Chapter 1

EQUATIONS AND INEQUALITIES

. 10. 9x+11=7x+1
Section 1.1

Linear Equations 2x+1l=1

1. Solve the equation 2x+5=x-3

answers will vary.
Sx+4=3x-4
2x+4=-4
2x=-8=>x=-4
Solution set: { - 4}

2x=-10=>x=-5

2x+5=x-3 Solution set: {—5}
2x+5-x=x-3-x
x+5=-3 11. 6(3x—1)=8-(10x—14)
x+5-5=-3-5 18x-6=8-10x+14
x=-8 18x—-6=22-10x
Moreover, replacing x with —8 in 28x—-6=22
2x+5=x—3 yields a true statement. 28x=28=>x=1
Therefore, the given statement is true. Solution set: { 1}
. The left side can be written as
S(r g5 V1= 554 5(_8 12. 4(-2x+1)=6-(2x—4)
(x=8)=5[x+(-8)]=5x+5(-8) —8x+4=6-2x+4
=5x+(—40) = 5x - 40, —8x+4=10-2x
which is the same as the right side. Therefore, 4=10+6x
the statement is an identity. —-6=6x=-1=x
. The equations x> =4 and x+2=4 are not Solution set: { -1 }
equivalent. The first has a solution set {—2, 2} 5 4 5
13. —x-2x+—==
while the solution set of the second is {2} 6 3 3
Since the equations do not have the same 6- [2 x—=2x+ i} = é
solution set, they are not equivalent. The 6 3 3
given statement is false. Sx—12x+8=10
) . o -7x+8=10
. A linear equation can be a contradiction, an )
identity, or conditional. If it is a contradiction, “Ix=2=x=——
it has no solution; if it is an identity, it has 7
more than two solutions; and if it is Solution set: { —% }
conditional, it has exactly one solution.
Therefore, the given statement is false. 14 7 lx 3. 4
. Answers will vary. 45 25
7 1 30 4
. Answers will vary. 20 2 X 5 20 5t
. B cannot be written in the form ax+ b =0. 35+4x-30=16x
A can be written as 15x—7 =0 or 4x+5=16x
15x+(=7) =0, C can be written as Szlzxﬁizx
2x=0or 2x+0=0, and D can be written as . s 12
~0.04x 0.4 =0 or —0.04x+(—0.4) = 0. Solution set: {5 |
. The student’s answer is not correct. Additional 15. 3x+5-5(x+1)=6x+7

3x+5-5x—-5=6x+7
2x=6x+7

—8x=7:>)c=l=—Z
8 8

Solution set: {—%}
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54 Chapter 1 Equations and Inequalities

16. 5(x+3)+4x—3=—(2x-4)+2 22. 0.01x+3.1=2.03x—2.96
Sx+15+4x—3=-2x+4+2 100(0.01x +3.1) =100(2.03x — 2.96)
9x+12=-2x+6 x+310 =203x - 296
1x+12=6 310 =202x —296
-6 _ 6 606 = 202x = 3 = x
lIx=-6=>x=—=—— .
11 11 Solution set: {3}

: .l_6
Solunonset.{ “} 23. —4(2x-6)+8x=5x+24+x

17. 2[x—(4+2x)+3]=2x+2 —8x+24+8x=06x+24

24 =6x+24
2(x—4-2x+3)=2x+2 0=6x=0=x
2(-x—1)=2x+2 Solution set: {0}
2x-2=2x+2
2=4x+2 24. —8(3x+4)+6x=4(x—8)+4x
—4=4x —24x-32+6x=4x-32+4x
-1=x —18x-32=8x-32
Solution set: {—1} -32=26x—-32
0=26x=0=x

18. 4[2x—(3-x)+5]=—6x-28
4(2x-3+x+5)=-6x-28
4(3x+2)=—6x-28
12x+8=-6x—-28

Solution set: {O}

25. O.5x+%x=x+10

18x+8=-28 1 4
18x=-36 §x+§x—x+10
x=-2 1 4

Solution set: {2} 6(Ex+§xj=6(x+10)

1 x+10 3x+8x=6x+60

19. T Br-2)= 11x = 6x + 60

14 10

1 x+10 5x=60=x=12
70'{ﬁ(3x_2)}:70'[ 10 } Solution set: {12}

5(3x-2)=7(x+10)

15x-10=7x+70 26. §x+0.25x=x+2
8x—10=70 1
8x=80=x=10 §x+zx=x+2
Solution set: {10} 2 1
| s 12(§x+ZxJ=12(x+2)
X
20. 152 +9)= 8x+3x=12x+24
1 x+2 11x=12x+24
45-{5(2)”5)}:45-{ 5 } 24 e 24
3(2x+5)=5(x+2) Solution set: {24}
6x+15=5x+10
x+15=10= x=-5 27. 0.08x+0.06(x +12)=7.72
Solution set: {-5} 100[ 0.08x +0.06 (x +12) | =100-7.72
21, 02x-05=0.1x+7 8x+6(x+12)=772
10(0.2x-0.5)=10(0.1x +7) 8x+06x+72=T72
2x=5=x+70 14x+72=772
5270 14x=700= x =50
x=175 Solution set: {50}

Solution set: {75}
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28.

29.

30.

31.

32.

33.

34.

0.04(x—12) +0.06x =1.52
100[ 0.04(x —12)+0.06x | =100-1.52
4(x-12)+6x=152
4x-48+6x=152
10x-48 =152
10x=200= x =20
Solution set: {20}

4(2x+7)=2x+22+3(2x+2)
8x+28=2x+22+6x+6
8x+28=8x+28
28=28=0=0
identity; {all real numbers}

%(6x+20)=x+4+2(x+3)

3x+10=x+4+2x+6
3x+10=3x+10
10=10=0=0
identity; {all real numbers}

2(x-8)=3x-16

2x—-16=3x-16
-16=x-16=0=x

conditional equation; {0}

—8(x+5)=-8x-5(x+8)
—8x—40=-8x-5x-40
—8x-40=-13x-40
5x—-40=-40
5x=0
x=0
conditional equation; {0}
0.3(x+2)-0.5(x+2)=-0.2x-04
10[0.3(x+2)-0.5(x+2) | =10[-0.2x - 0.4]
3(x+2)-5(x+2)=—2x—4
3x+6-5x-10=-2x-4
—2x—4=-2x-4
0=0
identity; {all real numbers}

—0.6(x-5)+0.8(x-6)=02x-1.8
10[-0.6(x—5)+0.8(x—6)|=10[0.2x - 1.8]
—6(x—5)+8(x—6) =2x—18
—6x+30+8x-48=2x-18
2x-18=2x-18
0=0
identity; {all real numbers}

Section 1.1 Linear Equations 55

35. 4(x+7)=2(x+12)+2(x+1)
4x+28=2x+24+2x+2
4x+28=4x+26

28 =26
contradiction; &

36. —6(2x+1)-3(x—4)=-15x+1
—12x-6-3x+12=-15x+1
—-15x+6=—-15x+1
6=1
contradiction; &

37. Answers will vary. In solving an equation, you
cannot multiply (or divide) both sides of an
equation by zero. This is essentially what
happened when the student divided both sides
of the equation by x. To solve the equation,
the student should isolate the variable term,
which leads to the solution set {0}

Sx =4x
Sx—4x=4x-4x
x=0

38. Answers will vary. If k #0, then the equation
x+k =x would be a contradiction.

39. V=iwh 40. I=Prt
Vo _iwh L_pn
wh  wh rt 1t

wh rt

41. P=a+b+c
P-a-b=c

c=P-a-b

42. P=2l+2w
P-2l=2w
P-21 2w

2 2
pP-2 P
w=s—7—=—-1
2 2
1
43. A=Eh(B+b)
2A=2Bh(3+b)}
2A=h(B+b)
2A =Bh+bh
2A-bh=Bh
2A-bh _ Bh
h h
h h
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56 Chapter 1 Equations and Inequalities

1 51. ax+b=3(x—-a) 52. 4a-ax=3b+bx
. A_2h(B+b) ax+b=3x-3a 4a—-3b =bx+ ax
2A=2 lh(B-i—b) 3a+b=3x—ax 4a—3b=(b+a)x
2 3a+b=(3-a)x 4a-3b _
2A=h(B+b) Ba+bh _ bta
2A _ h(B+D) 34 x=4a—3b
B+b  B+b ,odath b+a
24 3-a
" B+b .
53. =ax+3
45. S = 2mrh + 2mr? a-1
S —2nr? =2nrh (a—l){ xl :(a—l)(ax+3)
S-2mr®  2mrh a- ,
nr = nr x=a"x+3a—-ax-3
S-2m? S 3-3a=a’x—ax—x
h=————= -r (2
2nr 2nr 3—3a—(a —a—l)x
| 3-3a -y
46. s=5g12 Ad-a-1
‘= 3-3a
25:2{_89} a—a-1
- of2 _
2s-gt2 54. al 1=2x—a
g’ 2
o7 Za[x_l}ZZa(Zx—a)
25 2a
8T x—1=4ax—24*
_ 52
47. S = 20w + 2wh + 2l x=dax—2a”+1
S —2lw =2wh +2hl x—4ax=—2a2+1
S —2lw=(2w+2l)h x(1-4a)=-2a"+1
S—2w  (2w+21)h x=—2a2+1=1—2a2
2w+2l 2w+2l l-4a  1-4a
S—2w 2 2 2 2
=2 55. a*x+3x=2a 56. ax+b°=bx—a
w+ 2l 5 5 y o
(a +3)x=2a a“+b” =bx—ax
48. Answers will vary. This section pertains to 5 SRR :(b—a)x
solving linear equations. In terms of 7, Y= 2a 5 .2
S =2mrh+2mr is not a linear equation. a’+3 ab+b =x
-a
49. 2(x-a)+b=3x+a _a*+b’
2x—2a+b=3x+a o b—a
—3a+b=x
x=3a+b 57. 3x=(2x-1)(m+4)
3x=2xm+8x—m—4
50. 5x—(2a+c)=4(x+c) m+4=2xm+5x
Sx-=2a—-c=4x+4c m+4:(2m+5)x
5x—2a=4x+5c m+ 4
— = =X
x—2a=>5c mtS
x=2a+5c m+4
X =
2m+5
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58.

59.

60.

61.

62.

63.

64.

Section 1.2 Applications and Modeling with Linear Equations

—x=(5x+3)(3k +1)

—x=15xk +5x+9k +3
—6x—15xk =9k +3
(-6-15k)x =9k +3

o k3 3(3k +1)

-6-—15k —3(2+5k)
_ 3k+1
S5k+2

(a) Here, r=0.04, P =3150, and
6 1

t=—=— .
B 2(year)

[=Prt=3150 (0.04)(3 =$63

The interest is $63.

(b) The amount Miguel must pay Julio at the
end of the six months is
$3150 + $63 = $3213.

(a) Here, r=0.055, P = 30,900, and

18 3
t=—== .
=5 (e
I = Prt =30,900 (0.055)(%)
=$2549.25
She must pay the bank

$30,900 + $2549.25 = $33,449.25.
(b) The interest is $2549.25.

F:2C+32
5

F:%-40+32:72+32:104

Therefore, 40°C = 104°F.
F = 2C +32
5

F =§-200+32=360+32=392
Therefore, 200°C = 392°F.

5
=2(F-32
c=2(r-n)

C=§(50—32)=§-18=10
9 9

Therefore, 50°F = 10°C.

5
C=—(F-32
> -n)

c=§(77—32)=§-45=25
9 9

Therefore, 77°F = 25°C.

65.

66.

67.

68.

69.

70.

57

5
=—(F-32
c=3(r-3)

C=§(100—32)=§-68 ~37.8
9 9

Therefore, 100°F = 37.8°C.

5
C=—(F-32
> -2)

c=§(350—32)=§-318z 176.7
9 9

Therefore, 350°F = 176.7°C.

5
=Z(F-32
C ( 3)

C =§(867 -32) =§~835 ~463.9

Therefore, 865°F = 463.9°C.

F:2C+32
5

F= %(—89.4) +32=-160.92+32~-128.9
Therefore, —-89.4°C = —128.9°F.

5
C=—(F-32
> -%)

5 5
C==(7-32)==-(-25)=-13.9

>(7-32)=2.(-29)
Therefore, 7°F = —13.9°C.
F:2C+32

5

F= %-(28.1) +32=50.58+32~82.6
Therefore, 28.1°C = 82.6°F.

Section 1.2 Applications and Modeling

with Linear Equations

15 minutes is % of an hour, so multiply 80

mph by % to get a distance of 20 mi.

75% is 3

3, so multiply 120 Lby 3, to get 90 L

acid.

. 2% is 0.02, so multiply $500 by 0.02 and by 4

yrs to get interest of $40

Multiply 40 half-dollars by $0.50 to get $20;
multiply 200 quarters by $0.25 to get $50.
Together, the monetary value is $70.

Concentration A, 24%, cannot possibly be the
concentration of the mixture because it is less
than both the original concentrations.
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10.

11.

12.

13.

Chapter 1 Equations and Inequalities

Expression D, x — 0.60 does not represent the
sales price. x — 0.60 represents x dollars
discounted by 60 cents, not x dollars
discounted by 60%. All of the other choices
are equivalent and represent the sales price.

D 8. A

In the formula P = 2]+ 2w, let
P =294 and w=57.

294 =2]+2-57

294 =2]+114
180=2=90=1

The length is 90 cm.

Let w = width of the rectangular storage shed.
Then w + 6 = the length of the storage shed.
Use the formula for the perimeter of a
rectangle.
P=2]+2w
44=2(w+6)+2w
44 =2w+12+2w
44=4w+12
32=4w=8=w
The width is 8 ft and the length is
8+ 6=14"ft

Let x = the length of the shortest side.

Then 2x = the length of each of the longer
sides.

The perimeter of a triangle is the sum of the
measures of the three sides.
X+2x+2x=30=5x=30=>x=6

The length of the shortest side is 6 cm.

Let w = the width of the rectangle.
Then 2w — 2.5 = the length of the rectangle.
Use the formula for the perimeter of a
rectangle.

P=2+2w
40.6=2(2w—2.5)+2w
40.6 =4w—-5+2w
40.6=6w-5=45.6=6w=T76=w
The width is 7.6 cm.

Let x = the length of the shortest side.
Then 2x — 200 = the length of the longest side
and the length of the middle side is
(2x = 200) — 200 = 2x — 400.
The perimeter of a triangle is the sum of the
measures of the three sides.
x+(2x—200)+ (2x — 400) = 2400
x+2x—200+ 2x—400 = 2400
5x—600 = 2400
5x =3000 = x =600

14.

15.

16.

17.

The length of the shortest side is 600 ft. The
middle side is 2-600—-400 =1200-400
=800 ft. The longest side is 2-600 — 200
=1200-200 = 1000 ft.

Let w = the width of the cake.
Then w + 5.9 = the length of the cake.
Use the formula for the perimeter of a
rectangle.

P=2l+2w

51=2(w+5.9)+2w

51=2w+11.8+2w

51=4w+11.8
3902=4w=98=w
The width of the cake was 9.8 ft and the
length was 9.8 + 5.9 = 15.7 ft.

Let [ = the length of the book.
Then [ — 0.42 = the width of the book.
Use the formula for the perimeter of a
rectangle.
P=2]+2w

596=2[+2(-0.42)
596=2[+2/-0.84
596=4/-0.84

6.8=4l=17=1
The length of the book is 1.7 cm, and the
width of the book is 1.7 — 0.42 = 1.28 cm.

The volume of a right circular cylinder is
V =7xr’h
V =7nr’h
14477 = 6% h
1447 =367 h
1447 367 h

36z 367
The height of the cylinder is 4 in.

Let i = the height of box.
Use the formula for the surface area of a
rectangular box.
S =2lw+2wh+2hl
496=2-18-8+2-8h+2h-18
496 =288+ 16h +36h
496 = 288+ 52h
208=52h=4=h
The height of the box is 4 ft.

=4=h
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Section 1.2 Applications and Modeling with Linear Equations 59

18. B and C cannot be correct equations.
In B,

2x+7(5-x)=52

—2x+35-7x=52
—9x+35=52
Ox=17T=x= —177
but the length of a rectangle cannot be
negative.
InC,

5(x+2)+5x=10
5x+10+5x=10
10x+10=10=10x=0=x=0
but the length of a rectangle cannot be zero.

19. Let x = the time (in hours) spent on the way to
the business appointment.

r t d

Morning 50 X 50x

Afternoon | 40 X+ % 40 ( X+ %)

The distance on the way to the business
appointment is the same as the return trip, so
50x =40(x+1)

50x=40x+10

10x=10=x=1

Since she drove 1 hr, her distance traveled
would be 50-1=150 mi.

20. Letx = time (in hours) on trip from Denver to
Minneapolis.

r t d

Going 50 X 50x
Returning 55 | 32-x | 55 (32 - x)

The distance going and returning are the same,
so we have
50x=55(32-x)
50x =1760—55x
105x=1760 = x = 16.76
Since he traveled approximately 16.8 hr to
Minneapolis, the distance would be about
50-16.8 =840 mi.

21. Letx = David’s speed (in mph) on bike.
Then x+4.5 = David’s speed (in mph)

driving.
r t d
Car x+45 |20min=1 hr| 1(x+4.5)
Bike x  |45min=2hr| 3x

The distance by bike and car are the same, so
%(x + 4.5) = %x
12[4(x+45)]=12[ 3]
4(x+4.5)=9x
4x+18=9x

18=5x= E =X
5
Since his rate is % (or 3.6) mph, David travels

%(%) = f—g =2.7 mi to work.

22. Let x = rate (in mph) the San Diego bound
plane travels. Then x + 50 = rate (in mph) the
San Francisco bound plane travels.

r t d
San Diego x 1 3x
San 1 1
Francisco x+50 2 2 (x * 50)

The distance traveled by the two planes is 275
miles. The rate of the San Diego bound plane

can be found by solving £ x+4(x+50) = 275.
%x +%(x+ 50) =275
2[Lx+L(x+50)]=2[275]
x+(x+50) =550 = 2x+50 =550
2x=500= x =250
The San Diego bound plane travels at 250 mph,

and the San Francisco bound plane travels at
250+ 50 =300 mph.

23. Let x = time (in hours) it takes for Russ and
Janet to be 1.5 mi apart.

r t d
Mary 7 by Tx
Janet 5 X 5x

Since Mary’s rate is faster than Janet’s, she
travels farther than Janet in the same amount
of time. To have the difference between Mary
and Janet to be 1.5 mi, solve the following
equation.
Tx-5x=15=2x=15=x=0.75

It will take 0.75 hr = 45 min for Mary and
Janet to be 1.5 mi apart.
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24. Letx = time (in hours) Mary runs. Since Janet

has a ten-minute start and 10 minutes is % hr,

Janet’s time running is x +% hr.

r t d
Mary 7 X 7x
Janet 5 x+% 5(x+%)

25.

26.

Since Mary must travel the same distance as
Janet, we must solve the following equation.

7x=5(x+%)

7x=5x+%

2x=%
x=2

12
It will take = hr =260 min = 25 min for
Mary to catch up with Janet.

We need to determine how many meters are in
26 miles.

i'5,280ft I'm

26 m — =~ 41,840.9 m
Imi 3.281ft
Usain Bolt’s rate in the 100-m dash would be
d 00
r = — =—— meters per second.
t  9.69

Thus, the time it would take for Usain to run the
26-mi marathon would be
t—i— 41,840.9

100
9.69

Since there are 60 seconds in one minute and
60- 60 = 3,600 seconds in one hour,

4054 sec =1-3600 +7- 60+ 34 sec

=41,840.9 & = 4054 sec.
r 100

or 1 hr, 7 min, 34 sec. This is about % the

world record time.

We know 26 mi = 41,840.9 m from exercise
25. Usain Bolt’s rate in the 100-m dash would

d 1
be r=—= % meters per second. Thus, the

time it would take for Usain to run the 26-mi
marathon would be
t—i— 41,840.9

100
9.58

4008 sec =1-3600+6-60+48 sec or 1 hr, 6

= 41,840.9-@ = 4008 sec
100

min, 48 sec. This is about % the world record

time.

27. Letx = speed (in km/hr) of Callie’s boat.

When Callie is traveling upstream, the current
slows her down, so we subtract the speed of
the current from the speed of the boat. When
she is traveling downstream, the current
speeds her up, so we add the speed of the
current to the speed of the boat.

r t d

Upstream

x=5 |20 min=% hr %(x—S)

Downstream

x+5 [15min=7 hr [ +(x+5)

28.

Since the distance upstream and downstream
are the same, we must solve the following
equation.

%(x—S) 2%(x+5)

12[1(x-5)]=12[L(x+5)]
4(x-5)=3(x+5)
4x-20=3x+15
x=20=15=x=35
The speed of Callie’s boat is 35 km per hour.

Let x = speed (in mph) of the wind. When Joe
is traveling against the wind, the wind slows
him down, so we subtract the speed of the
wind from the speed of the plane. When he is
traveling with the wind, the wind speeds him
up, so we add the speed of the wind to the
speed of the plane.

r t d
Against | e |3 | 3(180-x)
wind
With 180+x | 2.8 | 2.8(180+x)
wind

29.

Since the distance going and coming are the
same, we must solve the following equation.
2.8(180+x) =3(180 - x)
504 +2.8x =540 - 3x
504 +5.8x =540
58x=36=x=6.2
The speed of the wind is about 6.2 mph.

Let x = the amount of 5% acid solution (in
gallons).

Gallons
Strength of (Selllois .Of
. Pure Acid
Solution
5% X 0.05x
10% 5 0.10-5=0.5
7% x+5 | 0.07(x+5)

(continued on next page)
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Section 1.2 Applications and Modeling with Linear Equations 61

(continued)

The number of gallons of pure acid in the 5%
solution plus the number of gallons of pure
acid in the 10% solution must equal the
number of gallons of pure acid in the 7%
solution.
0.05x+0.5=0.07(x+5)
0.05x+0.5=0.07x+0.35

0.5=0.02x +0.35

0.15=0.02x
E=x:>x=7.5=7lgal
0.02 2

7% gallons of the 5% solution should be
added.

x+0.7=0.30(x+7)
x+0.7=0.30x+2.1

0.7x+0.7=2.1
0.7x=14
N LYY
07 7

2 L of the 100% solution should be added.

30. Letx = the amount of 5% hydrochloric acid
solution (in mL).
Milliliters | Milliliters of
Strength of Hydrochloric
Solution Acid
5% X 0.05x
20% 60 0.20-60=12
10% x+60 | 0.10(x+60)

31.

The number of milliliters of hydrochloric acid
in the 5% solution plus the number of
milliliters of hydrochloric acid in the 20%
solution must equal the number of milliliters
of hydrochloric acid in the 10% solution.

0.05x+12=0.10(x + 60)

0.05x+12=0.10x+6
12=0.05x+6
6=0.05x

32. Let x = the amount of 100% alcohol solution
(in gallons).
Streneth Galolli)ns Gallons of
g . Pure Alcohol
Solution
100% X Ix=x
15% 20 0.15-20=3
25% x+20 | 0.25(x+20)

The number of gallons of pure alcohol in the
100% solution plus the number of gallons of
pure alcohol in the 15% solution must equal
the number of gallons of pure alcohol in the

25% solution.

x+3=0.25(x+20)

x+3=025x+5
0.75x+3=5
0.75x=2

x=i=@=§=23gal
075 75 3 3

2% gallons of the 100% solution should be
added.

0 jp0me

005 5
120 mL of 5% hydrochloric acid solution
should be added.

Let x = the amount of 100% alcohol solution

(in liters).

Liters .
Strength of Liters of Pure
. Alcohol
Solution
100% X Lx=x
10% 7 0.10-7=0.7
30% x+7 0.30(x+7)

The number of liters of pure alcohol in the
100% solution plus the number of liters of
pure alcohol in the 10% solution must equal

the number of liters of pure alcohol in the 30%

solution.

33. Let x = the amount of water (in mL).
Milliliters |y roititers of
Strength of
. Salt
Solution
6% 8 0.06(8) =0.48
0% x 0(x)=0
4% 8+x 0.04 (8 + x)

The number of milliliters of salt in the 6%
solution plus the number of milliliters of salt
in the water (0% solution) must equal the
number of milliliters in the 4% solution.
0.48+0=0.04(8+ x)

0.48=0.32+0.04x

0.16=0.04x

% =x=x= E =4 mL

0.04 4
To reduce the saline concentration to 4%, 4
mL of water should be added.
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34. Let x = the amount of 100% acid (in liters).

Liters .
Strength of Liters qf Pure
. Acid
Solution
100% X Ix=x
30% 18 0.30-18=5.4
50% x+18 | 0.50(x+18)

The number of liters of acid in the pure acid
(100%) plus the number of liters of acid in the
30% solution must equal the number of liters
of acid in the 50% solution.
x+5.4=050(x+18)
x+54=050x+9

0.5x+54=9
0.5x=3.6
k=20 30751
05 5

7.2 L pure acid should be added.

35. Let x = amount of the short-term note. Then

240,000 — x = amount of the long-term note.

Roger paid $70,000 for the first plot and
120,000 — 70,000 = $50,000 for the second

plot.

37. Let x = amount invested at 2.5%.
Then 2x = amount invested at 3%.

Amount in Interest Tnterest

Account Rate

X 2.5% 0.025x

2x 3% 0.03(2x) = 0.06x
850

The amount of interest from the 2.5% account
plus the amount of interest from the 3%
account must equal the total amount of

interest.

0.025x+0.03(2x) = 850
0.025x +0.06x =850

0.085x =850 = x = $10,000

Janet deposited $10,000 at 2.5% and
2($10,000) = $20,000 at 3%.

38. Let x = amount invested at 3%.

Then 4x = amount invested at 2.75%.

Note Interest| Time .

Amount Rate [(years) Lhifeiras e

X 2% 1 x(0.02)(1)

240,000 —x | 2.5% 1 [(240,000 — x)(0.025)(1)
5500

The amount of interest from the 2% note plus
the amount of interest from the 2.5% note
must equal the total amount of interest.
0.02x +0.025(240,000 — x) = 5500
0.02x + 6000 — 0.025x = 5500
—0.005x + 6000 = 5500
—-0.005x =-500
x =100,000
The amount of the short-term note is $100,000
and the amount of the long-term note is
$240,000 — $100,000 = $140,000.

36. Letx = amount paid for the first plot. Then
120,000 — x = amount paid for the second plot.
Amount Rate of :
Paid Profit/Loss Profit/Loss
15% 0.15x
120,000 — x -10% —0.10(120,000—x)
120,000 5,500

0.15x —0.10(120,000 — x) = 5500
0.15x - 12,000+ 0.10x = 5500
0.25x — 12,000 = 5500
0.25x =17,500
x = $70,000

Amount in Interest Tnterest

Account Rate

X 3% 0.03x

4x 2.75% 0.0275(4x) =0.11x
2800

The amount of interest from the 3% account
plus the amount of interest from the 2.75%
account must equal the total amount of

interest.

0.03x+0.0275(4x) = 2800

0.03x+0.11x = 2800
0.14x = 2800 = x = $20,000
The church invested $20,000 at 3% and
4-20,000 = $80,000 at 2.75%.

39. 30% of $200,000 is $60,000, so after paying
her income tax, Linda had $140,000 left to
invest. Let x = amount invested at 1.5%.
Then 140,000 — x = amount invested at 4%.

Amount Interest Tnterest

Invested Rate

X 1.5% 0.015x

140,000 -x | 4% 0.04(140,000 — x)
140,000 4350
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0.015x +0.04(140,000 — x) = 4350

0.015x + 5600 — 0.04x = 4350
—-0.025x + 5600 = 4350
—-0.025x =-1250
x =$50,000

Linda invested $50,000 at 1.5% and
$140,000 — $50,000 = $90,000 at 4%.

28% of $48,000 is $13,440, so after paying her

income tax, Becky had $34,560 left to invest.
Let x = amount invested at 3.25%.
Then 34,560 — x = amount invested at 1.75%.

Amount Interest Interest

Invested Rate

x 3.25% 0.0325x
34,560-x | 1.75% 0.0175(34,560 — x)
34,560 904.80

41.

42,

0.0325x+0.0175(34,560 — x) = 904.80
0.0325:x + 604.80 — 0.0175x = 904.80

0.015x + 604.80 = 904.80
0.015x =300
x =$20,000

Becky invested $20,000 at 3.25% and
$34,560 — $20,000 = $14,560 at 1.75%.

(a)

(b)

(V]

(b)

y=100-0.02x
y=100-0.02(2400) =100 - 48 =52
The yearly cost is $52.

50=100-0.02x
=50 =-0.02x
2500 = x
The yearly cost of membership will be
$50 if the club purchases are $2500.

0=100-0.02x
—100 =-0.02x
5000 = x
The yearly cost of membership will be $0
if the club purchases are $5000.

y=50-0.016x
y=50-0.016(1500) =50-24 =26
The yearly cost is $26.

0=50-0.016x
-50=0.016x
3125=x
The yearly cost of membership will be $0
if the club purchases are $3125.

(©)

43. (a)

(b)

44. (a)

45.

(b)

(V]
(d)

(b)

(©)

If the yearly club purchases are more than
$3125, then the model would yield a
negative value for y, the actual yearly cost
of membership. Essentially, the cash-back
reward exceeds the initial fee of $50,
creating a positive gain for the member.

Let x = the number of hours. Then
F =100(140)x = 14,000x.

Since 33 ug / ft* causes irritation, the
room would need 33-800 = 26,400 ug
to cause irritation.
F =14,000x
26,400 =14,000x
26,400 .
14,000
x=1.9 hr
It will take about 1.9 hours for

concentrations to reach 33 ug / ft3.

Since each student needs 15 ft> each
minute and there are 60 minutes in an
hour, the ventilation required by x
students per hour would be

V= 60(15x) = 900x.

The number of air exchanges per hour
900x
15,000

would be A = =0.06x.

If x =40, then A=0.06-40=2.4 ach.

The ventilation should be increased by

0 _10_ 34 times. (Smoking areas

15 3
require more than triple the ventilation.)
In 2014, x=5.

vy =0.2309x +18.35

y=0.2309-5+18.35=1.1545+18.35
=19.5045

The projected enrollment for Fall 2014 is

approximately 19.5 million.

y=0.2309x +18.35
20=0.2309x +18.35
1.65=0.2309x
w=O g5
0.2309
Enrollment is projected to reach 20
million during the year 2016.

They are quite close.
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10.

11.
12.
13.

14.
15.

16.

17.
18.
19.
20.
21.
22,
23.

24.

L ® 2
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(d) The year 1997 is represented by x = —12.

y=0.2309x +18.35

y=0.2309(-12) +18.35
=-2.7708+18.35=15.6

According to the model, the enrollment

was approximately 15.6 million

(e) Answers will vary.

Complex Numbers
true 2. true
true 4. true

false (Every real number is a complex
number.)

true
—4 is real and complex.
0 is real and complex.

13i is complex, pure imaginary and nonreal
complex.

—7i is complex, pure imaginary and nonreal
complex.

5+i is complex and nonreal complex.
—6 — 2i is complex and nonreal complex.

7 is real and complex.
/24 isreal and complex.

/=25 =5i is complex, pure imaginary and
nonreal complex.

/=36 = 6i is complex, pure imaginary and
nonreal complex.

J-25 =iJ25 = 5i
V=36 = i\/36 = 6i
J-10 = iv/10
J-15 =i15

=288 =i/288 = i\/144 -2 = 12i\/2
V=500 = i7/500 = ix/100-5 = 10ix/5
9.2 =-3i\2
~J—-80 = —i/80 = —i/16-5 = —4i/5

—J-18 =—i/18 =—i

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

V-13 13 =i13-i13
=i (\/E)2 =—1-13=-13

V=17 =17 = i17 - i17
=i2(Jﬁ)2 =—1.17=-17

V3-8 =iN3-i8=i"\38

=124 =46 =26
V=5 4-15 =iVf5-i15 = i%{5-15
=-1:/75=—{25-3=-53
N=30 30
—1 l\/_ \/7 \/_
V=70 _iv70 _ [10 _
NN Vio
J24 4[4
K WY
N4 NS4
V27 21 N2T
vo10 _ivio o 1 _1
J-40 a0 V40 N4 2
N8 s 8 11
=712 i1z V72 N9 3
J-6-v=2 _i6-iN2
=
- i
m.ﬁzi\/ﬁ-iﬁ:la 126
8 V8
72
=_1.\/;=_\/_=_3
624 —6--4-6 —6-2i/6
2 2 2
:w:_?’_i\/g
-9 JT —9—\/T ~9-3i\2
3
_M 32
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39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

10++/-200 _ 10++/-100-2
5 5
_10+10i\/§_5(2+2i\/§)
5 5
=2+2i\2
20++/-8 20442 20+2i2
2 2 2
2(10+iv2
=u:10+i\/§
2
3418 34492 —3+3i2
24 24 24
3(-1+iV2)  _i4if2
24 8
=_l+£i
8 8
—5+=50 —5++/-25-2  -5+5i\2
10 10 10
5(-1+iV2)  _14ifz
102
:_l+£i
2 2

(3+2i)+(9-3i)=(3+9)+[2+(-3)]i
=12+(-1)i=12-i

(4=i)+(8+5i)=(4+8)+(-1+5)i

=12+4i
(-2 +4i)- ( —4 + 4i)
=[2-(-4)]+(4-4)i
—2+01 2

(-3+2i)- (—4+2i)
=[-3-(-4)]+(2-2)i=1+0i=1
(2-5i) - (3+4i)—(-2+1i)
=[2-3-(-2)]+(-5-4-1)i
=1+(-10)i =1-10i
(—4-i)—(2+3i)+(-4+5i)
=[-4-2+(-4) ]+ (-1-3+5)i=—10+i

—iﬁ—2—(6—4iﬁ)—(5—iﬁ)

=(2-6-5)+[ V2~ (-42)-(-42) :

=—13+4i2

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Section 1.3 Complex Numbers

3ﬁ—(4ﬁ—i)—4i+(—2ﬁ+5i)
=[3J7—4J7+(Qd7ﬂ+[—04
=3J7+2i

(2+i)(3-2i)
=2(3)+2(-2i)+i(3)+i(-2i)
=6-4i+3i-2i" =6-i-2(-1)
=6-i+2=8—i

(—2+3i)(4-2i)
=-2(4)—2(-2i)+3i(4)+3i(-2i)
=-8+4i+12i—6i* =-8+16i—6(-1)
=-8+16i+6=-2+16i

(2+4i)(-1+3i)
=2(=1)+2(3i)+4i (1) +4i(3i)
=—2+6i—4i+12i* =-2+2i+12(-1)
=—2+2i-12=-14+2i

(1+3i)(2-5i)

=1(2)+1(- 51)+3z( )+ 3i (=5i)
=2-5i+6i—151" =2+i—-15(-1)
=2+i+15=17+i

(3-2i)" =32 -2(3)(2i)+(2i)
=9-12i-4=5-12i

(2+i) =22 +2(2)(i)+i® = 4+4i +i°
=4+4di+(-1)=3+4i
(3+i)(3-i)=3"-i*=9-(-1)=10

(5+i)(5-i)=5"-i*=25-(-1)=26

(-2-3i)(-2+3i) = (-2)* - (3i)° = 4-9¢

=4-9(-1)=13

(6—4i)(6+4i)= 6 —(4i)’
=36-16i> =36-16(-1)
=36+16=52

(J€+i)(J€—i)=(J€)2—i2

=6—(-1)=6+1=7

(V2 -4i)( 2+4z)=(«/§)

P =216

65

—4+5]i

=2-16(- 1) 2+16=18
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63.

64.

65.

66.

67.

68.

69.
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i(3-4i)(3+4i)=

i[(3-4i)(3+4i)]
=% <>]
i[9-167 ]
=i[9-16(-1)]

i(9+16)=25i

il
12-
4
-

i(2+7i)(2-7i)=

2+7l)(2 71}
()’ |
—49i ]

(-]

i(4+ 49) 53i

3i(2—i) = 3i(22 —2(2i)+i2)
=3i(4-4i—-1)=3i(3-4i)
=9i—12i* = 9i—12(-1)
=12+49i

~5i(4-3i) = -5i [42 —2(4)(31)+ (31')2}
=-5i[16-24i+97° |
=-5i[16—-24i+9(-1) ]
=-5i(16 —24i - 9)
=-5i(7 - 24i)
=-35i +120i* = -35i +120(~1)
=-35/—-120=-120-35i

(2+i)(2-i)(4+3i) =[(2+i)(2- i) |(4+3i)

[22 - 2](4+31
=[4-(-1)](4+3i)
(4+31)=20+151

(3-i)(3+i)(2-6i)=[(3-i)(3+i)](2-6i)
(3= ](2-6)
=[9-(-1)](-6)

=10(2-6i) =20 - 60i

6+2i (6+2i)(1-2i)

1+2i (1+2i)(1-2i)
_6-12i+2i-4i" _6-10i-4(-1)

2o()  1-4
_6-10i+4 10-10i _10-10i
1-4(-1)  1+4 5
2&—2122—21

5 5

70.

71.

72.

73.

74.

75.

76.

14+5i  (14+5)(3-2i)
3+2i  (3+2i)(3-2i)
_ 42-28i+15i - 10/’
3% - (2i)
_42-13i-10(=1)  42-13i+10
S 9-47  9-4(-1)
52-13i  52-13i

9+4 13
52 13,

4-3i (4-30)(4-3) 42 -2(4)(30)+ (i)’

4+3i (4+3i)(4-3i) 42 - (3
_16-24i+9°  16-24i+9(-1)

16 - 9i* 16-9(-1)
_16-24i-9 _7-24i _ 7 24,
T 1649 25 25 25

1-3i _(1=3i)(1=0) _1-i-3i+37

1+i (1+i)(1-i) 12 -
C1-4i+3(-1) 1-4i-3
o= (-1) 2
2-4i -2 4

= =——-—i=-1-2i
2 2 2

3+4i  (-3+4)(2+i)  —6-3i+8i+4i

2-i  (2-i)(2+i) 2=
_—6+5i+4(-1) -6+5i-4
T o4-(-1) 5
-10+5i _-10 5

= =——+—i=-2+i
5 5 5
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78.

79.

80.

81.

82.

83.

8 _8i 8
i —ii =2
8 8
= =—=8ior 0+8i
(1)
12 _12. 1%
—i —ivi
A2 I or0+12i
-(-) 1
2 2(3) _ —6i _ -6
3 3i-(-3i) -9 -9(-1)
-6 2. :
=—=——jor0——i
9 3 3

Note: In the above solution, we multiplied the
numerator and denominator by the complex
conjugate of 3i, namely —3i. Since there is a
reduction in the end, the same results can be
achieved by multiplying the numerator and
denominator by —i.

5 5(-9i)  -45i 450

9 9i-(-9i) 81> -81(-1)

—45i 5. 5.
= =——ijor0——i
81 9 9
I1=5+7i,Z=6+4i
E=1Z

E =(5+7i)6+4i)
=5(6) +5(4i) + 7i(6) + 7i(4i)
=30+ 20i + 42i + 28i°
=30+62i—28
=2+62i

1=20+12i,Z=10-5i
E=1Z
E = (20+12i)(10 - 5i)
=20(10) + 20(=5i) + 12i(10) + 12i(=5i)
=200 — 100i +120i — 60>
=200+ 20i + 60
=260+ 20i

1=10+4i, E =88 +128i
E=1Z
88+128i = (10 + 4)Z

_ 88+128i

 10+4i
_ (88+128i)(10-4i)

~ (10+4i)(10-4)
_ 88(10) +88(=4i) +128i(10) + 128i(—4i)
10 — (4i)’

zZ

84.

8s.

86.

87.

88.

89.

90.

91.

92,

Section 1.3 Complex Numbers

880 —352i +1280i — 512
100 - (-16)
880-352i+1280i +512

116
_ 1392 +928i 1248

116
E=57+67i, Z=9+5i
E=1Z
57+67i=1(9+5i)
;57467
9+5i
_ (57+67i)(9-5i)
—(9+5i)(9-5i)
;= 3709) = 57(50) +67i(9) + 67i(50)
92 —(5i)
_513-285i +603i — 335i°
81— (-25)
;_513+318i+335

106
;84843181

106

=8+3i
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96.

97.
98.

99.

100.

Chapter 1 Equations and Inequalities

%=i12=(1’4)3=l3=1
l

Answers will vary.

Answers will vary.

G ﬁJ

We need to show that | — + —1
2 2

5]

We need to show that | — +—1i
2 2

= £+lz 3.8, 15
2 2 _4 2 4
= £+lz E+—3i+l(—1)
2 2 _4 2 4
(B3
2 2 _4 2 4
= ﬁ_lr_ll 2+_3l
2 2 4 2
(BB,
2 2 2 2
IERR SREREE IS U6 I RVE R
2 2 2 2 2 2 22
:£+§i+ll+—3i2
4 4 4 4
=—3+il+£(—1)=£+i+ _ﬁ =
4 4 4 4 4

101.

102.

Section 1.4
1.

If -2 + i is a solution of the equation, then
substituting that value for x makes a true
statement.

x> +4x+5=0
(—2+i)2+4(—2+i)+5:O
4-4i+i*—8+4i+5=0
4-4i-1-8+4i+5=0
0=0

If -3 + 4i is a solution of the equation, then

substituting that value for x makes a true
statement.

x> +6x+25=0

(-3+4i)’ +6(-3+4i)+25=0
9—24i +16i> —18+24i+25=0
9-24i—16-18+24i+25=0
0=0

Quadratic Equations
x> =25
x=4J25=15, G
x*=-25
x =125 =15i; A
X +5=0
x*=-5

x=1J-5=%i\/5; C

0
5

x=i\/§; E

-5
2

X

x2=-20

x=+4-20 = +2i/5;: H

x> =20
x =420 =+2./5; B

x=5=0
x=5,D
x+5=0
x=-5F
D is the only one set up for direct use of the
zero-factor property.
(3x-1)(x-7)=0
3x=1=0 or x-7=0

x:% or x=17

Solution set: {% , 7}
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10.

11.

12.

13.

14.

B is the only one set up for direct use of the
square root property.

(2x+5) =7
2x+5=+J7
2x=—5i«/7=>x= _Siﬁ

Solution set: {#}

C is the only one that does not require Step 1
of the method of completing the square.

P +x=12 Note:
Perrdned [Hi] - -
(v+d) =%
x+%=i %
x+%=i%:>x=—%i%
~4-3-Fodadtedogod

Solution set: {—4, 3}

A is the only one set up so that the values of 4,
b, and c can be determined immediately.

3x* =17x-6=0 yieldsa=3,b=-17, and
c=-6.

_ bt Jb? = dac

* 2a

(17217 -4()(-6)
2(3)

:1711/289—(—72):171\/5

_17£19 ° °

6

17+19 36

= =6 and
6 6 6 6 3

Solution set: {—%,6}

x> =5x+6=0
(x—2)(x—3)=0
x—2=0=>x=2or x-3=0=x=3
Solution set: {2,3}

x> +2x-8=0
(x+4)(x—2)=0
x+4=0=>x=-4 or x-2=0=>x=2
Solution set: {—4,2}

15.

16.

17.

18.

19.

20.

21.

22,

Section 1.4 Quadratic Equations

5x7=3x-2=0
(5x+2)(x-1)=0

5x+2=0:>x=—% or x—1=0=>x=1

Solution set: {—%,1}

2x>—x—-15=0
(2x+5)(x—3)=0

2x+5=0:>x=—% or x-3=0=>x=3

Solution set: {—%,3}
—~4x* +x=-3
0=4x"-x-3
0=(4x+3)(x-1)
3

4x+3=0=>x=—z or x—-1=0=>x=1

Solution set: {—%,1}

—6x>+7x=-10
0=6x>-7x-10=0
0=(6x+5)(x-2)=0

5

6x+5=0=>x=—g or x—2=0=>x=2

Solution set: {—%,2}

x> =100=0
(x+10)(x—-10)=0
x+10=0=x=-100orx—10=0= x=10
Solution set: {—10, 10}
X -64=0
(x+8)(x—8)=0
x+8=0=x=-8o0rx-8=0=x=8
Solution set: {-8, 8}
4x* —4x+1=0
(2x-1)° =0
2x—1=0=>2x=1=>x=%

Solution set: {%}

9% —12x+4=0
(3x-2)° =0
3x—2=0:>3x=2:>x=§

Solution set: {%}
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23. 25x°+30x+9=0 32. (4x+1)°=20
(5x+3)° =0 4x+1=+20
5x+3=0=5x="3=x=-3 4x=-1125
Solution set: {—%} x= -1+ 2\/5
4
24. 36x° +60x+25=0 Solution set: { # }
(6x+5)> =0
6x+5=0=6x=—5=x=—2 33. (x+5)=-3
Solution set: {—%} x+5=+J-3
x+5= ii\/§
25. *=16 x=-5+i\3
x =116 = +4 Solution set: {—5 + l\/g}
Solution set: {i4}
% 211 34. (x-4)=-5
. X =
—_ 4 = i —
x=+J121 =11 . i Jfg
. X—a=1
Solution set: {iS} At \/5
27. 27-x*=0 Solution set: {4 + z\/g}
27 = x? ,
x =127 =433 35. (5x-3)"=-3
Solution set: {13\/5 } S5x-3= i\/__3
S5x—3=1+i\3
28. 48— =0 S5x=3+i3
48 = x* x_3iiJ§_§+_3i
x =448 = +4./3 5 575
Solution set: {i4\/§ } Solution set: {%i ?31}
2
29. a7 =81 36. (—2x+5) =8
x =1y-81=19i 2x+5=+/-8
Solution set: {i9i } 2x+5=12i\2
30. % =400 T2%= J—iz"ﬁ\/ﬁ_
x = =400 = +20i w2 DEIN2 Sk
Solution set: {iZOi} -2 2
Solution set: {%i i\/E }
3. (3x-1) =12 )
3x—1=i\/ﬁ 37. x*—-4x+3=0 e
3x=1423 X2 —4x+4=3+4 , | \p 2
[+-(4)] =(-2) =4
1+2./3 )
= (x=2)" =1
—2=141
Solution set: {#} i_ 9= ii/_
x=2%1

2-1=land 2+1=3
Solution set: {1,3}
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38. XX-7x+12=0 42. x*-10x+18=0
Note: x* —10x+25=-18+25
2 49 _ 9 [L (T =(=2Y 2
P-Txr Lo [5(7)] (492) Note: [ 1+(-10) | = (-5) =25
=% -
(x_l)zzi (x=5)" =7
2) T3 x=5=+J7
x—%ziJ% x=5iJ7
x—%:i% Solution set: {Siﬁ}
7141
L 8. 22+x=10
777=3=3andy+3=5=4 2ileos
Solution set: {3,4} b 21 1 Note:
XA xte=5+gg [L AT -2 =2
39. 2x*-x-28=0 22 4/ e
xz—%x—l4=0 hhmmey%. (X+%):%l
2 1 L 1 1_ 4 [s1
X —7X+E—14+E x+z—i I3
ERYEAY A 1_49
NOte'[z'(_z):I _(_4) 16 Xty _‘1‘ 0
1) - 25 X=-gy
(x 4) S8 = L _2_0__35 gpd-L4+2=8=->
- = =8_
x-d=1 28 ! .4 4‘ 52 T4y
x—%=i% Solution set: {—3,2}
1415
A 4. 3" +2x=5
LR
i I A Note:
Soluton set: {74} SRR A FE) (ST
2 _ 2
40. 4x>-3x-10=0 (x+1) =1
K -ga==0 1 16
2 43 A; Yt3=4T
3 _ 3° T3
X —Zx+a 3+a x:—i-i-i
1 S\PP_( 3\2_ o 373
Note:| 1-(=3)] =(-3) =& L 4__5,0g-Lli4_3_
N2 16 373 3 37373
x—3) =169
( 8) o4 Solution set: —%,1}
emfenfE oy
x=2z1 45. 2x*+4x+3=0
2 3
BB ocftentand Bt T
2_ _3 ote:
Solution set: {—%,2} ¥ m2adl=g+l B-(—z)}zz(—l)zzl
2_5
x—l) ==
41. x*-2x-2=0 ( 2
_ 4[5 _ 40
- 2x+1=2+1 x‘l—i\ﬁ—i >
2 _ J10 _ 24410
Note: [é(—Z)J :(—1)2:1 x-liT— 5
2
(x=1)"=3 Solution set: {23@}

x—1=+3
lei\/g

Solution set: {1 + \/3 }

Copyright © 2013 Pearson Education, Inc.



72 Chapter 1 Equations and Inequalities

46. -3x* +6x+5=0
x2—2x—%=0
2 _s

X —2x+1—3+1 [%_(_2)]2:(_1)2=1
(x—1)2=

34246
3

Solution set: {

47. —Ax*+8x=7
x?—2x= —%
Note:

SR @) =

1=+ [B N3
x—1=% T =17
x=1iﬁi

48. 3x*-9x=-7

x2—3x=—%
X -3x+g=-142=8, 2
2 2
Note - (9)] =(3) =4
(-3 =3
x-d=t P =R o2
ngi%z

49. Francisco is incorrect because ¢ = 0 and the

—b+ b —4ac

—————————— ,can
2a

be evaluated with a =1, b=-8, and ¢ = 0.

quadratic formula, x =

50. Francesca is incorrect because » = 0 and the

—b+~/b* - dac

quadratic formula, x = 2— , can
a

be evaluated with a=1, =0, and ¢ = —19.

51.

52.

53.

54.

X —x-1=0
Let a=1,b=-1,and c = —1.

- —b+~/b* - dac

2a

~ (=) £(-1) -4 ()(-1)

2(1
1+/1+4 145

2 2

Solution set: {1i£/§ }

+ =

X2 =3x-2=0
Let a=1,b=-3,and c = 2.

- —b+~/b* - dac

Solution set: {3i;/ﬁ}
x* —6x=-7

Z-6x+7=0

Let a=1,b=—-6,andc=7.

e —b++/b* - dac

2a
_—(-6)£ (-6 =4(1)(7) _6+/36-28
- 2(1) - 2
=6i\/§=6i2«/§=3iﬁ
2 2
Solution set: {3i\/§}
X —4x=-1
2 —4x+1=0
Let a=1,b=—-4,andc=1.
- —b £\b* —4ac
B 2a
(-4 \(-4) -4()(1)  4ti6-4
- 2(1) 2
=4ig/ﬁz4i22\6=2iﬁ

Solution set: {2 + \/§ }
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55.

56.

57.

58.

x> =2x-5
X =2x+5=0
Let a=1,b=-2,and c=5.
- —b++b% - dac
2a
-2 -40)05)
2(1)
_24+/4-20 _ 2++/-16 _2%4i o
2 2 2
Solution set: {1i2i}
x?=2x-10
x> =2x+10=0
Let a=1,b=-2,and ¢ =10.
- —b b —4dac
2a
—(-2)+J(=2)" - 4(1)(10)
B 2(1)
_ 244440 _ 2++/-36 _2%60 o
2 2 2

Solution set: {1 +3i }

—4x? =-12x+11
0=4x>-12x+11
Let a=4,h=-12,and c =11.

_ —btb’ —4dac

2a

—(-12)4(-12) - 4(4)(11)
2(4)
_ 12++/144-176 _ 12++-32
8 8

C12+4iN2 4.
T g T8

X

Solution set: {% + gi }

—6x> =3x+2
0=6x>+3x+2
Let a=6,b=3,and c = 2.

b —dac  -3%4[37-4(6)(2)
- 2a - 2(6)
_ 340948 3439 _ 34039

12 12 12

X

59.

60.

61.

Section 1.4 Quadratic Equations 73

Solution set: {—%i%i}

%x2+%x—3=0
4(%x2+%x—3)=4-0
233 +x-12=0
Let a=2,b=1,and c =-12.

_—btb? —dac 1P -4(2)(-12)
T T 2(2)
_ 121496 _ -1£4/97

4 4
—14./97
2B

Solution set: {

%x2+%x=3
12(2¢ +4x)=12:3
8x% +3x =36
8x* +3x-36=0
Let a=8,b=3,and c = -36.

- —b++/b? - dac

2a

-3+ /3 -4(8)(-36) —3+.0+1152

2(8) 16
3441161 -3+34/129
16 16
7313\/@}
16

Solution set: {

0.2x> +0.4x-0.3=0
10(0.2x2 +0.4x—0.3) =10-0

2x% +4x-3=0
Let a=2,b=4,and c = -3.

_ bt \Jb* - dac

2a

44 -4(2)(3)  —a+.i6+24
2(2) - 4
_ 42440 _ 42210 _ 2410

4 4 2
24410
2

X

Solution set: {
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62.

63.

64.

Chapter 1 Equations and Inequalities

0.1x2 - 0.1x=0.3
10(0.1x2 —0.1x)= 10-0.3

xr-x=3
¥ -x=-3=0
Let a=1,b=-1,and ¢ = -3.
x_—bi\/b2—4ac
2a

~()Ey(1) - 4()(-3)
2(1)
11412 1413
S22
)

Solution set: {

(4x—1)(x+2) = 4x
4x* +T7x-2=4x=4x* +3x-2=0
Let a=4,b=3,and ¢ = 2.

. —b+\b? —dac —3+.,[32 —4(4)(-2)
- 2a - 2(4)

3449432 34441
8 8
—3+:/41
8

Solution set: {

Bx+2)(x-1)=3x

3xt —x—-2=3x

3x? —4x-2=0
Let a=3,b=—-4,and ¢ = -2.

_ bt Vb? —4ac
2a
~(4)£(-4)" -403)(-2)
2(3)

_4x.16+24  4+.40
6 6
422410 2£410

6 3
21\/5}

X

Solution set: { 3

65.

66.

67.

68.

(x-9)(x-1)=-16
x> —10x+9=-16

x> -10x+25=0

Leta=1,b=-10, and ¢ = 25.

_—(-10)£J(-10)" - (4)(1)(25)

2
_101100-100 _ 10+0 _
2 2

Solution set: {5}

Answers will vary.
227 +3x=6=0=1(2x* ~3x+6)= 0=

2x*-3x+6=0
Therefore, the two equations have the same
solution set.

X' -8=0

¥ -22=0
(x=2)(x* +2x+4)=0
x—2=0=x=2or

X 42x+4=0
a=1,b=2,andc=4

e —b+~b? - dac

2a

2+ 22—4(1)(4)

2(1)
—2+4-16 _ -24-12
> T

ﬂ:_li\@i

2
Solution set: {2, -1 \/51}

X =27=0

¥ -3=0
(x—3)(x2+3x+9)=0
x=3=0=>x=3 or

2 +3x49=0
a=1Lb=3,andc=9

- —b £b* —4ac
2a
3P -4()(9)  -3+5-36
- 2(1) - 2
_ 34427 333 3 33,
2 2 27 2

Solution set: {3,—%1%1’}
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X +27=0
X +3 =0
(x+3)(x2—3x+9)=0
x+3=0=x=-3 or
x> =3x+9=0
a=1,b=-3,andc=9

e —b +~b* - dac

2a
()3 -40)0) 32936
- 2(1) 2
_3%V-27 34313 3 33,
2 2 27 2
Solution set: {—3,%i¥i}
70. ¥ +64=0
©+43=0
(x+4)(x* ~4x+16)=0
x+4=0=>x=-4
X2 —4x+16=0
a=1,b=-4,and c =16
e —b £~b* — 4ac
- 2a
(A -4)(1) 42 ig—oa
- 2(1) - 2
_ 443 =4i4i\5=2i2iﬁ
2 2
Solution set: {—4, 2+ 21\/5 }
L 5
71. s=—
N 2gt 2
2s = 2[—gt2}=> 2s = gt2 =>£= 8t
g g

Section 1.4 Quadratic Equations 75

2
73, F=kMY
r
2
rF—r{ka }:>Fr—ka2:>

r
Fr  kMV? » Fr r
—_— = — y=I |[——
kM kM kM kM

2
74. _k
2r
2Er =’k
28, B B
= £ =
[
75. r=ry+—at
2
r—r=—at
Z(r—ro)—at
2(r—r0)=t2
a
2(r—r0)_i Za(r—ro)_t
h a B a -
76 s=5,+gt" +k
s—sy—k = g’
s—s5y—k g_t2 ) S—sy—k
8 8 8
R k.l s=%=k g
N s Je oo e
i(s—so—k)g
=
8

77. h=—161" +vt +s5,
166 vyt +h—s5,=0
1662 vyt +(h-s5o)=0  aZ16b="w,

c=h-s,
_ —bE~b* —4ac

2a
_ — (=) £ (=) = 4(16) (-5,
2(16)
vt vO2 —64(h—so)
32

Vo £V — 64h +64s,

32

X
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78. S=2xrh+2xr’
0=27r*>+27zrh—S

0=027z)r* +(27h)r-=S a=27sf’b=2ﬁh,

c=-

—b £b* - 4ac

X=—m—m

b
2a

2 xhty(27h) -4(27)(-S)

2(27)
2 7h+|4* h* +87S
- iy
2ah£ 2| n*h* +278
4

_ —ﬂhi\/ﬂzhz +2rS

B 27

79. 4x* = 2xy+3y* =2
4x% = 2xy+3y*-2=0
(a) Solve for x in terms of y.
45 —(2y)x+(3y2 —2) =0
a=4,b=-2y and c=3y* -2

—b ++b% - dac

2a

X =

~(23) (20 - 4(4)(3° -2)

B 2(4)
2yi\/4y2 ~16(3y* - 2)
- 8

 2ytq[dy? —48y” +32

8

C2yt432-44y 2yE 4(8-11y°)

8

_ 2y+2,8—11y> _ yE8—11y2

8 4

(b) Solve for y in terms of x.

3y = (2x) y+ (427 =2) =0
a=3,b=-2x,and c = 4x* -2

. —b+~b* —4ac

2a
—(-2x)% \/(—Zx)2 - 4(3)(4x2 - 2)
2(3)
2xt \/4x2 - 12(4x2 - 2)
- 6

_ 2xt4x? —48x% +24

6

rvi2d_aad  2vE[4(6-1127)
- 6 - 6
C2xE2(6-11x%  x+N6-11x7
6 3

80. 3y?+4xy—9x* =-1
—9x% +4xy+3y*+1=0

(a)

Solve for x in terms of y.
—-9x? +(4y)x+ (3y2 +1) =0
a=-9,b=4y, and c=3y* +1
e —b £b* — 4ac
B 2a
4y i\/(4y)2 - 4(-9)(3y +1)
2(-9)
—4yi\/16y2 +36(3” +1)
-18
—4y+,[16y* +108y + 36
-18
—4y+.[124y% +36
-18
—~4y£,4(31y% +9)
-18
—4y+24/31y* +9
-18
9 =

“2y++31y2+9  2y+431y*+9

- 9
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(b) Solve for y in terms of x. b. Solve for y in terms of x.
3y2+(4x)y+(1—9x2)=0 —3y2+(4x)y+(2x2—2)=0
a=3,b=4x,and c=1-9x> a=-3,b=4x,c=2x"-2

_ —b*+b* - 4dac P Vb? — dac
Y= 2a B 2a
—4x+ \/(4x)2 -4(3)(1-9+%) —(4x)+ \/(4x)2 -4(-3)(2¢* -2)
) 2(3) ) 2(-3)
—4xi\/16x2 ~12(1-9:) —4xi\/16x2 +12(222 - 2)
- 6 - 6
_ —4x 163 —12+108x _ —4x£+/16x% +24x> - 24
6 -6
_ —4x 12417 - 12 _ —4xt+/40x% - 24
B 6 - -6
~xt [4(316 -3) ~4x+ [4(10x” - 6)
- 6 - -6
_ —Axt2V31x% -3 _ —4x£2410x° -6
6 -6
_ 2x£31x* -3 _2x£410x* -6
B 3 - 3
81. 2x° +4xy—-3y*=2 82. 5x%-6xy+2y*=1

2x2 +4xy-3y*-2=0 5x2 —6xy+2y* -1=0

a. Solve for x in terms of y. a. Solve for x in terms of y.
227+ (4y)x+(-3y7 -2) =0 537 = (63)x+ (237 ~1)=0
a=2,b=4y,and c=-3y* -2 a=5b=-6y,and c =2y’ -1
e —b b - 4ac _ —bE~b* —4ac

B 2a *e 2a
2 2 2 2

. —(4y)i\/(4y) -4(2)(-3y*-2) —(—6y)i\/(—6y -4(5)(2y* 1)
- 2(2) - 2(5)

—4yi\/16y2 ~8(-3y-2) 6yi\/36y2 -20(2y -1)
- 4 - 10

—4y +,/16y +24y% +16 6y £4/36y° —40y” +20
= ] =

10
_ —4y+./40y% +16 6yt 204y 6y* /4(5_y2)
4 - 10 - 10
4y [4(10)° +4) C6yE25—yF  ayry5—y?
- 10 N 5

4
—4y 2,10y +4
4

2y +4/10y> +4

2
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83.

84.

85.

86.

87.

Chapter 1 Equations and Inequalities

b. Solve for y in terms of x.

2y2—(6x)y+(5x2—1)20
a=2,b=—6x,c=5x"—-1

_ bt \Jb* - dac

2a

X

—(~6x)% \/(—6x)2 -4(2)(5¢* 1)

2(2)

6x 2t [36x2 —8(5x2 —1)

4
_ 6x%+/36x —40x” +8
4
brig_dn?  OxE4(2-x)
B 4 B 4
C6xt2V2-x"  3xE+2-x

4 2

x* —8x+16=0

a=1,b=-8,andc=16

b? —4ac = (-8)° —4(1)(16) = 64— 64 =0
one rational solution (a double solution)
x* +4x+4=0

a=1,b=4,andc=4

b> —4ac=4"-4(1)(4)=16-16=0

one rational solution (a double solution)
3x? +5x+2=0

a=3,b=5,andc=2

b* —4ac=5"-4(3)(2)=25-24=1="1
two distinct rational solutions

8x% =—14x-3

8x* +14x+3=0
a=8,b=14,andc=3

b* —4ac =147 - 4(8)(3)
=196-96=100=10"

two distinct rational solutions

4x* = —6x+3

4x* +6x-3=0

a=4,b=6,and c =-3

b* —dac = 6> —4(4)(-3) =36 +48 =84

two distinct irrational solutions

88.

89.

90.

91.

92.

93.

9.

2x% +4x+1=0
a=2,b=4,andc=1

b* —4ac=4"-4(2)(1)=16-8=8
two distinct irrational solutions

9x* +11x+4=0
a=9,b=11,and c =4
b* —dac=11> -4(9)(4)=121-144=-23

two distinct nonreal complex solutions

3x? =4x-5
3x2—4x+5=0
a=3,b=—-4,andc=5

b —dac = (-4)’ - 4(3)(5) = 16 - 60 = —44

two distinct nonreal complex solutions

8x*—-72=0

a=8,b=0,and c =-72

b* —dac = 0% - 4(8)(-72) = 2304 = 48
two distinct rational solutions

Answers will vary.

x/§x2+5x—3\/§=0
a=+2,b=5and c=-32

b —dac =5" - 4(2)(-3V2)
=25+12-2=25+24=49

This does not contradict the discussion in this

section because a condition that is placed on

the quadratic equation is that it has integer

coefficients in order to investigate the

discriminant.

It is not possible for the solution set of a
quadratic equation with integer coefficients to
consist of a single irrational number.
Additional responses will vary.

It is not possible for the solution set of a
quadratic equation with real coefficients to
consist of one real number and one nonreal
complex number. Answers will vary.

In exercises 95-98, there are other possible answers.

95.

x=4 or x=5
x—4=0 or x-5=0

(x—4)(x—5)=0
x* —5x—4x+20=0

x> =9x+20=0
a=1,b=-9,and c =20
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96. x=-3 or x=2 () 5x—4=3(6-x)
x+3=0 or x-2=0 S5x—4=18-3x
(x+3)(x=2)=0 8x—4=18
¥ = 2x43x-6=0 Br=22=x=F=3
X +x-6=0 conditional equation; solution set: {%}

a=1,b=1,and c=-6
3. ay+2x=y+5x

97. x=1+2 o x=1-42 ay—-3x=y
)0 o o) S
[£=(1+42) [[x-(1-42)] -0 o

xz—x(l—\/z)—x(l+\/5) a-l

4. Let x = the amount deposited at 2.5% interest.

+ (1 + \/E) (1 - \/5) =0 Then 2x = the amount depositied at 3.0%
5 5 2] interest. The interest earned on x dollars at
W= x a2 —x -2 4 [1 - (\/5) } =0 2.5% is 0.025x, and the interest earned on 2x
2 _ at 3.0% is (2x)(0.03) = 0.06x. The total earned
. —2x+(1—2)—0 is $850, so we have
2 9
x"=2x-1=0 0.025x + 0.06x = 850
a=1,b=-2,and c=-1 0.085x = 850 = x =10,000

$10,000 was invested at 2.5%, and $20,000

98. r=toor r=- was invested at 3.0%.

x—=i=0 or x+i=0
(x _ i) (x+ i) -0 5. Substitute 1999 for x in the equation:

y=0.126(1999) — 246.25 = 5.62

2 2
x2 =0 ) So, the model predicts that the minimum
X =(-1)=0=x"+1=0 hourly wage for 1999 was $5.62. The
a=1,b=0,andc=1 difference between the actual minimum wage

and the predicted wage is

Chapter 1 Quiz $5.62 — $5.15 = $0.47.

(Sections 1.1-1.4) ¢ —4+24 _4+m
1. 3(x=5)+2=1-(4+2x) ) 8 8
3x—15+2=1-4-2x _4, e 1 6,
3x—-13=-3-2x 8 8 2 4
5x—13=-3 . . . o
Sx=10m r=2 o 72 _7-2i 2-4i _14-28i-di+(-8)

Solution set {2} 244 244 2-4  4—(-16)
6-32i 6 32. 3 8.

20 20 200 10 5

2. (@ 4x-5=-2(3-2x)+3
4x-5=-6+4x+3

4x-5=4x-3 8. 3t —x=-1=3x>—x+1=0
-5=-3 Use the quadratic formula. a=3,b=-1,c=1
contradiction; solution set: &
~DEJED? 4B _1xV=11 1 T

() 5x—9=5(-2+x)+1 26) T 6 6 6

5x-9=-10+5x+1

Sx=9=5x-9 Solution set: liﬁi

identity; solution set: {all real numbers} 6 6

or (—oo,oo)

9. x2-29=0=>x"=29=> x=129
Solution set: {i29}
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10. AZ%r20:>2A=r29:>%:r2:>

L [2A_ A6 \2A6

B N N B

Section 1.5 Applications and Modeling

with Quadratic Equations

. The length of the parking area is 2x + 200,
while the width is x, so the area is (2x + 200)x.
Set the area equal to 40,000.

(2x + 200)x = 40,000, so choice A is the

correct choice.

. The diagonal of this rectangle is the
hypotenuse of a right triangle with legs r feet
and s feet. By the Pythagorean theorem, the

length of the diagonal is Vr? +5%, so the
correct choice is C.

. Use the Pythagorean theorem with a = x,
b=2x-2,andc=x+4.

2+ (2x=2)% = (x+4)?

The correct choice is D.

. The length of the picture is 34 — 2x, while the
width is 21 — 2x, giving an area of

(34 — 2x)(21 — 2x). Use the formula for the
area of a rectangle, A = Iw, and set the area
equal to 600. (34 —2x)(21-2x) = 600

The correct choice is B.

. Let x = the first integer. Then x + 1 = the next
consecutive integer.
x(x+1)=56= x>+ x=56

X +x-56=0= (x+8)(x-7)=0

x+8=0=x=-8orx-7=0=>x=7
Ifx=-8,thenx+1=-7.1Ifx=7, then
x + 1 =8. So the two integers are —8 and -7, or
7 and 8.

. Let x = the first integer. Then x + 1 = the next
consecutive integer.
x(x+1)=110= x* +x=110=
X +x-110=0= (x+11)(x-10)=0
x+1l1=0=x=-1lor
x=10=0=>x=10
If x=-11, thenx + 1 =-10. If x = 10, then
x+ 1 =11. So the two integers are
—11 and -10, or 10 and 11.

7.

10.

11.

Let x = the first even integer. Then x + 2 = the
next consecutive even integer.
x(x+2) =168 = x> +2x =168

X2 +2x-168=0= (x+14)(x—12)=0
x+14=0=x=-14or
x=12=0=x=12

Ifx=-14,thenx + 2 =—-12. If x = 12, then

Xx + 2 = 14. so, the two even integers are

—14 and —12, or 12 and 14.

Let x = the first even integer. Then x + 2 = the
next consecutive even integer.
x(x+2)=224= x* +2x=224=

x* +2x-224=0= (x+16)(x—14)=0
x+16=0= x=-16 or
x—-14=0=x=14

If x =-16, then x + 2 = -14. If x = 14, then

X + 2 =16. So, the two even integers are

—16 and —14, or 14 and 16.

Let x = the first odd integer. Then x + 2 = the
next consecutive odd integer.
x(x+2)=63= x> +2x=63=

X +2x-63=0= (x+9(x-7)=0
x+9=0=x=-9or
x=7=0=>x=7

Ifx=-9,thenx+2=-7.1f x="7, then

x+ 2 =09. so, the two odd integers are

—9 and -7, or 7 and 9.

Let x = the first odd integer. Then x + 2 = the
next consecutive odd integer.
x(x+2)=143= x* +2x =143 =

X2 +2x-143=0= (x+13)(x-11) =0
x+13=0=x=-13or
x—11=0=x=11

Ifx=-13,thenx+2=-11.Ifx =11, then

x + 2 =13. so, the two odd integers are

—13 and —-11, or 11 and 13.

Let x = the first odd integer. Then x + 2 = the
next consecutive odd integer.
2+ (x+2)" =202
4t +4x+4=202
2x% +4x+4 =202 = 2x> +4x—198 =0
2(x* +26-99)=0= x* +2x-99 =0
(x+1D)(x-9)=0
x+11=0=x=-1lor
x-9=0=>x=9
Ifx=-11,thenx+2=-9.1Ifx =9, then

x + 2 =11. So the two integers are
—11and -9, 0or9 and 11.
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13.

14.

15.
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Let x = the first even integer. Then x + 2 = the
next consecutive even integer.

24 (x+2) =52
X+ +4x+4=52=2x" +4x+4=52=
2x2+4x—48=0:>2(x2+2x—24)=0:>

X +2x-24=0= (x+6)(x—4)=0
x+6=0=>x=-6o0r
x—4=0=>x=4

If x=-6, then x + 2 =—4. If x =4, then
X + 2 = 6. So the two even integers are —6 and
—4, or 4 and 6.

Let x = the first even integer. Then x + 2 = the
next consecutive even integer.

(x+2)° - x> =84
K +dx+4—xP =84 = dx+4=84=
4x=80= x=20
If x = 20, then x + 2 = 22. The two integers are
20 and 22.

Let x = the first odd integer. Then x + 2 = the
next consecutive odd integer.

(x+2)°-x*=32
X tdx+4-x>=32=4x+4=32
4x=28=>x=7
If x=7, then x + 2 = 9. So the two integers are
7 and 9.

Let x = the length of one leg, x + 2 = the length
of the other leg, and x + 4 = the length of the
hypotenuse. (Remember that the hypotenuse is
the longest side in a right triangle.) The
Pythagorean theorem gives

)c2+(x+2)2 =(x+4)2
X +x2 +4x+4=x>+8x+16
X —4x-12=0= (x—6)(x+2)=0
x-6=0=>x=6o0r
x+2=0=>x=-2
Length cannot be negative, so reject that
solution. If x = 6, then x + 2 = 8 and

x +4 =10. The sides of the right triangle are
6, 8, and 10.

16.

17.

18.

19.

Let x = the length of one leg, x + 1 = the length
of the other leg, and x + 2 = the length of the
hypotenuse. (Remember that the hypotenuse is
the longest side in a right triangle.) The
Pythagorean theorem gives

x2+(x+1)2 =(x+2)2
X+t 2x+1=x" +4x+4
2x* +2x+1=x" +4x+4
x> =2x-3=0
(x—3)(x+1)=0
x—-3=0=x=3o0r
x+1=0=>x=-1
Length must be a positive number, so reject

x=-1.Ifx=3,thenx+1=4andx+2=5.
The sides of the right triangle are 3, 4, and 5.

Let x = the length of the side of the smaller
square. Then x + 3 = the length of the side of
the larger square.

(x+3)* +x* =149
X +6x+9+ x> =149 = 2x* +6x—140=0
X +3x=70=0= (x=7)(x+10)=0
x—7=0=x=7or
x+10=0=x=-10
Length cannot be negative, so reject that
solution. If x =7, then x + 3 = 10. The length

of the side of smaller square is 7 in., and the
length of the side of the larger square is 10 in.

Let x = the length of the side of the smaller
square. Then x + 5 = the length of the side of
the larger square.

(x+5) -x*=095
X% +10x+25-x% =95
10x+25=95=10x=70=>x=17
If x =7, then x + 5 = 12. The length of the side

of the smaller square is 7 in., and the length of
the side of the larger square is 12 in.

Use the figure and equation A from Exercise 1.
x(2x+200) = 40,000
2x* +200x = 40,000
2x* +200x — 40,000 = 0
x* +100x - 20,000 =0
(x—100)(x+200)=0
x =100 or x =-200
The negative solution is not meaningful. If

x = 100, then 2x + 200 = 400. The dimensions
of the lot are 100 yd by 400 yd.
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20.

21.
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Use the formula for the area of a rectangle.
A=lw
5000 = (150 — x)x
5000 =150x — x*
x? =150x +5000 = 0 = (x —100)(x—50) = 0
x=100=0= x=100 or
x=50=0=x=50
If x = 100, then 150 — x = 50. If x = 50, then
150 — x = 100. The dimensions of the garden
are 50 m by 100 m.

Let x = the width of the strip of floor around

the rug.
lx xl
x x|
15-2x
12 —2x 12
X X
- 1
15

The dimensions of the carpet are 15 — 2x by
12 — 2x. Since A =Iw, the equation for the

carpet area is (15 — 2x)(12 — 2x) = 108. Put
this equation in standard form and solve by
factoring.

(15-2x)(12-2x) =108
180 —30x— 24x +4x* =108
180 — 54x +4x* =108
4x* =54x+72=0
2x% —27x+36=0
(2x=3)(x—-12)=0
2x-3=0=>x= %
x=12=0=x=12
The solutions of the quadratic equation are %
and 12. We eliminate 12 as meaningless in
this problem. If x = 3, then 15 — 2x = 12 and

12 — 2x = 9. The dimensions of the carpet are
9 ft by 12 ft.

22,

23.

Let x = the width of the border.

X X

The dimensions of the center plot are 9 —2x
by 5—2x. The total areais 5-9 =45sq ft.
The border area is 24 sq ft, so the area of the
center plot is 45 — 24 = 21 sq ft. Apply the
formula for the area of a rectangle to the
center plot.
A=lw
9-2x)(5-2x)=21
45-18x—10x+4x* =21
45-28x+4x° =21
45> —28x+24=0= x> -Tx+6=0
(x-6)(x-1)=0=>x-6=0=>x=6 or
x-1=0=x=1
The solutions are 1 and 6. We eliminate 6 as

meaningless in this problem. The border can
be 1 ft wide.

Let x = the width of the metal. The dimensions
of the base of the box are x—4 by x+6.

2 2

2 2
x+10-4=x+6

x—4

[\

2

2 2
Since the formula for the volume of a box is
V =lIlwh, we have
(x+6)(x—4)(2)=832
(x+ 6)(x— 4) =416
x> —4x+6x-24=416
x> +2x-24=416
x> +2x-440=0= (x+22)(x-20)=0
x+22=0=x=-22o0r
x=20=0=x=20
The negative solution is not meaningful. If

x =20, then x + 10 = 30. The dimensions of
the sheet of metal are 20 in by 30 in.
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26.
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Let x = the width of the metal. The dimensions
of the base of the box are x—8 by 2x-8.

4 4

4 4
2x -8

N
~

4 4
Since the formula for the volume of a box is
V =Ilwh, we have
(2x-8)(x-8)(4)=1536
(2x—8)(x-8)=384
2x% —16x—8x+64 =384
2x% —24x+64 =384
2x% —24x-320=0
x*=12x-160=0= (x-20)(x+8)=0
x—=20=0=x=20o0r
x+8=0=x=-8
The negative solution is not meaningful. If

x =20, then 2x = 40. The dimensions of the
sheet of metal are 20 in by 40 in.

Let i = height and r = radius.
Surface area = 2nrh + 2mr2
81 = 2nr(3) + 2mr?
87 =6mr+27r?

0=27r> +67r-87

0=27(r? +3r-4)=0=(r+4)(r-1)
r+4=0=>r=-4 or r-1=0=r=1
The r represents the radius of a cylinder, so —4

is not reasonable. The radius of the circular
top is approximately 1 ft.

Let & = height and r = radius. Volume = nr2h
72’r=7zr2(3):>r=3r2 =0=3r"-r=

0=r(3r-1)=r=0o0r3r-1=0=r=1
A circle must have a radius greater than 0. The

radius of the circular top is % ft or 4 in.
Let x = length of side of square. Area = x?
and perimeter = 4x

X2 =4x:>x2—4x=0=>x(x—4)=O=>
x=0orx=4

We reject 0 since x must be greater than 0.
The side of the square measures 4 units.

28. Letx = width of rectangle.

Then 2x = length of rectangle.
Area = [w and Perimeter = 2[ + 2w
(2x)(x) = 2[ 2(2x) +2x]
20 =2(4x+2x) = 2x* =2(6x)
2x% =12x = 2x* = 12x=0
2x(x-6)=0=2x=0=x=0or
x—6=0=>x=6
We reject 0 since x must be greater than 0.

The width of the rectangle measures 6 units.
The length of the rectangle measures 12 units.

. Let h = height and r = radius.

Area of side = 217k and Area of circle = 2
Surface area = area of side + area of top + area
of bottom

Surface area = 2ntrh + mwr2 + wr= 2mrh + 2mr?
371 = 2nr(12) + 202
371=24zr+27r?
0=27r*+247r-371
a=2n,b=24n, and c = -371

. —b++b? —4ac .
2a
| —247+.J(247) - 4Q27)(=371)
a 2(27)

—247 £/5767° + 29687
4z
r=-=15.75or r=3.75
The negative solution is not meaningful. The
radius of the circular top is approximately
3.75 cm.

. Let x = length, then x — 3.2 = width, and

2.3 =depth. V = Iwh
180.4 = x(x—3.2)(2.3)
180.4 = 2.3x> - 7.36x

0=23x>-7.36x—180.4
a=23,b=-736,and c = -180.4

- —b+ b —4dac
2a
| —(7.36) £/(~7.36)7 — 4(2.3)(~180.4)
te 2(23)
736%/1713.8496 _ 7.36 +41.40

4.6 4.6
=10.6 or —7.4
A box cannot have a negative length, so reject
—7.4 as a solution. The length is approximately
10.6 in. and the width is approximately
10.6-3.2=741in.
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31.

32.

33.
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Let & = the height of the dock.
Then 2h + 3 = the length of the rope from the
boat to the top of the dock.
Apply the Pythagorean theorem to the triangle
shown in the text.
h +12° = 2h +3)?
K +144 = (2h) +2(6h)+3?
h? +144 = 40> +12h +9
0=3h" +12h-135
0=h>+4h—45=0=(h+9)(h—5)
h+9=0=h=-90rh-5=0=>h=5
The negative solution is not meaningful. The
height of the dock is 5 ft.

Let x = the horizontal distance
Apply the Pythagorean theorem to the right
triangle shown in the text.
at+bt=c
x% +(x+10)? =507
x* + 1% +2(10x) +10* = 2500
x* +x% +20x+100 = 2500
2x% +20x-2400=0
x* +10x-1200=0
(x+40)(x—-30)=0
x+40=0= x=-40 or
x-30=0=>x=30
The negative solution is not meaningful.
The kite’s horizontal distance is 30 ft and the

vertical distance from the ground is
40 ft+ 5 ft =45 ft.

2

Let r = radius of circle and x = length of side

of square. The radius is % the length of the

side of the square. Area = x?

800 = x> = x =+/800 = 202 =
r=10y2

e
\__/

The radius is 10«/5 feet.

34.

35.

36.

Let x = length of short leg.
Then 2x = length of long leg.
Apply the Pythagorean theorem.
=a*+b’

26% = x* + (2x)?

676 = x* +4x>

676 = 5x°

1352 = x*

V1352 =x

The negative solution is not meaningful. The
short leg should be +/135.2 =11.6 in. and the

long leg should be 2+/135.2 = 23.3 in.

Let x = length of ladder

Distance from building to ladder = 8 + 2 = 10.
Distance from ground to window = 13

Apply the Pythagorean theorem.

a’+b>=c?
10° +13%> = x> =>100+169 = x> =
269 = x* = +4/269 = x
x~-16.40orx~ 164

The negative solution is not meaningful. The
worker will need a 16.4-ft ladder.

Let x = the number of hours they can talk to
each other on the walkie-talkies.

Use d = rt to determine how far each boy
walks in x hours. Then 2.5x = the number of
miles Tanner walks north and 3x = the number
of miles Sheldon walks east. This forms a
right triangle with legs of length 2.5x and 3x,
and length of the hypotenuse is the distance
between the boys. We want to find x when the
length of the hypotenuse is 4 mi.

4
2.5x
1 N
3x
a*+b*=c?

(2502 +(Bx)? =4* = 6.25x2 +9x> =16 =
15252 =16 = x> = 1.049 = x =~ +1.02

The negative solution is not meaningful.
1.02 hr =1.02 (60 min) = 61 min
They will be able to talk for about 61 min.
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37. Letx =length of short leg, x + 700 = length of

38.

39.

long leg, and x + 700 + 100 or
x + 800 = length of hypotenuse.

(x + 700) + 100 = x + 800
x +700

1 N\

X
Apply the Pythagorean theorem.
¢t =a’ +b?
(x+800) = x> + (x + 700)*
x% +1600x + 640,000
= x” + 17 +1400x + 490,000
0 = x* —200x — 150,000
0 = (x+300)(x —500)
x+300=0= x=-300 or
x—=500=0= x=500
The negative solution is not meaningful.
500 = length of short leg
500 + 700 = 1200 = length of long leg
1200 + 100 = 1300 = length of hypotenuse
500 + 1200 + 1300 = 3000 = length of
walkway. The total length is 3000 yd.

Let x = height of the break. Then 10 — x = the
length of hypotenuse.

Apply the Pythagorean theorem.

c=a’+b?

(10— x)* = x> +3?
100-20x+ x> = x> +9

100-20x=9= —20x=-91 = x=4.55
The height of the break is 4.55 ft.

(@ s= -16¢> + Vot
s =—16t* +96¢
80 = —161% +96¢
16¢> — 96t +80 =0
a=16,b= —96 and ¢ = 80

(b)

40. (a)

(b)

_ —b*b’ —4ac

2a

-(-96)+ \/ (-96)” — 4(16)(80)
2(16)
L2 96492165120
32
_96++/4096 96+ 64
7 )
L _96-064 o _96+64
32 32

The projectile will reach 80 ft at 1 sec and
5 sec.

t

5

s =—16t> +96¢
0=-16t> +96¢
0=-16t(t-6)

-16t=0=¢t=0 or t-6=0=1¢=6
The projectile will return to the ground
after 6 sec.

s = —16t2 + Vot
s=—16t> +128¢
80 = —16¢> +128¢

16t> 128t +80 =0
a=16,b= —128 and c = 80

e —b +b* - 4ac
2a
—(~128)+ \/(—128)2 — 4(16)(80)
2(16)
128+./16384—-5120  128+~/11264

32 32

. 128 —~/11264
32
. 128 ++/11264

32
The projectile will reach 80 ft at .68 sec
and 7.32 sec.

= (.68 or

=7.32

s=-1612 +128¢

0=-16:+128¢

0=-16t(r-38)

-16=0=¢=0 or 1-8=0=1=8

The projectile will return to the ground
after 8 sec.
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41. (a) s=-162 +v,t
s =—16t> +32t
80 = —16¢% + 32t

16t> =32t +80=0
a=16,b= -32 and c = 80

bt Vb* — 4ac
2a
2
—-(-32)+ \/(—32) — 4(16)(80)
2(16)
_32++4/1024-5120
32
_32£4-4096 32%64i
32 32
The projectile will not reach 80 ft.

(b)  s=-16>+32
0=-161>+32t = 0=—16t(r - 2) =
—16t=0=t=00rt-2=0=¢=2
The projectile will return to the ground
after 2 sec.

42. (a) s=-16t" +vyt = s =—16t> +16¢

80=—16t> +16t = 16> —16t +80 =0
a=16,b= —16 and ¢ = 80

—E: Vb* - 4ac
2a
~(~16)£1(~16)* - 416)(80)
2(16)
_16£+/256-5120
32
_16+/-4864 _ 16£16i/19
B 32 32
The projectile will not reach 80 ft.

(b) s=-16t+16¢
0=-16t> +16t = 0=—16¢(t—1) =
—l6t=0=t=0o0rt-1=0=1r=1
The projectile will return to the ground
after 1 sec.

43. The height of the ball is given by
h=-2.7t* +30t +6.5.

(a) When the ball is 12 ft above the moon’s
surface, h = 12. Set h = 12 and solve for .
12=-2.7¢* +30r +6.5
2.7 =30t +5.5=0

Use the quadratic formula with a = 2.7,
b=-30,and c=5.5.

30+ ,900-4(2.7)(5.5)  30++/840.6

2(2.7) 5.4
30+5\/i40.6 1092 of 30—5\/i40.6 019

Therefore, the ball reaches 12 ft first after
0.19 sec (on the way up), then again after
10.92 sec (on the way down).

(b) When the ball returns to the surface,
h=0.
0=-2.7t +30t+6.5
Use the quadratic formula with a = -2.7,
b=30,and c =6.5.
L7304 /900 - 4(=2.7)(6.5)
a 2(=2.7)
~ =30++/970.2

=54

-30++/970.2
=54
-30-+/970.2

54
The negative solution is not meaningful.
Therefore, the ball returns to the surface
after 11.32 sec.

=—0.21 or

=11.32

44. When the quadratic formula is applied to the
equation —2.7¢* + 307 + 6.5 =100 =
2.7t 430t -93.5= 0, the discriminant,
b* —dac =30 — 4(-2.7)(-93.5)
=900-1009.8 =-109.8
is negative. Since this equation has no real
solution, the ball will never reach a height of
100 ft.
45. (a) Letx=50.
T = 0.00787(50) —1.528(50) +75.89 = 19.2

The exposure time when x = 50 ppm is
approximately 19.2 hr.
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(b) Let T'=3 and solve for x.
3=0.00787x> —1.528x +75.89

0.00787x2 —1.528x+72.89 =0
Use the quadratic formula with a = 0.00787,
b =-1.528, and ¢ = 72.89.

~(~1.528) \/(‘1-528)2
— 4(0.00787)(72.89)

X =

2(0.00787)
1528 £+/2.334784 — 2.2945772
B 0.01574
_ 1.528++/0.0402068

0.01574

1.528 ++/0.0402068

0.01574

1.528 —+/0.0402068

0.01574
We reject the potential solution 109.8 because
it is not in the interval [50, 100]. So, 84.3 ppm
carbon monoxide concentration is necessary
for a person to reach the 4% to 6% CoHb level
in 3 hr.

=109.8 or

=84.3

46. (a) Letx =600 and solve for T.

T =.0002x” —.316x+127.9
=.0002(600)* —.316(600) +127.9 =10.3
The exposure time when x = 600 ppm is
10.3 hr.
(b) Let T'=4 and solve for x.
4 =0.0002x* - 0.316x+127.9
0.0002x* —0.316x+123.9=0

Use the quadratic formula with a = 0.0002,
b=-0.316,and c = 123.9.

-0.316)°
-(-0316)+ \/ ( - 4(3.0002)(123.9)
2(0.0002)
_0.316 £+/0.099856 - 0.09912
- 0.0004
_ 0.316:£+/0.000736
B 0.0004
0.316 ++/0.000736
0.0004
0.316 —~/0.000736

0.0004
857.8 is not in the interval [500, 800]. A
concentration of 722.2 ppm is required.

X =

=857.8 or

=722.2

47. (a) 2010 is represented by x = 6. Substitute

x = 6 into the equation to find y:
y=1.493x% +7.279x + 684.4

y=1.493(6)" +7.279(6) + 684.4

=~ 781.8 million tons
In 2010, emissions were about 781.8 million
tons.

(b) Lety =700 and solve for x.
700 =1.493x2 +7.279x + 684.4 =

1.493x* +7.279x-15.6=0
Use the quadratic formula with a = 1.493,
b="7.279, and ¢ =-15.6.

~7.279%1/7.279 - 4(1.493)(~15.6)
X =

2(1.493)
~7.279 +/146.147041

2.986

- +
_ 1279812080 o
2.986

We reject the potential solution —6.5 because
it is gives a year before 2004. So, the model
predicts that the emissions reached 700
million tons about 1.6 years after 2004,
which is during 2005.

48. Lety = 7605 and solve for x.

49.

7605 = 3.026x> +377.7x + 3449 =

3.026x% +377.7x— 4156 =0
Use the quadratic formula with a = 3.026,
b=377.7, and c = —4156.

| =377.7+4[377.7% - 4(3.026)(—4156)
a 2(3.026)

| —377.7+J142,657.29 + 50,304.224

B 6.052

_ =377.71+/192,961.514

6.052
377743927

6.052
=-135.0 or 10.2
Reject —135.0 because it gives a year before
2000. Based on this model, the cost was $7605
about 10.2 years after 2000 or in 2010.

Let x =2 and solve for y.

y=318.4x* +1612x + 8596

vy =318.4(2)° +1612(2)+859
=318.4(4)+3224+ 859
~13,094

In 2006, the revenue from Internet publishing
and broadcasting was about $13,094 million.
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50.

51.

52,

53.

54.

5S.
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Let x = 8 and solve for y.
y =-0.0746x% +3.146x + 79.52

= -0.0746(8)" +3.146(8)+79.52
=-0.0746(64)+25.168 +79.52 = 99.9

Approximately 99.9 million households
subscribed to cable TV in 2008.

For each $20 increase in rent over $300, one
unit will remain vacant. Therefore, for x $20
increases, x units will remain vacant.
Therefore, the number of rented units will be
80 — x.

x is the number of $20 increases in rent.
Therefore, the rent will be 300 + 20x dollars.

300 + 20x is the rent for each apartment, and
80 — x is the number of apartments that will be
rented at that cost. The revenue generated will
then be the product of 80 — x and 300 + 20x,
so the correct expression is

(80— x)(300 + 20x)

= 24,000 +1600x — 300x — 20>
= 24,000 +1300x — 20x>.

Set the revenue equal to $35,000. This gives
the equation

35,000 = 24,000 +1300x — 20x°, where x
represents the number of vacant apartments.
Rewrite this equation in standard form and
then solve.
20x* —1300x +11,000=0

x> —65x+550=0

(x=55)(x-10)=0= x=55,10

If x =55, then only 25 apartments will be
rented. This does not meet the restriction ,so
we disregard this solution. If x = 10, then 70

apartments will be rented. This meets the
restriction.

Let x = number of passengers in excess of 75.
Then 225 — 5x = the cost per passenger (in
dollars) and 75 + x = the number of
passengers.

(Cost per passenger)(Number of passengers) =
Revenue

(225-5x)(75 + x) = 16,000
16,875+ 225x — 375x — 5x* = 16,000
16,875 —150x — 5x* = 16,000
0=>5x+150x—875
0=x>+30x-175= 0= (x+35)(x—5)
x+35=0=x=-350rx-5=0=>x=5

The negative solution is not meaningful. Since there

56.

57.

58.

are 5 passengers in excess of 75, the total
number of passengers is 80.

Let x = the number of unsold seats. Then the

number of passengers is 100 — x. The revenue

is given by y = (40 + 2x)(100 — x).

5950 = (40 +2x)(100 - x)

5950 = 4000 — 40x + 200x — 2x>
0=-1950 +160x — 2x*
0=-2(x" - 80x+975)
0=(x—15)(x-65)

x—15=0=>x=15

x—65=0=x=065

Since there must be no more than 50

unsold seats, only x = 15 is valid. There are
100 — 15 = 85 passengers.

Let x =number of weeks the manager should
wait. Then 100 + 5x =number of pounds and
0.40 - 0.02 x = cost per pound

(Cost per pound)(Number of pounds) =
Revenue

(0.40-0.02x) (100 + 5x) = 38.40
40+ 2x - 2x—0.1x* = 38.40
40 —0.1x* = 38.40
—0.1x* =-1.6
~10(-0.1x*) = ~10(-1.6)
X =16=x=14
The negative solution is not meaningful. The

farmer should wait 4 weeks to get an average
revenue of $38.40 per tree.

Let x = number of days the scouts should wait.
Then 4 —0.1x =the price the scouts will
receive per hundred pounds, and 120+4x =
the number of hundreds of pounds of cans the
scouts can collect.

(price per hundred pounds)(Number of
pounds) = Revenue

(4-0.1x) (120 + 4x) = 490
480 +16x —12x—0.4x> = 490
480 + 4x — 0.4x> = 490
0=0.4x>-4x+10
10-0=10(0.4x2 —4x+10)
0 = 4x> —40x +100
0=x>-10x+25
0=(x-5)7>=5=x

The scouts should wait 5 days in order to get
$490 for their cans.
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Section 1.6 Other Types of Equations g Axt3  2x

. . =X
and Applications 4 x+1
The least common denominator is 4 (x + 1),

5 1
L 2x+3 1-6 =0 which is equal to O if x = —1. Therefore, 1
3 cannot possibly be a solution of this equation.
2x+3#0=x#-5 and x-6#0=x#6. Ax+3 2x
4(x+1) - =4(x+1)(x)
o) 3 4 x+1
2. x+1+5x—2=0 (x+1)(4x+3)-4(2x) = 4x(x+1)
x+1#0=x# -1 and 5x-2#0=> x#2 4x? +3x+4x+3-8x=4x" +4x
> —x+3=4x
3. 3 " 1 _ 3 3=5x=>§=x
x=2 x+1 x*—x-2 5
3 1 3 The restriction x # —1 does not affect the
or x—2 + x+1 = (x=2)(x+1) result. Therefore, the solution set is {%}
x=2#20=x#2 and x+1#0= x#-1
9, X -3 .3
4 2 5 5 Cx-3 x-3
T x+3 x-1 2+42x-3 The least common denominator is x — 3,
2 5 -5 which is equal to O if x = 3. Therefore, 3
13 x-1 = 4 3)x—1) cannot possibly be a solution of this equation.
x+320=>x#-3 and x—120=x=#1 (x—s)(ijz(x—:a)[iw}
x=3 x=3
5. L_2_3 x=3+3(x-3)
T 4x x x=3+3x-9
4x#0=>x#0 x=3x-6=>-2x=-6=x=3
The only possible solution is 3. However, the
6. S + 2 =6 variable is restricted to real numbers except 3.
2x  x Therefore, the solution set is: .
2x20=x#0
x 4
10. = +4
7. 2x+5_ 3x -y x—4 x—4
2 x=2 The least common denominator is x — 4,
The least common denominator is 2 (x - 2), which is equal to O if x = 4. Therefore, 4
which is equal to 0 if x = 2. Therefore, 2 cannot possibly be a solution of this equation.
cannot possibly be a solution of this equation. (x _ 4)( X 4) _ (x _ 4)[ 4 y " 4}
2x+5  3x X= X=
2(x—2){ . ——x_2}=2(x—2)(x) fara(co)
(x=2)(2x+5)-2(3x) = 2x(x-2) x=4+4x-16
x=4x-12

2x% +5x—4x-10—-6x = 2x* — 4x
—Sx-10=-4x=-10=x
The restriction x # 2 does not affect the

Bx=-12=x=4
The only possible solution is 4. However, the

i ) variable is restricted to real numbers except 4.
result. Therefore, the solution set is {—10}. Therefore. the solution set is: .
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11.

12.

13.
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-2 3 -12

+ = or
x-3 x+3 x%-9
-2 3 -12

+ =
x=3 x+3 (x+3)(x—3)
The least common denominator is
(x+3)(x—3), which is equal to 0 if x = =3 or
x=3.
Therefore, 3and 3 cannot possibly be solutions
of this equation.

(x+3)(x—3)|:x_—_23 3 }

x+3

:(x+3)(x_3)((le(i_3)J

2(x+3)+3(x-3)=-12
—2x—-64+3x-9=-12
—“154+x=-12=x=3
The only possible solution is 3. However, the
variable is restricted to real numbers except
—3 and 3. Therefore, the solution set is: &.

3 1 12
+ =

x=2 x+42 x*—4

3 N 1 12
x—2 x+2 (x+2)(x—2)
The least common denominator is
(x+2)(x—2), which is equal to 0 if
x=-2 or x =2. Therefore, —2 and 2 cannot
possibly be solutions of this equation.

(x+2)(x—2){%+ . }

x+2

=(x+2)(x_2)(mJ

3(x+2)+(x-2)=12
3x+6+x-2=12
4x+4=12
4x=8=x=2
The only possible solution is 2. However, the
variable is restricted to real numbers except —2
and 2. Therefore, the solution set is: &.

or

4 1 2

x2+x—6_x2—4 - > +5x+6 o
4 3 1 _ 2
(x+3)(x—2) (x+2)(x—2) (x+2)(x+3)

14.

The least common denominator is
(x+3)(x—2)(x+2), whichis equal to 0 if
x=-3orx=2 orx=-2. Therefore, —3and 2

and —2 cannot possibly be solutions of this
equation.

(x+3)(x—2)(x+2)

.{(x+3)4(x—2) - (x+2)1(x—2)}
)(x—2)(x+2)[W2(x+3)]

4(x+2)-1(x+3)=2(x-2)
4x+8-x-3=2x-4
3x+5=2x-4=>x+5=-4=>x=-9

The restrictions x # —3, x # 2, and x # =2 do
not affect the result. Therefore, the solution set

is {-9}.

=(x+3

3 1 _ 7
Hx=2 x*-1 2x*+6x+4
3 B 1 _ 7
(x+2)(x—1) (x+1)(x—1) 2(x2+3x+2)
3 1 7

(x+ 2)(x—l) (x+ 1)(x—1) 2(x+ 2)(x+ 1)
The least common denominator is
2(x+1)(x—=1)(x+2), whichis equal to 0 if

x=—-lorx=1 orx=-2. Therefore, —1 and
1 and -2 cannot possibly be solutions of this
equation.

2(x+1)(x—1)(x+2)

.{(x+2;(x—1) B (x+1)1(x—1):|
=2(x+1)(x—1)(x+2)[2(x+)(x+1)J

2(3)(x+1)-2(x+2)=7(x-1
6(x+1)—-2(x+2)=7(x-1
6x+6-2x—-4="7x-17
dx+2=Tx-17

2=3x-17

9=3x=>3=x
The restrictions x # —1, x #1, and x # =2 do
not affect the result. Therefore, the solution set

is {3}.
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2x+1 3 -6
+—= or

x—-2 x x2—2x

2x+1 3 -6

x-2 x x(x - 2)
Multiply each term in the equation by the least
common denominator, x(x — 2) , assuming
x#0,2.

x(x—Z)[%+%}:x(x_2)(x(;—f2)J

x(2x+1)+3(x-2)=-6
2x* +x43x-6=—6
2x% +4x-6=—6
2x* +4x=0=2x(x+2)=0
2x=0=x=0 or x+2=0=>x=-2
Because of the restriction x # 0, the only

valid solution is —2. The solution set is {—2}.

dx+3 2 1
+—=
x+1 x

4x+3 2 1
by (x + 1)
Multiply each term in the equation by the least

x2+x x+1 X

common denominator, x(x + 1), assuming

x#0,-1.

i e

x(4x+3)+2(x+1)=1

4x% +3x+2x+2=1
4x* +5x+2=1=4x> +5x+1=0

(4x+1)(x+1)=0

4x+1=0:>x=—% or x+1=0= x=-1

Because of the restriction x # —1, the only
1

valid solution is - The solution set is
1
-4
X 1 2
- = or
x—1 x+1 x*-1
X 1 2

x—1 x+1 - (x+1)(x—l)
Multiply each term in the equation by the least
common denominator, (x + 1) (x - 1) s
assuming x # xl.

1

(x+1)(x—1){ fl-—}

X x+1

=(x+l)(x_1)(W2(x—l)]

18.

19.

x(x+1)—(x—1)=2=>x2+x—x+1=2
X Hl=2=x"-1=0
(x+1)(x-1)=0=x+1=0=>x=-lor
x—1=0=>x=1
Because of the restriction x # £1, the solution
setis .

—X 1 -2

- = or
x+1 x-1 x2 -1
—X 1 -2

x+1 N x—1 B (x+1)(x—1)
Multiply each term in the equation by the least
common denominator, (x+1)(x—1), assuming

x # 1.

(x+1)(x—1){ = __}
TR

—x(x—l)—(x+l)=—2
X Hx—x-1=2=-x*-1=2=
X2 H1=0= % -1=0=>
(x+1)(x-1)=0=>x+1=0=x=-1lor
x—1=0=x=1
Because of the restriction x # *1, the solution
setis: .

5 43
2 P8
2 x

Multiply each term in the equation by the least
common denominator, x2, assuming x # 0.

xz[%—£}=x2 (18)

X X
5-43x=18x> = 0=18x> +43x-5
0=(2x+5)(9x—1)
5

2x+5=0=x=-3or

Ix—1=0=x=7

The restriction x # 0 does not affect the result.

Therefore, the solution set is {—%,%}
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20.

21.

22,
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lz+£=6
X X

Multiply each term in the equation by the least
common denominator, x2, assuming x # 0.

7 19
X2 l:x—2+7:|=x2 (6)
7 +19x = 6x°
0=6x>-19x-7
0=3x+1)(2x-7)

3x+1=0:>x=—§ or 2x—7=0:>x=%

The restriction x # 0 does not affect the result.

Therefore, the solution set is {—%,%}

-1
o
2x-1 (2x-1)
Multiply each term in the equation by the least

. 2 .
common denominator, (2x - 1) , assuming

1
xiz.

(2x-1)*(2) = (2x-1)’

2(4x” —4x+1)=3(2x-1)-1

8x* —8x+2=6x-3-1

8x* —8x+2=6x-4=8x"—14x+6=0
2(4x? = 7x+3)=0= 2(4x-3)(x~1)=0

4x-3=0=x=2 orx—1=0=x=1

4
The restriction x # % does not affect the result.

Therefore the solution set is {%, 1}.
6= ! + 3 5
26=3 " (24-3)
Multiply each term in the equation by the least

. 2 .
common denominator, (2x - 3) , assuming

3
xiz.

(2x-3)*(6) = (2x-3)’ {

7 3
+ 2
2¢-3 (zx-s)}

+—_12
2x=1 (2x-1)

23.

24.

6(4x> ~12x+9)=7(2x-3)+3
24x2 —72x+54=14x-21+3
24x% —72x+54=14x-18
24x* —86x+72=0
2(12: - 43x+36) = 0= 2(4x—-9) (3x - 4) =

(e}

4x-9=0=x=7 or 3x-4=0=>x=7

The restriction x # % does not affect the result.

Therefore, the solution set is {%,%}.

2x=5 x-2

X 3
Multiply each term in the equation by the least
common denominator, 3x, assuming x # 0.

3x(2x—5j=3x(x—2j
X 3
3(2x-5)=x(x-2)= 6x-15=x"-2x =
0=x"-8x+15=(x—3)(x—5)
x—3=0=x=3 or x-5=0=>x=5

The restriction x # 0 does not affect the result.
Therefore, the solution set is {3, 5}.

x+4 x-1

2x 3
Multiply each term in the equation by the least
common denominator, 6x, assuming x # 0.

6x(x+4J=6x(x—l)
2x 3
3(x+4)= 2x(x—1)
3x+12=2x> - 2x
0=2x>-5x-12
0=02x+3)(x—4)

2x+3=0=x=-2 or x-4=0=x=4

The restriction x # 0 does not affect the result.

Therefore the solution set is {—%, 4}.
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2 2
X _ s+ 4x
x—2 x—2
Multiply each term in the equation by the least
common denominator, x — 2, assuming x # 2.

2x 4x?
(x—2)( _zj—(x—2){5+ x—Z}

2x=5(x—2)+4x"

2x=5x—-10+4x"
0=14x>+3x-10
0=(x+2)(4x-5)

X

x+2=0=>x=-2or 4x-5=0=x=2

The restriction x # 2 does not affect the result.
Therefore the solution set is {—2, %}

3x? X

x—1 S x-1
Multiply each term in the equation by the least
common denominator, x — 1, assuming x # 1.

(x—l)[j)fl +2J: (x-l)(xflj

3% +2(x—1)=

3x—2=0:>x=% or x+1=0=>x=-1

The restriction x #1 does not affect the result.
Therefore, the solution set is {—1, %}

Let x = the amount of time (in hours) it takes
Joe and Sam to paint the house.

Part of the
r t Job
Accomplished

Joe

i i
3 X 3 X

Sam - X %x

Since Joe and Sam must accomplish 1 job
(painting a house), we must solve the
following equation.

%x+%x=l
15[4x+Lx]=15-1

5x+3x=15:>8x=15:>x=£=1%

It takes Joe and Sam 1% hr working together

to paint the house.

28. Let x = the amount of time (in hours) it takes

Joe and Sam to paint the house.

Part of the
Rate [ Time | Job
Accomplished
Joe < X X
Sam 3 X 3x

29.

Since Joe and Sam must accomplish 1 job
(painting a house), we must solve the
following equation.

%x+§x=1
1.1, ]2
24[6x+8x]_24-1

4dx+3x=24

7x=24:>x=%=3

ES] (3%

It takes Joe and Sam 3% hr working together

to paint the house.

Let x = the amount of time (in hours) it takes
plant A to produce the pollutant. Then 2x = the
amount of time (in hours) it takes plant B to
produce the pollutant.

Part of the
Rate | Time Job

Accomplished

Pollution
from A

L 26 1(26)

Pollution 1
from B 2x

™ 26

2:(26)

30.

Since plant A and B accomplish 1 job
(producing the pollutant), we must solve the
following equation.
1 1 -
+(26)+5-(26) =1
26 + 13 _ 1

X X

A[2]=x1=39=2x

X

Plant B will take 2-39 =78 hr to produce the
pollutant.

Let x = the amount of time (in hours) the first
(faster) pipe operates. Then 3x = the second
(slower) pipe operates.

Part of the
Rate | Time Job
Accomplished
First pipe % 12 %
Sfﬂcond % 12 %
pipe

(continued on next page)
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(continued)

31.

Since the two pipes are working together, we

must solve the following equation.

12 12 36 12 48
—t—=l2—t—=l=—=1=

x  3x 3x 3x 3x
48=3x=16=x
The faster pipe can fill the pond in 16 hours
working alone.

Let x = the amount of time (in hours) to fill the
pool with both pipes open.

Part of the
Rate | Time Job
Accomplished

Inlet pipe é X éx

1
g

Outlet pipe é X

32.

33.

Filling the pool is 1 whole job, but because the
outlet pipe empties the pool, its contribution
should be subtracted from the contribution of
the inlet pipe.

1 1. _

g X — § X = 1

40[Lx-1x]=40-1=8x-5r=40=

3x:40:>x:ﬂ:13%hr

It took 13+ hr to fill the pool.

We need to determine how much of the pool
was filled after 1 hour. To do this, we evaluate

%x—%x when x =1. After 1 hour,

lq_lq=1_1_8_5

5 3 ST8T 40 40
has been filled. What remains to be filled is
-3 _40_ 3 _37

40 T 40 40~ 40
amount of time it takes to complete filling the
pool, we must solve the following.

S ST

<o of the pool

. If we now let x be the

5 40
31 _45
X =5 —48 hr

It will take 4% hr more to fill the pool.

Let x = the amount of time (in minutes) to fill
the sink with both pipes open.

Part of the
Rate | Time Job
Accomplished

Tap 5 X X

: € 1
Drain X 10X

34.

35.

Filling the sink is 1 whole job, but because the
sink is draining, its contribution should be

subtracted from the contribution of the taps.

1, _ 1,
sX—0x=1

10[ x—mx]—lo 1= 2x—x=10= x=10

It will take 10 minutes to fill the sink if Mark
forgets to put in the stopper.

We need to determine how much of the sink
was filled after 1 minute. To do this, we

evaluate —x —%x when x=1. After 1

_ 1. _____L_L=_
minute, <1 101 =T I0-10 of

the sink has been fllled What remains to be
filled is 1-5=12—

be the amount of time it takes to complete

0" 10= 10 . If we now let x
filling the sink, we must solve the following.

1._9
sY= 70
5(%x)=5(%):>x=%=4% min

It will take 4% min more to fill the sink.

-v2x+3=0
2
=x/2x+3:>x2=(x/2x+3)
=243 87 -2x-3=0=
(x+1)(x-3)=0=x=-lorx=3
Check x = —1.
x—+2x+3=0
—1-2(-1)+320
—-1-4/-2+43=0
-1-V1=0=-1-1=0=-2=0
This is a false statement. —1 is not a solution.
Check x = 3.

-V2x+3=0
2(3) +3=0
3-/6+3=0
3-9=0=3-3=0=0=0
This is a true statement. 3 is a solution.
Solution set: {3}

-2
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37.

x—+3x+18=0
2
x=3x+18 = x2 :(\/3x+18)

¥ =3x+18= x> —3x-18=0
(x+3)(x—6)=0=x=-3o0rx=6

Check x = -3.

x—+/3x+18=0

-3 f3(-3)+1820
3-J=9+18=0

3-J9=0=>-3-3=0=-6=0

This is a false statement. —3 is not a solution.

Check x = 6.

x—+3x+18=0

6—/3(6)+1820
6-+18+18=0
6-/36=0=6-6=0=0=0
This is a true statement. 6 is a solution
Solution set: {6}

N3x+7 =3x+5
(\/3x+7)2 = (B3x+5)

3x+7=9x> +30x+25
0=9x>+27x+18
0=9(x"+3x+2)=9(x+2)(x+1)

x=-2orx=-1

Check x = 2.
N3x+7 =3x+5
B2 +723(=2)+5
N-6+7=-6+5
J=-1=1=-1

This is a false statement. —2 is not a solution.
Check x = -1

NV3x+7 =3x+5
BED+TE3(=1+5
N-3+7=-3+5

Ja=2=2=2

This is a true statement. —1 is a solution.
Solution set: {—1}

Section 1.6 Other Types of Equations and Applications

38.

39.

95

Vadx+13 =2x-1
(\/4x+13)2=(2x—1)2
4x+13=4x> —4x+1

0=4x>—8x—12
0=4(x*-2x-3
0=4(x+1)(x-3)

x=—-lorx=3

Check x = —1.

Vadx+13=2x-1

JAED)+1322(-1)-1
N-4+13=-2-1
Jo=-3=3=-3
This is a false statement. —1 is not a solution.
Check x = 3.

V4x+13=2x-1
4(3)+1322(3)-1
V12+13=6-1
J25=5=5=5
This is a true statement. 3 is a solution.
Solution set: {3}

Vax+5-6=2x-11
V4x+5=2x-5
(\/4x+5)2=(2x—5)2
4x+5=4x* —20x+25
0 =4x> —24x+20
0=4(x> - 6x+5)=4(x~1)(x-5)

x=lorx=5

Check x =1.

Vadx+5-6=2x-11

Ja)+5-622(1)-11
N4+5-6=2-11
V9 -6=-9
3-6=-"9=-3=-9
This is a false statement. 1 is not a solution.
Check x = 5.

Vax+5-6=2x-11
4(5)+5 -6=2(5)-11
Nv20+5-6=10-11
J25-6=-1=5-6=-1=-1=-1
This is a true statement. 5 is a solution.
Solution set: {5}
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40. V6x+7-9=x-7
NOx+T7T =x+2
(\/6x+7)2 =()c+2)2
6x+7=x"+4x+4
0=x"—2x-3=(x+1)(x-3)
x=—-lorx=3
Check x = —1.

V6x+7-9=x-7

J6(-1)+7-92-1-7
N-6+7-1=0
J1-1=0=1-1=0=0=0
This is a true statement. —1 is a solution.
Check x = 3.

Vox+7-9=x-7

J6(3)+7-923-7
Vi8+7-9=—4
J25-9=-4=5-9=-4=-4=-4
This is a true statement. 3 is a solution.
Solution set: {—1,3}

41. Jax-x+3=0
Jax=x-3
(\/H)z =(x—3)2
4x=x">—6x+9
0=x>-10x+9=(x—1)(x-9)

x=lorx=9
Check x =1.

Jax —-x+3=0
J4() -1+320

Ja-1+43=0
2-143=0=4=0

This is a false statement. 1 is not a solution.

Check x =9.

Jax -x+3=0

?
4(9) -9+3=0
J36-9+3=0
6-9+3=0=0=0

This is a true statement. 9 is a solution.
Solution set: {9}

42,

43.

44.

V2x —x+4=0
P2x=x-4
(Vax) = (x—4)
2x=x"-8x+16
0=x>—10x+16 = (x—2)(x—8)

x=2 or x=8
Check x = 2.

x/ﬂ—x+4=0
2(2)-2+420

Ja-2+4=0
2-2+4=0=>4=0
This is a false statement. 2 is not a solution.
Check x = 8.

V2x —x+4=0

)
J2(8) -8+4=0
V16 -8+4=0
4-8+4=0=>0=0
This is a true statement. 8 is a solution.
Solution set: {8}

NESN o
Jr=14x =5 = (Va) = (1445 -5)
x=1+2m+(x—5)
x=x+2/x-5-4=4=2Jx-5
2=\/ﬁ:>22=(\/ﬁ)2
4=x-5=9=x

Check x =9.

Jx-x-5=1

J9-o-521

3-J4=1=3-2=1=1=1
This is a true statement.
Solution set is: {9}

Jx-x-12=2
Jr=24x-12 = (Vx) = (2+Va-12)
x=4+4/x-12+(x-12)
x=x+4Jx-12-8=8=4/x-12
2=Vr- 1222 =(Vx-12)
4=x-12=16=x

(continued on next page)
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(continued) 47. 2x+5-x+2=1
Check x =16. N2x+5=x+2-1
Jr-Jx-12=2 (\/2x+5)2=(\/x+2—1)2
V16 -16-1222 2x+5=(x+2)-2x+2+1
4-J4=2=4-2=2=2=2 2Xx+5=x+3-2x+2
This is a true statement. x+§=—2\1x +2 )
Solution set: {16} (x+2) =(—2\/x+2)
X tdx+d=4(x+2)
45. Jx+7+3=x-4 x> +4x+4=4x+8
v g —aY) 0=x*-4
(V7 +3) =(Ve-4) 0=(x+2)(x-2)= x=142
(x+7)+6Jx+7+9=x—-4 Check x = 2.
X+6Jx+T7+16=x—-4= 6:/x+7 =-20 m _

N =
+ +
[} \]
1B
[

3Wx+7=-10= (3@)2 = (-10)’

2(2)+5 -
9(x+7)=100=> 9x+63=100

37 445421
Ix=3T=x=—
9 NCENZES
Check x = 3. )
3-2=1=1=1
Jx+7+3=4x-4 This is a true statement. 2 is a solution.
3 ? Check x = -2.
I+ +3=\/%7—4 eck x
Fra—— V2x+5-+x+2 =1
~_+_+3:\/ﬂ_&
99 9 9 ?
2(-2)+5-v-2+2=1
PRea= i s
)
10 ,3-1410,9_1_,19_1 ~4+5-40=1
3 373737377373 N
This is a false statement. Vi-Jo=1
Solution set: & 1-021=1=1
46. Jx+5+2=~x—-1 This is a true statement. —2 is a solution.
(\/m +2)2:( x—1)2 Solution set: {2}
(x+5)+4Vx+5+4=x-1 48. JAx+1-+x-1=2
X+9+4Jx+5=x-1=4Jx+5=-10 Vadx+1=~x-1+2
2 2 2
2x+5 =52 (2Vx+5) =(-5)° (Vax+1) =(Va-1+2)
4(x+5)=25=4x+20=25 dx+1=(x—1)+4Jx-1+4
_ 3 dx+1=x+3+4/x-1
dx=5=x=— 3x-2=4/x-1
Check x = % (3x - 2)2 = (4m)2
Vx+5+2=+x- 9x> —12x+4=16(x-1)
5 2 s 9x* —12x+4=16x-16
(525l 9x? ~28x+20=0 =5 (9x—10)(x-2)=0
\/% 240+2:\/%_% x=0 orx=2
\/7+2 T
%+2 _:>%=% (continued on next page)

This is a false statement.
Solution set: &
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(continued)
Check x = .
Vadx+1=+x-1+2
A1) 412 0142
[40 _ /10 9
9 +1=./- 9 +2
[40 9
) 3 \/7 +2= 9 E +2
7 _ 7
F=3+8=>3= ?
This is a true statement. -~ is a solution.
Check x = 2.
Vadx+l=~x-1+2
J42)+13V2=1+2
SB+1=1+2
Jo=1+2=3=3
This is a true statement. 2 is a solution.
Solution set: {%,2}
49. PBx=x+1-1

(\/37)2 =(\/5x+1—1)2
3x=(5x+1)-2v5x+1+1

3x=5x+2-2J5x+1
2V5x+1=24+2x=/5x+1=1+x

(x/Sx + 1)2

0—x2—3x:>0=x(x—3):>
x= OOrx 3

3(0); 5(0) +1-1

Jo=V15+1-1=3=416-1
3=4-1=3=3
This is a true statement. 3 is a solution.
Solution set: {0, 3}

=(1+)c)2 = S5x+1=1+2x+x"

50.

51.

V2x =3x+12 -2
(\/Z)2 - (\/3x+12 —2)2
2x=3x+12—-4f3x+12 +4

2x=3x+16—-4~3x+12
4/3x+12 =x+16

(4\/3x+12)2 = (x+16)
16(3x+12) = x* +32x +256
48x+192 = x> +32x +256

0=x*-16x+64
0=(x-8)%=x=8
Check x =8
2x =3x+12 -2
2(8)=,/3(8)+12 -2

V16 =124+12 -2
4=\36-2=24=6-2=4=4
This is a true statement.
Solution set: {8}

Jx+2=1-3x+7
(Va+2) =a-3xs7y?
x+2=1-23x+7 +(3x+7)
x+2=3x+8-23x+7

2\3x+7 =2x+6
2/3x+7 =2(x+3)

J3x+7 =x+3:>(s/3x+7)2 = (x+3)

3x+7=x>+6x+9=0=x>+3x+2
O=(x+2)(x+1)

Check x = 2.
Vx+2=1-~3x+7
2+4221-3(-2)+7
Jo=1-y=6+7
0=1-+1
0=1-1=0=0
This is a true statement. —2 is a solution.
Check x = —1.
x+2=1-~3x+7
14221 J3(-1)+7
V=1-4=3+7
1=1-+/4

This is a false statement.
—1 is not a solution.
Solution set: {2}
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52.

53.

V2x-5=2+x-2
(=3 = e e2f
2x-5=4+4x-2+(x-2)
2x-5=x+2+4/x-2
x=T=4Jx-2
(x=7) =(#x—2)
x> —14x+49=16(x-2)
x* —14x+49=16x-32

x*=30x+81=0= (x-3)(x-27)=0=

x=3orx=27
Check x = 3.

V2x=5=2++x-2

J203)-522+3-2
\/E:2+\ﬁ

J=2+1=1=3

This is a false statement. 3 is not a solution.

Check x = 27.
J2x=5=2+27-2
2(27)-522+27-2
J54-5=2+25

J49=2+5=7=7

This is a true statement. 27 is a solution.

Solution set: {27}

V2VTx+2 =+/3x+2
2
( 2\/7x+2) =(\/3x+2)2
297x+2=3x+2
(27 2)2 =(3x+2)
4(7x+2)=9x" +12x+4
28x+8=9x>+12x+4
0=9x>-16x—4
O=(9x+2)(x—2)

x=—% orx=2

21(-5)+22(-5) 2
2-+2 = -2+2
e

54.
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This is a true statement.

—% is a solution.

Check x = 2.

m 22
B=2/2=2/2=22

This is a true statement. 2 is a solution.

Solution set: {—%,2}

V32x+3 =\5x-6
(\/3\/2x+3 )2 = (V5x- 6)2
3J2x+3=5x-6
(3v2x+3 )2 = (5x-6)
9(2x+3)=25x" - 60x +36
18x+27 = 25x* — 60x + 36

0=25x>—78x+9
0=(25x-3)(x-3)
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This is a false statement. E is not a solution.

(continued on next page)
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(continued)

55.

56.

Check x =3.
V3V2x+3 =4/5x-6
J3203)+3250)-
V36 +3 =415-6

V349 =9

3(3)=3=>19=3=3=3
This is a true statement. 3 is a solution
Solution set: {3}

3-yx=y2x-3
2
(3—\/§)z=( 2\/}—3)
9-6Jx +x=2Jx -3
12+x=8x
(12+x) = (8x)
144 + 24x + x* = 64x
X’ —40x+144=0
(x—36)(x—4)=0:>x=360rx:4
Check x = 36.
3-x =2Jx -3
3-/36 22436 - 3
3-6=4/2(6)-3

3=12-3=-3=J9=-3=3

This is a false statement. 36 is not a solution.

Check x = 4.

3-Jx=2/x -3
3-42y2.4

3-2=,/2(2)-3
=\/(Tsz>1=\ﬁ:>1=1

This is a true statement. 4 is a solution.
Solution set: {4}

Jr+2=\4+Tx
(Vr+2) = (Va7 )
x+dfx+4=4+7/x
x=3\/;:>x2=(3\/;)2

¥ =9x=x>-9x=0
x(x-9)=0=x=00rx=9

57.

58.

Check x = 0.

J;+2=J4+7J;
Jo+2244+740
0+2=,/4+7(0)

2=V4+0=2=V4=2=2

This is a true statement. O is a solution.
Check x =9.

Jx +2=vd+7Jx
J§+2§d4+7J§

3+2=/4+7(3)

5=J4+21 =5=/25=>5=5

This is a true statement. 9 is a solution.
Solution set: {0,9}

Jax+3=32x-1
(3/4x+3)3=(§/2x—1)3
dx+3=2x-1=2x=-4=x=-2
Check x = 2.

Y42 +3=32(-2)-1
V52 5= =1

This is a true statement. —2 is a solution.
Solution set: {-2}

Vv = e = (V) = (V572

2x=5x+2:>—3x=2=>x=_§

Checkx——%
P3)=(3)2

3- %; Q2= -Yr=3-2+i=
_££:3 i:_@:_gi:
Brp Vo3 ’

36 _ 4 P P36 _ 36

3 B w3 3
This is a true statement.
Solution set: {—%}

59, J5x*—6x+2-Yx=0

3
(\3/5x2—6x+2) =(é/§)3
5x> —6x+2=x
5x2—T7x+2=0
(5x—2)(x—1)=0=>x=% orx=1

(continued on next page)
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(continued)
Check x = 2.
fsx? —6x+2-Yx =0
I5(2) -6(2)+2-3Z20
Ps(&)-2+2-32 =

60.

>3
TYES
|
uxlE
T
SIS vls
|
(5] (5] (5]
PEPEPE
1l
o o (e]

=0=0

This is a true statement. 2 is a solution.

5

Check x =1.
J5x* —6x+2-Yx=0
501 —6(1)+2-3120

J5(1)-6+2-1=0
I5-6+2-1=0
N-1=0=1-1=0=0=0
This is a true statement. 1 is a solution.
Solution set: {%,1}

3x? —9x+8 =x
3 3
(\3/3x2—9x+8) = (¥x)
3x°—9x+8=x=3x"-10x+8=0=

(Bx-4)(x-2)=0=x=F orx=2

Check x = g.

3 3 3
3 1_6)_ I Y TR 13
3(4)-12+8 TR VE-4=
3 3
3d6 12 _ 36 _, 3/4 _ ¥36
3 3 3 = 3 3
Ya P _ 6 _, PB6 _ P
Yo 3 3 -3

This is a true statement. % is a solution.

Check x = 2.
P32 -9(2)+8232
B(4)-18+8 =32

h2-10=2=3 =32

This is a true statement. 2 is a solution.
Solution set: {%,2}

61. Yx-15=2= (é‘/x—15)4 =245

x=15=16=x=31

Check x = 31.
Yx-15=2=431-15%2
fle=2=2=2

This is a true statement.
Solution set: {3 1}

62. Pr+i=1
(x4/3x+1)4=14=>3x+1=1

3x=0=x=0
Check x = 0.

Pr+1=1= 43(0)+121
Yor1i=1=i=1=1=1

This is a true statement.
Solution set: {O}

4
63. \4/x2+2x=§1/§:>(\4/x2+2x) :({‘/5)4
W 4+2x=3= x> +2x-3=0
(x+3)(x—1)=0=>x=—3 orx=1
Check x = -3.
\4/x2+2x =‘\‘/§
224
Po-6=B==43
This is a true statement. —3 is a solution.
Check x =1.

\4/x2 +2x 23/5

2 42(1)243
Ne2=4L=4B=43

This is a true statement. 1 is a solution.

Solution set: {-3, 1}

4
64. \4/x2+6x=2:>(4x2+6x) =24

P H6x=16= x> +6x-16=0
(x+8)(x—2)=0=x=-8orx=2

Check x = -8.
Yt +6x=2
H(-8)° +6(-8) 22

Yoa-48=2=16=2=2=2

This is a true statement. —8 is a solution.

101

(continued on next page)
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continue 4
( @ 68. (3x2 + szx)”4 4= [(3)8 + 52x)1/4} = 4
Check x = 2.
42 eren 3x® +52x =256 = 3x* +52x - 256 = 0
, (Bx+64)(x—4)=0=x=-% orx=4
422 +6(2)=2

65.

66.

67.

oF

Ja+12=2=4l6=2=2=2
This is a true statement. 2 is a solution.
Solution set: {—8, 2}

x? =125
(x3/2)2/3 =125
x=52=25
Check x = 25.
2 =125
25¥22125
5=5

This is a true statement. 25 is a solution.
Solution set: {25}

=32
(x5/4 )4/ S _ 3945
x=2*=16
Check x = 16.
=32
1674132
32=32

This is a true statement. 16 is a solution.
Solution set: {16}

4
1/4
(2 +240)4 =3 = [(x2 +24x) } =3 =

2 +24x=81= x> +24x-81=0=

(x+27)(x-3)=0= x+27=0= x=-27 or

x=3=0=>x=3
Check x = -27.
(x* +24x)"* =3
) 1/4 4
|(-27)° +24(-27)] 23

(729-648)"* = 3

814 =3=3=3
This is a true statement. —27 1is a solution.
Check x = 3.
(x* +24x)"* =3
1/4
[32+243)] 23
(9+72)"* =3=81"*=353=3

This is a true statement. 3 is a solution.
Solution set: {-27, 3}

69.

Checkxz—%.

(3x2 + szx)”4 =4

(4096 3328

2564 =4=4=4
This is a true statement.
64

-5 is a solution.

Check x = 4.
) 1/4
(3x + 52x) =4

[3(4)2 +52(4)T/4 24
[3(16)+208]"* =4

(48+208)"" =4

2564 =4=4=4
This is a true statement. 4 is a solution.
Solution set: {—%,4}
(x-3)" =4
5/2
(=3 ] =

x—=3=432
x—-3=32=>x=35
x—-3=-32=x=-29
Check x = 35.
(x-3)" =4

(35-3)° 24
3P =4=4=4

This is a true statement. 35 is a solution.
Check x = -29.

(x-3)° =4
(-29-3)"7 24
(-32)"° =4

(-2 =4=4=4
This is a true statement. —29 is a solution.
Solution set: {-29, 35}
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70.

71.

72.

(x+200)" =36
3/2
[(x+200 | = 4362
x+200 =216

x+200=216= x=16
x+200=-216 = x=-416

Check x = 16.
(x+200)" =36

(16+200)"° £36

21673 =36 =36=36
This is a true statement. 16 is a solution.
Check x = —416.

(x+200)" =36
(-416+200)"* 36
(=216 =36

(-6)° =36 =36 =136

This is a true statement. —416 is a solution.
Solution set: {—416, 16}

(2x+5)" - (6x-1)"

=0
(2x+5)" = (6x-1)"

[(Zx +5) T - [(6x _q) ]3

2x+5=6x-1
—4x=-6
x=3
Check x=3.
(2x+5)" = (6x-1)" =0

(2-2+5)" ~(6-2-1)" 20
83 -8 =0=0=0
3

This is a true statement. 5 is a solution.

Solution set: {%}

(3x+7)" = (4x+2)" =0

(3x+7)" = (4x+2)"

[(3r+7)°] =[(ar+2)"]

3x+7=4x+2
5=x

1/3

Check x = 5.
3x+7) —(4x+2)P =0
(3x+7)

13 132

(3:5+7)7 —(4-5+2)" =0
22320 =0=0=0
This is a true statement. 5 is a solution.

Solution set: {5}

73.

74.
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(2x—1)?"3 = x1/3
Qx-1?=x=4x*-4x+1=x
4x* =5x+1=0= (4x-1)(x-1)=0=
1
x=—orx=1
4

Check x = %.

2/3 4 1/3
2/3 _ _1/3 1 ~(1
Q-1 =" = 2(4)-1] T =(2

2/3 3 2/3 3
[ IO Y Ay A
W 2

2

1/3
(_L 2 _3_2:(L)“3 L

2 ) 4 72

3 3 3 3

1.2 _ph L _B

Ya 322 2 2
This is a true statement. % is a solution.
Check x =1.

(2x—1)2/3 RV BN [2(1)_1]2/3 ;(1)1/3
-1 =121 =121=1

This is a true statement. 1 is a solution.
Solution set: {%,1}

(x—=3)%% = (4x)"°

[-975T <[ (4"
()6—3)2 =4x
X2 —6x+9=4x
¥ =10x+9=0
(x-1)(x-9)=0=x=lorx=9
Check x =1.

(x— 3)?% = (4x)1/5

5

1-3>32(4.1)"°

(_2)2/5 :41/5
1/5
(2] =Ya=ae=Ya=a=1a
This is a true statement. 1 is a solution.
Check x =9.
(x=3)%% = (4x)"°
©-3)52(4.9)"°
6215 = 36!/5 [62]1/5 - 36
36'° =336 = 336 =36

This is a true statement. 9 is a solution.
Solution set: {1,9}
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3 3
75, 23 03 o (x2/3) =(2x1/3) - 78.
¥ =8x=>x2—8x=0=>x(x—8)=O=>
x=0orx=8
Check x = 0.
(213 Z 9,13
0722(0"%)= 0=2-0=0=0
This is a true statement. O is a solution.
Check x =8.
(213 Z o 13 213 ;2(8”3)
1/3
(82) =2.2=64"=4>4=4 79,

76.

77.

Chapter 1 Equations and Inequalities

This is a true statement. 8 is a solution.
Solution set: {0, 8}

3,304 = 2 (3x3/4)4 _ (xl/2)4 N
8l’ =x* = 81" - x* =0=

X (Blx-1)=0=x=0orx=4

Check x =0.
3,374 = /2
80.
3(0)7420"? =3.0=0=0=0
This is a true statement. O is a solution.
_ 1
Checkx—ﬁ
35374 = 4112
1374 ‘7 1/2 1/4
) [ }
1\ _ L 1_1
3(3) =3=35=5=4=%

This is a true statement. ﬁ is a solution.

Solution set: {0, é}

81.

2x* = 7x* +5=0

Let u = x” ; then u”® = x*. With this
substitution, the equation becomes

2w~ Tu+5=0.

2 -Tu+5=0=(u-1)(2u-5)=0=
5

uzloruz;

To find x, replace u with ¥,

?=1=x=+lor

4x* —8x2+3=0
Let u=x2;then u? =x*.

4’ -8u+3=0= (2u-1)(2u-3)=0=

u=

YL
o

To find x, replace u with X%,

= 2
2_1 Y PR — 42
X —2=>x—i\/;—i\/5 2=>)c—i 3
Solution set { %,i%}
X +2x7-15=0
Letu:x2;then u? =x*.

w+2u-15=0= (u-3)(u+5)=0.
u=3oru=-5

To find x, replace u with X%,

x? :3:>x:i\/§ or

=5 x=+/5=1i5

Solution set: {i 3 ii\/g}

3x* +10x%-25=0

Let u=x2;then u? =x*.

3ut +10u-25=0= (u+5)(3u-5)=0=
5

u:—50ru:;

To find x, replace u with ¥,

2=—5:>x +/-5 = +iJ§or

=—:>x +\/7:>x

Solution set: {ii\/g ,x T}

By

(=13 4 (x=D3 =

Let u= (x— 1)1/3 then,

S [(x—l)mT _ (x—1)2/3.

W +u-12=0= (u+4)(u-3)=0=

u=—-4oru=3

12=0

To find x, replace u with (x 1)“3

() == [(e1) [ = (4 =

x—1=-64= x=-63 or
3
(=) =32 | (x-1)" [ =3 =
x—1=27=x=28

(continued on next page)
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(continued)

82.

Check x = —63.
x-D*"}+(x-D"3-12=0

(=63 =123 + (=63-1)"3 —1220
(—64)2"3 + (-64)'3 -12=0
2
[(—64)“3] —4-12=0
(-4) —4-12=0

16-4-12=0=0=0
This is a true statement. —63 is a solution.

Check x = 28.
x=-D"}+x-D"3-12=0
(28-1)23 +(28-1)'"3 -1220
2723 4273 ~12=0
2
[27”3] +3-12=0

32+3-12=0
9+3-12=0=0=0
This is a true statement. 28 is a solution.
Solution set: {—63, 28}

QCx-1D)*"+202x-D"3-3=0

1/3

Let u = (2x - 1) then,

2
u? 2[(2x—1)1/1 =(2x-1)"".
W +2u-3=0=(u+3)(u-1)=0=
u=-3oru=1

To find x, replace u with (2x - 1)1/3 .

3
(2x-1)"° =—3:>[(2x—1)”3:| =(-3) =
2x—1=-27T=2x=-26= x=-13 or

3
(2x—1)1/3=1:>[(2x—1)“1 “Po

2x—-1=1=22x=2=x=1

Check x = —13.

QCx-D*"?+202x-D"3-3=0
[2-13) 1] +2[2(-13)-1]"* =320
(-26-122 +2(=26-1)""*-3=0
(27?3 +2(=27)"3 =3=0

2/3 ]1/3

This is a true statement. —13 is a solution.

Section 1.6 Other Types of Equations and Applications

83.

Check x =1.
Qx-)*"?+202x-D'3-3=0
20 -1 +2[20)-1]"* =320

-2 +202-D"3-3=0
PP +20'?-3=0
1+2(1)-3=0
1+42-3=0
0=0
This is a true statement. 1 is a solution
Solution set: {—13, 1}.

(x+D*°=3(x+D"3+2=0

Let u = (x+ 1)1/5 then,

2
w=| () = ()
W =3u+2=0=u-1)(u-2)=0=
u=loru=2

To find x, replace u with (x + 1)1/5 .

(x+1)"° =1:>[(x+1)1/5]5 "= or
x+1=1=>x=0

(x+1)1/5 =2:>[(x+1)1/5}5 P CREN
x+1=32=x=31

Check x = 0.

(x+D¥°=3(x+DY3+2=0

0+1)>5=30+1)"° +220
1P -3 +2=0
1-3)+2=0=1-3+2=0
This is a true statement. 0 is a solution.
Check x =31.

(x+D*° -3(x+D5+2=0
G1+1D?° =331+ +220
3235 _332)3 +2=0
2
[(32)“5] ~3(2)+2=0
22-6+2=0
4-6+2=0=0=0
This is a true statement. 31 is a solution.
Solution set: {0,31}

Copyright © 2013 Pearson Education, Inc.
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84.

85.

Chapter 1 Equations and Inequalities

(x+5 +(x+5" -20=0

Let u = (x+ 5)1/3
u? =|:(x+5)1/3} ( +5)2/3

W +u-20=0=(u+5)(u-4)=0=

u=-5Soru=4

then,

To find x, replace u with (x + 5)1/%

3
(x+5)" =5 [ (x+5)" [ =(-5)' =
x+5=-125=x=-130or
(x+5)" =4:>[( +5)‘”] =4 =
X+5=64=x=59
Check x = —130.
(x+5* +(x+5"-20=0
(=130 +5)*3 + (=130 + 5)3 = 2020
(-125)" +(-125)"* —=20=0

25+(=5)-20=0
0=0
This is a true statement. —130 is a solution.
Check x = 59.
x+3 +(x+5"*-20=0
(59+5)*3 + (59 +5)3 2020 88.
(64)"" +(64)" —20=0
164+44-20=0
0=0

This is a true statement. 59 is a solution.
Solution set: {—130, 59}

6(x+2)" —11(x+2)> =-
6(x+2)* —11(x+2)*+4=0
Let u = (x+2)* then u® = (x+2)*.
6u’ —1lu+4=0= Gu-HQ2u-1)=0=
1

=4 =1
U=z oru=s

To find x, replace u with (x + 2)2 .

(x+2)° =4=x+2=1% /3= or
x:—Zizﬁ:—ﬁizﬁ -624/3
3 373 3
(x+2)2=%=>x+2=i\/§=i%
— N2 a2 a4
x=-2x== 2i > =5

86.

87.

89.

8(x—4)" —10(x—4)* = -
8(x—4)* —-10(x-4)>+3=0

Letu= (x—4)>; then u®> = (x—4)*.

8u’ —10u+3=0= (2u—1)(4u-3)=0=

uzéoruz%

(x— 4) —% x—4=i\/%=i% or

(x—4) _g Sx-4=t [Pzl
x=41 g:%igz&zq

Solution set: { izﬁ ,Sizﬁ }

10x%+33x'-7=0

Letu=x_1;then uw? =x72.

10u” +33u-7=0= Qu+7)(5u-1)=0

=-I =1
U=—5 0ru=-

To find x, replace u with x L

-l__1 —_2 -l _ 1 -
X =-g=X=-50rx —5=>x—5

Solution set: {—%,5}
7x2 -10x7"

Let u=x" ; then u
7u2—10u—8=0:>(7u+4)(u—2)=0

-8=0
2_ -2

=x
u=-2oru=2
7
To find x, replace u with X!
1 7 -1

-l__4 -_1 - -1
X =-s=Xx=-;O0rx —2=>x—2

i J_7 1
Solution set: { 4,2}
x 2By _6=0
2
/3. then u® = (x’”}) — 23

WHu—-6=0=u+3)u-2)=0
u=-3oru=2

Let u=x"

To find x, replace u with 13,

_ _ -3 3
=3 () =(3) s o
= l =
(_3)3 27
-1/3 2:>(x_1/3) 273
1 =1
x= >3 =Xx=g

(continued on next page)
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(continued) Check x=7
Check x =~ 16(4) " ~6s(1) " +4=0
2/3 -3 _ g _ 5
XA =620 16(2)" —65(2)* +4=0
| \2/3 VL3 9
(%) T +(-%) -6=0 16(16)-65(4)+4=0
(—27)23 4 (2713 —6=0 256-260+4=0
0=0
[(_27)1/3J -3-6=0 This is a true statement, SO % is a solution.
(-3)°-3-6=0 Check x=-1
9-3-6=0=>0=0 4 2
This is a true statement. 16(_3) _65(_7) +4=0
?
Check x = §. 16(-2)" - 65(-2)> +4=0
2B 3 g0 16(16)-65(4)+4=0
0273 13 2 256-260+4=0
(§) (§) -6=0 0=0
3 3
87 +87-6=0 This is a true statement, so —% is a solution.
(8“3) +2-6=0 Check x = 4
2242-6=0 16(4) " —65(4) > +4=0
4+2-6=0=0=0 X . ?
This is a true statement. (_) - 65 (X) 4=0
Solution set: {—%,é} (256) ( )+4 0
L——+4 0
90. 2x° —x-1=0 0=0
Let u=x""5: then u® = (x_1/5)2 - s This is a true statement, so 4 is a solution.
- ’ - - ’ Check x = —4
2 —u-1=0= Qu+)u-1)=0 16(_4)*4_65( ) 4=0
—_1 - 9
u=-5oru=1 16( L) —65(—l) 4=0
To find x, replace ith x™/° y |
lx—u);’_i wwith x 7 16(5%5) - 65(%) +4=0
=—3 ———+4 0
-5 _ 16
() =(-4)° 0=0
x=-32 This is a true statement, so —4 is a solution.

Solution set: {+ > ,i4}

or x P =1= (x71/5 )_5 =17 = x=
Solution set: {-32, 1} 92. 625x*—125x2+4=0

91. 16x*-65x2+4=0 Let u = x2; then u®> = x™*. Solve the
Let u=x2: then u® = x*. Solve the resulting equation by factoring:

2
resulting equation by factoring: 625u” —125u+4=0= A 1
160> —65u+4=0= (u-4)(16u—1)=0= (25u—4)(25u~1) = 0=”‘—E or i =55

u=4oru= 116 Find x by replacing u with x~
. . . 2_4 2_25 —+3
Find x by replacing u with x> X T=a =X = T>x=17
- 2 _ L 2 _ -
x2=4=>x2=%=>x=i% XT=e=X =25=x=415

x72=%:>x2=16:>x=i4

(continued on next page)
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(continued)

93.

Check x = i

625(3) —125(%)’2+4=?o
625(2)' ~125(2) +4=0
625(25)-125(5)+4=0

1o
16-20+4=0=0=0
This is a true statement, so < is a solution.

2
Check x=-32

625(-2) " 125(-2) " 440
2
5

625(-2) ~125(-2) +4=0
625(2)-125(55)+4=0
16-20+4=0=0=0
This is a true statement, so —= is a solution.

2
Checkx=5

625(5)" —125(5)" +420

625(1) ~125(1) +4=0

625(55)—125(%)+4=0
1-5+44=0=0=0

This is a true statement, so 5 is a solution.
Check x = -5

625(-5)" —125(-5)" +4=20

625(-1)" ~125(-1) +4=0
625(k)—125(%) +4=0
1-5+4=0=0=0
This is a true statement, so —5 is a solution.

Solution set: {+ 3 ,iS}

x—x-12=0

Let u = \/; ; then u® = x . Solve the resulting
equation by factoring.

W —u-12=0= (u-Hu+3) =
u=4oru=-3

To find x, replace u with \/; .

J_=4:>(J})2=42:>x=16 or

\/;:_33(\/;)2:(_3)2:,(:9
But \/5;&—3

So when u = -3, there is no solution for x.
Solution set: {16}

94.

9s.
96.

97.

x—+/x-12=0

Solve by isolating Jx , then squaring both
sides.

x—12=+x

(x-12)2 =(x)> = x* - 24x+144 = x
X =25x+144=0= (x—16)(x-9)=0
x=160rx=9

Check x = 16.

x=Jx-12=0
16-+16 —1220
16-4-12=0=0=0

This is a true statement.
Check x = 9.

x—Jx-12=0
9-\9-1220=9-3-12=0=-6=0
This is a false statement. 9 does not satisfy the

equation.
Solution set: {16}

Answers will vary.
3x-2/x-8=0
Solve by substitution.

Let u = \/; ; then u” = x . Solve the resulting
equation by factoring.
3P -2u-8=0= Gu+Hwu—-2)=0

u=—% oru=2

To find x, replace u with \/; .

4 .
\/; = _E has no solution, because the result

of a square root is never a negative real
number.

Jx=2=x=4
Check x = 4.

3x-2/x-8=0
3(4)-24-820
3(4)-2(2)-8=0

12-4-8=0=0=0

This is a true statement.
Solution set: {4}

d =k\h forh
d d?
k Vi k2

d2
SO, h= k_2
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98. x2/3+y2/3 a’’? for y
2/3 4213 _ 213

( 2/3) =(a2/3 2/3)
— (a3 - 2/%)
y=+ (a2/3 2/3)
y= ( 2/3_x2/3)3/2

99. m’*+n¥* =1form
14 _q_ 304
=1-n

Raise both sides to the % power.
3/4\4/3 3/4\4/3
(m™ )" =(1=n""")

m= (1—n3/4)4/3
100. l=l+i for R
R n n

1 1 1
Ry, (Ej = Ry, (—] + Rnr, (—J
h n

Multiply both sides by Ry 7.

nr, = Rr, + Ry

nir =R(r+r)
in _p
hth

101. —=— fore

(€)=l
er| — |=er
e r
Multiply both sides by er.
Er=eR+er

Er=e(R+7)
Er

102. a>+b>=c? forb

Summary Exercises on Solving Equations

1. 4x-3=2x+3=>2x-3=3=
2x=6=>x=3
Solution set: {3}

Summary Exercises on Solving Equations

2. 5-(6x+3)=2(2-2x)
5-6x—3=4-4x
2-6x=4-4x=2=4+2x
2=2x=>-1=x
Solution set: {—1}.

109

3. x(x+6)=9= 1" +6x=9=x"+6x-9=0

Solve by completing the square.
X +6x+9=9+9
Note:[%-6]2 =32=9
(x+3) =18 x+3=+/18 =
x+3=132 = x=-3132

Solve by the quadratic formula.
Let a=1,b=6,and ¢ = -9.

~b +b* — 4ac
2a
-61,/6 —4(1)(-9)
i 2(1)
_ —61/36+36 612
2 2
=ﬂ=—3i3\/§

X =

Solution set: {—3 T \/E }

4. ¥*=8x-12= x> -8x+12=0

Solve by factoring.
X -8x+12=0= (x—2)(x-6)=0=
x=2orx=6
Solve by completing the square.
x> —8x+16=-12+16
2
Note:[ 1+(-8)] =(-4)" =16
(x—4) =4 x—4=+/4 =
x—4=2=x=4+2=
x=4-2=2o0rx=44+2=6

Solve by the quadratic formula.
Let a=1, b=-8,and c =12.

_ bt \b* - dac

~(-8)£4/(-8)" —4(1)(12)
2(1)
_8+.64-48 8+.16 8+4
- 2 S22
x=4-2=2o0rx=4+2=6

Solution set: {2, 6}

X
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Jx+2+5=/x+15

(2] ()
(x+2)+10Jx+2+25=x+15=
x+27+10Jx+2 =x+15=
27+10/x+2 =15=
10Vx+2=-12=5/x+2 =6
(SM)2=(—6)2=>
25(x+2)=36= 25x+50 =36

25x=—14:>x=—ﬂ
25

__ 14
Check x = -5

Nx+2+5=+x+15

[C14 2 [C1a
25+2+5— 25+15
14,50 ,s_ [“1a 315
35Ty tI= %5 T 25
36 — (361 6,25 _19 _, 31 _19
\/25+5_ 25 st ST 5 %5 T
This is a false statement. Solution set: &
5 6 3
- =— or
x+3 x-2 x“+x-6
5 6 3

x+3 N x—2 - (x+3)(x—2)
The least common denominator is
(x+3)(x—2), whichis equal to 0 if

x=-3orx=2. Therefore, —3 and 2 cannot
possibly be solutions of this equation.

(x+3)(x—2)[ 56 }

x+3 x-=-2

3
= (x+3)(x 2) (x+3)(x—2))
5(x=2)-6(x+3)=3
5x-10—-6x-18=3
—x—-28=3=-x=31= x=-31
The restrictions x # -3 and x # 2 do not affect
the result. Therefore, the solution set is {—31}.

3x+4 2x

3 x-3
The least common denominator is 3 (x — 3),

X

which is equal to O if x = 3. Therefore, 3
cannot possibly be a solution of this equation.

3@-3){3’5;4—xz_’“3}=3(x—3)(x)
(x=3)(3x+4)-3(2x) =3x(x-3)
3x% +4x—9x—12—6x =3x> —9x

10.

3x? —11x—12=3x* —9x
—11x-12=-9x
-12=2x=>-6=x
The restriction x # 3 does not affect the
result. Therefore, the solution set is {—6}.

£+ix=x+5=>6[£+ixj=6(x+5)

2 3 2 3

3x+8x=6x+30=11x=6x+30
5x=30=x=6

Solution set: {6}

5—2+L2=0
X x

The least common denominator is x2, which

is equal to O if x = 0. Therefore, O cannot
possibly be a solution of this equation.

2|5-24 Lo (0)=5x" - 2x+1=0
X x2
Solve by completing the square.

X —2x+1=0  Muliplyby L.

_1l_4+ /4
X552
_1l_ 42 142
x-s=fsimx=gtsi

Solve by the quadratic formula.
Let a=5,b=-2,andc=1.

_ bt N

2a

(27 -46))
2(5)
_ 2+4/4-20 _ 2+4/-16

10 10

242 41 2,
10 10 10 5 5
The restriction x # 0 does not affect the result.

X

Therefore, the solution set is {% + %i }

(2x+1) =9= 2x+1=4+9 = 2x+1=43

—1+
2x=-1x3=x= 143
AP e B, S A .
2 2 2 2

Solution set: {—2, 1}
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11.

12.

x5 2 15=0
2
Let u=x'? ; then u? = (x71/5) = x5,

W -2u-15=0= u+3)u-5=0=

u=-3oru=>5

To find x, replace u with K1,

VLN (x—l/S)_S _ (_3)—5

=1 —__L
x—(_3)5:>x— YE or

5
X 1/5=5=>()c 1/5) =5 5=>x=5%=>
_ 1
X=3125

_ 1
Check x = -55

x72/5 _2x71/5 -15=0

(_ﬁ)fz/s_z(_ﬁ)fl/s_lszo?

(-243)%/5 —2(-243)15 —-15=0
[(-243)" T ~2(-3)-15=0

(-3 +6-15=0=9+6-15=0=0=0

This is a true statement. —=— is a solution.

243

__1
Check x =315

x—2/5 _2x—1/5 ~15=0

(ﬁ)_z/S—Z(ﬁ)_l/s—IS;O

(3125)*° —23125)"° -15=0
2
|(3125)° [ ~2(5)-15=0
52-10-15=0
25-10-15=0=0=0
This is a true statement. ﬁ

. A B S
Solution set: { 243,3125}

Jx+2+1=/2x+6
(e e = (aeref
x+2+24/x+2+1=2x+6
x+3+2Jx+2=2x+6
2Wx+2=x+3
(2\/m)2=(x+3)2
4(x+2)=x"+6x+9
4x+8=x"+6x+9

0=x?+2x+1=(x+1)
O=x+l=>-1=x

is a solution.

Summary Exercises on Solving Equations

13.

14.

15.

16.

Check x = —1.

Vx+2+1=4/2x+6
V142412 2(-1)+6
V+l=J2+6=2=1=2=2
This is a true statement.
Solution set: {—1}

xt-3x7-4=0

Let u:xz;then u? =x*.

w=3u-4=0=(u+l)(u-4)=0=
u=—loru=4

To find x, replace x with x%.

x2=—1:>x=i\/—_=ii or

x2=4=>x=i\/z=i2

Solution set: {ii,iZ}

1.2x+03=0.7x-0.9
10[1.2x+0.3] =10[0.7x - 0.9]
12x+3=7x-9=>5x+3="9=
Sx=-12=>x=-24
Solution set: {—2.4}

Px+1= §/§=> (\6/2x+1)6 = (%)6
2x+1=9=2x=8=x=4

Check x = 4.

Px+1=99 = ¢2(4)+12%o

This is a true statement.

Solution set: {4}

3x* —2x=-1=3x" -2x+1=0
Solve by completing the square.

3x% —2x=-1
-2x=-1 Multiply by 1.
X-Zx+l=-14

Solve by the quadratic formula.
Let a=3,b=-2,andc=1.

111

(continued on next page)
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(continued) 19. (14-2x)*3 =4
[(14-2x)*) =43

~b+~\b* 4
x:Tac (14-2x) = 64
5 196 — 56x + 4x* = 64
(2 (2—(23)) —4B)) 4x* ~56x+132=0

4(x*-14x+33)=0
4(x-3)(x-11)=0=x=3 or x=11

_2%4/4-12 2148

6 6
_2i2iﬁ_2+2ﬁ,_1+ﬁ, Check x = 3.
T 6 6 6 3 3 (14-2x)*7 =4
Solution set: {%i%z} [14—2(3)]2/3;4
(14-6)""" =4 =87 =4
17. 3[2x—(6-2x)+1]=5x (8“3)2=4:>22=4=>4=4
3(2x—6+2x+1)=5x
3(4x— 5) =5y This is a true statement.
12x—15=5x=-15= —Tx = Check x =11.
-15 15 (14-2x)°" =4
T 2/3 2
—7 7 [14-2(11)] =4
Solution set: {%} (14_ 22)2/3 RN (_8)2/3 -4
17372 2
18. Jx+1=411-x [(—8) } =4=(-2) =4=4=4
(\/;_}_1)2 =( 11_\/;)2 This is a true statement.
Solution set: {3,11}
x+2Jx +1=11-+/x
x+3Jx +1=11=3/x=10-x= 20. 27— x? =1
(3&)2 =(10-x)’ —x2+2x'-1=0

x2-2x"+1=0
Let u=x" ; then u

W -2u+1=0=w-1)>=0=>u=1

9x =100 - 20x + x>
0=100-29x + x>
0=2x>-29x+100

2 2

=x .

0=(x-4)(x-25)= To find x, replace u with x™".
x=4orx=25 xl=1=x=1
Check x = 4. Solution set: {1}
Jx+1=411-x 3 3
JE+1211-4 S S
2+1=+11-2=3= \/5 =3=3 The least common denominator is (x - 3)
This is a true statement. which is equal to 0 if x = 3. Therefore, 3
Check x = 25. cannot possibly be a solution of this equation.
Jx+1=+11-x Solution set: {x|x = 3}.
2
V25 +1=411-425 22. ®+b = fora
5+1=\/11—5=>6=\/g azzcz_bzza:ilcz_bz

This is a false statement.
Solution set: {4}
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Section 1.7
1.

Inequalities

x<-6
The interval includes all real numbers less
than —6 not including —6. The correct interval

notation is (—oo, —6) , so the correct choice
is F.

x<6
The interval includes all real numbers less than
or equal to 6, so it includes 6. The correct

interval notation is (—oo, 6] , so the correct

choice is J.

-2<x<6

The interval includes all real numbers from —2
to 6, not including -2, but including 6. The
correct interval notation is (-2, 6], so the
correct choice is A.

220
The interval includes all real numbers. The
correct interval notation is (—oo, oo) , S0 the

correct choice is H.

x=-6
The interval includes all real numbers greater
than or equal to -6, so it includes —6. The

correct interval notation is [—6, oo), so the

correct choice is I.

6<x
The interval includes all real numbers greater
than or equal to 6, so it includes 6. The correct

interval notation is [6, oo) , so the correct

choice is D.

The interval shown on the number line
includes all real numbers between —2 and 6,
including —2, but not including 6. The correct
interval notation is [-2, 6), so the correct
choice is B.

The interval shown on the number line
includes all real numbers between 0 and 8, not
including O or 8. The correct interval notation
is (0, 8), so the correct choice is G.

The interval shown on the number line
includes all real numbers less than —3, not
including -3, and greater than 3, not including
3. The correct interval notation is

(—oo, —3) ] (3,00), so the correct choice is E.

10.

11.
12.

13.

14.

15.

16.

17.

18.
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The interval includes all real numbers less than
or equal to —6, so it includes —6, The correct

interval notation is (—oo, —6], so the correct

choice is C.
Answers will vary.

D

-8 < x<—-10 would mean —8 < x and

x <—10, which is equivalent to x > -8 and
x < —10. There is no real number that is
simultaneously to the right of —8 and to the
left of —10 on a number line.

2x+8<16= -2x+8-8<16-8=
or<sms 228 sy
2 2
Solution set: [—4, oo)

—3x-8<7=-3x-8+8<L7+8=
—3x£15=>_—3xS£=>x2—5
3 3
Solution set: [—5, oo)

2x-2<1+x
2x-2+2=<1+x+2
2x<x+3=>-2x-x<3=

—3x£3:>_—3xZi:>x2—l

Solution set: [—1, oo)

—4x+3>2-2+x
—4x+3-3>2-2-3+x
Ax>2-S5+x=>-4x-x=>2-5=

—5x2—5=>ﬂﬁ_—5=>xﬁl

Solution set: (—oo, 1]

3(x+5)+125+3x
3x+10+125+3x=11=5

The inequality is true when x is any real

number.

Solution set: (—oo, oo)

6x—(2x+3)24x-5
6x—2x—-324x-5=4x-324x-5
4x—-4x-324x-5-4x=-3=2-5
The inequality is true when x is any real
number.

Solution set: (—oo, oo)
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19.

20.

21.

22,

23.

Chapter 1 Equations and Inequalities

8x—3x+2<2(x+7)
Sx+2<2x+14
Sx+2-2x<2x+14-2x
3x+2<14=3x+2-2<14-2=

3x<12:>3?x<%:>x<4

Solution set: (—oo, 4)

2-4x+5(x—1)<—6(x-2)
2—4x+5x-5<-6x+12
x—-3<—-6x+12
x—-3+6x<—-6x+12+6x
Tx-3<12=7x-3+3<12+3=

7x<15:>7—x<E:>x<£
7 7 7

Solution set: (—oo, %)

dx+7

<2x+5

(-3)(4)‘—;7j > (-3)(2x+5)
dx+7=>2-6x—-15
dx+7+6x=>—-6x—-15+6x

10x+7 215
10x+7-72-15-7=10x>-22 =
Wx =22 s
10~ 10 5

Solution set: [—15—1, oo)

2x—-5 <l-y
-8
8252 (902
2x—-5=2-8+8x
2x—5-8x=>-8+8x—8x
—6x—5>-8
—6x—-5+5>-8+5=—6x>-3
L SN
-6~ -6 2

Solution set: (—oo, ﬂ

l)c+£)c—l(x+3
5 2

3
30[1 1( +
3 2
10x+12x-15(x +3)
10x+12x —15x - 45
Tx—45
Tx—45+45

SN—"
IA
g 3=

|
=
+
|
=
|
|
=
w
SN—
IA

—
HD—‘
o

L

ININ N IA
W W W W

+45

24,

25.

26.

27.

28.

29.

Tx <48

7°7 "7
Solution set: (—oo —J

—gx——x+—(x+1)si
3 3 3

(—6){—§x——x+§(x+l)}2(—6)[%}
4x+x—4(x+1)=-8
4dx+x—-4x-4=2-8
x—4=2-8

x—4+4=>2-8+4

x=>-4

Solution set: [—4, oo)

C =50x + 5000; R = 60x

The product will at least break even when
R=C. Set R=C and solve for x.

60x = 50x + 5000 = 10x = 5000 = x = 500
The break-even point is at x = 500.

This product will at least break even if the
number of units of picture frames produced is

in interval [500, ).

C =100x + 6000; R = 500x

The product will at least break even when
R=C. Set R = C and solve for x.

500x =100x + 6000 = 400x = 6000 = x =15
The break-even point is x = 15.

The product will at least break even when the
number of units of baseball caps produced is

in the interval [15, oo).

C =105x +900; R = 85x

The product will at least break even when
R=C. Set R = C and solve for x.

85x 2105x +900 = —20x 2900 = x < —45
The product will never break even.

C="70x + 500; R = 60x

The product will at least break even when
R=C. Set R = C and solve for x.

60x = 70x +500 = —10x = 500= x < -50
The product will never break even.

-5<5+2x<11
-5-5<5+2x-5<11-5
-10<2x<6
-10 2x 6

A i

2 2 2
-5<x<3

Solution set: (—5, 3)
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30. -7<2+4+3x<5
-7-2<2+3x-2<5-2
-9<3x<3
-9 3x 3
3 3 3
-3<x<l1

Solution set: (-3, 1)

31. 10<2x+4<16
10-4<2x+4-4<16-4
6<2x<12

3<x<6
Solution set: [3, 6]

32. -6<6x+3<21
—6-3<6x+3-3<21-3
-9<6x<18
-9 6x_18
6 66
-3<x<3

Solution set: [—%,3]
33. —-11>-3x+1>-17
-11-1>-3x+1-1>-17-1
—-12>-3x>-18
-12 -3x -18
-3 -3 -3
4<x<6
Solution set: (4, 6)

34. 2>—-6x+3>-3
2-3>-6x+3-3>-3-3
—1>-6x>-6
-1 -6x -6
-6 -6 -6
%<x<1

Solution set: (%, 1)

3s. —43%19

2@4)sz(x;1)32@)
—§<x+1<10
—§-1<x+1-1<10-1

-9<x<9
Solution set: [-9, 9]

36.

37.

38.

39.

Section 1.7 Inequalities 115

x-3
3
3@5)ss(x;3)s3@)
~15<x-3<3
-15+3<x-3+3<3+3

-12<x<6
Solution set: [-12, 6]

-5< <1

152 x-4>-20
15+4>2x—-4+4>-20+4
19> x>-16
-16<x<19
Solution set: (—16, 19]
4x-5

1< <9
-2

(2)0)2 (2 252> 2)0)

-2>4x-5>-18
—2+524x-5+5>-18+5

3>4x>-13

3,4 -13

4 4 4

——<x$é
4

Solution set: (—%,%J

¥ -x-6>0

Step I: Find the values of x that satisfy
X2 —x—6=0.

P -x-6=0=(x+2)(x-3)=0

x+2=0=>x=-2 or x-3=0=>x=3

Step 2: The two numbers divide a number line

into three regions.

Interval A : Interval B

' EInlervalC
o2 123 L G
e R
) 0 3

Step 3: Choose a test value to see if it satisfies

the inequality, x* — x—6> 0.

Interval Test Is x>—x-6>0
Value True or False?
?
(3 -(-3)-6%0
A: (=o0,-2) -3 6> 0
True

(continued on next page)
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Chapter 1 Equations and Inequalities

(continued)
2
Interval Test Is x=x-6>0
Value|  True or False?
5 2

0°-0-6>0

B: (-2,3) 0 -6>0
False
4 _4-6%0

C: (3’ °°) 4 6>0
True

40.

41.

Solution set: (—oo, —2) U (3, oo)

x> =7x+10>0

Step I: Find the values of x that satisfy the
corresponding equation.

x> —7x+10=0

(x—2)(x—5) =0

x=2=0=x=2 or x-5=0=x=5
Step 2: The two numbers divide a number line
into three regions.

Interval A | Interval B i Interval C
(-22) 2.5) 1 (5,)
e
0 2 5

Step 3: Choose a test value to see if it satisfies
the inequality, x> —7x+10> 0.

Interval Test | Is x> —=7x+10>0
Value True or False?
9
0> -7(0)+10>0
A: (—=,2) 0 (0) 1020
True
32-7(3) 41030
B: (2,5) 3 (3) 1020
False
N
62 -7(6)+10>0
C: (5,00) 6 ( ) 120
True

Solution set: (—oo, 2) U (5, oo)

2x* -9x<18
Step I: Find the values of x that satisfy the
corresponding equation.
2x* -9x=18
2x* -9x-18=0
(2x+3)(x-6)=0

2x+3=0=x=-2 or x-6=0=x=6

42,

Step 2: The two numbers divide a number line
into three regions.

Interval Ai Interval B
(oo, -2) | 2.6

iIntcrval C
i (6,0)

: T T T T T T ¢ :
6

0

Sy

Step 3: Choose a test value to see if it satisfies
the inequality, 2x> —9x <18

Test Is 2x*>-9x <18

Interval
Value True or False?

A (—oo,_%) 9 2(—2)2—9(—2);18

26 <18 False

?
2(0)* -9(0)<18
0<18 True

?
2(7 -9(7)<18
35 <18 False

Solution set: [—%, 6}

3xt+x<4

Step 1: Find the values of x that satisfy the
corresponding equation.

3 +x=4=3" +x-4=0=
(3x+4)(x—1) =0

3x+4=0=>x=-% or x-1=0=x=1

Step 2: The two numbers divide a number line
into three regions.

Interval A !
(o)

|
T

Interval B
4D

'Interval C
(1,00)

1
T

PP
—---

|
(=]

Step 3: Choose a test value to see if it satisfies
the inequality, 3x*+x<4

Test |Is 3x> +x<4

Interval
Value |True or False?

A: (—oo’_i) ) 3(—2)2 + (_1%)22

False

?
3(0)° +(0)<4
0<4
True

3(2)* +2<4
14<4

False

Solution set: [—%,1]
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43. -x?—4x-6<-3

44.

Step 1: Find the values of x that satisfy the
corresponding equation.

—x? —4x-6=-3

X’ +4x+3=0

(x+3)(x+1)=0

x+3=0=>x=-3 or x+1=0=>x=-1
Step 2: The two numbers divide a number line
into three regions.

Interval A iInlcrvaI BE Interval C

(~2,-3) 1 (B-D) 1 (lw)

I é | é |
T ® T 4 T
-3 -1 0

Step 3: Choose a test value to see if it satisfies
the inequality, —x* —4x—6< -3

Interval Test Is —x2—4x-6<-3
Value True or False?
?
A —(~4)" - 4(-4)-65-3
(=) | —6<-3
True
~(-2)" -4(-2)-6<-3
B (—3, —1) ) B
False
?
—(0)° —4(0)-6<-3
C: (—Loo) 0 e
True

Solution set: (—oo, —3]U[—1, o)

—x*—6x-16>-8
Step 1: Find the values of x that satisfy the
corresponding equation.
—x*—6x-16=-8

X +6x+8=0
(x+4)(x+2) =0
x+4=0=x=-4 or x+2=0=>x=-2
Step 2: The two numbers divide a number line
into three regions.

Interval A Elnterva] BE Interval C
(coom4) 1 472 1 (2,9
e e
4

-2 0

45.
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Step 3: Choose a test value to see if it satisfies
the inequality, x> + 6x+16 <8.

Interval Test Is —x*> —6x—-16>-8
Value True or False?

A: ~(-5) -6(-5)-16>-8
(zoo—d) | ™ ~11>-8
False

~(-3Y -6(-3)-16>-8
B: (-4-2)) -3 -7>-8

True

~(0)’ -6(0)-16>-8
C:(2) | 0 ~16>-8

False

Solution set: (—4, —2)

x(x—l)S6:>x2—xS6:>x2—x—6SO
Step I: Find the values of x that satisfy
x> —x-6=0.
X —x-6=0
(x+2)(x—3)=0
x+2=0=>x=-2 or x-3=0=x=3

Step 2: The two numbers divide a number line
into three regions.

Interval A | Interval B E Interval C
(-2 1 (23 1 (B
e e
-2 0 3

Step 3: Choose a test value to see if it satisfies
the inequality, x (x - 1) <6.

Int | Test |Is x(x—l)S6
meva Value |Trye or False?
2
-3(-3-1)<6
A (me-2) | -3 12<6
False
0(0-1)<6
B: (-2,3) 0 0<6
True
2
4(4-1)<6
C: (3.e0) s [M 12<6
False

Solution set: [—2, 3]
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46.

47.

Chapter 1 Equations and Inequalities

x(x+])<2= x(x+1)<12>

P +x<12= 2 +x-12<0

Step I: Find the values of x that satisfy
P +x-12=0.

¥ +x-12=0
(x+4)(x=3)=0
x+4=0=>x=-4 or x-3=0=x=3
Step 2: The two numbers divide a number line
into three regions.

Interval B i Interval C
(-oo=4) | (=4.3) (B2
| t:\ | | | ] | | /l\ | |
T v 1 T T T T A4 I T

-4 0 3
Step 3: Choose a test value to see if it satisfies

the inequality, x (x + 1) <12.

Interval A E

Test | Is x(x+1)<12
Interval
Value | Trye or False?

—5(=5+1)<12

A: (—00, —4) -5 20 <12
False

)

0(0+1)<12

B: (-4.3) 0 0<12
True

)

4(4+1)<12

C: (3,) 4 20 <12
False

Solution set: (—4,3)

<9

Step I: Find the values of x that satisfy x> <9

2 _
x°=9
x*-9=0

(x+3)(x-3)=0
x+3=0=>x=-3 or x—3=0=>x=3

Step 2: The two numbers divide a number line
into three regions.

Interval AE Interval B E Interval C
(~0,-3) | (=3.3) N ERD)
R R
-3 0 3

48.

Step 3: Choose a test value to see if it satisfies
the inequality, x? <9

Test Is x2<9
Interval Value | True or False?
2
(-4)° <9
Ai(==3) | 4 | <o
False
2
(0) <9
B: (-3,3) 0 0<9
True
2
(4Y <9
C: (3,%) 4 16<9
False

Solution set: [-3, 3]

X >16=x"-16>0
Step I: Find the values of x that satisfy

XX -16=0
(x+4)(x—4) =0
x+4=0=>x=-4 or x—-4=0=>x=4
Step 2: The two numbers divide a number line
into three regions.

|
Interval A}

H Interval B E Interval C
(—o0—4) | (-44) 1 (4,)
o ———+——+——
-4 0 4

Step 3: Choose a test value to see if it satisfies
the inequality, x* >16.

Interval Test Is x* >16
Value |True or False?
?
(-5)*>16
A (-0, 4) | =5 25>16
True
?
(0)*>16
B (_4’ 4) 0 0>16
False
?
(5)°>16
C (4’ °°) 5 25>16
True

Solution set: (—oo, —4) U (4, o0)
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49. 2 +5x+7<0

50.

Step 1: Find the values of x that satisfy

X’ +5x+7=0.

Use the quadratic formula to solve the
equation.

Leta=1,b=5,andc=7

_ bt \/b2 dac _ 5% \/52 —-4(1

2(1)
—Si\/25—28 _-5%4-3

2 )

5£iV3 _ -5 3.

2 2 2

Step 2: The number line is one region,

(=e=22).

Interval A

(=00, 0)

Step 3: Since there are no real values of x that
satisfy x> +5x+7=0, x> +5x+7 is either
always positive or always negative. By
substituting an arbitrary value such as x =0,

we see that x> +5x+7 will be positive and
thus the solution set is <.

2
Interval Test | Is x” +5x-2<0
Value True or False?
?
0% +5(0)+7<0
A (—OO’ oo) 0 7 < O
False

Solution set: &

4x* +3x+1<0

Step 1: Find the values of x that satisfy
4x* +3x+1=0.

Use the quadratic formula to solve the
equation. Let a=4,b=3,andc=1.

—b+b? — dac 3137 -4(4)(1)
2a - 2(4)
—3+\/9—16 =—3iﬁ=—3iiﬁ

-3 f ’ "

=—+—l
8

Step 2: The number line is one region,

(o).

Interval A

(=00, 0)

51.
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Step 3: Since there are no real values of x that
satisfy 4x? +3x+1=0, 4x> +3x+1 is either
always positive or always negative. By
substituting an arbitrary value such as x =0,

we see that 4x” +3x+1 will be positive and
thus the solution set is <.

2
Interval Test | Is 4x°+3x+1<0
Value True or False?
?
A: (~ooc)| 0 [4(0) +3(0)+1<0
1<0

Solution set: &

X =2x<1=x*-2x-1<0

Step 1: Find the values of x that satisfy
x*=2x-1=0.

Use the quadratic formula to solve the
equation.

Let a=1,b=-2,and c=-1.

_ bt \Jb* - dac

2a

~(-2)£(-2)" - 4()(-1)
2(1)

C2+4+4 248 2422
2 2 2
1-V2=-040r 142 =24

Step 2: The two numbers divide a number line
into three regions.

=12

Interval Ai Interval B EIntcrval C
(~oo,1=2) 1 (I=V2.1+/2) | (1+2,0)
e e
-1 0 3

Step 3: Choose a test value to see if it satisfies

the inequality, x*—2x<1.

Test |Is x> -2x<1

Interval
Value |True or False?

A (et E) | o |0 202

False

B: o l0r—20)<1=0<1
(1—\/5,1+\/5)

True
92

C: (1+J§,m) 3 32—2(3)51:331
False

Solution set: [1 — \/5, 1+ ﬁ}
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52.

53.

54.

5S.

Chapter 1 Equations and Inequalities

X +dx>-1= x> +4x+1>0

Step 1: Find the values of x that satisfy
X +4x+1=0.

Use the quadratic formula to solve the
equation. Let a=1,b=4, and c =1.

o —btb? —dac 4 ¥ —-4(1)(1)
- 2a - 2(1)
_4x16-4 _ 4x12 4423

2 2 2
=2+3=>x=-3Torx~-3

Step 2: The two numbers divide a number line
into three regions.

Interval A E Interval B E Interval C
(oo 2-)! 2-3-2+B) | 2+5.%)
Ho———+——+—6
-4 1 0

Step 3: Choose a test value to see if it satisfies
the inequality, x* +4x> —1.

Interval Test | Is o +4x> -1
Value| True or False?
s ?
—4) +4(=4)>—1
A (-=-2-43) | 4 (=44 0)> .
True
?
B: (-1)° +4(=1)>-1
(-2-V3.-2+43) | 7! —3>-1
False
9
0% +4(0)>-1
C: (—2+\/§,°°) 0 (0)> -1
True

Solution set: (—oo, -2- \/5) U (—2 +/3, oo)

A; (x+ 3)2 is equal to zero when x =-3. For
any other real number, (x+3)” is positive.

(x+3)> 20 has solution set (—oo,oo).

D; 8x— 7)2 is never negative, so

Bx - 7)* <0 has solution set &.

BGx-dHx+2)(x+6)=0
Set each factor to zero and solve.

3x-4=0=x=% or x+2=0=x=-2 or

x+6=0=>x=-6
Solution set: {%, -2, - 6}

56.

57.

58.

59.

Plot the solutions —6, -2, and % on a number

line.
——+——t——t+—+—jot+—+—+>
-6 -2 0 i
Test |Is Bx—4)(x+2)(x+6)<0
Interval Value|True or False?
[3(-10)-4][-10+2]
?
A: (—e0,—6) |10 [-10+6]<0
~1088<0
True
[3(-4)-4][-4+2]
B: (-6,-2) |4 [-4+6]<0
64<0
False
(24 |o [3(0)-4][0+2][0+6]<0
-48<0
True
?
D. (%’w) A [3(4)-4][4+2][4+6]<0
480<0
False
I T T R B ]
_I T T T I_ T J T
-6 -2 0o %

Solution set: (—eo,—6] U [—2,%]

2x=-3)(x+2)(x-3)=0

Step 1: Solve (2x—-3)(x+2)(x—-3)=0.

Set each factor to zero and solve.

2x-3=0=x=2 or x+2=0=x=-2 or
x-3=0=x=3

Solution set: {—2, % , 3}

Step 2: Plot the solutions —2, %, and 3ona
number line.

S e e e
-2 0 323
2

(continued on next page)
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(continued)

Step 3: Choose a test value to see if it satisfies
the inequality, (2x—3)(x+2)(x—3)2>0.

Interval Test | Is (2x=3)(x+2)(x=3)>0
fierva Value True or False?
[2(-3)-3][3+2]
A: ?
(o0, 2) -3 [-3-3]=0
’ —54>0
False
[2(0)-3][0+2]
B: (-2.3) | 0 [0-3]20
18>0
ruc
[2 ][2 +2]
c:(3.3) | 2 [2-3]20
—4>0
False
[2 ][4 +2]
?
D: (3,%) | 4 [4-3]20
3020
True

Solution set: [—2,%] ] [3, oo)

60. (x+5)(3x-4)(x+2)=0
Step I: Solve (x+5)(3x—4)(x+2)=0.
Set each factor to zero and solve.
x+5=0=x=-5or 3x-4=0=x=7% or
x+2=0=>x=-2

Solution set: {—5, —2,%}
Step 2: Plot the solutions —5,-2, and %on a
number line.

Che i te e
-5 -2 0o 4
3

Step 3: Choose a test value to see if it satisfies
the inequality, (x+5)(3x—4)(x+2)>0.

el | TESE [ T8 (x+5)(3x—4)(x+2)20
Value True or False?
[ 5][3(-6)-4]
A: 6 ?
— -|-6+21=20
(=e,-5) [ —88]2 0
False

61.
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N [—3+5][3(—3)—4J
G| |
True
. [0+5][3(0)-4] q
= R
False

[2+5][3(2)-4
b 2 [ -[2+;]20
(3’”) 56=0
True

Solution set: [-5,-2] U [%,00)

4x-x>20
Step I: Solve 4x—x" = 0.
4x—x° =0:>x(4—x2)=0:>

x(2+x)(2—x) =0
Set each factor to zero and solve.

x=0or 2+x=0=>x=-2 or
2-x=0=>x=2
Solution set: {—2, 0, 2}
Step 2: The values —2, 0, and 2 divide the
number line into four intervals.

-2 0 2

Step 3: Choose a test value to see if it satisfies

the inequality, 4x— x> >0.

Test | Is 4x—x" >0
Interval Value True or False?
?
4(-3)-(-3)’=0
A (cem2) | -3 ) 1520
True
3
4(-1)-(-1)"=0
B0 | o [T
False
?
4(1)-1r=0
C: (0,2) 1 350
True
?
4(3)-3’>0
D: (2,e) 3 ~15>0
False

Solution set: (—oo, —2] U [0, 2]

Copyright © 2013 Pearson Education, Inc.




122

62.

63.
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16x—-x20
Step 1: Solve 16x— x> = 0.
16x-x' =0= x(16-x*) = 0=

x(4+x)(4—x) =0
Set each factor to zero and solve.

x=0or 4+x=0=x=-4 or
4-x=0=>x=4
Solution set: {—4, 0, 4}
Step 2: The values —4, 0, and 4 divide the

number line into four intervals.

—
-4 0 4

Step 3: Choose a test value to see if it satisfies

the inequality, 16x — x> > 0.

Interval Test |Is 16x—x> >0 True or
Value |False?
A: ?
(—o0,—4) -5 |16(-5)- (_5)3 20
i 45>0 True
B: (-4,0) | -1 16(-1)- (-1’20
—15>0 False
9
C: (0,4) 1 [16(1)-1r’=0
15>20 True
?
D: (4,) 5 [16(5)-5'20
—45> 0 False

Solution set: (—eo,—4]U[0,4]

(x+1)2 (x—3)<0
Step 1: Solve (x+ 1)2 (x— 3) =0.

Set each distinct factor to zero and solve.
x+1=0=x=-1 or x-3=0=>x=3
Solution set: {—1,3}

Step 2: The values —1and 3 divide the
number line into three intervals.

TN NN NN (RN N NN S Y- N R
LIS L L . N E B B A N |

-1 0 3
Step 3: Choose a test value to see if it satisfies

the inequality, (x + 1)2 (x - 3) <0.

mterval | TESt| I8 (x+1) (x=3)<0
Value True or False?
. 7
A o |(~2+1)*(-2-3)<0
(==1) —5<0 True
B: (-1,3) 0 |(0+1)°(0-3)<0
—3<0 True

64.

65.

?
(4+1)*(4-3)<0
25 <0 False

C: (3,%) 4

Solution set: (—oo, —1) U (—1, 3)

(x=5) (x+1)<0
Step 1: Solve (x—=5) (x+1)<0.

Set each distinct factor to zero and solve.
x—=5=0=x=5 or x+2=0=>x=-1

Solution set: {—l, 5}

Step 2: The values —1 and 5 divide the number
line into three intervals.

1 1 1 1 a4 1 1 1 1 1 a4
T T T T hd T T T T T hd
5

-10
Step 3: Choose a test value to see if it satisfies

the inequality, (x—-5)° (x+1)<0.

2
Interval \"/l“elst Is (x=5)" (x+1)<0
alue True or False?
A: 5 |[(2=5) (-2+1)<0
(=e=.=1) -49<0 True
?
B: (-1,5) | 0 (0-5)*(0+1)<0
25 <0 False
?
C: (5.) | 6 [(6-5)(6+1)<0
7 <0 False

Solution set: (—eo,~1)

x* +4x* —9x>36
Step I: Solve x° +4x> —9x > 36
¥ +4x2-9x>36

X +4x* -9x-36=0

x? (x+4)—9(x+4)=0
(x+4)(x*=9)=0

(x+4)(x+3)(x—3)=0
Set each factor to zero and solve.
x+4=0=>x=-4 or x+3=0=>x=-3 or
x-3=0=>x=3
Solution set: {—4, -3, 3}
Step 2: The values —4,— 3, and 3 divide the

number line into four intervals.

Sl ee e
—4 -3 0 3

(continued on next page)
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66.

Step 3: Choose a test value to see if it satisfies
the inequality, x° +4x> —9x > 36

Interval Test Is x° +4x* —9x >36
Value True or False?
A (-5) +4(=5)" -9(-5)236
(rood) | 7 2020
False
(-3.5) +4(-3.5)°
B: ?
(-4.-3) =35 -9(-3.5)236
’ 37.625>0
True
0° +4(0) ~9(0)>36
C:(-33)| o 00
False
£ 4 4(4) —9(4)236
B ()| 4 @ (92)2 36
True

Solution set: [-4,-3] U3, )

X +3x% —16x <48
Step I: Solve x* +3x* —16x =48 .
X +3x* —16x =48

x*+3x% —16x-48=0

X (x+3)-16(x+3)=0
(x+3)(x2 —16) =0

(x+3)(x+4)(x-4)=0
Set each factor to zero and solve.
x+3=0=x=-3or x+4=0=x=-4 or
x—4=0=>x=4
Solution set: {—4,—3, 4}
Step 2: The values —4, —3, and 4 divide the

number line into four intervals.

Clee e~
43 0 4

Step 3: Choose a test value to see if it satisfies
the inequality, x° +3x* —16x < 48.

Test |Is x* +3x%> —16x < 48.

Interval
Value |True or False?

(-5) +3(-5)

?
-16(-5)<48
30<48

A: (—e0,-4) | -5

True

67.

68.
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(-3.5) +3(-3.5)

~—

B: (-4,-3) | -35

48
False

0% +3(0)° —16(0)<48

C: (-3,4) 0 ©) (o)s 43
True

5% +3(5)° -16(5)< 48

D: (4,c) 5 120 < 48
False

Solution set: (—eo,—4]U[-3,4]

xz(x+4)2 >0

Step 1: Solve x* (x + 4)2 >0.

Set each distinct factor to zero and solve.
x=0 or x+4=0=x=-4

Solution set: {—4, 0}

Step 2: The values —4 and 0 divide the

number line into three intervals.

—
-4 0

Step 3: Choose a test value to see if it satisfies

the inequality, X’ (x + 4)2 =0.

Test | Is x*(x+4)" 20

Interval Value

True or False?

A: (~o0,-4) | =5 [(=5)’ (—5+4)2z?0

2520 True
B: (-4.0) | -1 |(-1)(-1+4) =0
9>0 True
?
C: (0,0) 1|12 (+4) 20
2520 True

Solution set: (—oo, oo)

—x?(2x-3)’ <0

Step I: Solve —x* (2x-3)” <0.

Set each distinct factor to zero and solve.
3

-x?=0=x=0 or2x-3=0=x=3

Solution set: {O, %}

Step 2: The values 0 and% divide the number

line into three intervals.

] ] ] ] ] ] a4 ]
T T T T T T hd T

0

|

(continued on next page)
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(continued)

69.

Step 3: Choose a test value to see if it satisfies

the inequality, X’ (2x - 3)2 <0.

Test |Is —x* (2x-3)’ <0

Interval Value

True or False?

: 2
o) | ~(-1°[2(-1)-3] <0
’ —25<0 True

B L |-1[20)-3T <0

—1<0 True

0 |w

03

A
(
(
C:

22[2(2)-3] <0

(%""’) ’ —4<0 False

Solution set: &

x=3 <
x+5
Since one side of the inequality is already 0, we
start with Step 2.

Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.
x=3=0=>x=3 or x+5=0=>x=-5
The values -5 and 3 divide the number line
into three regions. Use an open circle on —5
because it makes the denominator equal O.

0

: Interval C
(3,%0)

Interval A E Interval B !
(—0,=5) | (=5.3) 1

1 AI\ 1 1 1 1 1 1 1 l 1

T 4 T T T T T T T v T

-5 0 3
Step 3: Choose a test value to see if it satisfies
x=3

<0.
5

the inequality,
x+

Test Is <3<0

Interval x+5
Value

True or False?

A: (-,=5) | -6

% <0 False

Interval B satisfies the inequality. The endpoint
-5 is not included because it makes the
denominator 0.

Solution set: (=5, 3]

70.

71.

x+1

>0

x—4

Since one side of the inequality is already O,
we start with Step 2.

Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.
x+1=0=x=-1 or x-4=0=>x=4
The values —1 and 4 divide the number line
into three regions.

Interval A E Interval B E Interval C
(mo0—1) E (-14) E (4,)
o ——————

-10 4
Step 3: Choose a test value to see if it satisfies

+1
the inequality, x_4 > 0.

Is L >0
Interval \;F elst S’
alu€ | Trye or False?
?
241
Al (eo-1) | -2 |20
%> 0 True
0+1 .
B: (~1,4) o |0=4>0
—%>O False
TN
C: (4,0) 5 |50
6>0 True

Solution set: (—oo, —1) U (4, o)

1-x

x+2

Step 1: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.

<-1

M>Oﬁ—
x+2 x+2

>0

x+2
Step 2: Since the numerator is a constant,
determine the values that will cause
denominator to equal 0.
x+2=0=>x=-2
The value -2 divides the number line into two
regions.

Interval A
(-0,-2)

Interval B
(=2,%0)

&
T T LI T T T T LI
-2

(continued on next page)
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72.

Step 3: Choose a test value to see if it satisfies

1-x
the inequality, <-1
q Y x+2
Interval \;FeiSt
alue or False?
() ]
A: (—e0,-2) -3 5 <1
—2<-1 True
1-(-1) ?
B: (-2,0) -1 T <l
2< -1 False

Solution set: (—oo, —2)

6—x

x+2

Step 1: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.

>1

6—x x—6
>1= <-1
x+2 x+2
_6+1<0=>x_6 x+2<0
x+2 x+2 x+2
x—6+x+2 2x—4
<0= <0
x+2 x+2

Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.
2x-4=0=>x=2 or x+2=0=x=-2
The values —2 and 2 divide the number line into
three regions.

Interval B

Interval A i Interval C
(Ce0=2) 1 (=22 1 (2®)
| ] | t:\ 1 | | /I’\ | 1 |
T T T Yol T T A4 T T T
-2 0 2

Step 3: Choose a test value to see if it satisfies

6—x
the inequality, ——>1
q Y x+2

Test
Interval Val
alue True or False?
~6-(=3)
A: (—e0,-2) -3 mreate
—9> -1 False
"
B: (-2,2) 0 |01
3>1 True
C: (2.0) 3 m“
§ >1 False

Solution set: (-2, 2)

73.
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<2

x—6

Step 1: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the

other side.

2(x—6
3 scom 3 20
x—6 x—6 x—06
3-2(x—-6 —
(x )s0:>3 20412 _
x—6 x—6
15—2x§0
x—06

Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.

15-2x=0=x=2 or x-6=0=x=6
The values 6 and % divide the number line

into three regions. Use an open circle on 6
because it makes the denominator equal O.
Interval C

(15,0)

Interval A | Interval B i

(0.6 1 65

Il ;\ Il

T N4 T
6

7

DR

Step 3: Choose a test value to see if it satisfies

. . 3
the inequality, <2.
x—6
Test | Is =-<2
x—6
fnterval Value | Trye or False?
3 <9
A: (—oo, 6) 0 0716
-3 < 2 True
3 9
15 =<2
B (6, 7) 7 7-6
3 <2 False
3 9
C:(5.) | 8 [F6°2
2’ %S 2 True

Intervals A and C satisfiy the inequality. The
endpoint 6 is not included because it makes
the denominator 0.

Solution set: (—eo,6) U [ oo)
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74.

75.
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3
x—
Step 1: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.
3
x=2
- 3—(x-2
3 _x2 <0= (x )
x—=2 x-2 x=2
3—x+2 <0= 5-x <0
x—=2 x=2
Step 2: Determine the values that will cause

<1

-1<0

<0

either the numerator or denominator to equal 0.

5-x=0=5=x or x-2=0=>x=2
The values 2 and 5 divide the number line into
three regions.
Interval B E Interval C
25) : (5,)
0 5
Step 3: Choose a test value to see if it satisfies

Interval A
(-00,2)

o -

the inequality, 3 5 <.

3
Interval Test Is — <1

Value | Trye or False?

L ?

A: (~0,2) 0o |o=<!
—%<1 True

,

B: (2,5) 3 |32<!
3<1 False

, ?

C: (5.e0) 6 |oz<!
%<1 True

Solution set: (—oo, 2) U (5, oo)

__4 <5

1-x

Step I: Rewrite the inequality to compare a
single fraction to O:

4 <5:>_—4—5<0
1-x -X
- 5(1- —4-5(1-
_4_M<0:>M<0
1-x 1-x 1-x
—4—5+5x<0:> —9+5x<0
1-x 1-x

76.

Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.

—9+5x=0:>x=% or 1-x=0=x=1

The values 1 and % divide the number line into
three regions.
Interval Bi Interval C

L2 (2o

Interval A E
(oo, 1)

| &
T A4
1

0

1
2

wlo @ -

Step 3: Choose a test value to see if it satisfies

—4
the inequality, —— <5
I-x

Test Is =+ <5
Interval Val I-x
alu€ | Trye or False?
A (=) | 0 |T5<5
—4 <5 True
?
4
9 6 —7<5
B: (1,2) L o
20<5 False
2
C:(2e) | 2 |35
4<5 True

Solution set: (—oo,1) U (%, 00)

0 <
3x-5
Step I: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.
- <2= 5 __

3x-5 3x-5 3x-5
-6-2(3x-5 -6-—
6-20x-5) _, 6-6x+10

3x-5 3x-5
—6x+4 <0
3x-5

Step 2: Determine the values that will cause

either the numerator or denominator to equal 0.

—-6x+4=0=>x=2% or 3x-5=0=x=32

2(3x—5)<0

2

The values 5

and % divide the number line

into three regions. Use an open circle on %

because it makes the denominator equal O.

Interval A E Interval Bi Interval C
2 2 5y 1 (5
(-o0,2) (2,3) | (£,

| ]
T T

0

N
w o P -

] |
T T
1 2

(continued on next page)
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77.

Step 3: Choose a test value to see if it satisfies

. . 6
the inequality, <2.
5-3x
_6 <
Interval \"/l"elst Is s25-<2 True
alue 14r False?
2
6 <
A: (—oo,%) 0 5302
%S 2 True
25 le
B: (3,3) 1 531
3<2 False
6
C: (%,oo) 2 532
—6<2 True

Intervals A and C satisfy the inequality. The

endpoint % is not included because it makes
the denominator 0.

Solution set: (— oo, %J V) (%, oo)

10 <5
3+ 2x
Step 1: Rewrite the inequality so that 0 is on one
side and there is a single fraction on the other
side.

10 o g 10 _5(3+2x)SO

3+2x 34+ 2x 34+ 2x
10—5(3+2x)S _ 10-15-10x _

34+ 2x 34+ 2x

-10x-5 _

3+2x

Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.

—10x—5=0:>x=—% or 3+2x=0:>x=—%
3

The values — 5

and —% divide the number line

into three regions. Use an open circle on —%

because it makes the denominator equal O.
: Interval C
)

0

Interval B
RN

-1 —

Interval A
(coo.-2)

-2 _

I
R

Step 3: Choose a test value to see if it satisfies

10
the inequality, <5.
9 y 3+2x

Section 1.7 Inequalities 127

Is 12 <
Interval \’/1“ elst METSE: >
alu€ | True or False?
?
10 -
A: (—oo’—%) ) 3+2(—2)SS
—10<5 True
T
B (-3,3) | - e
10 <5 False
0 L
<5
C (—%,oo) 0 |3+200)
%SS True

78.

Intervals A and C satisfy the inequality. The
endpoint —% is not included because it makes
the denominator 0.

: . 3 1
Solution set: (—oo, - 5) ) [— X oo)

1

x+2

Step 1: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.

>3

1 3(x+2)>0

-3>20= -
x+2 x+2 x+2
1-3(x+2 —3x-—
(x )ZOﬁl 3x 620
x+2 x+2
—3x—520
x+2

Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.

-3x-5=0=>x=-3

or x+2=0=>x=-2
The values -2 and —% divide the number line

into three regions. Use an open circle on —2
because it makes the denominator equal 0.

Interval C
(3 ,00)

Interval A | Interval BE
(0,2 1 (=2-3) |

P -

vl @

|
[\

(continued on next page)
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(continued)
Step 3: Choose a test value to see if it satisfies
1
the inequality, >3.
q Y x+2
1>
Interval \"]F eiSt Is 7723
alu® | Trye or False?
.
A: (—o0,-2) -3 5223
—12>3 False
?
1
B: (-2.-3) N
6>3 True
?
1
C: (-3 .00) 0 |2
123 False
Interval B satisfies the inequality. The endpoint
—2 is not included because it makes the
denominator 0.
Solution set: (—2,—%}
79. 7 > !
x+2 x+2

Step I: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.

L >20= 6 >0

x+2 x+2 x+2
Step 2: Since the numerator is a constant,
determine the value that will cause the
denominator to equal 0.

x+2=0=>x=-2

The value —2 divides the number line into
two regions. Use an open circle on —2 because
it makes the denominator equal 0.

Interval A Interval B
(—00,~2) (=2,%0)

[l
1
1
1
1
1
! | N ! ! ! | 1
T T T Yol T T T 1 T T

-2 0
Step 3: Choose a test value to see if it satisfies

7
the inequality, —— >
X

+2  x+2°
Is L >
Interval \;F elst TSI
alue True or False?
9
7 < 1
A: (~e0,-2) -3 |3a5a
—72>-1 False
7 2
B: (-2,%0) 0 |27
%2% True

80.

81.

Interval B satisfies the inequality. The endpoint
—2 is not included because it makes the
denominator 0.

Solution set: (—2, oo)

5 12

x+1 x+1

Step I: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.

S 12

>0:>_—7>0
x+1 x+1 x+1

Step 2: Since the numerator is a constant,
determine the value that will cause the
denominator to equal 0.

x+1=0=x=-1

The value —1 divides the number line into
two regions.

Interval A :
(—oo,— 1)

Interval B
(=1,00)

P ----

-1 0
Step 3: Choose a test value to see if it satisfies

the inequalit i> 12
q o4 x+1° x+1

5 o 12
Interval \’/1“ GISt Is P g
alu€ 1 Trye or False?

s D
A: (—o0,-1) -2 | 2a7 2

—5>-12 True
B: (=1, 0 [0+17 041

5>12 False

Solution set: (—eo,~1)

3 —4

> —_—

2x-1 «x

Step I: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the

other side.

3 +i>0
2x-1 «x

3x 4(2x 1g>0
)>O

x(2x—1) x(2x—1
3x+4(2x-1
x(2x—1)
3x+8x—-4
x(2x—1)

11x-4

= x(2x—1) >0

(continued on next page)
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82.

Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.

llx-4=0=x=2

17 or x=0 or

2x—1=0=>x=%

The values 0, 14—1, and % divide the number
line into four regions.

Interval A: Interval B} Interval C E Interval D
o0 10 (D L (L)

[ D ---
Pl= B ---

&
&
0

Step 3: Choose a test value to see if it satisfies
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Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.
-20x-10=0 or x=0 or 3x+2=0

=_1 = =_2
x=—5 or x 0 or X 5

The values —%, —%, and 0 divide the

number line into four regions. Use an open

circle on 0 and —% because they makes the

denominator equal 0.
Interval Ai Interval B E Interval C ! Interval D
o= (=2-2) 1 (=50 (0,%)

370 Y 37 2

©
0

Step 3: Choose a test value to see if it satisfies
-5 5
the inequality, >—.
d Y 3x+2 x

Test |Is =5 >3
Interval 3x+2 T x

Value |Tue or False?

?
-5 5
3(-1)+2 25
52-5 True

?
5 5.5
- 7
| (-2 %
’5) 1z -20>-92

-202> —8% False

. . 3 —4
the inequality, —— > —.
2x-1 x
Test 3 _4 9
Interval Value Is 5= > = True or False?
?
3 -4
A: (—00,0) -1 2(—1)—1>—_1
—1>4 False
3 24 1l
>= or —;>-44
B: (O,%) S T 3
-32>-44 True
3 2 337 88
>t or—=2>—20
ca) | & |BROETE
-164>-9% False
3 24
D (%,oo) 1 20101
3>-4 True

Solution set: (0, 1;41) V) (%, oo)

-5 > 2
3x+2  x
Step 1: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the

other side.

“5x 5(3x+2)
x(3x+ 2) - x(3x+2)
—5x-5(3x+2)
x(3x+ 2)
—Sx—-15x-10 S
x(3x+2)

-20x—-10

- >
x(3x+2) 20

Intervals A and C satisfy the inequality. The
endpoints —% and 0 are not included because
they make the denominator O.

Solution set: (— oo, — %) ] [— % s O)
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4 > 3
2-x 1-x

Step 1: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the

other side.

4 3
2-x 1-x
13 5
2-x 1-x
4(1-x) 3(2-x) >0

[EEDIEE]

-2—x

2-2)(-)

Step 2: Determine the values that will cause

=0

either the numerator or denominator to equal O.

—2-x=0=x=-2o0r 2-x=0=x=2 or
1-x=0=>x=1

The values -2, 1, and 2 divide the number line

into four regions. Use an open circle on 1 and

2 because they make the denominator equal 0.

EInlcrval CE Interval D

bo(2,9)

Interval B
(-2,1) V(1,2

!
Interval A |
(-o0=2)
i } | & &
* T T 4 @

1

-2 0 2

Step 3: Choose a test value to see if it satisfies

4
the inequality, —— > ——
2-x 1-x

Is 4+ >3
Interval \;F elst $ 3 T
alu€ 1Trye or False?
A: (—°°,—2) -3 | -2-(3)  -1-(3)
42% True
R
B: (-2,1) 0 |z0=T0
2>3 False
R
C: (1,2) 15 |7052T0s
8>-6 True
R
D: (2,%) 3 |32
—42—% False

Intervals A and C satisfy the inequality. The
endpoints 1 and 2 are not included because
they make the denominator O.

Solution set: (—eo,—2] U (1,2)

84.

4 2

<
x+1 x+3
Step 1: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.

4 3 2
x+1 x+3
4(x+3) 2(x+1)

(rr)(x+3) (x+3)(x+1)
4(x+3)-2(x+1)
(x + 1) (x + 3)
4x+12-2x-2
(x + 1) (x + 3)
2x+10
(x + 1) (x + 3)
Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.
2x+10=0=x=-5 orx+1=0=x=-1 or
x+3=0=>x=-3
The values -5, -3, and —1 divide the number
line into four regions.

<0

<0

Interval Ai Interval BE Interval C |Interval D
(o=5 1 (=5-3) 1 (=3-D 1 (-1,

-5 -3 -1
Step 3: Choose a test value to see if it satisfies
4 2
the inequality, —— < .
9 y x+1 x+3
Is 4 <2
Interval \’/1“ GISt S S T3
alue True or False?
A: 4 1 2 _4l 2
( 5) 6 |Te+1T6s3 T T5<73
—o0,— 12 10
15 < 15 True
B: 4 1 2
5.3 -4 1 ST
(-5.-3) —%<—2 False
C: 4 1 2
(_3 _1) -2 <243
’ —4<2 True
4 2 2
D: (~lLeo) | 0 |0+150%3
4< % False

Solution set: (—oo, —5) U (—3,—1)
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x+3

<1

x=5

Step 1: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.

x+3_ x+3_)c—5<

1£0= <
x=5 x=5 x-5
x+3-(x-5) <0= x+3—-x+5 <0

x=5 x=5
<0

x=5

Step 2: Since the numerator is a constant,
determine the value that will cause the
denominator to equal 0.
x=5=0=>x=5
The value 5 divides the number line into two
regions. Use an open circle on 5 because it
makes the denominator equal O.

0

Interval B
(5,00)

Interval A
(=%,5)

0
Step 3: Choose a test value to see if it satisfies

nP------

x+3 <1
5

the inequality,
x—

Test |Is “2<1
x-5

Interval Value

True or False?

A: (=,5) | 0 |05

B: (5,00)
9<1 False

Interval A satisfies the inequality. The
endpoint 5 is not included because it makes
the denominator 0.

Solution set: (—oo, 5)

x+2
<5
3+2x
Step 1: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.

x+2 _5<0
3+2x
x+2 5(3+2x)
- <
3+4+2x 3+2x
x+2—5(3+2x)
— <0
3+2x
)c-i-2—15—10)cS :>—9x—13S0
3+ 2x 3+ 2x

87.
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Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.

—9x—13=0:>x=—§ or 3+2x=0= x=—

The values —% and —% divide the number

line into three regions. Use an open circle on
—% because it makes the denominator equal
0.

Interval A | Interval B | Interval C
o= 1 Epm) L )

[T N
bl 2

el

Step 3: Choose a test value to see if it satisfies
x+2

the inequality, 3120 <5.
I x+2 S
Interval \’/1“ GISt ST
alue True or False?
9
242
A(=e-3) | 2 [
0<5 True
14542
B (_i _ﬁ) —1.45 3+2(—1.45)S5
2°7 9
5.5<5 False
042
+
C: (_%’OO) 0 3+2(0)SS
%S 5 True

Intervals A and C satisfy the inequality. The
endpoint —% is not included because it makes
the denominator 0.

Solution set: (— oo, — %) U [— %, oo)

2x-3 >0

x*+1

Since one side of the inequality is already 0,
we start with Step 2.
Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.
2x-3=0 or X +1=0

x= % has no real solutions

% divides the number line into two intervals.

Interval B
(2.0

Interval A
(oo D)

]
T
0 1

S

(continued on next page)
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(continued)

Step 3: Choose a test value to see if it satisfies
2x-3

>0.
w41

the inequality,

2X—3 >
Interval \’]T CISt Is Al 0
all® 1Trye or False?
2(0)-3 ]
A: (—“,%) 0 02+1 20
—32>0 False
2(2)-3 ;
Bide) |2 | F)
+20 True

Solution set: [%, oo)

9x -8
———<
4x° 425
Since one side of the inequality is already 0,

we start with Step 2.
Step 2: Determine the values that will cause

88.

either the numerator or denominator to equal 0.

9x—8=0:>x:§ or

432 +25= 0, which has no real solutions

The value % divides the number line into two

intervals.

Interval A i Interval B
(.3 (£,00)

I I
T T
0 1

o oo - - -

Step 3: Choose a test value to see if it satisfies

the inequality, 9;—_8 <0
4x° +25
Is 28 <0
Interval \;F GISt S s
4l 1 Trye or False?
9(0)-8 ’
A (—oo,%) 0 4(0)" +25
8
— 25 <0 True
9(1)-8 ’
B: (%, oo) 1 4(1)+25

1
75 < 0 False

Solution set: (—oo, %)

89.

90.

(5-3x)°
(2x - 5)3
Since one side of the inequality is already 0,
we start with Step 2.

Step 2: Determine the values that will cause

either the numerator or denominator to equal
0.
5 5

5—3x=0=>x=§ or 2x—5=0=>x=3

>0

The values % and% divide the number line

into three intervals.

! |
Interval A |Interval B} Interval C
Cod) (L) L (S

1 5 !
Step 3: Choose a test value to see if it satisfies
. . (5 _ 3)(3)2
the inequality, ——>0.
(2x-5)
2
Interval Test Is (5*3)()3
Value (2x-5)
True or False?
(=30 2
A (_oo’ %) 0 (2:0-5)
_ % >0 False
(5—3.2)2 ;
B: (%%) 2 (22-5)
~1>0 False
(5—3.3)2 ;
C: (%,oo) 3 (2.3_5)3
16 >0 True

Solution set: (% s oo)

(5x-3)
—==<0

(25-8x)
Since one side of the inequality is already 0,
we start with Step 2.

Step 2: Determine the values that will cause

either the numerator or denominator to equal 0.

5x-3=0=x=% or 25-8x=0=>x=2

The values % and% divide the number line

into three intervals. Use an open circle on %

because it makes the denominator equal O.

| !
Interval A} Interval B Interval C
3y 3025 ro2s
(o) (2.%) D)

&
L4

1 & Il
T hd T

f
0 1 2
(continued on next page)
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91.

Step 3: Choose a test value to see if it satisfies

, o (5x-3)
the inequality, ——=-<0.
25— 8x)
(5x-3)
Interval Test ls 7 =
Value | (3578
True or False?
309
(5:0-3)° <
A (—oo, %) 0 (25-8-0)’
27
— %5550 True
(52-3)’ ;
B (i 2) 2 (25-82)° ~
578
% <0 False
(5-4-3) ;
C (%,oo) 4 | (25-84) =0
% <0 False

Solution set: (—°°, %J

(2x-3)(3x+8) 50
3
(x-6)
Since one side of the inequality is already 0,
we start with Step 2.

Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.

2x-3=0 or 3x+8=0 or x-6=0
x:% or x:—% or x=6
The values —%, %, and 6 divide the number

line into four intervals. Use an open circle on 6

because it makes the denominator equal O.

Interval Ai Interval B E Interval C EInterval D
o= 5,3 (2.6 1 (6.2

T

| L
T LI B

™ G-

I
0

o @ -
Sy

Step 3: Choose a test value to see if it satisfies
(2x-3)(3x+8)

20,
(x~6)

the inequality,

(2x—3)(3x+8) >
(x-6)
True or False?

Test Is

Interval Value

[2(-3)-3]3(-3)+8] Z?O
(36
- é >0 False

92.

Section 1.7 Inequalities 133

(2-0-3)(3-0+8) ;
(0-6)’
%2 0 True

(2-2-3)(3-2+8) ;
(-6

7
33 >0 False

(2-7-3)(3-7+8) g
(7-6)
31920 True

Solution set: [—%,%] v (6, oo)

(9x—11)(2x+7)

(3x-8)°
Since one side of the inequality is already O,
we start with Step 2.

Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.

9x—11=0 or 2x+7=0 or 3x-8=0
1 —__1 -8
x=1 or x=-3 or x=3
The values —%, %, and % divide the number
line into four intervals.
Interval C

n. s
(4.5

i ! Interval D
(,90)

Interval A E Interval B
Coo—D) 1 (1,1

n

)
. N
11

0

ool

O ---

L
T

ol
oEP------
wloo B - - -~

Step 3: Choose a test value to see if it satisfies
(9x—11)(2x+7)
———7>0

the inequality, (3 8)3
X—

(9x-11)(2x+7)
(3x-8)’
True or False?

Test >0

Interval Value

[9(-4)-11][2(-4)+7] ;0

A(eon)| | B9
’ 47
~ 3000 >0
False
(9:0-11)(2-0+7) ?
B (-24) | o | Gew 7
77
%15 >0 True

(9-2711)(2-32+7) ;O
(3-2-8)
—Z>0 False

(continued on next page)
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(continued)

93.

9.

95.

T (9x—11)(2x+7)
Interval est (3x-8)’

Value
True or False?

>0

(93-11)(2-3+7) 2
D: (ﬁ,w) 3 (33-8)°

208 >0 True

Solution set: (—%,%) ] (%,oo)
(a) Let R =6.5 and then solve for x.
6.5=0.3022x +4.542
1.958=0.3022x=65=x
The model predicts that the receipts
reached $6.5 billion about 6.5 years after
1989 which was in 1995.

(b) Let R =10 and then solve for x.
10=0.3022x + 4.542
5458=0.3022x=18.1= x
The model predicts that the receipts reach
$10 billion about 18.1 years after 1989
which was in 2007.

(a) Let W= 32 and solve for x.
W =0.68x+30.6
0.68x+30.6 > 32
0.68x>1.4
x > 2.1 (approximately)
According to the model, the percent of

waste recovered first exceeded 32% about
2.1 years after 2003, which was in 2005.

(b) Solve for x for values between 33 and 34.

W =0.68x+30.6
33<0.68x+30.6<34

24<0.68x<34
35<x<5
According to the model, the percent of
waste recovered was between 33% and
34% about 3.5 years after 2003, which
was in 2006, until 5 years after 2003,
which was in 2008.

—16> +2201 > 624
Step I: Find the values of x that satisfy

—16t> + 220t = 624.

—161% +220r = 624 = 0 = 161> — 2207 + 624
0=41> —55t +156
0=(r—4)(4r-39)

t-4=0=1r=4 or 4t—39=0:>z=379=9.75

Step 2: The two numbers divide a number line
into three regions, where ¢ = 0.

96.

Interval A
[0,4)

Interval B ilnterval C
(4,9.75) 1 (9.75,0)
Il Il Il Il | ¢!t
T LI 4|

9.75

N

Step 3: Choose a test value to see if it satisfies
the inequality, —161% + 2207 > 624.

Test Is —16¢> + 220t > 624

Interval
Value True or False?

?
A (0,4) | 1 |716:174+220-12624
204 > 624 False

. ?

B: s |-16-52+220-5>624
4,9.75) 700> 624 True

C:

?
10 |-16-10% +220-10>624
(9.75,c0)
s 600 > 624 False

The projectile will be at least 624 feet above
ground between 4 sec and 9.75 sec (inclusive).

—166> + 44t +4 =32
Step 1: Find the values of x that satisfy

—161* + 441+ 4 =32.
—161% + 441 +4 =32
—16t* +44r-28=0
42 - 11t+7=0
(4x—7)(x—1)=0
4x-T=0=x=2=1750rx-1=0=x=1
Step 2: The two numbers divide a number line
into three regions, where ¢ = 0.

Interval B Interval C
(1, 1.75) (1.75, )

Interval A |

|

& & ]
¢

1

(=0, 1)

hd T

175
Step 3: Choose a test value to see if it satisfies

the inequality, —16> + 441 + 4 > 32

2
tmerval | TS Is —16¢% + 441 +4>32
Value True or False?
. ?
A 0 |-16-0*+44.0+4>32
(—ee, 1) 4>32 False
B 2 !
s |-16-1.5% +44.15+4>32
(1,1.75) 34>32 True
C: 2 !
5 |-16-22+44.2+4>32
(1.75, ) 28>32 False

The baseball will be at least 32 feet above
ground between 1 sec and 1.75 sec (inclusive).
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21 -51-12<0

Step 1: Find the values of x that satisfy
212 —5t-12=0.

2 =5t-12=0= (2t +3)(r-4)=0

2043=0=1t=-3=-15 or
t-4=0=1r=4

Step 2: The two numbers divide a number line
into three regions.

Interval B Elnterval C
(-1.54) | (4,0)

Il | S } Il
T T a4 T T

0 -1.5
Step 3: Choose a test value to see if it satisfies

the inequality, 2% — 5t —12 <0.

Interval A |
(—o0,—1.5) |

& -

2
Interval Test | 1s 2°-51-12<0
Value True or False?
?
A 2(-2)" -5(-2)-12<0
(oom15) | 72 6<0
False
2 ?
2:-0°-5-0-12<0
B: (-1.54) | 0 o
True
2 ?
2-5-5-5-12<0
C: (4.) > 13<0
False

The velocity will be negative between —1.5
sec and 4 sec.

32 —18t+24 <0
Step 1: Find the values of x that satisfy

3t 18t +24 =0.

3 —18t+24=0=3(r-2)(t-4)=0
t-2=0=t=2 ort-4=0=>1t=4

Step 2: The two numbers divide a number line
into three regions.

Interval A | Interval B | Interval C
(-2,2) © 24 1 (@4
Il J\ Il /L |
T A4 T A4 T
2 4

Step 3: Choose a test value to see if it satisfies
the inequality, 3r* —18¢+ 24 <0.

Test | TIs 3t —18t+24<0

Interval
Value True or False?

>
3(0)* ~18(0)+24<0
A (== 2) |0 24<0

False

99.
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;
3(3)° —18(3)+24<0
B: (2, 4) 3 ~3<0
True
3(5)° —18(5)+24<0
C: (4,0) 5 9<0
False

The velocity will be negative between 2 sec
and 4 sec.

Answers will vary.
The student’s answer is not correct. The
expression x+ 2 is a variable expression, not
a constant. You lose a critical value if you
multiply through by x+ 2. The correct
solution can be found using the methods
described in this section.

2x-3

x+2
Since one side of the inequality is already 0,
we start with Step 2.
Step 2: Determine the values that will cause

either the numerator or denominator to equal 0.

2x—3=0:>x=§ or x+2=0=>x=-2

<0

The values —2 and% divide the number line

into three intervals. Use an open circle on —2
because it makes the denominator equal O.

Interval C
3.0)

Interval B
(-2, 2

Interval A |
(-0,=2)
flh 1 ] ]

A4 T 1 T

-2 0 1

Y

Step 3: Choose a test value to see if it satisfies

2x—-3

the inequality, <0.
q y x+2
2X—3 <
Interval \;F elst Is T =0
alue True or False?
2(-3)-3
A: (—e0,-2) -3 =2 =0
7 <0 False
2.0-3 .
0-3 <
B: (-2.2) 0 |oa=0
—% <0 True
203 )
C: (%,oo) 2 242 <0
% <0 False

Interval B satisfies the inequality. The
endpoint —2 is not included because it makes

the denominator 0. Solution set: (—2,%}
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100. Answers will vary. The student’s answer is not

correct. Taking the square root of both sides (and

including a ) can be done if one is examining
an equation, not an inequality. The correct
solution can be found using the methods
described in this section.

x> <144

Step I: Find the values of x that satisfy

x* =144,

=144 = - 144=0= (x+12)(x—12)=0

x+12=0=>x=-12 or x-12=0=x=12
Step 2: The two numbers divide a number line
into three regions.

Interval A | Interval B i Interval C
(-0, ~12) | (=12, 12) 1 (12,)
| ; | | 1 | 1 1 Il ; |
T v I T T T T T v T
-12 0 12

Step 3: Choose a test value to see if it satisfies
the inequality, x> <144.

2
Interval Test |Is x” <144
Value |True or False?
5 ?
A: (=e0,—-12) | =20 (-20)" <144
400 <144 False
B: (-12,12) | o |0°<144
0<16 True
?
C: (12,e0) 20 | 20°<144
400 £144 False

Solution set: [—12,12]

Section 1.8 Absolute Value Equations

1.

and Inequalities

¥=7
The solution set includes any value of x whose

absolute value is 7; thus x = 7or x = -7 are
both solutions. The correct graph is F.

=7
There is no solution, since the absolute value

of any real number is never negative. The
correct choice is B.

|x| >=7
The solution set is all real numbers, since the
absolute value of any real number is always

greater than —7. The correct graph is D, which
shows the entire number line.

10.

11.

12.

|x| >7

The solution set includes any value of x whose
absolute value is greater than 7; thus x > 7 or
x <=7. The correct graph is E.

|x| <7

The solution set includes any value of x whose
absolute value is less than 7; thus x must be
between —7 and 7, not including —7 or 7. The
correct graph is G.

|x| =7

The solution set includes any value of x whose
absolute value is greater than or equal to 7;
thus x > 7 or x <-7. The correct graph is A.

|x| <7

The solution set includes any value of x whose
absolute value is less than or equal to 7; thus x
must be between —7 and 7, including —7 and 7.
The correct graph is C.

|x| %7

The solution set includes any value of x whose
absolute value is not equal to 7; thus, x can
equal all real numbers except —7 and 7. The
correct graph is H.

PBx—1|=2
3x-1=2=3x=3=x=1 or
3x—1=—2:>3x=—1=>x=—%

Solution set: {—%, 1}

l4x+2|=5
4x+2=5:>4x=3:>x=% or
4x+2=—5=>4x=—7=>x=—%

: .13
Solution set: { T 4}

I5-3x=3
5—3x=3:>2:3x:>%:x or
5—3x=—3:>8=3x:>%=x

Solution set: {%,%}

[7-3x=3

7—3x=3:>—3x=—4=>x=% or
1

7—3x=—3:>—3x=—10:>x=?0

i .4 10
Solution set: { 353 }
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15.

16.

17.
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x—4‘:5
x;4=5=>x—4=10=>x=140r
x;4:—5:>x—4:—10:>x:—6
Solution set: {-6, 14}
)c+2:7
2
x+2
3 =7T=x+2=14=x=12o0r
x;2:—7:>x+2:—14:>x:—16
Solution set: {-16, 12}
5 ‘:10
x—3
53=10:>5=10(x—3):>5=10x—302>
[
— _35_17
35—10)(:})(—5—3 or
> =-10=5=-10x-3)=
x—3
5=-10x+30=-25=-10x=x="2=2
: . )5 7
Solution set: {3 s 5}
3 |,
2x—1‘
3 =4=3=4(2x-1)=3=8x-4>
2x—1

7=8x=>%=x or

3
2x—1

1

3==S8xt+d=-1=Bx=>x=g

=-4=3=-42x-1)=

Solution set: {%,%}
6x+1
x—1
6x+1
x-1
6x+1=3x-3=3x=-4=x=-% or
6x+1

x—1
6x+1=-3x+3=9%x=2=x=3

=3

=3=6x+1=3(x-1)=

=3=6x+1=-3(x-1)=

; .]_4 2
Solution set: { 3 9}

18.

19.

20.

21.

22,

23.

24,

25.

2x+3
3x—4
2x+3
3x—4
2x+3=3x—-4=>x=7 or

2 L or43=—1(3x-4) =
3x—4
2x+3=-3x+4=5x=1=x=

=1

=1=2x+3=1(3x-4)=>

1
5
Solution set: {%, 7}

|2x = 3| =[5x +4|

2X—3=5X+4:>—7=3x:>—%:x or

2x-3=—(5x+4)= 2x-3=-5x—4=
7.X=—1=>x=771=—%

Solution set: {—%,—%}

[+ 1] =[1-3x]

x+1=1-3x=4x=0=x=0 or

x+1l=-(1-3x)=x+1=-14+3x>
2=2x=1=x

Solution set: {1, 0}

|4 —3x =]2-34]

4-3x=2-3x= 4=2 False or

4-3x=—-2-3x)=>4-3x=-2+3x=
6=6x=>1=x

Solution set: {1}

3—2x=5-24]

3-2x=5-2x=3=5 False or

3-2x=—(5-2x)=3-2x=-5+2x=
8=4x=>2=x

Solution set: {2}

|5x—2|=|2—5x]

5x-2=2-5x=10x=4=>x=7=2% or

5x-2=—-2-5x)=5x-2="2+5x=
0=0 True

Solution set: (—oo, oo)

Answers will vary.

If x is negative, then 3x will also be negative.
Since the outcome of an absolute value can
never be negative, a negative value of x is not
possible.

Answers will vary.

If x is positive, then —5x will be negative.
Since the outcome of an absolute value can
never be negative, a positive value of X is not
possible.
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26.

27.

28.

29.

30.

31.

Chapter 1 Equations and Inequalities

@ —|x|=|
|x| will equal its own opposite only if
x=0.
Solution set: {0}

() [-x|=|
Any number and its opposite have the
same absolute value.

Solution set: (—oo, oo)

(c) ‘xz‘ = |x|
Solution set: {-1, 0, 1}
@ -[x=9
|x| = -9 is never true.
Solution set: &
|2x+5|<3
-3<2x+5<3

—-8<2x<-2
—-4<x<-1

Solution set: (—4,—1)

PBx—4]<2

-2<3x-4<2
2<3x<6
%<x<2

Solution set: (%, 2)

|2x+5/>3

2x+5<-3=2x<-8=x<-4or
2x+523=2x>2-2=x2>-1
Solution set: (—oo, —4] U [—1, oo)

PBx—4|>2

3x—4s—2:xh32:»xs§or
Ix—-422=3x26=>x2=22

Solution set: (—oo,%} U[2,0)

%—4<2
-2<3-x<2

2(-2)<2(L-x)<2(2)
—4<1-2x<4
-5<-2x<3

3 _3
2>)C> 2

: .(_3 5
Solution set: ( 5 2)

32.

33.

34.

35.

36.

37.

38.

|%+x|<1
—l<i+x<l

5(-1)<5(2+x)<5(1)
-5<3+5x<5

—-8<5x<?2
_8 2
5<)C<5

: .(_8 2
Solution set: ( 3 5)

4lx-3>12=|x-3[>3
x-3<-3=x<0 or x-3>3=>x>6
Solution set: (—oo, 0) U (6,0)

Slx+1|>10= |x+1|>2
x+1l<2=>x<-3 or x+1>2=x>1
Solution set: (—o0,—3) U (1, 0)

|5—3x/>7
5-3x<-7T= -3x<-12=x>4or
5—3x>7:>—3x>2:>x<—%

Solution set: (— oo, —%) U (4, )

|7—3x|>4
7-3x<—-4=-3x<-l1l1= x> or
7-3x>4=-3x>-3=>x<1
Solution set: (—e0,1)U (%, °°)
I5-3x<7

—7<5-3x<7

-12<-3x<2

42x2—%

-2<x<4

Solution set: [—%,4}

|7-3x|<4
—4<7-3x<4
-11<-3x<-3
11
TZ)CZl
l<x<id

-3

Solution set: [1, %]
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41.

42,

43.

44.

45.

46.

Section 1.8 Absolute Value Equations and Inequalities 139

L
IANININ IN A
= & B O v
A = = - -
| +

Solution set: [—1, _%]

1 2 5 1 2
———x<—3:>18(§—3x)<18(—3):>
30-9x<-4= 9x<-34=x>3 or
%—%x>%=>18(%—%x)>18(%)=>
30-9x>4=-9x>-26= x <32

Solution set: (— oo, %) ) (%, oo)

0.01x +1| < 0.01

-0.01<0.01x+1<0.01
-1<x+100<1
-101 < x<-99
Solution set: (—101, -99)

Since x> = (—x)2 s |x| = \/x_2 for all values of x.

[x+3-2=-1=]dx+3|=1

4x+3=1=4x="2=x=F=-1or
dx+3=-1=4x=-4=x=-1
Solution set: {—%, —1}
B-3x|-3=-2=[8-3x=1
8-3x=1=-3x=-T=x=1or
8-3x=-1=2-3x=-9=x=3
Solution set: {%,3}
I6—2x/+1=3=]6-2x|=2
6-2x=2=-2x=-4=x=2o0r
6-2x=-2=-2x=-8=x=4
Solution set: {2, 4}
d—dx|+2=4=4-4x=2
4—4x=2:>—4x=—2:>x=:—4=% or
4-4x=-2=-4x=-6=x=2=2

47.

48.

49.

50.

51.

52,

53.

Px+1-1<2=px+1<3

-3<3x+1<3
—-4<3x<2

_4 2
3<)C<3

; (4 2
Solution set: ( 3 3)

ISx+2|-2<3=[5x+2|<5

-5<5x+2<5
-7<5x<3

_1 3
5<)C<5

; (1 3
Solution set: ( 55 5)

[sx+4|-2<5=[5x+4<7
-7 <5x+4<7

2(-7)<2(5x+1)<2(7)
~14<10x+1<14
~15<10x<13

_15 B_,_3 B
10<)C<10:> 2<x<10

Solution set: (—%,}—3)

|2x+§|+1<4:>|2x+§|<3
—3<2x+%<3
3(-3)<3(2x+1)<3(3)

-O9<6x+1<9

-10<6x<8
=10 8
3 <)C<6
4

_3 4
3<)C<3

; . (5 4
Solution set: ( 3,3)

10— 4x|+1=5=[10-4x|> 4

10—4x§—4=>—4x£—14=>x2’—_1f=>x2%
or
10-4x24= 4x>2-6=>x< L= x<3

; : 37,2
Solution set: (—m,ﬂ U [7,00)

[[12-6x]+329=[12-6x|>6
12-6x<—-6=—-6x<-18= x=>3o0r
12-6x26=> —-6x=>2-6= x<1
Solution set: (—oo, 1] ] [3, 00)

Px-7|+1<-2=x-7/<-3
An absolute value cannot be negative.
Solution set: &
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54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Chapter 1 Equations and Inequalities

|-5x+7|-4<—6=|-5x+7|<-2

An absolute value cannot be negative.
Solution set: &

Since the absolute value of a number is always
nonnegative, the inequality |10 - 4x| >4 is

always true. The solution set is (—oo, oo).

Since the absolute value of a number is always
nonnegative, the inequality |12 - 9x| =-12 is

always true. The solution set is (—oo, oo).

There is no number whose absolute value is
less than any negative number. The solution

setof [6—3x| <11 is @.

There is no number whose absolute value is
less than any negative number. The solution

setof [18—3x|]<-3 is @.

The absolute value of a number will be 0O if
that number is 0. Therefore |8x + 5| =0 is

equivalent to 8x+5 =0, which has solution
set {—%}

The absolute value of a number will be 0 if
that number is 0. Therefore |7 + 2x| =0 is

equivalent to 7+ 2x =0, which has solution

set {-2}.

Any number less than zero will be negative.
There is no number whose absolute value is a
negative number. The solution set of

43x+9.8/<0 is <.

Any number less than zero will be negative.
There is no number whose absolute value is a
negative number. The solution set of

[1.5x-14|<0 is @.

Since the absolute value of a number is always
nonnegative, |2x + l| < 0 is never true, so

|2x + 1| <0 is only true when |2x + 1| =0.

2x+1=0=2x+1=0=2x=-1=x=-1

Solution set: {—%}

64.

65.

66.

67.
68.

69.

70.

Since the absolute value of a number is always
nonnegative, |3x + 2| < 0 is never true, so

3x+2|<0 is only true when [3x+2|=0.

PBx+2|=0=3x+2=0=3x="2=x=-2

Solution set: {—%}

|3x + 2| > ( will be false only when

3x+2 =0, which occurs when x = —%. So

the solution set for |3x + 2| >0 is
(Fe=m3)l-50).

|4x + 3| > (0 will be false only when

4x +3 =0, which occurs when x = —%. So

the solution set for |4x + 3| >0 is

6 and the opposite of 6, namely —6.

x’—-x=6
X —x-6=0
(x+2)(x—3)=0
x+2=0=>x=-2 or x-3=0=x=3
Solution set: {—2,3}

W —x=—-6= x> —x+6=0

—b++/b* - dac

The quadratic formula, x = —————,
2a

can be evaluated with a=1,b=—-1,and c = 6.

_ bt Jb* - dac

* 2a

(D)) -4(1)(6) 1x41-24
- 2(1) T2
1+J=23 1%i23

Solution set: {% +

14 423
{_2’3’EiTl}
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71.

72.

73.
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‘3x2+x‘=14:>3x2+x=140r3x2+x=—14 74.

3xt+x=14
3xt+x-14=0
(3x+7)(x-2)=0
3x+7=0=>x=-1
x—-2=0=>x=2
3x2+x=-14
32 +x+14=0

We must use the quadratic formula with a = 3,
b=1,and c = 14.

e —b £~b* — 4ac
2a
—1£y1?—4-3-14  —1£+/-167
6

2-3
-1x£iJ167 l+ iN167

6 6 6

. o 14 167
Solution set.{ T 2, ¢ ; }

‘2x2—3x‘=5:>2x2—3x=50r 2x% —3x=-5

2x* =3x=5
2x* =3x-5=0
(2x=5)(x+1)=0
2x-5=0=>x=3
x+1=0=x=-1
2x* =3x=-5
2x* =3x+5=0
We must use the quadratic formula with a = 2,
b=-3,and c =5.

e —b+~b? - dac

‘4x2 —23x- 6‘ =0

Because 0 and the opposite of 0 represent the
same value, only one equation needs to be
solved.

4x* =23x—6=0= (4x+1)(x-6)=0
x—=6=0

or x=6

dx+1=0 or

—_1
X="3

Solution set: {—%,6}

75.

76.

77.

141

6x° +23x*> +7x|=0

Because 0 and the opposite of 0 represent the
same value, only one equation needs to be
solved.

6x° +23x2 +7x=0
x(6x2+23x+7)=0
x(2x+7)(3x+1)=0

x=0 or 2x+7=0=>x=—% or
3x+1=0=>x=—%
Solution set: {—%,—%,O}
‘x2+1‘—|2x|=0
2 1] = ad = 0= [x2 +1| = 2]

W +1=2x= x> -2x+1=0
(x-17=0=x-1=0=x=1 or

al=2x= P +2x+1=0= (x+1)° =0
x+1=0=x=-1
Solution set: {—1,1}

2
x+2_£:0
x 3
2+2| 11 2+2 11
-—=0= =—
x X 3

2+2 11 2 +2 11
—:—:}3){ _— =3x -
x 3 X 3

3(x2+2)=11x=>3x2+6=11x=>
3x7 —11x+6=0=(3x-2)(x-3)=0
2

3x—2=0=>x=§

42 11
x 3
2
3x(x +2J:3x(—£j
X 3
3(x2+2)=—11x=>3x2+6=—11x=>

3% +11x+6=0=(3x+2)(x+3)=0

or x—-3=0=x=3or

3x+2=0=x=-2orx+3=0=>x=-3
Solution set: {—3, —%,%, 3}

Any number less than zero will be negative.
There is no number whose absolute value is a
negative number. The solution set of

‘x4+2x2+1‘<0 is @.
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78.

79.

80.

81.

82.

83.

84.

8s.

86.

87.

Chapter 1 Equations and Inequalities

Any number less than zero will be negative.
There is no number whose absolute value is a
negative number. The solution set of

‘x2+10‘<0 is @.

x—4 >
3x+1
This inequality will be true, except where ;xfl

is undefined. This occurs when 3x+1=0, or

=_1
x=-3.

Solution set: (—oo, - %) U (— L oo)

9—x
7+8x

This inequality will be true, except where
9-x
7+8x

20

is undefined. This occurs when

7+8x=0, or x=—%.

Solution set: (—oo’ _%) U (_%’,X,)

|p - q| =2, which is equivalent to |q - p| =2,

indicates that the distance between p and q is 2
units.

|r - s| =6, which is equivalent to |S - r| =6,

indicates that the distance between r and s is 6
units.

“m is no more than 2 units from 7 means that
m is 2 units or less from 7. Thus the distance
between m and 7 is less than or equal to 2, or

|m—7|S2.

“z1s no less than 5 units from 4”” means that z
is 5 units or more from 4. Thus, the distance
between z and 4 is greater than or equal to 5,

or |z—4|25.

“p is within 0.0001 unit of 9” means that p is
less than 0.0001 unit from 9. Thus the distance
between p and 9 is less than 0.0001, or

|p—9] < 0.0001.

“k is within 0.0002 unit of 10” means that & is
less than 0.0002 unit from 10. Thus the
distance between k and 10 is less than 0.0002,

or |k —10] < 0.0002.

“ris no less than 1 unit from 29” means that r
is 1 unit or more from 29. Thus the distance
between r and 29 is greater than or equal to 1,

or |r—29|21.

. “gq is no more than 8 units from 22 means that

q is 8 units or less from 22. Thus the distance
between ¢ and 22 is less than or equal to 8, or

lg—22|<8.

. Since we want y to be within 0.002 unit of 6,

we have |y — 6] <0.002 or |Sx+1-6|<0.002.

|5x— 5| < 0.002
-0.002 < 5x—5 < 0.002
4.998 < 5x <5.002
0.9996 < x < 1.0004

Values of x in the interval (0.9996, 1.0004)
would satisfy the condition.

. Since we want y to be within 0.002 unit of 6,

we have |y - 6| <0.002 or
[10x +2 - 6] < 0.002.

|10x — 4| < 0.002 => —0.002 < 10x — 4 < 0.002
3.998 < 10x < 4.002
0.3998 < x < 0.4002
Values of x in the interval (0.3998, 0.4002)

would satisfy the condition.

|r-8.2/<1.5
-1.5<x-8.2<1.5
6.7<x<9.7
The range of weights, in pounds, is [6.7, 9.7].

|C +84|<56
-56<C+84<56
-140< C <28

In degrees Celsius, the range of temperature is
the interval [-140, -28].

. 780 is 50 more than 730 and 680 is 50 less

than 730, so all of the temperatures in the
acceptable range are within 50° of 730°. That

is |F —730[<50.

. Let x = the speed of the kite. 148 is 25 more

than 123, and 98 is 25 less than 123, so all the
speeds are within 25 ft per sec of 123 ft per

sec, that is, |x—123|<25.
Let x = speed of the wind. 26 is 5 more than

21, and 16 is 5 less than 21, so the wind
speeds are within 5 ft per sec of 21 ft per sec,

that is, [x—21/<S5.
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95. |R,—26.75)<1.42
~142< R, —26.75<1.42
2533< R, <28.17
R -38.75/<2.17
-2.17<Rp -38.75<2.17
36.58 < R, <40.92

96. Since there are 225 students and R; and Ry
are individual rates, the total amounts of

carbon dioxide emitted would be
T; =225R; and T = 225R;. Thus,

(225)(25.33) < T, < (225)(28.17)
5699.25< T, <6338.25
(225)(36.58) < T, < (225)(40.92)

8230.5 < T, <9207

Chapter 1  Review Exercises

1. 2x+8=3x+2=>8=x+2=>6=x
Solution set: {6}
1 1 _1
2. gx-g(x-1)=7
Multiply each term by the LCD, 12, to
eliminate the fractions. Then solve for x.
12(§x) =12 (x-1)]=12(3)
2x— (x - 1) =6
2x—x+1=6
x+1l=6=>x=5
Solution set: {5}

3. 5x-2(x+4)=3(2x+1)
5x=2x-8=6x+3=3x-8=06x+3=>

—8=3x+3:>—11=3x:>—%=x

Solution set: {—%}

4. 9x—-1ltk+ p)=x(a-1)
Ix—1lk-1lp=ax—x
10x—ax=11k+11p
(10—a)x=11k+11p
x_11k+11p_11(k+p)
~ 10-a  10-a

Chapter 1 Review Exercises 143

= for f (approximate annual
B(p+1) Jf (app

interest rate)

_ 24f
B(p+1)A—B(p+1)(B(p+1)j

AB(p+1)=24f
AB(p+1) _

24
_AB(p+1)
f= 24

. B and C cannot be equations to solve a

geometry problem. The length of a rectangle
must be positive.

A, 2x+2(x+2)=20
2x+2x+4=20
4x+4=20=4x=16=x=4

B. 2x+2(5+x)=-2
2x+104+2x=-2
4x+10=2=4x=-12=>x=-3

C. 8(x+2)+4x=16
8x+16+4x=16
12x+16=16=12x=0=x=0

D. 2x+2(x-3)=10
2x+2x-6=10
dx-6=10=4x=16=>x=4

. A and B cannot be equations used to find the

number of pennies in a jar. The number of
pennies must be a whole number.

A. 5x+3=11:>5x=8=>x=%

B. I2x+6=-4=12x=-10=
10 5

x:—B:—g
C. 100x=50(x+3)
100x = 50x+150 = 50x =150 = x =3

D. 6(x+4)=x+24
6x+24=x+24
5x+24=24=5x=0=x=0

. Let [/ = the length of the carry-on (in inches).

Let w = the width of the carry-on (in inches).
Let & = the height of the carry-on (in inches).
Linear inches = [ + w+ h.

(a) Linearinches =/+w+h
=9+4+12+21=42in
No; all airlines on the list will allow the
Samsonite carry-on bag.
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10.

11.
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(b) Linear inches =/+w+h
=10+14+22=46in
The carry-on is allowed on AirTran,
Alaska/Horizon, and Southwest.

Let x = the original length of the square (in
inches). Since the perimeter of a square is 4
times the length of one side, we have

4(x—4)=1(4x)+10. Solve this equation for

x to determine the length of each side of the
original square.

4x-16=2x+10
2x-16=10=2x=26=>x=13

The original square is 13 in. on each side.

Let x = rate of Becky riding her bike to library.
Then x — 8 = rate of Becky riding her bike
home.

To r t d
Library x | 20min=1 hr ix
Home x—=8 [ 30 min=7 hr %(x—S)

Since the distance going to the library is the
same as going home, we solve the following.

%x = %(x— 8) = 6[%x] = 6[%(X - 8)]
2x=3(x—-8)=2x=3x-24
—x=-24=x=24

To find the distance, substitute x = 24 into

d =%x. Sinced =1(24) =8, Becky lives 8
mi from the library.

Let x = the amount of 100% alcohol solution
(in liters).

Strencth Liters of Liters of Pure
£ Solution Alcohol
100% X L= x
10% 12 0.10-12=12
30% x+12 0.30(x+12)

The number of liters of pure alcohol in the
100% solution plus the number of liters of
pure alcohol in the 10% solution must equal
the number of liters of pure alcohol in the 30%
solution.

x+12=0.30(x+12)
x+12=030x+3.6

0.7x+12=3.6
0.7x=2.4
x:ﬁ:ﬁzgi L
a7 7

3% L of the 100% solution should be added.

12.

13.

14.

Let x = amount borrowed at 5.5%.
Then 90,000 — x = amount borrowed at 6%.

Amount Interest Tnterest
Borrowed Rate

X 5.5% 0.055x
90,000 — x 6% | 0.06(90,000 - x)
90,000 5125

The amount of interest borrowed at 5.5% plus
the amount of interest borrowed at 6% note
must equal the total amount of interest.
0.055x + 0.06(90,000 — x) = 5125
0.055x+5400-0.06x =5125
—0.005x + 5400 =5125
—0.005x =-275
x =155,000
The amount borrowed at 5.5% is $55,000 and
the amount borrowed at 6% is
$90,000 — $55,000 = $35,000.

Let x = average speed upriver.
Then x + 5 = average speed on return trip.

r t d
Upriver X 1.2 1.2x
Downriver | x+5 0.9 0.9(x+5)

Since the distance upriver and downriver are
the same, we solve the following.
1.2x=09(x+5)
12x=09x4+45=03x=45=>x=15
The average speed of the boat upriver is 15
mph.

Let x = number of hours for slower plant (Plant

II) to release that amount. Then %x = number

of hours for faster plant (Plant I) to release that
amount. (If the plant is twice as fast, it takes
half the time.)

. Part of the Job

L Lt Accomplished
Plant IT < 3 1(3)=2
Plantl | 17=% | 3 2(3)=5

Since Plant I and Plant IT accomplish 1 job
(releasing toxic waste) we must solve the
following equation.
i+2=1=>%=1=>x(%)=)c-1=>9=)c

X

It takes the slower plant (Plant I) 9 hours to
release that same amount.
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15.

16.

17.

18.

19.

20.

21.

(a) In one year, the maximum amount of lead
ingested would be

0.05 18 .5 lters ses 05 days
liter day year
=36.525 —£

year

The maximum amount A of lead (in
milligrams) ingested in x years would be
A =36.525x.

(b) If x=72, then
A =36.525(72) = 2629.8 mg. The EPA
maximum lead intake from water over a
lifetime is 2629.8 mg.

In 2012, x=5.
y=32.13x+172.59
y=32.13-5+172.59=333.24

Based on the model, retail e-commerce sales

will be approximately $333.24 billion in 2012.

(a) Using 1956 for x = 0, then for 1990,
x=34.
y=0.1132x+0.4609
y=0.1132-34+0.4609 = 4.31
According to the model, the minimum
wage in 1990 was $4.31. This is $0.51
more than the actual value of $3.80.

(b) Lety=$5.85 and then solve for x.
y=0.1132x + 0.4609
5.85=0.1132x+0.4609
5.3891=0.1132x
47.6 = x
The model predicts the minimum wage to
be $5.85 about 47.6 years after 1956,
which is mid-2003. This is close to the
minimum wage changing to $5.85 in
2007.

(a) 1965: 194 million (0.197) = 38.2 million
1975: 216 million (0.182) = 39.3 million
1985: 238 million (0.179) = 42.6 million
1995: 263 million (0.167) = 43.9 million
2005: 296 million (0.158) = 46.8 million

(b) Answers will vary.
(6-i)+(7-2i)=(6+7)+[-1+(-2)]i
=13+(-3)i=13-3i

(-11+2i) - (8- 7i) = (-11-8)+[2—(-7) i
=-19+9i

15i—(3+2i)-11=(-3-11)+(15-2)i
=-14+13i

22,

23.

24,

25.

26.

27.

28.

29.
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~6+4i—(8i—2) =[ -6 —(-2) |+ (4-8)i
=—4+(-4)i=—-4-4i

(5-1)(3+4i)=5(3)+5(4i)—i(3)—i(4i)
=15+20i - 3i - 4i°
=15+17i-4(-1)
=15+17i+4=19+17i

(—8+2i)(-1+i)

=—8(—1)—-8(i)+2i(-1)+2i(i)
=8—8i—2i+2i° =8-10i+2(-1)
=8-10i—2=6-10i

5 Product of the

sum and difference
of two terms

(5-11i)(5+11i) =5 —(11i)

=25-121i°
=25-121(-1)
=25+121=146

N2 . A2
(4-3i)" =42 —2(4)(3i) + (30)" Sauare of 2
=16-24i +9i°
=16-24i+9(-1)
=16-24i-9=7-24i

—5i(3 i)’ =-5i[ 3 - 2(3)(i) + 4 |
=—5i[9—6i+(-1)]
= —5i (8 - 6i) = —40i + 30i°
= —40i +30(-1) = —40i +(-30)
=-30-40i
4i(2+5i)(2-i)=4i[ (2+5i)(2-1) ]
_ 4 2@)+2(=)
‘4’{ +5i(2)+5i(—i)}
=4i[4-2i+10i - 5i* ]
=4i[4+8i-5(-1)]
=4i[4+8i +5]
= 4i[9+8i] = 36i +32i°
=36i +32(-1) =36i + (-32)
=-32+36i
—12-i (-12-i)(-2+5i)
—2-5i  (-2-5i)(-2+5i)
_24-60i+2i-5i> _24-58i-5(-1)

(=2)? - (5i)’ 4-25i°
_24-58i+5 29-58 29-58i
©4-25(-1)  4+25 29
N

29 29
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30 “T+i  (T+i)(-1+i) 7-Ti-i+i?
Tl (—l—t(—1+i) (—1)2—1'2
_7-8i+(-1) _6-8i _6 8.
- 1-(-) 2 2 2
=3-4i
3. ' =38 lgzl'(—l)z—l
32. 160—(1'4)15—115 1
33, i1001=i1000-i=('4)250- S0
10 _ 108 -2 _ (:4\ 27
3. M= 2 = () (1) =17 (1) =1
35. i =i l=(i4)7 i=1"i=i
36. L=i"=i7.7
-5
=(,'4) P =17 (=) =i
37. (x+7)’=5=x+7=t/5=>x=-7+5
Solution set: {—7i\/§ }
38. (2-3x)7=8
2-3x=1/8=2-3x=122 =
+
2izﬁ=3x=>2—32*5=x
Solution set: {#}
39. 2x%+x-15=0
(x+3)(2x—5)=0
x+3=0=x=-3 or 2x-5=0=x=3
Solution set: {—3, %}
40. 12x* =8x—-1=12x" —8x+1=0
(6x—1)(2x—1)=0
6x—1=0=>x=% or 2x—1=0=>x=%
Solution set: {%, %}
41, 2% +1lx=-21=-2x> +11x+21=0

20 = 11x-21=0= (2x+3)(x-7)=0
2x+3=0=x=-3 or x-7=0=x=7

Solution set: {—%,7}

42,

43.

—x(3x+2)=5=-3x*-2x=5
—3x* —2x-5=0=3x" +2x+5=0
Solve by completing the square.

3x>+2x+5=0
x2+%x+%=0
2,2 1_ 5,1
X +§x+3— 3+9
Note'[l 2T=(i)2=l
N 1273 3 9
1)y - _14
(x+1) =-4
1_ _14
x+3—i o
1_ 414
x+3—i—3 i
—_1l4Nl4
X = 3i L

Solve by the quadratic formula.
Let a=3,b=2, and c =5.

_ —b+ b’ —4ac

2a
—2+.,/22 - 4(3)(5)

2(3)
—2+/4-60 —2%+-56

X

6 6
_Zizi\/ﬁ——l+ﬂi——i+ﬂi
- 6 T 67 6 - 37 3

Solution set: {—%i@i}
(2x+1)(x—4)=x=>2x2—8x+x—4=x=>
247 ~Tx-4=x=2x" -8x-4=0=
x*—4x-2=0
Solve by completing the square.
x> —4x-2=0
Xl —dx+4=2+4

Note:[1-(~4)] = (~2) =4
(x-2)=6=x-2=+J6=>x=2+6
Solve by the quadratic formula.
Let a=1, b=-4, and c = 2.

_ bt N

X

2a
() (4) -4()(-2) 421648
) 2(1) T2
=4i;/ﬂ=4i§\/gzzi\/3

Solution set: {2 + \/8 }
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44.

45.

46.

\/Exz—4x+\/§=0

Using the quadratic formula would be the most
direct approach.

a=+2,b=—-4,and c=+/2.
x_—bi\/b2—4ac

2a
(A4 422
B 242
_42416-8  4:\8 4£2J2 22

a2 22 22 2
2£42)(2)
N
Solution set: {\/5 t1}
xz—\/gx—IZO

Using the quadratic formula would be the most
direct approach.

a=1,b=—\/§,andc=—1.

e —b+~b* - dac

2a

(B T
B4ETE_ 55 B3

2 2 2
53
2

2242
- =2 £1
2 2

Solution set: {

(x+4)(x+2)=2x=>x2+2x+4x+8=2x
P +6x+8=2x= x> +4x+8=0

Solve by completing the square.

X +4x+8=0

X dx+4=-8+4

Note:[%-ﬂz =2 =4

(x+2) =—4= x+2=4/-4 =
X+2=R2i=>x=-2%2i
Solve using the quadratic formula.
Let a=1,b=4, and c =8.

_—btp —dac  —4E 4 -4(1)(8)
- 2a - 2(1)
—4+.16-32 _—4++-16

2

2

_ Ax4i
2

Solution set: {—2 + 2i}

X

=-2%2i

47.

48.

50.

51.

52,

53.

54.
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D; (7x+4)* =11
This equation has two real, distinct solutions

since the positive number 11 has a positive
square root and a negative square root.

B and C are the equations that have exactly
one real solution because the positive and
negative square root of 0 represent the same
number.

. A; Bx-4)?=-9

This equation has two imaginary solutions
since the negative number —9 has two
imaginary square roots.

8x*=—2x-6=8x"+2x+6=0
a=8,b=2,andc=6

b* —4dac =2% - 4(8)(6)=4-192=-188

The equation has two distinct nonreal complex
solutions since the discriminant is negative.

—6x% +2x=-3=-6x"+2x+3=0
a=-6,b=2,andc=3

b* —dac=2* —4(-6)3)=4+72=176
The equation has two distinct irrational

solutions since the discriminant is positive but
not a perfect square.

16x2 +3=-26x = 16x> +26x+3=0
a=16,b=26,and c=3
b* — dac = 26% — 4(16)(3)

=676—192 = 484 = 22?
The equation has two distinct rational

solutions since the discriminant is a positive
perfect square.

—8x +10x=7=0=8x" —10x+7
a=8,b=-10,andc=7
b* —dac = (-10)2 — 4(8)(7)

=100-224 =-124
The equation has two distinct nonreal complex
solutions since the discriminant is negative.

25x* +110x+121=0

a=25,b=110,and c =121

b* —4dac =110° — 4(25)(121)
=12,100-12,100=0

The equation has one rational solution (a

double solution) since the discriminant is

equal to zero.
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55, x(9x+6)=-1=9x*+6x=-1= 120 - 24x — 20x + 4x* =120-21
9x* +6x+1=0 120 — 44x + 4x* =99
a=9,b=6,andc=1 4x* —44x+120=99
b* —4ac=6>—4(9)(1)=36-36=0 4x* —44x+21=0
The equation has one rational solution (a 2x-2DR2x-1)=0

double solution) since the discriminant is 2x=21= x=21-10L or
equal to zero. 2 2
2x-1=0=>x=1

56. Answers will vary.

- — X X -
57. The projectile will be 750 ft above the ground x TReN x
whenever 220¢ —16t* = 750.
Solve this equation for 7. 10— 2x 10
2201 —161° =750 = 0 =161 — 220 + 750 =
0=8:>—110r +375= 0= (4t - 25)(2¢ - 15) L Bl
X X
4t-25=0 or 2t-15=0 12
t= % =6.25 or t= % =75 The border width cannot be 10% since this exceeds
The projectile will be 750 ft high at 6.25 sec the width of the outside rectangle, so reject this
and at 7.5 sec. solution. The width of the border is - ft.
58. Let x = width of the frame. )
Then x + 3 =length of the frame. 60. D=0.1s"-3s5+22
Set up an equation that represents the area of 800 = 0.15% = 35 + 22
the unframed picture. 0=0.1s2—3s—778
x(2)c—3)=70 10-0=10(0.15> - 35 - 778)
x"=3x=70 )
2 —3x-70=0 0=s. —30s—7780.
Solve using the quadratic formula.
(x+7)(x-10)=0 Let a =1, b=-30, and ¢ = —7780.
x+7=0=>x=-7 or x-10=0=x=10
[2
We disregard the negative solution. §= —b*~Nb" ~4ac
(115 5 ] 2a
1.5 .
" ~(-30) + |/(~30)" - 4(1)(~7780)
. ) 2(1)
~30%4/900+31,120  30+4/32,020
1.5 L9 2 2
' x+3 S=Wz—74.50r
Since x represents the width of the frame, the
frame is 10 in wide and 10+3 =13 in. long. g2 30++32,020 s

59. Let x = width of border.
Apply the formula A = LW to both the outside
and inside rectangles.
Inside area= Outside area — Border area
(12-2x)(10-2x) = 121021 61. In 2005, x=15.
y=1.717x* +0.8179x +167.3
y=1.717-15* +0.8179-15+167.3 = 565.9

In 2005, the U.S. government spent
approximately $565.9 billion on medical care.

We disregard the negative solution. The
appropriate landing speed would be
approximately 104.5 ft per sec.
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62. Let x = the length of the middle side.

63.

64.

65.

Then x — 7 = the length of the shorter side
and x + 1 = the length of the hypotenuse.
Use the Pythagorean theorem.
ZHx=7r=(x+1)?
X2+ x2—14x+49= x> +2x+1
x> —16x+48=0
(x-12)(x—4)=0=x=12 or x=4
Ifx=12,thenx—7=5and x + 1 = 13.
If x = 4, then x — 7 = -3, which is not possible.
The sides are 5 inches, 12 inches, and 13
inches long.

4x* +3x2 -1=0 67.

2_ 4

Let u=x2;thenu =x".

With this substitution, the equation becomes
4u* +3u-1=0.

Solve this equation by factoring.
(w+1)(4u-1)=0
utl=u=-lordu-1=0=u=+

To find x, replace u with X2,

K =-l=x=#/-1=x=% or

x? =%=>x=i\/%=>x=i%

Solution set: {ii,i%}
x2—2x4=0=>x2(1—2x2)=0
x2:0:>x:i\/6:>x20 or
1-2x*=0=1=24"

1 + /1=
B X" =T D X
1 A2 p)
x=t—=-:==x=1t-"+-
V2 2 2

2_4 _¢.3

x 3x X

3 (g—i)=3x(8+—j

x  3x

6-4=24x+9
2=24x+9
-7 =24x
1oy

24

Solution set: { 5 4}
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5 3
2——=—

X x2

2e3)-2(3)

X X
2x* -5x=3

2x* =5x-3=0
(2x+1)(x—3)=0
2x+1=0=x=-L orx-3=0=x=3

2

Solution set: {—%, 3}

10 1 10 1
= = = =
4x—-4 1-x 4(x—1) 1-x
100 (1)1 10 -1
4(x=1) (-1)(1-x) " 4(x=1) x-1

Multiply each term in the equation by the least
common denominator, 4 (x — 1), assuming

x#1.

4@-1){4()160_1)}:4()6—1)[;__11}

10=-4=14=0
This is a false statement, the solution set is .
Alternate solution:
10 1 10 1
= or =
4x-4 1-x  4(x-1) 1-x
Multiply each term in the equation by the least
common denominator, 4 (x — 1) (1 — x),

assuming x # 1.

4(x—1)(1—x){4(L}

x—l)

—ae-)0-9)[ 1
10(1—x)= 4(x—1)
10-10x=4x—-4

10=14x—-4
14 =14x
1=x

Because of the restriction x # 1, the solution
set is .

Copyright © 2013 Pearson Education, Inc.



150

68.

69.

70.

Chapter 1 Equations and Inequalities

13 2

X +10 x
Multiply both sides by the least common

denominator, x()c2 + 10), assuming x # 0.

2 13 _ 2 2
x(x +10)(X2—+I()J—x(x +1o)(;)
13x=2(x2+10)
13x=2x>+20
0=2x>-13x+20
0=(2x-5)(x—4)

2x=5=0=x=3 or x-4=0=>x=4

The restriction x # 0 does not affect the

result. Therefore, the solution set is {%, 4}.

X 1 2
+t—+3=— =
x+2 x x4+ 2x
X 1 2
+—43=—"—
x+2 x x(x+2)

Multiply each term in the equation by the least
common denominator, x(x + 2), assuming

x#0,-2.

s e

x2+(x+2)+3x(x+2)=2

K Ax+2+43x%7 +6x=2

4x* +Tx+2=2
4x2+7x=0=>x(4x+7)=0

x=0 or 4x+7=0=>x=-7

Because of the restriction x # 0, the only valid

solution is —%. The solution set is {—%}.

2 1 4
+ =
x+2 x+4  x*+6x+8
2 1 4

+ =
x+2 x+4 (x+4)(x+2)
The least common denominator is
(x+4)(x+2), which is equal to 0 if

x=—-4 or x=-2. Therefore, —4and -2
cannot possibly be solutions of this equation.

(x+4)(x+2){i+ ! }

x+2 x+4

- (x+4)(X+2)[m]

71.

2(x+4)+(x+2)=4

2x+8+x+2=4

3x+10=4=3x=-6=>x=-2

The only possible solution is =2 . However,
the variable is restricted to real numbers
except —4 and —2. Therefore, the solution set
is: &.
Q2x+3)*+2x+3)"*-6=0
Let u = (2x+3)"?. Then
u? =[2x+3)"3P = 2x+3)%3.
With this substitution, the equation becomes
u®> +u—6=0. Solve by factoring.
(u+3)(u—2)=0
u+3=0=u=-3 or u—-2=0=u=2

To find x, replace u with (2x + 3)“3 .

(2x+3)" =3 [(2x+3)”3]3 —(-3) =

2x+3=-27T=2x=-30=>x=-15
or

(2x+3)"

=2= [(2x+3)1/3T ==
2x+3=8=2x=5=x=13
Check x = —15.
2x+3)*}+2x+3)"3 =6
[2(=15)+ 3] +[2(-15)+3]" =6
(-30+3)*% +(-30+3)"* =6
(_27)2/3 + (_27)1/3 =6
[(—27)“3]2 +(-3)=6

(-3 -3=6
9-3=6=6=6
This is a true statement. —15 is a solution.

Check x = 3.
2x+3)*}+2x+3)"? =6
2/3 1/3
[2(§)+3J +[2(§)+3} -6
5+3°7+(5+3)° =6
g23 483 _¢
2
8] +2=6
(2 +2=6
4+42=6=>6=6
This is a true statement. % is a solution.

Solution set: {—15, %}
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72.

(x+3)7" —2(x+3)""

(x+3)7"° —2(x+3)"" -3=0

=3=

Let u= (x + 3)_1/3 : then

o =[ (3] = (e
uw-2u-3=0= w+Hw-3)=

u=—-loru=3

To find x, replace u with (x +3)°

(x+3)" =-1= [(Hz)—l

x+3=

(—1)3

or

a
-t

=—1:>x=—4

-3
(x+3)" =3 :{(xw)“”] =335

=L =L
)c-i-3—33 =>x+3=5=

s age-gdo-8
Check x = —4.
x+3) 2 2(x+3 )”3_3:0
(‘4(1+3) 2P _o(-4+3)723=0
—2/3 _ 1/3
(-7 =2(-1)" =3=0

(_1)2/3 _ 2(_1)1/3 ~3-0

[(_1)1/3}2 B 2(_1)1/3 _320

(-1)* =2(-1)-3=0

1+2-3=0
0=0
This is a true statement. —4 is a solution.
Check x = — 27
( )2/3 ( ) 1/3_3 0
—2/3 1/3
(-50+3) " —2(-2+3) T -3=07
( % 2;) 2/3_2(__+8_;) 1/3_3 0
( )—2/3 (%) 1/3_3 0
27y -2(27)"* =3=0
[27“3] -2(27)"° -3=0
3*-2(3)-3=0
9-6-3=0
0=0

This is a true statement. — 27

Solution set: {—4,_%}

is a solution.

73.

74.

75.

Chapter 1 Review Exercises

Jax-2 =Bx+1
(\/4x—2)2=(x/3x+1)2
dx—-2=3x+1
x—2=1

x=3
Check x = 3.
Jax-2=Bx+1
J43) -2 =33) +1
J12-2=9+1
V10 =410

This is a true statement.
Solution set: {3}

N2x+3=x+2
(Var+3) = (x+2)

2x+3=x>+4x+4
0=x>+2x+1
0=()c-+-1)2
x+1=0=>x=-1
Check x =—1.
V2x+3=x+2
N2(-D+3=-1+2
v=2+3=1
Ji=1
1=1
This is a true statement.
Solution set: {—1}

NXx+2-x=2=+x+2=2+x

151

(\/x+2)2 =(2+x)2 = x+2=4+4x+x°
0=x"+3x+2=0=(x+2)(x+1)
x+2=0=>x=-2 or x+1=0=x=-1

Check x = -2.

Nx+2=2+x
N-2+2=2+(-2)

Jo=0=0=0

This is a true statement. —2 is a solution.

Check x = -1.
Nx+2=2+x
V-1+2=2+(-1)?

Ji=1=1=1

This is a true statement. —1 is a solution.

Solution set: {-2, -1}
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76. x—Jx+3=-1=Jx=Jx+3-1 78. J5x—15-Jx+1=2
(\/;)L(/—x 3_1)2 V5x-15=x+1+2
2 2
x=(x+3)-2Jx+3+1 (\/5)‘_15) =(\/x+1+2)
x=x+4-2Jx+3 Sx—15=(x+1)+4Jx+1+4
0=4-2Jx+3 Sx—-15=x+5+4+x+1
2Nx+3=4=x+3=2 4x—20=4Jx+1
(Va+3)=22 s x+3=4=x=1 x—5=Jxil
2
Check x=1. (x=5)" =(Vx+1)
Jr-Jx+3=-1 x> —10x+25=x+1
VI-J1+3=-1? X -11x+24=0= (x-3)(x-8)=0
1-4=-1 x-3=0=x=3 or x-8=0=x=8
1__2;:1 Check x = 3.
This is a true statement. S5x-15-~x+1=2
Solution set: {1} 5(3)_15_ 3+1=2
77. Jx+3-3x+10=1 Vis-15 -4 =2
Jx+3=1+3x+10 \f(z)—§=§
(x/x+3)2=(1+\/3x+10)2 PN
x+3:1+2/3x+10+(3x+10) This is a false statement. 3 is not a solution.
Check x = 8.
x+3=3x+114+243x+10
—2x—8=23x+10 V3x—15—x+1=2
x+4=—3x+10 5(8)-15-V8+1=2
X2 +8x+16=3x+10 5_3-2
X +5x+6=0= (x+2)(x+3)=0 2=2
x+3=0=>x=-3 or x+2=0=>x=-2 This is a true statement. 8 is a solution.
Check x = =3. Solution set: {8}

79. Jx*+3x-2=0

2
Jo-vJ-9+10=1 x2+3x=2=>(\/x2+3x) =27
0-+1=1 P 43x=4= x> +3x-4=0
0-1=1=-1=1 (x=1)(x+4)=0
This is a false statement. —3 is not a solution.
x—1=0=x=1 or x+4=0=>x=-4
Check x = -2.
Jx+3-Bx+10=1 Check x = 4.
2
-2+3-3(-2)+10 =1 x“+3x-2=0
2
1-vJ=6+10 =1 (-4) +3(-4)-2=0
1-V4 =1 16+(-12)-2=0
1-2=1=>-1=1 _
This is a false statement. —2 is not a solution. \/g : ; B 8
Since neither of the proposed solutions 0 B 0

satisfies the original equation, the equation has
no solution.

Solution set: & (continued on next page)

This is a true statement. —4 is a solution.
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(continued)

Check x =1.

This is a true statement. 1 is a solution.
Solution set: {—4, 1}

80. Y2x=33x+2
(2/5)5 2(\5/3x+2)5
2x=3x+2=>-—x=2=>x=-2
Check x = -2.

J2x =Px+2
2(-2) = 3(-2)+2

This is a true statement.
Solution set: {—2}

81. J6x+2-3Yax=0
Jox+2 =34x
(%/6x+2)3 =(%/H)3
6x+2=4x=2="2x=-1=x
Check x =-1.

Jox+2-Yax =0
Jo(-1)+2-34(-1)=0

J-6+2-3Y-4=0
Y4 -(-¥4)=0

Y4+Y4=0=0=0
This is a true statement.
Solution set: {—1}

82. (x-2)P=x"
3 3
(2] =)
(x-2)=x
X —4x+d=x
x> —5x+4=0
x-DHx-1D)=0
x—4=0=>x=4 or x-1=0=>x=1

83.

84.

85.

86.

87.

Chapter 1 Review Exercises

Check x =1.
(x_2)2/3 B VNN

[(—1)“3]2 = (-l =1 1=1

This is a true statement. 1 is a solution.
Check x = 4.

(x=2)23 =43 =
(4-2)2/3 = 4173 =5 (2)2/3 = 41/3

[22]“3 _gl/3 413 413

This is a true statement. 4 is a solution.
Solution set: {1, 4}

-9x+3<4x+10

—13x<7

-
x> 3

Solution set: (—%, oo)

1x22(x—4)

1lx=>2x-8

9x>-8
xz—%

Solution set: [—%, oo)

—Sx-4232x-95)
—Sx—-426x-15
-11x—-42>-15
—-1lx>-11
x<1

Solution set: (—oo, 1]

7x-2(x-3)<5(2-x)
Tx—-2x+6<10-5x
5x+6<10-5x
10x+6<10

10x<4
4
XSE

x<

TN\

Solution set: (—oo,%}
5 <2x-3<57
8§<2x< 10
4<x<5
Solution set: [4, 5]
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88.

89.

90.

Chapter 1 Equations and Inequalities

—-8>3x-5>-12
-3>3x>-7
—1>x>—%

_1 _
3<x< 1

Solution set: (—%, — 1)

x> +3x-4<0
Step I: Find the values of x that satisfy
x> +3x-4=0.
X +3x-4=0
(x+4)(x—l) =0
x+4=0=>x=-4 or x-1=0=>x=1
Step 2: The two numbers divide a number line
into three regions.

Interval C
(1,00)

Interval B
(=41

Interval A
(—00,—4)

———————
—4 0 1
Step 3: Choose a test value to see if it satisfies

the inequality, x> +3x—4<0.

Test Is x> +3x-4<0

Interval
Value True or False?

A: (~e0,—4) | =5 (_5)2 +3(—5)—4S?0

6<0
False
?
0> +3(0)-4<0
B: (-4,1) 0 ( _4<0
True
27 +3(2)-4<0
C: (1,) 2 6<0

Solution set: [—4, 1]

x*+4x-21>0
Step I: Find the values of x that satisfy

X’ +4x-21=0.
x> +4x-21=0
(x+7)(x—3)=0
x+7=0=x=-7 or x—-3=0=>x=3

Step 2: The two numbers divide a number line
into three regions.

E Interval C
(3.»)

Interval A E Interval B
(-o0,=7) | (=73)

| ,I« 1
L L L L L L L |
3

-7 0

NP2 U N T T N T I I
YT

91.

Step 3: Choose a test value to see if it satisfies
the inequality, x* +4x—21>0

Interval Test | Is x* +4x-21>0
Value True or False?
-
(-8) +4(-8)-21>0
AfeT) | 8 11>0
True
0% +4(0)=2120
B: (7.3) 0 ( )—21>0
False
42 +4(4)- 2150
C: (3.) 4 11>0
True

Solution set: (—e0,~7) U (3, )

6x* —11x <10
Step I: Find the values of x that satisfy
6x* —11x=10.
6x* —11x=10
6x* —11x-10=0
Bx+2)2x-5)=0
3x+2=0=x=-% or 2x-5=0=x=3
Step 2: The two numbers divide a number line
into three regions.
Interval AE Interval B E Interval C
(o) | 2.3 (5o
RIFEENE I

Step 3: Choose a test value to see if it satisfies
the inequality, 6x* —11x <10

Interval Test |Is 6x* —11x<10
Value |True or False?
2 ?
6(-1)" -11(-1)<10

oo 2 _

A = 3) ! 17 <10
False
6-0>—11-0-10<10

(2 s

B:(-5:3) 0 ~10<10
True

N
6-32-11-3-10<10

(5 o

¢ (3.=) 3 11<10
False

: .(_2 5
Solution set: ( % 2)
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93.

x> =3x25

Step I: Find the values of x that satisfy
x*=3x=5=x"-3x-5=0 Use the
quadratic formula Let

a=1b=-3 and c =-5.

- —b +~b* - dac

2a

3+«/@

—12o0r x= =472
2

Step 2: The two numbers divide a number line
into three regions.

Interval A | Interval B i Interval C

e ) (5B (52

1 1 &
T T T T LA

Il

T
-1 0 4
Step 3: Choose a test value to see if it satisfies

the inequality, x> —3x>5

Interval Test | Is x*—3x>5
Value [ True or False?
2 ?
A: (o0, 32 (-2) -3(-2)25
AT -2 1025
True
?
B (2B 3m\ | [07-3:0-525
A -5>5
False
2 ?
. (34429 5°-3-525
C' ( 2 ’°°) > 10>5
True

Solution set: (—w,#} ] [@, oo)
X =16x<0
Step 1: Solve X —16x=0.
¥ =16x=0= x(x* ~16)=0=
x(x+4)(x—4) =0
Set each factor to zero and solve.

x=0or x+4=0=>x=-4 or
x—-4=0=>x=4
Step 2: The values —4, 0, and, 4 divide the
number line into four intervals.

Interval A i Interval B EIntcrval C E Interval D
oo=4) 1 (4,00 1 (04 | (4 )

-4 0 4

9.

Chapter 1 Review Exercises 155

Step 3: Choose a test value to see if it satisfies

the inequality, x’ —16x<0.

Interval Test Is x> —16x<0
Value True or False?
3 9
-5) -16(-5)<0
A: (—e0,—4) 5 |9 _45)S 0
True
3
-1) —16(-1)<0
B: (~4.0) 4| (15)30
False
1P ~16-10
C: (0.4) ! -15<0
True
5 ~16-5<0
D: (=) > 45<0
False

Solution set: (—eo,—4]U[0,4]

2x* =3x* =5x<0

Step 1: Solve 2x* —=3x* =5x=0.

2 =327 =5x= 0= x(24? ~3x-5)= 0=
x(x+ 1)(2x—5) =0

Set each factor to zero and solve.

x=0 or x+1=0 or 2x-5=0

- _ -5
x=-1 or x=3

Step 2: The values —1, 0, and,% divide the

number line into four intervals.

x=0 or

Interval D
(3,

Interval C

| 5

! 0,%)

a Y ey ] ]
N4 N4 T T
-1 0 2

Interval AllInterval B
o= 1 (-1.0)

ooy - - -

Step 3: Choose a test value to see if it satisfies
the inequality, 2x* —3x* —5x < 0.

Test Is 2x° —=3x2 =5x<0

Interval
Value True or False?

A ot) | 2(-2) -3(-2)" - 5(-2)<0

True

False

2.13-3.12=5.10
-6<0

True

(continued on next page)
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(continued)

9s.

96.

Is 2x° —3x? =5x <0
True or False?

Interval |Test Value

2.3 -3.32-5.320
’°°) 12<0

False

Solution set: (—eo,—1)U (0,%)

3x+6
x=35
Since one side of the inequality is already O,

we start with Step 2.
Step 2: Determine the values that will cause

>0

either the numerator or denominator to equal 0.

3x+46=0=>x=-2 or x—-5=0=>x=5
The values -2 and 5 to divide the number line
into three regions.

E Interval C
(5,0)

Interval A E Interval B
(-0,-2) | (-2.5)

'
'

I D” N N SN [ NN NN NP, U

T v 1t T T T 1 ¥ 1

2 0 5
Step 3: Choose a test value to see if it satisfies
3x+6

> 0.
5

the inequality,

Test Is 3550
x-5

Interval Value

True or False?

3(-3)+6 ?
A (~-2) | -3 |55 0
2>0 True

3(0)+6 2
B: (-2,5) 0o |70 >0
—%>O False

3(6)+6
C: (5,%) 6 55 >0
24>0 True

Solution set: (—oo, —2) U (5, oo)

x+7

2x+1

Step I: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.

-1<0

x+7 _1<0 )c+7_2)c+1S
2x+1 2x+1 2x+1
+7-(2x+1 —-2x-
7o (QuHl) o ;T2
2x+1 2x+1
6—x <0
2x+1

Step 2: Determine the values that will cause

either the numerator or denominator to equal 0.

97.

6—-x=0=>x=6 or 2x+1:0:>x:—%

The values —% and 6 divide the number line

into three regions. Use an open circle on —%

because it makes the denominator equal 0.

Interval C
(6,0)

Interval Ai Interval B
(oo, - 1) ! L6

'
'
'
'
'
'
é

LIS R R B R
6

T T
-1-1o
Step 3: Choose a test value to see if it satisfies

x+7
the inequality, ———-1<0.
q Y 2x+1

Test Is 2L _-1<0
Interval es 2x+1

Value True or False?

A: (—oo,—%) -1 22;)11 ~1<0

—7<1 True
?
0+7 ’
B: (-1.6) 0 |20:7- 150
6<1 False
9
7+7 3
C: (6,) 7 |27+ -1<0
-L<0 True

15—

Intervals A and C satisfy the inequality. The
1
2
the denominator O.

Solution set: (—oo,—%) ] [6, oo)

endpoint —- is not included because it makes

3x-2

X
Step I: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.

-4>0

3)6_2—4>0=>3x_2—ﬂ>0=>
X X X
3x—2—4x>0=> —x—2>0
X X

Step 2: Determine the values that will cause

either the numerator or denominator to equal 0.

-x-2=0=>x=-2 or x=0

The values —2 and 0 divide the number line

into three regions.

Interval A EInlcrval Bi Interval C

(-0 ~2) : =2,0) (0,0)

f & f
-2

Step 3: Choose a test value to see if it satisfies

S P---

-2
the inequality, 3x-2_ 4>0.
X

(continued on next page)
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(continued)

98.

Test Is 2=2-4>0

Interval Value

True or False?

IEENEN

-1>0 False
3(-1)-2 ?
B: (-2,0) -1 A= j -4>0
1>0 True
?
C: (0,0) 1| FE 40
—-3>0 False
Solution set: (-2, 0)
5x+2 -1
x

Step 1: Rewrite the inequality to compare a
single fraction with 0.

5er2+1<0=>5x+2+£<0=>
X X X

5)c+2+x<0:> 6)c+2<0

X X
Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.

6x+2=0:>x=—§ or x=0

The values —% and 0 divide the number line

into three regions.

99.

Chapter 1 Review Exercises 157

3S5

x—1 x+3

Step I: Rewrite the inequality so that 0 is on
one side and there is a single fraction on the
other side.

3 3 5
x-1 x+3°~
3(x+3) 5(x-1)

(x—D(x+3) (x+3)x-1)
3(x+3)-5(x-1) <0
(x-D(x+3)
3x+9-5x+5 <
(x-D(x+3)
—2x+14
(x-D(x+3)
Step 2: Determine the values that will cause
either the numerator or denominator to equal 0.
-2x4+14=0=>x=7 or x—-1=0=x=1 or
x+3=0=>x=-3
The values —3, 1 and 7 divide the number line
into four regions. Use an open circle on -3
and 1 because they make the denominator
equal 0.
Interval C EInlcrval D

1,7 v (7 ,0)

'
'

T R I R B §

L 4

Interval AEInlerval Bi
(—0,=3) 1 (=3,1)

P ---

L L

-3 01 7
Step 3: Choose a test value to see if it satisfies

the inequality, 3 <
X

Interval A E Interval B EIntcrval C —1~ x+3°
Coo-b) L 00) —
| - I o Is =—< =2
B M ‘ M Interval \"/l“ elst P13
? atue True or False?
Step 3: Choose a test value to see if it satisfies 3 ; 5
. . 5x+2 A: (—o0,-3) _4 41 443
the inequality, <-1. -2<-5 False
Test Is 22 < ] 3 25
Interval x _ 01043
Value True or False? B ( 3’1) 0 3< g True
=73
5(-1)+2 ?
A: (~e.~4) -1 <! 325
3<-1 False C: (1,7) 2 217243
5(-0.1)+2 2 3<1 False
B: (-1,0) 0.1 |T=or < 2
3 < 5
—-15< -1 True 8—1 — 8+3
an ? D: (7,0 8 32
C: (0,0) 1 [ (7.2) 3<s
7<-1 False 2<5 True

Solution set: (—%,O)

Intervals B and D satisfy the inequality. The
endpoints —3 and 1 are not included because
they make the denominator O.

Solution set: (—3,1) U[7, o)
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100.

101.
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3 2
>
x+2 x-4
Step 1: Rewrite the inequality to compare a
single fraction with 0.

3.2
x+2 x—-4
3x-4) 2(x+2)
x+2)(x—4) (x—-4)(x+2)
3(x—4)-2(x+2) 50
(x+2)(x-4)
3x-12-2x-4 S
x+2)(x—4)
x—16 50
(x+2)(x—4)
Step 2: Determine the values that will cause

>0

either the numerator or denominator to equal 0.

x—16=0=>x=16 or x+2=0=>x=-2 or
x—4=0=>x=4
The values —2, 4 and 16 divide the number line
into four regions.

Interval C  |Interval D

(4, 16) L (16,0)

! 1

Interval A jlnterval B!

(~0,-2) | 2.4
I

T . N |
LI AL

20 16
Step 3: Choose a test value to see if it satisfies

TN N
4

the inequality, 3 >
X

+2° x—-4
I 3 2
Interval I/eit $ 27 e
alue True or False?
3 1 o
A: (—oo,—Z) -3 3127 3.4
-3> % False
322
B: (-2,4) o 02704
3 1
) > iy True
3 2
C: (4,16) 5 5427 5.4
% >2  False
3 2 o
742> T1-4
D: (16,00) |17 322
19713
39 . 38
m m True

Solution set: (-2,4) U (16,)

(a) Let x = the ozone concentration after the
Purafil air filter is used.
x=140-0.43(140)=79.8
The ozone concentration after the Purafil
air filter is used is 79.8 ppb.

102.

103.

(b) Let x = the maximum initial concentration
of ozone.
x—043x<50=0.57x <50
x <87.7 (approximately)
The filter will reduce ozone concentrations
that don’t exceed 87.7 ppb.

C=3x+1500, R =8x

The company will at least break even when
R>C.

8x23x+1500= 5x>1500 = x =300

The break-even point is at x = 300. The
company will at least break even if the number

of units produced is in the interval [300, oo).

s =320-16¢

(a) When s = 0, the projectile will be at
ground level.
0=320t—16t> = 16> =320t = 0 =
2 =200=0=1(t-20)=0=
t=0o0rt=20
The projectile will return to the ground
after 20 sec.

(b) Solve s > 576 for ¢.

320t - 161> > 576

0> 161% —320r +576

0> 1% - 20z +36
Step I: Find the values of ¢ that satisfy
> =201 +36 = 0.
#-200+36=0=(t-2)(t-18)=0=
t-2=0=t=2 or t-18=0=1r=18
Step 2: The two numbers divide a number
line into three regions.

: Interval B E Interval C
(2,18) L(18,%)
I 1 1 1 1 1 1 1 1:\ 1 1
I 4 T T
0 18
Step 3: Choose a test value to see if it
satisfies the inequality,

320t —16¢> > 576.

Interval A
0,2

0 o=

Interval Test Is 3207 —16¢> > 576
Value True or False?
320(1)-16(1)" >576
A (0.2) ! 304 > 576
False
320(3)-16(3)* 3576
B: (218) | 3 816 > 576
True

(continued on next page)
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(continued)
2
Interval Test Is 320t —-16¢" > 576
Value True or False?
?
320(20)-16(20)” >576
C: (18.)] 20 0>576
False

104.

105.

106.

107.

108.

109.
110.

111.

112.

113.

The projectile will be more than 576 ft above
the ground between 2 and 18 sec.

y=29.4x+391.2
29.4x+391.2 > 600

29.4x > 208.8

x>17.1

Based on the model, the amount paid by the
government first exceeds $600 billion about
7.1 years after 2000, which is in 2007. This is
very close to the graph.

(approximately)

Answers will vary. 3 cannot be in the solution

set because when 3 is substituted into %,

division by zero occurs.

Answers will vary. —4 must be in the solution

x+4
2x+1°

set because when —4 is substituted into

the result is zero.

“at least 30” means that the number is 30 or
greater; ¢ > 30.

“a minimum of 12 means 12 or more; 7 > 12
“3.2 or above” means 3.2 or more; g > 3.2.

“more than 14,000”; x > 14,000

“A shelf life of 42” means less than 42; d < 42
“A shelf life of 5 means less than 5; p < 5.

lx+4/=7

x+4=T7T=x=3 or x+4=-T=x=-11
Solution set: {-11, 3}
2-x-3=0=[2-4=3
2-x=3=x=-1 or 2-x=-3=>x=5
Solution set: {-1, 5}

! -9=0=> 7 =9
2-3x 2—-3x
=9=7=92-3x)=7=18-27x=>
2-3x
— -11 _ _ 11
—11——27XZ>T27—X:>X—E or

114.

115.

116.

117.

118.

119.

Chapter 1 Review Exercises 159

=-9=7=-92-3x)=
2-3x

7=-18427x=25=2Tx=> 2 =x=>x=2>

27

Solution set: {£ ﬁ}

27 27
8x—1|
3x+2
ol 8x—127Gx+2) >
3x+2
8x—1=21x+14=-1=13x+14=
-15=13x=x=-13 or
8x—1

=-"T7=8x-1=-73x+2)=
3x+2

8x—1=-21x-14=29x-1=-14=

_ __13
29x——13:>x——§

Solution set: {—f ——}

ISx—1|=]2x+3|

5x-1=2x+3=3x-1=3=3x=4=>x=1%

or
Sx—1=—(2x+3)=5x-1=-2x-3=

7x—1=—3:>7x=—2:>x=_%

Solution set: {—2 i}

773
|x+10]=|x-11]
x+10=x—-11=10=—11False
or

x+10=—(x—-11)= x+10=-x+11=

1

2x+10=11:>2x=1:>x=2

Solution set: {%}

|2x+9|<3

-3<2x+9<3
—-12<2x<-6

—-6<x<-3
Solution set: [—6, —3]

B—5x>2

8-5x22=-5x2-6=x<% or
8§—5x<-2=-5x<-10=x=>2
Solution set: (—oo, %]u[z, o)

[7x—-3|>4

7x—3<—4=>7x<—1=>x<—% or
Tx=-3>4=Tx>7T=x>1

Solution set: (— o0, — %) U (1, )
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120.

121.

122.

123.

124.

125.

126.

127.

Chapter 1 Equations and Inequalities

|%x+%|<3
-3<ix+2<3
6(-3)<6(1x+2)<6(3)
~18<3x+4<18

—22<3x<14=>—%<x<%

_22 &)

Solution set: ( 33

PBx+7|-5=0=3x+7|=5

3x+7=5=>3x=—2=>x=—% or
3x+7=-5=23x=-12=x=-4

Solution set: {—4, —%}

[Tx+8|-6>-3=[Tx+8|>3

7x+8<—3=>7x<—11=>x<—% or

7x+8>3=>7x>—5=>x>—%

: oo 1L _5
Solution set: ( o0, 7)u( 7,00)

Since the absolute value of a number is always
nonnegative, the inequality |4x - 12| =2-31is
always true. The solution set is (—oo, oo).

There is no number whose absolute value is
less than or equal to any negative number. The

solution set of |7 - 2x| <-9 is .

Since the absolute value of a number is always

nonnegative, ‘xz + 4x‘ < 0 is never true, so
‘xz + 4x‘ <0 is only true when ‘xz + 4x‘ =0.

‘x2+4x‘=0:>x2+4x=0:> x(x+4)=0
x=0 or x+4=0
x—=0 or x=-4

Solution set: {—4, O}

‘xz + 4x‘ >0 will be false only when
¥ +4x= 0, which occurs when
x=—-4 orx=0 (see last exercise). So the

solution set for ‘xz + 4x‘ >0 is
(—o0,—4) U (-4,0) U (0,).

“k is 12 units from 6 on the number line”
means that the distance between k and 6 is 12

units, or [k —6|=12 or [6—k|=12.

128.

129.

130.

Chapter 1
1.

“p is at least 3 units from 1 on the number
line” means that p is 3 units or more from 1.
Thus, the distance between p and 1 is greater

than or equal to 3, or |p—1|23 or |1—p|23.

“t is no less than 0.01 unit from 5 means that ¢
is 0.01 unit or more from 5. Thus, the distance
between ¢ and 5 is greater than or equal to

0.01, or |t —5|>0.01 or [5—#>0.01

“s is no more than 0.001 unit from 100 means
that s is 0.001 unit or less from 100. Thus, the
distance between s and 100 is less than or

equal to 0.001, or |s —100| <0.001 or
100 - 5| < 0.001

Test

3x—4)-5(x+2)=2—-(x+24)
3x-12-5x-10=2-x-24
—2x—-22=—-x-22
-22=x-22
O0=x
Solution set: {0}

2 1
§x+5(x—4)—x—4

2 1
6[§x+5(x—4)}—6(x—4)
4x+3(x—4)=6x-24
dx+3x—-12=6x—-24

Tx—12=6x-24
x—12=-24
x=-12

Solution set: {—12}

6x>—11x-7=0
(2x+1)(3x=7)=0
7

2x+1=0=>x=-1 or 3x-7=0=>x=1

2
Solution set: {—%,%}
Gx+1)*=8
3x+1=18 =422

3x=—1i2x/§=>x=_

1+242
3

Solution set: {#}
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5. 3x*+2x==22

Solve by completing the square.

3x% +2x=-2
3x% +2x+2=0
P4dx+d=0=x"+2x+d=-241
Note:[1-2] = (1) =1
(x+%) =3 x+i=t/-2=
x+§=i§i:>x=—ii§i
Solve by the quadratic formula.
Let a=3,b=2,and c=2.
_ —bx+b? —4ac
*e 2a
2222 -4(3)(2) 2+ A-24
- 2(3) - 6
24420 2%2i\5
6 6
—_24 i :_L+£
6~ 37

W

3
Solution set: { %i %1}

12 2 3
-9 x-3 x+3
12 3 2
=+ =
(x+3)(x—3) x+3 x-3
Multiply each term in the equation by the least

common denominator, (x + 3) (x - 3)

assuming x # —3,3.

(x+3)(x—3){(x+31)%x_3) + xiJ
:(x+3)(x-3)[%]

12+3(x-3)=2(x+3)
1243x-9=2x+6
3x+3=2x+6
x+3=6=>x=3
The only possible solution is 3. However, the
variable is restricted to real numbers

except—3 and 3. Therefore, the solution set
is .

4x 3 -6 4x 3 -6
+—= or

4+ —=
x-2 x x*-2x x=-2 x x(x—2)
Multiply each term in the equation by the least

common denominator, x (x - 2), assuming
x#0,2.

Chapter 1 Test 161

o2 252 reoaf )

4x* +3(x-2)=-6=4x" +3x-6=-6
4x* +3x=0= x(4x+3)=0

x=0 or 4x+3=0=x=-2

Because of the restriction x # 0, the only valid

solution is —%. The solution set is {—%}.

x+4+5=2x+1=>Bx+4=2x-4
(Vax+a) = (2x-af
3x+4=4x>-16x+16
0=4x>-19x+12

0=(4x-3)(x—4)
4x—3=0:>x=% or x—4=0=>x=4
Checkx:%

V3x+4+4=2x

3(3)+4+4=2(2)

3 25 —
1/—+4+4 S=4G t4=3

5 3 13_3
yta4= 272

This is a false statement. % is a not solution.
Check x = 4.
Px+4+4=2x
3(4)+4+4=2(4)
J2+4+4=8
Ji6+4=8

44+4=8=8=8
This is a true statement. 4 is a solution.
Solution set: {4}

J2x+3+/x+3=3
J-2x+3=3-x+3
e3f o)
2x+3=9-6Jx+3+(x+3)
2x+3=124+x—-6Jx+3
3x-9=-6/x+3

x+3=2/x+3

(x+3)° =(2x+3)

x> +6x+9=4(x+3)
X +6x+9=4x+12
K +2x-3=0= (x+3)(x-1)=0
x+3=0=>x=-3 or x-1=0=x=1

(continued on next page)
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(continued) 12. (x+ 3)2/3 + (x+ 3)1/3 —6=0
Check x = -3.

Nares P 2
J2(3)+3+V373=3 w =] (e 3) 7 | = (3"

Let u=(x+3)"". Then

V6+3+0=3 W ru—6=0= u+3)u-2)=0
€:8f§:3_3 U+3=0=u=-3 or u-2=0=u=2
This is a true statement. —3 is a solution. To find x, replace u with (x+3)1/3.
Check x =1. 3
1/3 1737 3
N=2x+3++x+3=3 (x+3) =—3:>[(x+3) J=(_3) =
_2(1)+3+ N+3=3 x+3=-27=>x=-30o0r .
J2+3+4=3 (x+3)1/3=2=>[(x+3)1/3} PN
J1+2=3 x+3=8=x=5
1+2=3=3=3 Check x = =30.
This is a true statement. 1 is a solution. 2/3 13
Solution set: {—3,1} (x+3) +(x+3) —-6=0
(-30+3)*° +(-30+3)"° ~6=0
3 _3
10. 3x—-8=39x+4 (_27)2/3 +(_27)1/3 —6=0

(%x— 8)3 = (%/9x+ 4)3

3x—-8=9x+4=-8=6x+4=

[(—27)“3}2 +(-3)-6=0

~12=6x=-2=x (-3’ =3-6=0
Check x = 2. 9-3-6=0=0=0
P3x-8=39x+4 This is a true statement. —30 is a solution.
%/3(—2)—8 — %/9(_2)+ 4 Check x =5.
2/3 1/3
Y6-8=Y-18+4 (x+3)"+(x+3)""-6=0
Y14 =314 =-314=-314 (5+3)2/3+(5+3)U3—6:0
This is a true statement. 8213 483 _6=0
. . 2
Solution set: { 2} [8“3] +2-6=0
1. x*-17x* +16=0 22+2-6=0
Let u = x*;then u” = x*. 4+2-6=0=0=0

This is a true statement. 5 is a solution.

With this substitution, the equation becomes ]
Solution set: {—30,5}

u* =17u+16=0.
Solve this equation by factoring. 13. | dx +3|=7

(u=1)(u~16)=0 4x+3=T=dx=4=x=1 or
u-1=0=u=1or u-16=0=>u=16 Ux43=—T=>dr=—10= x=_10__5
To find x, replace u with X2, 4 2
x2:1:>x:ix/I:>x:ilor
x2=16:>x=ix/E:>x=i4

Solution set: {il, + 4}

Solution set: {—%, 1}

14. 2x+1]=[5-4
2x+1=5—x=>3x+1=5=>3x=4=>x=%
or
2x+1=-05-x)=2x+1=-5+x=>x=-6

Solution set: {—6, %}
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15.

16.

17.

18.

S=2HW +2LW +2LH
S—2LH =2HW +2LW
S—-2LH =W(Q2H +2L)

S-2LH _
2H +2L

_S-2LH

T 2H+2L
(@) (9-3i)—(4+5i)=(9-4)+(-3-5)i

=5-8i

(b) (4+3i)(=5+3i)=—-20+12i —15i +9i°
=-20-3i+9(-1)
=-20-3i-9=-29-3i

© (8+3i)" =8 +2(8)(3i)+(3i)
= 64 +48i +9i°

=64+48i +9(-1)
=64 +48i —9=55+48i

3+191  (3+19)(1-3i)

(d) . . .
1+3i 1+3)(1-30)
_3-9i+19i - 57
1-(3i)
_3+10i-57(-1)  3+10i +57
1-9i 1-9(-1)
60+10i _ 60 +10i
= = =6+i
1+9 10

-8
(b) =i (i) i=r i

-5
(© H=i"=ii=(it) =1
i

(a) Minimum:
112028 60 MM 15 AT _ g06,400-22
min hr day day

The equation that will calculate the
minimum amount of water pumped after x
days would be A =806,400x.

(b) A=2806,400x when x =30 would be
A =806,400(30) = 24,192,000 gal.

19.

20.

Chapter 1 Test 163

(¢) Since there would be 806, 4005—al

ay

minimum and each pool requires 20,000
gal, there would be a minimum of
806,400

20,000
filled each day. The equation that will
calculate the minimum number of pools
that could be filled after x days would be
P =40.32x. Approximately 40 pools
could be filled each day.

(d) Solve P =40.32x where P =1000.

1000 = 40.32x = x = ;0% ~ 24.8 days.

=40.32 pools that could be

Let w= width of rectangle. Then
2w — 20 = length of rectangle.

Use the formula for the perimeter of a
rectangle.

P=2[+2w
620 = 2(2w—20)+ 2w
620 =4w—-40+2w
620=6w—-40= 660=6w=110=w
The width is 110 m and the length is
2(110)-20=220-20=200 m.

Let x = amount of cashews (in pounds). Then
35 — x = amount of walnuts (in pounds).

Cost per | Amount of Total
Pound Nuts Cost
Cashews | 7.00 x 7.00x
Walnuts | 550 | 35-x | 5.50(35-x)
Mixture 6.50 35 35-6.50

Solve the following equation.
7.00x +5.50(35 - x) = 35-6.50

Tx+192.5-5.5x=227.5

1.5x+192.5=227.5

1.5x=35
_ 35 _350 _ 70 _ 1
X=95=5 =5 =233

The fruit and nut stand owner should mix 23%

Ibs of cashews with 35231 =113 Ibs of

walnuts.

Copyright © 2013 Pearson Education, Inc.



164

21.

22,

23.

24,

Chapter 1 Equations and Inequalities

Let x = time (in hours) the mother spent
driving to meet plane.
Since Mary Lynn has been in the plane for 15

minutes, and 15 minutes is % hr, she has been

traveling by plane for x+ hr.

d r t
Mary Lynn by plane| 420 X +%
Mother by car 20 | 40 X

The time driven by Mary Lynn’s mother can
be found by 20 = 40x = x =5 hr. Mary

1_2

1 = 1_3
Lynn, therefore, flew for str=5t1=73 hr.

The rate of Mary Lynn’s plane can be found

by r=i=@ :420-% =560 km per hour.
p E

3
h =—161* + 96t
(a) Let 2 =80 and solve for .
80 = —161% + 961 = 161> =961 +80 =0
2 -6t+5=0
-D(r-5=0
t—-1=0=>t=1 or t-5=0=1¢t=5
The projectile will reach a height of 80 ft
at 1 sec and 5 sec.
(b) Let 2 =0 and solve for ¢.
0=—-161%+961
0=-161(t — 6)
t=0 or t-6=0=>1t=6
The projectile will return to the ground at
6 sec.

The table shows each equation evaluated at the
years 1995 (x = 0), 2005 (x = 10), and 2009
(x = 14). Evaluating each equation for these x
values shows that equation B best models the
data.
y=-1.983x? +38.91x +547.8
y=-1.983-0> +38.91-0+547.8 = 547.8
y=-1.983-10% +38.91-10 + 547.8 = 738.6

y=-1.983-14% +38.91-14 + 547.8 =~ 703.9

“2(x-1)-12<2(x+1)
2x+2-12<2x+2
2x-10<2x+2
—-4x-10<2
—4x <12
x>-3
Solution set: (—3, oo)

25.

26.

217.

—3S1x+2s3
2

2(-3)< 26x+ 2) <2(3)

-6<x+4<6
-10<x<2
Solution set: [-10, 2]

2x*—x23
Step 1: Find the values of x that satisfy
2x% —x=3.
2x*—x=3

2x* —x-3=0
(x+D2x-3)=0
x+1=0=x=-1 or 2x-3=0=x=3
Step 2: The two numbers divide a number line
into three regions.

!
Interval A | Interval B Interval C
Com) 1L ()

] & ] |
T v T

T
-1 0 1

|
T

2

ol -

Step 3: Choose a test value to see if it satisfies
the inequality, 2x* — x >3

Interval Test Is 2x* —x>3
Value True or False?
A: 2 4
(1) 2 [2(-2) -(-2)=23
> 10>3 True
2
B (—L%) 0 |2-02-0=3
0>3 False
2
C: (3.e0) 2 |2-27-223
2 62>3 True

Solution set: (—oo, —1]U [%, oo)

x+1

x=3

Step 1: Rewrite the inequality so that O is on
one side and there is a single fraction on the
other side.

<5

x+1<5:>x+1_5<0
x-=3 x-=3
5(x-3 - -
x+1 5(x )<0:>x+1 5(6-3) _
x—3 x-=3 x—3
x+1-5x+15 —4x+16
<0= <0
x-3 x-3

(continued on next page)
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(continued)

Step 2: Determine the values that will cause

either the numerator or denominator to equal 0.

—4x+16=0=>x=4 or x—-3=0=>x=3
The values 3 and 4 divide the number line into
three regions.

Interval BE Interval C
(3.4) (4,0)

Interval A E
(-0,3)
| 5
T A4

2 3 4
Step 3: Choose a test value to see if it satisfies

1
'
'

N

A4

the inequality, <41 <5,
X+l
Interval \"]F eiSt Is 3 S >
alu€ Trye or False?
?
0+1
Ai(==3) | 0 [0
—% <5 True
B: (3.4) 35 |355<5
9<5 False
2
C: (4,00) 5 %<5
3<5 True

Solution set: (—oo,3) U (4, o)

28.

29.

30.

Chapter 1 Test 165

[2x-5<9

—-9<2x-5<9

-4<2x<14

2<x<7

Solution set: (-2, 7)

x+1-1120= 2x+1/ =11

2x+1<-11 or 2x+12>11
2x<-12 2x210
x<-6 or x5

Solution set: (— oo, — 6] U[5, =)

PBx+7<0=3x+7<0=>x<-1

However, if x < —%, the expression inside the

absolute value bars is negative, so x cannot be
less than —% . The solution set of |3x + 7| <0

is {-2}.

Copyright © 2013 Pearson Education, Inc.
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