Chapter P
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Section P.1 Real Numbers

Quick Review P.1
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{1,2,3,4,5,6}

. {~2,-1,0,1,2,3,4,5,6}

{—3,-2,—1}

. {1,2,3,4}

. (a) 1187.75 (b) —4.72

. (a) 20.65 (b) 0.10

(—2)* — 2(=2) + 1 = —3; (1.5)° — 2(1.5) + 1 = 1.375
(324 (3)(2) + 22 =7

. 0,1,2,3,4,5,6

. 0,1,2,3,4,5,6,7,8,9,10, 11, 12

ction P.1 Exercises

. —4.625 (terminating)
. 0.15 (repeating)

. —2.16 (repeating)

. 0.135 (repeating)
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-5-4-3-2-1 0 1 2
all real numbers less than or equal to 2 (to the left of and
including 2)
M S Y
—+—F —t
—-4-3-2-1 0 1 2 3 4 5 6
all real numbers between —2 and 5, including —2 and
excluding 5

-1 0123 45678
all real numbers less than 7 (to the left of 7)
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-5-4-3-2-1 0 1 2 3 4 5

all real numbers between —3 and 3, including both —3 and 3
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~5-4-3-2-1 0 1 2 3 4 5
all real numbers less than 0 (to the left of 0)

s s s L o s s
T T T ' ' ' T T

L 1 t
-1 01 2 3 4 5 6 7 89

all real numbers between 2 and 6, including both 2 and 6

—1 = x < 1;all numbers between —1 and 1 including —1
and excluding 1

—o0 < x = 4,0or x =< 4;all numbers less than or equal
to 4

—oo < x < 5,0r x < 5; all numbers less then 5

—2 = x < 2;all numbers between —2 and 2, including
—2 and excluding 2
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Section P1 Real Numbers 1

—1 < x < 2;all numbers between —1 and 2, excluding
both —1 and 2

5 = x < oco,0r x = 5;all numbers greater than or equal
to5

(—3, 00); all numbers greater than —3

(=7, —2); all numbers between —7 and —2, excluding both
—7 and —2

(=2, 1); all numbers between —2 and 1, excluding both —2
and 1

[—1, c0); all numbers greater than or equal to —1

(—3, 4]; all numbers between —3 and 4, excluding —3 and
including 4

(0, 0); all numbers greater than 0

The real numbers greater than 4 and less than or equal to 9.

The real numbers greater than or equal to —1, or the real
numbers which are at least —1.

The real numbers greater than or equal to —3, or the real
numbers which are at least —3.

The real numbers between —5 and 7, or the real numbers
greater than —5 and less than 7.

The real numbers greater than —1.

The real numbers between —3 and 0 (inclusive), or
greater than or equal to —3 and less than or equal to 0.

—3 < x = 4; endpoints —3 and 4; bounded; half-open
—3 < x < —1;endpoints —3 and —1; bounded; open

x < 5; endpoint 5; unbounded; open

X = —6; endpoint —6; unbounded; closed

His age must be greater than or equal to 29: x = 29 or
(29, 00); x = Bill’s age

The costs are between 0 and 2 (inclusive):0 = x = 2 or
[0,2]; x = cost of an item

The prices are between $1.099 and $1.399 (inclusive):
1.099 = x = 1.399 or [1.099, 1.399]; x = § per gallon of
gasoline

The raises are between 0.02 and 0.065: 0.02 < x < 0.065
or (0.02, 0.065); x = average percent of all salary raises

a(x¥* +b)=a-x*+a-b=ax’>+ ab
(y—2)c=yc—2c=yc— 7

ax* +dx* =a-x* +d-x* = (a + d)¥*
dz+dw=az+ad w=d(z+ w

The opposite of 6 — 7m,or —(6 — 7) = —6 + 7
=7 —6

The opposite of =7,or —(—7) =7

In —52, the base is 5.

In (—2)7, the base is —2.
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Chapter P Prerequisites

(a) Associative property of multiplication

(b) Commutative property of multiplication

(¢) Addition inverse property

(d) Addition identity property

(e) Distributive property of multiplication over addition
(a) Multiplication inverse property

(b) Multiplication identity property, or distributive
property of multiplication over addition, followed by
the multiplication identity property. Note that we also
use the multiplicative commutative property to say
thatl-u = u-1 = u.

(¢) Distributive property of multiplication over
subtraction

(d) Definition of subtraction; associative property of
addition; definition of subtraction

(e) Associative property of multiplication; multiplicative
inverse; multiplicative identity

X
¥
(3x2)2y4 32(x2)2y4 9x4y4 s
2 = 2 = 2 = 3x y
3y 3y 3y
4\* 4 16
2 ( 2)2 - ?

12a 6

(o) o) = () o) = 2 =
a*b® ) \ 2a*b* b* )\ 2a°p? 2a°b*  ab*

3.6930338 X 10 54. 2.21802107 X 10"
1.93175805 X 10" 56. 4.51908251 X 10"

4.839 X 10° 58. —1.6 X 107"

0.000 000 033 3 60. 673,000,000,000
5,870,000,000,000

0.000 000 000 000 000 000 000 001 674 7 (23 zeros between

the decimal point and the 1)
(1.35)(2.41) X 107*% 32535 X 10!

1.25 X 10° 1.25 X 10°
_3.2535 —y s
=12 X 10 2.6028 X 10
(3.7)(43) X 1077%% 1591 X 107"
25 X 107 25X 10
= 1591 X 1071777 = 6.364 X 1078
2.5
(a) When n = 0, the equation a™a" = a™ " " becomes

a”a’ = " " °. That is, a”a’ = 4. Since a # 0, we can
divide both sides of the equation by a™. Hence a° = 1.

(b) When n = —m, the equation a”a" = a™ ™ " becomes

a"a™" = a"* ™ Thatis a” =" = a°. We know from
part (a) that a° = 1. Since a # 0, we can divide both
sides of the equation a”a ™ = 1 by a™. Hence

1
-m -

a™

a

66.

67.

68.

69.
70.
71.

72.

73.

74.

75.

(@ Step Quotient Remainder
1 0 1
2 0 10
3 5 15
4 8 14
5 8
6 2
7 3
8 5
9 2 16
10 9
11 4
12 1
13 1 13
14 7 11
15 6 8
16 4 12
17 7 1

(b) When the remainder is repeated, the quotients
generated in the long division process will also repeat.

(¢) When any remainder is first repeated, the next
quotient will be the same number as the quotient
resulting after the first occurrence of the remainder,
since the decimal representation does not terminate.

False. If the real number is negative, the additive inverse
is positive. For example, the additive inverse of —5 is 5.

False. If the positive real number is less than 1, the
reciprocal is greater than 1. For example, the reciprocal
of % is 2.

[—2, 1) corresponds to —2 = x < 1.The answer is E.
(—2)* = (=2)(—2)(—2)(—2) = 16.The answer is A.
In —7% = —(7%), the base is 7. The answer is B.

x Aex

_ 4 :
— = x". The answer is D.

x2 x?

The whole numbers are 0, 1,2, 3, .. ., so the whole
numbers with magnitude less than 7 are 0, 1, 2, 3,4, 5, 6.
The natural numbers are 1,2, 3,4, ..., so the natural

numbers with magnitude less than 7 are 1,2, 3,4, 5, 6.
The integers are ...,—2,—1,0, 1,2, ..., so the integers
with magnitude less than 7 are —6, —5, —4, —3, —2,—1, 0,
1,2,3,4,5,6.



Section P2 Cartesian Coordinate System 3

M Section P.2 Cartesian Coordinate System 9. Since w ~ 314 < 4, |7 — 4| =4 — 7.
. 5 51 5
Quick Review P.2 10. Since V5 ~ 2.236 and 5= 2.5,|V5 — 2‘ =5 V5 or
1. ~——+—+—+ o+ o+ 2.5 — V5.
oot 2wl 11. [10.6 — (—9.3)| = [10.6 + 9.3| = 19.9
Di : — V2| = V7 —V2~1232 o ' ’ ’ '
, istance: [ V7 = V2[ = V7 = V2 ~ 123 12 =17 — (=5)| = |-17 + 5| = |—12| = 12
C - ~175 15 13.V(=3 =52 + [-1— ()= V(-8 + 0 = Vea
_ 5 < 9)‘ ‘ 25 27 ‘ 2 2 =38
Distance: |— — | —Z || = |5z + 2| = |72| = 7=
cos > 55 JIsh 1S 14. V(=4 — 1) + (=3 — 1)’ = V(=5) + (-a)’
3 ' = V25 + 16 = V41 =~ 6.403
~—t—t——t+o+—o—t+—+ot+—o—1—>
SAT32mL 001 23 4 s 15. V(0 =37+ (0— 42 = V3 +4£2=10+16
4, ~—+—+—t+ot+—oooo+—++++> =V25=5
-5-4-3-2—-1 0 1 2 3 4 5
s 16. V(=1 =22+ [2— (=3)P = V(=32 + 5
) Sy A =\V0 F 25 = V34 ~ 5830
- )
S0 17. V(=2 =52+ (0 — 02 = V(=7)> + * = V49 =7
I 18. V(0 — 02+ [-8 — (—1) = VO + (=7)> = V49
1 1 1 1 1 1 1 ¢ 1 é X o 7
. 19. An isosceles triangle
D«r y
6. y
5¢C X
D .
1 ¢ 1 1 1 1 1 1 1 é X
N VO = (=5)2+ (-1 =37 = V3 + (-4 = V&
A
T V(0 = (=4) + (=1 = 47 = V(=4 + (-5
7.5.5 8. 21.40 alhAd
9. 10 10. 18.44 V(=5 =42+ (3 =472 = V(=97 + (-1)) = V&2

Perimeter = 2V41 + V82 =~ 21.86

Section P.2 Exercises Since (VA41)? + (V41)? = (/82)? this is a right triangle.

1. A(1,0); B(2,4); C(—3,—2); D(0, —2) 1
2. A(0,3); B(=3,1); C(—2, 0); D(4, —1) Area = J(VA4T)(V41) =205
3. (a) First quadrant 20. A square
(b) On the y-axis, between quadrants I and II y
(¢) Second quadrant
(d) Third quadrant

4. (a) First quadrant

(b) On the x-axis, between quadrants II and III 3+
(¢) Third quadrant i
(d) Third quadrant
5.3+ -3 =3+3=6 i

6.2—|=2[=2-2=0 This is a square with sides of length 4. Perimeter = 16;
7. 1(=2)3l = -6l =6 Area = 16

-2 -2
8 —=-1

ES T
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21. A parallelogram

y
sk

AR,

VB3 — (—)P+[-1— (3)P=V&+22=V2
This is a parallelogram with base 8 units and height

4 units. Perimeter = 2V20 + 16 ~ 24.94;

Area = 8-4 = 32

22. A rectangle

10.6 + (9.3
P S

5 5 = 0.65
=17 + (—5) —22
24. 5 =5 = 11
—1+5349 41
25.( +33+9 )—(5,7)—@,6)
26 (3+6 \/2+2):(gz+\/§)
’ 2 7 2 2 2
7 53 9 2 6
” (—3+34+(4>) 34 (_1_§)
’ 2 2 2° 2 3 4
5+ (—1) —2+(—4))_ (4 —6)_
28.( ) 5 2 - 2’ 2 _(2’ 3)
29,
[1995, 2005] by [0, 10]
30.

y
7E

This is a rectangle with length 6 units and height 5 units.
Perimeter = 22; Area = 30

[1995, 2005] by [0, 5]

31.

32.

33.

34.

35.
36.

37.

[1995, 2005] by [0, 150]

[1995, 2005] by [0, 100]

[1995, 2005] by [0, 50]

[1995, 2005] by [0, 150]

(a) about $183,000 (b) about $277,000

(a) 1996: about $144,000; 1997: about $183,000
183 — 144

144
An increase of about 27%

(b) 2000: about $277,000; 2001: about $251,000
251 — 277
77 ~ —0.09
A decrease of about 9%

(¢) 1995: about $120,000; 2004: about $311,000
311 — 120

120
An increase of about 159%

~ 0.27

~ 1.59

The three side lengths (distances between pairs of points)
are

VU@ =17+ (7 -37=V3+4#=9+16

=V25=5

V(8 —4P+ (4 —77=V&+ (-32=V16+9
=V25=5

VB -1+ @4—-32=V_2+12=Va +1

= V50 = 5V2.

Since two sides of the triangle formed have the same
length, the triangle is isosceles.
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39.

40.

41.
42.

43.

4.
45.

46.

47.

48.

49.
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53.

(a) Midpoint of diagonal from (—7, —1) to (3, —1) is
—-74+3 -1+ (—1))
=(—2,—1
( 2 7 2 (=271
Midpoint of diagonal from (—2, 4) to (—2, —6) is
-2+ (-2) 4+ (—6))
= (-2,-1
( 2 ’ 2 (=2.-1)
Both diagonals have midpoint (—2, —1), so they bisect

each other.
(b) Midpoint of diagonal from (—2, —3) to
—-2+6 3+7
= (2,2
REOE ) i
Midpoint of diagonal from (0, 1) to (4, 3) is

0+41+3
(412) -2

Both diagonals have midpoint (2, 2), so they bisect
each other.

(a) Vertical side: length = 6 — (—2) = 8; horizontal side:
length = 3 — (—2) = 5; diagonal side:
length = V[6 — (=2) + [3 — (—2)F

= V8 + 5 =189

(b) 8 + 57 = 64 + 25 = 89 = (V89)? so the

Pythagorean Theorem implies the triangle is a right

(6,7) is

triangle.

@ V(4 — 0?2+ (-4 —072= V& + (4= V3
V4 =37+ (4 -3 = V12 + (-7 = V30
VE-072+ 3 - 2—\/3,2+32 V18

(b) Since (V32)? + (V18)* = (V/50)? the triangle is a

right triangle.

(x = 1)+ (y =2 = Sor (x = 1)’ + (y = 2)* = 25
v = (3P + (-2 =1

(x+32+ (y—22=1

[x = ()P + [y — (=4 =3 or

(x+1)*+ (y+4)P2=9

(x =00+ (y — 0= (V3)orx’ + y* =3

(x — 3)> + (y — 1)? = 62 50 the center is (3, 1) and the
radius is 6.

[x — (—4)]* + (y — 2)* = 11% so the center is (—4, 2)

and the radius is 11.
(x = 0)* + (y — 0)?
the radius is V5.

= (V5)? so the center is (0, 0) and

(x —2)* + [(y — (—6)]* = 5% so the center is (2, —6)
and the radius is 5.

|x — 4] =3

ly = (=2)| = 4,or |y + 2| = 4

lx —¢| <d

The distance between y and c is greater than d, so
ly — ¢| > d.
1+ 2+b
2(1:4 and T:
1+a=38 2+b=38
a=7 b=6

54.

5S.

56.

57.

58.

59. Tru

60.

61.

62.

63.

64.

Section P2 Cartesian Coordinate System 5

Show that two sides have the same length, but not all
three sides have the same length:

VB—(—DF+@2—-02=V4&+22=V16+ 4
= V20 =2V5
VIS = ()P + (4 —2)= V6 + 2= V36 + 4
= /40 = 2V10
V(=32 +@4—-0>2=V2+42=Vi+16
= V20 = 2V5.
+ +

The midpoint of the hypotenuse is (¥, %)

57
= (5, 5) = (2.5,3.5). The distances from this point to

the vertices are:

V(25— 00+ (3.5 — 0 = V2.5 + 3.5

= V625 + 1225 = V185

V(25 =57 + (35 — 07 = V(-25) + 3.5
= V625 + 1225 = V185

V(25 =07+ (35— 77 = V25 +
= V625 + 1225 = V185.

|x — 2| < 3 means the distance from x to 2 must be less
than 3. So x must be between —1 and 5. That is,
—1<x<5.

|x + 3| = 5 means the distance from x to —3 must be
5 or more. So x can be 2 or more, or x can be —8 or less.
Thatis,x = —8orx = 2.

—35)?

True. An absolute value is always greater than or equal to
zero. If a > 0, then |a|] = a > 0.Ifa < 0, then
la] = —a > 0.Ifa = 0, then |a] = 0.

length of AM

m ) — because M is the midpoint of AB.

Bv similar trianel length of AM’ B length of AM 1
v Stmiar Hangies. length of AC ~ lengthof AB 2’

so M’ is the midpoint of AC.

1< V3,501 — V3 <0and
1 — V3] = —(1 — V3) = V3 — 1.The answer is B.
For a segment with endpoints at a = —3 and b = 2, the

oot liesag AT P - 32—l 1
midpoint lies a B B B 2

The answer is C.

(x — 3)*> + (y + 4)*> = 2 corresponds to

(x —h)>+ (y — k)> = (V2)%, with h = 3and k = —4.
So the center, (h, k), is (3, —4). The answer is A.

In the third quadrant, both coordinates are negative. The
answer is E.
(a)2+3(8—2)=2+%(6)=2+2=4;
2
2+§(6)=2+4=6
(B) —3 + ~(7 — (—3)) = =3 + ~(10) = =3 + 2
3 3 3
—1'—3+%7— (=3)) = -3+ (10
33+ 5( ) 200)
20 11

=3+ =7
3
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1 1 1 2 1
(c)a-l—g(b—a)—a-l—gb—ga—ga-i—gb
1 2a + b
—5(20+b)— 3 5
2 2 2 1 2
a+§(b—a)—a+§b—§a—§a+§b
1 a+2b
2(1) +7 2(2) + 11) _ (9 15) B
(d)< 3 3 =\33 = (3,5);
1+2(7) 2+2(11)) B (15 24) .
( 3 3 S\ 373 =68
(e)(2a+c2b+d)_(a+2cb+2d)
3 7 3 ’ 3 7 3

65. If the legs have lengths a and b, and the hypotenuse is
¢ units long, then without loss of generality, we can
assume the vertices are (0, 0), (a, 0), and (0, b). Then the
midpoint

_|_
of the hypotenuse is (a +0 u) = (E é).The

2 72
distance to the other vertices is

a\’ (b)z_\/a2 |
\/(2)+ 2) TNE T T T

66. y
B C
a
P (“’ 2)
A D N
o)

(a) Area of ABPQ = area of HABCD — area of
ABCP — area of ABAQ — area of ADPQ

ofs) -t 3

I
2
|
\

., & a3
I T3

_ Ta?

16

7
(b) Area of ABPQ = 16 (area of DABCD), which is

just under half the area of the square ABCD.
Note that the result is the same if a < 0, but the location
of the points in the plane is different.

For #67-69, note that since P(a, b) is in the first quadrant,
then a and b are positive. Hence, —a and —b are negative.

67. O(a, —b) is in the fourth quadrant and, since P and Q both
have first coordinate a, PQ is perpendicular to the x-axis.

68. Q(—a, b) is in the second quadrant and, since P and Q both

have second coordinate b, PQ is perpendicular to the y-axis.

69. O(—a, —b) is in the third quadrant, and the midpoint of
. fa+ (—a) b+ (D)
PQis 2 , > = (0,0).

70. Let the points on the number line be (a, 0) and (b, 0).
The distance between them is

Via— b2+ (0—072=V(a—b)=la— bl

M Section P.3 Linear Equations and
Inequalities

Quick Review P.3
L2x +5x+7+y—3x+4y +2
=2x+5x —3x)+ (y +4y) + (7 +2)
=4x + 5y + 9
2.4+2x —3z+ 5y —x+2y—z—2
=2x—x)+ By +2y)+(3z2—2z2)+4—-2)
=x+7y —4z+2
3.32x —y)+4(y —x) +x+y
=6x—3y+4y —4d4x+x+y=3x+2y
S52x+y—1)+4(y—3x+2)+1
=10x + 5y —5+4y —12x + 8+ 1

=~

=—2x+9y +4
2
2435
y oy oy
-2 3(y — 1
(A R R T b))
y—1 y=2 (y—-Dh—2) -1 —2)
_y—2+3y—-3 4y — 5
y—Dly—2) -1 —2)
724 L=2 2l
X X X X
2 + _ 2
g L, 2y, x Xy yrx—xy
x oy Xy o xy Xy xy
x+4 3x—1 5(x+4) 2Bx—1)
. + = +
% 5 10 10
_ 5x+20+6x—2  1lx + 18
10 10
X X 4x 3x Tx
T TR )

Section P.3 Exercises
1. (a) and (¢): 2(—3)* + 5(—3) =2(9) — 15

1\? 1 1 5
=18 — 15 = Z) +5(=2)=2(=2)+ 2
18 — 15 3,and2(2) 5<2> 2(4) >
1, 5 6 . I 1
=5 + 5T, 3. Meanwhile, substituting x = 2
gives —2 rather than 3.

-1 1 3.1 2 1 -1 1

2.a—+ - =—+_-=—=—= - =
@ T e Te T T 3 3
. . X 1 X

Or: Multiply both sides by 6: 6(5) + 6(6) = (g),

so 3x + 1 = 2x. Subtract 2x from both sides: x + 1 = 0.
Subtract 1 from both sides: x = —1.

3.b):VI—-0+2=V1I+2=1+2=3.
Meanwhile, substituting x = —2 or x = 2 gives
V1 —4+ 2 = V-3 + 2, which is undefined.



10.

11.

13.

15.

16.

17.

18.

19.

20.

21.

22.

. (¢): (10 — 2)!/3 = 8!/3 = 2. Meanwhile, substituting

x = —6 gives —2 rather than 2; substituting x = 8 gives
6'/3 ~ 1.82 rather than 2.

. Yes: —3x +5=0.
. No: There is no variable x in the equation.

. No: Subtracting x from both sides gives 3 = —5, which is

false and does not contain the variable x.

. No: The highest power of x is 2, so the equation is

quadratic and not linear.

. No: The equation has a root in it, so it is not linear.

1
No. The equation has — = x~!in it, so it is not linear.
X
3x =24 12. 4x = —16
x =8 x=—4
3t =12 14. 2t = 12
t=4 t=26
2x —3=4x — 5
2x = 4x — 2
—2x = —2
x=1
4 —2x=3x—06
—2x =3x — 10
—5x = —10
=2
4 —3y=2y+8
—3y=2y+4
—S5y =4
4
= —=-08
Y= s
4y =5y + 8
y=-8
1 7
2 =x | = 2| =
<2x) (8)
7
=—-=175
YTy
2 4
s(3) =5(5)
12
2x = —
TS
12
ST
6
=—-=12
Y75
1 1
2l =x + = | =2(1
<2x 3) (1)
2
+—-=2
*T3
4
Y73
1 1
—x +—] =31
3<3x 4) 3(1)
3
+-—-=3
Ty
9
=-=225
YT

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Section P3 Linear Equations and Inequalities

6 —8— 10z —15=z—17
—18z —9=z—17
—18z=27z—28

—19z = =8

_ 8

ST

15z —9—8z—4=57—-2
7z — 13 =5z —2
7z =5z + 11
2z =11
11
=-—=155
)
2x — 3
4( x4 +5)::4@m
2x — 3 + 20 = 12x
2x + 17 = 12x
17 = 10x
17
= =17
T 10

4_
3@x—4):3<x3 5)
6x —12=4x — 5

6x = 4x + 7
2x =7

7
x—5—3.5

(+5 -2 1
24( et ) 24(3)
3(t+5)—12(1 —2) =8

3 +15— 12 +24=38
—9t +39 =8

—9 = —31

ot >:

40—U+3t+®=6
44 —4+3+15=6
6

7t + 11 =
Tt = —5
t —_— _§
7
(a) The figure shows that x = —2 is a solution of the

equation 2x> + x — 6 = 0.
3
(b) The figure shows that x = 5 is a solution of the

equation 2x> + x — 6 = 0.
(a) The figure shows that x = 2 is not a solution of the
equation 7x + 5 = 4x — 7.
(b) The figure shows that x = —4 is a solution of the
equation 7x + 5 = 4x — 7.
(a): 2(0) — 3 =0 — 3 = —3 < 7. Meanwhile,
substituting x = 5 gives 7 (which is not less than 7);
substituting x = 6 gives 9.
()and (¢): 3(3) —4=9—4=5=5,and
34)—4=12—-4=8=5.

7
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33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Chapter P Prerequisites

(b)and (¢): 42) —1=8—1=7and—-1<7 = 11,
andalso4(3) —1=12—-1=1land -1 < 11 = 11.
Meanwhile, substituting x = 0 gives —1 (which is not
greater than —1).

(@), (b),and (¢):1 — 2(—1) =1+2=3and -3 =
3=31—-200)=1—0=1land3=1=3;

1—22)=1—4= —3and—-3 = -3 =3
A A S S B
-1 0 1 2 3 4 5 6 7 8 9
L L
-1 0 23 456 7 8 9
L 1 1L "
5-4-3-2-1 0 1 2 3 4 5
2x — 1 =4x + 3
2x = 4x + 4
—2x =4
x =2
p——+—+—+—+—+—+—+
54-3-2-1 0 1 2 3 4 5
3x —1 =6x+ 8
3x = 6x+9
—3x =9
x =-3
L L . -
LY 7
-5-4-3-2-1 0 1 2 3 4 5
2=x+6<9
—4 = x <3
R NI
T 7
-5-4-3-2-1 0 1 2 3 4 5
—1=3x—-2<7
1= 3x <9
1
35 X <3
— '
2-1 0123 456 78
10—6x +6x —3=2x+1
7=2x+1
6 = 2x
3=x
x =3
hY

—101234%&%529'
4 —4x +5+5x>3x—1
9+ x>3x—1
10 + x > 3x
10 > 2x
5>x
x <5

5x +7
(*57)

5x +7
5x

= 4(—3)

—12
—19
19

5

A IA

=
IA

4.

45.

46.

47.

48.

49.

50.

51

5(3x5_ 2) > 5(—1)

3x —2>-5
3x >3
x > —1
2y — 5
34) = 3 3 = 3(—2)
2= 2y—5 =-6
17 = 2y =—1
17 -1
2 Y =
_1 17
2= ’ )
3y — 1
4(1) > 4 =—) > 4(-1)
4> 3y—1 >—4
5> 3y >3
5
= > -1
3 y
5
1< < =
’ 3
0=2z+5<8
5= 2z <3
2= ¢ 2
—-6<5—1<0
—Ss< 5 <1
1
1< r < -
5
x—5 3 —2x
12 + < 12(—2
(22 +35%) <)

3(x —5) +4(3 — 2x) < —24
3x — 15+ 12 — 8x < —24

—Sx —3<—-24
—5x < =21

>21

x> =

5

3—x 5x — 2

6 + — ) <6(—1
(B + 252 <ot

33— x) +2(5x —2) < —6
9—3x +10x —4<—6
Tx +5<—6

Tx < —11

< 11
< ——
7

2y =3 3y—1

10( 2 + 5 )<10(y 1)
52y —3) +2(3y —1) <10y — 10
10y — 15 + 6y —2 < 10y — 10
16y — 17 < 10y — 10
16y < 10y + 7

6y <7

<7
6




52.

53.

54.

55.
56.
57.
58.
59.
60.
61.

62.

63.

3—4y 2y —3

24( 5 3 ) =242 — y)
4(3 — 4y) —3(2y — 3) = 48 — 24y
12 — 16y — 6y + 9 = 48 — 24y
—22y + 21 = 48 — 24y
—22y = 27 — 24y

2y = 27

27

Y =2

VIV IVIVIN

2[5(3 = x)]

103 — x)
30 — 10x
34 — 10x
34
34

=
=7

N
| — |
21!
=
|
~
=
|
)
=
| I
IA

d
=
AA A

6%@+3y+%x—®}<%%x—$}

3(x +3) + 12(x — 4) <2(x — 3)
3x +9+ 12x —48<2x — 6
15x —39<2x — 6
15x < 2x + 33
13x < 33
.3
MRE!
2 —2x <Oforx =1
X —2x=0forx =0,2
x> —2x > 0forx = 3,4,5,6
x> —2x = 0forx =0,1,2
Multiply both sides of the first equation by 2.
Divide both sides of the first equation by 2.

(a) No: they have different solutions.

3x=6x+9 x=2x+9
—3x =9 —x =9
x =3 x =—9

(b) Yes: the solution to both equations is x = 4.
6x +2=4x+10 3x+1=2x+5

6x = 4x + 8 3x =2x + 4
2x =8 x =4
x =4
(a) Yes: the solution to both equations is x = >
3x +2=5x—7 —2x+2=-7
3x=5x—09 —2x = —9
9
—2x = —9 x:E
9
X = =
2

(b) No: they have different solutions.
2x +5=x—17 2x =x —17
2x = x — 12 x = -7
x = —12

False. 6 > 2, but —6 < —2 because —06 lies to the left of

—2 on the number line.

Section P3 Linear Equations and Inequalities 9

6 6
64. True.2 = 3 includes the possibility that 2 = 3 and this is

the case.

65.3x +5=2x +1
Subtracting 5 from each side gives 3x = 2x — 4.
The answer is E.

66. —3x < 6
Dividing each side by —3 and reversing the < gives
x> 2.
The answer is C.

67. x(x+1)=0

x=0orx+1=0

x = —1
The answer is A.
2x 1 X 1
B34 3

Multiplying each side by 12 gives 8x + 6 = 3x — 4.
The answer is B.

800 _ 799
. _— > —
69- ) 501~ 800

103 102
—_ > _
@ 102 101
(e) If your calculator returns 0 when you enter
2x + 1 < 4, you can conclude that the value stored in
x is not a solution of the inequality 2x + 1 < 4.
70. P=2(L+ W)
1
—P=L+W
2
1
—P—L=W
2
1 P —2L

W 2 2

71. A= %h(bl + bz)

2A
b]"l_bz:T

b1:7_b2

72. V = —mr’

73. C =(F — 32)
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H Section P.4 Lines in the Plane

Exploration 1

1. The graphs of y = mx + b and y = mx + c have the
same slope but different y-intercepts.

)
/|

[—4.7,4.7) by [-3.1,3.1]
m=2

The angle between the two lines appears to be 90°.

[—4.7,47] by [3.1,3.1] [—4.7,47] by [-3.1,3.1]
m=1 m =3
|

[—47,47]by[=3.1,31]  [—4.7,47] by [-3.1,3.1]
m =4 m=25

In each case, the two lines appear to be at right angles to
one another.

Quick Review P.4
1. —75x + 25 = 200

—75x = 175
_ _7
T3
2. 400 — 50x = 150
—50x = —250
x=5

3.3(1—2x) +402x —5) =17
3—6x+8x —20=7

2x — 17 =17
2x = 24
x =12

4. 2(7x + 1) = 5(1 — 3x)
14x +2 =5 — 15x
29x +2=5

29x =3
-3
29
5.2x — 5y =21
—5y = 2x + 21
2 21

VST

X

10.

1 1
—x+-y=2
3T
1 1
12(§x + Zy) = 12(2)
4x + 3y =24
3y = —4x + 24
4
=——x+38
y 3x

L 2x +y =17 + 2(x — 2y)

2x +y =17 + 2x — 4y

y =17 — 4y

Sy =17
17
Y7s

—14 - (—2) -12

Section P.4 Exercises

10.

11.

12.

13.
14.
15.

y—3=—%(x+4)

y+4=-="2x—Y5)

y —4=3(x+3)

Since m = 1, we can choose A = 1 and B = —1. Since
x =—T7,y=—2solvesx — y + C = 0, C must equal 5:
x — y + 5 = 0. Note that the coefficients can be
multiplied by any non-zero number, e.g., another answer
would be 2x — 2y + 10 = 0. This comment also applies
to the following problems.



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Since m = 1, we can choose A = 1 and B = —1. Since

x = —3,y = —8solvesx — y + C = 0, C must equal —5:
x —y — 5 = 0.See comment in #15.

Since m = 0, we can choose A = 0 and B = 1. Since

x =1,y = —3solvesOx + y + C = 0. C must equal 3:
Ox + y+ 3=0,ory + 3 = 0.See comment in #15.

Since m = —1, we can choose A = 1 and B = 1. Since
x=—1,y = —5solvesx + y + C = 0, C must equal 6:
x + y + 6 = 0. See comment in #15.

The slopeism = 1 = —A/B, so we can choose A = 1
and B = —1.Since x = —1, y = 2 solves

x—y+ C=0,Cmustequal3:x —y +3 = 0.

See comment in #15.

Since m is undefined we must have B = 0, and we can
choose A = 1.Since x = 4, y = 5 solves

x + 0y + C = 0, C must equal 4: x — 4 = 0. See
comment in #15.

Begin with point-slope form: y — 5 = —3(x — 0),so0
y=—3x+5.

1
Begin with point-slope form:y — 2 = E(x —1),s0
1 3
= _x+>.
)

1 1
m = r so in point-slope form,y — 5 = —Z(x + 4),
1
and therefore y = —Zx + 4.

1 1
m = .80 in point-slope form,y — 2 = 7(x — 4),and

1 10
theref =-x+—.
erefore y = —x + =
2 12
. - — .
Solve for y: y = 5x + 5

Solve for y: y = %x — 8

Graph y = 49 — 8x; window should include (6.125, 0)
and (0, 49), for example, [—5, 10] X [—10, 60].

[ ",
[—5,10] by [—10, 60]

Graph y = 35 — 2x; window should include (17.5, 0) and
(0, 35), for example , [—5, 20] X [—10, 40].

l

[—5,20] by [—10, 40]

Section P4 Lines in the Plane 11

29. Graph y = (429 — 123x)/7; window should include
(3.488,0) and (0, 61.29), for example, [—1, 5] X [—10, 80].

[
[—1,5] by [—10, 80]
30. Graph y = (3540 — 2100x) /12 = 295 — 175x; window

should include (1.686, 0) and (0, 295), for example,
[—1, 3] X (=50, 350].

| ™,
[—1, 3] by [—50, 350]
31. (a): The slope is 1.5, compared to 1 in (b).

7
32. (b): The slopes are 1 and 4, respectively.

33. Substitute and solve: replacing y with 14 gives x = 4, and
replacing x with 18 gives y = 21.

34. Substitute and solve: replacing y with 14 gives x = 2, and
replacing x with 18 gives y = —18.

35. Substitute and solve: replacing y with 14 gives x = —10,
and replacing x with 18 gives y = —7.

36. Substitute and solve: replacing y with 14 gives x = 14,

and replacing x with 18 gives y = 20.
37. Ymin = —30, Ymax = 30, Yscl = 3
38. Ymin = —50, Ymax = 50, Yscl = 5
39. Ymin = —20/3, Ymax = 20/3, Yscl = 2/3
40. Ymin = —12.5, Ymax = 12.5, Yscl = 1.25

In #41-44, use the fact that parallel lines have the same slope;
while the slopes of perpendicular lines multiply to give —1.

41. (a) Parallel: y — 2 =3(x — 1),ory = 3x — 1.
1
(b) Perpendicular:y — 2 = —g(x —1),o0r

17
= —Tx+ ..
S

42, (a) Parallel: y — 3 = —2(x + 2),ory = —2x — 1.

1 1
(b) Perpendicular: y — 3 = E(x + 2),ory = > + 4.

2
43. (a) Parallel:2x + 3y = 9,ory = ——x + 3.

3
. 3 7
(b) Perpendicular:3x — 2y = 7,0ory = Ex 5
3 13
44. (a) Parallel: 3x — Sy = 13,0ory = ¥ 5

5
(b) Perpendicular: 5x + 3y = 33,ory = 3% + 11.
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45. (a) m = (67,500 — 42,000)/8 = 3187.5, the y-intercept is
b = 42,000 so V = 3187.5t + 42,000.

(b) The house is worth about $72,500 after 9.57 years.

=187 .EX+4 2000

H=O.EPYyEEL W=FERIBLELT .
[0, 15] by [40,000, 100,000]
(¢) 3187.5t + 42,000 = 74,000: ¢ = 10.04.
(d) + = 12 years.
46. (a) 0 = x = 18000
(b) I = 0.05x + 0.08(18,000 — x)
(¢) x = 14,000 dollars.

1= 0ER+ 0B CLE0O0-H]

WE1Z87B.7ES LY=1020.630E .
[0, 18,000] by [0, 1500]

(d) x = 8500 dollars.

3
47. y = gx, where y is altitude and x is horizontal distance.

The plane must travel x = 32,000 ft horizontally—just
over 6 miles.

6 ft
48. (a) m = m = 0.06.

(b) 4166.6 ft, or about 0.79 mile.
(c) 2217.6 ft.

3 4 -
49. m = 3 = 0.375 > D) = 0.33, so asphalt shingles are

acceptable.

50. We need to find the value of y when x = 2000, 2002, and
2003 using the equation y = 0.4x — 791.8.

y = 0.4(2000) — 791.8 = 800 — 791.8 = 8.2
y = 0.4(2002) — 791.8 = 800.8 — 791.8 = 9
y = 0.4(2003) — 791.8 = 801.2 — 791.8 = 9.4

Americans’ income in the years 2000, 2002, and 2003 was,
respectively, 8.2,9, and 9.4 trillion dollars.

51. (a) Slope of the line between the points (1998, 5.9) and

3 - 5. 4
(1999, 63) ism = o5 =59 _ 04 _

1999 — 1998 1
Using the point-slope form equation for the line, we
have y — 5.9 = 0.4(x — 1998),s0 y = 0.4x — 793.3.

(b) Using y = 0.4x — 793.3 and x = 2002, the model
estimates Americans’ expenditures in 2002 were $7.5
trillion.

(¢) Using y = 0.4x — 793.3 and x = 2006, the model

predicts Americans’ expenditures in 2006 will be $9.1
trillion.

(CIN;

[1995, 2005] by [5, 10]
52. (a) Slope of the line between the points (1997, 85.9) and

1313 — 859 454
(2001, 131.3) ism = = —— = 11.35.

2001 — 1997 4

Using the point-slope form equation for the line,
we have y — 85.9 = 11.35(x — 1997), so

y = 11.35x — 22580.05.

b)

[1995, 2005] by [50, 180]
(¢) Using y = 11.35x — 22580.05 and x = 2006, the

model predicts U.S. imports from Mexico in 2006 will
be approximately $188.1 billion.

53. (a)

[0, 15] by [5000, 7000]
(b) Slope of the line between the points (7, 5852) and

. _ 6377 — 5852 525
(14,6377) ism = w—7 7 75.
Using the point-siope form equation for the line, we

have y — 5852 = 75(x — 7),soy = 75x + 5327.

/,.r"’

[0, 15] by [5000, 7000]

(¢) The year 2006 is represented by x = 16. Using
y = 75x + 5327 and x = 16, the model predicts the
midyear world population in 2006 will be
approximately 6527 million, which is a little larger
than the Census Bureau estimate of 6525 million.

54. (a)

[0, 15] by [0, 100]



55.

56.

57.

58.

59.

60.

61.

(b) Slope of the line between the points (6, 67.6) and
. _ 521 —-676 _ —155
(13,52.1) ism = B-6¢ ~ 7 2.2143.
Using the point-slope form equation for the line,
we have y — 67.6 = —2.2143(x — 6), so
y = —2.2143x + 80.8857.

——

[0, 15] by [0, 100]
(¢) The year 2006 is represented by x = 16. Using
y = —2.2143x + 80.8857 and x = 16, the model
predicts U.S. exports to Japan in 2006 will be
approximately $45.5 billion.

8—0 4-—0
a—3 3—-0
8 _4
a—3 3
24 = 4(a — 3)
6=a—3
9=a
a—O:2—O
5—-3 1—0
a
— =2
2
a=4
AD | BC=b =5
AB|DC=—— =>a=6
a—4 2
BC |AD=b = 4;
— — 4 4-0
AB|CD=-=-———=a=
| C =>a 8—5=>a 3

(a) No, it is not possible for two lines with positive slopes
to be perpendicular, because if both slopes are
positive, they cannot multiply to —1.

(b) No, it is not possible for two lines with negative slopes
to be perpendicular, because if both slopes are
negative, they cannot multiply to —1.

(a) If b = 0, both lines are vertical; otherwise, both have
slope m = —a/b, and are, therefore, parallel. If ¢ = d,
the lines are coincident.

(b) If either a or b equals 0, then one line is horizontal and

the other is vertical. Otherwise, their slopes are —a /b and
b/a,respectively. In either case, they are perpendicular.

False. The slope of a vertical line is undefined. For
example, the vertical line through (3, 1) and (3, 6) would

= é which is undefined.

have a slope of 3.3 0

62.

63.

64.

65.

66.

67.

Section P4 Lines in the Plane 13

True. If b = 0, then a # 0 and the graph of x = %is a
vertical line. If b # 0, then the graph of

y= —% x + %is a line with slope —% and y-intercept

%. Ifb #0anda =0,y = %, which is a horizontal line.

An equation of the form ax + by = c is called linear
for this reason.

With (x1, y;) = (=2, 3) and m = 4, the point-slope form
equation y — y; = m(x — x;) becomes y — 3

=4[x — (—2)]ory — 3 = 4(x + 2).The answer is A.
With m = 3 and b = —2, the slope-intercept form
equation y = mx + b becomes y = 3x + (—2) or

y = 3x — 2.The answer is B.

When a line has a slope of m; = —2, a perpendicular line

1 1
must have a slope of m, = —— = > The answer is E.
1
The line through (xq, y;) = (—2,1) and (x,, y,) = (1, —4)
has a slope of Y2 N 41 - >
m = = = — = ——,

p n—xn 1-(-2) 3 3
The answer is C.
(@)

[—5,5] by [5, 5]
(b)

[=5,5] by [5,5]

B

[=5,5] by [5,5]

(d) From the graphs, it appears that a is the x-intercept
and b is the y-intercept when ¢ = 1.
Proof: The x-intercept is found by setting y = 0.

When ¢ = 1, we havei + 0 = l.HenceE =1so
a b a

x = a.The y-intercept is found by setting x = 0.

Whenc = 1, we have% + % = 1.Hence% =1,s0

y =b.
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(e)

[—10, 10] by [~10, 10] [—10, 10] by [10, 10]

&\\

[—10, 10] by [—10, 10]

From the graphs, it appears that a is half the
x-intercept and b is half the y-intercept when ¢ = 2.
Proof: When ¢ = 2, we can divide both sides by 2

x Y .
and we have a + T 1. By part (d) the x-intercept

is 2a and the y-intercept is 2b.

(f) By a similar argument, when ¢ = —1, a is the opposite
of the x-intercept and b is the opposite of the y-intercept.

68. (a)

e

[—8,8] by [—5,5]
These graphs all pass through the origin. They have
different slopes.
(b) If m > 0, then the graphs of y = mx and y = —mx
have the same steepness, but one increases from left
to right, and the other decreases from left to right.

()

)

[—8,8] by [=5,5]
These graphs have the same slope, but different
y-intercepts.

69. As in the diagram, we can choose one point to be the
origin, and another to be on the x-axis. The midpoints of
the sides, starting from the origin and working around
counterclockwise in the diagram, are then

a a+bc b+dc+e
A<5,0),B( B ,5),C<T, B ),and

d
D(E’ e).The opposite sides are therefore parallel, since

2
the slopes of the four lines connecting those points are:
c e c e
Mup = —3Mpgc = —— Mep = 3 Mpy = .
AB p MaC d— g Mep p 1tpa d—a

4
70. The line from the origin to (3, 4) has slope 350 the
3
tangent line has slope T and in point-slope form,

3
the equationis y — 4 = —(x — 3).

4
. b c . . (fa+bc
71. A has coordinates (2, 2), while B is ( > 2), so the

line containing A and B is the horizontal line y = ¢/2,

+
and the distance from A to B is ‘a > b — % = %.

M Section P.5 Solving Equations Graphically,
Numerically, and Algebraically

Exploration 1

[—1,4] by [—5,10]

2. Using the numerical zoom, we find the zeros to be 0.79
and 2.21.

T

t ey t e

ZeFn ZeFn

H=.79ZEAIEE V=0 H=2. 2071068 Y=-1E-1Z
[—1,4] by [5,10] [—1,4] by [-5,10]

By this method we have zeros at 0.79 and 2.21.
4. '|'1='1H1-12H+?/

W=Z.z0B1117 V=.00EREBESE
[2.05,2.36] by [—0.5, 0.43]

VesHRz-1zh+7

W=.7OiEBA: Y=.00ERBAEPZ:
[0.63,0.94] by [—0.39, 0.55]

Zooming in and tracing reveals the same zeros, correct to
two decimal places.

5. The answers in parts 2, 3, and 4 are the same.

6. On a calculator, evaluating 4x*> — 12x + 7 when x = 0.79
gives y = 0.0164 and when x = 2.21 gives y = 0.0164, so
the numbers 0.79 and 2.21 are approximate zeros.

7. / 1] \ 1]
Hzz.20P1068  YzE.422EE-7? 4=.79z@930B Y¥=7.EBLBE -7
[2.17,2.24] by [-0.12,0.11]  [0.75, 0.83] by [-0.11, 0.12]

Zooming in and tracing reveals zeros of 0.792893 and
2.207107 accurate to six decimal places. If rounded to two
decimal places, these would be the same as the answers
found in part 3.




Section P.5 Solving Equations Graphically, Numerically, and Algebraically

Quick Review P.5
1L (3x —4)2=9x> — 12x — 12x + 16 = 9x*> — 24x + 16
2. 2x+ 3P =42+ 6x+6x+9=4x+12x + 9
3.2x+1)3x —5) =6x* —10x +3x — 5
=6x>—T7x—5
4. 3y — 1)(Sy +4) =15y + 12y — 5y — 4
=15+ 7y — 4
5.25x2 —20x + 4 = (5x — 2)(5x — 2) = (5x — 2)?
6. 15x° — 22x% + 8x = x(15x*> — 22x + 8)
= x(5x —4)(3x — 2)
7.3 + X — 15x — 5= ¥*Bx + 1) — 5(3x + 1)
= Bx+ 1)(x*—5)
8.y =13y’ +36=(y"—4)(*"—9)
=0 =20 +2)(y —3)(»+3)

X 2

T —
B x(x + 3) 2(2x + 1)
T @2x+F D)(x+3)  (2x+ )(x +3)
X H3x—4dx -2  P—x—2
o @2x+1)(x+3) (2x + D)(x +3)
C(x=2)x+ 1)
C(2x + 1)(x + 3)

10.2x+1 _23x+11
xx—5%+6 x—x—6
_ x+1 . %x+1
S (x—=3)(x—2) (x—3)(x+2)

B (x + 1)(x +2) Bx + 11)(x — 2)

S (x=3)(x—D(x+2) (x—3)(x—2)(x+2)
(P +3x+2) — (3¢ + 5x — 22)

B (x —3)(x — 2)(x +2)

=2 —2x+ 24
S (x = 3)(x —2)(x +2)
—2(x* + x — 12)

(x = 3)(x —2)(x + 2)
—2(x + 4)(x — 3)
C(x—3)(x —2)(x +2)
—2(x + 4)

:—(x—Z)(x+2)ifx;é3

Section P.5 Exercises

A/

Hw=-4 ¥=0
[-10, 10] by [-30, 30]

x=—4orx =35
The left side factors to (x + 4)(x — 5) = 0:
x+4=0 or x—5=0

x =—4 x=135

\_/

H=-z W=

[-5, 5] by [-10, 10]
x=—=3orx =05
The left side factors to (x + 3)(2x — 1) = 0:

x+3=0 or 2x—1=0
x = —3 2x =1
x =105

|

H=E Y=i
[-3, 3] by [-2, 2]
x=050rx =15
The left side factors to (2x — 1)(2x — 3) = 0:
2x—1=0 or 2x—3=0

2x =1 2x =3
x =05 x =15
' vy
b =0

[-6, 6] by [-4, 4]
x=3o0orx=>5
Rewrite as x> — 8x + 15 = 0; the left side factors to
(x —=3)(x—5)=0:
x—3=0 or x—5=0
x =3 x =35

\/

[-6, 6] by [-20, 20]

2
xz—gorx=3

Rewrite as 3x2 — 7x — 6 = 0; the left side factors to
Bx+2)(x—3)=0:
3x+2=0 or x —3=0

x=3

x= 2
3

15
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10.

11.

12.

13.

14.

15.

/

W=-E ¥=0
[-10, 10] by [-30, 30]

:—5 = —
X or x 3

Rewrite as 3x*> + 11x — 20 = 0; the left side factors to
Bx —4)(x+5)=0:

3x—4=0 or x+5=0
4
x=§ x =-5

5
. Rewrite as (2x)*> = 5% then 2x = 45, 0r x = ii

. Divide both sides by 2 to get (x — 5)> = 8.5.Then

x—5==4V85andx =5 + V85.

8
. Divide both sides by 3 to get (x + 4)*> = —. Then

3

8 8
x+4=:l:\/;andx=—4:t\/;

Divide both sides by 4 to get (u + 1)?> = 4.5. Then
u+t1l==xV45andu = —1 + V4.5.

Adding 2y* + 8 to both sides gives 4y> = 14. Divide both
7 7
sides by 4 to get y* = S0y = i\/j

1
2x+3= £ 13sox = 5(—3 + 13), which gives

x = —8orx = 5.
X+o6x+33=7+3
(x +3)>=16
x +3==+xVI16
x=-3+4
x=—Torx =1
XX+5x=9
5\? 5\?
x2+5x+(* :9+(E)
(x +25)2=94+625
x +25=+V15.25
x=—25— V1525~ —641 or
x =25+ V1525 = 141
X —Tx=—

x=%— \/11’«\10.180rx=%+‘\/11’~\56.82

16. X+ 6x=4

2 2
x2+6x+(g) =4+<g>

(x+32=4+9

x+3==+VI13
x =—3 4+ V13

x=-3—VI3= —66lorx =—3+ V13 = 0.61

17. 22— 7x+9=x>—2x — 3+ 3x
22— Tx+9=x>+x—3

X —8x=—12
x* = 8x + (—4)? = —12 + (—4)*
(x —4)> =4
x —4==2
x=4+2
x=2o0rx =26
18. 3 —6x—7=x*>+3x—x>—x+3
3x2 —8x =10
L8 1
3 3
8 4\? 10 4\?
ENERNE
Y3 (3) 3 3
( _E)Z_LO 16
Y73 39
_4_ 4
*73 9
4 1
S Va6
7373

_1
3
19.a = 1,b=8,andc = —2:

—8+ V8 —4(1)(—2) -8+ V72
2(1) B 2
-8+ 6V2

= =—4£3V2

x ~ —824o0rx ~ 024
20. a =2,b = —3,andc = 1:

WA

4 1
46 ~ —093 or x = 3 + §V46 ~ 3.59

_3EV(EI -4 3£V 3 1
* 2(2) 4 474
1
ngorle
21. x> — 3x —4=0,s0
a=1,b=-3andc = —4:
x:3i\/(—3)2—4(1)(—4):3i\/25:§i§
2(1) 2 272
x=—lorx =4
22. x> — \V3x —5=0,s0
a=1, b =—V3,andc = —5:
V3 V(=VE)? — 4(1)(-5)
o 2(1)
= VEVE_ L5y lum

x ~ —1.53 or x =~ 3.26



23.

24.

25.
26.
27.
28.
29.

30.

31.

32.

Section P.5  Solving Graphically, Numerically, and Algebraically 17

X+ 5x—12=0,s0
a=1,b=5c¢c=-12

=5+ V/(5)% — 4(1)(—12)

t 2(1)
_SSEVB_ 5, VB
2 2 2
x ~ —677orx ~ 1.77
x> — 4x — 32 =0,s0

a=1,b=—4, c = —32:
—(—4) £ V(—4)? — 4(1)(—32)

T 2(1)
4+ vV
ELERE . 2+6
2
x=—4orx =38
x-intercept: 3; y-intercept: —2

x-intercepts: 1, 3; y-intercept: 3
x-intercepts: —2, 0, 2; y-intercept: 0

no x-intercepts; no y-intercepts

\ L LAY

2&kFo \’r ZakFo \’r
W=.E1B0zZ88 |¥=0 W=-1.a1B0FY 1¥=0

[~5,5] by [-5,5] [~5.5]by [-5.5]
2eFg 2k '
W=-1.78z89% [¥=i W= -E 202107 Iv=h

[—5,5] by [-5,5] [=5,5] by [5, 5]
2iEF i f
DEN: Lickiel Fod: WL

[—5,5] by [-5,5]

' L
2iEFi 2EF
W1 APELZ09 (V=i W=.EZ01AAA7 V=i
[—5,5]by [-5,5] [—5,5] by [5,5]
f‘ nd
2k
n=-Z.elhzz  Iv=o

33.

34.

35.
36.
37.

38.

39.
40.
41.

42.

43.
4.
45.

46.

47.

48.

49.

50.

\./

2eFa
H=1.898888% [Y=i
[—5,5]by [5,5]

\

[—5,5]by [—5,5]
X+2x—1=0x=~04
¥=3x=0x~-173

Using TbiStart = 1.61 and ATbl = 0.001 gives a zero
at 1.62.

Using TblStart = —0.62 and ATbl = 0.001 gives a zero
at —0.62.

Using TblStart = 1.32 and ATbl = 0.001 gives a zero

at 1.32.

Graphy = |[x — 8landy = 2:t = 6ort = 10

Graphy = |[x + 1landy = 4:x = —50rx =3

Graphy = [2x + 5landy = 7:x = lorx = —6

Graph y = |3 — 5x]| andy=4:x=—%orx=§

Graphy = [2x —3landy = ¥ x = —3orx =1

Graphy = |[x + 1landy =2x — 3: x = 4

(a) The two functions are y; = 3Vx + 4 (the one that
begins on the x-axis) and y, = x> — 1.

(b) This is the graph of y = 3Vx + 4 — x> + 1.

(¢) The x-coordinates of the intersections in the first
picture are the same as the x-coordinates where the
second graph crosses the x-axis.

Any number between 1.324 and 1.325 must have the digit
4 in its thousandths position. Such a number would round
to 1.32.

The left side factors to (x + 2)(x — 1) = 0:

x+2=0 or x—1=0
x =2 x =1
Graphing y = x> — 18in (e.g.) [-10, 10] X [-20, 10] and

looking for x-intercepts gives x &= —4.24 or x = 4.24.
¥—=3x=12—-3x+6

—18=0
2x —1=5 or 2x —1=-5
2x =6 2x = —4
x=3 x =2
x+2=2VaF3
¥+ 4x +4=4(x +3)
=8

x=—V8orx =V8
—4/8 is an extraneous solution, x = V8 ~ 2.83
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51.

52.

53.

54.
5S.

56.

57.

58.

59.

60.

61.

From the graph of y = x> + 4x> — 3x — 2 on

[—10, 10] X [—10, 10], the solutions of the equation
(x-intercepts of the graph) are x =~ —4.56, x ~ —0.44,
x =1

From the graph of y = x* — 4x + 2 on

[—10, 10] X [—10, 10], the solutions of the equation
(x-intercepts of the graph) are x ~ —2.21, x =~ 0.54,
and x ~ 1.68.

+4x—-1=7 or x> +4x—1=-7
X +4x —8=0 X+4x+6=0
—4 + V16 + 32 —4 4+ V16 — 24
x=——— Y= -~ x=——— Y= <
2 2
x=-2+2V3 — no real solutions to
this equation.
Graphy = |x + 5| — |x = 3]:x = —1

Graph y = |0.5x + 3| and y = x* — 4
x~ —24lorx ~ 291

Graphy = Vx + 7andy = —x* + 5:
x ~ —1.64orx ~ 145

(a) There must be 2 distinct real zeros, because

b? — 4ac > 0 implies that £\Vb*> — 4ac are 2
distinct real numbers.

(b) There must be 1 real zero, because b> — 4ac = 0
implies that £\V/b*> — 4ac = 0, so the root must

bex = —.

a
(¢) There must be no real zeros, because b> — 4ac < 0
implies that +£\/b* — 4ac are not real numbers.

For (a)—(c), answers may vary.

(a) x> + 2x — 3 has discriminant (2)? — 4(1)(—3) = 16,
so it has 2 distinct real zeros. The graph (or factoring)
shows the zeros are at x = —3 and x = 1.

(b) x> + 2x + 1 has discriminant (2)? — 4(1)(1) = 0, so
it has 1 real zero. The graph (or factoring) shows the
zerois at x = —1.

(¢) xX* + 2x + 2 has discriminant (2)* — 4(1)(2) = —4,
so it has no real zeros. The graph lies entirely above
the x-axis.

Let x be the width of the field (in yd); the length is
x + 30.Then the field is 80 yd wide and
80 + 30 = 110 yd long.
8800 = x(x + 30)
0 = x* + 30x — 8800
0= (x + 110)(x — 80)
0=x+1100r0=x — 80
x = —110 or x = 80
Solving x* + (x + 5)* = 18%, 0r 2x* + 10x — 299 = 0,
gives x =~ 9.98 or x &~ —14.98. The ladder is about
x + 5 &~ 14.98 ft up the wall.

The area of the square is x> The area of the semicircle is
1 1
2

2 1
—ar = fw(*x) since the radius of the semicircle is —x.

2 2 °\2 2

1 1 \?
Then 200 = x> + 577(5)6) . Solving this (graphically is

easiest) gives x ~ 11.98 ft (since x must be positive).

62. True. If 2 is an x-intercept of the graph of
y = ax’> + bx + c,then y = 0 when x = 2.That is,
ax’> + bx + ¢ = O when x = 2.

63. False. Notice that for x = —3,2x%> = 2(—3)> = 18.So x
could also be —3.

64. x(x —3) = Owhenx = 0and whenx — 3 = O or
x = 3.The answer is D.

65. For x> — 5x + ? to be a perfect square, ? must be
5
replaced by the square of half of —5, which is (—7) .
. 2
The answer is B.
66. By the quadratic formula, the solutions are
_ () E V(3 —4R)(-) 3 VT
2(2) 4

The answer is B.

67. Since an absolute value cannot be negative, there are no
solutions. The answer is E.

68. (a) ax? + bx +¢c =10

ax’> + bx = —¢
xz-i-*)cz—£
a
b 1 b\? c 1 b)\?
b 1
b) x ax 2 a a 2 a
x2+éx_|_ 2 2:_£+L2
2a a 4d®

b b* — 4ac
+ —=+/—
© x 2a 4a?
b +Vb* — 4dac
x+—=———
2a 2a
b b* — 4ac
x=—
2a 2a
‘= —b + Vb — dac
2a

69. Graph y = |x?> — 4| and y = c for several values of c.

(a) Let ¢ = 2.The graph suggests y = 2 intersects
y = |x* — 4] four times.
x> — 4] =2=x>—4=20rx* — 4= -2
=6 =2
x =+V6 x =+£V2
|x*> — 4| = 2 has four solutions: {£V2, £V6}.
(b) Let ¢ = 4. The graph suggests y = 4 intersects

y = |x*> — 4] three times.

x> — 4| =4=x*—4=4orx* — 4 =—4
=8 =0
x =+V8 x=20

(¢) Let ¢ = 5.The graph suggest y = 5 intersects
y = |x* — 4] twice.

x> — 4| =5=x*—4=5o0orx> —4=-5
=9 ¥ =-1
x = 43 no solution

|x?> — 4| = 5 has two solutions: {£3}.



70.

71.

(d) Let ¢ = —1.The graph suggests y = —1 does not
intersect y = |x* — 4/. Since absolute value is never
negative, | x> — 4| = —1 has no solutions.

(e) There is no other possible number of solutions of this
equation. For any c, the solution involves solving two
quadratic equations, each of which can have 0, 1, or 2

solutions.
—b + VD
(a) Let D = b?> — 4ac. The two solutions are Zi\ﬁ;
a
adding them gives
—b+\/5+—b—\/5_—2b+\/5—\/5
2a 2a 2a
_ "2 _ b
2a a
—b £+ VD
(b) Let D = b*> — 4ac. The two solutions are T\F;
multiplying them gives
b+ VD —b— VD _(—b)*— (VD)
2a 2a 4q?
b= (b —dac) ¢
B 4a? Ca

b
From #70(a), x; + x, = . 5. Since a = 2, this means

C

b = —10. From #70(b), x, - x, = — = 3;since a = 2, this

IS

10 £ V100 — 48

means ¢ = 6. The solutions are f; this

1
reduces to 2.5 £ 5\/13, or approximately 0.697 and 4.303.

Bl Section P.6 Complex Numbers

Quick Review P.6

1L.x+9
2. x + 2y
3.a+2d
4.5z — 4
5.x—x—6
6.2x> + 5x — 3
7.x2—2
8. x> — 12
9. x> —2x — 1
10. x> — 4x + 1

Section P.6 Exercises

In #1-8, add or subtract the real and imaginary parts separately.

1L.2-3)+(6+5)=2+6)+ (—3+5)i=8+2i

2.2-3)+3—4i)=Q2+3)+(3—-4)i=5—7i

33.7-3)+((6—i)=T+6)+(—3—1)i=13 —4i

4. 2+ — (9 —-3)=2+3)+(1—9)i=5—8i

52— +0B—-—V=-3)=02+3)+(—1—- V3
=5—(1+ V3

6. (V5 =3+ (—2+ V-9 =(V5—-2)+ (-3+3)i

=V5-2

Section P6 Complex Numbers

7.(*+3)—(7+P)=(-1+3)—
=Q2-7+i=-5+i
8. (VI+ %) —(6— V=8l)=(V7—1)
—(6—9%) =(VI—1—6)+9 = (V7 —
In #9-16, multiply out and simplify, recalling that # = —1.
9. 2+3)2—i)=4—2+6i — 3
=4+ 4i+3=T7+4
10. (2 —i)(1+3i) =2+ 6i —i — 37
=2+5+3=5+5i
1L (1 — 4i)(3 —2i) =3 — 2i — 12i + &
=3—14i—8=-5—14i
12. (5i — 3)(2i + 1) = 102 + 5i — 6i — 3
=—-10—-i—3=—-13 —i
13. (7i — 3)(2 + 6i) = 14i + 42* — 6 — 18i
=—42—6—4i=—48 — 4i
14. (V=4 +i)(6 — 5i) = (3i)(6 — 5i) = 18 — 15
= 15+ 18i
15. (=3 — 4i))(1 + 2i) = =3 — 6i — 4i — &
=-3—-10i +8 =5 —10i
16. (V=2 + 2i)(6 + 5i) = (\f + 2)i(6 + 5i)
6(2 + V2)i + 52 + V2)i
—(10 + 5V2) + (12 + 6V2)i
17. V—16 = 4i
18. V—25 = 5i
19. V=3 = V3i
20. V=5 = V5i
In #21-24, equate the real and imaginary parts.
2. x =2,y =3
2. x=3,y=-7
2. x=1,y=2
24. x =7,y =—7/2
In #25-28, multiply out and simplify, recalling that i> =
25. 3+ 2 =94+12i +4*=5+ 12i
26. (1 —iP=©0—-2+PA —i)= (=21 — i)
=20 +2*=-2-2i

V2 \/2‘4_ ﬁ4 .
27.(7‘1’71) —( B )(1+l)4

(7=

(1+2i + 22 = %(21')2 = %(—4) =1

28. (7 + %,)3 - ()3(\/5 oy

(3+2\fl+l)(\/§+i)

&MH

»—\OO\

(1+\fz)(\/§+i)
1 Lo a1
—4(\/§+z+3z+\612)—4

In #29-32, recall that (a + bi)(a — bi) = a* + b
29.22 + 3 =13
30. 5* + 6° = 61
31. 3 + 4 =125

2,12+ (V2 =3

7) + 9i

—1.
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In #33-40, multiply both the numerator and denominator by
the complex conjugate of the denominator, recalling that

(a + bi)(a — bi) = @® + b

1 2—i 2—i

B i =T s

_2_1
5 5

i 240 2+ 1. 2.
B iaviT 5 T 5ty
24+i24+i 4+4i+i2 3 4,
R 5 =5t
2+i =3 —6i—3% 1 2,
¥y T T 9 3
- (2+i)2(—i).1—i_(4+4i+i2)(—i+i2)
) 14+ 1—i 2
B4l —i)  3-3i—4i—42 1 7.
- 2 - 2 T2 7
2—i)(1+2) 5—2 (2+4—i—27)(5—2i)
38. S+2  5-2 29
(44305 —2) 20— 8 + 15i — 62
B 29 B 29
26 7.
202
(I—=0Q—i) 1+2 (2—i—2+1+20)
N T iy 5
(@ =3)+2) 14+2—-3—67_ 7 1.
- 5 - 5 5 5
40.(1—\/§i)(1+i)‘1—\@i
1+ V2i 1— V2i
(i = V2i = V2R (1 - V2i)
B 3
L[+ V2+ (1= V2)i(1 - V2i)
3
1 V2Z= (V24 2)i+ (1= V2)i = (V2 = 2)°
B 3
1+ V2HE V224 (2V2 - 1)i
B 3
_2V2—-1 2V2+1.
3 3

In #41-44, use the quadratic formula.
41. x =—-1+2

1 V23
2. x=—=x —i
X 6 6 i
7 V15
43. x = - % ]
3. x 3 p i

4. x =2+ V15§

45. False. When a = 0, z = a + bi becomes z = bi, and then
—Z = —(—bi) = bi = z.

46. True. Because # = —1,* = i(#) = —i,and i* = (*)* = 1,
we obtaini + 2 + & + it =i + (—1) + (—i) + 1 = 0.

47. (2 + 3i)(2 — 3i) is a product of conjugates and equals
22 4+ 32 = 13.The answer is E.

1 1 —i —i
4. - = **l =L = —j The answer is D.
i i —i 1

49. Complex, nonreal solutions of polynomials with real
coefficients always come in conjugate pairs. So another
solution is 2 + 3i, and the answer is A.

50. (1 —i)® = (—2i)(1 — i) = —2i + 2i> = —2 — 2i. The

answer is C.
S1. (a) i =i P=iit=i
2=-1 =0t =-1
P=)i=— ii=Fi"=—i
,'4:(_1)2:1 B=it=1-1=1
1 11 11 1
b)il=-=>"=— ===
l1 I 1 1 11 11
it===-1 == =-1
l'z 12 i4
11 1 11 1
=3 — — — 7 _ _ _
N
— 11 _ 11
© =1

(d) Answers will vary.

52. Answers will vary. One possibility: the graph has the
shape of a parabola, but does not cross the x-axis when
plotted in the real plane, beacuse it does not have any real
zeros. As a result, the function will always be positive or
always be negative.

53. Let a and b be any two real numbers. Then (a + bi)

— (a—bi) =(a—a)+ (b+ b)i =0+ 2bi = 2bi.
54. (a + bi)-(a + bi) = (a + bi)-(a — bi) = a* + b,

imaginary part is zero.
55. (a + bi)-(c + di) = (ac — bd) + (ad + bc)i =

(ac — bd) — (ad + bc)iand (a + bi)-(c + di) =

(a — bi)+(c — di) = (ac — bd) — (ad + bc)i are equal.
56. (a + bi) + (c+di)=(a+c)+ (b+d)i=
(
(

a+c)— (b+d)iand (a + bi) + (c + di) =

a — bi) + (¢ — di) = (a + ¢) — (b + d)i are equal.
57. (—i)? — i(—i) + 2 = 0but (i)> — i(i) + 2 # 0.

Because the coefficient of x in x> — ix + 2 = Oisnota

real number, the complex conjugate, i, of —i, need not be

a solution.

M Section P.7 Solving Inequalities
Algebraically and Graphically

Quick Review P.7
1. 7<2x —3<7
—4 < 2x <10
—2 < X <5

2.5 —2="T7x + 4
—2x =6
x = -3
3.|x+2/=3
x+2=3 or x+2=-3
x=1 or x =-5

4. 4x* — 9= (2x — 3)(2x + 3)
5.8 —dx = x(¥* —4) = x(x — 2)(x + 2)
6. 9x*> — 16y> = (3x — 4y)(3x + 4y)
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2—25_(2=5)(z+5) _z+5

7'22—5z_ 2(z —5) z
g X t2c=35 (xFDNx=S) _ x+7
"2 —10x+25 (x—5x—-5 x-5
X x +1
T P
_ x(3x — 4) (x+D(x—1)
(x —1)(3x — 4) (x —1)(3x — 4)
4x* — 4x — 1
(x —1)(3x — 4)
2x — 1 x—3
10. (x—2)(x+1) (x—2)(x—1)
_2x—=Dx—1) + (x = 3)(x + 1)
B (x —2)(x + )(x — 1)
(2 =3x+ 1) + (& — 2x — 3)
B (x —2)(x + 1)(x — 1)
_ 3x> —5x — 2 B (3x + 1)(x — 2)
(x —=2)(x + 1)(x — 1) (x —=2)(x+ 1)(x — 1)
) (Bx + 1)
1fx¢2=—(x+1)(x_1)

Section P.7 Exercises
1. (—o0, —9] U [1, c0):
x+4=5 or x+4
x =1 X

121028 64 -2 0 2 4 6 8
2. (—o0, —1.3) U (2.3, 0):
2x —1>36 or 2x —1<—-36
2x > 4.6 2x < —2.6
x>23 x<—13

n i
|8

A N N wa
A m R
-5-4-3-2-1 0 1 2 3 4 5
3.(L5): 2<x—-3<2
1< x <5
i i 1 L N
v v v X
-2-1 0 1 2 3 4
4. [8,2): —5=x+3
—8 = x
.
A
~12-10-8 —6 —4 -2 0
2 10
— =] 4 —3x|<6
(-32) -3y
—-6<4—-3x<6
—10< 3x <2
10 2

3 x 3

1 L A N

2-1 0 1 2 3 4 5
6. (—00,0) U (3,00):|3 —2x| >3
3—2x>3 or 3—2x<-—3

hY
7
5

F N w»n oot

SEECIAIA

&~ 4
o+
=)

o

—2x >0 —2x < —6
x <0 x >3
2 il 1 n n

e p—— |
-5-4-3-2—-1 0 1 2 3 4 5

7. (—oo, =111 U [7, 00):

+2 +2
o= o =3
x+2=-9 x+2=9

x = —11 x =7

-12-10-8 =6 -4 -2 0 2 4 6 8
x—35
4

x—5
—6 = =6
4
24 =x—-5=24
—19 X 29
N L
T T T L
—50—-40—-30-20—10 0 10 20
9. 2x*+17x +21 =0
2x+3)(x+7)=0
2x +3=0 or x+7=0
3
x=— or x =7
The graph of y = 2x> + 17x + 21 lies below the x-axis

I
o

8. [—19,29):

IN 1A

=
=

[ =

3 3
for =7 < x < —5. Hence {—7, —E} is the solution since

the endpoints are included.

10. 6x*—13x+6=0
2x —3)3x—2)=0
2x—=3=0 or 3x —2=0
x=7 or x =
The graph of y = 6x*> — 13x + 6 lies above the x-axis for
2 3 2 3
<= > —o0,=|U|= i
b 3andf0rx > Hence( oo,JU{z,oo)lsthe
solution since the endpoints are included.

1. 2x*+7x—15=0
2x —=3)(x+5 =0
2x —3=0 or x+5

W

0
3
x = 5 or x =5
The graph of y = 2x*> + 7x — 15 lies above the x-axis for

3 3
x < —5 and for x > > Hence (—oo, —5) U (5 oo) is

the solution.
12. 4x* —9x +2 =0
(dx — 1)(x —2) =0
4x —1=0 or x—2=0
x = 1 or x=2
The graph of y = 4x*> — 9x + 2 lies below the x-axis for

1 1
1 < x < 2.Hence (Z’ 2) is the solution.

13. 2—5x—3x*=0
24+x)(1—=3x)=0
2+x=0 or 1—3x=0
1
=2 ==
x or x =3
The graph of y = 2 — 5x — 3x? lies below the x-axis for

1 1
x < —2 and for x > 3 Hence (—o0, —2) U (g, oo) is

the solution.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

21 +4x — x> =0
(7T—x)3+x)=0
7—x=0 or 3+x=0
x =17 or x =3
The graph of y = 21 + 4x — x? lies above the x-axis for
—3 < x < 7.Hence (—3, 7) is the solution.

X=x=0

x(x*=1)=0

x(x+1)(x—1)=0
x=0 or x+1=0 or x—1=0
x=0 or x=-—1 or x =1

The graph of y = x*> — x lies above the x-axis for
x > 1 and for =1 < x < 0.Hence [—1, 0] U [1, c0) is the
solution.
¥ =x*=30x=0
x(x* —x—30)=0
x(x —6)(x +5)=0
x=0 or x—6=0 or x+5=0
x=0 or x=6 or x=-5
The graph of y = x* — x?> — 30x lies below the
x-axis for x < —5 and for 0 < x < 6. Hence
(—o0, —=5] U [0, 6] is the solution.
The graph of y = x> — 4x — 1 is zero for x = —0.24 and
x ~ 4.24, and lies below the x-axis for —0.24 < x < 4.24.
Hence (—0.24, 4.24) is the approximate solution.

4
The graph of y = 12x* — 25x + 12 is zero for x = 3 and
3 . . 3 4
x = 1 and lies above the x-axis for x < 1 and for x > 3

Hence (—oo,%} U {%, oo) is the solution.
6x>—5x —4=0
(3x —4)2x + 1) =0
3x—4=0 or 2x+1=0
4 1
x =7 or x=—
The graph of y = 6x> — 5x — 4 lies above the

1 4
x-axis for x < —5 and for x > 3 Hence

1 4 . .
( 00, E) U (5, oo) is the solution.

4x* —1=0
x+1H2x—1)=0
2x +1=0 or 2x —1=0
1 1
x = 2or x—2

The graph of y = 4x*> — 1 lies below the x-axis for

1 1 11
—<x<-= -, =i ion.
> X 2 Hence { > 2} is the solution
The graph of y = 9x> 4+ 12x — 1 appears to be zero for
x ~ —1.41 and x =~ 0.08. and lies above the x-axis for

x < —1.41 and x > 0.08. Hence (—oo0, —1.41] U [0.08, c0)
is the approximate solution.

The graph of y = 4x> — 12x + 7 appears to be zero for
x =~ 0.79 and x =~ 2.21. and lies below the x-axis for
0.79 < x < 2.21. Hence (0.79, 2.21) is the approximate
solution.

23.

24.

25.

26.

27.

28.

29.

30.

31.

4 —4x +1=0
2x—1)2x—1)=0
2x —1)>=0
2x—1=0

1

T2

The graph of y = 4x*> — 4x + 1 lies entirely above the

1 1 1
x-axis, except at x = > Hence (_OO’E) U (5’ oo) is

the solution set.

X—6x+9=0
(x—=3)(x—3)=0
(x —3?%=0
x—3=0

x=3

The graph of y = x> — 6x + 9 lies entirely above the
x-axis, except at x = 3. Hence x = 3 is the only
solution.

=8 +16=0
x—4)(x—4)=0
(x—4)?>=0
x—4=

x =4

The graph of y = x* — 8x + 16 lies entirely above the
x-axis, except at x = 4. Hence there is no solution.

9% + 12x + 4 = 0
GBx+2)3x+2) =0
Gx +2)> =0
3x+2=0

2

T3

The graph of y = 9x?> + 12x + 4 lies entirely above the
2
Xx-axis, except at x = 3 Hence every real number

satisfies the inequality. The solution is (—oo, c0).

The graph of y = 3x* — 12x + 2 is zero for x ~ —2.08,
x ~ 0.17,and x =~ 1.91 and lies above the x-axis for
—2.08 < x < 0.17 and x > 1.91. Hence, [—2.08,0.17] U
[1.91, c0) is the approximate solution.

The graph of y = 8x — 2x®> — 1 is zero for x &~ —2.06,
x =~ 0.13,and x =~ 1.93 and lies below the x-axis for
—2.06 < x < 0.13 and x > 1.93. Hence, (—2.06, 0.13) U
(1.93, c0) is the approximate solution.

2x% + 2x > 5is equivalent to 2x* + 2x — 5 > 0.The
graph of y = 2x* + 2x — Sis zero for x ~ 1.11 and lies
above the x-axis for x > 1.11. So, (1.11, c0) is the
approximate solution.

4 = 2x3 + 8xis equivalent to 2x* + 8x — 4 = 0.The
graph of y = 2x> 4+ 8x — 4is zero for x &~ 0.47 and lies
above the x-axis for x > 0.47. So, [0.47, 00) is the
approximate solution.

Answers may vary. Here are some possibilities.
@x+1>0

(b)x*+1<0

© x*=0

@ x+2)(x—5) =0

e (x+1)(x—4)>0

® x(x—4)=0



32.

33.

34.

35.

36.

37.

Section P7 Solving Inequalities Algebraically and Graphically 23

—16* + 288t — 1152 = 0
=18 +72=0
(t—6)(tr—12)=0
t—6=0 or t—12=0
t=6 or t =12
The graph of —16¢> + 288t — 1,152 lies above the t-axis
for 6 < t < 12. Hence [6, 12] is the solution. This agrees
with the result obtained in Example 10.
s = —16¢* + 256t
(a) —1662 + 256t = 768
—16¢2 + 256t — 768 = 0
> — 16t +48 =0
(t—12)(t —4)=0
t—12=0 or t—4=0
t=12 or t=4
The projectile is 768 ft above ground twice: at ¢t = 4
sec, on the way up, and ¢+ = 12 sec, on the way down.

(b) The graph of s = —16¢> + 256t lies above the graph of
s = 768 for 4 < ¢t < 12. Hence the projectile’s height
will be at least 768 ft when ¢ is in the interval [4, 12].

(c) The graph of s = —16¢> 4 256t lies below the graph
of s = 768 for 0 < ¢ < 4 and 12 < ¢ < 16. Hence the
projectile’s height will be less than or equal to 768 ft
when ¢ is in the interval (0, 4] or [12, 16).

s = —1687 + 272t

(a) —16¢% + 272t = 960
—16¢2 + 272t — 960 = 0
=17t +60=0
t—12)(t—5 =0
t—12=0 or t—5=0
t =12 or t=>5
The projectile is 960 ft above ground twice: at t = 5
sec, on the way up, and t = 12 sec, on the way down.

(b) The graph of s = —16¢%> + 272t lies above the graph
of s = 960 for 5 < ¢ < 12. Hence the projectile’s
height will be more than 960 ft when ¢ is in the
interval (5, 12).

(¢) The graph of s = —16¢> + 272t lies below the graph
of s = 960 for 0 < ¢ < 5and 12 < ¢ < 17. Hence the
projectile’s height will be less than or equal to 960 ft
when ¢ is in the interval (0, 5] or [12, 17).

Solving the corresponding equation in the process of
solving an inequality reveals the boundaries of the
solution set. For example, to solve the inequality

x* — 4 = 0, we first solve the corresponding equation
x> — 4 = 0 and find that x = 42. The solution, [—2, 2],
of inequality has £2 as its boundaries.

Let x be her average speed; then 105 < 2x. Solving this
gives x > 52.5, so her least average speed is 52.5 mph.

(a) Let x > 0 be the width of a rectangle; then the length
is 2x — 2 and the perimeter is P = 2[x + (2x — 2)].
Solving P < 200 and 2x — 2 > 0 gives
1in. < x < 34in.

2[x + (2x —2)] <200 and 2x —2>0

2(3x — 2) <200 2x > 2
6x — 4 <200 x>1
6x < 204
x < 34

38.

39.

40.

41.

42.

43.

45.

46.

(b) The areais A = x(2x — 2). We already know x > 1
from part (a). Solve A = 1200.
x(2x — 2) = 1200
2x> —2x — 1200 =0
X —x—600=0
(x —25)(x+24) =0
x—25=0 or x+24=0
x =25 or x = —24
The graph of y = 2x*> — 2x — 1200 lies below the
x-axis for 1 < x < 25,s0 A = 1200 when x is in the
interval (1, 25].

Substitute 20 and 40 into the equation P = ﬂiﬂ to find
400 400
the range for P: P = 0 20and P = w0 10. The

pressure can range from 10 to 20,0r 10 = P = 20.
. . 400
Alternatively, solve graphically: graph y = o on

(20, 40] X [0, 30] and observe that all y-values are
between 10 and 20.

200,000 + x -
50,000 + x

Solving for x reveals that the company can borrow no
more than $100,000.

False. If b is negative, there are no solutions, because the
absolute value of a number is always nonnegative and
every nonnegative real number is greater than any
negative real number.

Let x be the amount borrowed; then

True. The absolute value of any real number is always
nonnegative, i.e., greater than or equal to zero.

lx — 2] <3

—3<x—2<3

—1<x<5

(—1,5)

The answer is E.

The graph of y = x> — 2x + 2 lies entirely above the

x-axis so x> — 2x + 2 = 0 for all real numbers x. The
answer is D.

. x> > x is true for all negative x, and for positive x when

x > 1.So the solution is (—oo, 0) U (1, c0). The answer

isA.

x* = limplies —1 = x = 1, so the solution is [—1, 1]. The

answer is D.

(a) The lengths of the sides of the box are x, 12 — 2x, and
15 — 2x,so the volume is x(12 — 2x)(15 — 2x).To
solve x(12 — 2x)(15 — 2x) = 125, graph
y = x(12 — 2x)(15 — 2x) and y = 125 and find
where the graphs intersect: Either x &~ 0.94 in. or
x =~ 378 in.

(b) The graph of y = x(12 — 2x)(15 — 2x) lies above
the graph of y = 125 for 0.94 < y < 3.78
(approximately). So choosing x in the interval (0.94,
3.78) will yield a box with volume greater than 125 in®.

(¢) The graph of y = x(12 — 2x)(15 — 2x) lies below
the graph of y = 125 for 0 < y < 0.94 and for
3.78 < x < 6 (approximately). So choosing x in either
interval (0, 0.94) or interval (3.78, 6) will yield a box
with volume at most 125 in’.
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47.

48.

2x* + 7x — 15 = —10
23+ 7x—5=0
The graph of

y=2x>+7x—5

2x> +7x —15=10 or
2> +7x —25=0

The graph of
y=2x*+7x — 25
appears to be zero for appears to be zero for

x ~ —5.69and x ~ 2.19 x ~ —4.11 and x ~ 0.61

Now look at the graphs of y = [2x*> + 7x — 15| and

y = 10.The graph of y = [2x*> + 7x — 15| lies below the
graph of y = 10 when —5.69 < x < —4.11 and when
0.61 < x < 2.19.Hence (—5.69, —4.11) U (0.61, 2.19) is
the approximate solution.

2x* +3x —20 =10 or 2x* + 3x —20 = —10

2x* +3x —30=0 2x* +3x —10=0

The graph of The graph of

y =2x*+ 3x — 30 y=2x>+3x—10
appears to be zero for appears to be zero for

x &~ —4.69 and x ~ 3.19 x ~ —3.11and x ~ 1.61

Now look at the graphs of y = [2x*> + 3x — 20| and

y = 10.The graph of y = [2x*> + 7x — 20| lies above the
graph of y = 10 when x < —4.69, —3.11 < x < 1.61, and
x > 3.19. Hence (—oo0, —4.69] U [—3.11, 1.61] U [3.19, c0)
is the (approximate) solution.

Bl Chapter P Review

W N -

11.

12.
13.

14.

. (3272 = = =

. Endpoints 0 and 5; bounded

. Endpoint 2; unbounded

L 2(x2 — x) = 2%% — 2x

2%+ 4xP =207 x + 2x202 = 2x3(x + 2)

(w?)® b )

2’ u?
1 1 1
9 X4 y6

By ()

. 3.68 X 10°
.7 X 1076

. 5,000,000,000
10.

0.000 000 000 000 000 000 000 000 000 910 94
(27 zeros between the decimal point and the first 9)

(a) 5.0711 X 10

(b) 4.63 X 10°

(c) 5.0 X 108

(d) 3.995 X 10°

(e) 1.4497 X 10"

—0.45 (repeating)

(a) Distance: |14 — (=5)| =
-5+ 14 9

[19] =19

(b) Midpoint: =45

N \

(a) Distance:
V5 — ()P + (=1 — 32 = V9 + (—4)?
= V81 + 16 = V97 =~ 9.85

(b) Midpoint:
(B (1) ()
S \22) \2

2 2

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

The three side lengths (distances between pairs of points)
are

V33— (—2)P+ (11— 1= V5 + 10
= V25 + 100 = V125 = 5V5
V(I =37+ (90— 1) = V& + (—
= V16 + 4 = V20 =25
VIT—(—2)P+ 9 —-12=V9+ &
= V81 + 64 = V145.
Since (2V5)? + (5V5)? = 20 + 125 = 145 = (V145)?
—the sum of the squares of the two shorter side lengths

equals the square of the long side length—the points
determine a right triangle.

The three side lengths (distances between pairs of points)
are
VE—02+1—-1P2=VL2+0=VI6=14
V@2 =02+ [(1—2V3) — 1P = V22 + (—2V3)?
=V4+12=V16=4
+[1— (1 -2V3)P = V2 + (2V3)?
= VAT 12=VI6 =4,

Since all three sides have the same length, the figure is an
equilateral triangle.

V4 -2y

(x =0+ (y — 0?2 =2%orx* +y* =4

(x =52+ [y — (=3)) =40or

(x =52+ (y +3)?* =16

[x — (=5)]* + [y — (—4)]* = 3% so the center is
(—5,—4) and the radius is 3.

(x — 0)> + (y — 0)*> = 1% so the center is (0, 0) and the
radius is 1.

(a) Distance between (—3,2) and (—1, —2):

V(=2 =20+ [~1 = (=3)]' = V(=4) + (2)?
= V16 + 4 = V20 =~ 4.47

Distance between (—3,2) and (5, 6):

V(6 =22+ [5— (—=3)P = V& + 8
= V16 + 64 = V80 ~ 8.94

Distance between (5, 6) and (—1, —2):

V(=2 =6 + (=1 — 5> = V(=8 + (—6)°
= V64 + 36 = V100 = 10

(b) (V20)* + (V80)? = 20 + 80 = 100 = 107 so the
Pythagorean Theorem guarantees the triangle is a
right triangle.

lz = (=3)] = lor|z+3] =1
—1+a 1+5b
= nd ——=35
2 3a 2
—1+a=6 1+b5=10
a=17 b=9
_—5+2__§
T 5
2
y+1=—§(x—2)



26.

27.

28.

29.

30.

31.

32.

33.

34.

9 A
The slope is m = 5 = B so we can choose A = 9

and B = 7.Since x = —5,y = 4solves9x + 7y + C = 0,
C must equal 17:9x + 7y + 17 = 0. Note that the
coefficients can be multiplied by any non-zero number, e.g.,
another answer would be 18x + 14y + 34 = 0.

4
Beginning with point-slope form: y + 2 = —(x — 3),s0

5
4
y=gx - 44.
m = 2+4_3 so in point-slope form
3+1 2°0mP P ’

+ 4= g()c + 1), and therefore y = éx .
y B > y B 7
y=4

7
Solvefory:y = —x — —.

4 4

The slope of the given line is the same as the line we

2 2
want: m = —5 80y +3= —g(x — 2), and therefore

2
The slope of the given line is 5 so the slope of the line
. 5 5
we seek is m = E.Theny +3= E(X — 2),and

5
therefore y = Ex — 8.

()

[0, 15] by [500, 525]
(b) Slope of the line between the points (5, 506) and
514—506_8_16
10 —5 5 o
Using the point-slope form equation for the line, we
have y — 506 = 1.6(x — 5),s0 y = 1.6x + 498.

(10,514) is m =

[0, 15] by [500, 525]

(¢) The year 1996 is represented by x = 6. Using
y = 1.6x + 498 and x = 6, we estimate the average
SAT math score in 1996 to be 507.6, which is very
close to the actual value 508.

(d) The year 2006 is represented by x = 16. Using
y = 1.6x + 498 and x = 16, we predict the average
SAT math score in 2006 will be 524.

4
(a) 4x—3y=—33,0ry=§x+11

3 3
(b) 3x + 4y = —6,0ory = 273

3s.

37.

38.

39.

40.

41.

42.

43.

Chapter P Review 25

25 5
= —=—=72,
m=10"2 7%

. Both graphs look the same, but the graph on the left has

2
slope 3 —less than the slope of the one on the right,

12 4
which is I = 5 The different horizontal and vertical
scales for the two windows make it difficult to judge by
looking at the graphs.

3x —4=6x+5
—3x =9
x = -3
x—2 x+5 1
+ = -
3 2 3

20x—2) +3(x+5) =2
2x—4+3x+15=2

S5x +11 =2
5x =—9
p=d
5
26—2y) =31 —y)=y+1
10—4y—-3+3y=y+1
T—y=y+1
—2y =—6
y=3
3(3x—1)2=2l
Bx — 12 =7
3x —1=+V7
3x—1=—V7 or 3x—1=V7
1 V7 1 V7
XX —4x—3=0
XX —4x =
¥ —4x + (2 =3+ (2)?
(x —2)?*=7
x—2=+V7
x—2=—V7 or x —2=V7
x =2—V7=—065 x =2+ V7 =465
16x> —24x +7=0
Using the quadratic formula:
B 24 + \V24% — 4(16)(7)
T 2(16)
_24:i:\/128_§:tﬁ
32 4 4
3 V2 3 V2
X—Z — ~ 040 or x—z+T~110
6x>+ 7x =3

6x>+7x —3=0
Bx—1D2x+3)=0

3x—1=0 or 2x +3=0
3

XZEOI‘X:_E



26

4.

45.

46.

47.

48.

49.

50.

51.

52.

Chapter P Prerequisites

2x*+8x =0 53 2x* —=3x—1=0
2x(x +4)=0 »_ 3 _1—0
2¢=0 or x+4=0 YUY T T
x=0 or x =—4 x2_§x+<_§)z_l+(_§)2

x2x +5)=4(x+7) 2 4 2 4
2x* + 5x = 4x + 28 3\, _17

2+ x—28=0 *T4) T e
2x—7)(x+4)=0 =
2x —7=0 or x+4=0 x—§=:|:i

2 4 4
x=7 or x=—4 xzéi 17
4x+1=3 or dx+1=-3 4 4
4x =2 or 4x = —4 3 17 3 17
x=———~—028 or x=—+ —
x=5 or x=-1 4 4 4 4
54.3x +4x —1=0

4x? =206 +25=0 5

(2x —5)(2x —5) =0 Lo 4 V(4)" —403)(—1)
(2x — 5?2 =0 2(3)
26 =5=0 _4EVE_ 2 VT
=2 6 3773
2
2 7 2 7

-9+ 12x —4=0 xz—g—%%—l.SSOrx=—§+%%0.22

9x* = 12x +4 =0
(Bx —2)3x—2)=0 55. The graph of y = 3x* — 19x* — 14x is zero for x = 0,

(3x —2)* = x = —g,andx =17
3x —2=0 3
‘= 2 56. The graph of y = x* + 2x* — 4x — 8 is zero for x = —2,
3 and x = 2.

, X = 3x 57. The graph of y = x* — 2x? — 2 s zero for x = 2.36.
¥ :zx:g 58. The graph of y = |2x — 1| — 4 + x?is zero for x = —1
x(x ) = and for x ~ 1.45.
x=0 or x—3=0
x=0 or x=3 89, 2< x+4=7

. ) _ . . —-6<x=3
Solving 4x° — 4x + 2 = 0 by using the quadratic

Hence (—6, 3] is the solution.

formula with a = 4, b = —4, and ¢ = 2 gives L
4+ V(=42 —44)(2) 4+ V—16 “10-8-6-4-2 0 2 4 6 8 10
x = =
2(4) 8 60. 5x + 1=2x — 4
4+4 1 1, 3x=-5
= = -+ = 5
8 272 ¥ = -3
Solving x> — 6x + 13 = 0 by using the quadratic 5
formula witha = 1, b = —6, and ¢ = 13 gives Hence {—5, oo) is the solution.
6+ V(=6 —4(1)(13) 6+ V16 TS
X = = T T T
2(1) 2 S5-4-3-2-1 01 23 4 5
6 + 4i
- — ; 3x — 5
=T, T3+l 6L =1
Solving x> — 2x + 4 = 0 by using the quadratic formula 3x —5=—4
witha = 1,b = —2, and ¢ = 4 gives 3x=1
2+ V(2P —4)(4) 2+ V-2 x=
2(1) 2 1
2+ 2 Hence <—oo,*} is the solution.
= 721\/5 =1+3i 3
62. -7 <2x —5<7
—2<2x <12
—1<x<6

Hence (—1, 6) is the solution.



63.

64.

65.

66.

67.

68.

69.

70.

71.

3x +4=2 or 3x +4=-2
3x=—2 or 3x=-6

2
= —— =2
X 3 or x

2
Hence (—oo0, —2] U [—g oo) is the solution.

4* +3x —10=0
(4x —5)(x+2)=0
4x =5=0 or x+2=0
x:Z or x =2
The graph of y = 4x*> + 3x — 10 lies above the x-axis for

5 5
x < —2 and for x > T Hence (—o0, —2) U (Z’ oo) is
the solution.

The graph of y = 2x> — 2x — 1 s zero for x = —0.37
and x =~ 1.37, and lies above the x-axis for x < —0.37 and
for x > 1.37. Hence (—o0, —0.37) U (1.37, c0) is the
approximate solution.

The graph of y = 9x*> — 12x — 1 is zero for x ~ —0.08,
and x =~ 1.41, and lies below the x-axis for

—0.08 < x < 1.41. Hence [—0.08, 1.41] is the
approximate solution.

x* — 9x = 3isequivalent to x> — 9x — 3 = 0.The
graph of y = x> — 9x — 3 is zero for x ~ —2.82,

x ~ —0.34,and x =~ 3.15, and lies below the x-axis for
x < —2.82 and for —0.34 < x < 3.15. Hence the
approximate solution is (—oo, —2.82] U [—0.34, 3.15].

The graph of y = 4x* — 9x + 2 s zero for x ~ —1.60,
x ~ 0.23, and x =~ 1.37, and lies above the x-axis for
—1.60 < x < 0.23 and for x > 1.37. Hence the
approximate solution is (—1.60, 0.23) U (1.37, o).

x-;-7>2 x-i-7<_2
x+7>10 or x +7<-—10
x >3 or x < =17

Hence (—oo, —17) U (3, c0) is the solution.
2x2 +3x —35=0
2x =T (x+5 =0
2x—7=0 or x+5=0
7
x = 5 or x=-5
The graph of y = 2x? + 3x — 35 lies below the x-axis for

7 7
—S5<x< > Hence (—S,E)is the solution.

42+ 12x+9=0
(2x +3)(2x +3) = 0
(2x + 3)* =
2x+3=0

I

T

The graph of y = 4x* + 12x + 9 lies entirely above the
3
x-axis except for x = — Hence all real numbers satisfy

the inequality. So (—o0, 00) is the solution.

72.

73

74

75

76,

77
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X—6x+9=0
(x —=3)(x—3)=0
(x —3)?=
x—3=0

x=3

The graph of y = x> — 6x + 9 lies entirely above the
x-axis except for x = 3. Hence no real number satisfies
the inequality. There is no solution.

L(3 =20+ (=24 5i) = (3 —2) + (=2 + 5)i

=1+3i
L(5—7)— (3—2)=(5—3)+ (=7 +2)i
=2-5i
(1 +20)(3 —2i) =3 —2i + 6i — 4
=3+4i+4
=7+ 4

L(LHP = (1 + D+ D))+ i)
= (142 + &) + i) =2i(1 + i)
=20 + 2 = —2 + 2
(14 20)2(1 — 202 = (1 + 4i + 42)(1 — 4i + 4?)
= (=3 + 4i)(—3 — 4i)
=9 — 12i + 12i — 1612 = 25

8. == (A= (—)i=i
79. V=16 = V(16)(—1) = 4V—1 = 4i
802+&_2+3iy+ﬁ_2+1m+y+1w
"1—-5 1—5 1+5 1+5—5i—25°
—13 + 13i 1,1,
~ 2% 277
81. s = —16¢% + 320¢

(a) —16¢> + 320t = 1538
—16¢* + 320t — 1538 = 0
The graph of s = —16¢> + 320t — 1538 is zero at

=320 = V3207 — 4(—16)(—1538)

2(—16)
=320 £ V3968 40 £ V62
—32 4 ’
40 — V62
Sot = — ~ 8.03 sec or
40 + V62

The projectile is 1538 ft above ground twice: at
t =~ 8 sec, on the way up, and at ¢t =~ 12 sec, on the
way down.

(b) The graph of s = —16¢> + 320t lies below the graph
of s = 1538 for 0 < ¢ < 8and for 12 < ¢ < 20
(approximately). Hence the projectile’s height will be
at most 1538 ft when ¢ is in the interval (0, 8] or
[12,20) (approximately).

(c) The graph of s = —161> + 320t lies above the graph
of s = 1538 for 8 < r < 12 (approximately). Hence
the projectile’s height will be greater than or equal to
1538 when ¢ is in the interval 8, 12] (approximately).
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82. Let the take-off point be located at (0, 0). We want the

4
slope between (0, 0) and (d, 20,000) to be >
20,000 —0 4

d—20 9
180,000 = 44
45,000 = d

The airplane must fly 45,000 ft horizontally to reach an
altitude of 20,000 ft.

83. (a) Let w > 0 be the width of a rectangle; the length is

3w + 1 and the perimeter is P = 2[w + (3w + 1)].

Solve P = 150.
2lw + Bw + 1)] =150
24w + 1) = 150
8w + 2 =150
8w = 148
w =185
Thus P = 150 cm when w is in the interval (0, 18.5].

(b) The areais A = w(3w + 1).Solve A > 1500.
w(3w + 1) > 1500
3w + w — 1550 >0
The graph of A = 3w? + w — 1500 appears to be
zero for w ~ 22.19 when w is positive, and lies above
the w-axis for w > 22.19. Hence, A > 1500 when w is
in the interval (22.19, co) (approximately).
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