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95. (a) y = 92.84t + 487.82 (answers will vary) 97. False.
The equation of the line joining (10, —3) and
(b) For 2000,t = 12 andy = 1,601 2 _eg) is : 9 )
corresponding to $1,601,000. ' —9+3
y+ 3= - 10(x— 10)
(c) The slope isthe average increase 3
per year. y + 3271()(_ 10)
_3 2
4 2
3 21
Forx=—12,y = 4(—12) -5
= —-195
—37
72
= —185
99. The line with slope —4 is steeper. 101. No, the slopes of perpendicular lines are negativ

reciprocals of each other.

Section P.4  Solving Equations Algebraically and Graphically
Solutions to Odd-Numbered Exercises

m  You should know how to solve linear equations.
ax+b=0
An identity is an equation whose solution consists of every real number in its domain.
To solve an equation you can:
(8) Add or subtract the same quantity from both sides.
(b) Multiply or divide both sides by the same nonzero quartity.
m  To solve an equation that can be simplified to a linear equation:
(& Remove al symbols of grouping and al fractions.
(b) Combine like terms.
(c) Solve by dgebra.
(d) Check the answer.

m  A“solution” that does not satisfy the original equation is called an extraneous solution.
m  You should be able to solve equations graphically.
m  You should be able to solve a quadratic equation by factoring, if possible.
®m  You should be able to solve a quadratic equation of the form u? = d by extracting square roots.
m  You should be able to solve a quadratic equation by completing the square.
®m  You should know and be able to use the Quadratic Formula: For ax?> + bx + ¢ = 0,a # 0,

L _ b /B dac

2a '

m  You should be able to solve polynomials of higher degree by factoring.
m  For equations involving radicals or fractiona powers, raise both sides to the same power.
m  For equations with fractions, multiply both sides by the least common denominator to clear the fractions.
m  For equations involving absolute value, remember that the expression inside the absol ute value can be posi-

tive or negative.
m  Always check for extraneous solutions.
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5
1 2T
X X 3
5 4 5 4
TSV RV R ® 2w 723
3
3=3 — #3
8
x = —3 isasolution. x = 4 is not a solution.
5 4 5 4
——— — —isundefined. D 23
© () ~ o'Sundein @ 20/ 1a”
x = 0isnot asolution. -6+ 3

X = % isnot a solution.

1 IXx+ 4
.3+ = =
3.3 12 4 5. 6 +3=4
1 2 J=3+4  _~?
+ = =~ - =
@ 3 D+ 2 4 @ 6 +3=4
4 =14
A
X = —lisasolution 6
1 1 X = —3isnot asolution
+ ———— =3+ =i i
(b) 3 2 12 3 0|sundef|ned JoTa 5
(b) +3=4
X = —2isnot asolution 6
1 2 10, ,
(c)3+0+2—4 3
7 X = 0 isnot asolution
—#4
2 + 2
© VAT 52,
X = 0isnot asolution 6
1 2 By
(d) 3+5+2—4 6
22 X = 21 isnot asolution
— =4
7 J32 + 2
(d)£+3i4
X = 5isnot asolution 6
4=14

X = 32 isasolution

7. 2(x — 1) = 2x — 2 isanidentity by the Distributive Property. It is true for all real values of x.

9. X2 —8+5=(x—4)?— 1lisanidentitysince(x — 4? — 11 =x> — 8x + 16 — 11 = x> — 8x + 5.

1 p—
X+ 1 X+1

11. 3 + is conditional. There are real values of x for which the equation is not true.
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XA S, 1_ 1
13. Method 1: 3 3—4 15. 4+2—x 5
Ox — 32x B5x 1 1
2% =4 4(1) + 4 E) —4(X) —4<§>
—23x = 96 BX+2=4x— 2
X:_% X=—4
23
Method 2: Graphy, =%—%andy2= 4inthe
same viewing window. These lines
. 96
intersect at X =~ —4.1739 = ~53
17. $2+5 —Yz+24) =0 19, 100;4“:5u4+6+6
43)z + 5) — 43)(z + 24) = 40 100 — 4 546
12(”) - 12( u >+ 12(6)
6(z+5 —(z+24) =0 3
6z+30—z—24=0 4(100 — 4u) = 3(5u + 6) + 72
57= —6 400 — 16u = 15u + 18 + 72
6 —31u = —-310
z= —5
u=10
5x —4 2 1 1 10
. == . + =
21 5x+ 4 3 23 x—3 x+3 x*-9
3(5x — 4) = 2(5x + 4) (X+3)+ (x— 3 10
15x — 12 = 10x + 8 X2 —9 -9
5x =20 2x =10
X=4 x=5
7 8x 1 2
25. -~ =4 27. ~+ =0
5 2xX+1 2x—1 X X—5
72x — 1) — 8x(2x + 1) = —4(2x + 1)(2x — 1) 1x—5) +2x=0
14x — 7 — 16x°2 — 8 = —16x° + 4 3x—-5=0
6x = 11 =5
! L _5
6 3
3 4 1
29 =

) +—=
Xx—3) x x—3

3+4(x—3) =x
3+4x—-12=x
3xX=9

XxX=3 A check revealsthat X = 3 is an extraneous solution, so there is no solution.
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31.

33.

35.

37.

39.

41.

47.

y=x—-5

Leey=00=x—-5 0O x=5 01
Leax=0y=0-50 y=-51010

y=x+x-—2

Lety=0 X +x—-2)=xx+2x—1) =00 x=-210
Let x=0y=0+0—-2=-2 01

Yy =XJX+ 2

Lt y=00=xyx+2 O x=0,-2 0O
Lt x=0y=0/0+2=0 O

y=|x-2-4

Leey=0 |x—2/-4=0 O

(5,0
(0, —5) y-intercept

x-intercept

(0, —2) y-intercept

(0,0) y-intercept

Llet x=0:[0-2 —4=|-2/-4=2-4=-2=y O

Xy—2y—x+1=0

Leey=0 —x+1=0 0O x=1 0O

(1,0) x-intercept

Le x=0 —2y+1=0 O y=% O (O%) y-intercept

y=12 — 4x
12 -4x=0
12 = 4x
3=X
a
\\
o

L |

11/111

41

AT

43. y=x2—-25x—6
x2—-25x—6=0
x—4)(x+15 =0
x=4,-15

_9\111111\1

111/111119

TT T T T [ TTT1 &

(3,0

Xx—2/=4 O x=-26 0

(0,0), (—2,0) x-intercepts

45,

y=0=2x—-1)—-4=2x—-2-4=2x-6 O 2x=6 O x=3

(=2,0),(1,0)

x-intercepts

(—2,0),(6,0) x-intercepts
(0, —2) y-intercept

_x+2_x—1_1
¥=73 5

x+2_x—1
3 5

5x+2 —3>x—1)—-15=0
2X =2

~1=0

Xx=1

-3\t ! !
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49, 6

i \ (10,0)
2 It T T N L1 )16

y=0=20—-(3%—-100=20-3+10=30-3x O 3&x=30 O x=10

51. 27 — 4x =12
—4x = —15

27— 4x— 12 =10
y=15-4x=0
x=375="2

20

53.  25(x — 3) = 12(x + 2) — 10 4

25x — 75 = 12x + 24 — 10 I

13x—89=0 2T / n

X =13

y=25x—-3)—12(x+2) +10=0
X = 6.846

X 1
55, X 4 S(x — 2) = 10
> tax 2

10

6x X 1
—+—-=10+ -
4 4 2
_2

2
=6

x
4
X

1
“(x—2) - 10 =
4(x ) 0=0
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2X 24 3 4

573210—Y 59_X+2_X_2:5
§(3x) = 10(3x) — g(3x) 3(x—2) —4x+2) =5x+ 2)(x — 2
3 X 3X—6—4x — 8=5(x2—4)
2x2 = 30x — 72 0Bt x—6
2x2 — 30x + 72 =0 0= b D¢+ 6
x2—15x+36=0 6
(x-3)(x—12=0 x=1-F
x=3,12 3 4

’ y = - -5=0
X+2 x—2
y=§—10+% N

3 X \}
) R ¥ I S I

\ / N
-5 \‘-/“ L 25 j : /—
=T x= 1.0, —1.2
x=3,12
61 3(x +3) =51 -x — 1 C
AX+9=5-5b5x-1 /
8x= -5 /
x=—2 S / R N
y=3x+3)—-51-x+1=0 -
X = —0.625
2
63. 23 —x2— 18 +9=0 65. x*=23+1 67. X+2:3
x = -3.0, 05, 3.0 X*—-2¢—-1=0

30 x = —0.717, 2.107

AW ST

1N RN, -

= —
=
69. |[x—3] =4 4 71 y=2-xXx
x—3 -4=0 74\\: ...... pan y=2x—1
x=-17 \/ 2-x=2-1
3=3x
-8 x=1Ly=2-1=1

xy) =11
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B.x—y=—-40y=x+4
X2 —y=-20y=x2+2
x2+2=x+14

x>—x—2=0
x—2(xx+1=0
X=2,y=6
x=-1Ly=3
(2,6),(-1,3

79. y = 2%?
y=x*— 2%

xy) = (0,0, (28), (-2,8)

i
I

(2.8

Y (R W

IS

S nnnnn) (ARRARRRRRREE]

]

85. 3+5x—22=0
B-x1+2x) =0
3—x=0 o 1+2x=0

x=3 or x=—%
89. x> =7
X=+.7
~ +2.65

95. (x — 7)?2 = (x + 3)?
X—7==x=KXX+3)
X — 7 = X + 3impossible
X—7=—-x+3)02x=4
Ox=2

75.y=9—2x T77.y =4 — X2
y=x-3 y=2x-1
(4, 1) (x,y) = (1.449, 1.898),
(—3.449, —7.899)
6 (1.449, 1.898)

L1111 1110

(-3.449,-7.899) ~10
8l 6x2+3x=0 83 x—-2x—-8=0
X2x+1) =0 x—49x+2=0
XxX=0o 2x+1= 0 X—4=0 o x+2=
x=0 or X=—3 X=14 or X=—

87. X2+ 4x = 12
X+4x—-12= 0
x+6)Xx—2= 0
x+6= 0 oo x—2=0

X=—6 or X=2
91. (x — 12)2 = 18 93. (2x — 1)2 = 18
x— 12 =132 2x—1=+./18 = +3./%
x =12 + 3/2 x=+3/2+1
x~ 1624 or ~ 7.76 x=+3/3+1
X=2620r =~ —16
97. X2+ 4x = 32 9. x¥¥+6x+2=0
X2+ AX+4=32+4 X2+ 6x = —2
(x+2)2 =36 X2+ 6x+ 32=-2+ 32
X+ 2=4+6 x+3?*=7
X=—-2%6 X+ 3 =27

X= 84 x=—-3+/7
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101. 92 — 18x + 3 =0 103. - x*+2x+2=0 105. x>+ 8 —4=0
1 2
2 == ~b + /b7 — 4ac
X¥— x+3=0 X = oa (- —b* Vb7~ dac
x2—2x——1 2a
T3 =2 V22 - 4-1)(2
1 - 2(-1
X—=2x+12=—--+1° (1) —8+ JE—AN(—-4
3 -2+ 23 =
(x—12=" —2
3
2 _ —8x45
X—1== 5 2
L2
RV =—4+2/5
NG
=1+
X 3
107. 4x* + 16x + 15=0 109. ¥ —-2x—1=0 111. (x + 3)° =81
—b + /b? — 4ac X—2x=1 X+3=zx9
- 2a 22X +12=1+ 12 X+3=9 o X+ 3= -
—16 + /162 — 4(4)(15) — -
_ 16+ :;6(4) 4(4)(15) (x— 1) = 2 X=6 or X
_ —16+ /16 x—1==2
8 x=1=+ 2
1 3 5
=2+ =-"- _=
272 2
2 11 2
113. X—X—Z=O 115, 4x*—18x* =0
2(9v2 _ Q) —
e 111 2322 - 9) =0
4 4 4 2¢=0 O x=0
3J2
( 1)2 22-9=0 O x=¢—f
x—=] =3 2
2
X—2=x/3
2
x=2z1 /3
2
1 1
X—§+\/§,§—\/§
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117. x*—81=0
X+9x+3)(x—3)=0

119. 5x3 + 30x2 + 45x = 0
5X(* + 6x +9) =0

121. x¥—-—3x%—-x+3=0

X¥(x—3)—(x—3)=0

X2+ 9=0 Norea solution. 5x(x +3)?=0 x—3)(x2-1) =0
5x=0 0O =0

X+3=0 O x=-3 X X x=3)(x+1Dx—-1) =0
X+3=0 O x=-3

x—3=0 0O x=3 x—3=0 O x=3

X+1=0 O x=-1

X—1=0 0O x=1

123. X —42+3=0 125. 4x* — B65x¢ + 16 =0

-=3x*-1=0
(x+ V/3)x— V3)x+x—1) =0

Xx+V3=0 0O x=-J3
x—J3=0 O x=.3
x+1=0 O x=-1

Xx—1=0 0O x=1

1 8
127. tE+I+15:0

1+ 8+ 15t2=0
@+3)(1L+5)=0

1+3t=0 0O t=

1+5=0 O t

|
gl Wik

131, /x—10-4=0
Jx—10=4

x — 10 = 16

X = 26

135. Jx —Vx-5=1
IXx=1+/x-5
(VR = (L + x5
x=1+2/x—-5+x—-5

4=2/x—-5
2=Ux—-5
4=x-5

9=x

(42— 1)(x*—16) =0
22X+ D2 -Dx+4Hx—-—4 =0

x+1=0 O x=—3
x-1=0 O x=3
XxX+4=0 O x=-4
x—4=0 0O x=4

129. 2x + 9/x - 5=0

2vx—1)(/x+5) =0
X =

(VX = —5isnot possible)

O x=

N =
Al

Note: You can see graphically that there is only one

solution.
133 x+1-3x=1
Ux+1=3+1
X+1=92+6x+1
0 = 9% + 5x
0=x9 + 5)
x=0
X+5=0 [0 x=—3,extraneous

137. (x — 5?3 = 16

X — 5= +16%2
X—5==64
X =69, —59



29 PART |: Solutions to Odd-Numbered Exercises and Practice Tests

139. 3x(x — Y2 + 2(x — 1)¥2 = 0

x—1DYY3x+2(x—1)]=0

x—D¥?5x—2) =0
x—-1¥2=0 O x-1=0 O x=1

5—2=0 O x= %Which is extraneous.

141, 27Xy
20 — X = X2
0=x2+x—-20
0=x+5x—-4
Xx+5=0 O x=-5
x—4=0 0O x=4
143. 1— 1 =3
X x+1

X(X + 1)% — X(x + 1)XT11 =X(x + 1)(3)

X+ 1-—x=3xx+1)
1=23¢+ 3
0=3x+3—-1 a=3 b=3 c=-1

-3+ /B2 -43(-1) -3=x.21

x= 23) BT
145, w3 +% 147. |2x-1/ =5
X Xx-1=5 [0 x=3
3 1
(2¥)(x) = (ZX)<X) + (ZX)<2> -2x—-1)=5 0O x=-2
2% =6+ X

22 —x—6=0
2x+3)(x—2=0

2Xx+3=0 0O x=—g

Xx—2=0 0O x=2

149. IX| =x2+x—3

X=X+x—3 OR —X=X4+x—-3
x>—-3=0 XX+ 2x—3=0
X=+J3 x—1Dx+3) =0

x—1=0 0O x=1
Xx+3=0 O x=-3

Only x = /3, and x = —3 are solutions to the original equation. x = —./3 and x = 1 are extraneous. Note that
thegraph of y = X2 + x — 3 — |x| has two x-intercepts.
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151 y = x® — 2% — 3X

@ (€ 0=x3—2¢x> — 3x
I 0=x(x+ 1)(x— 3
Bl S R . L1411 1119 XZO
Xx+1=0 O x=-1

x—3=0 O x= 3

TT T T o

N|FTTT L

(b) x-intercepts: (—1, 0), (0, 0), (3, 0)

153. y = J1Ix — 30 — x

@ 2 (© 0= J1Ix— 30 — x
Y N Y x = J11x — 30
i x2 = 11x — 30
¥ —11x+30=0
s x—5x—-6)=0

Xx—5=0 O x=5

X—6=0 O x=6
(b) x-intercepts: (5, 0), (6, 0)

1 4
5. y=————-1
y X x-—1

1
(@) U ©o= - "
A =x—1)—-—4xx—-—x(x—-1

0
e e,
i\: F- 0=x—1—4x—x+x
I 0=-x-2x-1

O=x*+2x+1
0= (x+ 1?2
(b) x-intercept: (—1, 0) x+1=0 O x=-1

157 y=|x+ 1| — 2

@ 8 (©0=|x+1 —2
r 2=|x+1|
lllllllllglllllll X+1:2 Or _(X+1):2
-10 \/{ 8
L x=1 or —-X—1=2
)
-x=3
X= -3

(b) x-intercept: (1, 0), (=3, 0)



