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Skills & Concepts You Need for Chapter 13

5-10 Multiply.

1. (x —5)2

6-8 Solve.

3. x2—6x=0

10-6 Solve.

5. 0+8=3

11-3  Simplify.

7. V88 8. V20

11-5 Rationalize the denominator.

1L \/’? 12. \/";g 13. \,fg

12-7 Graph the following quadratic functions.
15. f(x) = x2 -1 16. y = —x*+2




Teach the Mathematics (continued)

itions of the Form
+bx+c=0

rd Example
2 —4x = x — 6.
<E5x46=0
)(x =3) =0
' or x=3

CTICE/ASSESS

Uiz
in standard form and determine
nd ¢ for
9x + 3.
9% —-3=0
ol P e
3x2 = 2x =0,
or X = %

x2 = 7x = 10,
or x=5
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Equations of the Form ax’ + bx +c= 4
Objective: Solve an equation of the form ax? + bx + ¢ = 0.

We can also use the principle of zero products to solve equations of the form

ax? + bx + ¢ = 0,if ax? + bx + ¢ can be factored.
EXAMPLE 4 BRI
y2—5y+6=6_v—18
yE—1ly +24=0 Standard form
(y—8)(y—-3)=0 Factoring
y—8=0 or y—-3=0
y=8 or y=3

Substitution will show that 8 and 3 check. The solutions are 8 and 3.

Try This

£3x2+x-2=0

Solve.

g x*+4x +8=8x+29

13-1 Exercises

A

Write each equation in standard form and determine a, b, and c.

3, 2¢2 =
6. 9x2 =x+5
9.2x —1=3x2+7

2.x2 -8 —-5=0
5. Tx2=4x—-3
8. 2x=2x2-5

1. x2-3x+2=0
4. 5x2=9
7. 5 = —2x% + 3x

Solve.

10, 2 +7x=0 1L 22+ 5x =0 12, 3x2 + 6x =0
13. 4p2 +8p =0 14. 5x2 —2x =0 15. 32 = Tn =0
16. 4x2 + 4x =0 17. 22 =2t =0 18. 10x2 — 30x =0
19. 10x? — 50x = 0 20, 55x2 — 11x =0 21. 33x%2 + 11x =0
22, 14x2 —3x =0 23. 17x2 - 8x =0 24, 3x2 - 8lx =0
Solve.

25, pt—16p +48=0 26. x2+8x—48=0

27. 2+ Tx+6=0 28. x2+6x+5=0

0 30. 2+ 7x—18=0
32. x2—8x+15=0

29, m? + dm — 21
3.2 -9+ 14 =

= ]
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6.9x2 —x—5=0;
=9 bh=-1¢=-5

7.2x2=3x45=0;
=2 b=-3c=5

8. x2=2x~5=0;
a=1b==2,c==5

9.3x2 = 2% +'8 = 0;
a =3 be=2c=8

10. 0, =7

11.0, =5

1202

13.0, =2

2
14.0, £

Chapter 13 Quadratic Equations

15.0,% 26.4, —12
27 =8
13'3‘1‘ 28 =125
Er 29,3, =7
19.0. & 30.2, -9
Ha 31.2,7
20.0, 3 32.3,5
1
21,0, =%
3
220,
8
23.0, 15
24.0,27
25.4,12

e




Y

E

E-_

¢ 33 x%+10x+25=0 34, 2 +6x+9=0

P35 a2-2x+1=0 36. 22— 8x + 16 =0

E 37 222 - 130+ 15 =0 38, 632+ x—2=0

L 39. 3¢ - 102 -8 =0 40. 962 — 15b + 4 =0

b 41, 3x2—7x =20 42, 6x% — 4x = 10

B3, 222 + 120 = -10 44, 1222 = 5x =2

f 45 62 +x—-1=0 46. 6x2 + 13x +6=0
2x% +3x =35 48. 12x2 + 7x —12=0

= Solve.

E 49, ¢t - 5) =14 50. m(3m + 1) =

b 51 3)2 + 8y =12y + 15 5218 +2:=22 -5z

F 5319+ 1) =4(2 +9) 54. 16(p = 1) = p(p + 8)

§ 55, (2x - 3)(x + 1) =4Q2x - 3) 56. Bx—D(2x +1) =32x+1)
£ 5. 2m—-1(m+3) = ~2(m+4) 58. (m+2)(2m+3)=(m+ 2)2
b 50 1=122 60. 22 +V3x =0

e 1. V52 -y=0 62. V752 +V3x =0

b 63. \/gy2 +y=0 04. ‘\/gxz - \/gx =

£ 5. Critical Thinking Find a quadratic function, f(x) = ax? + bx + ¢,

The graph of a quadratic
function is a parabola.

with x = —% as its axis of symmetry and whose value for cis 7. The axis of symmetry

: contains the vertex of the

. Challenge parabola. See Lesson 12-4.
Find an equation of the indicated form having the solutions shown.

Equation form Solutions Equation form Solutions
f. 66. ax* + bx =10 0, -6 67. ax? +bx +c=0; 4, ;

f 8. a2t bx+c=0 %5 69. ax® + bx? + cx = 0; ol—3

B 70. Write a Convincing Argumeni  How many equations have the

: form ax* + bx + ¢ = 0 and solutions 2 and 5?

Determine the replacements for the variables that give real numbers.

72. Vx =3 7. Vx+5 74, V3x — 2
75, 42— 10m -6 76, 2—c—-9 7. y*—121

78, 9x2 + 63x + 54 79. x2y + 4xy + 4y

80. 2ab + 2bc + 3ad + 3dc  6-2,6-4,6-5,6-7
Write roster notation for each set. 8L G = {x|x is a positive factor of 6)

H = {y|yis a perfect square and 20 < y < 50} ¢/
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43, =1, -5 52:=2,8

A4 Zhad 53.4, =5
* 3!. Tl
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66 X2 BN =0 v
67. 4x2—19x+12_o
68. 5x2 4 23x - 10 =0
69._-2x + SJc iR =0

elymany’

75, 2(2m ¥ 1}(m % 3)
.-76 (c - 9)(c = 10)

I ngrod_u"crfbn__ta' Quadratic Equat




i b b

Try This

k. Suppose $400 is invested at interest rate r compounded annually

and grows

to $520 in two years. What is the interest rate?

A
Mental Math

Solve.

1. x2 =121
4, 3x% =30
Solve.

7. 42 -25=0
10. 5x2—16=10
13. 25n* - 36 =0
Solve.

16, (x — 2)2 =49

19. (b—-3)>=6
2 (x-7Nr=12
25, (y + 4)? = 36
Solve.

28. 2 +2x+1=281
30. y2 + 10y + 25 = 121
32 omt+am+4=29
34, ?—-6x+9=091
36. n* — 8n + 16 =15

13-2 Exercises

11.
14.

17
20.
23.
26.

=10 3. 5x%2 =35

5q* =3 6.2x2 =5

9x2 —4=10 9, 3x2 —49=10
4y2 -3 =9 12, 499m* — 16 =0
5d% — 100 = 0 15. 100x2 - 5=0
(x+1)2=6 18. (d + 3)* =21
(x +13)* =8 21. (x — 13)> =64
(n+1)2=14 24. (x +9)> =34
(m +10)2 =15 27. (v = 5)2 =20

20, ¥2 - 2x+1=16

31 y2 — 12y + 36 =49
33, 2 + 16¢ + 64 =15
35, x2 — 14x + 49 =19
37. d2 + 24d + 144 =8

For Exercises 38—41, use the formula —5(2 + wyt + ¢ =h.

38, A ball is thrown upwards from a height of 20 m with an initial velocity of
15 m/s. In about how many seconds will it hit the ground?

39, Eddie threw a stone into the lake from the end of a pier that was 4 m
ahove the lake surface, He released the stone with an upward velocity of
19 m/s. About how long did it take for the stone to hit the water?

40. A rock 80 m up the face of a cliff breaks loose. About how long does it
take the rock to fall to the ground?

41. While cleaning a squirrel nest from a gutter on her house, Mrs. Daugherty

threw an acorn downwards with a speed of 1 mis (vp =
long did it take the acorn to fall 4 m to the ground?

—1). About how

\m»%
@E Extra Help
'%«*’ On the Web

Look for worked-out

examples at the Prentice

Hall Web site.
www.phschool.com

3. PRACTICE/ASSESS
LESSON QUIZ
Solve.
1.25x2 =4
AL
M= b g5
2.(x — 5)%2 =64
x=13 or x=-3
3.x2—6x+9=4
=1 or x=5

Assignment Guide

To provide flexible scheduling

lesson can be split into parts.

V¥ Core 1-15, 17-27 odd, 43—
Extension 50-53

¥ Core 16-26 even, 28-37, 4.
even
Extension 54-57, 63, 68

¥ Core 38-41, 58-62, 64, 65
Extension 66, 67, 69, 70

Use Mixed Review to maintai

13-2  More Solving Quadratic Equations 583
i 5 T2 RS D R T E;
BEE 30.6, ~16
\/3 31.13, -1
73 : :
B 32.-2 + V29
10, + 82 33. -8 £ V15
3 Vi
e 34,3 + V91
T 35.7 + V19
12.&3 LS
! 36.4 + V15
13, +8 25.2, =10 37, =12 4 2V/2
14, £2V/5 26, ~10 £ V15 o g
15, £42 27.5 £ 2V/5 0.4
i2 28. -10,8 a1 35
s 29, +3,5 2
17. =1 £ /6
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The amount P is invested at interest rate r compounded annually
and grows to the amount A in two years. Find the interest rate.
Use A = P(1 + ).

42. P = $100, A = $121 43, P = $2560, A = $3610
44. P = $6250, A = $7290 45, P = $400, A = $453.69
46. P = $1000, A = $1267.88 47. P = $4000, A = $5267.03
48. P = $1600, A = $1772.41 49. P = $1000, A = $1232.10
B

Solve for x.

50. 4x2 —-(r—l)‘-— -51.(:—3;)2—45’

52, 2(3x + 1)? = 53. 5(5x — 2)? =13

54, 9x2 —24x + 16 =2 55. 64x2 + 48x + 9 = 100
RG.T'—I"'T{—l 57.%3—_1,i2=4

58. A diver springs upward from a 10-m diving board with a velocity 01’% ms.
In about how many seconds will she enter the water?

When an object is dropped, or thrown downward with an initial downward
velocity vy, the approximate distance (d) i m meters the object travels
in ¢ seconds is given by the formula d = 52 + wyt.

59. A 134-m tall Detroit department store building was destroyed by
controlled implosion in 1998. Use the formula above to estimate how long
it took for a piece that broke away from the roof to reach the ground.

60. When a tall concrete chimney was imploded at a copper smelter in
McGill, Nevada, in 1993, a piece of concrete from the top took 6.75 s
to reach the ground. About how tall was the chimney?

61. a. Multi-Step Problem  Three of the most striking vertical
geological features in the American West are Chimney Rock in
Nebraska, Devils Tower in Wyoming, and El Capitan in California.
They rise to heights of 136 m, 386 m, and 1095 m, respectively, above
the surrounding land. For each of these natural landforms, how long
(to the nearest tenth of a second) would it take a dropped object to fall
a distance equal to the height?

b. An object is thrown downward from the top of El Capitan. What initial
velocity must it have in order to fall 1095 m in the same time it takes a
dropped object to fall 386 m? 136 m?

62. An object is dropped, in turn, from the tops of two of San Francisco’s

When a 100-m tall bullding is tallest buildings, one 260 m tall and the other 237 m tall.

iniploced, aiout Howlang doss & a What is the difference in the times it takes to reach the ground?

take for a piece that breaks off Write ;& A 2

from the roof to fall to the ground? b. Write a Convincing Argument  The difference in the heights
of the buildings is 23 m. Is the time difference in part a equal to the
time it takes the object dropped from the taller building to travel the
first 23 m, the last 23 m; or neither?

584 Chapter 13 Quadratic Equations

Exercises 52. ; 1 Photo caption: 4.5
y 61.a. 5.258.8s 1485

42.10% 4 ‘ 5,885,
43, 18.75% 53.5, 0 b. About 81 m/s; about 184
44. 8% 54.1(4 + V2) m/s
45, 6.5% T3 7 62.a. About 0.3 5

. 5.3 8 The last 23 m
46, 12.6% 88 b. f 23
47.14.75% 56. 4, -2
48, 5.25% 57.1, _%
49, 11% g 2
50. 1 58.gor 1g -

} 59, About 5 s

Sty h - 60,228 m ‘
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63. Critical Thinking Solve the quadratic equation x2+4x +4=09.
Check each solution by substituting it for x in x* + 4x + 4 and
simplifying. Then solve the quadratic equation 22 +4x +4=8.
Check its solutions by the same method.

The triangles shown are right triangles. Use the Pythagorean theorem to find
the value of a.

64.

|

|
!
| Choose the best
| answer.

i 1. Find (a) the set

| of solutions of the

| quadratic equation
| 2 +2x=15=10

‘i and (b) the axis of |
| symmetry of the !
| graph of the related |
| guadratic function

w

e AR T e PO R

3 a

R

Challenge

i

In Exercises 66 and 67 the interest is compounded annually and the interest

_ rates are annual rates. | f(x) = x2 + 2x — 15.

I 66. a. For an investment of $2000 to double in value in two years, what would Aa s a5

i the interest rate have to be? | bl

b. Mathematical Reasoning Wil an interest rate of 30% double |

5 _ : > { B a. {3,-5}

g the value of an investment P in 2 years for some, all, or no values of P? by

E Explain.

i 67. In two years you want to have $3000. How much do you need to invest £ ab‘ i—z'f}

E now if you can get an interest rate of 5.75%" i !

® 68 Multi-Step Problem Solve y* — 4y* + 4 = 0. (Hint: Let x = . B i‘i'i}

g Solve for x, then solve for y after finding x.) eate |
;» 69. The amount of $1000 is invested at a quarterly interest rate of 2% | 2. Estimate the I
. compounded quarterly. What is the total amount in the account at the end . x-intercepts of the :
8 of two years? - guadratic function

70. The amount of $2000 is invested at an annual interest rate of 12%
compounded quarterly. What is the total amount in the account at the end
of two years? (Hint: First calculate the quarterly interest rate.)

' graphed below.

" Mixed Review

Mixed Review
73

Graph each function. 7. flx) = x2 =3 72 g(x) =3 - x% 124

Ve /d5y3
Divide and simplify, 73, A2 74, YA g5, VG g6 —\/‘—_f 115

\'5 sy V9

T O T et e

. Find the indicated outputs for these functions. | E :% Zzg 33 [
7. f(1) = 2% — 4 + 1; find f(=2), f(1), and f(3). i a3 l
78. g(x) =|x| = 5; find g(=7). g(—2), and g(1). 1 J -3and1 |

e s

79. h(s) = s> — 5; find h(—3), h(1), and h(3). £, BaihTadbes A0
80. = x* + 2: find f(~=2), f(0), and f(3). 12-1 . B; Algebra 14. 72.
f(x) = x* + 2; find f(~2), f(0), and f(3) 2 6 Aloebra 21.0

132 More Solving Quadratic Equations 585

P R T T T B R e S s S T T AT O -
Exercises 66. a. About 41.5%; see answer for 67. $2682.63
63.x = 1,X = —5; check ~ parth. 68.x = 2,y = £V2
students’ work. b. No values of P; for Pto double,  69.$1171.66 T R e S
¥ o N2 hack 2P=P(1+ 0% (1+0*=2 70. $2533.54 =
iR RO r=V/2 = 1=04142 ~ 41.5% 73.V2
64.a =1 (rounded up). An interest rate of 74. 3y (y>0)
65.a = 12 about 41.5% is needed to 75.3V/3
double any value of Pin 2 years. 2 Ve
: ! RN
FLAL T
78. 2, -3, -4
79.—-32, —4,22
80.18, 2, 83
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A R
Complete the square. i
1. x% - 6x 2, y*+ 8y 3. m?+ Tm .
4. 2 - 5t 5. x%+4x 6. n?— 12n

7. 2% — 20z 8. y2+ 9y 9, x2 + 15x

Solve by completing the square.

10. x2 —6x—16=10 1. mt+8m+15=0

12, 2 +2x +21 =0 13. x2 + 14x = 15=10

14, 2 -2x-5=0 15, x2 —4x—11=10

16. n2 = 22n + 102 =0 17. x2 - 18x+ 74 =0

18. x2 +10x —4=10 19. x2 - 10x —4=0

20. 2 -Tn—-2=0 2. 2+ T7t-2=0

22. x2+3x—-28=0 23, x2-3x—-28=0

24, 2x2 +3x—-17=0 25, 212 —3r-1=0

26, 3x2 +4x—1=0 27. 3x2 ~4x—-3=0

28, 22— 9x - 5=0 29, 2x2 —=5x—12=0

B

Complete the square.

30, x2 + 7+ 36 3. x2 42455 32, 4x2 + 20x + 7

33, 4x2+ 7+ 16 M. 2+ 7+¢ 35, ax2 + 74 ¢

36. Critical Thinking Solve ax? 4+ bx + ¢ = 0 by completing the
square. Express your answer in terms of a, b, and c. If the equation has
real-number solutions, what restrictions must there be on &, b, and ¢?

Chalienge

Solve for x by completing the square.

37, x2 — ax — 6aZ =0 38, x2+4bx +2b =0
39, Z2-x-c2-c=0 40. 3x2 = bx+1=10
M. kx+mx+n=0 42, b2 — 2bx + 2 =

| Miixed Review
T T T

s o : - =r—r—

Find an equation of variation where y varies directly as x, and the following
are true. 43, y = 11whenx =4 44, y =16 whenx =8

Identify as rational or irrational. 45, V15 46 V225 47 V144 11
Solve. 48. V2x+3=5 49. —Vax=4

Quadratic Equations

314 2x V55 4], —Mmx ."_v’f_fo._:'..EJ';
32,25 2k
33, +16x
34, £2xV
35. +2xVac Mixed Review

b ASPE — Aac 19
36, b £ b2 - dac, 4.y = G

a0 bi=dac 44,y = Zx
37. 35 _';_,E 45, jrrational
38 };P o J_/'—_I—: = 46. HE’-LIODﬁi

sT2b £ Veoled = 1) 47. Rational

39 c+ 1,.-€ 48:11

b —_{32_‘ 49, o real-number
40. 6 solution




£
.i.

13-4 Exercises

A

Solve using the quadratic formula.

1. x2—4x =21 2. x2+7x =18 3. x2=6x-09

4, x*=8x - 16 5.32-2y-8=0 6.3y?-Ty+4=0
7. 4x2 + 12x =7 8 4x% 4+ 4x = 15 9, x2 -9 =0
10, x2—4=0 1L x2-2x+1=0 12. x2—-4x-7=0

13. 2 - 10y +22=0 14 y>+6y—9=0 15 x2+4x+4=7

16 2 -2x+1=5 17.3x2+8x+2=0 18 3x* - 4x—-2=0

Use the quadratic formula to find the roots of each polynomial.

19. 4y% + 3y — 1 20, 4y% + 4y + 1 21. 3x? + 5x

22, 52% =% 23. 4x% - 100 24, 512 - 80

25. 2 26. 4y% + 3y + 2 27. 3x2 — 8x + 4

28. The height of a drop of water at ¢ seconds after being shot upward
from the fireboat is & = 20 + 76r — 1612 feet. Assuming no air
resistance, how long does it take for the drop to hit the river?
(Hint: Let & = 0.)

Solve using the quadratic formula. Give solutions to the
nearest tenth.

29. 2 —4x—7=0 30.x242x-2=0 3L y?2—6y-1=0
32, 4x2 + 4x =1 33, 4x2 = 4x + 1 34, 3x2 +4x —2=0
35 32 —8x+2=0 3622 +6y—-2=0 37.x2-3x+1=3

38. 2x2 — 10x + 9 =10 39. 5x% = 6 + 2x
Find the value of the discriminant to determine the number of real-number
solutions for each quadratic equation.
4. x*-5x+7=0

43. &% +12a+36=0

)

42, x> —8x+3 =10

4. 2m - m—-6=0

Use the discriminant to determine whether the graph of each quadratic
function intersects the x-axis in zero, one, or two points.

45. f(1) =42 -3t + 3 46. y =2x%—4x — 6

47. f(x) =3x2-3x + 4 48. p= —3¢2 + 49 +2

Find the x-intercepts of the graph of each gquadratic function.

9. y=(x—4)(x+3) 50. y = (x — 5)°

5L y= ¥ +1 52. y = x(x + 10)

\nte,

@ ;iatielp 3. PRACTICEIASSES:
2% On the Web LESSON QUIZ

Look for worked-out

examples at the Prentice

Hall Web site.
www.phschool.com

Solve using the quadratic form
1.2x2 = 5x+2=0
x=2 Cor xX= }

2.3x2 +4x +1=0
X =1 0or X= —%

3. Find the discriminant and ¢
the nature of the solutions
following equation.
3x2 —4x+8=0
—80, no real-number solut

Assignment Guide
To provide flexible schedul
lesson can be split into par
¥ Core 1-39 odd, 49-59 oc
Extension 62-68 even, 6
¥ Core 2-40 even, 41-48, !
even
Extension 61-67 odd

Use Mixed Review to maint

A fireboat salutes by shooting
water into the air. How high does
the middle stream of water reach if

water height is described by the
function h = 20 + 76t — 16t27

13-4 The Quadratic Formula 593

Exercises 1.1 21. __%‘ 0 29.-1.3,53 41. -3, no real-numhber solut
16=3. 7 122 + 311 Y 30.-2.7,07 42. 52, two real-number solut
25495 13.5 4 \/3 22.0, ¢ 31.-0.2, 6.2 43. 0, one real-number solutic
3.3 S o 23.-5,5 32anvki2; 0.2 44, 49, two real-number solut
4.4 s34 3\('_2 24. <4, 4 33:0.2,1.2 45, zero points
5._4 5 15.-2 = V7 25. No real-number 34. -1.7, 0.4 46. two points

3 16.1 + /5 roots 35.0.3,24 47, zero points
6.1, % A0 26 M6 real-nurmbar 36.-3.3,0.3 48. two points
o Tt £ =
LA o 2 o A 5
8;=3 3 18,24/ 10 ;; é 2 39.-0.9,1.3 51. None
% M S CEVERGT 40.0.7, —0,7 52.-10,0
=3, -~ b Photo caption: 110.25 ft
10.-2, 2
20, -1

13-4  The Quadratic Foi
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Practice
Multiple Choice

t Choose the best
| answer.

1. What term should
be added to both
sides of the equation
to “complete the
square”?

+%t+2=2+21 |

64
Mol
B 5
Ut S
‘} S G .'225
16
49
2. Solve.

{22+ 7x+9=0
i

e 5 ST
no real-number
solutions

e e \/4 =23, ]
! |
| no real-number {
i solutions. |
{ L i
| H: o= =501 |
| G 9 i
i 1 ox=-1,3

H

1. D; Algebra 19.0
2. F; Algebra 20.0

594 Chapter 13 Quadratic Equations

67. a. all 70. Check students’ work. Mixed Review
b.all 71.two; -4, 3 74.%x2 + 7x ~ 8 = 0;
¢. some 72.0ne; 1 ai=iTb =7 ¢i=-~8
68.a. -2 73.two; 3, 3 75.4x2 + 5x + 16 = 0;
b.§ a=4,b=57c=16
Pt 76.3x% — 8x =22 =0
e a=3hb=-8c=-22
d- 7o SRR 77}’:5'4
T 3 X
69. The two roots are A:Tg--——-if and 78,y = 01
e : ; =
b—\—'rzgi. Their average is 79.6
1 <b ~ VP2 —dac , b+ b= dac) _1(=2bY - _ b e :
2 2a i Za T 2NRan) TS 81.5(m — 3)°

Chapter 13 Quadratic Equations

B

Solve.

53. 5sx+ x(x—=T =0 54 x(3x +7) —3x =20
55, 3-x(x—3)=4 56. x(5x—7) =1

57. (y + 4)(y + 3) = 15 58, (y + 5)(y — 1) = 27
59. (x +2)2+ (x+1)2=0 60. (x +3)2+ (x+1)2=
Use a graph to find the roots of each polynomial.

61. x2 +2x — 8 62. x — 8x + 16 63. x> + 1

Use roots and the vertex to “quick sketch” a graph of each quadratic functiop
(Hint: The graph has an axis of symmetry.)

64. y = (x + 4)(x — 2) 65. y = x(x + 6) 66. y =1 (2x - 3)2x + 7

67. Critical Thinking For the given condition, will ax? + bx + ¢ =
have two real-number solutions for some, all, or no values of p?

"JII—‘

a. when b* > 4ac b. whenac <0 c. whena>0and¢ >
Challenge b
68. Multi-Step Problem  Use the two roots given by the quadratic

formula.

a. Find a formula for the sum of the roots.

b. Find a formula for the product of the roots.

c. Without solving, tell the sum and product of the solutions of
2x2 + 5x — 3 = 0.

d. One solution of 2¥2 + bx — 3 = 0 is 5. Find the other solution,

Write a Convincing Argument By symmetry, the average of o

the roots of a quadratic function is the x-coordinate of the vertex of

its graph. Use the roots given by the quadratic formula to show that
the x-coordinate of the vertex is — ;ib;

69

70. If f(x) = ax® + bx + ¢, and ry and r, are two real roots given by the
quadratic formula, show that a(x — r)(x — r) = f(x).

SR T i

Use factoring to deétermine whether the graph of each quadratic function has
Zero, one, or two x-intercepts. State the intercepts.

.ff_l):,\ +x=12 72.f(‘j_3_‘.2_6x_!_3
73. f(x) = —6x2+ 11x — 4

ol i i =:‘-:-}.;.

Write in standard form and determine a, b, and c. 74, x2 4
75. 4x2 + 16 = =5x  76. 3x* — 12 =8x + 10 13-/
Find an equation of variation where y varies inversely as x. One pair of valu
is given. 77. y =16 whenx =4 78. y=01whenx=1 1246

Solve. 79. 11 —-V30+x=5 80 \/21 +2=V5:-13 1‘4 11-9
Factor. 81. 5m? — 30m + 45 82. 2 —ct—c+1

B W s e e Pl R Sy s B i

82.(c— 1)2%(c+1)
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A
Solve each rational equation. Use the quadratic formula as needed.
1.x+3—.‘c 3 2.}_,__2—_\"'-'2 3 3 = %
4 251=3 5. 5+4= 6. 4-2=2
= H n® n a a
Lt i e ol T o
T mEI B wiEa= g e Sl Sl
XE __L_ )"1"2_ 1
10 x + 3 Xv_a'—o 11 y v+ 2
8 . 4L LR ) EEe
12‘x—’2+.\'*—2_3 13'x—2 ,1'44—2_5
M1+ =3 g5 330
x*=d =2 =3 =g
B, N =, <
16, -5 —5y=3=2 1‘?.}~1+),+1~I
1 Se- 2__3_
18 sk 2= a7 =2=12
T BRI - S PSRN
20 vF7 5251 21.}__+3 SET =1

Solve each rational equation. Use the quadratic formula as needed.

22 72 gl N A
' X

9 HE e
"4'51-'—1 a 2
- . S - . |
‘6'x+1 x 1 3

28, -+ 24— =3

=3
|
i
-
I
i~

30. 41— -—-2_=9
=2 x-4
N

32'.\*-&—’2 ZEo=d oy

34. Critical Thinking

zs'xEZ-Jiz%
27‘}?{2_):—{2:%
Wit TR
31'ri3+x25—9=0
& )'?-3_,»'219::1'-

The sum of an integer,% its reciprocal, and one

more than its reciprocal is 4%. ‘What is the number? -

596 Chapter 13 Quadratic Equations

Exercises

1.

OF L2 v, g

9. =+

10.
1.

125

13 Quadratic Equations

No'real-number solution
3 }
6 ~%

2
13.10, ~&
14: 1
152
16. No real-number selution
17.0,5
18:2 = V14
19. No real-number solution
20, —1 + V3

21. -3+ 2V/3
22. No real-number solutions

£33
23,3433

94 V73
24,755
25. -1, 6
26. =3 £ V10
27.4 4+ 2V/5
28. No real-number solutions
29.0
30.0
1
. 5
32,-2 £ 2V3
7 £33
35505,
34.3

i
]
L]
1
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3s. Error Analysis

3 4
X

To solve 7575 — =0 Leah multiplied both

sides by the LCD, x(x — 2), and got +2 — 3x + 6 = 4. For this equation,
Leah claimed that the discriminant is negative, so there are no real
number solutions. What error, if any. did Leah make?

36. m Without solving the equation, give the only possible values
5 15

-1

A.Oand1 B. land2 C. —landl D. —1and0

37. Mathematical Reasoning Lon claimed that no equation can have
0 as an extraneous solution. Show by counterexample that this is not true.

of x that could be extraneous solutions of = =
LX A

Challenge
Solve.
ol I SR
x 1 —x ¥ - x
R ot
39.y+1_}__—y2_u
P s= 6 Tt 1l x4
2

41__?_:'_1_____"_2'__2 = -

1 1 1
42. it =
¥+ 3x -4 x- 4+ 2x—8 2 — 8x + 12
43. ”2—_1“"_'_ + _2"—]'_‘ = —z'_1'_"
x-—2x—15 # +ox—6 X +2% =86 \“t"o,
}-f‘n Self-Test

& 9
$& 7 On the Web
Check your progress. Look
for a self-test at the
Prentice Hall Web site.
www.phschool.com

45, a? =15
47, Tx2 +4x =0
49, 2x2 - Tx—-15=10

Solve. 44, 2 +3x=0
46. y* — Sy —14=0
48. 922 —20=0

! 2.1
Graph. 50. f(x)=2x* =5 5L g(x) = 12 +1

52, h(x) = 202 + 17 53. f(x) = —3x> —4 124

Find an equation of variation. 54. y varies directly as x, and y = 0.6
when x = 0.4. 55, y varies inversely asx, and y = 2 when x = 3.
56. y varies inversely as X, and y = Swhenx = 2.
57. y varies directly as x and inversely as 2,
and y = 4whenx = 8 and z = 6. 12-5,12-6,12-7
58. 3,485,117 59, 0.0070023 54

60. Find the slope of the line containing the points (-5,-9).(L1).

Write using scientific notation.

13-5 Solving Rational Equations 597

35. Leah computed the

S 42.9 + V/59
discriminant (= 15) of s
x2 — 3x + 6instead of 43. :3_12_\.@.
the discriminant (1) of
&
36 )é T Mixed Review
; 44. 3,0
37. Answers may vary. Sample: o
) 45, £V 15
Xy ok 46. 7, —2
3
384 47.0, -4
39.7 2 Sk
40.3+ V13 48. & T3~
— - 3
iy 49,5, —5
a1, ___-!'_—ﬂl/j.'a_i 2

e
54,y = 1.5x
55,y = 2
56. y = 17?
Slev=s %"

58.3.485117 % 10°
59, 7.0023 % 1073

60.m =3

13-5 Solving Rational
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13-6 Exercises
- it

A
Mental Math Solve each radical equation.
1. Va=6 2. Vx=9 3. WE$2 =3
4 Vm-4=5 5.\/3=2 6.\/%=5
Solve each radical equation.
7. V2x+3=1 8 \Vst-2=1 9. V2x +3=3
10. Vam —1=5 1. \/2E2=6 12, \/iz3 =2
13, x-7=Vx-5 M Vx+7=x-35
15. Vx +18 = x — 2 16. x - 9=Vx-3

17. V5x +E]. =x+3
19. x=1+6Vx—9
2 x+4=4Vx+1

18. V2x +3=6—x
20. V

Solve each formula for the indicated variable.

600 Chapter 13

23, 2 = a* + bha 4. E = me*c 25. ¢c = Va* + b2 b
2. N =25VAA 21V =nkr 28 5 =&
29, 2+ 2+ 2= 2 x 30. P = L;;: Vv
Solve for the indicated variable. Justify each step.
. —GmM. . :—‘__T Sl
3L F =1 R2.\/Z =15
33, \//‘E =R 34, x =2V + at* ¢
35 P =R(4+ DI 3. T =2m\/}g
B
Solve.
3. Vx+3=—E— 38, 22— =V2x +5
Nx—=9 Nk B
39. Viax? +3=3x 40. V2y? -4 =y
41. 6Va = 18V7 42. 2Vx = 5V10
B3.VeE+1=1—1t 4 Vat-1=1+a
45. Critical Thinking Find a formula for the area of a square in terms

of the perimeter of the square. Then use the formula to express the
perimeter of the square in terms of the area of the square.

Quadratic Equations

Exercises 13.9 N2 WP
26.4 = 2 35\ /E—a
1.36 14. 9 025 gt Y ?R
2.81 15: 7 2= \Vf" T'“-"E Gy E’;;Th 36. "};2:!
3.7 16.12 )
4.29 17.3 28.¢ = \/For 52 ;; ;3
5 L 29.ViZ—y?- 2 R Al
6.50 19.13, 25 L 39.N\/gor-=-
7.8 i?.g 30.VPR G
2 <08 31, /M 41.63
8.5 22.11 Ve i
'3 2 ded
2 ?3 23.a =V -.b 25 f_?._ 42.°5
10.2 & 43.0
11 12{]6 iz =N 8 as, —1
: AN i ; .
12.19 25.b =V - a? 3 \I',.-’X__—_E.N 45. A = ‘(1)_6': p=4VA

ster 13 Quadratic Equations

===
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46. Critical Thinking Find a formula for the circumference of a circle in
terms of the area of a circle. Then use the formula to express the area of
the circle in terms of the cireumference of the circle.

Error Analysis Each exercise has an error commonly made by algebra

students. Can you find and correct the error?

47. Vix+7=x+3 48 Vx+1l=x—-35
Ix+7=x2+9 x+1=xI-10x + 25
0=x2—3x+2 0=x2—11x + 24
0=(x—-2)(x—-1) =¥ =8~ 3)
x—2=0 or x—-1=0 x—8=0 or x—3=0
¢ =2 or x=1 x=8 or x=3
The solutions are 2 and 1. The solutions are 8 and 3.

Mathematical Reasoning What, if any, extraneous solutions result
when the principle of squaring is used to help solve each equation?

9. Va2=x 80.Va2=-x sLVi=|x| s2.t-=Vi
/ X

Challenge

53, Solve. 2Vx—-1-V3x-5=Vx-9

54, Solve. Vy+1-V2y-5=Vy-2

55, Solvex + 1 +3Vx+1-28=0 using two methods. First use the

1 1 4 / - ¢l

principle of squaring. Second, let y = Vx + 1. (Then y* = x + 1.)
Solve for y, then substitute to find x.

56. Solve h = vr + 82 fort.

Solve the following systems of equations.

57. 2Va +3Vb = 21 58. 5\/m + 2Vn = 39
Va-Vb = -2 3Vm - Vn=19

59, 3r2 + 252 = 11 60. 5x% — 3y% = -7
12— 252 = -7 —x2 + 3y% =23

_Mixed Review

Complete the square. 61, x2 + 4x 62. m? — 5m 63. a?—a 133

Solve. 64. 9a> —18a =0 65 3x2—13x +4 =10

66, 2m? — 25 =0 67. (x —3)2=36 68. (c—52%=17 131,132
g 7 = ¥ e

Simplify, 69, YL 70, —% 71 YU g M6 g3 Vod

. == . — . . —7— [1l-5
V8l V121 V22 V8 V4
Solve by graphing. 74, y=x—1 75. y=2x 76. y=1—x &I
ViR x+y=0 xX'miyiss ¥

77. The numerical value for the area of a square is 32 more than the
perimeter. Find the length of a side. 6-9

13-6  Solving Radical Equations

Exercises 52.x = —1 Mixed Review
2 53.10 2 :
46.C:2vﬂ'A;ﬂ|=% 54.3 61‘X2+4X+425
47. The student squared x + 3 55.15 62.m" = 5m + 7
incorrectly. (x + 3)% = —v + VvZ + 32h 2ol
x2 + 6x -:’9( The gorrect - = 16 i 22; 7 2
solutions are —2 and —1. g; @ __9’9 Sl i 5 1’
48. The student forgot to check. 59' m—'l_ _23 "ﬁ_ 2} (=1,2) 65.3,4
The correct solution is just 8. 3 (1 2 e prd % Rt 5\/2
49. all numbers x < 0 60 (_'2 )_3) 2, -3) (=2, 3) 66. £ =5
50. all numbers x > 0 : 52 3:) o= : s 67.9, -3
51.none ' : 68.5 + V17

601

6.
70.

7

72.
73:

74
75
76
77

13-6

W=
=

R

,.\
|
[

, —3)
.(0,0)
(8, -3)

. 8 units

Solving Radical Equ
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Try This Solve.

C.

A

Solve.

The speed of a boat in still water is 12 km/h. The boat travels 45 km

upstream and 45 km downstream in a total time of 8 hours. What is the

speed of the stream? (Hint: Let s = the speed of the stream.Then 12 — &

is the speed upstream and 12 + s is the speed downstream).

13-7 Exercises

1. A picture frame is 20 cm by 12 cm. There are 84 cm? of a picture showing.

Find the width of the frame.

. A picture frame is 18 cm by 14 cm. There are 192 em? of picture showing.

Find the width of the frame.

. The hypotenuse of a right triangle is 25 ft long. One leg is 17 ft longer

than the other. Find the lengths of the legs.

. The hypotenuse of a right triangle is 26 vd long. One leg is 14 yd longer

than the other, Find the lengths of the legs.

. The length of a rectangle is 2 cm greater than the width. The area is

80 cm?, Find the length and width.

. The width of a rectangle is 4 cm less than the length. The area is 320 cm?,

Find the length and width,

r Exercises 7 and 8, round your answers 1o the nearest tenth.

. The hypotenuse of a right triangle is 8 m long. One leg is 2 m longer than

the other. Find the lengths of the legs.

The hypotenuse of a right triangle is 5 cm long. One leg is 2 cm longer
than the other. Find the lengths of the legs.

. The current in a stream moves at a speed of 3 km/h. A boat travels 40 km

upstream and 40 km downstream in a total time of 14 hours. What is the
speed of the boat in still water?

10. The current in a stream moves at a speed of 4 mi/h. A boat travels 4 mi

11.

upstream: and 12 mi downstream in a total time of 2 hours. What is the
speed of the boat in still water?

The speed of a boat in still water is 10 km/h. The boat travels 12 km
upstream and 28 km downstream in a total time of 4 hours. What is the
speed of the stream?

12. An airplane flies 738 mi against the wind and 1062 mi with the wind in a

total time of 9 hours. The speed of the airplane in still air is 200 mi/h.
What is the speed of the wind?

. Find the side of a square whose diagonal is 3 cm longer than a side.

‘M”e
@E\ Extra Help
«;gﬁ On the Web

Look for worked-out

examples at the Prentice
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&> Practice
. Multiple Choice

Choose the best |
answer. i

1. How many points |
are in the intersection |
of the x-axis and the
graph of
y=9x*+12x + &2

A
B
C
D

Y e POl B

2. Solve the rational
equation.

1 L

i e R |
T I J .

Filiz=2o7 =3 t
G 72 £ V10, |
H
J

szZi\ﬁIB

Not shown. i

1. A; Algebra 22.0
2. H; Algebra 2.0, 20.0

13-7 Using Quadratic Equations 605

Try This 11. 4 km/h
¢. 3 km/h 12. 36 mifh
ik
13.3 4+ 3V 2=7.243 cm

Exercises

1.3 ¢cm

2:1cm

3.7t 24 ft

4, 10yd, 24 yd
5.10 cm; B.cm
6.20 cm, 16 cm
7.4.6:m, 6.6 m
8. 24 cm, 4.4 cm
9.7 km/h

0. 8 mi/h

T

e T T WS £ T T e

e T S ST A e P R

13-7  Using Quadratic Eq



14. Find r in this figure.
Round to the nearest hundredth.

1ecm

=

15. What should be the diameter (d) of a pizza so that it has the same area as
two 10-in.-diameter pizzas? Do you get more to eat with a 15-in. pizza or
two 10-in. pizzas?

16. In this figure, the area of the shaded region
is 24 cm?, Find r if R = 6 cm. Round to the
nearest hundredth. ‘

17. Trains A and B leave the same city at the same time. Train A heads north
and train B heads east. Train B travels 5 mi/h faster than train A. After 2
hours they are 50 mi apart. Find the speed of each train.

18. Write a Convincing Argument  Solve the problem below. Then
write an argument to convince a classmate that your solution is correct.
A 10-ft long ladder leans against a wall. The bottom of the ladder is 6 ft
from the wall. How much would the lower end have to be pulled away so
that the top end would be pulled down the same amount?

Challenge

The formula d = rt — 5t2 gives the approximate distance in meters of an

object above its starting point ¢ seconds after it is thrown with an initial

upward velocity of r meters per second. Use this formula to solve the

following problems.

19. How high would a ball be in 5 seconds if it is thrown upward with an
initial velocity of 45 meters per second?

20. How long would it take a ball batted upward at an initial velocity of
55 meters per second to be 50 meters above its starting point?

21. Where would a rock be (vertically) in 5 seconds if it is thrown as shown at
the left with an initial upward velocity of 20 meters per second?

Mixed Review

Solve. 22.Vm-3=10 2.\/4=1 2x+7=2Vx+7 136
Solve, 25. 2 +2x—-15=0 26, x2-10x+25=0

27. 2 +5x+2=0 28 x2—-Tx+12=0 /33

29. Find an equation of the line containing the points (2, —4) and (=3, =2). 76

606 Chapter 13 Quadratic Equations

Exercises

14.
15.
16.
17.
18

19.
20.

21

iter 13 Quadratic Equations

2.41 cm

14.14 in.; a 15-in. pizza
5.33cm

15 mi/h, 20 mi‘h

2ft

100 m above its starting point
1 second (It will also be 50 m
above its starting peint in 10
seconds.)

—~25 or 25 m below the
starting point

Mixed Review

22,103
23.3

24. -7, -3
25. 3, =5
26.5

7. =5

28
29

4

3
By i)
y= 8-
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To solve a quadratic equation in standard form, ax? + bx + ¢ = 0, you may
be able to factor the equation and use the principle of zero products to find
the solutions.

Write in standard form.

1. 3x2 + 6x = —4 2. 5x2=2x
Solve.

3522 -Tx=0 4, 3x2—-4x=0
5.5 -8 +3=0 6 3y +5y=2
13-2

To solve a quadratic equation of the form ax? = kor (x + a)? = k, first solve
for x2 or (x + )% and then find the square roots of each side.

Solve.
7. 5x2 = 40 8. 8x%=24
9. (x +8)2=13 10. (x + 6)% = 49

11. 492 + 20y + 25 =16

12. Suppose we know a polygon has d = 35 diagonals. Use the formula

d = 53" (o find n the number of sides.

13. The sum of $1000 is invested at interest rate . In 2 years the total grows
to $1690, Use the formula A = P(1 + r) to find the annual interest rate.

14. The sum of $4000, invested at 8% for 2 years, compounded annually, will
grow to what amount?

13-3

To complete the square for an expression like x* + 8, take half of the
coefficient of x and square it. Add this new term to the binomial x* + 8x
to make a trinomial square, x> + 8x + 16. You can use the technique of
completing the square to solve quadratic equations.

Complete the square.

15, ¢ + 22¢ 16. w? — Tw

Solve by completing the square.

17. x2 - 2x - 10=0 18. 9x2 - 6x - 9 =0
19. 3x2 = 2x ~5=0 20, 2x2+7x - 1=0

Chapter 13 Wrap Up 1. — % g

2
1.3x2+6x+4=0 12.n =10
2.5x2-2x=0 13.30%

3.0,4 14, $4665.60
PE 15. 2 + 22¢ + 121
g 16.w2 — 7w + %
5.3,1 17.1+ VN
6-%; e 1&%’ﬁ
7.2V/2, -2\/2 19.3, 1
8.\/5,—'\/3 7 +\/57
\/_ 20.—4—
9, -8 + V13
10. 1, —13 :

KeyTerims

complete the square (p. 586)
discriminant (p. 591)
quadratic equation (p. 576)
quadratic formula (p. 589)
standard form of a quadratic
equation (p. 576)

Chapter 13 Wrap Up 609

Chapter 13 Wr
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13-4

— 4ac

. =b & .
You can use the quadratic formula x = ——— to solve quadratic

equations. The expression under the radical, b* — 4ac, is called the
discriminant. When the discriminant is positive, there are two real-number
solutions to the quadratic equation. When the discriminant is 0, there is only
one real-number solution, and when the discriminant is negative, there are no
real-number solutions.

Solve using the quadratic formula,
2. 2 —6r—-9=0 22.3F-x-5=0 2.2-3x-6=0

24, 5x2+3x—4=0 25 2+6x+7=0 26 x"—14x+49=0

Compute the discriminant and determine how many real-number solutions
there are.

27, 5x2 —8x+2=0 28. 2 —18x +83 =0

13-5

When you multiply both sides of a rational equation by the LCM of the
denominators, you may get a quadratic equation. Be sure to check all possible
solutions in the original equation.

Solve.

15 15 = AW
ZQT—Y—:"E—-Z 30. x "’_—2
13-6

To solve a radical equation, first square both sides. If a quadratic equation
results, then solve by factoring or using the quadratic equation.

31, Vr-3=17 : 32. V3x +4=V2x + 14
IEar

33. Solve for F: V- =1\/ % 34. Solve forrm A = %m‘z

43-7

You can use the Problem-Solving Guidelines to solve problems involving

quadratic equations.

35. The length of a rectangle is 3 m greater than the width. The area is 70 m?.
Find the length and the width.

36. You can row upstream 5 miles and then row back downstream all in
3 hours and 20 minutes. If the river has an average current of 2 mi/h, at
what rate are you able to row in still water?

37. One side of a right triangle is 1 ft, 4 in. shorter than the hypotenuse. The other
side is 2 in. shorter than the hypotenuse. Find the lengths of the two legs.

610 Chapter 13 Quadratic Equations
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21.3 + 3V2

1L £\ H l-
pr
23, 3.5V33

3 + V89
24‘ 2 10_ Ml
25. -3 £ V2
26.7

27. 24, two real-number solutions
28. —8. no real-number solutions
29.3,-5

13 Quadratic Equations

30.1

31.52
32.10
2
e
33.F = "gr
35.10m, 7 m
36. 4 milh

37.10in., 24 in.or 2 ft
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Write in standard form.

1. 6x2=3x+ 4 2. 3y = 2y%
Solve,

3. 4 +4a=0 4, 7x* +8x =10
5 x2+2x—48=0 6. 32 + 35y =2
7. 1662 = 25b =0 8. Tx2 =135

9, (x +8)2=13 10. (x —1)> =8
Complete the square.
11. x* + 8x 12. y2 + 9y
Solve.
13. x2+4x—-10=0 14, 2 —3x—7=
15. X2 - x—-3=0 16. 3x2 = Tx +1=0
17. x—&=1

T =
18'_\‘ ):+2_1

Compute the value of the discriminant and use it to determine how many
real-number solutions each quadratic equation has.

19, 3x2 + 12x +13=0
20. 522+ 17x + 14 =0

Solve.

2. Vx+1=6
22. Vox + 1 ="V5x + 13
23, Solve g = 2\/%; for h

24. The sum of $2000 is invested at the compound interest rate r. In 4 years it
grows to $2621.59. Use the formula A = P(1 + r)f tofind r

25. The width of a rectangle is 4 m less than the length. The area is 16.25 m?.
Find the length and the width.

26. An airplane flies between two cities that are 700 miles apart, traveling
with a wind of 25 mi/h when going, and traveling against it when
returning. The trip out takes 15 minutes Jess time than the return flight.
What is the speed of the plane in still air?

Chapter 13 Assessment
1.6x2 - 3x—4=0
2.2y2 =3y=0

10.1 = 2V2

11.x2 +.8x + 16

12.y2 + 9y + 8]

3.0, =1
8 13.-2 + V14

4.0, -3 e

5. 8,6 14,2 2037

6.3 2 1+ V13
5, 1 £ M3

7.0, 22 7

: o

8 16. _f'_iﬁ\ﬁ

9, AFw 2=
18. 2, -4

Assessment Item Analysis
Item Lesson
1-6 13-1
7-10 13-2
11-12 13-3
13-16 13-4
17-18 13-5
19-20 13-4
21-23 13-6
24 13-2
25-26 13-7
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19, —12, no real-number
solutions

20. 9, two-real number solutions

21.35

22.:12

93 4y

kgz
24.7%
25. 1 = 65mw=25m
26.375 mi/h

Chapter 13 Asse.




	P578

	P579

	P583

	p584
	p585

	p588

	p593

	p594

	p596

	p597

	p600

	p601


