2
3x7+5x-2=(A+B)x" +Cx+2A= 1. In arational expression, if the degree of the
A+B =3 numerator, P(x), is less than the degree of the
C=5 =>A=-1,C=5 denominator, Q(x), then the expression is
2A =-2 proper.
A+B=3=-1+B=3=B=4 2. The numerators in the partial-fraction
3x2+5x-2 1 4x+5 decomposition of a rational expression are
x(x2+2) Ty + [ constants if the denominator, Q(x), can be
factored into distinct linear factors.
5 2 +3x+1 _ Ax+B n Cx+D - 3. In arational expression, if (x — 8) is a linear
RTE it | G et B factor that is repeated three times in the
¥ +3x+1= (Ax+ B)(x? +1)+ Cx+ D = denominator, then the portion of the
s 3 ) expression’s partial-fraction decomposition
X +3x+1=Ax"+Bx"+(A+C)x+(B+ D)= 3
A _0 that corresponds to (x —8)~ has three terms.
B =l Ac0B=1c=3D=0 4. True
A+ Cc =3 .
B+ D=1 5. False. The factors are repeated linear factors.
5 6. True
x“+3x+1 1 + 3x
2+D? 2+l (xF+1)? 7 1 _A B
(x-Dx+2) x-1 x+2
1 1 1 1
6. —+—+—+t——— A B
4.5 5.6 67 3111-3112 8. X - "
(1 lj (1 lj (1 1) (x+D(x-3) x+1 x-3
=== |+ === || === |+
4 5 5 6 6 7
1 1 9 1 3 1 A B
L - = = +
(3111 3112) x“+7x+6 (x+6)(x+1) x+6 x+1

C3112° 3112 3112 10.

ENg e

2 = = +
x“—6x+8 (x=2)(x—-4) x-2 x-4
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734 Chapter 8 Systems of Equations and Inequalities
11. 322=22 =%+£+C 20, ———= o -4, 8
x-x° x*(x-1) x~ x x-1 x“+5x+6 (x+2)(x+3) x+2 x+3
x=Ax+3)+B(x+2)=
12 x—1 __4 B C x=(A+B)x+(3A+2B)=
(x+2°(x=3) (x+2)7 x-3 x+2 A+ B=1_ [-2A-2B=-2__  _
s 3A+2B=0 3A+2B=0 oo
13 x"-3x+3 A Bx+C B=3
oD —x+) x+l X2 x+d x 2 3.3 2
2x4+3 X +5x46 x+2 x+3 x+3 x+2
14.
(x=D>(x2+x+1) ” 2 2 A B
__ A Bx+C N D T2 42x x(x+2) x x+2
(x-D% Z+x+1) x-1 2=A(x+2)+Bx=(A+B)x+24=
A+B=0
15 3x—4 _Ax+B+ Cx+D {2A=2 =A=1LB=-1=
T en?r %41 (P42 2 1 1
5 x242x x x+2
16. ——
2x+3)7(x“+3) 2. x+9 _ x+9 _ A N B .
__ A _ Bx+C D Ex+F x2-9 (x-3)(x+3) x-3 x+3
x+9=(A+B)x+(3A-3B)=
2x+1 A B A+ B=1_ [3A+3B=3
17. = + = =6A=12=>
(x+D(x+2) x+1 x+2 {3A—3B=9 {3A—3B=9
2x+1=A(x+2)+B(x+1)= A=2,B=-1
2x+1=(A+B)x+(2A+B)= x+9 2 1
A+B=2_ [-A-B=-2 P x2-9 x-3 x+3
{2A+B=1 {2A+B=1 =A=-1B=3
a+l 13 31 23. X -4, 8. C
(x+1)(x+2)__x+l+x+2_x+2_x+1 x+D(x+2)(x+3) x+1 x+2 x+3
x=A(x+2)(x+3)+B(x+1(x+3)
7 A B +Cx+D(x+2)=
18. = + = 2 2
(x=2)(x+5 x-2 x+5 x=A(Xx"4+5x+6)+ B(x" +4x+3)
7=A(x+5)+B(x-2)= +C(x*+3x+2) =
T=(A+B)x+(5A-2B)= x=(A+B+C)x> +(5A+4B+3C)x
A+ B=0__ |2A+2B=0 _ +(6A+3B+2C) =
{5A—2Bz7:>{5A—2B:7:>7A_7:>
A=LB=-1 A+ B+ C=0
a ’7 B 1 1 5SA+4B+3C=1
= - 6A+3B+2C=0
(x=2)(x+5) x=2 x+35 “5(A+ B+ C=0)=-5A—5B—5C=0
1. 1 1 A B {—5A—53—5€=0:>_B_2C=1

= = +
2 44x+3 (x+3)(x+1) x+3 x+1
1=A(x+1)+B(x+3)=(A+B)x+(A+3B)=

A+ B=0_ [-A~ B=0_
A+3B=1 A+3B=1 -
gl l

2 2

1 1 1
=- +
4dx+3 2(x+3) 2(x+1D)

—-6(A+B+C=0)=-6A-6B-6C=0

-6A—-6B-6C=0

{ 6A+3B+2C=0 " b~ 4C=0
A+ B+ C=0 A+ B+ C=0
5A+3B+3C=1 = -B-2C=1
6A+3B+2C =0 -3B-4C=0

(continued on next page)
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(continued)
-3(-B-2C=1)=3B+6C=-3
3B+6C =-3 3
{—3B—4C=0 =>2C——3=>C——5

—B—2(—%)=1=>—B=—4=>B=2

A+2-2_05a=-1
2 2
X

(x+D(x+2)(x+3)
1 2 3

— + —
2(x+1) x+2 2(x+3)

x? x?

(x=1(x*>+5x+4) T (= D(x+D(x+4)
A B c

24.

= + + =

x—1 x+1 x+4
2= A(x+D(x+4) + B(x=1)(x+4)
+C(x-D(x+1) =
x2 = A(x? +5x+4)+ B(x*> +3x—4)
+C(x*-)=>

x> =(A+B+C)x*>+(5A+3B)x
+(4A-4B-0)>

A+ B+C=1

5A+3B =0

4A-4B-C=0

A+ B+C=1
{4A—4B—C:0:>5A_3B_1

A+ B+C=1 A+ B+C=1
5A+3B =0=1{5A+3B =0=
4A-4B-C=0 5A-3B =1
10A=1=>A=L

10

1 1 1
5|\ = |+3B=0=>3B=-—=B=-—
(10) 2 6
L Licoinealt
10 6 15

x2

(x—=D(x% +5x+4)
1 1 16

T100=1) 6(x+1)  15(x+4)

x—1 A B

5= 5+ =
(x+1) (x+D* (x+D
x—-1=A+B(x+1)=Bx+(A+B)=>

{ B=1 L p_1a=2

25.

A+B=-1
x—1 2 1

GiDE rD?  xtD)

3x+2 A B C
- - =—+t—+
x“(x+1) x x x+1
3x+2=A(x+ 1)+ Bx(x+ 1)+ Cx* =

3x+2=(A+B)x+(B+C)x’ + A=

A+B =3
B+C=0=A=2,B=1,C=-1

A =2

3x+2 2 1 1

xz(x-i-l) - ¥ x x+1

26.

222+ x A B C
== >+ >+ =

G+ x+DP (x+D? x+l

2x2+x=A+B(x+1)+C(x+1)?
=A+Bx+B+C(x>+2x+1)

27.

=Cx>+(B+20)x+(A+B+C)=

A+B+ C=0
B+2C=1=C=2,B=-3,A=1
cC=2

2x2+x 2 3 1
3 - 2t 3
(x+1) x+1 (x+D° (x+D

X A + B
(x-D(x+1) x-1 x+1
x=Ax+1)+B(x-1)=
x=Ax+A+Bx-B=
x=(A+B)x+(A-B) =
{itg;gzﬂAzl:A=%

X 1 1

= +

x2-1 2(x=-1D 2(x+1D

sle
2

.2 .2
29, x“+3x+1  —x"+3x+1

P2+ x - )c(x+1)2
(x+D? x+1 «x

—x2+3x+1=Ax+ Bx(x+1) + C(x +1)?

= Ax+ Bx> + Bx+Cx* +2Cx+ C
=(B+0O)x>+(A+B+20)x+C

(continued on next page)
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(continued)

B+ C=-1=C=1,B=-2

A+B+2C=3

C=1
A+2(-2)+3()=2= A=3
- +3x+1 1 2 3

x3+2x2+x_x x+1 (x+l)2

5x2-8x+2 5x°-8x+2 A B c
30. 3 5 = s—=—+ 5
x°=2x"+x x(x—=1) x x-1 (x-1
5x2—8x+2=A(x—-1D?+Bx(x—1)+Cx=(A+ B)x> + (-2A- B+ O)x+ A=
A+B =5
2A-B+C=-8=A=2,B=3
A =2
—2(2)-3+C=-8=C=-1
5¢2-8x+2 2 3 1
3 2. o7 - 2
x*=2x"+x x x-1 (x-1
31. ﬁ:é %+ c ,. D - = 1= Ax(x+1)* + B(x+1)> + Cx* (x+ ) + Dx”
x“(x+1) X x x+1 (x+1

Letting x = —1, we have D = 1. Letting x = 0, we have B = 1. Substitute the values for B and D, expand the
equation, and simplify:

1= Ax(x+ D2 +1x+ D2+ C2 (x+ D+ 12 = (A+ O + 2+ 24+ O)x* + 2+ A)x+ 1=

A+C=0
2A4+C=-2=A=-2,C=2
A=-2

1 2 1 2 1

- =
Cx+)? x X2 x+l (x+1)?

2 A B C D

2 2 = + 2t + 2=
(x=-D"(x+3)" x-1 (x-1)~ x+3 (x+3)

2=Ax=D(x+3) > +B(x+3)*+C(x—=1)>(x+3)+ D(x—1)?

Letting x = 1, we have 2 = B(4)> = B =1/8. Letting x = -3, we have 2= D(-3-1)*> = D=1/8.
Substitute the values for B and D, expand the equation, and simplify:

32.

2=A(x-1(x+3)? +%(x+3)2+C(x—1)2(x+3)+%(x—1)2 =

2=(A+C)x3+G+5A+c)x2+G+3A—scjx+(%—9A+scj:>

A+C=0
5A+C=—l
4 1
34-5C=-—1+74""16C= 16
——9A+3C=g
4
2 1 1 1 1

2 2° " ot 2t + 2
(x=1"(x+3) 16(x—=1) 8x—-1)° 16(x+3) 8(x+3)
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34.

35.

1 1 A B c D

PR 5= _1+ — + 1+ 5=
(x"=D" ((x-D(x+D)" * (x=D7 x+1 (x+1)
1= Ax-D(x+ D2+ Bx+ D>+ C(x =D (x+ 1)+ D(x—1)?

Letting x = 1, we have 1= B(2)? = B=1/4. Letting x = -1, we have 1= D(-2)> = D =1/4.
Substitute the values for B and D, expand the equation, and simplify:

1= A(x=1)(x+1)? +i(x+1)2 +C(x—1)2(x+1)+i(x—1)2 =

1:(A+C)x3+(%+A—C)x2+(—A—C)x+(%—A+C):>

A+C=0
A‘C:‘% 11
_A-c=0 TA=TpCy
_A+c=1
2
1 1 1 1 1

2D A1) 41> D 4xt1)]

3 3 A B c D

2 5= _2+ —a 2+ 5=
("= ((x=2(x+2))" * (x-2)" x+2 (x+2)
3=A(x-2)(x+2)2 +B(x+2)> +C(x—2)*(x+2)+ D(x - 2)?

Letting x = 2, we have 3= B(4)? = B =3/16. Letting x = -2, we have 3= D(-4)> = D =3/16.
Substitute the values for B and D, expand the equation, and simplify:

3=A(x-2)(x+2)? +%(x+2)2 +C(x—2)2(x+2)+%(x—2)2 =

3=(A+C)x3+(§+2A—2ij2+(—4A—4C)x+(%—8A+8C)=>

A+ C=0
24-20=-3 3 3
85 A=-— Cc=—
—-4A-4C=0 32’ 32
-—8A+8C:g
2
3 3 3 3 3
2_ 2 + 2t + 2
(x“—4) 32(x-2) 16(x-2)" 32(x+2) 16(x+2)
x_lzz A, B - = x—1=AQx-3)+B= x—1=2Ax+(-3A+B)
2x-3)" 2x-3 (2x-3)
2A =1 1
{—3A+B=—1:>A‘§
1 1
_3(_}3:_1:3:_
2 2
x—1 1 1

2x-3)7  202x-3) ’ 2(2x-3)?
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6x+1 A B
2 - + 2
GBx+D> 3x+1 Bx+1)
{3A =6

36.

=6x+1=AGBx+1)+ B=>6x+1=3Ax+(A+B)=>

A+B =f¢A=ZB=—1

6x+l 2 1
Gx+1D)? 3x+1 (Bx+1)?

37, O *tT _ 6x+T A B 6xt7=AQx+3)+ B 6x+7=24x+(3A+B) =

2 = 2" + 2
4x2+12x+9  (2x+3)% 2x+3  (2x+3)
2A =6
3A+B=17
6x+7 3 2

42 412549 2x+3  (2x+3)?

= A=3,B=-2

2x+3 _ 2x+3 A B

38. 3 = 7= + 3
9x“+30x+25 (Bx+5) 3x+5 (3x+5)

=2x+3=ABx+5+B=2x+3=3Ax+(5A+B)=

5A+B=3
2x+3 2 1

9x? +30x+25 33x+5) 3(3x+5)

34 =2 A=2p=_1
3 3

39. x3+x2_x2(x+1)_; 22 xtl
x-3=(A+0O)x>*+(A+B)x+B =
A+ C=0

A+B =1 =B=-3A=4,C=-4

x=3 X3 A B O 3 Axa+ D+ B+ +Cx =

1 1 A Bx+C
40. — =— =—+—
x+x x(x*+1D) x  x“+1
A+B=0
C=0=>A=1,B=-1,C=0
A =1

=S1=AC?+D)+x(Bx+C)=(A+B)x>* +Cx+ A=

41. = x> +2x+4=Ax(x+ )+ B(x+ D)+ Cx* =

x2+2x+4_x2+2x+4_é E
x>+ x? xz(x+1) x x> x+l1

2 4+2x+4=(A+C)x’ +(A+B)x+B=

A+ C=1
A+B =2=B=4,A=-2,C=3
B =4

CH2x+4 3 2 4

x® +x? x+l x x?
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42,

43.

44.

45.

2 —
al +2x2 L __4 +B);+C:>x2+2x—1:A(x2+1)+(Bx+C)(x—1):>
(x-D(x"+1) x-1 x“+1

x242x—1=Ax> + A+ Bx’> = Bx+Cx—C= x>+ 2x-1=(A+ B)x* + ~B+ O)x+(A- C) =

A+B =1
-B+C=2 = A=1,B=0,C=2
A-  C=-1

+2x+l 1 2

= +
x-D(x2+1) x-1 x2+1

X X A B Cx+D
T, 2 = + T
o1 =D+ D(P+) x—1 x4+l x2 41
x= A+ D2+ D+ Bx=D(x>+ D)+ (Cx+ D)2 - 1) =
x=(A+B+O)x> +(A—B+D)x* +(A+B-C)x+(A-B-D)=

A+B+C =0

A-B+ D=0 1 1
A+B-C =1=>A—z,B—z,C——E,D—0
A-B—- D=0

X 1 1 X

= + —_
=1 Ax-D A+ 2x2 1)

30 —5x7 +12x+4 30 -5xf+12x+4 A , B  Cx+D
x*-16 (-2 +4) x-2 x+2  xP+4

303 = 5x2 +12x+4 = A(x + 2)(x> +4) + B(x = 2)(x% + 4)+ (Cx + D)(x% - 4)

Letting x = -2, we have

3(=2)° =5(-2)2 +12(-2) + 4= A(-2+2)(-2)? +4) + B(-2 - 2)((-2)* + )+ (C(=2) + D)(-2)* - 4) =

—64=-32B=> B=2

Substitute the value for B, expand the equation, and simplify:

30 =52 +12x+4 = Ax+ 2)(x2 + )+ 2(x = 2) (x> + ) + (Cx+ D)(x* = 4) =

30 = 5x% +12x+4=(2+ A+ C) x> +(~4+2A4+ D)x* + (8 +4A—4C)x +(-16 + 8A— 4D) =

A+ C =1

2A+ D=-1

IA_d4c =4 DA=LC=0D=-3

8A- 4D=20

3005412044 1 23
x*-16 x=2 x+2 x*+4
| _A Bx+C Dx+E

x(x2 4D x 0 X241 (24?2

1= A2+ D2+ Bx+ O)x(x> + )+ (Dx+E)x = 1=(A+ B)x* +Cx> + QA+ B+ D)x*> + (C+ E)x+ A=

A+B =0
C =0
2A+B+ D =0=A=1,B=-1,C=0,D=-1,E=0
CcC+ E=0
A =
1 1 X X

xx2+D?r x 241 (2412
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x> Ax+B Cx+D

(x?+2)? x2+2+(x2+2)2

= A +Bx> +2A+C)x+(2B+ D) =
A =0

B =1

2A+ C =0

2B+ D=0

x2 1 2

2+2)2 242 (£2+2)°

46. = 2 =(Ax+B) (x> +2)+Cx+D =

= A=0,B=1,C=0,D=-2

2x% +3x _Ax+B  Cx+D
CHD(%+2) X2+l X242
2x2+3x=(A+O)x> +(B+D)x>* + QA+ CO)x+(2B+ D) =
A+ c =0
B+ D=2

2A+ CcC =3
2B+ D=0
27 +3x  3x-2 -3x+4
+D(x2+2) x2+1 xP+2

47.

= 2x% +3x = (Ax+ B)(x*> +2)+ (Cx+ D)(x> + 1) =

= A=3,B=-2C=-3,D=4

x?-2x Ax+ B Cx+D
2 2 ) t
X"+ +x+7) (x*+9) (x"+x+7)
x2=2x=(A+0O)x> +(A+B+D)x*> +(7TA+ B+9C)x+ (7B +9D) =
A+ cC =0
A+ B+ D=1

TA+ B+9C =-2
7B+ 9D=0

x2—2x X X

48. = x2 = 2x=(Ax+B)(x*> +x+7)+(Cx+ D)(x* +9) =

=A=1,B=0,C=-1,D=0

2+9)(x2+x+7) x249 xP+x+7

8.3 Applying the Concepts

1 1 1 1 1 1 1 1 1 1 1 1 n
49, —+—+—+---+ = l-=|+| === |+| === |+ +]| —— =1- =
1-2 2.3 3.4 nn+1) 2 2 3 3 4 n n+l n+l n+l

50. Each term is of the form L Decomposing 2 we have
k(k+2) k(k+2)

2 _A, B
k(k+2) k  k+2
2 11

k(k+2) k k+2
Thus,

2 2 2 2 ( IJ (1 IJ (1 1)
e b e SEPPE =|l-=|+| === |+|=-= |+
1-3 24 3.5 100-102 3 2 4 35

1 1 1 7625

A+B=0
24 =2

:>2=Ak+2A+Bk=(A+B)k+2A=>{ = A=1,B=-1

(1 1 ) ( 1 1 )
== |+| —=—-—
99 101 100 102
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51. Each term is of the form

52.

53.

2
Decomposing ——————— we have

Cn-D2n+1)’ Cn-D2n+1)

2 = A + B =2=ACn+1)+B2n-1)=2=2A+2B)n+(A-B)=>
2n-D2n+1) 2n-1 2n+1
2A+2B=0
{A— B:2:>A—1,B——1

2 _ 11
Cn-D2n+1) 2n-1 2n+1
Thus,
2 2 2 2 (1 1) (1 1) (1 1) 1 1
_t—t—t et e || === || =+ 4+ —
1-3 35 5.7 2n-D2n+1 1 3 35 5 7 2n—-1 2n+1

1 2n
2n+1 2n+1
. 2 .
Each term is of the form ———————. Decomposing ————————— we have
k(k+1)(k+2) k(k+1)(k+2)

2 :é+ B + ¢ =2=Ak+1)(k+2)+Bk(k+2)+Ck(k+1)=

k(k+D)(k+2) k k+1 k+2
A+ B+C=0
2:(A+B+C)k2+(3A+ZB+C)k+2A:> 3A+2B+C=0=>A=1,B=-2,C=1
2A =2

2 12 + 1

k(k+1)(k+2) k k+1 k+2
2 1 1 1 2 1 1 1 1 1
- =- - , SO —— + =—- - +
k+1 k+1 k+1 k k+1 k+2 k k+1 k+1 k+2
2 2 2 2

+ + +t
1-2:3 2.3.4 3.4.5 100-101-102
1 1 1 1) 1 1 1 1) (1 1 1 1
=l-———=+—|+|=—=—= +— |+ === +—= |+
1 2 2 3 2 3 3 4 3 4 4°5
J1 ot 12575
2 101 102 5151

l_ 2x+4
R (x+D(x+3)

2x+4 = A + B = 2x+4=Ax+3)+B(x+1)=>2x+4=(A+B)x+(3A+B)=
(x+D(x+3) x+1 x+3

{A+B=2

3a+B=4—A=LB=]

2x+4 1 N 11
(x+D(x+3) x+1 x+3 R’

This means that if two resistances R; = x+1 and R, = x+3 are connected in parallel, they will produce a

(x+D(x+3)

total resistance given by
2x+4
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54. l: 7x+20 = A + =7x+20=A(x+4)+B(x+2)=T7x+20=(A+ B)x+(4A+2B)=
R (x+2)(x+4) x+2 x+4
A+ B=17
{4A+ZB:ZO:>A_3’B_4
7x+20 3 4 _ 1 1 1
(x+2)(x+4) x+2 x+4 x+2 x+4 R

3 4

. . . x+2 x+4
This means that if two resistances R; = and R, =

are connected in parallel, they will produce a
(x+2)(x+4)

total resistance given by
Tx+20

A

1 RR,+RRy+R;R, A B
55, —=—12-"23 3 1:—+—+£:>R1R2+R2R3+R3R1:AR2R3+BR1R3+CR1R2:> B
R R\RyR, R, R, R R ) ) c

3
RR, +RRy+RR, 1 1 1 1

Il
—_ =

RiRyRs B R, R_2+R_3_ R
This means that if three resistances R|,R,, and R; are connected in parallel, they will produce a total
RiRyRs
RiRy + RyRy + RyR,

resistance given by

2
56, Lo X 12t AL B € 2 10x+8= A(x+2)(x+4)+ Br(x+4)+ Cx(x+2) =
R x(x+2)(x+4) x x+2 x+4

A+ B+ C=3
352 +12x+8=(A+ B+ C)x> + (6A+4B+2C)x+84= {6A+4B+2C=12= A=1,B=1,C=1

8A =8
3 +12x48 1 1 Lt
x(x+2)(x+4) x x+2 x+4 R

This means that if three resistances R} =x, R, =x+2,and R; = x+4 are connected in parallel, they will
. . +2)(x+4
produce a total resistance given by %
3x7+12x+8
8.3 Beyond the Basics

A+B+ C=0 A+B+C=0
57. 2B-2C=10 = B-C=5
—4A =—4 A =1
Subtract the third equation from the first equation, and replace the first equation with the new equation:
A+B+C=0 B+C=-1
B-C=5= B-C=5
A =1 A =1
Add the first and second equations to solve for B:
B+C=-1 B+C=-1 B+C=-1
B-C=5 =4 2B =4 = B =2
A =1 A =1 A =1
Substitute the value for B into the first equation to solve for C:
B+C=-1 2+C=-1 C=-3
B =2 =4 B =2 =<B=2
A =1 A =1 A=1
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58.

59.

60.

61.

1 ! S A B AT - x4 D+ (Bre O D =
x*+1 (x+D(x"—-x+1) x+1 x"—x+1
A+B=0 1 1 )
1:(A+B)x2+(—A+B+C)x+(A+C):> -A+B+C=0=A=—,B=—,C=—
_ 3 3 3
A+ C=1
1 1 -x+2
3.1 t 2
x+1 3(x+1D) 3(x"—x+1)
4x 4x A B C D

2-D2 =D2(x+D? x—-1 (x=1D% x+1 (x+1)>2
4x=Ax-Dx+D>+ B+ D> +Cx-D*(x+ D+ D(x-1)> =

4x=(A+C)x> +(A+B-C+D)x*> +(~A+2B-C-2D)x+(-A+ B+C+ D)=
A+ C =0 ()

A+ B-C+ D=0 (2)

~A+2B-C-2D=4 (3)

-A+ B+C+ D=0 (4

Add equations (1) and (3), and (2) and (4), and replace equations (3) and (4):

A+ C =0 A+ C =0 (D A+ C =0

A+ B-C+ D=0 A+ B-C+ D=0 (2) A+ B-C+ D=0 _ 1A _
—A+2B-C-2D=4"] 2B-2D =4 (3) ] 4B =4 —B=LD=-14=0C=0
-A+ B+C+ D=0 2B+2D =0 4 2B+2D =0

4x 1 3 1
x2-D% x-D? (x+1?

23 A 3= AGR 4+ (Br+ O)x+ 1) =
(x"+D(x+1) x+1  x“+1

A+B =0 1 | 5
2x+3:(A+B)x2+(B+C)x+(A+C):> B+C=2=>A=—,B=——,C=—
A+ C=3 2 22

2x+3 1 + -x+5
D+ 2(x+D 2(x%+1)

ol A B D = AG-DO 4D+ BGE + D)+ (Crt DY(x— 1) =
x“+D(x-D~ x-1 (x-1 x”+1
x+1=(A+CO)x’ + (~A+B-2C+D)x* + (A+B+C—-2D)x+(~A+ B+ D)=

A+ C =0

-A+B-2C+ D=0

A+B+ C-2D=1

-A+B+ D=1
From the first equation, we have C = —A. Substitute this into the last three equations and simplify.

A+ C =0 [C=-A C=-A i:;ip—o
-A+B-2C+ D:O:> —A+B—2(—A)+D:0:> A+B+ D=0 N - |

A+ C-2D=1 A+ (-A)-2D=1 -2D=1 Dz—E
-A+B+ D=1 -A+B+ D=1 -A+B+ D=1 CA+B+ D=1

(continued on next page)
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744
(continued)
Substitute the value for D into the second and fourth equations, and simplify
C=-A
1
A+B=—
2
_ 1=B=1LA=-—,C=—
2
-A+B= 3
2
x+1 1 1 x—1
2 27 + 2t 3
(x“+D(x-1D 2x=-1) (x-17 2(x"+1)
al A (BxtC | DXVE AP+ + (Bx+ C)x— D2 +1)+ (Dx+ E)x—1)

62. =
Z+D2(x=1) x—-1 241 x2+1)?

. 1 . .
Letting x = 1, we have 1= 22A= A= 1 Expand the equation and substitute A = 1 :

x=(l+3)x4+(—B+C)x3+(%+B—C+D)x2+(—B+C—D+E)x+G—C—EJ=>

l+B =0
4
-B+C =0
l+B—C+D =O$B=—LC=—ﬂD— =
4 4 2 2
-B+C-D+E=1

Lo el E-o
4

X _ 1 N —-x—-1 N —x+1
2+D%2(x-1D  4x-D 4+ 2(x%2+1D?

x° A B c D
63. 5 5= + 3 5
G+D7(x+2)° x+1 (x+D° x+2 (x+2)
= A+ D +2)2 +Bx+2)2 +Cx+2)(x+D? + D(x+1)2
Letting x = —2, we have (-2)° = D(-1)> = D = -8 . Letting x = —1, we have (-1)° = B(1)> = B=-1.

Expand the equation and substitute the values for B and D:
= (A+ 0P +(-9+54+4C)x? +(=20+8A+5C)x + (-12+4A+2C) =

A+ C=1
5A+4C =9
§A+5C =00 A=HC=-4
4A+2C =12
¥ 5 1 4 8

D2 42)? x4l (24?2 242 (x+2)?
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3 2_
6. 2x2+2x 21: ,24x+B . 2Cx+D - =207 +2x7 - 1= (Ax+ B)(x” +x+ 1)+ (Cx+ D) =
(x"+x+1 xX“+x+1 (X" +x+1)
A =2
3 2 s 5 A+B =2
2x"+2x° -1=Ax"+(A+B)x"+(A+B+C)x+(B+ D)= A+B+C =0 —
B+ D=-1

A=2,B=0,C=-2,D=-1
20 +2xt -1 2« L ~2x-l
()c2-+-x-+-1)2 K2 x+1 ()c2+x+1)2

65. 315)‘ - lfx A 2Bx+c = 15x = A(x2 +3x49)+ (Bx+ C)(x—3)
x> =27 (x=3)(x"+3x+9) x-3 (x"+3x+9)
Letting x = 3, we have 15(3) = A(32 +33)+9)= A=5/3.
Expand the equation and substitute the value for A:
5 B =-5/3
15x=|=+B|x*>+(5-3B+C0)x+(15-3C)={-3B+C=10 =B=->,C=5
3 A 3
3C=-15
15x 5 —S5x+15
3 - 2
x> =27 3(x=3) 3(x"+3x+9)
66 2x7-9x+10  2x*-9x+10 A L Bx+C
) X +8 (x+2)(x>—2x+4) x+2 x>-2x+4

2x2—9x+10=A(x> = 2x+4) + (Bx+ C)(x + 2) =

Letting x = =2, we have 2(-2)> =9(=2) +10= A((-2)> = 2(-2) +4) = 36 =12A= A =3.
Expand the equation, substitute the value for A, and simplify:

B=-1
2x2-9x+10=3+ B)x> + (=6 + 2B+ C)x+(12+2C) = {2B+C=-3=B=-1,C = -1
20=-2
2x2-9x+10 3 —x—1
3 - T
x”+8 x+2 x"-2x+4

67. Using the hint provided, we have
4x 4x Ax+B Cx+D
T, 2 2 =2 T
xT+4 (" -2x+2)(x"+2x+2) xT-2x+2 x“+2x+2
4x=(Ax+B)(x* +2x+2)+ (Cx+ D)(x> = 2x+2) =
4x=(A+C)x> +(2A+B-2C+D)x*> +(2A+2B+2C -2D)x+ (2B +2D) =
A+ C =0
2A+ B-2C+ D=0
2A+2B+2C-2D =4
2B+ 2D =0
4x 1 1

x4+4_x2—2x+2 X2 +2x+2

=A=0,B=1,C=0,D=-1
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2_
68. = 8“318: A, B —+ ¢ s =7 —8x+18= A(x—5)? + B(x-5)+C =
(x—5) x=5 (x=5% (x-5)
A =1
x> —8x+18=Ax>+(-10A+ B)x+(25A-5B+C) = |-10A+ B =-8=A=1,B=2,C=3
25A-5B+C =18
2 -8x+18 1 2 3
= +

=57 -5 (-5 (x-5)
1

2
69. 2 +3x+2)22 +4x+5 X FAxkS g, xH3

) x2 +3x+2 2 +3x+2
x“+3x+2
x+3
Decompose 2)6;3:
x“+3x+2
x+3 x+3 A

= = + = x+3=Ax+2)+B(x+1) =
X 43x+2 x+DE+2) x+1 x+2

A+B=1
x+3—(A+B)x+(2A+B):>{2A+B:3:>A—Z,B——l
x2+4x+5 2 1
=1+ -
2 +3x+2 x+1 x+2
D(x+2 Zix-2 !
70. (x = D(x )=x2 s W -x-12)x%+x-2
)-8 22 -x-12 )2
x“=x-12
2x+10
2 +x-2 2x+10
2 =l+—
x“=x-12 x“=x-12
Decomposezzx;lo:
x“=x-12
26410 _  2x+10 _ A | —2x+10= A(x—4)+ B(x+3) =
¥2ox—12 (x+3)x-4) x+3 x-4
A+ B=2 4 18
2x+10_(A+B)x+(—4A+3B):>{_4A+33:10:>A_—7,B_7
(x-D@+2) 4 18
(x+3)(x—4) T(x+3) T(x—-4)
2x+3
4, 3 2 A6 4, 3 2 6
71. 2% Tx +2x2 2% 1:2x +3x +22x 2x 1 x3—x2+x—l>2x4+ 2 42x2 —2x-1
(x—-D(x"+1D x’—x"+x-1 1 —23 4242 oy
3x° -1
3x® —3x% +3x-3
3x2 = 3x+2
2t + 3 F2xr —2x-1 3x2-3x+2
5 =2x+3+—2
(x—=D(x2 +1) (x=D(x2+1)

(continued on next page)
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(continued)

3x2 -3x+2
(x-DZ+1)
3x2 —3x+2 A Bx+C
2 N t
(x-D(x"+1) x-1 x“+1

Decompose

=3x>-3x+2=A>+ D)+ Bx+O)(x-1) =

A+B=3
352 -3x+2=(A+B)x>+(-B+CO)x+(A-C)=>{ -B+C=-3=A=1,B=2,C=-1
A- C=2
3x2-3x+2 1 2x-1
2 = Tt
(x-D(x"+1) x-1 x"+1
4 3 2 _ _
Thus, 2x" +x -+-2)c2 2x 1:2x+3+ 1 +2)2c 1-
(x—-D(x"+1) x=1 x"+1
A o xX+6

¥ —6x +11x-6)x*
x4—6x3+11x2— 6x
6x> —11x% + 6x
6x> —36x2 +66x—36
25x% —60x +36

(x-Dx-2)(x-3) x'—6x2+11x—6

x* 25x% - 60x +36
=x+6+
(x—D(x—-2)(x-3) (x—Dx-2)(x-3)
25x% —60x+36
(x=D(x=-2)(x=3) "
25x% - 60x + 36 A B C
= + + =
x-Dx-2)(x-3) x-1 x-2 x-3
25x2 —60x+36=A(x—2)(x-3)+ B(x - )(x=3)+C(x - )(x—2) =
2t ox?—2x—1 1 2x—1

5 =2x+3+ +—
(x=D(x"+1) x=1 x"+1

Decompose

A+ B+ C=25
Ziﬂ—60pH%:(A+B+Cn2+G§A—4B—&Dx+®A+SB+2Cﬁ:-6A—4B—3C:—&k:
6A+3B+2C =36

81

A=—,B=-16,C=—
2

!
2 9
x* 1 16 81
=x+6+ - +
x—-D(x-2)(x-3) 2(x—-1) x-2 2(x-3)
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748 Chapter 8 Systems of Equations and Inequalities
8.3 Critical Thinking/Discussion/Writing 78. 6 +x-2=0= (3x+2)(2x-1)=0=
73. Two equal polynomials have equal = _2’ X = 1
corresponding coefficients. See page 755 in 3 2
the text. In exercises 79—86, be sure to check the solution in
x+8 48 both equations.
74. f(x)= 3 =
Fx-2 (x+2)(x-1) 79 { x+y=3 (D
_ A + N 3x+2y=T7 (2)
x+2 x-1 From equation (1), we have y =3 — x.
x+8=A (x -1)+B(x+2) Substituting in equation (2), we have
=(A+B)x+(-A+2B) 3x+2(3-x)=T=x+6=T=x=1
A+ B=1 Substituting x = 1 in equation (1) gives
{_A+ZB:8:>SB—9:>B—3,A——2 1+y=3:>y=2'
x+8 2 . 3 Solution set: {(1, 2)}
Z+x=2 x+2 x-1 80 3x+ y=-3 0y
T l4x+3y=1 2
From equation (1), we have y = —3x — 3.
a. Substituting in equation (2), we have
4x+3(-3x-3)=1=>-5x-9=1=
Sx=10=>x=-2
Substituting x = -2 in equation (1) gives
3(—2)+y=—3:>—6+y=—3:> y=3.
Solution set: {(-2, 3)}
x=2y=1 (€Y
81. {2x+3y:16 @))
The graphs of fand g have the same From equation (1), we have x =2y + 1.
Vert.lcal asymptote, x = -2, and the same Substituting in equation (2), we have
horlzoqtal asymptote, y = 0, or the x-axis. 2(2y + 1) +3y=16=7y+2=16=>
Also g is an asymptote of f as x approaches 7y =14 _9
1 from the right or from the left. Y - => Y= ) ) )
Substituting y = 2 in equation (1) gives
The graphs of f and 4 have the same x—2(2) 1> x—d=1=x=5
vertical asymptote, x = 1, and the same .
horizontal asymptote, y = 0, or the x-axis. Solution set: {(5, 2)}
Also & is an asymptote of f as x approaches x— 2y=10 (1
—2 from the right or from the left. 82 1 1
8.3 Maintaining Skills PR @
From equation (1), we have x =2y + 10.
75. x2+10x+21=0= (x + 7)(x + 3) =0= Substituting in equation (2), we have
= —7, = —3
* * %(2y+10)+%y=1=>%y+5=1=>
76. x*—2x-24=0=(x+4)(x-6)=0= 4 -
x=—4,x=6 3 y= y=
Substituting y = -3 in equation (1) gives
77. 2x%+x-10=0= (2x+5)(x-2)=0=

x=—§,x=2
2

x=2(-3)=100=x+6=10= x=4
Solution set: {(4, =3)}
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83.

84.

8s.

86.

2x— y=4 0y
{Sx +2y=13 (2)
Multiply equation (1) by 2, then add the two
equations and solve for x.
4x-2y=8
3x+2y=13

Tx=21=x=3

Substitute x = 3 in equation (1), then solve for
y.
2(3)—y=4:>6—y=4=>y=2
Solution set: {(3, 2)}

2x+3y=-1 €))

3x-2y=5 )
Multiply equation (1) by 2 and equation (2) by
3 to eliminate y. Add the resulting equations
and solve for x.
4x+6y=-2
9x—-6y=15

Bx=13=>x=1

Substitute x = 1 in equation (1), then solve for
y.
2()+43y=-1=2+3y=-1=3y=-3=
y=-1
Solution set: {(1, —1)}

2x+5y =1 €))
{3x -2y=-8 (2)
Multiply equation (1) by 2 and equation (2) by
5 to eliminate y. Add the resulting equations
and solve for x.

4x+10y =2
15x-10y =-40

19x=-38=>x=-2

Substitute x = -2 in equation (1), then solve
for y.
2(—2)+5y=1=>—4+5y=1=>5y=5=>
y=1
Solution set: {(-2, 1)}

2x-3y=6 )

=3x+2y=1 (2)
Multiply equation (1) by 3 and equation (2) by
2 to eliminate x. Add the resulting equations
and solve for y.

6x—-9y=18
—6x+4y=2

Sy=20=>y=—-4

Substitute y = —4 in equation (1), then solve
for x.

2x—3(—4):6:>2x+12:6:>2x:—6:>
x=-3
Solution set: {(-3,-4)}

8.4 Systems of Nonlinear Equations

8.4 Practice Problems

2 _ _ 2

X +y—2:> y=2-x -
2x+y=3 2x+y=3
20+(2-x7)=3= —x7 +2x-1=0=

?-2x+1=0= (x-1)?=0= x=1
2(1)+y=3=>y=1
The solution is {(1, 1)}.

2 2
{x2+2y2=34=>3y2=27=>y2=9=>
x°= y =7

y=13

- (=3)?=T=x’=16= x=14
-3’ =7T=x’=16= x=14

The solution is {(—4, =3), (-4, 3), (4, -3),
4,3)}.

Let x = the number of shares received as
dividends, and let p = the selling price per
share. Then xp = 1950. The number of shares
she sold at p dollars per share is 240 + x.
Thus, revenue = (240 + x)p and the cost of her
stock was (240)(40) + 100 = 9700.
Since revenue — cost = profit, we have
(240+ x) p —9700 = 7850 =
240p + xp =17,550
Thus, the system of equations is
xp =1950
240p + xp =17,550°

xp =1950
{240p +xp =17,550
240p +1950=17,550 = 240p =15,600 =
p =065
65x=1950= x =30
Danielle received 30 shares as dividends and
sold her stock at $65 per share.

8.3 Basic Concepts and Skills

1.

In a system of nonlinear equations, at least
one equation must be nonlinear.

Both the substitution and elimination methods
can also be used to solve systems of nonlinear
equations.
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750 Chapter 8 Systems of Equations and Inequalities
3. The SOlutiOnS Of the System 4(5) + 5(4) _ 100 + 80 — 180
{ axtby=c () — 42=25-16=9
2 22
(x=h)"+(y=k)"=r" (2 4(-5) +5(4)% =100+ 80 = 180
represent the points of intersection of the e 16
graphs of equations (1) and (2). 4(( 55)) 5((4)4) 2510016 809 180
+ = +80=
4. The system of equations in Example 1 has { _s 2 =25-16=9
exactly one solution because the graph of (=5)% = (-4 =25-16=
equation (1) is a tangent line to the graph of 12. Substituting each ordered pair into the system
equation (2). ) 24
x° = yo=
5. True {x2—4x+y2=—3
6. False. The system is linear if all the equations we find that (2,1) and (2, —1) are solutions.
in the system are linear. 22 2 —4_1=3
7. Substituting each ordered pair into the system {22 —42)+ 12=4-8+1=-3
{2x+3y =3 22_(_1)2=4_1=3
x— y>=2 2 2 _ _
) . . 2°-42)+(-1)"=4-8+1=-3
we find that (3, —1) is a solution.
23)+3-H)=6-3=3 13. Substituting each ordered pair into the system
3-(-)*=3-1=2 y=e!
o .. y=2x-1
8. Substituting each ordered pair into the system find that (1. 1) i lution:
X+2y=6 we find that (1, 1) is a solution:
y=x2 y:el_lzeozl
. . . y=2()-1=1
we find that (-2, 4) is a solution.
-2+2(4)=-2+8=6 14. Substituting each ordered pair into the system
4=(-2)*=4 y=In(x+1)
y=x
9. Substituting each ordered pair into the system we find that (0, 0) is a solution:
x-2y=T 0=In(0+1) = In(l) =
xX“+y =2 0=0
we find that (1, —1) is a solution:
5(1)-2(-1)=5+2=7 1s. {y”z 42l o o220
M2+(=Dr=1+1=2 y=x+2
x=2)(x+D)=0=>x=2o0rx=-1
10. Substituting each ordered pair into the system y= 22 _ 4 or y= -2 =1
x=2y =5 The solution is {(2, 4), (-1, 1)}.
X%+ y2 =25
2
we find that (=5, 0) and (3, 4) are solutions. 16. V=X x4 x2=6=>x24+x-6=0=>
x+3)(x-2)=0=>x=-3orx=
(-5)2+02 =25 (_(_);)2_)90r .
3-2(4)=3-8=-5 y=iTa) =T ey =S =
s 5 The solution is {(-3,9), (2,4)}.
3°+4°=9+16=25
o .. 17 x% - y=6 x? -y= 6 - 6
11. Substituting each ordered pair into the system . = =l -x=6=

X% - y2=9

we find that (5, 4), (=5, 4), and (-5, —4) are
solutions.

{4x2+5y2 =180

x =y
x-x-6=0= (x-3)(x+2)=0=
x=3orx=-2

3—-y=0=y=30r -2-y=0=>y=-2
The solution is {(3, 3), (-2, -2)}.
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18.

19.

20.

21.

22,

23.

24.

{xz—y=6:>{x2—y=6:>x2_5x:6:>
S5x—y=0 5x =y
x2-5x-6=0=(x-6)(x+)=0=
x=6o0rx=-1
6°-y=6=y=300r ()’ —y=6=y=-5
The solution is {(6, 30), (-1, =5)}.

2. 2
{x Ty _39:>32+y2:9:>y20
x =

The solution is {(3, 0)}.

2, .2 _
{x TY=9 2432295420
y =3

The solution is {(0, 3)}.

2 2 _ 2 2 _
x“+y° =5 Xty =5 -
x— y =-3 X =y-3
(y-3)2+y?2=5=2y? - 6y+4=0=
¥y -3y+2=0=(y-2)(y-1)=0=
y=2ory=1

x-2=-3=x=-1
x—1=-3=x=-2

The solution is {(-2, 1), (-1, 2)}.

2, .2 _
x2+y2=13:> oy _;3=>
2x=3y =0 X =5

2
3 2 13 »
- +y" =13=—y " =13=
(2yj y g

y2 =4=y=12
2x-3(2)=0=>2x=-6=>x=-3
2x-32)=0=2x=6=>x=3
The solution is {(3, 2), (-3, -2)}.

)c2—4)c+yz=—2:> x2—4x+y2=—2 -
x—y =2 X =y+2

(y+2) —4(y+2)+y* =222y’ =2=

y=x=1

x—-(-H)=2=>x=1

x—-1=2=x=3

The solution is {(1, 1), (3, 1)}.
)c2—8y+yz=—6:> )62—8y+yz=—6:>
2x— y =1 y =2x—-1

2 -82x-D+Qx-1)2=-6=
5x2-20x+15=0= x> —4x+3=0=
(x-3)(x-1)=0=>x=30rx=1
2Q3)-y=1l=>y=5
2D-y=1=y=1

The solution is {(1, 1), (3, 5)}.

25. {x"y:"zz{x =Yl y(y-2)=3>

xy=3 xy=3
y2-2y-3=0=(y-3)(y+1)=0=
y=3ory=-1

x=-3="2=x=1
x—-()=-2=>x=-3

The solution is {(1, 3), (-3, -1)}.
x=2y=4 x=2y+4
{ xy=06 :{xy=6
292 +4y-6=0=y>+2y-3=0=
(y+3)(y-)=y=-ory=1
Bx=6=>x=-2

DHDx=6=>x=6

The solution is {(6, 1), (-2, =3)}.

=y2y+4)=6=

2 2 _ 2 2 _
{4x +y —25:{4x +yr=25

x+ y =5 x =5-y
45-y)2 +y2=25=5y2 40y +75=0=
y2-8y+15=0= (y-5)(y-3)=0=
y=5o0ry=3
X+5=5=x=0
x+3=5=>x=2
The solution is {(0, 5), (2, 3)}.

{x2+4y2=16:>{x2+4y2=16 -

x+ 2y =4 X =4-2y
4-29)%+4y> =16= 8y’ -16y=0=
y2—2y=0=> y(y—2)=0=y=00ry=2
x+20)=4=>x=4

x+212)=4=x=0
The solution is {(0, 2), (4, 0)}.

2_ 2.
o yt=24 s 34:>
5x=T7y =0 X Zgy

7V, 24 , >
(Syj y —24:>25y =24=y"=25=
y=15

5x=7(-5=0=>x=-7
5x=708)=0=>x=7

The solution is {(7, 5), (-7, =5)}.

x2—7y2=9ﬁ x2—7y2=9 -

x— y =3 =
x2=7(x=3)2=9= —6x>+42x-72=0=>
X2 -Tx+12=0= (x-3)(x-4)=0=
x=3o0rx=4

3-y=3=y=0

4-—y=3=>y=1

The solution is {(4, 1), (3, 0)}.

Copyright © 2015 Pearson Education Inc.



752 Chapter 8 Systems of Equations and Inequalities
2 2 _ 2 2 _ 2 2 _
TR R B I PR Sy 3, (X Ty = Ly =10
x“T—y =12 3x°=2y"=-5 3x°=2y"=-5
(9 +y*=20= y’ =4= y=12 Sx*=5= x=1l
)2 +y2 =20y =4 y=12 D> +y*=5=y=12
The solution is {(—4, —2), (=4, 2), (4, =2), (-D*+y*=5=y=12
4,2)}. The solution is {(=1, =2), (-1, 2), (1, =2),
x> +8y2=9 x> +8y%=9 (1. 2)}.
32. 2 2 = 2 2 = 2 2 2 2
3x°+ y =4 —24x° -8y" =-32 38 x“+4y =5$ x“+4y° =5 N
—23x2 =-23= x=+*1 Tolox?- y2=8 |36x2-4y2=32
3(-D2+y?=4=yr=1= y=+*1 37x*=37= x ==l
3 +yi=d4=yi=1= y=1=I M2 +4y?=5= y=+I
The solution is {(-1, -1), (-1, 1), (1, -1), (-D?+4y?=5= y=+1
(1, D}. The solution is {(-1, -1), (-1, 1), (1, =1),
x2+2y2 =12 [5x2 +10y? =60 (1. D}
33. 5 5 = 5 5 =
Ty —=5x"=8 Ty —=5x" =8 39 X2+ y2+2x=9
17y2=68= yl=d= y==2 2 +4y?+3x=14
422 =122 =d= x=12 4’ +4y>+8x=36 _ 2 2 o 5y _os
22’ =2> =4 =12 x*+4y?+3x=14
'(1“2he2§(})lut1on is {(-2,-2), (=2, 2), (2, -2), (x—2)(3x+11):O:>x=20rx=—%
302 +2y2 =77 | 32+ 292 =77 @+ ¥ 2D =9= y=1l
X -0y = —xm+ley” =- (——j + +2(——)=9:>y +—=9=
20y% =20= y==1 3\/, 3 9
x2—6(-)?=19= x> =25= x=15 _ Y26
x2-6()2=19= x> =25= x=15 3
The solution is {(=5, —1), (=5, 1), (5, =1) Con 1126
s ,—1), (=3, 1), (5, =1), The solution is {(2,-1),(2,1), “3TT3 )
35 xz—y=2:> xz—y=2:> _E@
T 2x-y=4 2x+y=-4 373 )1
x?-2x=-2=x*-2x+2=0= .,
+.Ja_ x“+y =9 _ 1
x=%=lii=}»therearenoreal 40. {x2+y2—18x=0:>18x_9:>x_5
solutions. Solution set: & 1) 2 35
5 +Yy 29:>y=i7
36 x2+3y=0 - x2+3y=0
T olx— y=-12 7 |3x-3y=-36 [T 35) (1 35
BN The solution is E,T , 5,—7 .
x2+3x+36=0:>x=_f:>

—3+3i/15 .
x= T = there are no real solutions.

Solution set: &
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41.

42,

43.

44.

45.

46.

Using substitution, we have

x+y=8 x =8-y
{ xy=15:>{ xy =15 =
y8—y)=15=—y? +8y-15=0=
y2-8y+15=0=(y-3)(y-5=0=
y=3ory=5

x+3=8=x=5

xX+5=8=x=3

The solution is {(3, 5), (5, 3)}.

Using substitution, we have

2x+ y =8 y =8-2x
{xz—y2=5:>{x2—y2=5 =
x2-(8-2x)2=5=3x2+32x-69=0=

—(x—3)(3x—23)=0=>x=30rx=?

2Q8)+y=8=y=2

23 22
22 |4y=8=> y=-=2
(Z)ey=s=y--%

The solution is {(3, 2),(?,—%)} .

Using elimination, we have
2 2 _ 2 2 _
x4+ y =2 —3x°-3y"=-6
2 2 o 2 2 =
3x“+3y° =9 3x"+3y° =9
0 =3 = there is no solution.
Solution set: &

Using elimination, we have

{ 2+ y2 =5
3xr—y?=-11

there is no solution. Solution set: &

ﬁ4x2=—6=>x2=—%=>

Using substitution, we have

2 _
{y =AXHA L 0x-2)=dxt 4=
y =2x=-2
4x2-12x=0=4x(x—-3)=0= x=0orx =3
y=2(0)-2=-2
y=23)-2=4

The solution is {(0, =2), (3,4)}.
Using substitution, we have
=125
{xy Do =1255x=5
y=x
y=52=25
The solution is {(5, 25)}.

47.

48.

49.

50.

51.

Using substitution, we have

{x2+4y2 =25${x2+4y2 =25
x=2y+1=0 X =2y-1
Q2y-1D%+4y?=25=8y>—4y-24=0=
4(y—2)(2y+3)=0=>y=20ry=—%
x-22)+1=0=x=3

x—2(—%j+l=0=>x=—4

The solution is {(3, 2),(—4,—%)}

Using substitution, we have

{ y=x2—5x+4
3x+y=3

)62—2)c-+-1=0:>(x—1)2 =0=x=1

3(D+y=3=y=0

The solution is {(1, 0)}.

=3x+x>-5x+4=3=

Using elimination, we have

x?- 3y2 =1
{xz +4y% =8
2-3(-)2 =1 x=12

ﬁ—7y2=—7=>y=i1

3=l x=12
The solution is {(-2, —1), (-2, 1), (2, —1),
(2, D}.
Using elimination, we have
4x*—yr=12_ | 4P - yr=12
22 = 2 2 =
4y°—x" =12 —4x” +16y~ =48
1552 =60= y=42
4= -’ =12 x=%2
The solution is {(-2, =2), (-2, 2), (2, =2),
(2,2)}.
Using elimination, we have
2 — =
X ; xy+ 5x=4 N
2x° =3xy+10x=-2
— 2 — = —
3x2+3xy 15x lzﬁ—x2—5x=—14=>
2x° =3xy+10x=-2
X2 45x-14=0= (x+7)(x=2)=0=
x==Torx=2
10

(TP =Dy +5(-N=d4= y=-—

(2)?-2y+52)=4=y=5
.. 10
The solution is —7,—7 ,(2,5) .
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52. Using elimination, we have 8.4 Applying the Concepts
2 _ - _
. ) wy+ x=—4 = 55. Using elimination, we have
3x° =2xy—-2x=4 +2x2 =96
p+2x° = 2 _
942 I Y =2x"+13x=57T=
{ e T aer TR e {P‘13x:39
23x —2xy-2x=4 262 +13x=57=0= (x—3)2x+19) =0 =
—4x-12=0=>((x-6)(x+2)=0=
* _ * _ (x=6)(x+2) x=3o0rx= D (reject this)
x=6orx=-2 2
6% —6y+6=—d= y=2 p-133)=39=p=78
3 Market equilibrium occurs when 3 (hundred)
(22 = () y+(-2)=—4= y=-3 units are sold and the price is $78/unit.
The solution is {( 6. gj (. _3)}. 56. Us1;1g substitution, we have
3 {p +6p+3x=T5_,
-p+ x=13
53. Using elimination, we have ) P
24 y2—8x=—8 p-+6p+3x=75
2 2 = x=p+13
x"—4y"+6x=0 5
4’ +4y> =32=-32_ o0 o oo P +gp+§(6p+013) =751=2> L
2_, 220 5x—16) = 0 p =-12 (reject this)orp =3
5x7=26x+32=0= (x=2)(5x-16)=0= Bx=13=x=16
x=2o0orx= E Market equilibrium occurs when 16 (hundred)
5 units are sold and the price is $3/unit.
22 +y*-82)=-8= y=12 _ )
> 57. Let x = the first positive number and let
(E) + y2 _ S(Ej =_8— y2 - 184 N y = the second positive number. Then
5 5 25 )(;+y=24-ﬁ y=24—x:>
y:+2% xy=1437 |xy =143
5. . x(24—-x)=143= —x? +24x-143=0=
The solution is ~(x=13)(x-1)=0=>x=1lorx=13
5 o) (o 16 2446 (16 2446 1+y=24=y=13
(7_ )7(7 )7 ?7_T H ?7? . 13+y:24:>y:11
The numbers are 11 and 13.
54.

Using elimination, we have 58

2 2 _ - _
{4x +y° =9y 4:>2y2—6y=—4:>

4x2—y2—3y=0
2y2—6y+4=0=2(y-2)(y-)=0=
y=2ory=1

4x2—22—3(2):O:>x2=%:>x:i@
4x2 =12 -3(1)=0= x =1

The solution is {(—l, 1), (1,1),(7

£

@’2}

Let x = the first positive number and let
y = the second positive number. Then

x—-y=13 x=y+13
xy=114 xy=114

yy+13)=114= y?> +13y-114=0=
(y+19)(y—-6)=0= y =—19 (reject this) or
y=6;, x—-6=13=x=19

The numbers are 19 and 6.
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59.

60.

a. Let x = the length of the two equal sides
and let y = the length of the third side.
y >

I
I
1
! 100
1
I

Using the Pythagorean theorem, we have
x2+(y—x)?=1002. So,
2x+y+100=360
2 2 inn2 =
x“+(y=x)" =100
y=260-2x
x4 (y- )c)2 =100
x2 +((260-2x) - x)? =10,000 =
10x* —1560x +57,600 = 0 =
10(x — 60)(x—96) =0= x =60 or x =96
2(60)+ y +100 =360 = y =140
2(96)+ y +100 =360 = y = 68
Because y > x (from the diagram), we reject
x=96and y = 68.
So,x=60mand y =140 m

=

b. The areais 60> +%(60)(80) = 6000 m>.

Let x = the width of each larger pasture. Then
x/2 = the width of the smaller pasture.
Let y = the length of the pasture.

X

X 2 X

y

Then

5 5
Exy=87502> 5xy=8750 N
x+2y=190 x=190-2y

%y(190— 2y)=8750=

-5y +475y-8750=0=
=5(y—=70)(y—25)=0= y=T700ry =25
x+2(70) =190 = x =50

x+2(25)=190= x =140

If x = 50, then the width of the pasture is 125
feet and the length is 70 feet. If x = 140, then
the width of the pasture is 350 feet and the
length is 25 feet. So, the dimensions are 125
feet by 70 feet or 25 feet by 350 feet.

61. Letx = the original number of students in the

group and let y = the original cost per student.
Then

xy=960:>
(x+8)(y—6)=960
_ 960
y= =
(x+8)(y—6)=960
(x +8)(@—6) 960 =
X
—6x+7680+912:960:>
X
—6x+7680—48:0:>
X

—6x% —48x+7680=0=
—-6(x—32)(x+40)=0=>x=32or

x =—40 (reject this)

32y=960= y =30

There were originally 32 students at a cost of
$30 each.

Let x = the width of the rectangular carpet (in
feet). Then x + 6 = the length of the
rectangular carpet (in feet). Let y = the length
of a side of the square carpet (in feet). To
convert square feet to square yards, divide by
9. Then

x(x+6)+ y2 =540

2
10(x(x+6)j =50+12[y—J =
9 9

X%+ 6x+y =540
10x% + 60x = 450+12y

{ 2+ 6x+ y2 _540:>
10x2 +60x —12y? = 450
{12x +72x +12y2 —6480:>
10x% +60x — 12y —450

22x2 +132x=6930 = x> +6x-315=0=
(x=15)(x+21)=0= x=15 or x =-21 (reject
the negative solution.)

15(15+6) + y> =540 = y? =225 = y = £15
(reject the negative solution).

The rectangular carpet is 15 feet by 21 feet.
The square carpet is 15 feet by 15 feet.
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63. Letx = the number of shares of stock she y
bought and let y = the original price per share. ? i
Then L1 R L
w4100 =10,000 'H—lf SR U
(x+30)(y +3)=11,900+100 o
~ 9900 -4
Ty = oL
(x+30)(y+3)=12,000 Sk
_8 —
(x+ 30)(9900 + 3) =12,000 =
X
2, .2
+y =T7x+5y+6=0
304+ 28990 _510-0= 66. {x_ Yo ATy =
X x=0
3x% = 2010x +297,000 = 0 = Y2 +5y+6=0= (y+2)(y+3)=0=
3(x—=450)(x—220) =0= x =450 or x = 220 y==2ory=-3
The problem says that she bought more than The circle intersects the y-axis at A(0, —2) and
400 shares, so reject x = 220. B(0, -3). d(A,B) =1.
450y +100=10,000 = y =22 y
She bought 450 shares at $22 per share. Tﬁ
64. Let x = the number of shares of stock she - m >
bought and let y = the original price per share. :;
Then 3
xy +100 =10,000 - -4
(x—=100)(y +10) =13,900 + 100 °
~ 9900 -7
y= _x N -8
(x—100)(y +10) =14,000 .
xX“+y +2x-4y-5=0
(x—lOO)(9900+10j=14,OOO:> 67. {x—y+l=0 -
X
2, .2
x“+y“ +2x—-4y-5=0
10x = 22990 _5100=0= {x: " g =
x y
10x% —5100x — 990,000 = 0 = (y=1D2+y2+2(y—1)—4y-5=0=

10(x +150)(x — 660) = 0 = x = —150 or x = 660 2y2—4y-6=0=2(y-3)(y+1)=0=

(Reject the negative solution.) y=3ory=-1

660y +100 =10,000 = y =15 . She bought ¥—3+1=0= x=2

660 shares at $15 per share. x—(D+1=>x=-2

8.4 Beyond the Basics The circle and the line intersect at A(-2, —1)
and B(2, 3).
65. {xz + 3 =Tx+5y+6=0_ d(A.B)=\(22-2)> +(-1-3)% =
y=0 V16116 =32 = 442.
K2 =T7x+6=0= (x-6)(x-1)=0= v
x=6orx=1 6

The circle intersects the x-axis at A(1, 0) and

B(6,0). d(A,B)=~[(6-D2+(0-0) =5.
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68.

69.

x4+ y?—6x=8y-50=0_,
2x+y—-5=0

x4+ y?—6x=8y-50=0_,
y=5-2x

X2 +(5-2x)2 -6x—8(5-2x)-50=0=

5x2-10x-65=0= x
lei\/ﬁ
y=5-2(1+14)=3-214
y=5-2(1-14)=3+214

The circle and the line intersect at A

(1+\/ﬁ,3—2ﬂ) andB(1—Jﬁ,3+2\/ﬁ).
(18- )]

10

d(A,B) = ,
+((3— 2@)—(3+2x/ﬁ))
= J(2ia) + (-avia) =56+ 224
=+/280 = 24/70
(1-+14,3 + 2414)

TTTTTT

\— 2
- F 1+14,3-2V14)

x2+y2—2x+2y—3=O:>
x+2y+6=0
x2+y2—2x+2y—3=0$
x=-2y-6
(-2y-6)> +y? = 2(2y—-6)+2y-3=0=
5y2430y+45=0=5(y+3)>=0= y=-3
x+2(-3)+6=0=x=0
The line and the circle intersect at only one

point (0, —3), so the line is tangent to the
circle.

_ 10++100+1300 N

70.

71.

{)c2+yz—2x—4y+4=0:>

3x—-4y=0
x2+y2—2x—4y+4=0
3 =
=—x
Y7y

2
x2+(§x) —2x—4(§x)+4=0:>
4 4

%x2—5x+4=0:>25x2—80x+64=0=>

(5x-8)2=0= x=

8 6

The line and the circle intersect at only one
point (8/5,6/5), so the line is tangent to the
circle.

W | o0

X2+ y2 =c? 2)
From equation (1), we have y =2 — x.
Substituting in equation (2) and then solving
for x, we have

{ x+y=2 (D

2
x2+(2—x) =t td-dx+x’ ="

2%t —4x+4-ct=0=>

~(-4) (-4 - 4(2)(4- )
2(2)
Since the equations are tangent, there is only
one solution. Recall that the value of the

discriminant is O when there is exactly one
real solution, so solve

(—4)2—4(2)(4—02)=0=>
16-32+8c2=0=>c2=2=c=+J2

X =
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7. { cx—y=5 ()

73.

P 4yi=16 (2
From equation (1), we have y = cx — 5.

Substituting in equation (2) and then solving
for x, we have

)c2+(cx—5)2 =16=>
x2+c2x? —10cx+25=16=
x2(1+c2)—10cx+9=O:>

~(~10c)+ \/(—100)2 ~4(1+¢2)(9)
2(1+¢%)

Since the equations are tangent, there is only

one solution. Recall that the value of the

discriminant is O when there is exactly one
real solution, so solve

(-100)* = 4(1+¢?)(9) = 0=
100c? =36 -36¢% =0= 64c> -36=0=
(8c—6)(8c+6)=0=>c=i%

X =

4x>+y2=25 ()
8x+3y=c 2)
c—8x

From equation (2), we have y = 3

Substituting in equation (1) and then solving
for x, we have

2 [c—8x 2
4x° + 3 =25=

2 2
4y? 4 C 16c;c+64x DY IIN

36x2 +c2 —16cx + 64x% =225 =
100x% —16¢x + ¢ —225=0

(-16c)+ \/(—16c)2 - 4(100)(¢? - 225)

X =

2(100)
Since the equations are tangent, there is only
one solution. Recall that the value of the
discriminant is O when there is exactly one
real solution, so solve

(~16¢) = 4(100)(c* = 225) = 0=
256¢% — 400¢? +90,000 = 0 =

90,000 — 144¢c% =0 =
(300-12¢)(300+12¢) = 0 = ¢ = +25

- {x2+4y2=9 )

cx+2y=-4 (2)

—4—cx

From equation (2), we have y =

Substituting in equation (1) and then solving
for x, we have

2 —4—cx )
x“+4 > =9=

2 +e?x? +8cx+16=9=
(1+cz)x2+86x+7=0

—8c+ \/(8c)2 ~4(1+¢%)(7)

2(1+¢?)
Since the equations are tangent, there is only
one solution. Recall that the value of the

discriminant is 0 when there is exactly one
real solution, so solve

(8c)* - 4(1+c?)(7)=0=
64c? —28—28¢% =0 = 36¢> =28 =

27 J7

c"T=—=D>c=t—-
9 3

X =

In exercises 7578, let u = l and v = l

75.

X y

Xy { u-v=5 ()
L_24=0 w-24=0 (2)

Xy

From equation (1), we have u = v + 5.
Substitute this into equation (2) and solve
for v.
v(v+35)-24=0= v +5v-24=0=
(v+8)(v—3)=02>v=—8,3
v=—"8>u+8=5=u=-3=

so Ll o1
377778
1 1
v=3=>u—3=5=>u=8=>x=§, y=§

Solution set: (—l, —lJ, (l, l)
378 8§ 3
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77.

78.

From equation (1), we have v = 3 —u. Substitute
this into equation (2) and solve for u.

u?=(3-u)’ = 3= u’ —(u’ —6u+9)=-3=
bu—9=-"3=2b6u=6u=1=x=1

l-i-v=3:>v=2=>y=l

2
. 1
Solution set: {(1, 5)}

S_3 .,

X2 y? su?-3r=2 ()
6 1 =2, 2

— =7 6u“+ v =7 (2)
x“ oy

Solve equation (2) for vz, then substitute this
expression in equation (1) and solve for u.

v2=7-6u?
5u2—3(7—6u2):2:>23u2—21:2:>

W=l u=+1= x=+1
If u =1, then

6(1)+v? =7= v =1 v=tl= y=2I
If u =-1, then
6(—12)+v2=7=>v2=1=>v=i1=>y=il

Solution set: {(-1, -1), (-1, 1), (1, -1), (1, 1)}

3.2,

X2 2 {3u2—2v2=1 M)
%+i=11 6u’+5v2 =11 (2)
x>y

Multiply equation (1) by —2, then add the
resulting equation to equation (2) and solve
for v.

—6u’ +4v? =2
2 2 _
6u”+5v° =11

v=tl= y==I
If v=1, then
3u2—2(12)=1=>3u2=3=>u2=1=>
u=*1l=x==1
If v=-1, then
3u2—2(—12)=1=>3u2=3=>u2=1=>
u==*l=x==1
Solution set: {(-1, -1), (-1, 1), (1, -1), (1, 1)}

=02 =9=12=1=

79.

80.

81.

(a+bi)* =-5+12i =

a’ +2abi—b* =-5+12i =

a’-b*=-5_ |a*-b>=-5 ()
2ab=12 ab=6 (2)

From equation (2), we have b = E Substitute
a

this into equation (1) and solve for a.

6 2
az—(—) =5=a*+5a>-36=0=

a
(a* +9)(a® -4)=0=

(> +9)(a-2)(a+2)=0= a=1#2, +3i
Since a is real, reject £3i. Using equation (2),
ifa=-2,thenb=-3.1fa=2, then b =3.

Thus, the square roots of w = -5 + 12i are
—2 =3iand 2 + 3i.

(a+bi)* =-16-30i =
a’ +2abi-b* =-16-130i =
{az ~b?=-16_, {az b2 =-16 (1)
2ab = -30 ab=-15 (2)
15

From equation (2), we have b =——.
a

Substitute this into equation (1) and solve for a.

15
az_(__) =-16=a* +16a> -225=0=

a
(> +25)(a®-9)=0=
(> +25)(a-3)(a+3)=0=a=43, +5i
Since a is real, reject £5i. Using equation (2),
ifa=-3,thenb=5.1f a =3, then b = -5.

Thus, the square roots of w = —16 — 30i are
-3+ 5iand 3 - 5i.

(a+bi)* =7-24i =

a’+2abi—b* =7-24i =

a’-b*=7 _ |a’-b*=7 ()
2ab =24 ab=-12 (2)

From equation (2), we have b = —2.
a

Substitute this into equation (1) and solve for a.

2 12\ 4 2
a“—|-——| =T=a -T7a"-144=0=
a

(a*-16)(a +9)=0=
(a* +9)(a=4)(a+4)=0= a=1+4, 3i
Since a is real, reject +3i.

(continued on next page)
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ti 2
(continued) ) 2\/5 . o0t
Using equation (2), if a = —4, then b = 3. S =-l=a +ta"-20=0=
If a = 4, then b = —3. Thus, the square roots of ) )
w="7—24i are =4 + 3i and 4 - 3i. (Cl —4)(61 +5)=0:>
2 - = =42, ++/5i
82. (a+bi)2=3—4i:> (a +5)(a 2)(a+2) 0= a=2%2, _\/gz
a’+2abi—b? =3—4i = Since « is real, reject ++/5i. Using equation
{az —b?=3 {az —p2=3 ) (2),if a= -2, then b=+/5. If a =2, then
2ab = -4 ab=-2 (2 b=—/5. Thus, the square roots of
From equation (2), we have b = _2_ w=-1-4J5i are 2-/5i and ~2+5i.
4 85. Using substitution, we have
Substitute this into equation (1) and solve for a. : g ’
2 y= 3 +4 2x X
az—(—gj =3=a*-3a>-4=0> {y=32x 2ﬁ3 2=3"+4=
a
2x X _
(a2—4)(a2+1)=0=> 37 =37-6=0 5
s . Letu=3"Thenu” -u-6=0=
(> +1)(a-2)(a+2)=0= a=12, +i U-3)u+2)=0=u=3oru=-2
Since a is real, reject +i. Using equation (2), if (Reject the negative solution.)
a=-2,thenb=1.Ifa=2,then b =-1. Thus, 3=3"=x=1
the square roots of w =3 — 4i are -2 + i and y=31+4=7
2-i. The solution is {(1, 7)}.
83. (a+bi)’ =13+83i= Y
a’ +2abi-b> =13+8\3i = 8
2,2 2,2 !
a“-b" =13 _,)a -b" =13 (1) 6
2ab=83 ab=4y3 (2) y=¥ia S
3
From equation (2), we have b = ﬁ 2
a 1
Substitute this into equation (1) and solve for a. — 5' '_; '_: 5 ' ls >
2 y=3-2_J
a’ - 43 =13=4a*-13a°-48=0=> . o
a 86. Using substitution, we have
2 2 =
(a*-16)(a +3)=0= {§_}Eitlzznnx+lzlnx—22>02—3:>
2 _ _ _ . -
(a * 3)(a H(a+4)=0=a=14, + Vi there is no solution.
Since a is real, reject + J3i. Using equation >5 b
(2), if a = -4, then b=—/3. If a = 4, then
b= \/5 Thus, the square roots of
w:13+8\/§i are —4—\/§i and 4+\/§i.
84. (a+bi)’ =-1-4J5i=

a® +2abi—b* = -1-45i =
{az —p2=1 {az p2=21 ()

=
2ab = —4+5 ab=-22/5 (2)
From equation (2), we have b = —ﬁ.
a

Substitute this into equation (1) and solve for a.
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87. Using substitution, we have

88.

89.

_nX
y‘22+3 —02%43=2% 41
y=2""+1
22 _2%¥_2=0.

Letu =2" Then u’ —u-2=0=
u-2)u+)=0=>u=2oru=-1
(reject the negative solution.)
2=2"=x=1; y=2'43=5
The solution is {(1, 5)}.

v

Using substitution, we have
_AX
V=2 oo
y=4"+1

45 —2¥_2=0=2%-2"-2=0.Letu=2"

Then, u?> —u-2=0= u-2)u+1)=0=
u =2 oru=-1. (Reject the negative solution.)

2=2"=x=1; y=2'43=5
The solution is {(1, 5)}.

—_12Y
x2T3 =32 =332
32V =3x-2

3%Y -3.3Y +2=0.Let u =3". Then

u? -3u+2=0=>w-2)u-1)=0=

u=2oru=1
In2
2=3" 5 I2=yh3= ==y,
In3
x:31n2/1n3:20r 1:3y:>y:()
x=30=1

The solution is (1,0),(2,£j .
In3

1Yy
90. {’“3 =32 =3yt oy

=32

3% —3"*1 42 =0. Letu =3. Then
u?-3u+2=0=u-2)u-1)=0=
u=2oru=1.

2:3y:>1n2:y1n3:>E:y
In3

X = 31112/1113 — 2 or

1=3"=y=0

x=3"=1

The solution is {(1,0),(2,Ej}.
In3

P2=3 -2

8.4 Critical Thinking/Discussion/Writing

91. a. Not possible
b. Possible
c. Possible

d. Possible

®

Not possible

-

Not possible.
Possible
Possible
Possible
Possible
Possible

92.

e ¥

&

f. Not possible.
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8.4 Maintaining Skills 98.
93. M
s
3_
LN g
-5 =3 *l_? 1 3 5x 99,
F\2x+y=0
73_
_5_
y
94, sL
3 2y—x=0
]_
[ [
5 3 AT 1 3 5% 100.
73_
_5_
y
95. \j_
3x+4y=12
]._
L1l |0 : | ; |
- - - X
BRI ~ 101.
_3_
_5._
96. L
2
97. y
Sk

Point 5x +3y=0?
©0.0) | 5(0)+3(0)=0

0=0 v
(=3.5) | 5(-3)+3(5)=0

0=0 v
(1. 1) 5(-1)+3(1)=0

-2=0 X
1,1 | SO)+3(-1)=0

2=0 X

(0, 0) and (-3, 5) lie on the graph of the
equation 5x + 3y =0.
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102. Point 3x +4y =12?
(0, 0) 3(0)+4(0)=12
0=12 x
?
(4, 0) 3(4)+4(0)=12
12=12 v
?
(0, 3) 3(0)+4(3)=12
12=12 v
?
(3, 4) 3(3)+4(4)=12

25=12 x

(4, 0) and (0, 3) lie on the graph of the

equation 3x + 4y = 12.
103. Point y=x+3?
?
(0, 0) 0=0%+3
0=3 X
?
(1, 4) 4=1>+3
3=13 v
? 2
(_1’4) 42(—1) +3
4=4 v
?
2,5) 5=2%+3
5=17 X

(1, 4) and (-1, 4) lie on the graph of the

equation y = x* + 3.

104. Point y+x2=2?
?
(0, 0) 0+02=2
0=2 X
(0,2) 2+0%=2
2=2 v
2?
2,-2) —2+(—2) =2
2=2 v
?
(1, 1) 1+12=2
2=2 v

0, 2), (2,-2), and (1, 1) lie on the graph of

the equation y + x* = 2.

8.5 Systems of Inequalities

8.5 Practice Problems

1.

z

\‘8_
7‘_
6%
N3 6
P, xX+y=
A\
3
Y
2
A
1=
I I | I‘l‘ L1 1
-5 -3 —10[ 1 3 5 X
1 \
72— “
N
y
x_
4
2\y2x+4
| | | | |
—G =4 =2 0 4 6 X
72_
_4_
_6_
y
Y 12f
Y
W
N
N
SN
N
6 N
Y
Y
41 AN
\\
2 x+y=9 N
| | | | L | |
-2 0 2 4 6 8 W) 12 X
N
2 .
h
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2x+3y=16 4. In anonlinear system of equations or
5. Solve the systems § 5 y=16’ inequalities, at least one equation or inequality
Art2v =16 43y =16 must be nonlinear.
x+2y= x+3y= )
{Zx— y=8 " d {2x ~ y=3 to find the 5. True
corner points: (4, 0), (5, 2), and (2, 4). 6. False. The point (2, 1) is not on the graph of
X2+ 2y =5.
v. 18 2 —y=8
.. 7. Y
6 ol
4 s
2 8 =
L1 A f:_
—4-20 6 §4Q121416%
72 — \\ 2 |
a4l ~ T AT T O x>0
e . —10-8-6-4-20[ 2 4 6 8 10%
3 2 + 3y = 16 b
— _6 —
4x+2y=16 _jg:
6. y
6~ 8. y
10~
4= 8
6_
2+ Al
L L NN AT >0
-4 2/ 2 4% 1086420 2 4 68 10% Y
2ry=x-2 4k
_4 — —6
_8 f—
7.
9 Ay
1S
P4
130
020
[
N Y O x>-1
-5 -3 -10[ 1 3 5%
A
9 2=
\XC L
y=4x+ 13 -6 y=—-x+13 [y
;o 5
12 \Z
10. y
8.5 Basic Concepts and Skills s
5 f—
1. In the graph of x — 3y > 1, the corresponding 4
equation x — 3y = 1 is graphed as a dashed 3
line. D Rt '? """"" >
2. If a test point from one of the two regions 75' '7% '_: 0 '1 ' g ' é > y>2
determined by an inequality’s corresponding ’; B
equation satisfies the inequality, then all :3 N
points in that region satisfy the inequality.

3. Ina system of inequalities containing both
2x+y>5 and 2x—y <3, the point of

intersection of the lines 2x+ y =5 and

2x—y =13 is not a solution of the system.
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3x—-4y<12

20.

x+2y<6

\9\‘{

15.

—1+

-10

-3

-2

_3_
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21. y 27. Substitute each ordered pair into the system:
T 3(0)-4(0)<12 3(2)-4(0)<12
2_ 0+0<4 2+0<4
w4 3x+5y<I15 500)-2(0)=6 5(2)-2(0)=6
3 33) -4 <12 32)-4(2)<12
2 s, 3+1<4 24+2<4
T T L 53)-2(1)=6 5(2)-2(2)= 6
—1_?_ 1 3 5\\1 9 X The solutions are (2, 0), (3, 1) and (2, 2).
=2 N - 28. Substitute each ordered pair into the system:
- 240<3 240<3
22. y 0-2(0)<3 1-2(0)<3
. 5(0)+2(0)=3 5(D+2(0)=3
Nl 2+2<3 2+1<3
4 1-2(2)<3 2-2(D<3
3T “\\ 5x+7y<35 5H+2(2)=3 52)+2(1)=3
?_ \\ The solutions are (1, 0) and (2, 1).
I O O O Y AN
—2-10] 1 23456 7°58% 29.
—1F N
_2 —
_3 —
23. Substitute each ordered pair into the system:
0+0<2 —-4-1<2
2(00+0=6 2(-4)-1=26
3+0<2 0+3<2
2(3)+0=6 2000+326
None of the ordered pairs are a solution.
24. Substitute each ordered pair into the system: 30.
6.3,
{0 -0<2 5 5
3(0)+4(0) =12 3(E)+4(§jz12
5 5
11 2 0
{4_0<2 275 5o AN s5*
iy
3(4)+4(0) =12 3(1}4(1)212 T
2 2
None of the ordered pairs are a solution. 31.
25. Substitute each ordered pair into the system:
0<0+2 JO<1+2 J1<0+2 [1<1+2
0+0<4 |1+0<4 |0+1=<4 |1+1<4
All of the ordered pairs are solutions.
26. Substitute each ordered pair into the system:

{OS2—O {ISZ—O

0+0<1 0+1<1
2<2-1 -1<2-(-D
1+2<1 -1+(-DH <1

The solutions are (0, 0), (0, 1), and (-1, —1).
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32. 36. y
8 —
7k
) \
I | [ |
-5 -3 —-10
503 10T 3 TS
N
33 y There are no vertices of the solution set.
7 —
6 37. y
\— 41
\; 4x + 6y = 24 3+
I \
[ L] |
—2-1 0 1 6\\8f
72 —
-3 2 +3y=6
The system is inconsistent. There are no
vertices of the solution set. 38
34.
1 LN 1
-2 -1 0 1 2v3 4 X
-1 AN
\\\
-2 x+ty=2%
s
There are no vertices of the solution set.
The system is inconsistent. There are no 39
vertices of the solution set. :
35.
40.
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51.

52,

53.

55.

48.
50.

47.
49.
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61.

-
-

o
e

I
L--T

ol 71

~

63.

-2 -1

—1

=eloaban
N

64.

56.

57.

~~_.'

—10

58.

59.

66.

65. D,K
67. E,L
69. E,B

68. AF
70. C,D

4 x

60.

.0

—4 :_2_

e
_3_
—4
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71. y i 76. y
10: y=x" 3
(—3,9) B y=x
— 2_
2,4 2I 3| x

'S
T T T
|
w =
|
|
|
to
o -
s

72. y 77.
10 y=2
i
oo\ Ll Ne s
2.—
LU NA 1 N
T4 22 O 2 4 e\ 8«x
-2 x+ty=6
78.
73. y
4 y=2x+1
3_
/2— (V2-1,292-1)
1
Lo A/ N1
=5 3 5a

=)
—_

8.5 Applying the Concepts
74. 79. Let x = the number of cases of Coke and
y = the number of cases of Sprite. Then we
have
x+y<40 (1)
x=210 (2)
yz5 3
To find the vertices, solve the systems
x+y=40 (1) [x+y=40 (1)
{ x=10 @' y=5 @ ™
x=10 (2)
. y .
7 T {y =5 0
L res The vertices are (10, 30), (35, 5), and (10, 5).
5.8) A8 4) b
P 5P\
- P+yr=1 251
2 20
-3 15+
101 i
5 Y=
l l LN
| 5] 15 20 25 30 35 405
x=10
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80.

81.

Let x = the number of type A DVD players and y
= the number of type B DVD players. Then we
have
x+y=20
60x + 80y < 6000
x=0
y=0
To find the vertices, solve the systems
x+y=20 x+y=20 |x+y=20
{60x+80y=6000’{ x=0 ’{ y=0"
60x+80y =6000 |60x+80y =6000
{ x=0 { y=0 ~
x=0
and {y —0
{ x+y=20 :{—80x—80y=—1600
60x + 80y = 6000 60x + 80y = 6000
—20x = 4400 = x =-220
220+ y=20=> y =240
A vertex is (=220, 240), but this makes no sense
in the problem.

x+y=20 _an JXty=20 _
{ =0 :>y—20,{ y=0 =x=20
60x + 80 6000
{ i 0 =y=75
{60x+80y 6000 =100
y=0

The vertices are (0, 20), (20, 0), (0, 75), and
(100, 0).

N

60—

L0, 75)

60x + 80y = 6000

(100, 0)

Let x = the number of two story houses and
y = the number of one story houses. Then we
have
Tx+5y<43
4x+3y<25
x>0
y=0

To find the vertices, solve the systems
Tx+5y=43 |Tx+5y=43 |4x+3y=25
4x+3y =25 y=0"~ x=0"

and {x:O.
y_

82.

{7x+5y:43 {28x+20y:172 N

4x+3y=25 —28x—-21y=-175

-y=-3=>y=3

Tx+15=43=>x=4

{7x+5y=43 43
=

y=0
4x+3y= 25 _25
x=0 3
The vertices are (0, 0), (O ?j (g Oj
and (4, 3).

% 4x + 3y =25

—_— N W R N W

| I I S |
o0l 1 2 3 456

Let x = the amount to be invested in stocks and

y = the amount to be invested in bonds. Then

we have
x+ y=100,000
0.04x+0.07y =2 5600
y = 60,000
x=0
To find the vertices, solve the systems
x+y=100,000 [0.04x+0.07y=5600
y =60,000 ° { y = 60,000’
0.04x+0.07y = 5600 x+ y =100,000
and { =0

v = 60,000 = x=40,000

0.04x +0.07y = 5600
y = 60,000
0.04x +0.07y = 5600
~0.07y = —4200
x =35,000

= 0.04x=1400 =

{
e
{x+ y =100,000
{
{

(continued on next page)
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ti 0
(continued) 20'(3\
_ 180
{0.94x +0.07y =5600 — 007y = 5600 = 160
x=0 140
y = 80,000 120
The vertices are (40,000, 60,000), ~
(35,000, 60,000), (0, 100,000), and 60 (90, 20)
(0, 80,000). 401= 3x + 4.5y = 360
100,00y (0. 100,000) 20— L 0.5x +0.75y = 60
0,000 |- (0, 80,000) 0,0 20 40 60 80 NN
% x + y = 100,000 (100, 0)
(_Z,g;ggg__ J = 60,000 84. Letx = the number of pounds of Vegies and
50,000 | (33:000, 60,000), y = the number of pounds of Yummies. Then
40,000 (40,000, 60,000) we have
;8’888: 0.04x + 0.07y = 5600 3x+1.5y <20,000 (vegetables)
10,000 2x+3.5y<27,000 (cereal)
| x=0
X
y=0
83. Letx =number of 3 hp engines and y = the

number of 5 hp engines. Then we have
3x+ 45y<360 (1)
2x+ y<200 (2)
0.5x+0.75y<60 (3)
x20
y=0
Equations (1) and (3) coincide. To find the
vertices, solve the systems

{3x+4.5y=360 {3x+4.5y=360 and
2x+ y=200’ x=0 ~
{2x+y=200.

y=0
{3x+ 4.5y =360
2x+ y=200

3x+4.5(200 - 2x) = 360 = 900 - 6x = 360 =

x=90
2(90)+y=200:>y=20

3x+4.5y =360
x=0

{2x+ y =200

=4.5y=360= y =80

=2x=200= x=100
y=0

The vertices are (0, 0) (100, 0), (0, 80), and

(90, 20).

To find the vertices, solve the systems
3x+1.5y<20,000 |3x+1.5y<20,000
{2x+3.5y£27,000’{ y=0
and {2x+3.5y < 27,000_
x=0
{3x+1.5y = 20,000 -
2x+3.5y=27,000
6x+ 3y =40,000
{—6x —-10.5y =-81,000
=75y =-41,000 = y = 5466.67
3x+1.5(5466.67) = 20,000 =
3x=11800= x = 3933.33
3x+1.5y <20,000
{ y=0
x = 6666.67
2x+3.5y <27,000
{ x=0
y=7714.3

The vertices are (0, 0), (0, 7714.3),
(6666.7, 0), and (3933.3, 5466.7).

),
ol

12,000

H

= 3x=20,000 =

= 3.5y =27,000 =

3x + 1.5y = 20,000

10,000

80
(0, 7714.3) _ _
6000 (3933.3, 5466.6)

4000 — 2x + 3.5y = 27,000
2000 —

| [
(0,0) 2000 1378%
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8.5 Beyond the Basics

85.

86.

87.

88.

89.

90.

91.

The equation of the line connecting (0, 2) and

3,0)is y= —%x + 2. The system is

2
<——x+2
=73

x>0
y=0

The equation of the line connecting (0, 3) and
2,0)is y= —%x+3. The system is

x>0
x<2
y=0
y<5

3
=2——x+3
y 2x

x<?2

The equation of the line connecting (0, 4) and
2,3)is y= —%x + 4. The equation of the
line connecting (2, 3) and (4, 0) is

y= —%x + 6. The system is

x20
y=0

1
<-——x+4.
y 2x
3
<—-—x+6
y 2x

The equation of the line connecting (2, 4) and
(4,0)is y=-2x+8. The system is

x=0

y=0

y<4

y<-2x+8

The equation of the line connecting (0, 16)
and (10, 6) is y =—x+16. The equation of

the line connecting (10, 6) and (5, 1) is

y = x—4. The equation of the line connecting

92.

93.

9.

95.

(5,1)and (0, 6) is y =—x+6. The system is
x>0
y<-x+16
yz2x—4
y=2-x+6

The equation of the line connecting (0, 16)
and (13, 3) is y =—x+16. The equation of

the line connecting (13, 3) and (10, 0) is
y = x—10. The equation of the line

connecting (6, 0) and (0, 6) is y =—x+6.

The system is
x=0
y=0
y<-x+16.
y=2x-10
y=2-x+6

wdecb=t=T" [ I
43 2-10 1 2 3 4x
_1_
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=3 -3
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102. y
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71_ 1
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74._ I
103. y
.
98. Y -ty =1
4_
3_
2_
1_
S I N I I
o3 =k 0l 1 2 3 4 %x
— e
\
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\
-3
\
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¥ 104. y
o 2
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o
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= 4
| [ 3r
-1 00 1 2 3 4 5 X 2
-1 Lt o NA L1
- -5 -3 101 35X
73 g - - - - =g m
8.5 Critical Thinking/Discussion/Writing
100. /WIK 105. y
3:— 2
1
2? /l,r\(O,l)
1= I VA NI
| AN I N =2 AINOp N 2 %
-1 0 P2 3 4 5 X (-1,00 —p¥ (1,0)
_]_ \‘~~~ —
RRTONN O =DZoL i+ iy=1
72_
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Yy
w X T2y=4 51
. L
S~ 3
~
=
1 Sss
Pal L || [ SN
-5 =3 10 1 3 B
N~:1._
<.
=3 e
—4 \\~~
SE—x—2y =4

8.5 Maintaining Skills

107.

108.

109.

To find the point of intersection, solve the
system

x+2y=40 (1)
{3x +y=30 (2)
Solve equation (2) for y in terms of x, then
substitute the expression in equation (1) and
solve for x.
3x+y=30= y=-3x+30
x+2(-3x+30)=40= -5x+60=40=
—Sx=-20=>x=4
Substitute x = 4 into equation (1) and solve
for y.
442y=40=>2y=36= y=18
The point of intersection is (4, 18).

To find the point of intersection, solve the
system

3x+y=30 0y
{4x +3y =60 2)
Solve equation (1) for y in terms of x, then
substitute the expression in equation (2) and
solve for x.
3x+y=30= y=-3x+30
4x+3(—3x+30) =60= -5x+90=60=
Sx=-30=>x=6
Substitute x = 6 into equation (1) and solve
for y.
6+2y=30=>2y=24=y=12

The point of intersection is (6, 12).

To find the point of intersection, solve the
system

x=2y=2 (€Y
{3x+ 2y=12 (2)
Add the two equations, then solve for x.

x—2y=2
3x+2y=12
14

dx=14d=>x=—=
4

SN

110.

111.

7
Substitute x = > into equation (1) and solve
for y.
7 3 3
——2 =2:}—2 == = —
2 YRR TR

. . .. (7 3
The point of intersection is (E’ Zj

To find the point of intersection, solve the
system

3x+2y=12 )
—3x+2y=3 )

Add the two equations, then solve for y.
3x+2y=12
—-3x+2y=3

15
dy=15=> y=—
y y 1
. 15 . .
Substitute y = 7 into equation (1) and solve

for x.

3x+2(%):l2:>3x+%:12:>

3x= 2 = x= é
2 2
The point of intersection is (%, %J

y

y+2x=13

g \4

Solve each pair of equations to find the points
of intersection.

I {2y+x=8

y—x=1
{ y—x=1
y+2x=13
. {y +2x=13
2y+x=8
For system I, we will use substitution.
y=x+1
2(x+1)+x=8:>3x+2=8:>3x=6:>
x=2
y=2=1=>y=3
The point of intersection is (2, 3).
(continued on next page)
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(continued)

112.

For system II, we will use substitution.
y=x+1
(x+1)+2x=13=>3x+1=13=>3x=12=>
x=4;, y-4=1=>y=5

The point of intersection is (4, 5).

For system III, we will use substitution.
y=-2x+13

2(—2x+13)+x=8=> -3x+26=8=
-3x=-18=x=6
y+2(6):l3:>y+12:13:>y:l

The point of intersection is (6, 1).

The vertices of the triangle are (2, 3), (4, 5),
and (6, 1).

Sy—-3x=23 y—-3x=-5

> X
Y: 3
'r

Solve each pair of equations to find the points
of intersection.
I: {5 y=3x=23
' y—=3x=-5
{ y=3x=-5

y+x=3
) y+x=3
I {Sy -3x=23
For system I, we will use substitution.
y=3x-5
5(3x—5)-3x=23=12x-25=23=
12x=48= x=4
y—3(4)=—5=> y=-12=-5=y=7
The point of intersection is (4, 7).
For system II, we will use substitution.
y=3x-5
(3x—5)+x=3=>4x—5=3=>4x=8=>
x=2
y—3(2)=—5:> y—6=-5=y=1
The point of intersection is (2, 1).
For system III, we will use substitution.
y=-x+3
5(—x+3)—3x= 23= -8x+15=23=
Bx=8=>x=-1
y+(—1)=3:> y=4
The point of intersection is (-1, 4).
The vertices of the triangle are (4, 7), (2, 1),
and (-1, 4).

Solve the systems
x=0 [3x+4y=12 |3x+4y=12
y=0’ y=0" |4x+3y=12"
and{4x+3y=12
x=0
to find the vertices (0, 0), (0, 3), (%,%j,

and (3, 0).

8.6 Linear Programming
8.6 Practice Problems

1. Maximize f=4x + 5y subject to the

constraints
Sx+7y<35
x>0 .
y=0

First, graph the solution set of the constraints.

S5x+7y=35

545 6 7 8%
0{5x+7y=15

y=0 ,and

X =
Solve the systems {y -0

{Sx + 71 i 55 to find the vertices: (0, 0),
(7, 0) and (0, 5). Now find the values of the
objective function at each vertex:

Ordered pair f=4x+5y
(0,0 0
(7,0) 28
0,5) 25

The maximum is 28 at (7, 0).
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1
2. Minimize f = Ex+ y subject to the

constraints
x+y<8
x+2y=4
3x+2y=6.
x>0
y=0

K(‘

3x + 2y :N_

N

x+2y=4

|

The graph and vertices of the set of feasible
solutions are as given in Example 2. The
vertices are: (0, 8), (0, 3), (1, 1.5), (4, 0), and
(8, 0). Now find the values of the objective
function at each vertex:

Ordered pair f==—x+y

0, 8)

0,3)

(1,1.5)

4.0

Aol |w|o|NI=

(8,0

The minimum is 2 at (1, 1.5) and (4, 0).

Let x = the number of ounces of soup and let
y = the number of ounces of salad. The
number of calories in the two items is
f=30x + 60y. (This is the objective function.)
The constraints are as given in Example 3.
x +y=210
3x+2y=24

x>0’

y=0
The graph and vertices of the set of feasible
solutions are as given in Example 3. The
vertices are (0, 12), (4, 6), and (10, 0).

y,
™

8

6

4

2

0

Now find the values of the objective function
at each vertex:

Ordered pair | f =30x+60y
0,12) 720
(4, 6) 480
(10, 0) 300

The minimum is 300 at (10, 0). This means
that the lunch menu for Fat Albert should
contain 10 ounces of soup and 0 ounces of
salad.

8.6 Basic Concepts and Skills

1.

The process of finding the maximum or
minimum value of a quantity is called

optimization.
In a linear programming problem, the linear

expression f that is to be maximized or
minimized is called an objective function.

The inequalities that determine the region S in
a linear programming problem are called
constraints, and S is called the set of feasible
solutions.

In linear programming, the expression for the
objective function is linear, and all the
constraint inequalities are also linear.

True
False. A linear programming problem may
have many solutions.
Ordered pair f=x+y
(10, 0) 10
(3,2 5
1,4
0, 8)
(10, 8) 18

Maximum: 18; minimum: 5
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10.

11.

12.

Ordered pair f=2x+y
(10, 0) 20
(3,2)
(1,4)
(0, 8)
(10, 8) 28
Maximum: 28; minimum: 6
Ordered pair f=x+2y
(10, 0) 10
(3,2)
(1,4)
©, 8) 16
(10, 8) 26
Maximum: 26; minimum: 7
Ordered pair f=2x+5y
(10, 0) 20
(3,2 16
1,4) 22
©, 8) 40
(10, 8) 60
Maximum: 60; minimum: 16
Ordered pair f=5x+2y
(10, 0) 50
3,2) 19
1,4) 13
©, 8) 16
(10, 8) 66

Maximum: 66; minimum: 13

Ordered pair f=8x+5y
(10, 0) 80
(3,2 34
(1,4) 28
(0, 8) 40
(10, 8) 120

Maximum: 120;

minimum: 28

13.

14.

)7
6_
0,5
5‘( )
5x+ 8y =40
4_
56 60
3= 19 19
2r x+y=12
1_
0.0 ! (4'O)| !
0 1 4 5 6 X

Solve the systems

x=0
Sx+8y =40

x=0
and {y=0

(0.9

5x+8y=40 |3x+y=12
3x+y=12 "~ ’

y=0

to find the vertices: (0, 5),

j, 4, 0, and (0, 0). Now find the

19719
values of the objective function at each vertex:
Ordered pair f=9x+13y
0,5) 65
56 60 1284
19719 19
4,0) 36
0,0) 0
. . 1284 56 60
The maximum is at | —,—|.
19 19 19

o N
T

0,0)

ol 1 2
Solve the systems
2x+3y=13 {x+y=5

x=0
2x+3y=13"|x+y=5

y=0 , and

{)y“ :0) to find the vertices: (0,13/3), (2, 3),

(5, 0) and (0, 0). Now find the values of the

objective function at each vertex.

(continued on next page)
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(continued)
Ordered pair f=T7x+6y
13
0,— 26
%)
2,3) 32
(5,0) 35
0, 0) 0

15.

The maximum is 35 at (5, 0).

y
(0, 50)

506
x+2y=100

40
0F x+y=70
20 |-
2x+y =120
(60, 0)

I

10 =
0,0)

o 10 20 30 20 50 0 70 3

Solve the systems

x=0 x+2y=100 |x+y=70
{x+2y=100’{x+y=70 ’{2x+y=120’

2x+y= 120, and {* 7 0 to find the
y=0 y=0

vertices: (0, 50), (40, 30), (50, 20), (60, 0),

and (0, 0). Now find the values of the

objective function at each vertex:

Ordered pair f=5x+Ty

(0, 50) 350

(40, 30) 410

(50, 20) 390
(60, 0) 300
0, 0) 0

The maximum is 410 at (40, 30).

16. v

8

0,7 =
.( }2)”3) 21

Solve the systems

x=0 2x+3y=21 [4x+3y=24
2x+3y=21"|4x+3y=24"|y=0 ’
x+y=5 y=0 .

{y=0 , and {2x+3y=21 to find the

vertices (0, 7), (3/2,6), (6, 0), (5, 0), and

(0, 5). Now find the values of the objective
function at each vertex:

Ordered pair f=2x+y
©,7) 7
3
2 | s
6. 0) 12
5,0) 10
©,5) 5

17.

The maximum is 12 at (6, 0).
y
sk
Ak
3k

24

34
1E\\5"5 x+3y=3

0 1 2 3 4 5 x

Solve the systems

x=0 2x+y=2 x+3y=3
{2x+y:2’{x+3y=3’and {y=0 o
) . 34
find the vertices: (0, 2), (g,gj, and (3, 0).

Now find the values of the objective function
at each vertex:

Ordered pair f=x+4y
0, 2) 8
29 19
5’5 5
3.0) 3

The minimum is 3 at (3, 0).
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18. v 20. y
106 (0, 60)
9 604
8 50
7
6 40 - \ 10x + 3y = 180
5 20 b
4
2 T R P L My )
! 1 | (30’|0) | 1
0 o] 10 20 30 40 50 60 x
Solve the systems {; =0 B 10’{5x + y—:610’ Solve the systems
Fry=10"x+y= {xZO {10x+3y=180 and
= 10x+3y=180"|2x+3y=60 ’
and {xt)(x) 6 to find the vertices: (0, 10), ATy xrsy
' 2x+3y=60 1 find the vertices: (0, 60
(1, 5), and (6, 0). Now find the values of the y=0 o find the vertices: (0, 60),
objective function at each vertex: (15, 10), and (30, 0). Now find the values of
Ordered pair f=5x+2y the objective function at each vertex:
(0, 10) 20 Ordered pair | f =40x+37y
(1,5) 15 (0, 60) 2220
(6, 0) 30 (15, 10) 970
The minimum is 15 at (1, 5). (30,0) 1200
19. v The minimum is 970 at (15, 10).
20 L@ 100 21. y
2x +y =100 0,3
1o 64) o 3'( %x+8y:24
80
60 B 2T 2x+2y=8
ok 3x + 4y = 360 14 G, 1
r Sx+3y=18
20 - ©.9 } : : 'x=+ .
NI A A A AR |(120’ ” 0 1 2 (36,004 *

ol 20 40 60 80 100 120

Solve the systems
x=0 2x+y =100 an
2x+y=100"|3x+4y =360’
3x+4y =360
y=0

(8, 84), and (120, 0). Now find the values of

the objective function at each vertex.

d

to find the vertices: (0, 100),

Ordered pair | f =13x+15y
(0,100) 1500
(8, 84) 1364
(120, 0) 1560

The minimum is 1364 at (8, 84).

x=0 |5x+3y=18
Solve the systems {y=0’ { y=0"
2x+2y=8 |3x+8y=24
S5x+3y=18’
3x+8y=24
x=0
(3.6,0),(3,1),(1.6,2.4), and (0, 3). Now find

the values of the objective function at each
vertex:

2x+2y=g > 2d

to find the vertices: (0, 0),

Ordered pair f=15x+Ty
0, 0) 0
(3.6,0) 54
3, 1) 52
(1.6, 2.4) 40.8
O, 3) 21

The maximum is 54 at (3.6, 0).
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22,

23.

Ordered pair f=8x+16y
(5, 30) 520
(0, 40) 640

Solve the systems {x =4 {

{5y—6x=6

2x+3y=12> "

vertices: (4, 2), (4, 6), (1.5, 3), and (3, 2). Now
find the values of the objective function at

each vertex:

y=2’

S5y—-6x=6’

d {2x+3y=12
y=2

Ordered pair | f =17x+10y
4, 2) 88
(4, 6) 128
(1.5, 3) 55.5
3,2) 71
The maximum is 128 at (4, 6).
y
50 +
104 (0, 40)
30T
07 20, 15)
10 + N x+2y =50

N
x+y=35>

N

0 10 20 30 40 50 *

Solve the systems

x+y=35 {2x+y=40’

to find the vertices: (50, 0),

y=0 x+2y=50
x+2y=50
and {2x+y=40
x=0

(20, 15), (30, 5), and (0, 40). Now find the
values of the objective function at each vertex:

Ordered pair f=8x+16y
(50, 0) 400
(20, 15) 400
(10, 20) 400

24,

The minimum is 400 for all (x, y) on the line
segments between (10, 20) and (20, 15), and
(20, 15) and (50, 0).

0,6)

3x+y=6

2,0)

3 4 5 6 %

(
2

2x+3y=4 {3x+y:6

Solve the systems { Ixty=6 x=0’

to find the vertices: (2, 0),

and {2x+3y=4
x=0

(0, 6), and (O, %J Now find the values of the

objective function at each vertex:

Ordered pair | f=12x+12y
(2,0) 24
©, 6) 72

4
0, —
( 3) 16

The minimum is 16 at (O, %J

8.6 Applying the Concepts

25. Letx = the number of corn acres, and let y =

the number of soybean acres. Then, the profit

p =50x + 40 y. The constraints are x =0,

y20, x+y<240 (number of acres) and

2x+y <320 (number of labor hours).

Solve the systems

{sz {x+y=240 an
x+y=240"|2x+y =320’
2x+y =320

{y =0

(80, 160), and (160, 0). Note that (0, 0) is also

a vertex.

d

to find the vertices: (0, 240),

(continued on next page)
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(continued) 27. Let x = the number of hours machine I
y operates, and let y = the number hours
(0, 240) machine II operates. Then, the cost is
240 ¢ .
X4y =240 ¢ = 50x + 80y. The constraints are
200 x=0,y20,20x+30y 21400 (number of
160 | (80, 160) .
units of Grade A plywood) and
120 = 10x+40y 21200 (number of units of Grade
80 ¢ Fory=320 B plywood.) Solve the systems
40 (160, 0) {x=0 {20x+30y:1400 and
| | | | | B L
ol 40 80 120 160 200 240 * 20x+30y =1400"|10x + 40y =1200
Now find the values of the profit function at {IOx +40y =1200 to find the vertices
each vertex: y=0
Ordered pair | p = 50x + 40y (0’@)’ (40, 20). and (120, 0).
(0, 240) 9600 3
(80, 160) 10,400 ok
(160, 0) 8000 50
The maximum profit is $10,400 when 80 acres 60 :(0 m)
of corn and 160 acres of soybeans are planted. P 2?)“ 30y = 1400
26. Let x = the number of corn acres, and let y = 20 W =1200

the number of soybean acres. Then, the profit
is p = 30x + 40 y. The constraints are x =0,

y 20, x+y <240 (number of acres) and
2x+y <320 (number of labor hours). Solve

x=0 x+y=240
the systems {x+ y= 240’{2x+ y=320° and
{ix_+0y =320 to find the vertices: (0, 240),

(80, 160), and (160, 0). Note that (0, 0) is also
a vertex.

(0, 240)

x+y=240

(80, 160)

2x+y =320

(160, 0)
[

0] 40 80 120 160 200 240 X

Now find the values of the profit function at
each vertex:

Ordered pair p =30x + 40y
(0, 240) 9600
(80, 160) 8800
(160, 0) 4800

The maximum profit is $9600 when 0 acres of
corn and 240 acres of soybeans are planted.

T N I B B A _(120’0)
0 20 40 60 80 100 120 x

Now find the values of the cost function at

each vertex:
Ordered pair ¢ =50x + 80y
140
(O, —j ~3733.33
3
(40, 20) 3600
(120, 0) 6000

The minimum cost is $3600 when machine I
operates for 40 hours and machine II operates
for 20 hours.

28. Letx = the number of hours machine I
operates, and let y = the number of hours
machine II operates. Then, the cost
¢ =70x + 90y. The constraints are
x=0,y20,20x+30y 21400 (number of

units of Grade A plywood) and
10x+40y 21200 (number of units of Grade

B plywood.) Solve the systems
x=0 20x+30y =1400
20x+30y =1400’ |10x + 40y =1200°

{10x+40y =1200

and

to find the vertices
y=0

(0, %), (40, 20), and (120, 0).

(continued on next page)

Copyright © 2015 Pearson Education Inc.



Section 8.6 Linear Programming 783

(continued)

29.

y
100

80
o)
40N 20x + 30y = 1400

(40, 20) /1 0x + 40y = 1200
T I R BN _(120’ 0
0 20 40 60 80 100 120 x

20

Now find the values of the cost function at
each vertex:

Ordered pair ¢ =70x + 90y
140
(O, —j 4200
3
(40, 20) 4600
(120, 0) 8400

The minimum cost is $4200 when machine I
operates for 0 hours and machine II operates
for approximately 46.7 hours.

Let x = the number of minutes of television
time, and let y = the number of pages of
newspaper advertising. Then, the exposure is
f=60,000x + 20,000y. The constraints are
x21,y=2, and 1000x + 500y < 6000

(budget.) Solve the systems

x=1 1000x + 500y = 6000
1000x +500y = 6000° | y = 2 ’

and {;C ilz to find the vertices (1, 10), (5, 2),

and (1, 2).

1 (1, 10)

1000x + 500y = 6000

x=1

y=2 (
|

- W

.2)
T T N A A B A
123456789101112x

Now find the values of the exposure function
at each vertex:

S| —mNWhA UV J0O O

Ordered pair | f= 60,000x + 20,000y
(1, 10) 260,000
(5,2) 340,000
(1,2) 100,000

There are a maximum of 340,000 viewers if
the company buys 5 minutes of television time

and 2 pages of newspaper advertising.

30. Letx = the number of minutes of television

31.

time, and let y = the number of pages of
newspaper advertising. Then, the exposure is

f=120,000x + 80,000y. The constraints are
x=2,y=1, and 4000x +3000y < 24,000

(budget.) Solve the systems

x=2

{4000)6 +3000y = 24,000’
4000x + 3000y = 24,000
y=1 , an

find the vertices (2,?) R (%,1) ,and (2, 1).

y

- 1
Gy,
sk
4
5 4000x + 3000y = 24,000
2
1

(525, 1)

S
o 1 2 3 4 5 6 7 8 x

Now find the values of the exposure function
at each vertex:

Ordered pair | f=120,000x + 80,000y
16
(Zgj ~666,667
(2 1) 710,000
4° ’

@1 320,000

There are a maximum of 710,000 viewers if
the company buys 5.25 minutes of television
time and 1 page of newspaper advertising.

Let x = the number of orange acres, and let

y = the number of grapefruit acres. Then, the
profit is p = 40x + 30y — 3000. The constraints
are x>0, y=0, x+y<480 (number of
acres) and 2x+ y <800 (number of labor
hours). Solve the systems

x=0 X+y=480 - 4
x+y=480"|2x+y =800’
{ixjoy =800, find the vertices: (0, 480),

(320, 160), and (400, 0). Note that (0, 0) is
also a vertex.

(continued on next page)
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(continued) Ordered pair p=3x+2y
Y (0, 50) 100
200K, 480) (56, 8) 184
0 (60, 0) 180
300 The maximum profit is $184 when 56 bottles
200 - (320, 160) of Fruity and 8 bottles of Tangy are sold.
100 1= 2":0{) =0800 33. Let x = the number of rectangular tables, and
T N _( i let y = the number of circular tables. The
0| 100 200 300 400 500 * profitis p =3x +4y. The number of hours to
Now find the values of the profit function at assemble the rectangular tables is x and the
each vertex: number of hours to assemble the circular
Ordered pair 40x + 30y — 3000 tables is y. The number of hours to finish the
rectangular tables is x and the number of hours
(0, 430) 11,400 to finish the circular tables is 2y. The 20
(320, 160) 14,600 assemblers work a total of (20)(40) = 800
hours, and the 30 finishers work a total of
(400, 0) 13,000 (30)(40) = 1200 hours. So, the constraints are
The maximum profit is $14,600 when 320 x>0, y>0, x+y<800,and
acres of oranges and 160 acres of grapefruits <
are planted. x+2y <1200. Solve the systems
. x=0 x+2y=1200
32. Letx = the number of bottles of Fruity, and let 42y =1200" x4+ v=800 ° and
y = the number of bottles of Tangy. Then, the Y Y
profitis p =3x+2y.The amount of orange {x +y =800 to find the vertices: (0, 600)
juice in the Fruity = 3x, and the amount of y=0

apple juice in the Fruity = 2x. The amount of
orange juice in the Tangy = 4y, and the
amount of apples juice in the Tangy =y. So,
the constraints are x =0, y=>0, x+y <320,

3x+4y <200, and 2x+ y <120. Solve the

systems = 3x+4y =200 and
y 3x+4y=200"2x+y=120 °
{2x ty i 1)20 to find the vertices: (0, 50),

(56, 8), and (60, 0). Note that (0, 0) is also a
vertex.

y

50 6

(0, 50)

40
3x +4y =200
30 -

20 =

(56, 8)

10 =
2x+y=120

1 1 1
0 10 20 30 40 50 60 X

Now find the values of the profit function at
each vertex.

(400, 400), and (800, 0). Note that (0, 0) is
also a vertex.

(0, 600)
x+2y=1200

o] 200 400 600 800
Now find the values of the profit function at
each vertex:

Ordered pair p=3x+4y.
(0, 600) 2400
(400, 400) 2800
(800, 0) 2400

The maximum profit is $2800 for 400
rectangular tables and 400 circular tables.
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34. Let x = the number of GPS units, and let

35.

y = the number of DVD units. Then, the profit
is p =6x+4y . The number of hours for
Stage I is 12x + 12y; the number of hours for
Stage II is 3x + 6y; and the number of hours
for Stage III is 8x + 4y. The constraints are
x20, y=20, 12x+12y <840,
3x+6y <300, and 8x+4y <480.
Solve the systems
x=0 3x+6y =300
{3x+ 6y =300’ {12x+ 12y =840’
{12x+12y:840 d {8x+4y=480
8x+4y=480 ° y=0

the vertices: (0, 50), (40, 30), (50, 20), and
(60, 0). Note that (0, 0) is also a vertex.

to find

(0, 50)
504
3x + 6y =300

40

i (40, 30)
30 12x + 12y = 840
20 (50, 20)
10k 8x +4y =480

[ R R B (6010)
o] 10 20 30 40 50 60 70 X

Now find the values of the profit function at
each vertex:

Ordered pair p=06x+4y
(0, 50) 200
(40, 30) 360
(50, 20) 380
(60, 0) 360

The maximum profit is $380 when 50 GPS
units and 20 DVD units are produced.

Let x = the number of terraced houses, and let
y = the number of cottages. Then, the revenue
is r =40,000x + 45,000y . The number of
units of concrete for the two house types is

X + y; the number of units of wood for the two
house types is 2x + y; and the number of units
of glass for the two house types is 2x + 5y.
The constraints are x>0, y =0,

x+y<100, 2x+ y <160, and
2x+5y <400 . Solve the systems

x=0 2x+ 5y =400
2x+5y=400" |x+y=100 ~
x+y=100 2x+y=160 .
{2x+y=l60’and y=0 to find the

36.

vertices: (0, 80), (%,%) , (60, 40), and

(80, 0). Note that (0, 0) is also a vertex.
10% -

[0, 80)
804 2x + 5y = 400

x+y=100
(60, 40)

IS
=)
T T T T T T 1T

2x +y =160
(80, 0)
TN T | T

0 102030405060708090100 x

Now find the values of the profit function at
each vertex. Note that we cannot use

(10, 20
3 9

fraction of a house. This value becomes
(33, 66).

J because there cannot be a

Ordered pair | =40,000x+45,000y
(0, 80) 3,600,000
(33, 66) 4,290,000
(60, 40) 4,200,000
(80, 0) 3,200,000

The maximum profit is $4,290,000 when 33
terraced houses and 66 cottages are built.

Let x = the number of female guests, and let
y = the number of male guests. Then, the
number of guests who eat in the restaurant is
0.5x + 0.3y, and the number of guests who do
not eat in the restaurant is 0.5x + 0.7y. The
profit p =18.5(0.5x+0.3y) +15(0.5x+0.7y)

=16.75x+16.05y . The constraints are x =0,
y20, x<125, y <220, and x+ y <300.

Solve the systems {x =0, {y =220

y=220" |x+y=300"
x+y =300 x =125
{x=125 , and y=0 to find the

vertices: (0, 220), (80, 220), (125, 175), and
(125, 0). Note that (0, 0) is also a vertex.

222‘ ¥y =220 (80, 220)
200 (0, 220) x+y =300

175 (125, 175)
150
125
100
75
50
25

x=125

(125, 0)
T I 11

0 50 100 150 200 X

(continued on next page)
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(continued) 38. Letx = the number of days the Michigan
Now find the values of the profit function at factory operates, andilet y = the number of
h vert days the North Carolina plant operates. The
cach vertex. cost ¢ = 60,000x + 40,000y . The number of
Ordered pair p=1675x+16.05y luxury cars produced is 20x + 10y. The
(0, 220) 3531 number of medium-priced cars is 40x + 30y.
The number of compact cars is 60x + 20y. The
(80, 220) 4871 constraints are x =20, y =0,
(125, 175) 4902.50 20x+10y >5000, 40x+30y >12,000, and
(125, 0) 2093.75 60x + 20y < 30,000.
The maximum profit is $4902.50 when there x=0,
are 125 female guests and 175 male guests. Solve the systems {60 x+20y = 30,000’
37. Letx = the number of female guests, and let

y = the number of male guests. Then, the
number of guests who eat in the restaurant is
0.5x + 0.3y, and the number of guests who do
not eat in the restaurant is 0.5x + 0.7y. The
profit p =15(0.5x+0.3y)—2(0.5x+0.7y)

=6.5x+3.1y. The constraints are x =0,
y=0, x<125, y<220, x+y =100 and

x =
< b
x+y<300. Solve the systems {y —220°

y =220 x+y=300 [x=125
x+y=300"|x=125 "’ |y=0
y=0 x+y=100

{)c+y=100’and {x=0

vertices: (0, 220), (80, 220), (125, 175),

k)

to find the

60x +20y = 30,000 [y=0
y=0 > 140x +30y = 12,000’

40x+30y =12,000
20x+10y = 5000

{20x+10y = 5000

, and
to find the vertices:
x=0

(0, 1500), (500, 0), (300, 0), (150, 200), and
(0, 500).

y
(0, 1500)

20x + 10y = 5000

60x + 20y = 30,000

(125, 0), (100, 0), and (0, 100). o| 100{200 300 400 500 *

IN 2 (150, 200)
275 g2 = 2204 (80, 220) Now find the values of the profit function at
200 (0,220 N+ =300 each vertex:

175 (125, 175)

150 = Ordered pair | ¢ = 60,000x + 40,000y
125 0, 100)

1008 (0, 1500) 60,000,000

75 x=125

50 (500, 0) 30,000,000

PLOONAEDY, (300, 0) 18,000,000

Of 30 1000130 200 X . (150, 200) 17,000,000

Now find the values of the profit function at
each vertex: (0, 500) 20,000,000

e
(0, 220) 682 North Carolina plant operates for 200 days.
(80, 220) 1202

(125, 175) 1355
(125, 0) 812.50
(100, 0) 650
(0, 100) 310

The maximum profit is $1355 when there are
125 female guests and 175 male guests.
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39. Letx = the number of pounds of enchiladas,

40.

and let y = the number of pounds of vegetable
loaf. The cost ¢ =3.50x+2.25y . The number

of units of carbohydrate is 5x + 2y. The
number of units of protein is 3x + 2y. The
number of units of fat is 5x + y.

The constraints are

x20, y=0,5x+2y =60, 3x+2y =40,

and 5x+ y 235. Solve the systems

x=0, S5x+y=35 |5x+2y=60
Sx+y=35 |5x+2y=60" |3x+2y=40"
and {ix_+02y =40 to find the vertices:

(0, 35), (2, 25), (10, 5), and (40/3,0).

y
40

356
30
25
20
15

0

1
40
(%.0)3]

o] 5 1015 20 25 30 35 40 X

[0, 35)

Now find the values of the profit function at
each vertex:

Ordered pair c=3.50x+2.25y
(0, 35) 78.75
(2,25) 63.25
(10, 5) 46.25

(40/3.0). 46.67

The minimum cost is $46.25 when Elisa buys
10 enchilada meals and 5 vegetable loafs.

Let x = the number of workers from Super
Temps, and let y = the number of workers
from Ready Aid. The cost ¢ =96x+86y . The
number of units of letters the temps can
handle is 300x + 600y. The number of
packages the temps can handle is 80x + 40y.
The constraints are x>0, y>0, x+ y <10,

300x + 600y = 3900, and 80x +40y = 560.

80x+40y = 680,
x+y=10

bl

Solving the systems {
x+y=10
{300x +400y =3900° 219

300x +400y = 3900
80x+40y =560

points are (4, 6), (7, 3), and (5, 4).

shows that the corner

y
14
12
10

80x + 40y = 560

8
6
4
2

A

[
o] 2 4 8 10 12 14 X

Now find the values of the profit function at
each vertex:

Ordered pair c=96x+86y
4,6) 900
7,3) 930
6,4 824

The minimum cost is $824 when five workers
are hired from Super Temps and four workers
are hired from Ready Aid.

8.6 Beyond the Basics

41.

y
141
121

(8,12)

x+y=20

(12, 8)

4x-y=40
"x+2y:10 (1070)
0ol 2 4 6 8 1012 14 %

Solve the systems
x+2y=10 J4x—y=40
4x—y=40" | x+y=20
8y—-T7x=40
and { x+2y=10
(10, 0), (12, 8), (8, 12), and (0, 5). Now find
the values of the objective function at each
vertex:

x+y=20
8y—Tx=40’

to find the vertices:

Ordered pair f=8x+7y
(10, 0) 80
(12, 8) 152
(8, 12) 148
0, 5) 35

The maximum is 152 at (12, 8).
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42, y Now find the values of the objective function
304 (20, 30) at each vertex:
95 | 0y = 5x =80 Ordered pair f=5x+6y
8,20
204 &2 x=20 (0,0 0
10x —y =60
5t 3,0) 15
7,10 20, 12
10 {710 ( : 7
5x+8y=115 Tx—5y=80 3’5 36
(15,5)
— 16
0 5 10 15 20 25 (—, 6) 332
7 7
Solve the systems (1, 6) 41
S5x+8y =115 |7x-5y =80 x=20
{7x—5y=80 { x=20’{6y—5x=80’ ©,3) 30
6v—5x =80 10 60 The minimum is 0 at (0, 0).
y=5x= Xx=y=
{10x—y=60’ and {5x+8y:115 to find the 44. o
vertices: (15, 5), (20, 12), (20, 30), (8, 20), and %0
(7, 10). Now find the values of the objective
function at each vertex: 60 x+y=100
2x+y=80
Ordered pair f=3x+2y 40
(15,5) 55 20
(20, 12) 84 20/ 40 /60 80 100*
(20, 30) 120 x+y=50 2x+5y=150
(8, 20) 64 Solve the systems
(7, 10) 41 {2x+5y=150 { y=0 {x+y=100
The minimum is 41 at (7, 10). y=0 " |x+y=100"| x=0 "~
43. x=0 |2x+y=80
{2x+y =80 { x+y=50" 4
x+y=50 . L
{2x+5y ~150 to find the vertices: (75, 0),
(100, 0), (0, 100), (0, 80), (30, 20) and
(%, ?j Now find the values of the
2+ ; objective function at each vertex:
xX=
14 Ordered pair f=7x+3y
— : (75, 0) 525
o] 12 3 4 7 (100, 0) 700
Solve the systems (0, 100) 300
{sz {y=0 { x=3 {7x+2y=28 (0, 80) 240
y=0"[x=3"|Tx+2y=28" y=6"~ (30, 20) 270
and {i z )6c+ 5 to find the vertices: (0, 0), (%’ ?j % ~2833

3,0), (3,7/2),

(?, 6), (1, 6), and (0, 5).

The maximum is 700 at (100, 0).
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45. ax;+by, =M =ax, +by, = 8.6 Maintaining Skills
ax —axy =by; by, =
a(x —xy)=b(y, =)= R M
_ _ —3x+5y=-7 2)
a_Nn"h_ N"h = —m, where m is the
b xi—x  xe—x1 The first equation already has a leading
17 %2 27X - . .
A coefficient of 1. To eliminate x from equation
slope of PQ.

(2), add 3 times equation (1) to equation (2).
Then solve for y.

3x-6y=12 3(x—2y=12)
—3x+5y=-7 2)
———
46. No y= -5 (3)

Since the slope is the same between any two
points on a given line segment, we can
conclude that f'has the same value M at every
point of the line segment PQ.

The equivalent system in triangular form is
{x -2y=4 (1)
y=-5 3
Back-substitute the value of y into equation
+ (1) and solve for x.
'/y—x=6 x=2(-5)=4=x+10=4=x=6
The solution set is {(6, —5)}. Be sure to check
the solution in each of the original equations.

3x+5y=6 €))
50. { 2x—y=17 2)
Interchange equations (1) and (2), then

a. §is unbounded because there is no upper multiply equation (2) by 1/2 to obtain a
limit on the values for x.

8.6 Critical Thinking/Discussion/Writing

47.

— WA O 00 O
° F

01 12345678 910%

leading coefficient of 1.

b. Ordered pair f=2x+3y 2x—y=17 2)
3x+5y=6 )
(0,0) 0 L
(0, 6) 18 X-oy=o L2x-y=17)
2,8) 28 3x+5y=6 )
(x, 8) 2x + 24 To eliminate x from equation (1), add -3
times equation (3) to equation (1). Then solve

As x increases, the value of the objective

function f = 2x + 3y increases. Since S is fory.
unbounded, there is no solution. x4+ i - _ ﬂ -3 ( x—Ly= H)
2 2 2 y 2
48. Minimize f =3.2x+2.5y+1.3z subject to 3x+5y=6 6))
the constraints 13 39
x+2y+521 DRAEDY
10x+5y+4z>50 y=-3 4
6x+20y+7z210 The equivalent system in triangular form is
XZO,yZO,ZZO 1 17
X——y=— 3
7YY= 3
y=-3

Back-substitute the value of y into equation
(3) and solve for x.

1 17 3 17 14

x——(B)=—=2x+-=—=x=—=
2 2 2 2

The solution set is {(7, —3)}. Be sure to check

the solution in each of the original equations.

7
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x—4y—-z=11 €)) x+3y-2z=5 )
51. {2x-5y+2z=39 2) 52. {2x+y+4z=8 2)

—3x+2y+z=1 3
The first equation already has a leading
coefficient of 1. To eliminate x from equation
(2), add -2 times equation (1) to equation (2).
—2x+8y+2z=-22 (-2)(x—-4y-z=11)
2x—=5y+2z= 39 2)
3y+4z= 17 4

Multiply equation (4) by %
x—4y—-z=11 €))

4 17
+—z=— 4
yt32=7 4)
—3x+2y+z=1 3

To eliminate x from equation (3), add 3 times
equation (1) to equation (3).
3x-12y-3z=33 (3)(x—4y—z=11)
—3Bx+ 2y+ z=1 3
-10y-2z=34 (5)

Multiply equation (5) by —%.
x—4y—-z=11 )

4 17
+—z=— 4
y 3873 4

1 17
t—z=—— (5
y+32 5 )

Eliminate y in equation (5) by adding —1 times
equation (2). Then solve for z.

4 17 . 1
—y-ge=—5 ()(y+ie=Y)
117
+—z=—— 5
Y3 5 ®)
17 136
_7 136
157 15
z=8 6)

The equivalent system in triangular form is
x—4y—-z=11 )
4 17
+—z=— 4
yt3z=3 4
z=8 (6)
Back-substitute the value of z into equation

(4) and solve for y.
4 17 32 17
+-8)=—=2y+—="=2y=-5
ya@®) ==y =72y
Back-substitute z = 8 and y = -5 into equation

(1) and solve for x.
x—4(—5)—8=11=> x+12=11=x=-1
The solution set is {(-1, =5, 8)}. Be sure to

check the solution in each of the original
equations.

6x+y—-3z=35 3)
The first equation already has a leading
coefficient of 1. To eliminate x from equation
(2), add -2 times equation (1) to equation (2).
2x—-6y+4z=-10 (-2)(x+3y-2z=5)
2x+y+4z= 8 2)
—S5y+8z=-2 4
x+3y-2z=5 €))]
—S5y+8z=-2 4)
6x+y—-3z=5 3)
To eliminate x from equation (3), add -6
times equation (1) to equation (3).
—-6x—18y+12z=-30 (—6)(x+3y—2z=5)
6x+ y-— 3z=5 3)
17y +9z=-25 )
x+3y—-2z=5 )
—S5y+8z=-2 4
=17y+9z=-25 (5)

Multiply equation (4) by —%.

x+3y-2z=5 €))
8 2

yogi=y @

-17y+9z=-25 (5)
Eliminate y in equation (5) by adding 17 times
equation (4). Then solve for z.

136 34 s o
17y-="2=" (17)(y-22=2)
—-17y+9z=-25 (5)
A
5 5
z= (6)

The equivalent system in triangular form is
x+3y-2z=5 €))

8 2
y-si=r @
z=1 (6)

Back-substitute the value of z into equation

(4) and solve for y.

8 2 10
y-s()=5=y=3
Back-substitute z = 1 and y = 2 into equation
(1) and solve for x.

x+3(2)—2(1):5:>x+4:5:>x:1
The solution set is {(1, 2, 1)}. Be sure to

check the solution in each of the original
equations.

2
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For exercises 53-56, refer to the following array.

2 4 -6 10|« rowl
3 -2 4 12|« row?2

53. Multiply each number in row 1 by %
1 2 -3 5
3 2 4 12
54. Using the rectangular array in exercise 53, add

-3 times each number in row 1 to the
corresponding number in row 2.

-3(1)+3=0 -3(2)+(-2)=-8
-3(-3)+4=13 -3(5)+12=-3
The new array is

1 2 -3 5
0 -8 13 3
55. Using the rectangular array in exercise 54,

multiply each number in row 2 by —%.

12 =35
01 -2 3
8 8

56. Using the rectangular array in exercise 55, add
—2 times each number in row 2 to the
corresponding number in row 1.

2(0)+1=1 2(1)+2=0
—2(—£)+(—3):l —2(§)+5:£
8 4 8 4
Lo L
4 4
o1 -2 3
8 8

Chapter 8 Review Exercises
Basic Concepts and Skills

1. Using elimination, we have
3x— y=-5 6x—2y=-10
{x+2y=3 {x+2y=3
x=-1
3(-)—y=-5=y=2
The solution is {(-1, 2)}.

=Tx=-T=

2. Using substitution, we have
x+3y+6=0
{ y=4x-2
1B3x=0=>x=0
y=40)-2=-2
The solution is {(0, =2)}.

= x+3M4x-2)+6=0=

Using elimination, we have
2x+4y=3 —-6x—-12y=-9
3x+6y=10 6x+12y=20

there is no solution. Solution set: &

=0=11=

Using elimination, we have

x— y=2 —2x+2y=-4
=
2x—2y=9 2x—-2y=9

there is no solution. Solution set: &

=0=5=

Using elimination, we have

3x— y=3 x—1y=1
3 3
1 1 = =>—x=3=
Ex+—y=2 1x+1y=2
2 3
x=2

32)-y=3=y=3
The solution is {(2, 3)}.

Using elimination, we have
{0.02 y—0.03x=-0.04

1.5x-2y=3
2y-3x=-4 _ 2
{—2y+1.5x=3:>_1'5x_ 1:>)c—3

1.5(%)—2y=3:>1—2y=3:>
2y=2=y=-1

Solution set: {(%, - 1)}

Multiply the first equation by —2, add the
result to the second equation, and replace the
second equation with the new equation:
x+3y+ z=0 x+3y+ z=0

2x— y+ z=5 = -Ty—2z=5

3x-3y+2z=10 3x-3y+2z=10
Multiply the first equation by —3, add the
result to the third equation, and replace the
third equation with the new equation:

x+3y+ z=0 x+3y+ z=0
-Ty-z=5 = -Ty—-2z=5
3x-3y+2z=10 -12y-z=10

Subtract the third equation from the second
equation, and replace the second equation
with the result:

x+3y+ z=0 x+3y+ z=0
-Ty-2z=5 = Sy =-5=
-12y-z =10 -12y-z=10
x+3y+ z=0

y =-1
-12y-z=10

(continued on next page)
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(continued) X+ y =1
Substitute y = —1 into the third equation to —2y-3z=5
solve for z and then substitute the values for z 3y+22=0
and y into the first equation to solve for x: Multiply the second equation by 3, multiply
x+3y+ z=0 x+3y+ z=0 the third equation by 2, add the results, replace
y =-1= y =1 = the third equation with the new equation, and
-12y-z=10 -12(-1)-z =10 solve for z:
x+3y+ z=0 x+3-)+2=0 X+ y =1 |x+y =1
y = 1= y=-1= -2y-3z=5={ —-2y-3z=5 =
z=2 z=2 3y+2z=0 -5z=15
x=1 X+ 'y =1
y=-1 -2y=-3z=5
z=2 z=-3
The solution is {(1, -1, 2)}. Substitute z = =3 into the second equation to
solve for y, and then substitute the value for y
8. Switch the second and third equations, multiply into the first equation to solve for x:
the second equation by —2, add the result to the X+ y -1 X+ y -1
f;,rli}tl ig:e;ti;)lrlll,t?nd replace the second equation C2y-37=5 =] —2y-3(-3)=5=
' z=-3 7=-3
2x+y =11 2x+y =11
3y—z=5 =1 x+ 27=1 = x+y=1 x+2=1 x=-1
X+ 2z=1 3y—-z=5 y=2 = y=2 =>iy=2
it 1 z=-3 z=-3 z=-3
X =
yy_4Z:9 The solution is {(=1, 2, =3)}.
3y—z=5 10. Multiply the second equation by —2, add the
Multiply the second equation by —3, add the result to the first equation, and replace the
result to the third equation, replace the third second equation with the result:
equation with the result, and solve for z: 2x-3y+z=2 2x=3y+z=2
2x+y =11 [2x+y =11 x=3y+2z=-1= 3y-3z=4
y-4z=9= y—4z7=9= 2x+3y+2z=3 2x+3y+2z=3
3y—z=5 11z =-22 Subtract the third equation from the first
2+ 11 equation, and replace the third equation with
;_ 47=9 the result:
7=-2 2x-3y+z=2 2x-3y+z=2
3y-3z=4= 3y-3z=4
Substitute z = —2 into the second equation to et 3y + 22 _3 _ 6y _ §: -1
solve for y, and then substitute the values for y ] Y ) Y
and 7 into the first equation to solve for x. Multiply the second equation by 2, add the
x4+ 11 x4+ —11 result to the third equation, replace the third
;_ 4729 — ; 4-2)=9 = equation with the new equation, and solve
B A for z:
z=-2 7=-2 ore
drty=11  [2x+1=11 [(x=5 2x=3y+ z=2  |2x=3y+ z2=2
y=1 ={ y=1 ={y=1 3y=3z=4 = 3y-3z=4=
z=-2 z=-2 z7==2 —6y- z=-1 =T7z=1
. 2x-3y+ z=2
The solution is {(5, 1, =2)}. 3y—3z=4
9. Switch the second and third equations, multiply z=-1

the first equation by —2, add the result to the
second equation, and replace the second
equation with the result.

x+y =1 x+y =1
3y+2z=0=42x—- 3z=7=
2x—  3z=7 3y+2z=0

Substitute z = —1 into the second equation to

solve for y, and then substitute the value for y

into the first equation to solve for x:
(continued on next page)

Copyright © 2015 Pearson Education Inc.



Chapter 8 Review Exercises 793

(continued)
2x-3y+ z=2 2x—-3y+ z2=2
3y-3z=4 = 3y=-3(-)=4 =
z=-1 z=-1
1
2x=3| = |+(-D)=2
2x-3y+z=2 3
1 LN
Y73 Y 3
z=-1 Z =-1
x=2
_1
y 3
z=-1

11.

12.

The solution is {(2,%, —lj}.

Multiply the first equation by —5, add the result
to the second equation, and replace the second
equation with the result, then switch the first
and second equations:

x+ y+ z=1 x+ty+tz=1
x+5y+5z=-1= —4x=—6=>
3x— y— z=4 3x-y-z=4
3
x==
2
x+y+z=1
3x—-y-z=4

Add the second and third equations, and
replace the second equation with the result.

3 3
xX== xX==
2 2
x+y+z=1= 4x=5 =
3x—-y-z=4 3x—-y-z=4
x=3/2

x =5/4 = There is no solution.
3x-y-z=4
Solution set: &

Multiply the first equation by —2, add the result
to the second equation, and replace the second
equation with the new equation:
x+3y-2z=-4 x+3y-2z=-4
2x+6y-4z=3 = 0=11=
x+ y+ z=1 x+ y+ z=1

there is no solution. Solution set: &

13.

14.

15.

16.

The system is a dependent system because

there are two equations in three unknowns.

Multiply the first equation by —5, and multiply

the second equation by 4, then add the

resulting equations and solve for z:

{ x+4y+3z=1 :{—Sx—20y—15z=—5
2x+5y+4z=4 8x+20y+16z=16

3x+z=11=z=-3x+11

Substitute the expression for z into the first

equation and solve for y:

x+4y+3(—3x+11)=1:>—8x+4y+33=1:>

y=2x-8.

The solution is {(x,2x—8,-3x+11)}.

The system is a dependent system because
there are two equations in three unknowns.
Multiply the first equation by —2, and add the
result to the second equation, then solve for z:

3x— y+2z=9 _
{x_2y+3222:> Sx—z=-16=
z=16-5x

Substitute the expression for z into the first
equation and solve for y:
3x—y+2(16-5x)=9= -Tx—-y+32=9=
y=23-7x.

The solution is {(x, 23 -T7x,16— Sx)}.

Add the first and third equations, and replace
the first equation with the result:

3x— y=2 6x =12 x =2
x+2y=9 =1 x+2y=9 =41 x+2y=9
3x+ y=10 3x+ y=10 3x+ y=10

Substitute x = 2 into the second equation and
solve for y:

X =2 X =2
x+2y=9 =
3x+ y=10

3(2) +% = % #10 = there is no solution.

by =2
7
2+2y=9 = y=§
3x+ y=10 3x+y=10

Solution set: &

Add the first and third equations, and replace
the third equation with the result:

x—=2y=1 x—2y=1
3x+4y=11=13x+4y=11=
2x+2y=17 3x=8
x=2y=1
3x+4y=11

x=8/3

(continued on next page)
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(continued)

Substitute the value for x into the first and
second equations to solve for y:

e
x-2y=1 3
3)6-%-4y=é1:> 3(§)+4y:11:>

X=—=

3 8

~
Il

y =—=> there is no solution.

=
Il

Wl na|wWON | W

Solution set: &

x+ y+ z=3 (1
17. 2x— y+ z=4 (2)
x+4y+2z=5 (3
Multiply equation (1) by —2, then add the result
to equation (2), and replace equation (2) with
the new equation:
x+ y+ z=3 (D)
2x— y+ z=4 )=
x+4y+2z=5 (3)
x+ y+ z=3 (1)
-3y- z=-2 4
x+4y+2z=5 (3
Multiply equation (1) by —1, then add the result
to equation (3), and replace equation (3) with
the new equation:
x+ y+ z=3 (D x+y+z=3 (1
2x— y+ z=4 =>4 3y-z=-2 4
x+4y+2z=5 (3) 3y+z=2 (5
Add equation (4) to equation (5) to solve for z:
x+y+z=3 (1)
3y-z=-2 4)=0=0
3y+z=2 (5)
The equation 0 = 0 is equivalent to 0z = 0, which
is true for every value of z. Solving the second
equation for y, we have

2 1
By-z=-2=y= 373 Z . Substituting this

into the first equation, we have x+ y+z=3=

x+ z—lz —Z—3:>x—z—gz
3 3 B 3 3

7 2 2 1
Thus, the solution is || ———z, = — =z, .
us, the solution is {(3 3z 3 3z z)}

18.

19.

x— y+ z=4 (1

x+2y+3z=2 (2)

2x+y+4z=6 (3)
Multiply equation (1) by —1, then add the result
to equation (2), and replace equation (2) with the
new equation:

x— y+ z=4 (1) x— y+ z=4 (D

x+2y+3z=2 (2)= 3y+2z=-2 (4)

2x+y+4z=6 (3) 2x+y+4z=6 (3)
Multiply equation (1) by —2, then add the
result to equation (3), and replace equation (3)
with the new equation:

x— y+ z=4 (D x—y+ z=4 (1)

3y+2z=-2 4= 3y+2z=-2 (4)

2x+y+4z=6 (3) 3y+2z=-2 (5)
Multiply equation (4) by —1, then add the
result to equation (5) to solve for z:

x—y+ z=4 (D

3y+2z=-2 4)=0=0
3y+2z=-2 (5)

The equation 0 = 0 is equivalent to 0z = 0,
which is true for every value of z. Solving the
second equation for y, we have

2 2
3y+2z=2=y=——-27.
yre NS

Substituting this into the first equation, we
have x—y+z=4=

Thus, the solution is

(&_zz 2.2, j
3 37 3 3771
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20.

21.

22,

23.

24,

25.

Solve the systems
x=0 3x+7y=21 y=0
{3x+7y=21’{y=0 » and {x=0 o

find the vertices: (0, 3), (7, 0),and (0, 0). Now
find the values of the objective function at
each vertex:

=
+
<
+
PR
o
w ©
<
+
©
Il
o
ae
© ;

—_
(=]
=

o =
Ny .
=

Ordered pair z=2x+3y
(0,3) 9
(7,0) 14
0, 0) 0

The maximum is 14 at (7, 0).

26. y

B —y=9=0 x==2 3 x-2y+2=0

TTTTTTTTTTTTT O]

F3-%)

Ix—2y+6=0

|
_
>
I

Ix+4y+23=0

Solve the systems

x=-2 x—2y=—2 y:l
{x—2y=—2’{y=1 » and {x=—2 to
find the vertices: (-2, 0), (0, 1),and (-2, 1).
Now find the values of the objective function
at each vertex:

x+y—3=0

Ordered pair 7=-5x+2y
(-2,0) 10
0, 1) 2
(-2, 1) 12

The minimum is 2 at (0, 1).
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27.

28.

y

2x—3y+2:0\2_\

Solve the systems
{2x—3y=—2 {4x+y=10 {x—3y=9

4x+y=10 ’|x-3y=9 "~ |Bx+y=-3
3x+y=-3 . S
and {Zx _3y=—2 to find the vertices: (2,2),

(3, -2), (0, -3), and (-1, 0). Now find the
values of the objective function at each vertex:

Ordered pair z=x+3y
(2,2) 8
(3,-2) -3
0, -3) -9
(-1,0) -1

The minimum is -9 at (0, —-3).

O, 1) x+3y-3=0

y
3
2
3x-2y+2=0 |
/ 6.9

AN
| | 1

3 2 —
1

(=2,-2) =2
3+

(2,-3)
-4~ x+4y+10=0

Solve the systems
x+3y=3 |3x—y=9 x+4y=-10
3x—y=9"|x+4y=-10" |3x-2y=-2"
d 3x-2y=-2
x+3y=3
(2,-3), (-2, -2), and (0, 1). Now find the
values of the objective function at each vertex:

to find the vertices: (3, 0),

Ordered pair z=2x+35y
(3.0) 6
2,-3) -11
(-2, -2) 14
©, 1) 5

The maximum is 6 at (3, 0).

29. Using substitution, we have
x+ 3y=1 X =1-3y
2 =132 =
x“"=3x=T7y+3 x“=3x=7y+3
1-3y)2-3(1-3y)=Ty+3=
9y2 —4y-5=0= (y-1)Oy+5=0=

=lor ——i
y y 9
x+3D)=1=>x=-2
x+3(—§j=1=>x=ﬁ=§
9 9 3

The solution is {(—2, 1),(% _gj}

30. Using substitution, we have
4x— y=3 y=4x-3
2 1.2 =
y =2y=x-2 y =2y=x-2
(4x-3)2-2(4x-3)=x-2=
16x2-33x+17=0= (16x - 17)(x-1) = 0 =
x=1orx=17/16

17 5
4)-y=3=y=L4|—|-y=3=>y==
M-y y (mj y Y=y

The solution is (1,1),(£,§) .
16 4

31. Using substitution, we have
xX— =4 =x-4
{sz +§2 =24:>{5x2 +§2 =24
502+ (x—4)2=24=6x>-8x-8=0=
2(x—2)(3x+2)=0:>x=20rx=—§
2—y=4=y=-2

2 14
-y = 4 = -
37 Y73
The solution is {(2, -2), (—%,—%)}.

32. Using substitution, we have
x—= 2y =7 by =2y+7
2 2 =152 2
2x°+3y° =29 2x°+3y° =29
22y +7)* +3y? =29 =11y +56y +69 =0 =
(y+3)(11y+23)=0=>y=—30ry=—%.
x=-2(3)=T=x=1
x=2 _B =7=>x=2
11 11

The solution is < (1,-3), 2,—2 .
11" 11
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33. Using substitution, we have 3s.

2
xy=2 y=—
24+2y%=9 *
. Y x2+2y2=9

2
x2+2(%) =9:>x2—9+£2=0:>
X

X
x*—9x2+8=0
Letu=x>. Thenu?> —9u+8=0=
U-8)u-1)=0=>u=8=x>=8=
x=i2\/§0ru=1=>x2=1=>x2=il

(22)y=25 5= 2

V2

(22)y=22y=-2
Dy=2=y=2%(-Dy=2=y=-2

None of the values are extraneous, so the

solution is {(1, 2),(~1,-2), (2\/5 , %]

-

34. Using substitution, we have

3
{xy=3 y==

2 2_ = X =
2x°+3y° =21 2x2+3y2 -21

36.

37.

27

—=0=

x2 38.
2x* = 21x% +27=0. Let u = x*. Then

2w -2u+27=0= w-9Q2u-3)=0=

2
2x2+3[§) =21=2x2 21+

X

u=9=x2=>x=i30ru=%=x2=>x=i§
3y=3=>y=1
3y=3=y=-1

J6

7y=3ﬁy=\/g;—§y=3=>y=—\/g

x—y=1

y
6

None of the values are extraneous, so the solution
is {(&1)4—&—1){@48], [—@,—JEJ}.

39.
(@ 2m)

W
T

y=3x x2+y2=25

©,0) (5,0
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40. ”n A+B =3
NI 2A+ C=2=A4=2B=1,C=-2
(I8, 00) A-B-C=3
4r 2 2 2
3x“+2x+3 2 1 2
i 2 = + - 2
RIVEEE (x“=Dx+D) x-1 x+1 (x+1)
Y x> +2x+3 Ax+B Cx+D
. L 45. 2 2 T2 2 2
©o] 1 2 3 4 5 6x (x"+4) xX“+4 (x"+4)
T x> +2x+3=(Ax+B)(x* +4)+Cx+ D =
2
a1 x+4 x+4 A N B N X +2x-:3 ,
: x2+5x+6_(x+2)(x+3)_x+2 X+3 =Ax"+Bx"+(4A+C)x+(4B+ D)=
x+4=Ax+3)+B(x+2)= A=0
x+4=(A+B)x+(3A+2B)= B=1_ o _0B=1C=2D=-1
A+ B=1:> —2A—2B=—2=> 4A+C=2 ’ ’ ’
3A+2B=4 3A+2B=4 4B+D =3
A=2,B=-1 K +2x+3 1 L 2x-l
x+4 _ 2 _ 1 (x2+4)2 x2+4 (x2+4)2
x> +5x+6 Xx+2 x+3
46 2x 2x
4. x+14 _ x+14 _ A + B N A (x—l)(x+1)(x2+1)
X 43x-4 (x+HE-1D x+4 x-1 A B Cx+D
x+14=A(x—1)+B(x+4) = T e
”Aljz(_A;’B)”(_AJ"‘B): 2x= AGx+1)(x% + 1)+ B(x—)(x2 +1)
{_A+4B:14:>5B=15:>B=3,A=—2 +(Cx+D)x—-D(x+1)
x+l4 2 + 3 Lettingx:—l,wehave—2:—4B:>B:l.
x2+3x—4 x+4 x-1 . 2
2 Lettingx=1,we have 2=4A= A=—.
43 3x +x+1_é B + C - 2
T x(x—1)2 Ty x=1 (x—1)2 Substitute the values for A and B:
3xt+x+1= A(x—1)? +Bx(x— 1)+ Cx = 2x:%(x+1)(x2+1)+%(x—1)(x2+1)
2
3x"+x+1 ) +(Cx+D)x-D(x+1)=
=(A+B)x"+(-2A-B+C)x+ A= 2x=(C+l)x3+Dx2+(1—C)x—D=>
A+B - =3 C+1=0
2A-B+C=1=A=1,B=2,C=5 D=0
A =1 |coy=C=-1LD=0
3l +x+l 1, 2 5 -D=0
xx-1>  x x-l (x-1)? 2x 1 1 x
= + —_
4_ 2(x-1) 2(x+1 2
ap, 302043 36742043 # -1 2x=D 2x+l) 2741

2 —D(x+1)  (x=D(x+1)>

A B C
= + + =
x=1 x+1 (x+1)?
3x% +2x+3
= A(x+1)* + Bx—D(x+ 1)+ C(x—1) =
3x? +2x+3

=(A+B)x>+(2A+C)x+(A-B-C)=
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Applying the Concepts

47.

48.

49.

50.

Let x = the amount invested at high-risk. Let
y = the amount invested at 4% interest. Then
X+ y =15,000

{0.12x +0.04y =1300
—0.04x-0.04y = -600

{ 0.12x+0.04y =1300

x=8750

8750+ y =15,000 = y = 6250

The speculator invested $8750 at 12% and

$6250 at 4%.

= 0.08x =700 =

Let x = the number of acres of tomatoes. Let
y = the number of acres of soybeans. Then
{ y=5+2x N
525x+475y = 24,500
525x+475(5 +2x) = 24,500 =
1475x+2375=24,500= x =15
y=5+2(15)=35
There are 15 acres of tomatoes and 35 acres of
soybeans.

Let x = the length of the rectangle. Let y = the
width of the rectangle. Then

{xy=63 . y=9
— X
2x+2y=33 2x+2y=33
2x+2(§)=33:>2x—33+g:0:>

X X

=

2x2—33x+126:O:>(x—6)(2x—21):0:>
x=60rx=%=10.5; 6y=63=>y=%=10.5

2 y=63=y=6
2
The rectangle is 10.5 feet by 6 feet.

Let x and y = the numbers. Then

2(l+l)=13 2:2.13
Xy Xy -

1 _
xy=§ y=—

%+i=13=>2+18x=13=>

x 1 X
9x

18x2 —13x+2=0= 2x-D(Ox-2)=0=
1 2

x=—orx==

2 9
Lo 22 1
27T 9T YTy gl T T YT,

The numbers are l and %
2 9

51. Letx = the length of one leg. Let y = the

length of the other leg. Then
x2+y2 =172
2 2 2 =
x+D2+(y+4?=20
y? =289 x2
2 2 P
x“+2x+y°+8y-383=0
X2 +2x+289— x% + 8289 - x2 -383=0=
8v289— x? = 2x+94 =
64(289 — x2) = (—2x+94)> =
18,496 — 64x% = 4x* — 376x + 8836 =
68x2 —376x — 9660 = 0 =
Mx-15)17x+161)=0= x=15 orx=—17E

(Reject the negative solution.)
152+y2=17>= y=38
The legs of the triangle are 15 and 8.

Let x = the rate Chris travels. Let y = the time
Chris travels. Then

{xy:Zl N y=% =
e+ DB =09 =211 y-05)=21

(x+1)(2—0.5jz21:>
X

21 5
—0.5x-05+=—=0=-5x>-5x+210=0=

—5(x—6)(x+7x) =0=>x=6o0orx=-7
(Reject the negative solution.)

6y =21= y=3.5 hours. Chris starts 3.5
hours before 7:30 A.M. or 4:00 AM.

Let x = the width of the smaller pastures. Let
y = the length of the pastures.

X 2x X
,
Then,
4xy = 6400 y=1000
{4x+2y =207 | o
4x+2(@)= 240 = 4x—240+@= 0=

4x* —240x+3200=0=
4(x—-40)(x-20)=0= x=40 or x =20
4(40)y = 6400 = y =40

4(20)y = 6400 = y =80

The dimensions of the pasture are 40 meters
by 160 meters.
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54. a.

55. a.

Let x = the number of miles. For Budget
Rentals, the cost function is

C(x)=23+0.17x . For Dollar Rentals, the
cost function is C(x) =24+0.22x .

y
60—

50—

40 Dollar

=1

O 30 Budget
20—

10—

I T A |
0 10 20 30 40 50 60 70 80 x

Miles

Budget Rentals
C(x)=23+0.17x

Dollar Rentals
C(x)=24+0.22x

C(50)=23+0.17(50)

C(50) =24 +0.22(50)

=31.50 =35

C(60) =23+0.17(60) |C(60) =24 +0.22(60)
=33.20 =37.20

C(70) =23+0.17(70) | C(70) = 24 +0.22(70)
=134.90 =39.40

Budget Rentals is less expensive for all three
scenarios.

C(x)=12x+60,000; R(x) =20x

200,00y0 = R(x),
175,000
150,000
125,000 —
100,000 —
75,000 =
50,000
25,000

| (7500, 150,000) 7 Cx)

Profit

0

Number of timers

C(x)=R(x) = 12x+ 60,000 = 20x =
x="7500

R(12) =20(7500) = 150,000

The breakeven point is (7500, 150,000).

P(x)=R(x)—C(x)=0.15C(x) =>
20x — (12x + 60,000)

=0.15(12x + 60,000) =
8x—60,000=1.8x+9000 =
6.2x=69,000 = x = 11,129
11,129 timers should be sold.

56. a.

4000 :2—’;)+10:> 80,000 = x2 +200x =

X
x% +200x - 80,000 =0 =
(x=200)(x+400) =0= x =200 or

x =-400 (reject the negative solution.)

The equilibrium quantity is 200 units.
_ 4000

P =200

The equilibrium price is $20 per unit.

20

300
250
200

150

Price per unit

100
(200, 20)

50 Supply

0| 50 100 150 200 250 300X
Number of units

57. Let x = the double occupancy rate. Let y = the

58.

single occupancy rate. Each pays half of the
double occupancy rate, so Alisha paid

6(%) +3(x—y)=6x—3y for the nine

months, and Sunita paid 6(%) +3y=3x+3y

for the nine months.
6x—3y=2250 _ _

{3x+3y ~3150 = 9x=5400 = x =600

3(600) +3y =3150= y =450

The double occupancy rate is $600 per month,

and the single occupancy rate is $450 per
month.

Let x = the number of chairs in each row.
Let y = the number of rows. Then

{ xy =600 N
(x+35)(y—-4)=600
_ 600
x =
(x+5)(y—4)=600
@m)(@— 4) - 600
3000
X
—4x? =20x+3000=0
—4(x—=25)(x+30)=0= x=25 orx=-30
(Reject the negative solution). 25y = 600 =

—4x-20+ =0

y =24 . There are 25 chairs in 24 rows.
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59.

60.

61.

Let x = the number of students who passed the

exam. Let y = the number of students who

failed the exam. The total number of points

scored for the class is 26 x 72 = 1872. Then

{ x+ y=126 N {—26x—26y = —676:>
78x+26y=1872 78x+26y=1872

52x=1196=x=23,y=3

Three students failed the exam.

atb

7=25
a+b=5
bre 3851 bre=76
a+ c=6.2
a+c =31
2

Subtract the third equation from the first and
replace the third equation with the new

a+b=5 a+b=5
equation: b+c=76= b+c=176
a+ ¢=62 b—c=-12

Subtract the third equation from the second
equation, replace the third equation with the
new equation, and solve for c:

a+b=5 a+b=5
b+c=76 = b+c=76=
b—c=-12 2c=8.8
a+b=5
b+c=17.6
c=44

Substitute ¢ = 4.4 into the second equation,
solve for b, then substitute the value for b into
the first equation to solve for a:

a+b=5 a+b=5
b+c=76=> b+44=76 =
c=44 c=44
a+b=5 a+32=5 a=1.8
b=32= b=32=:b=32
c=44 c=44 c=44

Let x = Steve’s age now. Let y = Janet’s age
now. Then x — y = the difference in their ages.
{y=2(y—(x—y)) {y=4y—2x
x+({(x—y)+x)=119 3x—y=119
{—2x+3y=0 {—2x+3y=0 N
3x—y=119 9x—-3y =357
Tx=35T= x=51
51+(51-y)+51=119= y=34
So, Steve is 51 years old now and Janet is 34
years old now.

62.

X1+ |=46
100 - 100x+xy=4600:>
X 100y + xy = 2100
yl1+—1|=21
100

100x + xy = 4600
2100 =

Y= H100

100x + x( 2100 ) =4600 =
00

X+

100x +7500x — 460,000 = 0 =
100(x - 40)(x+115)=0= x=40 orx =-115
Reject the negative solution.

40
1+—|=2l=y=15.
y[ 100j Y
The solution is {(40, 15)}.

Let x = Butch’s amount. Let y = Sundance’s
amount. Let z = Billy’s amount. Then
x=0.75(y+2z)
y=0.5(x+2)+500=
z=3(x—y)—-1000
x—0.75y-0.75z=0
-05x+ y— 0.5z=500
-3x+ 3y+ z=-1000
Multiply the first equation by 0.5, add the
result to the second equation, and replace the
second equation with the new equation. Then,
multiply the first equation by 3, add the result
to the third equation, and replace the third
equation with the new equation.
x—0.75y-0.75z=0
-0.5x+ y— 05z=500 =
-3x+ 3y+ z=-1000
x=0.75y—- 0.75z=0
0.625y —0.875z =500
0.75y - 1.25z=-1000
Multiply the second equation by —1.2, add the
result to the third equation, replace the third
equation with the new equation, then solve for

z
x—0.75y—- 0.75z=0
0.625y-0.875z =500 =
0.75y - 1.25z=-1000
x—0.75y—- 0.75z=0
0.625y-0.875z=500 =
-0.2z=-1600
x—0.75y—- 0.75z=0
0.625y —0.875z =500
z=28000

(continued on next page)
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(continued) t lexirmt 16+ /162 _4(32)
Substitute z = 8000 into the second equation to XX os=0= = 2 =
solve for y, then substitute the values for y and z x=8+4/2
into the first equation to solve for x:
X=0.75y— 0.757=0 2(8+4V2)+ y=8=y=-8-8\2
0.625y-0.875z =500 = Reject this solution because length cannot be
z=8000 negative. 2(8—4ﬁ)+y:8:>y:—8+8x/§.
x—0.75y - 0.75z =0 Th fth Cth £ th
0.625y —0.875(3000) = 500 = e area of the octagon = the area of the square
— 4 x the area of a corner triangle.
Z =8000 1 )
x=0.75y-0.75z=0 A0=82—4(—(8—4\/§) j
- 2
y =12,000 =
2= 8000 = 1282 — 128 =~ 53.02 square units
x—0.75(12,000) - 0.75(8000) = 0 67. Letx = the number of two-story houses. Let
y=12,000 = y = the number of one-story houses. The profit
z=8000 p =10,000x + 4000y. The two-story houses
x =15,000 use 7x units of material, while the one-story
y=12,000 houses use y units of material. The two-story
z =8000 houses use x units of labor, while the one-
So, they stole $35,000. Butch received $15,000, story houses use 2y units of labor. So, the
Sundance received $12,000, and Billy received constraints are x>0,y >0,7x+ y <42, and
$8000. x+2y <32,
a0’ + bO)+ c=1 (¢=| Solve the systems {iig B 32,{;;3)) - ?é,
64. la)®+ b()+ c=0=la+b+c=0 r= r=
a(-)* +b(-1)+c=6 a-b+c=6 and {Z}x—+0y =42 to find the vertices: (0, 16),
Subtract the second equation from the third
equation, and replace the second equation with (4, 14), and (6, 0).
the new equation. Solve for b, then substitute z(y) "
the values for b and c into the third equation to 18 -
-1 -1 168 X+2y=32
€= €= 14 e, 14)
solve fora: ya+b+c=0=47 -2b =6= 1k
a-b+c=6 a-b+c=6 10
8 .
c=1 c=1 c=1 6 - Triy=42
b =-3= b =-3=:b=-3 4T
a-b+c=6 a+3+1=6 a=72 ? T S T
) 0] 246 8101214161820
The equationis y=2x" —3x+1. Now find the values of the profit function at
; each vertex:
x = y x = y =
65. 2'=8" =2 =27 5=y Ordered pair | p =10,000x +4000y.
9V =3""=37=3""=2y=x-2
x=3y 0, 16) 64,000
{2y=x—2:>2y_3y_2:>y_2’x_6 (4, 14) 96,000
66. Using the Pythagorean theorem, we have (6. 0) 60,000

2x? = yz. The length of the side of the square is
2x+y=28. So
2x+y=38 y=-2x+8
{2 2_ 2 :>{2 2_ 2
=Y =y
2x2 = (2x+8) > = 2x2 +32x-64=0=

The builder should build 4 two-story houses
and 14 one-story houses for a maximum profit
of $96,000.
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68.

69.

Let x = the number of pounds of product X.
Let y = the number of pounds of product Y. The
cost ¢ =0.75x+0.56y. The number of protein

grams is 180x +36y. The number of fat grams
is 2x+8y. The number of carbohydrate grams
is 240x+200y. The constraints are x = 0,
y=0,180x+36y=612,2x+8y =22, and

240x + 200y < 1880.
y 180x + 36y =612
i (4. 123
THI\19 19
6_
5_
4+ 240x + 200y = 1880
3_
2r 32
’ 12 21
1+ 2x+ 8y =22 (I_9SE>
| | | 1 1 | | 1
0 1 2 3 45 6 7 8 x

180x +36y = 612
240x +200y = 1880

240x+200y =1880 |2x+8y =122
2x+8y =22 7 1240x + 200y = 1880

to find the vertices (ﬂ EJ, (E 2} , and

19° 19 19’19

(3,2). Now find the values of the cost function
at each vertex:

Solve the systems {

Ordered pair c=0.75x+0.56y.
(@ Ej ~$5.20
19719 hae
1 2) ~$5.55
19 '19 e
(3,2) $3.37

The cost is at a minimum if 3 pounds of
product X and 2 pounds of product Y are used.

Let x = the cost of the small lobster, y = the
cost of the medium lobster, and z = the cost of
the large lobster. Then we have

4dx+2y+ z=344 (D)

3x+ 2z=255 (2)

Sx+2y+2z=449 (3)
Interchange equations (2) and (3).

4dx+2y+ z=344 (D)

Sx+2y+2z=449 (3)

3x+ 2z=255 (2)

70.

Multiply equation (1) by —1, add the result to
equation (3), then replace equation (1) with
the result (4).
4dx+2y+ z=344
Sx+2y+2z=449=
3x+ 2z =255
—4x-2y—- z=-344
Sx+2y+2z=449 =
3x+ 2z =255
X+ z=105 (4)
Sx+2y+2z=449 (3)
3x+ 2z=255 (2)
Multiply equation (4) by —3, add the result to
equation (2), then replace equation (2) with
the result (5).
x+ z=105 (4)
S5x+2y+2z=499 (3) =
3x+ 2z=255 (2)

—3x- 3z=-315
Sx+2y+2z=449 =
3x+ 27 =255
X+ z=105 4
Sx+2y+2z=449 3)
-z2=-60=2z=60 (5
Substitute z = 60 in equation (4) and solve for
x: x+60=105= x=45
Now substitute x = 45 and z = 60 into equation
(3) and solve for y:
5(45) +2y+ 2(60) =449=2y=104=
y=52
A small lobster costs $45, a medium lobster
costs $52, and a large lobster costs $60.

Let x = the price received for a good crop,
y = the price received for a mediocre crop,
and z = the price received for a bad crop. Then
3x+2y+ z=39 (1)
2x+3y+ z=34 (2)
x+2y+3z=26 (3)
Interchange equations (1) and (3).
x+2y+3z=26 (3)
2x+3y+ z=34 (2)
3x+2y+ z=39 (1)
Multiply equation (3) by —2, add the result to
equation (2), and replace equation (2) with the
result (4).
—2x—-4y—-6z=-52
2x+3y+ z=34 =
3x+2y+ z=39

(continued on next page)
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(continued)

x+2y+3z=26 (3)
-y—=5z=-18 4)
3x+2y+ z=39 (D
Multiply equation (3) by —3, add the result to
equation (1), and replace equation (1) with the
result (5).
—3x—-6y-9z=-78
-y-5z=-18=
3x+2y+ z=39
x+2y+3z=26 3)
-y=-5z=-18 (4)
-4y-8z=-39 (5)
Multiply equation (4) by —4, add the result to
equation (5), replace equation (5) with the
result (6), and solve for z.

xX+2y+3z=26
4y+20z=72 =
—4y-8z=-39
x+2y+3z=26 3
-y—-5z=-18 @)

12z=33=2=2.75 (6)
Substitute z = 2.75 into equation (4) and solve
fory.—y—5(2.75)=-18 = y =4.25
Substitute y = 4.25 and z = 2.75 into equation
(3) and solve for x.
x+2(4.25)+3(2.75) =26 = x=9.25

A good crop earns 9.25 dou, a mediocre crop
earns 4.25 dou, and a bad crop earns 2.75 dou.

Chapter 8 Practice Test A

1. Using elimination, we have
{2)6 -y=4
2x+y=4
22Q)+y=4=>y=0
The solution is {(2, 0)}.

=4x=8=x=2

2. Using elimination, we have
x+2y=8 3x+6y=24
{3x+ 6y=24"" {3x+ 6y =24 thesystem

is consistent. The solution is {(x, 4— %j}

3. Using substitution, we have
{—2x+ y=4:>{ y=2x+4=>
4x—-2y=4 4x-2y=4
4x-2(2x+4)=4= -8=4= thereis no
solution.
Solution set: &

{3x+3y=—15 :{x+y=—5:>2x:_10:>

2x-2y=-10 x—y=-5
x=-5
3(-5)+3y=-15=y=0
The solution is {-5, 0)}.

5. Using elimination, we have

S .Y _
35T, =4 {10x+3y=84
gx—l:3 16x-3y="72
378

26x=156=x=6

5 y
—(6)+==14= y=8
3() 2 y
The solution is {(6, 8)}.

6. Using substitution, we have

{ y=x" L3 2ius05
3x—-y+4=0

2 -3x-4=0=(x-Hx+)=0=

x=4orx=-1

y=4>=16

y=(17=1

The solution is {(4, 16), (-1, 1)}.

7. Using elimination, we have
x=3y=-4
{sz +3x-3y=8
W Hx—6=0= (x+3)(x-2)=0=
x=-3orx=2

= 2x2 - 2x=-12>

—3—3y=—4=>y=%
2-3y=-4=y=2

The solution is {(—3, %j,(Z, 2)}.

8. a. Letx =the weight of one bar. Let y = the
weight of the other bar. Then
x+y=485
{x -y=15

b. {x+y:485:>2x:5002>x=250
x—y=15
250+ y=485= y =235
One bar weight 250 pounds and the other
weighs 235 pounds.

9. Multiply the first equation by —2, add the
result to the second equation, and replace the
second equation with the new equation. Then
divide the second equation by 4.

(continued on next page)
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(continued)

10.

11.

v+ y+2r=4d 2x+ y+§z=47
4x+6y+ z =15= y——z=—
2x+2y+7z=~1 4 4

2x+2y+T7z=-1

Subtract the third equation from the first
equation and replace the third equation with the
new equation:

2x+ y+2z=4 2x+ y+2z=4
REDUE N N W
YTATYy YAy
2x+2y+T7z=-1 -y—=5z=5

Add the second and third equations, replace the
third equation with the new equation

2x+ y+2z=4 2x+ y+2z=4
3
—_—— == —_—=— =
YT4Ty VTR,
-y-5z=5 _Ez_ﬂ
4 4

Solve for the third equation for z. Divide the
first equation by 2:

1
x+t=y+ z=2
2y

3 7
R
27
=
xX—6y+3z=-2 x—6y+3z=-2
9y-5z=2 = 9y-5z=2
2z=10 z=5

9y-508)=2=>y=3
x—6(3)+35)="2=>x=1
The solution is {(1, 3, 5)}.

Subtract the third equation from the first
equation, replace the third equation with the
new equation, and solve for z.

x+ y+ z=38 x+ y+ z=8

2x-2y+2z=4 =42x-2y+2z=4

x+ y— z=12 7=-2
Multiply the first equation by —2, add the result
to the second equation, and replace the second
equation with the new equation. Solve for y:

x+ y+ z=8 X+y+z=28
2x-2y+2z=4 = y =3
z=-2 z=-2

Substitute the values for y and z into the first
equation to solve for x:

12.

13.

14.

x+3-2=8 x=7
y =3 =4y=3
z=-2 z=-2
The solution is {(7, 3, =2)}.

Add the second and third equations, and
replace the third equation with the result:

X+ z=-1 x+ z=-1
3y+2z=5 = 3y+2z=5 =
3x-3y+ z=-8 3x +3z=-3
x+ z=-1
3y+2z=5
X + z=-1

The first and third equations are the same, so
we have two equations in three unknowns.
Solve the first equation for z, then substitute
that expression into the second equation to
solve for y:

z=—x-13y+2(—x-1)=5=

2 7
3y=2x+7T= y=—x+—
y=zx y 3 3

The solution is {(x,%x + %,—x - 1)}

Add the first and second equations, replace the
first equation with the solution, then solve for

2x— y+Z=2 X =l
X3 x+ y—z=-1= ot y—zzil
XTIVAIET | syse=7

Substitute x =1/3 into the second and third
equations, then solve the system
Sy-35z= 2
= 3 50=0
20
—5y +5z= ?

1
-+ y—z=-1
30 078

1
——5y+5z=17
3 y

So, solve the original second equation for y:

l+ —z——1=>z—z—i
377 3

The solution is (l, —£+ Z, Z) .
3 3

Let n = the number of nickels. Let d = the
number of dimes. Let g = the number of
quarters. Then

n+d+q =300

d=3n+gq) =

0.05n+0.1d + 0.25g = 30.65

n+ d+ ¢q=300
-3n+ d- 3¢g=0
5n+10d + 25 = 3065

(continued on next page)
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(continued)

Multiply the first equation by 3, add the result
to the second equation, and replace the second
equation with the new equation
n+ d+ ¢q=300
=3n+ d- 3¢g=0 =
5n+10d +25¢q = 3065

n+ d+ ¢q=300
4d =900 =
5n+10d + 25¢q = 3065
n+ d+ ¢=300
d =225
5n+10d +25q = 3065
Multiply the first equation by -5, add the result
to the third equation, and replace the third
equation with the new equation:
n+ d+ ¢=300
d =225 =
5n+10d +25q = 3065
n+d+ ¢g=300
d =225
5d +20g =1565
Substitute d = 225 into the third equation, solve
for g, then substitute the values for d and ¢ into
the first equation to solve for n:
5(225)+20g =1565 = g =22
n+225+22=300=n=53
There are 53 nickels, 225 dimes, and 22

quarters.
15 2x A N B
T (x=5(x+D x-5 x+1
— 2 —
16. 5x +2x 82
(x=2)(x"+1
A Bx+C Dx+E
- to ot e
x=2 x"+1 (x°+)
17 x+3 A + B C

= + =
(x+8 (x-7) x=7 x+4 (x+4)?
x+3=A(x+4)% + B(x—T)(x+4)+C(x—7)

1
Lettingx =7, we have 10=121A= A= %

Letting x = —4, we have —-1=-11C = %= C.

Substitute the values for A and C into the
equation and expand.

18.

20.

x+3=(B+£jx2+(2—3B)x

121 121
+ ﬁ— 28B) =
121
B+ o p=-10
121 121
x+3
(x+d>(x-7)
10 10 1

= - +
121(x=7) 121(x+4) 11(x+4)>

R
&_
6‘|—
A)
4
\
2
\
[ ! v
“8-6-4-20 24 4 6 8x
_2_ \
\
—4 ‘\
\
_6_ “
‘\
y
= o
y7x2=3 o l"
2: ,/';—XZO
L b
T8 6420 2 4 6 8x
'/*2—
'l, _4_
I"' 76_
¥ 8
x=0 x+3y=3
Solve the systems , ¢ ,
x+3y=3"|y=0
y=0 . .
and =0 to find the vertices: (0, 1), (3, 0),
and (0, 0).
y
M
16 x+3y=3
| | v 1
0 1 2 3 4 X

Now find the values of the objective function
at each vertex:

Ordered pair z=2x+y
0, 1) 1
(3,0) 6
0, 0) 0

The maximum value is 6 at (3, 0).
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Chapter 8 Practice Test B

1.

Substitute each of the ordered pairs into the
system.

2(5)-3(-2)=16 _
{5 —(2)=7 The answer is A.

Substitute each of the ordered pairs into the
system.

44
6(?) ~9(10) = -2

44
3(?J ~5(10) = -6

The answer is C.

Substitute each of the ordered pairs into the
system.

5 .9
2l —y+—|-5y=9
(3543

5 9
4 —y+—|-10y =18
(3543100
The answer is B.

Substituting each of the ordered pairs into the
system, we find that none are solutions. The
answer is C.

Substitute each of the ordered pairs into the
system.

1 2
g(l)+§(2) =1

1 1 5
Z(l)—g(z) T

The answer is B.

Substitute each of the ordered pairs into the
system.

1 1
3y+—|-3y=—
(y 2) )
—2(3y+%)+6y=—1

The answer is D.

Substitute each of the ordered pairs into the
system.

3
3(2)+4(5j_12

3(4)+4(0) =12
3(4)% +16(0)% = 48

3 2
3(2)2+16(5j =48

The answer is D.

10.

11.

12.

13.

Let x = the number of student tickets and

y = the number of nonstudent tickets. Then
x+ y =300 —-2x-2y=-600

{2x+5y =975 { 2x+5y =975

3y=375=y=125

x+125=300= x=175

The answer is D.

Multiply the first equation by 2, subtract the
second equation from that result, then replace
the second equation with the new equation:

x+3y+3z=4 x+3y+3z=4
2x+5y+4x=5= y+2z=3
xX+2y+2z=6 xX+2y+2z=6

Subtract the third equation from the first
equation, then replace the third equation with
the new equation:

x+3y+3z=4 x+3y+3z=4
y+2z=3 = y+2z=3
x+2y+2z=6 y+ z=-2

Subtract the third equation from the second
equation and replace the third equation with
the new equation:

x+3y+3z=4 x+3y+3z=4
y+2z=3 = y+2z=3
y+ z=-2 z=5

The answer is C.

From the third equation, z = 3.
10y-23)=4=y=1;2x+1+3=0=
x=-2

The answer is A.

Substitute each of the ordered pairs into the

system.
2)+13(-1)+6(2)=1
3(H+10(-1)+11(2) =15
2()+10(-)+8(2) =8

The answer is B.

Substituting each of the ordered pairs into the
system, we find that none are solutions.
The answer is D.

Substitute each of the ordered pairs into the
system.
x=25x+1)+33Bx+2)=4
2x-Gx+)+(Bx+2)=1
x+Gx+D)-2Bx+2)=-3

The answer is C.

Copyright © 2015 Pearson Education Inc.



808 Chapter 8 Systems of Equations and Inequalities
14. Let x = the number of students going to 20. Solve the systems
France. Let y = the number of students going x=0 2x+3y=16 [2x+y=38 d
to Italy. Let z = the number of students going 2x+3y=16"12x+y=8 ’|y=0 an
to Spain. Then 0 16
xX+y+z=46 x+y+z=46 {y:() to find the vertices: (O, —),
x+y=4+z7 ={x+y—-z=4 Subtract o 3
X=Z— 2 X—2= _2 (2’ 4)7 (4’ O)’ and (07 O)
the second equation from the first equation, y
replace the second equation with the new 6._
equation, and solve for z: 5 2x+3y=16
xX+y+z7=46 x+y+z=46 4T
_x+y—z:4 —4 27=42 = 3r
X— z=-2 xX— z=-2 2| 2x+y=8
x+y+z=46 1+
z=21 | »_ L |
x—  7=-2 of 1 2 3 4 5 6 x
Substitute z = 21 into the third equation to Now find the values of the objective function
solve for x. Then substitute the values for x at each vertex:
and z into the first equation to solve for y: Ordered pair 7=3x+2ly
x=21=-"2=x=19;194+y+21=46=
- 16
y=6 (o, —) 112
The answer is B. 3
15. C 16. A 2,4) 90
4,0 12
X +15x+18  xX +15x+18 %9
17. 3 = 0, 0) 0
x” =9x x(x=3)(x+3) ’
A B C . . 16
=—+ + The maximum value is 112 at | 0, — |.
x x-3 x+43 3
x2+15x+18 The answer is B.
= A(x%> = 9) + Bx(x+3) + Cx(x - 3)
Letting x = -3, we have Cumulative Review Exercises
(=3)2 +15(=3) + 18 = —3C(-3—3) = (Chapters P-8)
-18=18C=-1=C
Lettzingx=3,wehave 1 11+ 44: 55:>
(3)"+15(3)+18=3B(3+3)= x—l Xx= x—=
72-18B— 4= B x=4Hx-5+4(x-D(x-5)
Substituting the values for B and C and =3(x-Dlx-4H=
expanding the equation, we have 5x% —33x+40="5x% - 25x+20=
2
x“+15x+18 —8x=—20:>x:§
= A(x? = 9) +4x(x+3)— x(x—3) 2
=(A+3)x%+15x-9A = 1
A+3=1 2. Let u=x+—. Then
{—9A—18 =A=-2 x
= Wl -Tu+5=0= u-HQu-5=0=
+15x+18 2 4 1 u=1oru=5/2
S -_= -
x° —9x x x—-3 x+3 1 _ 2 _
The answer is C. x+x—1=>x x+1=0=
18. B 19. A SR S ETNER W)

2 2 27 2

(continued on next page)
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(continued) 6. 25 '=5=(x-DHIn2=In5=

xtr=2 50 51220 ¥In2-In2=In5= y= M3*+IN2
x 2 In2

(x=2)2x-1)=0=x=2o0rx=1/2

&zi}

2 772

7. log, 16=4=x*=16=x*=2"=x=2

!
The solution is {5 T 8. log(x—3)+log(x—1)=log(2x—5) =

log ((x=3)(x—1)=log(2x-5) =

X —4x+3=2x-5=>x"-6x+8=0=
x-4H(x-2)=0=>x=4orx=2

Reject x = 2 because it makes

log(2 —3) = log(—1), which is not possible.
The solution is {4}.

3. Bx-5=x-3=3x-5=(x-3)"=
K2 -9x+14=0= (x-7)(x-2)=0=
x=T7orx=2.

Check each answer to see if either is
extraneous:

BDH-5=J16=4=7-3 0
J3(2)-5 :\/I:1¢2—3:> 2 is extraneous.

Shift the graph of y = |x| one unit left and two

vertical asymptote is x = —3. The intervals to

units down.

The solution is {7}. y
5 —
x—1 . . 4
4. =0= x =1 is the x-intercept. The N

x+3

2 —

1

be tested are (—oo,—3), (—3,1], and [1,o0). _g '_4'1 \0/ ; e

Test Value of (-1, —2) %2
es L
Interval Point x—1 Result _ab
x+3 -5+
—0,—3 -4 5 +
( ) 10. Shift the graph of y = x? two units right,
(_3 1] 0 B l _ reflect it across the x-axis, then shift it three
’ 3 units up.
y
[1e2) 2 1 + r
5 L a2
The solution is (-3,1]. T_
[ AR VI B
5. Solve the associated equation to find the test S2-1 0123 56 7%
intervals: = [
x2-9x+20=0= (x—4)(x-5)=0= AR
x=4orx=5. i

The intervals to be tested are (—eo,4),(4,5),

and (5,0). 11. Shift the graph of y =2% one unit right and
three units down.
Value of Yy
Interval Tgst 2 Result 5
Point | x*-9x+20 =
.
(—o0,4) 0 20 + L
4, 5) 45 ~0.25 _ NI AT A
-5 -3 -1 1S3 5%
(5,0) 10 30 + N
4——9{_ __________
The solution is (—ee,4) U (5,0). peantai
75 —
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12. Shift the graph of y = Jx one unit right and
three units up.

sl fw="x-1+3

3T (1,3)

1 2 3 4 5 7%

13. a. Switch the variables and solve for y:

y=2x—2:>x=2y—2:>y=f71= 5

14. a. The factors of the constant term are
{il, 12,43, i6}. The factors of the leading

coefficient are {il}. The possible rational

zeros are {*1,12,13,16}.

b. 2/ 1 -1 1 -6
2 2 6
1 1 3 0

A real zero is 2.

. ¥-xt+x-6=(x-2)(x>+x+3)

) B _-1x41-12
X +x+3—0:>x—f:>
S EINT
2

The zeros are 2,—lil 1 .
2 2

x+2

15. log;(9x*)=1log; 9 +logs x* =2+ 4logs x

16.a. 0.5=¢"%" =1n0.5=-0.05t =
3 In0.5

t =————=13.86 years
0.05

b. 0.5=¢2090% —150.5=-0.0002t =

=005 56574 years
0.0002

17. f7'(9)=2

18. A=Pe" = 2P =P = 2= o

In2 = 0.075t = 1 = 0.2
0.075

=9.24

It will take about 9.24 years to double the
money.

19, {5x—2y+25 =0 {10x—4y =-50
4y-3x-29=0 3x+4y=29
Tx=-"21=x=-3
4y-3(-3)-29=0=y=5
The solution is {(-3, 5)}.
20. Multiply the second equation by —2, add the

result to the first equation, and replace the
second equation with the new equation:

2x— y+z=3 2x— y+ z=3
x+3y-2z=11= -Ty+5z=-19
3x-2y+z=4 3x-2y+ z=4

Multiply the first equation by 3, multiply the
third equation by —2, add the two and replace
the third equation with the new equation:
2x— y+ z=3 2x— y+ z=3
-7y+5z=-19= -7y+5z=-19
3x-2y+ z=4 y+ z=1
Multiply the third equation by 7, add the result
to the second equation, replace the third
equation and solve for z:
2x— y+ z=3 2x— y+ z=3
-7y+5z=-19= -7y+5z=-19=
y+ z=1 12z=-12
z=-1
-Ty+5(-)=-19=y=2
2x-2-1=3=>x=3
The solution is {(3, 2, —=1)}.
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