Chapter 9

Chapter 9 Maintaining Mathematical Proficiency (p. 477)
1. x2 + 10x + 25 = x%2 + 2(x)(5) + 52
= (x +5)?

2,02 = 20x + 100 = x2 — 2(x)(10) + 102
= (x — 102

3. 42 + 12x + 36 = x2 + 2(x)(6) + 62
(x + 6)2

4. x2— 18x + 81

X2 = 2(x)(9) + 92
=@x-97

5.x2 + 16x + 64 = x2 + 2(x)(8) + 82
= (x + 8

6. x2 — 30x + 225 = x2 — 2(x)(15) + 152

= (x — 157
7.y=—-5x+3
y=2x—4
W
y= —5x + 3J
“I\
\
-4 |2 \ 4%
a{ty =2x — 4]
]
| (1, -2)
o\
h N
The lines appear to intersect at (1, —2).
Check
y=-5%x+3 y=2x—4
? ?
—2=-51)+3 -2=2(1)—-4
? ?
—2=-5+3 —2=2-4
—2=-2V —2==-2v

The solution is (1, —2).

8.y:%x—2
y=—%x+5
y
~"
P
i
2 YA/
fy:_% +ﬂ
-2 {2 4] 6x
{y:%xfz]*f

The lines appear to intersect at (4, 4).
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10.

Check

y=3-2 y= s
7 3 ?7
=354) -2 4=—4d+5
? ?

4=6—-2 4=—-1+5

4=4v 4=4v

The solution is (4, 4).

.y=%x+4

y=-3x—-3

y

-

The lines appear to intersect at (—2, 3).

Check

y=%x+4 y=-3x—3
7 ?

3=5(-2)+4 3=-3(-2)-3
? ?

3=-1+4 3=6-3

3=3/ 3=3/

The solution is (=2, 3).

A polynomial of the form x2 4+ bx + c is a perfect square
trinomial when b is twice the square root of c. So, the value

b\2
of ¢ must be 5

Chapter 9 Mathematical Practices (p. 478)

1.

Sample answer:

Guess Check How to Revise

-1.6 (-1.6)2—16—1=—0.04 Decrease guess.

—1.65 (—1.65)> — 1.65 — 1 = 0.0725 | Increase guess.

—1.62 (—1.62)2 — 1.62 — 1 = 0.0044 | Increase guess.

(—1.615)% — 1.615 — 1

—1.615 — —0.006775 Decrease guess.
_ 2 _ _

—1.618 (: 1;60132)00%'618 ! Decrease guess.
_ ) o The solution is

—1.6181 (—1.6181) 16181 =1 between —1.618

=~ 0.00015 and —1.6181.

So, to the nearest thousandth, the negative solution of the
equation is x = —1.618.
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2. Sample answer:

Guess | Check How to Revise

1.3 (1322413 -3 =-0.01 Increase guess.

1.31 (1.31)2 + 1.31 — 3 = 0.0261 | Decrease guess.

(1.305)% + 1.305 — 3

1.305 — 0.008025 Decrease guess.
1.302 (1:39%));0_;719202 -3 Increase guess.
1.3025 (LS?%)S&(Z)(;;; 3025 =3 Increase guess.
1303 | (13037 + 1.303 =3 betwoen 13055

= 0.000806 and 1.303.

So, to the nearest thousandth, the positive solution of the
equation is x = 1.303.

Guess Check How to Revise
—2.3 (=2.3)2 =23 — 3= —0.01 | Decrease guess.
_ (=231 -231-3
2.31 — 0.0261 Increase guess.
_ (—2.305)2 — 2.305 — 3
2.305 — 0.008025 Increase guess.
_ (—2.302)2 — 2302 — 3
2.302 — 0.002796 Decrease guess.
_ (—2.3025)2 — 2.3025 — 3
23025 | "_ —0.00099 Decrease guess.
_ 5 _ The solution is
—2.303 (72.303)° = 2.303 = 3 between —2.303
= 0.000809 and —2.3025.

So, to the nearest thousandth, the negative solution of the
equation is x = —2.303.

9.1 Explorations (p. 479)

1. a. V36 + V64 =6 + 8 = 14 and V36 + 64 = V100 = 10.

Because 14 # 10, V36 + V64 does not equal V36 + 64.

So, the general expressions Va + Vb and Va + b are not

equal.

b.V4.V9 =2.3=6and V4.9 = V36 = 6. Because
6=06,V4 V9 =V4.9istrue. Also, Va « Vb =
a2 « b12, and by the Power of a Product Property,
a? « b2 = (a « b)"2. Also, (a « b)"> = Va « b. So, the
general expressions Va Vb and Va « b are equal.

. V64 — V36 =8 — 6 =2 and V64 — 36 = V28. Because

2 # V28, V64 — V36 does not equal V64 — 36. So, the
general expressions Va — Vb and Va — b are not equal.

538 Algebra 1
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— o
d.%:l—zo—Sand\’g—\/g=5.BecauseS=5,
4
vV al?
% = \/14@ is true. Also, ﬁ AT and by the Power
4 b

'-h

al? 12 1”2
a Product Property, &— i (%) . Also, (%) - \%

So, the general expressions Va and E are equal.
Vp Vb

2. Sample answer: A counterexample for adding square roots is
V9 + V16 # V25, and a counterexample for subtracting
square roots is V16 — Vo # V7.

3. Multiply or divide the numbers inside the square root
symbols and take the square root of the product or quotient.

4. Sample answer: An example of multiplying square roots is

V9 «V16 = V9« 16 = V144 = 12. An example of dividing

/7
square roots is @ = =4 =2
Va Va4

5. a. Because Va « Vb and Va « b are equal, an algebraic rule
for the product of square roots is Va o Vb =Va.b.

Va [a
b. Because — and /< are equal, an algebraic rule for
Vp Vb

b
the quotient of square roots is va _ 4
Vb b
9.1 Monitoring Progress (pp. 480-484)
1.V24 =V4 .6 2. -V80 = -V16 .5
=V4 V6 =-V16 . V5
=2V6 = —4V5
3. V49x3 = V49 « x2 o x
=V49 « Va2 o Vx
= TxVx
4.V75n° =V25 3 en*en
=V25 V3 Vit o vV
=5e\V3en2evn
=5en2.V3.Vn
=5n2\3n
5 23 V23 17 V17
P Y e — i —
V9 V9 100 J100
_V23 _ V7
3 10
7 @:@ 8 q‘@: 4x2
N2y Vo4  Vea
6 Vi@
z 8
_2ex
8
=X
4
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3
9.V54 =V27.2 17. 35 = - 53 ?
=\3/ﬁo\3/§ \/372 \/gc\/z \/5
=3v2 :5-\3/5
2.V
10. V168 =V8+2 e x3 o x :/5
:%-\3/5-\3/)6730\3/)? :5\/5
2.2
=2.%.x.% ;
:2')6-\3/5-\3/)76 :SZE
=2x\3/§
g 8 _ 8 1-V3
11</Z= Va 1+V3 1+V3 1-V3
2 Vem ~s(1-v3)
3 =
-Ye e (va)
__Va _8()-8V3
3 -3
8 —8V3
1g, 250& _ V250 -5-8
vt Ve 8 803
V25 VT NGB -2 2
- 4 =—4+4V3
:%-%-%'%
4 9 V13 _ VI3 V5 42
_ V25 .2V od Vs-2 Vs—2 Vi+2
4 V3
13(vVs +2)
2dV/25 «N/e =207
:% (V5)* — 22
_ dV/25c _ V13 V5 +V13(2)
o4 5—4
_ V65 +2V13
13 L:L.ﬁ 14@:@.@ 1
Vsovs s Vi s Ve + Vi
_Vs _ V30
V25 Vo o 12 _ 12 V2-Vv7
_V5 V30 V2 +V7 V2 +VT V2 -7
i : _ 120V2-v7)
5. 1= 1V 16 27 VY (V2)2 - (v7)2
Vo Var Vi RERIRG _V2-12v7
_ TV _V2eW w3 B
452 V3 V3 _ 12 2:5127
- Tz ~V2ey.V3 _ 22—V
V4 Vx2 3 5
:7@ :y\/E.\/g
2x 3
_6
3
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21.

22.

23.

24.

25.

26.

540

[3h

d=\7
133

W
~

—
N‘

iz
N

Ny

J[g=lgs

You can see 10, or about 7.25 miles.

Let ¢ be the length of the longer side.
1+Vs5 _ ¢

2 50
20 =50(1 +V5)
20 _50(1 +V5)

2 2
¢ =25(1+V5)
2 =2501) + 25V5
0 =25+ 25Vs
£ ~80.90

The length of the longer side is about 81 feet.

3V2 — V6 + 10V2 =3V2 + 10V2 — V6

=3+ 10V2 - V6
=13V2 - Ve
47 —6V63 =4V7 —6V9 .7
=4V7 —6V9 VT
=4V7 —6.3.V7
=4V7 — 18V7
=4 - 18)V7
= —14V7
4V/5x — 11V5x = (4 — 11)V5x
= —7V/5x
V3(8V2 + 7V32) = V3(8V2 + 7V16 + 2)
=V3(8V2 + 7V16 - V2)
—V3(8V2 +7.4.V2)
=3(8v2 + 28V2)
=3[ (8 +28)V2]
=V3(36V2)
=36.V3.V2
=36V6
Algebra 1

Worked-Out Solutions

27. (2V5 — 40> = (2V5)* — 2(2V5)4) + 42
=2(V5P-2.2.4.V5 + 16
=4.5-16V5 + 16

=20 - 16V5 + 16
=20+ 16 — 16V5
=36 —16V5
28.V-4(V2 - V16) = V-4 . V2 - V=4 . V16
V8 -6
=-2-(-4)
=—2+4
=2

9.1 Exercises (pp. 485-488)
Vocabulary and Core Concept Check

1. The process of eliminating a radical from the denominator of
aradical expression is called rationalizing the denominator.

2. The conjugate is Ve — 4.
3. First, rewrite g@ as Jl « 2x. Then, by the Product
Vo T Vo -
Property of Square Roots, \% «2x = \% «Vox. Also,

L= ﬁ = l So, %\/ﬂ and \"% are equivalent.

Vo vy 3
4. The expression that does not belong is—%\/g. The other three
expressions have like radicals of V3.

Monitoring Progress and Modeling with Mathematics
5. The expression V19 is in simplest form.

-
6. The expression \% is not in simplest form because the
radicand is a fraction.

7. The expression V48 is not in simplest form because the
radicand has a perfect square factor of 16.

8. The expression V34 is in simplest form.

.5 . . .
9. The expression — is not in simplest form because a radical

appears in the denominator of the fraction.

10. The expression V10 is in simplest form.

11. The expression

3 is not in simplest form because a
2+V2
radical appears in the denominator of the fraction.

12. The expression 6 — V/54 is not in simplest form because the
radicand has a perfect cube factor of 27.
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13.V20 = V45 14.V32 = V16 .2
=V4.\5 =V16 . V2
=25 =42

15. V128 = V64 « 2 16. -\72 = V36 . 2
=V6d V2 =—V36.V2
=8V2 = —6\2

17.V125b = V25 « 5b 18. Va2 = V4 . 2

:\/g-\/% ZVZ-VF
=5V5p =2

19. —V8Im3 = —V8l e m2 e m

= V81 « V2 « Vin
= —9mVm

20. V48n® = V16«3 enten
=V16 + V3 Vit vi
=4.V3en2e v
=4en2 V3o Vn
=4n2\/37

1 [~

21.\¢’i:£ 22. —V"l:——7

49 Va9 81 g1
_2 _ V7
7 9
3 V23 [65 _ Ves
2.\ = = T
64 Ve 121 121
_ V3 _Ves
8 1
@ _Va 26, 144 _ V144
V49 ag Ve e
_Vd*.a _12
7 k
_Va& «va
7
_aa
7
100 iV 2 .12
27, \J“»@: 100 28, \“25v _ 25 o v
4x 4.2 \ 36 V36
_ 10 _ V2502
Va4 Ve 0
_10 s
2x 6
_3
X
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29.V16 = V82

30.V—108 =V —27 . 4

=V8 V2 =V/=27.
=2V2 = —3V4
31. V=641 = V=64 « 3 o 2
=V =64 Va2 V2
= —4x\3/ﬁ
32, —V/34302 = —V/343 « 2
= V343 . V2
= —7Vn?
3, 6 - Ve 3a, ([B _ V8!
125 Yo 27 N7
_ Ve _ V8 eh
-5 3
Ve BB
5 3
_2nh
3
3
35 , 81y2 3 \/81y2
1 OOO)C '\3/ 1000x3
/27 « 3y2
V1000 « 3
V2132
V1000 « V3
3y/3y2

o
8]
—_

w

$

3

\3/1

37. The radicand 18 has a perfect square factor of 9. So, it is not

in simplest form.

V72 = V36 .2
=V36 «V2
=6V2

Algebra 1
Worked-Out Solutions
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38.

39.

40.

41.

42.

43.

44.

45.

542

The denominator should be V/125.
3

,[128y3 _ \/128y3

125 Vi
V64 020y

5
_ V4 V2 .y
5
_ 4. \75 oy
5

4y\36
5

. . . . 4
To rationalize the denominator of the expression —,

multiply by a factor of @
Ve

To rationalize the denominator of the expression

V13 z V13z
multiply by a factor of .
V13z
To rationalize the denominator of the expression %i
multiply by a factor of —.
To rationalize the denominator of the expression 3—m,
3 3
/2 Va4
multiply by a factor of e
V2
To rationalize the denominator of the expression ,
5-8
. +
multiply by a factor of Vs 8.
V5 +8
To rationalize the denominator of the expression ;,
V3 -7 V3 +V7
multiply by a factor of ————.
V3 —V7
2_2.V2 o Lo4V3
Va2 V2 V2 V3 V3 V3
_22 _ 43
Va Vo
_22 _4V3
2 3
=V2
Algebra 1

Worked-Out Solutions

S~ w
w N
i) N

o2
L
S
(9,

ﬁ;‘a

ﬁ
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o L _ V1
1087 ™ Jiogye
I

V27 « 4y?
- v
3
1 2

3 \3/ 442

>

Q‘a
3%}
<~

2 2 .5+\/§
5-V3 5-V3 5+V3
2(5 +V3)

52— (V3)’
_2(5+v3)

25—-3
_2(5+v3)

22
_5+V3
T

Vio _ Vio 7+V2
7-V2 7-V2 7+V2

V1o(7 + V2)

72 - (V2)?

_ V10 .7 +V10 V2
49 =2

_ V10 + V20
47

_ V10 + V4 . V5
47

_ V10 +2V5
47

57
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Vs _ Vs 6-Vs
6+Vs 6+Vs 6-V5
_Vsl6—5)

6 — (V5 )
V5.6-V5.V5
36 -5
_6V5 - V25
31
_6V5-5
31
o 3 _ 3 V5+V2
5oz V52 Vw2
_ 305 +v2)

(V5 - (v2)
_3(Vs +v2)
5-2
3(Vs +v2)

3
=V5+V2

Vi __ V3 Vi3
VIeV: VIeVE Vi3
Valv7 - v3)

(V1P -(3p
_V3.V7-V3.V3
7-3

4
_Vai-3
T
61a 1— B _ [55_V55 _ V55
Ve V16 e 4

It takes %, or about 1.85 seconds for the earring to hit

58

5

60

the ground.
b. h=55-22=33
_ [h_ [33_V33 _V33 _
=== =—==——=14
Vie V16 16 4

The earring hits the ground about 1.85 — 1.44 = 0.41
second sooner when it is dropped from two stories below
the roof.

62.a. P = Va3
=Vd2.d
=Vd? . Vd
=dVd
So, the formula for a planet’s orbital period is P = avd.
b. P =dVd
=52V52
=~ 5.2(2.2804)
=~ 11.86 Earth years

Algebra 1 543
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[P
63. /= -
\R
_ 147
\'s
V147 Vs
Vs Vs
_ V135
V25
_V49.15
5
_ V49 V15
5
_ V15
> V15
The current the appliance uses is , or about 5.42 amperes.
v, 293
64. Account 1: r = \5’V—2 —1= V‘% —1~0.0322 ~32%
\ Vo
iy 382
Account 2: r = \§£ —1-= V% — 1~0.0287 ~2.9%
Vo
v, R4
Account 3: r = \‘c’v—z -1= \‘f% — 1=0.0370 = 3.7%
\ Vo
iy P72
Account 4: r = \§£ —1= V% — 1~ 00348 ~ 3.5%
\VO

o
Account 5: 7= -2 —1=1/2% _} ~ 0.0256 ~ 2.6%
v 336

Invest money in Account 3 because it has the greatest interest
rate of about 3.7%.

65. h(x) = V5x 66. g(x) = V3x
h(10) = \/5(10) g(60) = \/3(60)

=50 =180
—\V25.2 =V36.5
=V25.V2 =136 .V5

=5V2 =6V5

So, h(10) = 5V2, or
about 7.07.

So, g(60) = 6V/5, or
about 13.42.

544  Algebra 1
Worked-Out Solutions

67. r(x) = \“3)@3716 68. p(x) = \g%
34y [f—1
_ 1 _ 7
~\3(16) + 6 ~ V40
_ 12 _V1
V48 + 6 40
_ 12 _ V1. V1o
\54 Va V1o V1o
_ R __ V10
\9 2 V100
_V2 _ V10
NG 2.10
_V2 _ V10
3 2
So, r(4) = ?, or So, r(8) = 2E00, or
about 0.47. about 0.42.
69. Va2 + be = (27 + 3)(3)
=V4+4
=V8
=V4.2
=V4.\V2
= 2\6, or about 2.83
70. —Vdc — 6ab = —\4(%) — 6(-2)(8)
=-V2+96
= -\98
=-V49.2
=-V49 . V2
= —7\5, or about —9.90
71. V2a? + b2 = —\/2(=2)2 + 82
= —\2(4) + 64
= -V8 + 64
=-V7n2
=-V36.2
=-V36.V2

—6V2, or about —8.49

72. V2 — dac = |8 — 4(-2)(1)
=Ve4 +4

8

4.17

V17

= 2V17, or about 8.25

(o))

~
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;3. 1+V5_6
2 w
w1 +V3) =12
wll+V5) 12
(1+vs) (1+V5)
12
W=
1+V5
_ 12 1-Vs
1+Vs 1-V5
_12(1-Vs)
12— (V5)?
_12.1-12.V5
1-5
_12-12V5
—4
_ —4(-3+3V5)
—4
= —3+3V5~=371
The width of the text is about 3.71 inches.
7, 1V5_42
2 w
w(l +V5) = 84
w1 +V5) 84
(1+vs)  (1+V5)
84
W=
1+Vs5
_ 84 1-Vs
1+V5 1-V5
_84(1-v5)
12— (V5)?
_84.1-84.V5
1-5
_ 84— 84V5
—4
_ —4(-21 +21V5)
—4

—21 + 21V5 = 25.96
The width of the flag is about 25.96 inches.

75.V3 —2V2 + 6V2 = V3 + (=2 + 6)V2
=V3+4V2

76. V5 — 5V13 — 8V5 = V5 — 8V5 — 5VI3
=1 -8V5-5V13
=-7V5 - 5V13

Copyright © Big Ideas Learning, LLC
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77.2V6 — 5V54 =2V6 — 5V9 . 6
=2V6 —5.V9 . Ve
=2V6-5.3.V6
=2V6 — 15V6
=2 - 15V6

-13Ve

78.9V32 + V2 = 9V16 .2 + V2
=9.V16 «V2 +V2
=9.4.V2 +V2
=36V2 + V2
=36+ 1)V2
=37V2

79. V12 + 6V3 +2V6 = V4.3 + 6V3 +2V6
=V4.V3 +6V3 +2V6
=2V3 +6V3 +2V6
=Q2+6V3+2V6
=8V3 +2V6

80.3V7 — 5V14 4+ 2V28 = 3V7 — 5V14 + 2V4 .7

=3V7 —5V14 +2.V4 V7

=3V7 -5V14 +2.2.V7
=3V7 —5V14 + 4V7
=3V7 +4V7 - 5V14
=3 +4V7 -5V14
=77 - 5V14

81. V=81 +4V3 =V =27 .3 +4V3
=V/=27 V3 +4V3
= —3V3 +4V3
=(=3+4)V3
- 1V3
=V3

82. 6V/ 128 — 2V/2t = 6V/64 « 2t — 2V/21

=6.V64 «V2r — 2V2t
=6.4.V2t —2V2t
=24V/2r — 2V21

= (24 —2V2r

= 2V2r

83. V2(V45 +V5) = V2 . V45 + V2 . V5
=90 + V10
=V9.10 + V10
=v9 .V10 + V10
=3V10 + V10
=3+ HV10
=410

Algebra 1
Worked-Out Solutions

545



Chapter 9

84.V3(V72 —3V2) = V3 . V72 = V3 . 3V2
=216 —3.V3.V2
=V36.6 —3V6
=36 . V6 —3V6
=6V6 —3V6
=6 -3)V6
=3V6

85. V5(2V6x — Vo6x) = V5 « 2V6x — V5 « Vo6x
=2.V5 «V6x — V480x
=2V30x — V16 « 30x
=2V30x — V16 « V30x
= 2V30x — 4V30x
=2 — 4)V30x
= —2V30x

86. \7y(V27y + 5V12y) = 7y « \27y + 7y « 5V12y
=1/189y? + 5\/84y?

=19 e21 ey + 542142

V8 WVET VY 454VE VAT 52

=3eV2l ey +5.2:V21 0y
=3yV21 + 10yV21

Gy + 10y)V21

13y\/ﬁ

87. (4V2 — Vo8 ) = (4v2)? — 2(4v2)(Vog) + (Vog 2
42(V2)? — 8V196 + 98
=16+2— 8«14+ 98

=32—-112+98
= —80 + 98
=18

88. (V3 + V48)(vV20 — V/5)

=V60 — V15 + V960 — V240
=V4.15-V15 + V64«15 — V16 15
=V4.V15 - V15 + V64 « V15 — V16 . V15
=2V15 — V15 + 8V15 — 4V15
=2-1+8-4V15

=5V15

89.V3 (V4 +V32) =V3 . Va4 + V3 . V32
= V12 + V96
=VI2+V8.12
V12 +V8 . V12
=V12 +2V12
=1 +2V12
=3V12

546 Algebra 1
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48
V3 4V20 = V3 V5 + VA8 V20 — Va8 -5

90. V2 (V135 — 4V/5) = V2 « V135 = V2 « 4. V5
=270 — 4V10
=V27.10 — 4V10
=v27 . V10 — 4V10
=3V10 — 4V10

3 - 4HV10

= —1V10

V10

[2 P
91.C = 277\3‘%

D02 + 16
~ om0
V"2

_ . [400 + 256
V2

~ 2 "%
SN

~2m\/328
~2m\4 .82
~2mV4 V82
~2me2 .82
~ 47 V82
113.79

The circumference of the room is about 114 square feet.

U

92. a. The expression 4 + Ve represents an irrational number
because 6 is not a perfect square.

b. The expression vas represents a rational number. By the
Vag _ 48
vz V3
\‘M;—S is equal to V16, and 16 is a perfect square. So,
Va8

V3

. 8 S
c. The expression —— represents an irrational number
12
because 12 is not a perfect square.

Quotient Property of Square Roots,

=16 = 4, and 4 is a rational number.

d. The expression V3 +V7 represents an irrational number

because 3 and 7 are not pefect squares.
e. The expression S
V1o = V2

because 2 and 10 are not perfect squares.

f. The expression

2b + V5b?
By the Distributive Property,
2+V5 _ 2+V5

b +V5E? p(2 4 V5)

and when you simplify the expression, you get l, which is

a rational number when b is a positive integer.
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95. V/256y = V256 «\/y
=4y

96. V160x6 = V32 45 ¢ x5 « x
:\5/50\5/30\5/)(75-\5/;
=2-\%-x-\5/7c
=2ox-\5/§-\5/9_c
=2x\5/§

97. 6V9 — V9 +3V9 = 6V9 + 3V9 - V9
=6 +3V9-V9

=9V9 - V9
98. V2(V7 +V16) = V2 /7 + V2 . V16
=V2V7 + V32
=V2V7 +2
99. a
2 % 0 V3 -V3 T
2 4 2 2 [2+4V3|2-V3| 2+ 7
1 1 1 1 1 1 1
i 2z 3 PolatVag-V3 g
0 2 1 0 Vi | V3 7
V3 |24V3[14+V3| V3 | 2V3 0 |7+V3
—V3|2-V3[{-V3|-V3| o0 -2V3 | 7—-V3
T | 2+ 7 %+7T 7 |7+ V3| 7m—V3 2
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2 | 10| V3| V3] #
2 4 | 3 | 0| 2v3|-2v3] 27
1 1 1 V3 V3 ™
i 2 | w6 | O] | —a | 3
0 0 ool o 0 0
V3|3 | B lo | 3 -3 | =3
4
V3| -2V3| -2 0| -3 3 —mV3
4
T 2 717 0 | 3 | —1V3 2

100. a. The sum of a rational number and a rational number is

101.

102.

103.

always rational because the sum of two fractions can
always be written as a fraction.

b. The sum of a rational number and an irrational number
is always irrational because if one of the factors is a
nonrepeating decimal, then the sum cannot be written as
the ratio of two integers.

¢. The sum of an irrational number and an irrational
number is sometimes irrational. The sum is either 0, or
it is irrational. For example, V3 + V3 = 2V3, which
is irrational. However, V3 + (—\@) = 0, and zero is a
rational number because it can be written as a ratio of two
integers, such as % =0.

d. The product of a rational number and a rational number is
always rational because the product of two fractions can
always be written as a fraction.

e. The product of a nonzero rational number and an
irrational number is always irrational because if one of the
factors is a nonrepeating decimal, then the product cannot
be written as the ratio of two integers.

f. The product of an irrational number and an irrational
number is sometimes irrational. An example of a product
that is irrational is V3 « 7 = 7T\/§, but an example of a
product that is rational is V3.V3 =3

The simplified form of the expression V2 contains a radical
when m is odd, because 2 to an odd power is not a perfect
square. The simplified form of the expression V2™ does not
contain a radical when m is even, because 2 to an even power
is a perfect square.

Sample answer: If s = \35, then the side length, \75
is an irrational number, the surface area is 6[ (%)2 ],
which is an irrational number, but the volume is

V2) = 2, which is a rational number.

When a < b, if you multiply each side of the inequality by a,
you get a* < ab. Similarly, when a < b, if you multiply each
side of the inequality by b, you get ab < b2. So, putting these
two inequalities together, you get a? < ab < b%. When you
take the square root of each part of this inequality, you get
a<Vab <b. So, it must be that Vab lies between a and b on
a number line.
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104. Your friend is incorrect. Using the sum and diffegence pattern
to simplify the product of the denominator 4 + V5 and
4—/5,yougetd? — (V5P =16 - V5 .V5 =16 — V25,

which means the denominator will still contain a radical.

105. —1+\/§=%

2
{1+ V5) =1220
14+ V5) = 1220

(1+vs)  (1+V5)

_ 1220(1 - V5)

12— (vs)
1220(1 — V5)
1—5
1220(1 —V5)
—4
= —305(1 — V5)
= —305.1 —305(—V/5)
= —305 + 305V5
~377
So, the preceding term is 377.

X2—x—1=0
1+\/§)27(1+\/§)71
2 2
12+2)(Vs) + (V5P —(1+Vs5) |2
2 2
1+2\75+5+—1—\/§_11
4 2
6+2\/§+—1—\/§
4 2
.@+4.ﬂ_4.114.0

6+2V5+2(—1-V5)—4
6+2V5+2(—D)—2.V5—-4=0
6+2V5—2-2V5s — 420
6-2-4+0vs-2v5) 20

?
0+0=0
0=0v

106. a.

-~

=0

?
—1=0

4

~D ”.‘7
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X—x—-1=0

1—\/5)2_(1—\6)_1?

=0
2 2
12-2vs) + (Vs ~(1-vs) 2
2 2 N
1—2Z§+5+—(1;\f5)_llo
6—2\/§+—1+\/§_110
4 2
4.6‘42\r5+4.(_1;\r5)74.1l4.0
6-2V5+2(—1+V5)—420

6—2\F5+2(—1)+2.W—4lo
672\/572+2\/—74lo
(6—2—4)+(—2\E+2\@)10

?
0+0=0
Vs 0=0v
b. Sample answer: DF = ! +2 >
A 1 B
V5

1 > 1

D E 1 C F

2

107. In order to rationalize the denominator of , let

Vx+ 1
a = /x and let b = 1 and multiply the numgrator and
denominator by

@—ab+ =) —Vx)+ 12=V2 —Vx + L.

2 \3/x7—\3/f+1:2(\3/x7*\3/f+1)

Gt Ve vee1 | Qaper
RN )
x+ 1

2 oV —2Vx +2

So,
Vx + 1 x+1

Maintaining Mathematical Proficiency

108. To graphy = x — 4, yi T T AT T
use slope m = 1 and 23/ 567 8x
y-intercept b 4. -2 L
The graph crosses the B (y=x—4)
x-axis at (4, 0). So, I)?
the x-intercept is 4. le

7
‘—s
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109. To graph y = —2x + 6, use slope m = —2 and y-intercept
b=6.

U=—2x+6}

- N W bh U O

—2-1 12 4 5 6x

The graph crosses the x-axis at (3, 0). So, the x-intercept is 3.

110. To graph y = —%x — 1, use slope m = —% and y-intercept
b=-1.

The graph crosses the x-axis at (—3, 0). So, the x-intercept
is —3.

111. To graph y = %x + 6, use slope m = %and y-intercept b = 6.

y
8
7
6,
3
y=5x+6 /
/4
3
/ 2
1
—6-5) -3-2-1 1 2x

The graph crosses the x-axis at (—4, 0). So, the x-intercept is —4.

112,32 = 2 Check 32 =2'
25 =0 32=25
5=x RN=32v

The solution is x = 5.

113. 27x=3x—6 Check 27%x =36
(3¥p =36 2732 3-3-6
3x = W —6
=3 12,
3x=x—6 273
e 1 71
X —x =1
- 19,683  3°
2x = —6
I
2x_ =6 19,683 19,683
2 2
x=-3
The solution is x = —3.
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1\2x 1\2x -~
114. (7) =216'—~ Check (—) =216' —~
6 6
—1)2x — 3\ —x 239
(6 ) (6) (l) 52161—%
672 = 631 — % 6
—2x=3(1 - x) (1)61 2162
6
—2x = 3(1) — 3(x) 157 1
—2x=3—3x 6_=2162
+3x +3x 1 _ 1 v
x=3 46,656 46,656

The solution is x = 3.

625"—(1)”2 Check 625’6—(1)X+2
115. =3 5%
1 \r+2 ? (1 \-23+2
Ay — | 2 =2/3 = |
6= () 25 = 5]
4x — —2\x +2
58 = (572 (625-2 L (L)m
54 = 5720 +2) 25
4x = —2(x + 2) ( 1 )1/3 ? [( 1 )4]”3
4x = —2(x) — 2(2) 6252 25
dr=-2x—4 ( 1 )”31(1_4)”3
12r 42x 390,625 54
6x = —4 ( 1 )1/37( 1 )1/3/
T 390,625 390,625
6 6
_ 2
T3
The solution is x = —%.
9.2 Explorations (p. 489)
Talel=ilol 1 |2]3
y|l3]o|-1]0]3
N ¥ 4
\ |
8
\ ! |
\ ‘; /
\ . A
3 G= x2 — 2x
\ /
-7 7‘574737"7‘; 1 3456 7x
[
;74

b. An x-intercept of a graph is the x-coordinate of a point
where the graph crosses the x-axis. This graph crosses the
x-axis at two points. So, it has two x-intercepts. They are 0
and 2.

Algebra 1 549
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c. The solution of an equation in x is the value of x that
makes the equation true. The equation x* — 2x = 0 has two
solutions because there are two points on the graph that
have a y-value of 0. The solutions are x = 0 and x = 2.

d. You can verify the solutions from part (c) by substituting
the solutions into the equation and then simplifying the
equation.

2. a. Graphy = x% — 4.

x|-=2|—-1[0]| 1|2
y| O |-3|-4|-3|0
A y
\\ ’ /I
\
—4 4 x
\.| /
\
y=x"-4

The graph crosses the x-axis at (—2, 0) and (2, 0). So, the
solutions are x = —2 and x = 2.

b. Graph y = x2 + 3x.

x| —4|-3|-—2|-1|0|1
yl 4]0 |-2]-2|0]4

\ v 4

4

\ /

\ ‘|

—A‘l —2 2 X
*y=x2+3xj

The graph crosses the x-axis at (—3, 0) and (0, 0). So, the
solutions are x = —3 and x = 0.

¢. Graph y = —x2 + 2x.

x| —-1(0[1|2] 3
y|—-3]0

—_
o
|
w

(AR

The graph crosses the x-axis at (0, 0) and (2, 0). So, the
solutions are x = 0 and x = 2.

550 Algebra 1
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d. Graphy = x> — 2x + 1

\\*

A
:x272x+1J
2
\

<>

-2 2

The graph touches the x-axis at (1, 0). So, the solution
isx=1.
e.Graphy = x> —3x + 5

X

x| —-1]0|1]2]3|4
y| 9 |5[3]3]|5

2‘(y=x273x+5r
[ [T [T

-2 2 4 6 x

The graph does not cross the x-axis. So, the equation has
no real solutions.

f.Graphy = —x> +3x — 6

x| -tlo|1|2]3]4
y |—10| =6 | —4|—-4|-6]-10

A \
y

y=-x>+3x-6

The graph does not cross the x-axis. So, the equation has
no real solutions.

3. In order to solve a quadratic equation by graphing, first
write the equation in standard form ax? 4+ bx + ¢ = 0. Then
graph the related function y = ax? + bx + ¢, and find the
x-intercepts.
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4. In order to check a solution algebraically, substitute the
solution into the equation and verify that the value of the

variable makes the equation true.
a. xX2—4=0
(=22 —4 %0
4—420
0=0v
b. X2 +3x=0
(=32 +3=3)20
9-92p
0=0v
¢ —x2+2x=0
—02+200) 20
0+020
0=0v
d x¥X*»—-2x+1=0
22 +120
1—2+12%0
—1+120
0=0v

xX2—4=0
2-42p
4—420
0=0v
X2 +3x=0
02 +300) 20
0+0%0
0=0v
x> +2x=0
—22+22) 20
—4+420
0=0v

5. A quadratic equation has no solution if the related graph has

no x-intercepts.

9.2 Monitoring Progress (pp. 490-493)

1. Graphy = x2 — x — 2.

A4
\ /

4

—
~—

2

-2 4 X

z\v y:xi—x—Z

The x-intercepts are —1 and 2.

Check xX2—x—-2=0 X2—x—-2=0
-12-(-n-2%0 2-2-220
1+1-220 4-2-220
2-220 2-220
0=0v 0=0v
So, the solutions are x = —1 and x = 2.
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X2+ Tx=-10
X2+ T7x+10=-10+ 10
X2+ T7x+10=0
Graph y = x% + 7x + 10.

A f4y
\ /

4

2

~——

\
\
-6

—4
NN

i
‘{y:x2+7x+10W

The x-intercepts are —5 and —2.

Check X2+ T7x=-10
(=57 +7(=5) £ ~10
25 —35<-10
~10=-10 v/
x2+Tx=-10
(=22 +7(-2) £ ~10
4—14<-10
-10=—10 v
The solutions are x = —5 and x = —2.
X+x=12

X+x—12=12-12
X+x—12=0
Graphy = x2 4+ x — 12.

A g
\ * /

-2 2 4 x

AN

ly=x?+x-12
2

The x-intercepts are —4 and 3.

Check X+x=12 2+x=12
(42 —4 %12 2+3L2
16-4212 9+3<12
12=12 v 12=12 v
The solutions are x = —4 and x = 3.
Algebra 1

Worked-Out Solutions
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4, X2+ 36 =12x
X2+ 36 —12x = 12x — 12x
X2—12x+36=0
Graph y = x* — 12x + 36.

y

\
\
P \

——

/
2 4 6 8 X

y=x>—12x+ 36

The only x-intercept is at the vertex, (6, 0). So, the solution is
x=6.

5. Graph y = x2 + 4x.

¥4
4
\\ /I
2
\ [
—6 -2 2 x
\ /
va
y=x%+4x ‘74
The x-intercepts are —4 and 0. So, the solutions are x = —4
and x = 0.
6. X2+ 10x = =25

X2+ 10x+25=-25+25
2+ 10x+25=0
Graph y = x% + 10x + 25.

y
gl |

y
[
[

\
\
\

\ /.

Vi
-8 /6 -4 |2 X
y=x2+10x + 25
The only x-intercept is at the vertex, (—35, 0). So, the solution

isx = —5.
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x2=3x—-3

X2 —=3x+3=3x—3x—3+3

X2=3x+3=0
Graphy = x* — 3x + 3.

N
\ /
\ /
’ ry=x2—3x+3
-2 2 4| 64

There are no x-intercepts. So, x> = 3x — 3 has no real
solutions.

X2+ Tx=—6
¥+Ix+6=-6+6
X+ Tx+6=0
Graphy = x> + 7x + 6.

L\ ey

//
~_

2
4
6

|

\

|

— )
ﬂy=x2+7x+6‘

The x-intercepts are —6 and —1. So, the solutions are
x=—6andx = —1.

2x+5=—x?
A+ 5+ = -2+
X+2x+5=0
Graphy = x* + 2x + 5.

y

/

Q
3

(o)}

Va
BN

-4 | -2 2 X
There are no x-intercepts. So, 2x + 5 = —x2 has no real
solutions.
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10. Graph f(x) = x> + x — 6.

N g
-4 \-2-1 1 3 4x
\\ }_2 //

T3

4

-5 i

\ fx)=x2+x-6

Ty

The x-intercepts are —3 and 2. So, the zeros of fare —3 and 2.

11. Graph f(x) = —x2 + 2x + 2

y
| fx) = —x2+ 2x + 2

4
3
2
JAREAN
—4-3-2 2 4 x
[ \
|3 \
y * \
x -0.9 —-0.8 | =0.7| —0.6 | —0.5

Sf(x) | —0.61| —0.24| 0.11 | 0.44 | 0.75

x —04|-03|-02]—-0.1
Sx) | 1.04 | 1.31 | 1.56 | 1.79

X 21 | 22|23 | 24|25
S) | 1.79]1.56 | 1.31 | 1.04 | 0.75

x 26 | 27 2.8 2.9
fx) [0.440.11 | —0.24 | —0.61

In each table, the function value closest to 0 is 0.11. So, the
zeros of fare about —0.7 and 2.7.
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12.

From the table it is reasonable to estimate that the height of
the football is 65 feet slightly more than 1 second and about
3.5 seconds after it is kicked.

—16/2 4+ 75t +2 =65
—162 + 75t + 2 — 65 = 65 — 65
—162+ 75t — 63 =0
Graph h(f) = —167> + 75t — 63.

50 50
1 6 -1 6
7er6 1
3100084874 v=0\ %5050 10126 v=0\
~10 ~10

The football is 65 feet above the ground after about
1.1 seconds and about 3.6 seconds, which supports the
estimates from the table.

9.2 Exercises (pp. 494-496)

Vocabulary and Core Concept Check

1.

A quadratic equation is an equation that can be written in the
standard form ax? + bx + ¢ = 0, where a # 0.

. The equation that does not belong is x2 + x — 4 = 0,

because it is the only equation written in standard form.

. Graph the quadratic equation and count the number of times

the graph crosses the x-axis. The number of x-intercepts is
the number of real solutions.

. Solutions, roots, x-intercepts, and zeros are all basically

the same. Equations have solutions or roots. Graphs have
x-intercepts. Functions have zeros.

Monitoring Progress and Modeling with Mathematics

5.

10.

The graph crosses the x-axis at (—1, 0) and (3, 0). So, the
solutions are x = —1 and x = 3.

. The graph crosses the x-axis at (2, 0) and (4, 0). So, the

solutions are x = 2 and x = 4.

. The only x-intercept is at the vertex, (—4, 0). So, the solution

isx = —4.

. The graph does not have any x-intercepts. So, the equation

—x2 — 4x — 6 = 0 has no real solutions.

42 =12
42— 12=12-12
42— 12=0

The rewritten equation is 4x2 — 12 = 0, or —4x2 + 12 = 0.

-x?2=15
x>+ x2 =15+ x?
0=x2+15

The rewritten equation is x? + 15 = 0, or —x* — 15 = 0.

Algebra 1 553
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11.

12.

13.

2x—x2=1
2x—2x—x2+x2=1-—2x+x?
0=x2—2x+1

The rewritten equation is x> — 2x + 1 = 0, or
—x2+2x—1=0.

54+ x=3x2
5—5+x—x=3x2—-5—x
0=3x2—x—5

The rewritten equation is 3x> — x — 5 = 0, or
-3x2+x+5=0.

Graph y = x — 5x.

WY, 4
\ /
77}_4
77‘_8 6/=x275x

The x-intercepts are 0 and 5. So, the solutions are x = 0 and

x=5.

14.

15.

554

Graphy = x2 — 4x + 4.

y 1

R f

\ /

\ /
-4
LI /

’ G:x2—4x+4

2 4] 6 | x

The only x-intercept is at the vertex, (2, 0). So, the solution is
x=2.

Graphy = x2 — 2x + 5.
y

8

\ /

L>

<)
Il
N

X 72x+5T

<

-2 2 4 6 x

There are no x-intercepts. So, x2 — 2x + 5 = 0 has no real
solutions.

Algebra 1
Worked-Out Solutions

16.

17.

18.

Graphy = x* — 6x — 7.

! Ly:xz—Gx—7
v

6
2 a6/ x
\ /
12
|
\
The x-intercepts are —1 and 7. So, the solutions are x = —1
and x = 7.
xX2=6x—9
X2—6x+9=6x—6x—9+9
X2—6x+9=0

Graphy = x* — 6x + 9.

A 4
8\\ /I
°I\ /
a4
AN/
g:x276x+9
-2 2 4| 64

The only x-intercept is at the vertex, (3, 0). So, the solution is
x =3.
—x%=8x+ 20
—x2 + x*=8x + 20 + x?
0=x2+8x+20
Graph y = x% 4+ 8x + 20.

y

8

\ /.

4

)
y=x%+8x+20[ 2
HEEN

6 | -4 | —2 x

There are no x-intercepts. So, —x2 = 8x + 20 has no real
solutions.
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19.

20.

21.

xXr=-1-2x
X+H1+2x=—-14+1-2x+2
X2+2x+1=0
Graphy = x> + 2x + 1.

A v 4
\\ ’ /I
\ ol
4
\
[y=x2+2x+ 1
-4 |2 L2 1

The only x-intercept is at the vertex, (— 1, 0). So, the solution
isx=—1.

xX*=-x-3
¥+x+3=-x+tx—3+3
2+x+3=0
Graphy = x* + x + 3.
y
\ 1/
6

4

-2
y=x>+x+3

ERERRAERY,
There are no x-intercepts. So, x> = —x — 3 has no real
solutions.

4y — 12 = —x?

dx— 12+ x2=—x2+x2
¥ +4x—12=0
Graphy = x% + 4x — 12.

N M
\ /
-4 | -2 X
\ s /
‘12
Py
{y =x?+4x — 12}*‘13
The x-intercepts are —6 and 2. So, the solutions are x = —6

and x = 2.
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22,

23.

24,

5x — 6 = x?
Sx=5%x—6+6=x2—5x+6
0=x2-5x+6

Graphy = x* — 5x + 6.

MY 4
6
\ /
I\ /
2
-2 /2 4 | 6x
‘ [y=x*—5x+6

The x-intercepts are 2 and 3. So, the solutions are x = 2 and
x = 3.
xX2—=2=—x
xX2=2+x=—x+x
X*+x—-2=0
Graphy = x2 4+ x — 2.

Vo

T

4

~——

\\ )

-4 2 X
I

y:x2+x—?

The x-intercepts are —2 and 1. So, the solutions are x = —2
and x = 1.

16 + x2 = —8x
16 + x2 + 8x = —8x + 8x
X+8+16=0

Graph y = x2 + 8x + 16.

y

\\ /87

\ [ °l

/ T

/N
y=x2+8x + 16|

T8 [-6 -4 [2 X

The only x-intercept is at the vertex, (—4, 0). So, the solution
isx = —4.
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25. The equation needs to be rewritten in standard form.
X2 +3x =18
¥ +3x—18=18—18
X+3x—18=0
Graphy = x% 4+ 3x — 18.

N
—10-8 \-4—2 | 2[4 6x
\ o /

\

\ y=x2+3x—18

The x-intercepts are —6 and 3. So, the solutions of the
equation x? + 3x = 18 arex = —6 and x = 3.

26. The solution is the x-intercept, not the y-intercept. The only
x-intercept of the graph of y = x% 4+ 6x + 9 is at the vertex,
(=3, 0). So, the solution of the equation x> + 6x + 9 = 0 is
x=-3.

27. Graphy = —x? + 5x.

A Flop Shot in Golf

y
_ ly = —x*+5x
3 6
g
E 4
=
3 L/ \
=7 \

0

0 2 4 6 X

Horizontal distance
(yards)

a. The x-intercepts represent when the golf ball is on the
ground, where the height is 0 yards.

b. The x-intercepts are 0 and 5. So, the ball lands 5 — 0 =5
yards from where it is hit.

28. Graph h = —1612 + 30t + 4.

An Underhand Volleyball Serve

h
24 {h = —16t% + 30t+4}

]

18 //

N
N\

Height (feet)

\

0
0 0.5 1 1.5 2t

Time (seconds)

a. One of the r-intercepts is negative, but a negative time does
not make sense in this context. So, the ball must have been
served from a height above & = 0, where the ball landed.

b. The only valid #-intercept occurs at (2, 0). So, the ball hit
the ground after 2 seconds.
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29.

30.

31.

Graph each side of the equation x> = 10 — 3x.
y=x
y =10 — 3x

~

—
N
B

00

[ \)
fy =10 - 3x

\ Y
4 | 8x

The graphs intersect at (—5, 25) and (2, 4). So, the solutions
of the equation x> = 10 — 3xare x = —5 and x = 2.

|
© 4‘(%
1] ‘
-
o
()}
"
=
N
D

Graph each side of the equation 2x — 3 = x2.

y=2x—13
y=x
S
A\ L
I};XZ
[
-4 | -2 T A‘lx

2 @:‘2x—3

The graphs do not intersect. So, the equation 2x — 3 = x?
has no real solutions.

Graph each side of the equation 5x — 7 = x2.

y=5x—17

y=x
\ T/

[—— 4

@@\ //

-4 | -2 2 TX
,4 ‘
/ﬁy:5x—7f
"o

The graphs do not intersect. So, the equation 5x — 7 = x?
has no real solutions.
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32. Graph each side of the equation x? = 6x — 5.
2

y=ux
y=6x—175
t g
2 G 2994
6 /N
16
/ (;:xz
A
(1, 1)
-2 A 2 | 4 6x
Aly=6x—3

The graphs intersect at (1, 1) and (5, 25). So, the solutions of
xX2=6x—5arex=1andx = 5.

33. Graph each side of the equation x> + 12x = —20.

y=x*+ 12x
y=-20
\ \ }y
—-14 -6 2 x
4
\ [
\
\(=10, —20) |
/ (=2, —20)
y:—20\ /
y=x>+12x ‘36

The graphs intersect at (—10, —20) and (—2, —20). So, the

solutions of x2 + 12x = —20 are x = —10 and x = —2.
34. Graph each side of the equation x> + 8x = 9.

y=x+ 8

y=9
YR Y Y

6109

\VZf |

-4

~—

\
\

/

{y:x2 + 8x |\

The graphs intersect at (—9, 9) and (1, 9). So, the solutions
of X2+ 8 =9arex=—9and x = 1.

Copyright © Big Ideas Learning, LLC
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35. Graph each side of the equation —x2 — 5 = —2x.
y=-x*-5
y=—2x

\
2 2 A

The graphs do not intersect. So, the equation
—x? — 5 = —2x has no real solutions.

36. Graph each side of the equation —x? — 4 = —4x.

y=—x2—4
y = —4x
[ 1] v
4 2 2 | ax
[ [
l l -2 y:74x]*
y=-x>-4
/
—6
[\
AR A

The graphs intersect at point (2, —8). So, the solution of the

equation —x* — 4 = —4xisx = 2.

37. The x-intercepts are —1, 0, and 2.
Check f(x) = (x — 2)(x* + x)

02 (=1 =2 (12 + (-D]
0 (=31 -1
0<(=3)0)
0=0v

fx) =& — 2+ x)
020 —2)0%+0)
0+ (=2)(0 + 0)
0 < (-2)(0)
0=0v

f) = — 2+ x)
012 -2)22+2)
0104 +2)
0 (0)6)
0=0v

So, the zeros are —1, 0, and 2.

Algebra 1
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38. The x-intercepts are —4, —2, and — 1.
Check f(x) = (x + 1)(x* + 6x + 8)
0L (=4 + D[(—42 + 6(—4) + 8]
02 (=3)(16 — 24 + 18)
0L (=3)(—8+8)
0 < (=3)0)
0=0v
fx) = (x+ D2+ 6x+ 8)
0% (=2 + D[ (=27 + 6(—2) + 8]
0L(-1)@4—12+8)
0£(—1)(~8 + 8)
0 < (=1)(0)
0=0v
fx) = (x+ D2+ 6x+ 8)
02 (—1+ D{(=12+6(—1) + 8]
020)1 —6+8)
02 (0)(-5+8)
0<03)
0=0v

So, the zeros are —4, —2, and —1.

39. The x-intercepts are —3 and 1.

Check f(x) = (x + 3)(—x2 + 2x — 1)
02 (=3 +3)[—(—32+2(-3)—1]
0LWO)(-9-6-1)
0L O)(—15-1)
0= (0)—16)
0=0v

f@) =@+ 3)(—x2+2x—1)
021 +3)(—1R2+201)—1)
0LW(-1+2-1)

0@ -1
0= )0
0=0v

The zeros are —3 and 1.

40. The only x-intercept is 5.

Check f(x) = (x — 5)(—x2 + 3x — 3)
02(5—5)(=(52+3(5) — 3)
0+ (0)(—25+15—3)

02 0)(—10 - 3)
0 < 0)(-13)
0=0v

The zero is 5.

558 Algebra 1
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41. The x-intercepts are —3, —2, 1, and 2.
Check f(x) = (x2 — 4)(x2 + 2x — 3)
0L[(=32 = 4][(=37 +2(-3) - 3]
0209 —4)9—6-3)
0£(5)3-3)
02500
0=0v
feo) =2 —4)(x2+2x—3)
0+(12—4)(12 + 2(1) — 3)
0L —41+2-3)
0 (=33 -3)
0<(=3)0)
0=0v
feo) =2 —4)(x2+2x—3)
0£[(=22 = 4][(—22 +2(-2) - 3]
014 —4@d—4-3)
0<(0)0-3)
0<(0)(-3)
0=0v
feo) =2 —4)(x2+2x—3)
02(2—4)[22+202) - 3]
014 —4@d+4-3)
0= 08 - 3)
0<0)5)
0=0v

The zeros are —3, —2, 1, and 2.

42. The x-intercepts are —1 and 2.
Check f(x) = (2 + 1)(x2—x—2)
0= [+ 1][(=12 = (=n-2]

[ I

0=+ DA+1-2)
0£@02 -2
020

0=0V

fo =G24+ D2 —x—2)
022+ 1)(22-2-2)
01@+1)d—2-2)
0L -2
0<(5)0)
0=0v

The zeros are —1 and 2.
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B Tor]oz2lo03]04]05 1 | 09| 08| —07| —06
S(x) | 251 (2.04|159]|1.16 | 0.75 flx) | —1.61| —1.24 ] —0.89 | —0.56
x |o6] 07 | 08 [ 09
x | —05]|-04|-03|-02]-01
fo) [ 036 | —0.01 | —0.36 | —0.69
fe) | —0.25] 0.04 | 031 | 0.56 | 0.79

&

x 4.1 4.2 4.3 4.4 | 45 . 21122123 ] 24 25
—0.69 | —0.36 | —0.01 | 0.36 | 0.75

f) Sfx) 1 0.79 1 0.56 | 0.31 | 0.04 | —0.25

X 4.6 | 4.7 4.8 4.9 ¥ 26 27 28 29

fo) | 116 ] 1.59 | 2.04 | 251 fo) | —0.56 | —0.89 | —1.24 | —1.61
In each table, the function value closest to 0 is —0.01. So, In each table, the function value closest to 0 is 0.04. So, the
the zeros of f are about 0.7 and 4.3. zeros of fare about —0.4 and 2.4.

44.
x | —39|-38|-37|-3.6]-35 4.1y [ o1 [ 02 ] 03 ]o4a]o0s
Sfix) | 251 [ 204 | 1.59 | 1.16 | 0.75 fo) | —1.41| —0.84 | —0.29 | 0.24 | 0.75

x —34| —-33 | =32 | —3.1
S(x)| 036 | —0.01 | —0.36 | —0.69
& x 06 07|08 |09
Six) [ 124 | 1.71 | 2.16 | 2.59
x 0.1 0.2 0.3 04 | 05
Six) | —0.69 | —0.36 | —0.01 | 0.36 | 0.75 x 3152153 [ 54|55
Sfx) [2.59 (216 | 1.71 | 1.24 | 0.75

x | 56| 57 | 58 | 59

fx) 024 | —029 | —0.84 | —1.41

x [06]07]08]09
fx) | 116 [ 1.59 | 2.04 | 2.51

In each table, the function value closest to 0 is —0.01. So, In each table, the function value closest to 0 is 0.24. So, the
the zeros of f are about —3.3 and 0.3. zeros of fare about 0.4 and 5.6.

Algebra 1 559
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47. Graph f(x) = x> + 6x + 1. 49. Graphy = —x? + 4x — 2.
\ o/ ‘ i
\ ‘2‘/ —2—1‘ J1 2 3\a 5 6x
—7-6\ —4—3—2—]// 1% Tl
[ \
/. / \
> { \
fix) = x2 + 6x + 1]
X 0.1 0.2 0.3 0.4 0.5 0.6
X -59| =58 | =57 | =56 | =55
fx) | —1.61 | —1.24| —-0.89 | —0.56 | —0.25 | 0.04

fx) | 041 | —=0.16 | —0.71 | —1.24 | —1.75

x —54 | =53 | =52 | =51
fx) | =224 =271 | =3.16 | —3.59

fx) 0.31]0.56 | 0.79

x 31 | 32 | 33 | 34 35
fx) 10.79]0.56 | 0.31 | 0.04 | —0.25

fx) | =359 | =316 | —2.71 | —2.24 | —1.75
x | =04 | -03 | -02|-01

x -09 | -08 | =07 | =06 | —0.5

i i fx) | —0.56| —0.89 | —1.24 | —1.61
In each table, the function value closest to 0 is 0.04. So, the
In each table, the function value closest to 0 is —0.16. So, zeros of fare about 0.6 and about 3.4.

the zeros of fare about —5.8 and about —0.2.

48. Graph f(x) = x*? — 3x + 2.
N Ay 4

AN LT o N

—2-1 12 3
L]

The x-intercepts are 1 and 2. So, the zeros of fare 1 and 2.

560 Algebra1 Copyright © Big Ideas Learning, LLC
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50. Graphy = —x2 + 9x — 6.

s [y:7x2+9x76]

2|/

9
N

o/

/

—4—2‘ [2 456 8\\1012x
T \

\ |
x 0.1 0.2 0.3 0.4 0.5
flx) | =5.11 | —4.24| =339 | =256 | —1.75

x 0.6 0.7 0.8 | 09

fx) | =096 | —0.19 | 0.56 | 1.29

x 8.1 | 82 8.3 8.

4 8.5

Sx) [ 1.29 1056 | —0.19 | —0.96 | —1.75

x 8.6 8.7 8.8

8.9

fx) | =256 | —3.39 | —4.24

=5.11

In each table, the function value closest to 0 is —0.19. So, the

zeros of fare about 0.7 and about 8.3.

Copyright © Big Ideas Learning, LLC
All rights reserved.

51. Graph f(x) = 2x> + 2x — 5.

In each table, the function value closest to 0 is —0.16. So,
the zeros of f are about —5.7 and about 1.7.

aw)
\ ]
\ ol
\ 4
“10-8-6\-4-2 | 2 4 6x
\ LU
iy AN
%— fx) =2x2 + 2x = 5
\
x =59 | =58 | =57 | =56 | —55
fx) | 0.61 | 022 | —0.16 | —0.52 | —0.88
x =54 | =53 | =52 | -5
Sfix) | —1.22| —1.56 | —1.88 | —2.20
x 1.1 1.2 1.3 14 1.5
fx) | —2.20 | —1.88| —1.56 | —1.22| —0.88
x 1.6 1.7 1.8 | 1.9
fx) | =052 | —0.16 | 0.22 | 0.61

Algebra 1
Worked-Out Solutions
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52. Graph f(x) = —3x% + 4x + 3.

53.

562

AL
fix) = —3x2 + 4x + 3

—3-2—

—
—— W &
|

x —-09 | -08 | =07 | 0.6 | —0.5

fx) | =3.03 | —2.12 | —1.27 | —0.48 | 0.25

x —0.4 —0.3 —0.2 —0.1

fo) | 092 | 153 | 208 | 257

x 1.1 12| 13|14 ] 15

Sx) | 3.77 348 | 3.132.72 | 2.25

X 16 | 1.7 | 1.8 1.9

Sfx) [ 1.72] 1.13 | 0.48 | —0.23

In the first table, the function value closest to 0 is 0.25. In the
second table, the function value closest to 0 is —0.23. So, the
zeros of fare about —0.5 and about 1.9.

&lseconds,z|o| 1 | 23] 45

Height,h | 6| 118 | 198 | 246 | 262 | 246

Seconds, | 6 7 18 9
Height, n | 198 | 118 | 6 | —138

The height of the cannonball is 118 feet after 1 second,
198 feet after 2 seconds, 246 feet after 3 seconds,

262 feet after 4 seconds, 246 feet after 5 seconds, 198 feet
after 6 seconds, 118 feet after 7 seconds, and 6 feet after
8 seconds.

b. Based on the function values, it is reasonable to estimate
that the height of the cannonball is 150 feet about
1.5 seconds and about 6.5 seconds after it is fired.

Algebra 1
Worked-Out Solutions

54.

55.

C —1612 + 128t + 6 = 150
—162 + 128t + 6 — 150 = 150 — 150
—16/2 + 128t — 144 =0
So, graph h = —1672 + 128t — 144.

200 200
—2(7ero A \ 8 —2(7ero I/X 8
X=1.3542487 Y=0 X=6.6457513  Y=0
—50 —50

The cannonball is 150 feet above the ground after about
1.4 seconds and about 6.6 seconds.

@ | Seconds,f [0 1 | 2| 3
Height, 2 | 5|29 |21 | —19

The height of the softball is 29 feet after 1 second and
21 feet after 2 seconds.

b. Based on the function values, it is reasonable to estimate
that the height of the softball is 15 feet less than 0.5
second and slightly more than 2 seconds after it is thrown.

C. —16/2 + 40t + 5 =15
—162 +40t +5—-15=15—-15
—16/2 + 40t —10=0
So, graph h = — 1672 + 40t — 10.

20 20

V| zeror \ 5 “VZerol Y 5
X=.28175416 Y=0 X=2.2182458 Y=0
— -5

The softball is 15 feet above the ground after about
0.3 second and about 2.2 seconds.

S = 2mrr 4+ 27rh
225 = 2% + 27r(6)
225 = 2@ + 127r
225 — 225 = 272 + 127 — 225
0=2m?+ 127r — 225
Graph y = 27 + 127r — 225.

100

=12 \ ‘/ 8

4

Zero
X=3.6940169 Y=0
—400

The length of the radius must be positive. The graph’s only
positive x-intercept is about 3.7. So, the radius is about 3.7 feet.

Copyright © Big Ideas Learning, LLC
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56. S = 2mr? + 27rh
750 = 272 + 2mr(13)
750 = 272 4 267
750 — 750 = 2@ + 267 — 750
0 = 27?2 + 267r — 750
Graph y = 2772 + 267 — 750.

400

N VAR

NP4

Zero
X=6.2128363 Y=0
—1600

The length of the radius must be positive. The graph’s only
positive x-intercept is about 6.2. So, the radius is about
6.2 meters.

57. Graph the function to determine which integers the zeros
are between. Then make tables using x-values between the
integers with an interval of 0.1. Look for a change of sign in
the function values. Of these two function values, pick the
one that is closest to zero. The x-value that corresponds with
this y-value is an approximate zero of the function.

58. a. The graphs intersect in two places. So, the quadratic
equation x2 = —3x + 4 has two solutions.

b. The graph of y = x> + 3x — 4 intersects the x-axis in two
places, where x = —4 and x = 1.

59. Sample answer: Method 1 is preferred because you only
have to graph one equation in order to find the solutions.

60. There are infinitely many parabolas that have —2 and 2 as
x-intercepts.

Sample answer:

NN VIREY
N\ RHERY =
=)
—4-3 3 4x
N\
r§=2x278

61. Use a graphing calculator to graph y = —0.0017x% + 0.041x.

4

Zero
X=24.117647 Y=0
-1

The x-intercepts of the graph are 0 and about 24.1. So, the
width of the road is about 24.1 — 0 = 24.1 feet.

Copyright © Big Ideas Learning, LLC
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62. y = —0.003x> + 0.58x + 3

y = —0.003(57)% + 0.58(57) + 3
—0.003(3249) + 33.06 + 3
= —9.747 + 33.06 + 3
=26.313

When x = 57, the value of y is 26.313, which means the
water is reaching higher than 26 feet on the building when
the firefighter is standing 57 feet away. So, the water will
pass through the window that is 26 feet above the ground.

63. An example of an equation with a negative a value that has
two x-intercepts is y = —2x% + 1. An example of an equation
with a negative a value that has no x-intercepts is
y = —2x? + (—1). So, the graph of y = ax? + ¢ sometimes
has two x-intercepts when a is negative.

64. If a and ¢ have the same sign, then the sign of y is the same
over the entire graph. Because there is no sign change, the
graph does not cross the x-axis and has no x-intercepts. So,
the graph of y = ax? + ¢ always has no x-intercepts when a
and c have the same sign.

65. Quadratic equations have at most two x-intercepts. So,
the graph of y = ax? + bx + ¢ never has more than two
x-intercepts when a # 0.

Maintaining Mathematical Proficiency

66. +1 +1 +1
NN

x| —1] 0 1 2

L

1
y| 18 3 2 12
S SN S A
1 1 1
X5 X5 X%

As x increases by 1, y is multiplied by % Because 0 < % <lI,
the table represents an exponential decay function.

67. + 1 +1 +1
NN Y
x| O 1 2 3

y| 2 8 32 | 128

N AN A
X4 X4 x4

As x increases by 1, y is multiplied by 4. Because 4 > 1, the
table represents an exponential growth function.

Algebra 1 563
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9.3 Explorations (p. 497)
1. a. Graph y = x2 — 4.

WRRY
\\ /
\

(—2,0) (2, 0)

oNLL T

\
y=x"-4

The x-intercepts are —2 and 2. So, the solutions are —2
and 2.

b. Graph y = 2x2 + 5.

NIRRT
\

/
\.| /

)

[y=2¢2+5

-4 |2 L 2 | ax

>/

The graph does not cross the x-axis. So, 2x? + 5 = 0 has
no real solutions.

c. Graph y = x2.
§\ | /I
\ ° /
( 4
y=x*
\,| /
(0, 0)
4 2 2 | 4x

The graph has one x-intercept, and it is at the vertex,
(0, 0). So, the solution is x = 0.

d. Graphy = x2 — 5.

\

4
[
/

-4 4 x
(-=2.2,0 (2.2, 0)

TG"{y=x275}>

The x-intercepts are about —2.2 and 2.2. So, the solutions
are x =~ —2.2 and x = 2.2.

The number of solutions is equal to the number of
x-intercepts in the related graph.

564 Algebra 1
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2. a. N s b. . o5
221 | —0.1159 —-2.21{—0.1159
2.22 | —0.0716 —2.22| —0.0716
2.23 | —0.0271 -2.23 | —0.0271
2.24| 0.0176 —2.24| 00176
2.25| 0.0625 —-2.25| 0.0625
2.26| 0.1076 —226 | 0.1076

In each table, the function value closest to 0 is 0.0176. So,
the solutions are x = 2.24 and x = —2.24.

3. a. Adding 5 to each side of x> — 5 = 0 gives x> = 5. So, the
equations are equivalent.

b. Using a calculator to find the positive square root of 5 and
the negative square root of 5, you get x = V5 ~2.236 or
x = —V5 =~ —2.236. The estimates in Explorations 2
were accurate to the nearest hundredths.

¢. The exact solutions of x2 — 5 = 0 are x = V5 and
x=-V5.

4. Graph the related equation y = ax? + c. The number of
solutions will be the same as the number of x-intercepts.

5.a.x2—2=
2

+
+ ©

2

% |
[
S

x=+V2
x == 141

The exact solutions are x = V2 and x = —V2. The
estimated solutions are x = 1.41 and x = —1.41.

b.3x> - 18=0
+18 +18
3x2 =18

3x2

SR
I
s 7 wle

Vo
2.45

The exact solutions are x = V6 and x = —V6. The
estimated solutions are x = 2.45 and x = —2.45.

I+ I+

X
X =

¢ x*=8
Vi = V8
x==x \/m
x=*V4.\2
x==2V2
x=~=*+2283
The exact solutions are x = 2V2 and x = —2V2. The
estimated solutions are x =~ 2.83 and x = —2.83.
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9.3 Monitoring Progress (pp. 499-500) 6. 2x+1)2=36
1. —3x2=-75 Vox + 1?2 = V36
—3x* _ 75 2x+1=%6
-3 -3
-1 -1
=0 o=l
Va2 = V25 T .
2x _ —1 =
The solutions are x = —5and x = 5. —1+6
x=
2
2 =
2.x2+12=10 The solu 146 5 d,—l—ﬁ,_z
“12 -1 e solutions are x = 7 —pandx=—s—=—7
2 _
. 12 7.2+ 8=19
The square of a real number cannot be negative. So, the ~g -3
equation has no real solutions. —_— —
x2=11
3.4x2 - 15=—15 V2 = V11
+15 +15 x=+V11
4x? =0 x=~*332
42 _0 The solutions are x = 3.32 and x = —3.32.
4 4
Va2 =Vo 8.52-2=0
x=0 +2 42
The only solution is x = 0. 5x2 =2
22
4. (x+77=0 5%=§
Ve + 72 =V0 , 2
x+7=0 v 5
_7 _7 Vi = 2
— — \5
x=-7 I
. . = + 02
The only solution is x = —7. X = =\3
5 4x—32=9 x:iﬁ.ﬁ
4 —32_9 Vs Vs
4 4 L= +V10
o 37= % 0563
Iy x = *0.
Vix —3)2 = 2
( ) \43 The solutions are x = 0.63 and x = —0.63.
x—3==*x3
3 +3
L3
x=3%3
. _ 3_9 _ 3_3
So, the solutions arex =3 + 5 =zandx =3 — 3 = 3.
Copyright © Big Ideas Learning, LLC Algebra 1 565
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9.3x2 — 30 = 4
+30  +30
32 =34
3x? _ 34
3 3
2 34
3
-
Va2 = 34
YT
[34
=+, 27
T3
_ V34 V3
x ==+ .
V3 V3
102
= +
T3
x =~ +337

The solutions are x = 3.37 and x = —3.37.

10. V= 4wh
315 = 3w(w)(3)

315 = 9w?
315 _ 9w?
9 9
35 = w2
V35 = V2
V35 =w

The solutions are V35 and —V/35. Use the positive solution.
So, the width is V35 =~ 5.9 feet, and the length is
3V35 =~ 17.7 feet.

1. S = 4mr?

i=47rr2

dar dar

S _p

dar

s

IS _vz

\Varm "

s _,

\an

oo S _ [804 _ 201 _ o
Var Vamr V' #m ’

The radius of the globe is about 8 inches.

9.3 Exercises (pp. 501-502)
Vocabulary and Core Concept Check

1. The equation x> = d has two real solutions when d > 0.

566 Algebra 1
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2. The one that is different is “Solve x? + 146 = 2 using square
roots.”

X2+ 146 =2
— 146 — 146
X2 =—144

The square of a real number cannot be negative. So, the
equation has no real solutions. The other three are equivalent
tox? = 144.

X2 =144
Va2 = V144
x==*12
The solutions are x = 12 and x = —12.

Monitoring Progress and Modeling with Mathematics

3. Because d = 25 > 0, x2 = 25 has two real solutions.

x2 =25
Va2 = V25
x= =5
The solutions are x = 5 and x = —5.
4. Because d = —36 <0, x> = —36 has no real solutions.
5. Because d = —21 <0, x2 = —21 has no real solutions.

6. Because d = 400 > 0, x2 = 400 has two real solutions.
x2 =400

Va2 = V400
x= %20
The solutions are x = 20 and x = —20.

7. Because d = 0, x2 = 0 has one real solution.

x2=0
Va2 =V0
x=0

The only solution is x = 0.
8. Because d = 169 > 0, x> = 169 has two real solutions.
x> =169
Va2 = V169
x==*13

The solutions are x = 13 and x = —13.

9.x2—-16=0
+16 +16

x2=16

Va2 = V16

x=*4

The solutions are x = 4 and x = —4.
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10.x2+6=0
-6 -6
x2=-6

The square of a real number cannot be negative. So, the
equation has no real solutions.

11.3x2+12=0

-12 —-12
3x2=—12
3 _ -1
3 3
x2=—4

The square of a real number cannot be negative. So, the
equation has no real solutions.

12.x2 — 55 =126
+55 +55

x2 =81

Va2 = V81

x=x9

The solutions are x = 9 and x = —9.

13.2x2 - 98 =0
+98 + 98

2x2 =98
2x2 98

2 2
x2 =49

Vi = Va9

x==x7

The solutions are x = 7 and x = —7.

16. 4x> — 371 =29
+ 371 + 371

17. 4x* + 10 = 11
— 10— 10

4x2 = 400

4x2 =1
42 _ 400 4
4

4 4
x2 =100 x2

Va2 = V100

Blm Be

=
I
==

x==x10 X

Il
I+

N =

1

The solutions are x = 10 The solutions are x = 5

and x = —10. and x = —%.

18.9x> —35 =14
+35+35
9x* = 49

The solutions are x = 7 and x = —%.

19. (x+32=0 20. x—12=4

Va+ 37 =0
x+3=0 x—1

—3-3 +1 0+

14. —x2+9=9

15. =3x> - 5= -5

-9 =9 S5 45
—x2=0 —3x2=0
-2 _0 —32_ 0
-1 -1 -3 -3
x2=0 x2=0
2 =V0 Va2 =V0
x=0 x=0

The only solution is x = 0.

The only solution is x = 0.

x=-3

The only solution is.
x=-3.

21. (2x— 1)? =81

V@x — 12 = V81

The solutions are
x=1+2=3and
x=1—-2=—1.
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2x—1==%x9
1 o£1
2x=1=%9
2r_1%9
2 2
x=1i9
2
The solutions arex=i29—%= 5 and
1-9 -8
=—"=——=—4,
T 2
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22. (4x+5?%*=9
Vax F 57 =9
4x+5==3
R}
4x=-5=*3
4x _—5=3

26.x2+ 11 =24
— 11 — 11

25.x2+ 6 =13
-6 -6
x2=7 x2=13
Xe = X
Va2 Va2 = V13
x=*=V7 x==V13
x= =*265 x= * 361

The solutions are The solutions are x = 3.61
x =~ 2.65and x = —2.65. and x = —3.61.

5

568 Algebra 1
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27.2x2 -9 =11
)
2x2 =20
2x2 20

2 2
x2=10
Va2 =V10
x== \/ﬁ
x= *3.16
The solutions are x = 3.16 and x = —3.16.

28.5x2+2=6

S

x==x

V5

i2\/§
5
x = *+0.89
The solutions are x = 0.89 and x = —0.89.

9}

x =

29. -21 =15 — 22
- b
—36 = —2x?
=36 _ —2x?
-2 -2
18 = x2
VIS = Va2
V9.2 =x
V9 V2 =x
+3V2 =x
*4.24 = x
The solutions are x = 4.24 and x = —4.24.

30. 2=4x2-5

*s ]
7 = 4x2
7_4
4 4
17
1L /52
i Va2
ig:x
+132=x
The solutions are x = 1.32 and x = —1.32.
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31. The number 36 has both a positive and negative square root.

2x2 — 33 =39
+33 +33
2x2 =172
2w _7
2 2
x2 =36
Va2 = V36
x= =6
The solutions are x = 6 and x = —6.

32. Let w be the width and 2w be the length of the pond.

V = 4wh
72,000 = 2w(w)(24)
72,000 = 48w?
72,000 _ 48w?

48 48
1500 = w?

V1500 = Vw2
+V1500 = w
£10V15 = w

The solutions are 1015 and —10V15. Use the positive
solutions. So, the width is 10V15 =~ 38.7 inches and the
lengthis 2 « 10V15 = 77.5 inches.

33. h=—16x2+ 24
0=—1612 + 24
24 —24
—24 = —16x2
—24 _ —162
—16 -16
B_ve
V2~
V3 V2
+ . =x
2 V2
i?:x

The solutions are ? and —?. Use the positive solution.
, Vo

So, it takes - or about 1.2 seconds for the sunglasses to

hit the ground.

34. Subtract 4 from each side.

X*+4=0
—4 -4
x2=—4

The square of a real number cannot be negative. So, the
equation has no real solutions, and your cousin is correct.
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35. Area of inner rug = 25% of Total area
2=025 . 62

x2=9
Ve =\
x==*3

Use the positive solution. The inner square should have a
side length of 3 feet.

A
The formula for ris r = |/—.
\r

(A M13
b.r= é = J'E =~ 6.0
Ve Vm

The radius of the first circle is about 6 feet.

[A [1R10

r= A= 1819 _ o490
V' x

The radius of the second circle is about 24 inches.
[A _ [531

== =,/=—=13.0
Ve Vm
The radius of the third circle is about 13 meters.

c. If you solve the formula for r, then it takes fewer steps to
find the radius because the steps for solving only need to
be completed once.

37. Sample answer: Isolate the variable term. Then use a
calculator to find the approximate value of the variable.

38.ax2+c¢c=0
—c—c
axt = —c
ax? _ —c

a a

c

- p—

a

a. The equation ax? + ¢ = 0 has two real solutions when

c N
2> 0, or when a and ¢ have opposite signs.

b. The equation ax> + ¢ = 0 has one real solution when

—gzo,orwhenaio.andczo.

¢. The equation ax? + ¢ = 0 has no real solutions when

c .
2 < 0, or when a and ¢ have the same sign.

Algebra 1 569
Worked-Out Solutions



Chapter 9

39. The graphs of y = x? and y = 9 intersect at the points
(—3,9) and (3, 9) because when y = x2 = 9,

x==*V9==+3

40. The graph of f(x) = (x — 1) has one x-intercept. So, the
equation (x — 1)? = 0 has one solution.

41. Because the square of 12 is 144, you can conclude that
1.22 = 1.44.

xX2=144
Va2 =V1.44
x==*1.2.
So, the solutions are x = 1.2 and x = —1.2.

b )2 b — 4dac
. t— = —
42 (x 2a 4a?
\‘"(x + 3)2 = b2 — 4ac
\ 2a Va2
4 b _ VD~ dac
2a 4a2
x+£— + Vb? — 4ac
2a 2a
b _b
2a 2a
. b, Vb — 4ac
2a ~ 2a
.= —b = Vb2 — 4ac
2a
The solutions of the equation ax? + bx + ¢ = 0 are
_ —b+VD* - 4ac andx = —2— Vb? — 4ac
2a 2a '

43. y=%(x—2)2+1
9=1(x—22+1
—1 -1

8 =1(x—27
2.8=2.1(x—2)7
16 = (x — 2)?
V16 = V(x — 2)?
+4=x—-2
2 *2

2+t4=x

The x-coordinates are x =2 + 4 =6andx =2 — 4 = —2.

570 Algebra 1
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44. a. x*— 12x +36 =64
2 = 2x)(6) + 62 = 64

(x —6)2 =64
V= 67 = Vel
x—6==*8
6 *6
x=6+38

The solutions are x =6 + 8 = l4dandx =6 — 8 = —2.
b. x>+ 14x+49=16
24207 + 72 =16

x+7)2=16
Vi + 72 =Vl16
x+7==*4
=1 =7
x=-7*4
The solutions are x = —7 + 4 = —3 and

x=-7-4=—11
Maintaining Mathematical Proficiency
45. x2 + 8x + 16 = x2 + 2(x)(4) + 42
= (x + 4)?

46. x2 — 4x + 4 = x2 — 2(x)(2) + 22
=(x — 2)?

47. x2 — 14x + 49 = x2 — 2(x)(7) + 77
=x—17)7?

48. x2 + 18x + 81 = x2 + 2(x)(9) + 92
= (x + 9)?

49. x2 + 12x + 36 = x2 + 2(x)(6) + 62
= (x + 6)?

50. x2 — 22x + 121 = 22 — 2(x)(11) + 112
= (x— 112

9.1-9.3 What Did You Learn? (p. 503)

1. For part (c), examples that make the statement true are
V3 +V3 =2V3,V3 + =7+ V3,
V3 + (—\/g): —2\/5, V3 4+ = ’7T_\/§,
T+ V3 = 7T+\/§,7T+(_\/§)= 7 — V3, and
7 + 7 = 2r. For part (c), counterexamples (that make the
statement false) are V3 + (—\6) =0and —V3 +V3 =0.

For part (f), examples that make the statement true are
V3em=mV3, V3 em=—-m/3, 7.V3 = 73,
7o (=V3) = -7 3,and 7« m = 7. For part (f),
counterexamples (that make the statement false) are
V3.V3=3V3.(-V3)= -3 -V3.V3 = -3 and
—V3.(-V3)=3.
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2. Sample answer: Exercise 54 on page 496 is most similar

to Example 6 on page 493. The situations described are
similar, and each problem has three parts with the same type
of questions. You can also refer to Example 5 on page 492
because both involve making a table of values and looking

for a change in sides.

3. Sample answer: Solving the simpler equation x> = 144

helps because the solution of the equation x2 = 1.44 can be

found by moving the decimal point in the solution of
X2 =144,

9.1-9.3 Quiz (p. 504)
1LVI23 =V16+7 e x2 e x
=V16 « V7 « Va2 e vx
=4.V7 exeVx
=4ex VT evx
= 4x\7x
18 _ |

1 |

—

2.\

o]

»[S5 &[S

3.V/=625 =V—125+5
=V=125.V5
= —5v5

—

g 12 12
V32 V16 .
2

q

S

> sl Sl E)

N

Ny

oz 2z
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=
=
=

=
%)
2
(OS]

—
[\
—_

~
:
—_
—_
[ J—
ﬁw
—_
(O8]

[ 4x2 4x2

8. —
\28y%2? \/28y42d

V4 .
VA VT Vo oV vz

2ex
2VT ey 20z

2x
2ey2e22.V7 ovZ

2

X
y22V7z
V27 Viz
7z
7z
Y2 o2 V49 /22
7z

y2.12o7-z

7z

7y2Z3
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9 6 _ 6 5-V3
5+V3 5+V3 5-V3
6(5 — V3)
52— (V3)?
6(5) — 6(V3)
-
_30-6V3
22

2(15 - 3V3)

22
_15-3V3
11
10.2V5 + 7V10 — 3V20 = 2V5 + 7V10 —3 . V4 .5

=2V5 +7V10 =3 .V4 . V5
=2V5 +7V10 —3.2.V5
=2V5 + 7V10 — 6V5
=2V5 - 6V5 +7V10
=2 -6V5 +7V10
= —4V5 +7V10

Lo _ 10 v8+Vio
V8 —Vio V8 —-V10 V8 +V10
10(V8 + V10)
(V8 ) — (V10)?
_ 10(v8 +v10)
8—10
10(vV8 +V10)

-2
-5(v8 +V10)
=-5V8 - 5V10
= —5V4.2 - 5V10
=-5.V4.V2-5V10
=-5.2.V2-5V10
=—10V2 - 5V10

12. V6(7V12 — 4V3) = Ve(7v12) — Ve(4V3)
=7V6.12 —4V6.3
=7V72 — 4V18
=7V36.2 —4V9 .2
=7.V36 V2 —4.V9.V2
=7.6.V2—-4.3.V2

1

=42V2 — 12V2
=@2 - 12)V2
=30V2

572  Algebra 1
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13. The x-intercepts of the graph are —1 and 3. So, the solutions
arex = —land x = 3.

14. The graph of y = x> — 2x + 3 does not cross the x-axis. So,
x> — 2x + 3 = 0 has no real solutions.

15. The only x-intercept is at the vertex, (—5, 0). So, the solution
isx = —5.

16. Graph y = x% + 9x + 14.
\ yiy

o
L |
y:x2+9x+14}‘*‘—8*

The x-intercepts are —7 and —2. So, the solutions are
x=—Tandx = —2.
17. X2 =Tx=38
xX*—Tx—8=8—-28
X2—=Tx—8=0
Graphy = x* — 7x — 8.
y 4
|

° /
\-1,0 /@B 0
\

4 12 x

\
)
6/=X2*7X*8}

\.

The x-intercepts are —1 and 8. So, the solutions are x = —1
and x = 8.

18. x+4=—x2
x+4+x2=—x2+x2
X+x+4=0
Graphy = x> + x + 4.

y

/
]

y=x+x+4)

EEEN 2 x

The graph of y = x> + x + 4 does not cross the x-axis. So,
x + 4 = —x2 has no real solution.
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19. 4x2 = 64
4> _ 64
4 4
x2 =16
Va2 =Vi1e
x=x4
The solutions are x = —4 and x = 4.

20. —3x2+ 6=10

-6 -6
—3x2=4
=3 _ 4
-3 -3
X2 = —%

The square of a real number cannot be negative. So,
—3x2 + 6 = 10 has no real solutions.

2. (x—8)?=1
Vi =82 =V1
x—8==*1
48 +8
x=8=*x1

So, the solutionsare x =8 + 1 =9andx=8 — 1 =7.

22. Because d = 100 > 0, the equation x2 = 100 has two real
solutions.

23. Let w be the width, and let 4w be the length of the
rectangular prism.

V = dwh

380 = 4w(w)(5)
380 = 20w?
380 _ 202

20 20

19 = w?
Vio =V

=VI9=w

Use the positive solution. So, the width of the rectangular
prism is V19, or about 4.4 meters, and the length is 4V19, or
about 17.4 meters.
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24. a. h=—162+ 241+ 4

12=—162+ 241+ 4
12—-12=—16/2+ 24t + 4 — 12

0= —162+24t—38

Graphy = —16¢ + 241 — 8.

1.6 1.6

-0.4 . .
8 [ vl 2t 1 vl

-0.4 -0.4

The zeros are 0.5 and 1. So, the fishing lure reaches a

height of 12 feet after 0.5 second and again after 1 second.

b. h = —16/> + 24t + 4
0=—162+ 24t + 4
Graphy = —16£2 + 24t + 4.

20

—05]7ero 2
X=1.6513878 Y=0
-5

The fishing lure hits the water after about 1.65 seconds.

9.4 Explorations (p. 505)

1. a. The left side has one positive x-squared block and four
positive x blocks, and the right has two negative unit
blocks. So, the equation modeled by the algebra tiles is
X2+ dx = =2

b. By the Addition Property of Equality, when the same
amount is added to each side of an equation, the new
equation is equivalent.

dx2+4x+4=2

(x+22=2

Vix +22=V2
x+2=xV2
-2 =2
x=-2+\V2

The solutions are x = —2 + V2 =~ —0.59 and
x=-2-V2=341

Algebra 1 573
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2. a. The equation is x* + 6x = —3.

b L j@ED H 4 4

§-1888

JEBHHY
JERLHHY
JEBHHY
ocx2+6x+9=4
(x+32=4
Ve #3724
x+3=
-3 3
x=—-3%2

The solutions are x = —3 + 2 = —1 and
x=-3-2= -5

d. Check
X2+ 6x= -5 X2+ 6x
(—1)? + 6(—1) £ =5 (—5)2 + 6(—5)

=434
H3

2
3. Write the equation in the form x*> + bx = d. Add (g) to

each side of the equation. Factor the resulting expression on
the left side as the square of a binomial. Solve the resulting
equation using square roots.

4. a. x2—=2x=1
=2+ 12=1+12
R2=2x+1=1+1

x—12=2
x—12=V2
x—1==xV2
S
x=1xV2

The solutions are x = 1 + V2 =~ 2.41 and
x=1-V2=-041.
b. x2—4x=—1
X2 —4x+22=—1+22
X —dx+4=—-1+4

x—22=3
Ve —27=13
x—2==V3
+2 42
x—2+\f

The solutions are x = 2 + V3 =~ 3.73 and
x=2-V3=027.
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c X2 +4x= -3
¥ +dx+22=-3+22
¥ +dx+4=-3+4

x+22=1
Vo + 27 = VI
x+2==*1
-2 2
x=-2=*1
The solutions arex = =2 + 1 = —1 and

x=-2-1=-3.

9.4 Monitoring Progress (pp. 506-510)
1.x2 + 10x
b_ 10

22
Step2 52=25
Step3 2+ 10x + 25

So, x2 4+ 10x + 25 = (x + 5)2.

Step 1 =5

2. x2 — 4x

—4
Step 1 =—=-2
ep 3
Step 2 2)2 =
Step3 x2—4x+4

So,x2 —4x + 4 = (x — 2)2

4
2
(=

4;

3.x2 + Tx

Step 1

l\)l\]

Step 2

(E) 49

Step 3 x2+7x+£

So, x2+7x+t9 (x+%)2.
4. X2—=2x=3
2= 2+ (12 =3+ (—1)2
X2—=2x+1=3+1

x—12=4
Va—17=Va
x—1==*2
+1 1
x=1=*x2

The solutionsare x =1 +2=3andx=1—-2= —1.
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m?+ 12m = —8
m?+ 12m + 62 = —8 + 62
m?+ 12m + 36 = —8 + 36

(m + 6)2 =28
Von + 672 = V28
m+6==V28
-6 =6
m=—6=\28

The solutions are m = —6 + V28 =~ —0.71 and
m=—6-—\28 ~—11.29.

.3g2—24g+27=0
—27 =21
3g%2 —24g = =27
3(g* — 8g) = —27
3(g> —8¢) _ —27
3 3
g —8=-9
g —8g+42= -9+ 42
g —8g+16=-9+16

(g —42=7

Vis = 4P =V
g—4=*V7
r4 *4
g=4i\/7

The solutions are g = 4 + V7 = 6.65 and
g=4-V7=135.
y=—x>—4x+4
y—4=-2—4dx+4-4
y—4=—x2—4x
y—4=—0(2+4x)
y—d4—4=—(2+4x+4)
y—8=—(x+2)?

+8 +8
y=—(x+2?+38
The vertex is (—2, 8). Because a is negative (¢ = —1), the

parabola opens down and the y-coordinate of the vertex is the
maximum value. So, the function has a maximum value of 8.

y=x*+ 12x + 40
y— 40 =2+ 12x + 40 — 40
y—40 =2+ 12x
y —40 + 36 = x> + 12x + 36
y—4=(x+6)
4 t4
y=@x+6?2+4

The vertex is (—6, 4). Because a is positive (¢ = 1), the
parabola opens up and the y-coordinate of the vertex is a
minimum value. So, the function has a minimum value of 4.
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10.

11.

12.

y=x2—-2x—2
y+2=x2-2x—2+2
y+2=x—-2
y+2+1=x2-2x+1
y+3=(x—1)7
-3 =3
y=x—-12%-3
The vertex is (1, —3). Because a is positive (¢ = 1), the
parabola opens up and the y-coordinate of the vertex is a

minimum value. So, the function has a minimum value of
-3.

The graph of / opens up because @ = 1 and a > 0. So, the
function could not be represented by the graph.

The graph of n has two positive x-intercepts, and its graph
opens down because a = —2 and —2 < (. This means that
n has a maximum value, and the vertex must be in the first
quadrant. So, the graph could represent 7.

a. y = —16x> + 128x
y = —16(x2 — 8x)
y—16+16 = —16(x2 — 8x + 16)
y — 256 = —16(x — 4)?
+ 256 + 256
y = —16(x — 42 + 256

Because the maximum value is 256, the model rocket
reaches a maximum height of 256 feet.

b. The vertex is (4, 256). So, the axis of symmetry is
x = 4. On the left side of x = 4, the height increases as
time increases. On the right side of x = 4, the height
decreases as time increases.
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Bl Areaof Length of Width of
chalkboard |=| chalkboard |*| chalkboard
(square feet) (feet) (feet)
4 = (7—2x) e (3—2x)

4=(7-2003 - 20
4 ="7@3) + 7(—2x) — 2x(3) — 2x(—2x)
4 =21 — 14x — 6x + 4x?
4 =4x2—20x + 21
4 —21 =4x2—20x + 21 — 21

—17 = 4x? — 20x
_17 _ 4x* —20x
4 4
—14—7:x2—5x
A7 25 L 25
1 + n =X S5x + n
8 _ o4
1 x 5x+4
52
=o-3
T2
| 2
Va2 = ( _2)
W2
5
+V2=x-2
T2
5 5
2 -
5 _
2+V2=x
The solutions of the equation are x = % + V2 =391 and
x:%—\/iz 1.09. It is not possible for the width of the

border to be 3.91 feet because the width of the door is only
3 feet. So, use 1.09 feet.

12 in.
1 ft

The width of the border should be about 13 inches.

1.09 ft » = 13.08 in.

9.4 Exercises (pp. 511-514)
Vocabulary and Core Concept Check

1. The process of adding a constant ¢ to the expression
x2 4 bx so that x2 + bx + c is a perfect square trinomial is
called completing the square.

2. To complete the square for an expression of the form
b 2
x2 + bx, add (E) to x2 + bx.

. b. . .. .
3. When b is even, 5 is an integer. So, it is more convenient to

complete the square for x> + bx when b is even.
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4. In order to find the maximum or minimum value of a
quadratic function, first use completing the square to write
the function in vertex form. Then the maximum or minimum
is the y-coordinate of the vertex.

Monitoring Progress and Modeling with Mathematics

5. x2—8x+c 6.x2—2x+ ¢

_g\2 o2
c=(E)f=c42=16 e=(F)f=c1m=1
7.x2+4x + ¢ 8.x2+ 12x+¢

e L

9.x2—15x+ ¢ 10. 2+ 9x + ¢
_(—15\2 _ 225 _(9)2 _ 81
C_(T)_T C_(E)_T
11. x2 — 10x
b _ —10
Stepl —=——=-5
PL 3T
Step2 (=52 =25

Step3 2 — 10x + 25
So, x2 — 10x + 25 = (x — 5)%
12. x2 — 40x

|
<)

b
Step 1 5= = —20
Step2 (—20)> = 400
Step3  x2 — 40x + 400
So, x2 — 40x + 400 = (x — 20)2.
13. x2 + 16x

Step 1

Step2 82 =64
Step3 2 + 16x + 64
So, x2 + 16x + 64 = (x + 8)%.

NS

_16 _
=3 8

14. x2 + 22x
b2
Stepl 2=22=11
P 373
Step2 11 =121

Step3  x2 + 22x + 121
So, x2 + 22x + 121 = (x + 11)2.

15. x2 + 5x
b _ 5
Stepl - ==
PL 573
5\2 5
sepz (S =2
P 2] 7%
Step 3 xz-i-Sx+24—5
25 5\2
, X2+ +—=( +f)
So, x Sx 1 X >
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16. x2 — 3x

(=3
2 + == ——
So, x 3x 1 X 5]

17. X2+ 14x =15
2+ 14x+72=15+7°
(x+7)?=15+49

(x +7)2 =64
Vo177 = Ved
x+7==8
-7 T
x=-7%x8

The solutions are x = —7 +8 = landx = —7 — 8 = —15.

18. X2 —6x=16
X2 —6x + (=3)> =16 + (=3)?
x—=32=16+9

(x—3)2=25
Vix =32 =V25
x+3==*5
4343
x=3=*5

The solutionsare x =3 +5=8andx =3 — 5= —2.

19. X2—dx= -2
X —dx + (=2 = =2+ (=27
(x—22=-2+4

x—22=2

(x—2?2=V2

x—2==*\V2
+2 42
x=2+V2

The solutions are x = 2 + V2 =~ 3.41 and
x=2-V2=059.
20. X2+2x=5
X2+ 2x+12=5+12
x+1)2=5+1
x+1)2=6
Vi + 12 =Ve
x+1==V6
-1
x=-1+V6
The solutions are x = —1 + V6 =~ 1.45 and
x=—1-V6~—345

Copyright © Big Ideas Learning, LLC
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21. x2—5x=38

2
@_éf:ﬂ
2 4
-3 -1
2 4[7
S
S R
7 7
2 2
_5, 3
T2V
5 VT s=va
27 27 2
The solutions are x = % ~ 6.27 and
X = M ~ —1.27.
2
22. 24+ 1lx=—-10
11\2 11\2
241+ (B =10+ (4)
11)\2 _ 81
(r+3) =%
| 1\2 _ 81
Vet 5) =%
x+d=x2
1
2 2
1.9 —11%9
=+ Z
T %
The solutions are x = _112+ Ea _72 = —1land
—11-9_ —-20
=———=—-=-10.
2 2
23. a. Area = length « width
216 = (x + 6) o x
216 = x(x + 6)
216 = x(x) + x(6)
216 = x% + 6x
An equation that represents the area of the patio is
x2 + 6x = 216.
Algebra 1
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b. X2+ 6x =216
x2+ 6x + 32=216 + 32
(x+32=216+9

(x +3)? =225
Vix + 37 = V225
x+3==*15
-3 -3
x=-3*x15
The solutions of the equation are x = —3 + 15 = 12
andx = —3 — 15 = —18. Disregard the negative value

because a negative side length does not make sense. So,
the width of the patio is 12 feet and the length is
12 + 6 = 18 feet.

24. a. Volume = length « width « height
768 =x o1 e(x—8)

768 = x(x — 8)
768 = x(x) — x(8)
768 = x2 — 8x
An equation that represents the volume of the glass case is
x2 — 8x = 768.
b. x> — 8x =768

X2 — 8x + (—4)2 = 768 + (—4)?
(x — 472 = 768 + 16

(x — 4)2 = 784
Vix — 42 = V784
x—4==*28
r4 F4
x=4+28

The solutions of the equation are x = 4 + 28 = 32 and
x =4 — 28 = —24. Disregard the negative solution
because a negative side length does not make sense. So,
the length of the glass case is 32 centimeters and the
height is 32 — 8 = 24 centimeters.

25. X2—8x+15=0
-15 —15
x2—8x=-15
X2 = 8x+ (—42 = —15 + (—4)®
(x—42=-15+16

x—4)2=1
Ve— 42 = Vi
x—4==1
+4 f4
x=4=*1

The solutionsarex =4 + 1 =5andx =4 — 1 = 3.

578 Algebra 1
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26.x2+4x—21=0
w20 +21
X2+ 4x =21
X2+ 4x +22=21 + 22
(c+22=21+4

(x+22=25
Vix +22 =V25
x+2==*5
-2 -2
x=-2%=5

The solutions are x = =2 +5=3andx = -2 —-5= —7.

27.2x2 +20x +44 =0

22 +20x+44 _0

2 2

2+ 10x+22=0
-22 =22
2+ 10x = =22

x2+10x + 52 = —22 + 52

(x+5?%=-22+25

(x+52=3
Vi +52=V3
x+5==V3
-5 =3
x=-5+V3

The solutions are x = —5 + V3 =~ —3.27 and
x=-5-V3=-673.

28.3x2— 18+ 12 =0
3@ —18x+12 _ 0

3 3
X*—6x+4=0
-4 4
x2—6x=—4

X2 = 6x + (=32 = —4 + (=3)
(—32=-4+9

x—3)2=5

Va—32=Vs
x—3==V5
+3 +3
x=3=V5

The solutions are x = 3 + V5 =~ 5.24 and
x=3-V5=076.
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29. —3x2 — 24x + 17 = —40

-17 -=17

—3x2 — 24x = —57

—3x2 —24x _ =57

-3 =3

x>+ 8x =19

X2+ 8x + 42 =19 + 42
(x+42=19+ 16

(x + 42 =35
Vi + 42 =V35
x+4=%1V35
-4 —4
x=—4=+V35

The solutions are x = —4 + V35 =~ 1.92 and
x=—4-V35~-992

30. —5x% — 20x + 35 =30

-3 =3
—5x2 —20x = =5
—5x2 —20x _ —5
=5 -5
X +4x=1
P4 +22=1+22
x+22=1+4
(x+22=5
Ve F 2R =5
x+2==+V5
-2 2
x=-2%V5

The solutions are x = —2 + V5 ~ 0.24 and
x=-2-V5~—-424.
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31. 2x2— 14x + 10 =26

- 10 —10
2x2 — 14x = 16
2x% — 14x _ 16

2 2

x2—Tx =

3.4+ 12x— 15=5

+15 +15
4x2 + 12x =20

4x2 + 12x _ 20

4
2

+
w
=
Il Il
W _,;|

- =
8] 8]
Il Il
W )
+ +
—_—
o NSRS
-
(S}

W W W W
=20
(3]
)
N=)

g !

[
_
»|

=
+ N
[ W
Il
I+
[w =
]|

o
o

r_3i@
2

I+

of§
N}

0

-3 +V29

The solutions are x = ——— =~ 1.19

2
and x = ’3%@ ~ —4.19,

(S RCH]

=
I
\

Algebra 1
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33. The number 4% = 16 should be added to each side of the
equation.

¥+ 8x=10
X+ 8x + 42 =10 + 4
(x+4)?2=10+ 16

(x + 4)2 =26

Vix + 42 =V26
x+4=2V26

-4 4

x=—4+V26

The solutions are x = —4 + V26 ~ 1.1 and
x=—-4-V26~-9.1.

34. The leading coefficient should be 1 before completing the
square.

2x2—2x — 4 =

2
35. In a perfect square trinomial, ¢ = (g) .

_ 9)2
So, ¢ (2

s

x

W
Il
(SIS

2.(£5=2.2

*10=">

The values of b for which x2 4+ bx + 25 is a perfect square
trinomial are » = 10 and b = —10.

36. The first step is to divide each side of the equation by 3.

580 Algebra1
Worked-Out Solutions

37.

38.

39.

40.

D; y=x*+6x+3
y=3=x>+6x+3-3
y—3=2x%+ 6x

y—3+32=x2+6x+ 32

y—3+9=(x+3)
V6= (x+3)

y+t6—-—6=x+3?>-6
y=x+32-6

The graph of the function has a vertex of (=3, —6) and
opens up. So, it matches graph D.

A; y=—-x2+8—12
y+12=—x2+8— 12+ 12
y+12=—x2+ 8
y+12=—(%— 8x)

y+12 = (=42 = —[x2 — 8x + (—4)?]

y+12 =16 = —(x — 4)?

y—4=—(x—4)3
y—4+4=—x—-47>+4
y=—(x—4?%+4

The graph of the function has a vertex of (4, 4) and opens

down. So, it matches graph A.

B; y=—x—4x—-2
y+2=—x2—4x—-2+2
y+2=—x>—4x
y+2=—(2+4x)

y+2—-22=—(2+4x+22)

Y2 4= —(x+2)7
y—2=—(x+2)?

y—2+2=—-x+2>+2

y=—(x+272>+2

The graph of the function has a vertex of (—2, 2) and opens
down. So, it matches graph B.

C; y=x>—2x+4
y—4=x>-2x+4-4
y—4=x—2
y—4+(—1)2=x—2x + (1)
y—44+1=x—1)7?
y—3=(@x—1)7?
y=3+3=x—-1>*+3
y=@—-12+3
The graph of the function has a vertex of (1, 3) and opens up.
So, it matches graph C.
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41.

42.

43.

44,

y=x2—4x -2
yt2=x2—4x—-2+2
y+2=2x%—4x

y+ 2+ (=2)2=x%—4x + (=2)?
y+2+4=x—-27

y+6=(x—27
y+6—-6=(x—-22-6
y=(x—-22%-6

The vertex is (2, —6). Because a is positive (a = 1), the
parabola opens up and the y-coordinate of the vertex is a
minimum value. So, the function has a minimum value of —6.

y=x*+6x+ 10
y—10=x>+6x+ 10— 10
y—10=x2+ 6x

y—10+32=x2+ 6x + 32
y— 10+ 9= (x+ 3)
y—1=@x+3)7?

y—l+I=@+372+1

y=x+3?+1

The vertex is (— 3, 1). Because a is positive (a = 1), the
parabola opens up and the y-coordinate of the vertex is a
minimum value. So, the function has a minimum value of 1.

y=—x2—10x — 30
y+30=—x>—10x — 30 + 30
y+30=—x>—10x
y +30=—(2+ 10x)

y+30-52=—(x2+ 10x + 5?)
y+30—-25=—(x+5)?
yH+S5=—(x+5)2
YHES—5=—(x+52-5
y=—-@x+5?-5

The vertex is (—5, —5). Because a is negative (a = —1),
the parabola opens down and the y-coordinate of the vertex
is a maximum value. So, the function has a maximum value
of —5.

y=—x>+ 14x — 34
y+34=—x2+ 14x — 34 + 34
y+34=—x2+ l4x
y+ 34 = —(?%— 14x)

y+34 = (=72 =—[x2— 14x + (—7)%]
y+34—49 = —(x — 7)?
y—15=—(x —7)?
y—15+15=—(x—7?2+15
y=—(x—-T772+15
The vertex is (7, 15). Because a is negative (¢ = —1), the

parabola opens down and the y-coordinate of the vertex is a
maximum value. So, the function has a maximum value of 15.
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45.

46.

47.

48.

49.

50.

fx)=-3x2—6x—9
f)+9=-32-6x—9+9
f(x) +9=—3x2— 6x
fo +9= -3+ 2x)
) +9—3e12= —302 + 2x + 12)
) +9—3=—3(x+ 1)
f(x) +6=—=3(x+ 1)
f)+6—-—6=-3x+12-6
fx)=-3x+1)2-6

The vertex is (—1, —6). Because a is negative (a = —3),
the parabola opens down and the y-coordinate of the vertex
is a maximum value. So, the function has a maximum value
of —6.

F(x) = 4x2 — 28x + 32
Fx) — 32 =4x2 — 28x + 32 — 32
F(x) — 32 = 4x2 — 28«
flx) — 32 =4(x2 — 7x)
f@ =32+ 4 (<1 = a2 — 70+ (-2)]

fo—32+49=4(x— 1)
fo) +17 =4(x =2
fo+17 =17 =4(x = 1) = 17

o =4x-12-17
The vertex is (%, - 17). Because a is positive (a = 1),
the parabola opens up and the y-coordinate of the vertex is a

minimum value. So, the function has a minimum value
of —17.

The graph of the function y = —(x + 8)(x + 3) has two
negative x-intercepts and opens down because a < 0. This
means that the function has a maximum value and the
vertex must be in the second quadrant. So, the graph could
represent the function.

The graph of the function y = (x — 5)? has an x-intercept
of 5, but the graph shown has a negative x-intercept. So, the
graph does not represent the function.

The graph of the function y = %(x + 2)? — 4 opens up
because a > 0, which means the function has a minimum
value. However, the vertex (—2, —4) of the graph of the
function is in the third quadrant. So, the graph does not
represent the function.

The graph of the function y = —2(x — 1)(x + 2) has one
positive x-intercept and one negative x-intercept and opens
down because a < 0. This means that the function has a
maximum value, and the vertex could be in the first or
second quadrant. So, the graph could represent the function.

Algebra 1 581
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51.

52.

582

The graph of & opens up because a > 0, which means / has a
minimum value. However, the vertex (—2, 3) of the graph of &
is in the second quadrant. So, the graph does not represent /.
The graph of f opens up because a > 0, which means f'has a
minimum value. The vertex (—3, —2) of the graph of fis in
the third quadrant.

0=2(x+32-2
0+2=2x+32—-2+2

2 =2(x + 3)?
2 _ 2(x +3)
2 2
1 =(x+3)?
VI =\(x+ 32
+1=x+3
+1—-3=x+3-3
—3xt1=x

By solving 0 = 2(x + 3)? — 2, you see that the x-intercepts
of the graph of fare =3 + 1 = —2and =3 — 1 = —4. So,
the graph could represent f.

The graph of g has two positive x-intercepts and opens down
because a < 0. So, the graph does not represent g.

The graph of m has two negative x-intercepts and opens up
because a > 0. This means that m has a minimum value and
the vertex must be in the third quadrant. So, the graph could
represent m.

So, the graph could represent function f or function m.

The graph of r has one positive x-intercept and one negative
x-intercept and opens down because a < 0. This means that
r has a maximum value and the vertex must be in the first or
second quadrant. So, the graph could represent r.

The graph of p opens down because a < 0, which means

p has a maximum value. However, the graph of p has two
positive x-intercepts. So, the graph does not represent p.

The graph of g opens up because a > 0, which means 7 has a
minimum value, and the vertex (—1, 4) of the graph of ¢ is in
the second quadrant. So, the graph does not represent q.

The graph of n opens down because a < 0, which means n
has a maximum value. The vertex (2, 9) of the graph of n is
in the first quadrant.

0=—-(x—-22+9
0-9=—-(@x—22+9-9

—-9=—(x—2)?
9 _ - 2p
-1 -1
9=(x—2)?2

Vo =(x —2)
*3=x—-2
*3+2=x—-2+2
2+3=x

By solving 0 = —(x — 2)2 + 4, you see that the x-intercepts
of the graphof nare2 + 3 =5and2 — 3 = —1. So, the
graph could represent n.

So, the graph could represent function 7 or function 7.

Algebra 1
Worked-Out Solutions

53. a.

54. a.

h= =161 + 48t
h=—16(2 - 3t)
h—16(-2 = —16[ 2 — 30 + (-2)]
12 = i3
h—36=—16(r - 3)}
h—36+36=—16(r — ) + 36
h=—16(r =)' + 36

Because the maximum value is 36, the kickball reaches a
maximum height of 36 feet.

. The vertex is (%, 36). So, the axis of symmetry is

x= % On the left side of x = %, the height increases as

time increases. On the right side of x = %, the height
decreases as time increases.

h=—162+ 32t + 16
h—16=—162+32t+ 16 — 16
h—16=—162+ 32t
h—16=—16(2 — 21)

h—16 — 16(—1)2 = —16(2 — 21 + (—1)?)
h—16—16 = —16(t — 1)
h—32=—16( — 1)
h—32+432=—16(t — 1)> + 32
h=—16(— 1)? + 32

Because the maximum value is 32, the stone reaches a
maximum height of 32 feet.

. The vertex is (1, 32). So, the axis of symmetry is

x = 1. On the left side of x = 1, the height increases as
time increases. On the right side of x = 1, the height
decreases as time increases.
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35 [ Area of brick Length Width of
patio = of brick | brick patio
(square feet) patio(feet) (feet)
140 = (20— 2 « (16 —2x)

140 = (20 — 2x)(16 — 2x)
140 = 20(16) + 20(—2x) — 2x(16) — 2x(—2x)
140 = 320 — 40x — 32x + 4x?
140 = 4x* — 72x + 320
140 — 320 = 4x2 — 72x + 320 — 320

—180 = 4x2 — 72x

—180 _ 4x* — 72x
n 4
—45 = x2 — 18x

—45 4+ (=9)2 = x2 — 18x + (—9)?
—45 4+ 81 = (x — 9)?
36 = (x — 9)?
V36 =\/(x — 92
*6=x—-9
+9 49
9*x6=x
The solutions of the equation are x =9 + 6 = 15 and
x =9 — 6 = 3.Itis not possible for the width of the
crushed stone border to be 15 feet because the width

of the whole patio area is 16 feet. So, the width of the
crushed stone border is 3 feet.
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>6. Total area Length of Width of

of the poster | —=| poster with || poster with
(square inches) border (inches) border (inches)

722 = (28 + 2x) - (22 + 2x)
722 = (28 + 2x)(22 + 2%)
722 = 28(22) + 28(2x) + 2x(22) + 2x(2x)
722 = 616 + 56x + 4dx + 42
722 = 422 + 100x + 616
722 — 616 = 4x2 + 100x + 616 — 616
106 = 4x2 + 100x
106 _ 4x2 + 100x

4 4
33 24 25x
2
53 (25)2 _ (25)2
=+ (=] =x+ + ==
> > x>+ 25x >
2
865 (.2
2 4 2
731 ( 25)2
0= + ==
& "2
J@ = g’(x + é)z
Va7 2
+ V731 25
= 4+ =
)
_2 2
_2 _2
25 V731 _
-t ——=x
2 2
—25 = V731 —
2
The solutions of the equation are x = # ~ 1.02
and x = y ~ —26.02. It is not possible for the

width of the border to be negative. So, the width of the
border is about 1 inch.

Algebra 1 583
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57. Area = % « base « height

108 =3« (x+6)ex
108 = Jx(x + 6)
24108 =2« 2x(x + 6)

216 = x(x + 6)
216 = x(x) + x(6)
216 = x2 + 6x

216 + 32 = x2 + 6x + 32
216 + 9 = (x + 3)2

225 = (x + 3)?
V225 =4/(x + 3
*15=x+3
-3 =3
—3x15=x
The solutions of the equation are x = —3 + 15 = 12 and
x = —3 — 15 = —18. Disregard the negative solution,

because a negative height does not make sense in this
situation. So, the value of x is 12.

58. Area = length « width
288 = (2x + 10) « (3x)
288 = 3x(2x + 10)
288 = 3x(2x) + 3x(10)
288 = 6x% + 30x

288 _ 6x% + 30x
6 6
48 = x? + 5x
2 2
48+(%) =x2+5x+(§)

2
2
%+%:@+%

2
m7( sf
0 = + =
5 "2
217 !( 5 )2
L= x4+ 2
Ve TW T2
*V217 _ 5
=x+=
2 2
_5 S
2 2
S, V217 _
-~ ——=x
2 2
-5 *= V217 _
=x
2
The solutions of the equation are x = y ~ 487
and x = # ~ —9.87. Disregard the negative
solution because 3(—9.87) = —29.6 does not make sense as

the width of the rectangle. So, the value of x is about 4.87.

584 Algebra 1
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59. 05x2+x—2=0
05x24+x—2+2=0+2

05x2+x=2
058 +x_ 2
0.5 0.5

x2+2x=4

X+2x+12=4+12
(x+1)2=4+1

x+12=5
Va+ 12 =V5
x+1==V5
-1 =1
x=-1=+V5

The solutions are x = —1 + V5 ~ 1.24 and
x=-1-V5~-324.

60. 0.75x2 + 1.5x =4
0.75x2 + 1.5x _ 4

0.75 T 075
16
2+2 = -
X X 3
x2+2x+12=13—6+12
19
+1)2=—
(x+1 3
19
\/(x+1)2=\‘c?
[19
+1==*,=
. \73
- =1
19
=—-1+1\2
* /3
19
The solutions are x = —1 + \‘? ~ 1.52 and
Mo
19
=—1—- > ~-352
* \73
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2
61. Sx— a2 =2
X 3)6

5
—4x+x2==
X+ x 1
5
2 gy =2
X X 1
X2 —4x + (2?2 = % + (—2)?
5
—22==+4
(r-27=3
21
_22:_
(-2 =7
21
—2)2 = |22
=27 =47
NPT
2
r2 £2
x=2ig
The solutions arex:2+gx4.29 and
:2——\/5%—0.29
2
1 1 5 _
62 Frx—37=0

4(52) + 4(2x) = 4(3) = 4@
X2+2x—5=0
X+2x—5+5=0+5
X +2x=5
¥+2x+12=5+12

x+1D?2=5+1

x+12=6
Vi + 12 =Ve
x+1==V6
-1 =1
x=-1=*V6

The solutions are x = —1 + V6 ~ 1.45 and
x=—-1-V6=-345
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63. d = 0.05s> + 2.2s
168 = 0.05s% + 2.2

168 _ 0.05s2 + 2.2s
0.05 0.05
3360 = s2 + 44s

3360 + 222 = 52 + dds + 222
3360 + 484 = (s + 22)2
3844 = (s + 22)?
V3844 = /(s + 22)2

*62=s5+22
— 22 —22
—22*62=5

The solutions of the equation are s = —22 + 62 = 40 and

s = —22 — 62 = —84. Disregard the negative solution,
because a negative speed does not make sense in this
situation. So, the maximum speed at which the car can travel
is 40 miles per hour.

64. h=—162+ 24t + 16.4
16.4 — 3.2 = —1612 + 24t + 164
132 = =162 + 24t + 16.4
132 — 164 = —1612 + 24t + 16.4 — 16.4
—3.2 = —1612 + 24t
—32 _ —162 + 24t

—16 -16
1_, 3
—_ = — —t
5772
o2
sti-3) =23+
2
Lo (i-2)
5 16 4
61 _ (, - 2)2
80 4
w‘@ = ([ — 3)2
\'80 4
l61 3
+ L — = — =
“Vso T4
3 3
i Ta
é—o— J’E
47 \80
The solutions of the equation are t = 3 + 96ﬁ—l ~ 1.62
4 \80
and r = 3_ J@ ~ —0.12. Disregard the negative
4 80

solution because a negative time does not make sense in this
situation. So, the snowboarder is in the air for about
1.6 seconds.
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65. a.

66. a.

67. a.

586

Amountof | | Length Width

fencing (feet) |~ | (feet)y |7 2°| (feet)

80 = / +2. w

80 = 4 + 2w

Enclosed area Length Width
(square feet) |~ | (feet) (feet)

750 = / . W

750 = 4w

An equation for the amount of fencing to be used is

80 = £/ + 2w, and an equation for the area enclosed by

the fencing is 750 = fw.

80 =4 + 2w
80 — 2w =4 + 2w — 2w
80 — 2w = /¢

750 = dw
750 = (80 — 2w)w
750 = 80(w) — 2w(w)

750 = 80w — 2w?
750 = —2w? + 80w
750 _ —2w? + 80w
-2 -2
—375 = w? — 40w
—375 + (—20)? = w? — 40w + (—20)?
—375 + 400 = (w — 20)2

25 = (w — 20)?
V25 =\/(w — 2092
+*5=w-20
+20 +20
20=5=w

The solutions are w = 20 + 5 =25andw =20 — 5 = 15.
So, the pasture can have a width of 25 feet and a length of
80 — 2(25) = 30 feet, or it can have a width of 15 feet and
a length of 80 — 2(15) = 50 feet.

The x-values for whichy = 3 are x = 1 and x = 3.

. You can check your estimates in part (a) by substituting

3 for y in the equation and then solving the equation by
completing the square.

X+ 12x+2=12
X+H12x+2-12=12-12

X2+12x—10=0
Graphy = x% + 12x — 10.

20

20

b. X+ 12x+2=12
X+H12x+2-2=12-2

x2+12x =10
x+12x + 62 =10 + 62
(x+6)2=10+ 36

(x +6)> =46
Vix + 6)2 = V46
x+6=*V46
-6 =6
x=—6=*V46

The solutions are x = —6 + V46 =~ 0.78 and
x=—6— V46 ~ —12.78.

c. Sample answer: Completing the square is preferred
because it gives an exact value as well as an approximate
value. Graphing can be cumbersome, and unless the
solutions are integers, it only gives an approximate value.

68. Letx = 0.
X2=2xy+y2—x—y=0
02-=20)y +y*=0—-y=0
y¥-y=0
Wyt (=5 =0+ (=)
H

-16 \' / 4

\ va)

N

Zero
X=-12.78233 Y=0

—80

Zero
X=.78232998 Y=0

—80

The solutions are x = —12.8 and x = 0.8.

Algebra 1
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yo3=*3

+3 +1

Y3ty

y:%-i-%:landy:%—%zo

Letx =1
X2=2xy+y?—x—y=0
2=21)y+2—1-y=0
1=2y+y2—-1—-—y=0
V=2y—y+1—-1=0
¥y =3y=0
w3y () =0+ ()

(r=3=3

(32 _ fo

=3 =
yo3=*3

+3 0+3

y=3%3

y:%+%:3andy:%—%:0
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Letx = 3.
X=2xy+y2—x—y=0
2 -2@)y+y2—3-y=0
9—-6y+y>=3-y=0
V¥—6y—y+9-3=0
V—=Ty+6=0
V=-Ty+6-6=0-06

y =Ty =-6
Y =Ty +6-6=6
7\2 7\2
¥ =T+ () =6+ ()
(r=3f=-6+%
( _Z)z—é
Y73) T3
/ 7\ _ |25
V@_i)*wf
7 5
yT3=*3
7 7
T3t
_7.5
y=3%3
y:M:Mndy:ﬁ:l
2
y Y.
8
5 /
6
5
A/ e
3
,2 //4\
] 6(2—2xy+y2—x—y:0J
123456 7 8x

The graph of x> — 2xy + y> — x — y = 0 is a parabola at an
angle.

69. Let n and n + 2 be two consecutive even integers.

nn +2) =148
n(n) + n(2) = 48
n?+ 2n =48

n?+2n+12=48 + 12
(n+12=48+1

(n+1)2=49
Vn + 1)2 = V49
n+1==7
L
n=-1*x7
The solutions of the equationaren = —1 + 7 = 6 and
n = —1 — 7 = —8. Disregard the negative value because the
question asks for positive integers. So, the integers are 6 and
6+2=8.

Copyright © Big Ideas Learning, LLC
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70. Let n and n + 2 be two consecutive odd integers.

n(n +2) =195
n(n) + n(2) = 195
n?+ 2n =195
n? +2n + 12 =195 + 12
n+1)2=195+1
(n+ 1)2=196
Vin + 12 =V196
n+1==14
S|
n=-1x14
The solutions of the equationare n = —1 + 14 = 13 and
n = —1 — 14 = —15. Disregard the positive solution

because the question asks for negative integers. So, the
integers are —15and —15 + 2 = —13.

71. Substitute 23.50 for y in the model.
y=—0.025x2+ x + 16
23.5 = —0.025x2 + x + 16
235 - 16 = —0.025x> + x + 16 — 16
7.5 =—0.025x% + x

75 _ —0.0252 + x
—0.025 —0.025
—300 = x? — 40x
=300 + (—20)% = x2 — 40x + (—20)?
—300 + 400 = (x — 20)?
100 = (x — 20)?
V100 = V(x — 20)?
= 10=x—20
+20 20
20+ 10 =x

The solutions are x = 20 + 10 = 30 and x = 20 — 10 = 20.
So, the stock is worth $23.50 ten days and 30 days after it
is purchased. So, you could have sold the stock earlier for
$23.50 per share.

72. Factoring does not work for this equation, and graphing does
not produce an exact solution.

Algebra 1 587
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73. Let x be how much (in inches) you increase the width of the

scarf.
Area of scarf | | Length of scarf Width of
(square inches) | — (inches) scarf (inches)

396 = (60 + 3x) . 4+ x)
396 = (60 + 3x)(4 + x)
396 = 60(4) + 60(x) + 3x(4) + 3x(x)
396 = 240 + 60x + 12x + 3x2
396 = 3x2 + 72x + 240

396 — 240 = 3x2 + 72x + 240 — 240
156 = 3x% + 72x

156 _ 3x% + 72x
3 3
52 = x2 + 24x

52 + 122 = x2 + 24x + 122
52 4 144 = (x + 12)?
196 = (x + 12)?

V196 = \(x + 12)2

Tl4=x+12
— 12 — 12
—12*14=x

The solutions of the equation are x = —12 + 14 = 2 and
x = —12 — 14 = —26. Disregard x = —26, because the
scarf was 4 inches wide to begin with, and it does not make
sense to increase the width by —26 inches. So, your scarf is
4 + 2 = 6 inches wide and 60 + 3 « 2 = 66 inches long.

2 2
74. If c< —(g) , then when you add (g) to each side of the

2 2
inequality, you get (g) + ¢ <0. Adding (g) to each side

of the equation x? + bx = ¢ gives
b\? b\? b\? b\?
et (g =er (Gorle S =e (5
X bx > c > or|x > c >
b\? b2
Because (E) +¢<0, (x + 5) < 0. The square of a real

number cannot be negative.

So, the equation has no real solutions.

Maintaining Mathematical Proficiency

75. The first term of the sequence is a = 10, and each term is
5 more than the previous term. So, a recursive rule for the
sequence is a; = 10,a, = a, | + 5.

588 Algebra 1
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76. The first term of the sequence is a; = 3, and each term is
twice the previous term. So, a recursive rule for the sequence
isa; =3,a,=2a,_,.

77. The first term of the sequence is a; = —20, and each term
is 4 more than the previous term. So, a recursive rule for the
sequence is a; = —20,a, =a, | + 4.

78. Vb2 — 4ac = \(—6)2 — 4(3)(2)
=136 —24
=V12
=V4.3
=V4.V3
=2V3

79. Vb2 — dac = \/42 — 4(=2)(7)
=116 + 56

V2

Il
S

80. Vb2 — dac = \/62 — 4(1)(4)
=136 - 16
=120

=V4.5

=V4.V5
=2V5

9.5 Explorations (p. 515)
1. 2. Multiply each side by 4a.
3. Add b? to each side.

4. Subtract 4ac from each side. Now the left side is a
perfect square trinomial.

5. Write the left side in factored form as the square of a
binomial.

Take the square root of each side.
Subtract b from each side.

Divide each side by 2a.
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2. a. ax’ +bx+c=0
ax?+bx+c—c=0—c¢
ax? + bx = —c¢
ax* +bx _ _c¢
a a
xz-i-éx:—£
a a
b h\? c (b)Y
g £y
* ax 2a a 2a
b)2 c, b
+ 2 ==
(x 2a a 442
b \? dac = b?
(“z) 12 4z
b)2 —4ac + b?
4+ — =
(x 2a 4a?
“‘(x+£)2: b? — 4ac
\ 2a 7 42
b b2 — 4ac
+ ===
o 2a " 24
_b _ Db
2a 2a
x:—ﬁt ‘b2*4ac
2a =\ 2a
x:—bi Vb2 — dac
2a

b. Each side was multiplied by 4a, and b? was added to each
side so that the left side of the equation would be a perfect
square trinomial.

3. In order to derive a formula that can be used to write the
solutions of any quadratic equation, start with the general
form of the quadratic equation, ax? + bx + ¢ = 0, and solve
for x by completing the square.

4. a.x2+2x—3=0

‘= —b = Vb2 — 4ac
2a
= —2 =22 —4(1)(—3)
2(1)
=2+ V4+12
x—f
_—2+V16
x=_—<—=—Vv0
2
.= —2=*4
2
The solutions arex=#=g= 1 and
-2—-4 -6
=————=—= -3,
2 2

Copyright © Big Ideas Learning, LLC
All rights reserved.

b.x2—4x+4=0

_ —b = Vb — dac

a 2a

_ (=4 VA - 4@
2(1)

_4+V16- 16

4+
2
+0

S

~

s ‘

SIS

The solution is x = 2.
x2+4x+5=0
c——b* Vb? — dac
2a
_ —4 V42— 4)(5)
2D
_ —4*+V16—20
2
_—4xV-4
2
Because you cannot take the square root of a negative
number, the equation has no real solutions.

5. Sample answer: The imaginary number, i, is V=1. No real
number multiplied by itself produces a negative number. So,
it is not possible to take the square root of a negative number
using the real numbers only. Quadratic equations with no
real solution have complex solutions, which include an
imaginary part.

9.5 Monitoring Progress (pp. 516-520)
1.x2—6x+5=0
. —b = Vb2 — 4ac
2a
_ —(=6) V(=6 — 4(1)(5)
2(1)
_ 6136 —20

Algebra 1 589
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2.1x2+x—10=0
2

_ —b*Vb* — 4ac
2a

—1 %12 = 4(1)(=10)
23)
~1+V1+20
1
-1=V21

So, the solutions are x = —1 + V21 =~ 3.6 and
x=-1-V21 = -56.

3. 32+ 2x+7=0
_ —b *Vb? — 4ac
2a
—2 +\/22 — 4(=3)(7)
2(—3)
—2+Va+84

So, the solutions are x = ——— =~ —1.2 and

x:ﬂzl_Q_
-3
4, 4x2 — 4x = —1
dx> —4dx+1=-1+1
42 —4x+1=0

—(=4) = V(=D — 4B

T 2(4)
_4=V16- 16
8
_4+Vo
8
_ 420
8

_4
8
_1
2

So, the solution is x = l

[\

590 Algebra 1
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5. y=020x>+1.8x — 3
60 =020x2+ 1.8x — 3
60 — 60 = 0.20x2 + 1.8x — 3 — 60
0 = 0.20x% + 1.8x — 63

_ —b*Vb? — dac
2a

_ —1.8 =1/1.8% — 4(0.20)(—63)
2(0.20)

_ —1.8+V3.24 + 50.4
0.4

—1.8 = V53.64

0.4
—1.8 + V53.64
0.4

The solutions are x = ~ 13.8 and

= —1.8 — V53.64 _
0.4

number of years since 1990, x is greater than or equal to 0.

So, there were about 60 breeding pairs 14 years after 1990,

in 2004.

—22.8. Because x represents the

6. a. y = 0.34x2 + 13.1x + 51
160 = 0.34x2 + 13.1x + 51
160 — 160 = 0.34x* + 13.1x + 51 — 160
0 = 0.34x% + 13.1x — 109

P Vb? — 4ac
2a

_ —13.1 =1/13.12 — 4(0.34)(— 109)
2(0.34)

—13.1 = V171.61 + 148.24
0.68

—13.1 =V319.85
0.68

—13.1 + V319.85
0.68

The solutions are x = ~ 7.0 and

Lo T13.1-V31985
0.68

the number of years since 2000, x is greater than or equal

to 0. So, there were about 160 nesting pairs 7 years after

2000, in 2007.

b. y = 0.34x2 + 13.1x + 51
= 0.34(0)2 + 13.1(0) + 51
=0.340) + 0 + 51
=0+ 51
=51
In the year 2000, there were 51 bald eagle nesting pairs.

—45.6. Because x represents

7. 02 — dac = 42 — 4(—1)(—4)
=16 — 16
=0
The discriminant is 0. So, the equation has one real solution.
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10.

11.

12.

13.

6x2 +2x = —1
6x2+2x+1=—-1+1
6x2+2x+1=0

b? — 4ac = 2% — 4(6)(1)

=4-24

=-20
The discriminant is less than 0. So, the equation has no real
solutions.

%xz =7x—1
%x2*7x+1=7x*7x*1+1
2 =Tx+1=0

b? — dac = (=77 — 4(3)(1)

=49 -2
=47

The discriminant is greater than 0. So, the equation has two
real solutions.

y=—-x2+x—-6
b2 —4ac = 12 — 4(—1)(—6)
=1-24
=-23

Because the discriminant is less than 0, the equation
—x2 4+ x — 6 = 0 has no real solutions. So, the graph of

y = —x2 + x — 6 has no x-intercepts.
y=x—x
b2 — dac = (—1)2 — 4(1)(0)
=1-0
=1

Because the discriminant is greater than 0, the equation
x? — x = 0 has two real solutions. So, the graph of y = x> — x
has two x-intercepts.

f(x) = x* 4+ 12x + 36
b2 — dac = 122 — 4(1)(36)
=144 — 144
=0
Because the discriminant is 0, the equation 0 = x2 4+ 12x + 36

has one real solution. So, the graph of f(x) = x> + 12x + 36
has one x-intercept.

Sample answer: The equation is easily factorable. So, solve
by factoring.

X+11x—12=0
x+12)x—1)=0

x+12=0 or x—1=0
—12 -1 1ot
x=-12 x=1
The solutions are x = —12 and x = 1.
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14. Sample answer: The equation can be written in the form
x2 = d. So, solve using square roots.

xr—5=4
w2 —5+5=4+5
Ox2 =
92 _9
9 9
=1
Vi = VT
x==1
The solutions are x = 1 and x = —1.

15. Sample answer: The equation is not factorable and the
coefficient of the x>-term is not 1. So, solve using the
Quadratic Formula.

Sx2—x—1=0

x:—bi Vb% — 4dac

2a
_ (=D EVED2—45)(-D
2(5)
_1*+V1+20
10
_1+V21
10
The solutions are x = % =~ (.56 and
_1-Var
x = 0 0.36.

16. Sample answer: The coefficient of the x*--term is 1 and b is
even. So, solve by completing the square.

X2=2x—5
X2 —2x=2x—2x—5
X2 —2x=-5

X2 =2+ (=12 =-=5+(—1)7?

(x—12=-5+1

(x—12=-4
No real number multiplied by itself gives a negative value.
So, the equation has no real solutions.

9.5 Exercises (pp. 521-524)
Vocabulary and Core Concept Check

1. The formula you can use to solve any quadratic equation is

—h +\/H2 —
the Quadratic Formula, which is x = w.
a

2. The discriminant is the part of the Quadratic Formula that
is inside the square root: b — 4ac. The sign of this value
can be used to determine the number of real solutions of a
quadratic solution.
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Monitoring Progress and Modeling with Mathematics

3. x2="Tx or x2="x
X2 —=Tx="Tx—Tx X2 —=x2="Tx — x?
2 =Tx=0 0=—x2+7x
So,a=1,b= —7,and So,a= —1,b="17,and
c=0. c=0.

4. X2 —4x=—12

X2 —4x+12=—-12+12
X2—4x+12=0
So,a=1,b= —4,and c = 12.
or

X2 —dx=—-12
X2=x2—dx+4x=—12 — x* + 4x

0=—x2+4x—12

So,a=—1,b=4,andc = —12.

5. —-2x*+1=5x
—2x24+ 1 —5x=5x — 5x
—2x2—-5x+1=0
So,a=—-2,b= —5,andc = 1.
or

—2x2+1=>5x
22+ 22+ 1 —-1=5x+2x%*—1
0=2x2+5x—1
So,a=2,b=5,andc = —1.

6. 3x + 2 = 4x?
3x 4+ 2 — 4x? = 4x% — 422
—4x2+3x+2=0
So,a= —4,b=3,and c = 2.
or
3x 42 =4x2
3x—=3x+2—-2=4x>2—-3x—2
0=4x2—3x—2
So,a=4,b= —3,andc = —2.

7. 4—3x=—x>+3x

4—=3x+x*—3x=—x?+ x>+ 3x— 3x
X2—6x+4=0
So,a=1,b= —6,and c = 4.
or
4—3x=—x>+3x
4—4—-3x+3x=—-x>+3x—4+3x
0=—-x>+6x—4

So,a= —1,b=06,and c = —4.
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8. —8x—1=32+2
—8x—1—-3x2—-2=3x2—-3x2+2-2
—3x2 -8 —-3=0
So,a=—-3,b= —8,andc = —3.
or
—8x—1=3x2+2
—8x+8x—1+1=32+2+8+1
0=3x2+8x+3
So,a=3,b=28,and c = 3.

9.x2—-12x+36=0
—b = Vb2 — dac
2a
_ —(—12) = V(—12)2 — 4(1)(36)
2(1)
_12+xVi144 — 144
2

12 +V0o
2

—

_12
2
=6

The solution is x = 6.

10.x2+7x+ 16 =0
_ —b = Vb? — 4ac
2a
=7 £ \7? — 4(1)(16)
2(1)
=7 £V49 — 64
2
_—7xV-15
2
The discriminant is less than 0. So, the equation has no real
solutions.

0
_ —=b* Vb%—4ac

e 2a
_ —(=10) = V(=10)> — 4(1)(—11)
2(1)
_ 10 = V100 + 44
2

_ 10+ V144
2

11.x2 — 10x — 11

_10=12
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12.2x2—x—1=0
—b = Vb2 — dac
2a
_ (=D EVED2 - 4D
2(2)
_1+Vi+8
4
_1=\9

X =

13.2x2—6x+5=0

_ —b = Vb? — 4ac

2a
_ —(=6) £ V(=6)> — 4(2)(5)

2(2)

_6+V36 - 40

4
_6+V—4

4

The discriminant is less than 0. So, the equation has no real
solutions.

14.9x2 — 6x + 1

0
—b = Vb2 — 4ac
2a
_ —(=6) V(=6 —49)(D)
209)
_6+36- 36
18

x =

Si

6+

18

6
18

W] —

The solution is x = %
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15. 6x2 — 13x = —6
6x2—13x+6=—-6+6
6x2—13x+6=0
—b = Vb2 — 4ac
2a
_ —(=13) = V(= 13)> — 4(6)(6)
2(6)

13 £V169 — 144
12

13 = V25
12

13£5
12

x =

16. —13x2+6x=4
—132+6x—4=4—-4
1324+ 6x—4=0
_ —b = Vb? — 4ac
2a
_—6=* V62 — 4(—13)(—4)
2(—13)
-6+ V36 — 208
—26
_ —6*+V-172
—26
The discriminant is less than 0. So, the equation has no real
solutions.

17. 1 — 8x = —16x2

1 — 8x + 16x2 = —16x2 + 16x2

16x2—8 +1=0
_ —b*Vb? — 4ac

2a
_ —(=8) F V(—8) — 4(16)(1)
2(16)

_8+V64— 64

The solution is x =
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18.x2-5x+3=0 21. 222+ 9x+7=3
:—bi\/b2—4ac 2x2+9%x+7-3=3-3
2a 224+ 4x+4=0
_ (=5 V(=52 - 4B) = —b = Vb% — 4ac
2(1) 2a
—3%V235-12 _ =9\ — 4@
2 - 20)
= % _ 9+ V8l -3
4
The solutions are x = % ~43andx = % ~0.7. _ —9+V49
-
19. X2+2x=9 —9+7
2+2x-9=9-9 T g
2 + — — — —
rH2=9=0 The solutions are x = A —% and
Lo b= VB —dac 4 4
2a x=_9_7=_16=*4
_ —2+\22 — 4(1)(—9) 4 4
2(1) 22. 8x2+8=6—9x
_ —2*xV4+36 82 +8—-6+9x=6—-6—9x+ 9x
2 82+ 9x +2=0
_ T2+ V40 —b * Vb2 — 4ac
2 T
The solutions are x = —2%\/@ ~2.2and =9 =192 — 4(8)(2)
_—2-V40 _ _,, 28)
A S _ 9= V8l —o064
R 16
5x2 =2 —4x =4x — 4x T 16
5x2—4x—2=0 . 9+ V1T
b= VB — dac The solutions are x = 1 —0.3 and
2a X = _9146\5 ~ —0.8.
_ (=) V(=42 - 45)(=2)
20 23, h=—162+ 26t
—4xVI6+40 5= —162 + 261
10 5-5=—-162+26t—5
_4+1\/56 X
“ 70 0= —16r"+ 26t — 5
_ Vp2 —
. _4+V56 p= bV —dac
The solutions are x = 10 ~ 1.1 and 2a
B _ =26 =126 — 4(—16)(—5)
x= % ~—03, 2(—16)
_ —26 = V676 — 320
-32
_ —26 + V356
-32
The solutions are t = #32356 ~ (.2 and
t= #32356 =~ 1.4. So, the dolphin is at a height of
5 feet after about 0.2 second and again after about 1.4 seconds.
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24. a. y = —0.08x% + 1.6x + 10

15= —0.08x? + 1.6x + 10

15— 15 = —0.08x% + 1.6x + 10 — 15

0= —0.08x2 + 1.6x — 5

_ —b*Vb? —4ac
2a
_ —1.6 = V1.62 — 4(=0.08)(—5)
2(—0.08)

_ —1.6 =V2.56 — 1.6
—0.16

_ —1.6 V096
~0.16

—1.6 +V0.96 _
—0.16

16.1. So, about 15 tons of trout

The solutions are x = 3.9 and

_ —1.6-Y096 _

were caught'in the lake after 4 years, in 1999, and again
after 16 years, in 2011.

b. According to the model, the amount of trout caught
after 2020 is negative. So, this model does not provide
reasonable predictions for the amounts of trout caught in
future years.

25. x> —6x+10=0
b? — 4ac = (—6)> — 4(1)(10)
=36 —40
=—4
The discriminant is less than 0. So, the equation has no real
solutions.

26.x>—-5x—-3=0
b% — dac = (—5)* — 4(1)(—=3)
=25+ 12
=37
The discriminant is greater than 0. So, the equation has two
real solutions.

27. 202 — 12x = —18
2x2— 12x + 18 = —18 + 18
2x2—12x+18=0
b?* — dac = (—12)%> — 4(2)(18)
=144 — 144
=0

The discriminant is 0. So, the equation has one real solution.
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28.

29.

30.

31.

32.

33.

4 =4x— 1
42 —4x+1=4x—4dx—1+1
42 —4x+1=0
b2 — dac = (—4)? — 4(4)(1)
=16—-16
=0

The discriminant is 0. So, the equation has one real solution.

—ix? + 4y = =2
A +2=-2+2
—p2+4x+2=0
b — dac = 4 — 4(—1)2)
=16 +2
=18
The discriminant is greater than 0. So, the equation has two
real solutions.

—5x2+8x=9
52+ 8x—9=9-9
—5x24+8x—9=0
b? — dac = 8 — 4(—5)(—9)
=64 — 180
= —116

The discriminant is less than 0. So, the equation has no real
solutions.

y=x2+5x—1
b? — dac = 5% — 4(1)(—1)
=25+4
=29
Because the discriminant is greater than 0, the equation

0 = x* + 5x — 1 has two real solutions. So, the graph of
y = x2 + 5x — 1 has two x-intercepts.

y=4x2 +4x + 1
b2 — dac = 42 — 4(4)(1)
=16—16
=0
Because the discriminant is 0, the equation 0 = 4x? + 4x + 1

has one real solution. So, the graph of y = 4x> + 4x + 1 has
one x-intercept.

y=—6x*+3x—4
b — dac = 3 — 4(—6)(—4)
=9-96
= —87

Because the discriminant is less than 0, the equation
0 = —6x2 + 3x — 4 has no real solutions. So, the graph of
y = —6x2 + 3x — 4 has no x-intercepts.
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34,

35.

36.

37

596

y=-x>+5x+13
b — dac = 52 — 4(—1)(13)
=25+52
=77

Because the discriminant is greater than 0, the equation
0 = —x? + 5x + 13 has two real solutions. So, the graph of
y = —x? + 5x + 13 has two x-intercepts.

) =4x2+3x -6
b? — dac = 3? — 4(4)(—6)
=9+ 96
=105

Because the discriminant is greater than 0, the equation
0 = 4x2 + 3x — 6 has two real solutions. So, the graph of
y = 4x% 4+ 3x — 6 has two x-intercepts.

fx)=2x2+8x+8
b? — dac = 8 — 4(2)(8)
=064 — 64
=0
Because the discriminant is 0, the equation 0 = 2x2 + 8x + 8

has one real solution. So, the graph of y = 2x? + 8x + 8 has
one x-intercept.

. Sample answer: The equation is not easily factorable and

a # 1. So, solve using the Quadratic Formula.
—10x2 + 13x =4
—10x2+13x—4=4—4
—10x2+ 13x—4=0
—b = Vb? — 4ac
2a

—13 = V132 — 4(—10)(—4)

2(—10)
—13 £V169 — 160
—20

_—13+\9
—20

—13 %3
—20

Algebra 1
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38.

39.

40.

41.

Sample answer: The equation is easily factorable. So, solve
by factoring.

X2 —=3x—40=0
x—=8)x+5=0

x—8=0 or x+5=0
+8 +8 -5 -3
x=238 x=-
The solutions are x = 8 and x = —5.

Sample answer: The equation is not factorable, but a = 1
and b is even. So, solve by completing the square.

X +6x=5
¥ +ox+32=5+32
(x+32=5+9

(xr+3?2=14
Vi +32=V14
x+3==xV14

-3 =3

x=-3=V14

The solutions are x = —3 + V14 =~ 0.74 and
x=-3-V14 =~ —6.74.

Sample answer: The equation can be written in the form
x? = d. So, solve using square roots.

—5x2 = -25

—52 _ =25

-5 -5
x2=

Va2 =5
x==*=V5

The solutions are x = V5 =~ 2.24 and x = —V/5 =~ —2.24.

Sample answer: The equation is easily factorable. So, solve
by factoring.

X+x—=12=0
x+4Hx—-3)=0

x+4=0 or x—3=0
-4 -4 +3 +3
x=—4 x=3
The solutions are x = —4 and x = 3.
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42. Sample answer: The equation is not factorable, buta = 1
and b is even. So, solve by completing the square.

X>—4x+1=0
R—dx+1-1=0-1
x2—4x= -1
2 —dx+ (<22 = —1 + (<20
C—22=—-1+4

(x—22=3
V22 = V3
x—2=%+V3
2 t2
x=2=xV3

The solutions are x =2 + V3 ~3.73 and x = 2 — V3 =~ 0.27.

43. Sample answer: The equation cannot be factored and a # 1.
So, solve using the Quadratic Formula.

4x2 —x =17
42 —x—17=17-17
42 —x—17=0
_ —b*Vb? — 4ac
2a
_ (=D V(1) — 4@ (—17)
2(4)
_1xVitom
8

1 £V273
8

1+ V273
8

The solutions are x = =~ 2.19 and

X = I_T V273 ~ —1.94.

44. Sample answer: The left side is a perfect square trinomial.
So, solve using square roots.

xX2+6x+9=16
x2+2(x)3) +32=16

(x+32=16
Vix +32 =V1e6
x+3==x4
-3 =3
x=-3%4

The solutionsare x = =3 +4 =landx = -3 —4 = —7.
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45, In the numerator of the fraction, —b should be —(—=7) = 7,

not —7.
L=—ED= V(=7)2 — 4(3)(—6)
2(3)
_T7EN+ T2
6
_7xVI2]
6
_7=*11
6
The solutions are x = % = %8 =3 and
_1-11_-4_ 2
6 6 3

46. The equation needs to be in standard form, ax?> + bx + ¢ = 0.
So,¢c = —4,not 4.

=22+ 9%x =4
224 9x—4=4-4
224 9x—4=0
_ —b = Vb — dac
2a

= 9V —4(=2)(—4)
2(-2)
_ -9+ V81 —32
—4

_—9+V49
—4

_-9=+7
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47.

48.

49,

598

y = —0.006x% + 1.2x + 10
50 = —0.006x2 + 1.2x + 10
50 — 50 = —0.006x2 + 1.2x + 10 — 50
0= —0.006x2 + 1.2x — 40
_ —b*Vb? —dac
2a
_ —1.2 = 1/1.22 — 4(—=0.006)(—40)
2(—0.006)

—1.2 =V1.44 — 0.96
—0.012

_ —1.2+1048
—0.012

—1.2 +Vv0.48
—0.012

The solutions are x = =~ 423 and

= —1.2 —V048
—0.012

above the water when it is about 42 feet from the north shore

and again when it is about 158 feet from the north shore.

=~ 157.7. So, the water arc is 50 feet

a. y = —0.00046x2 + 0.076x + 13
17 = —0.00046x2 + 0.076x + 13
17 — 17 = —0.00046x2 4 0.076x + 13 — 17
0 = —0.00046x* + 0.076x — 4
b% — 4ac = 0.076% — 4(—0.00046)(—4)
= 0.005776 — 0.00736
= —0.001584

Because the discriminant is less than 0, the equation has
no real solutions. So, none of the days between April and
September in Seattle have 17 hours of daylight.

b. y = —0.00046x2 + 0.076x + 13
14 = —0.00046x2 + 0.076x + 13
14 — 14 = —0.00046x> + 0.076x + 13 — 14
0 = —0.00046x> + 0.076x — 1
b* — 4ac = 0.076 — 4(—0.00046)(—1)
= 0.005776 — 0.00184
= 0.003936

Because the discriminant is greater than 0, the equation
has two solutions. So, two of the days between April and
September in Seattle have 14 hours of daylight.

22 —5x—2=—-11
2x2 —5x—2+11=—11+11
22 —=5x+9=0
b? — dac = (—5) — 4(2)(9)
=25-72
=47

Your friend is incorrect. You must first rewrite the equation
in standard form, and the value of the discriminant is —47.
Because the discriminant is less than 0, the equation has no
solutions.

Algebra 1
Worked-Out Solutions

50. Substitute 4 for y in the model.
y=—0.18x> + 1.6x
4= —-0.18x2 + 1.6x
4—4=-0.18x>+ 1.6x — 4
0= —0.18x2+ 1.6x — 4
Find the value of the discriminant.
b? — 4ac = 1.6 — 4(—0.18)(—4)
=2.56 —2.88
= —0.32

Because the discriminant is less than 0, the equation has no
solutions when y = 4. So, a child who is 4 feet tall cannot
walk under either one of the arches without having to bend
over.

51. Area = length « width
91 = 2x + 3)(x + 2)
91 = 2x(x) + 2x(2) + 3(x) + 3(2)
91 =2x2+4x+3x+ 6
91 =2x*+7x+ 6
91 =91 =2x2+7x+ 6 — 01
0=2x2+7x—85

_ —b = VD> —4ac
2a
=7 =72 — 42)(—85)

a 2(2)

—7 £V49 + 680
4

_ =7 V729
4

=7 £27
4

x = —8.5because x + 2 = —8.5 + 2 = —6.5 does not make
sense as the width of a rectangle. So, the value of x is 5,

the length of the rectangle is 2(5) + 3 = 13 meters, and the
width is 5 + 2 = 7 meters.
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52. Area = length « width
209 = (4x + 3)(4x — 5)
209 = 4x(4x) + 4x(—5) + 3(4x) + 3(—5)
209 = 16x* — 20x + 12x — 15
209 = 16x> — 8x — 15
209 — 209 = 16x*> — 8x — 15 — 209
0= 16x> — 8x — 224

—b = Vb2 — 4ac

= 2a

_ —(=8) = V(—8)> — 4(16)(—224)
2(16)

_ 8xV64 + 14,336

32

8 =1/14,400

- 32

_8x120
32

The solutions are x = 8§+ 120 _ 128 _ 4 and

X = 8-120_—112 —3.5. Disregard the solution

x = —3.5because 4x — 5 = 4(—3.5) — 5 = —16 does not
make sense as the width of a rectangle. So, the value of x is
4, the length of the rectangle is 4(4) + 3 = 19 feet, and the
width is 4(4) — 5 = 11 feet.

53. a. Graphy = x2 + 4x + 4.

\ R
\\ II
6
\ [
4
2
y=x"+4x+4
\ / )
(—2, 0)\
-4 |2 2 x
The x-intercept is —2. So, the solution is x = —2.
b. X +4x+4=0
X2+20Q2)+22=0
x+2?2=0
x+2=0
-2 Z2
x= -2
The solution is x = —2.
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x2+4x+4=0
_ —b £ Vb — dac
=
—4 =142 — 4(1)(4)
2(1)
—4 £V16 — 16

The solution is x = —2.

Sample answer: For this equation, solve by factoring
because the equation is easily factorable.

54. a. Graph y = 3x2 + 11x + 6.

A M

|

\ of

\
\ /
(-3,0 Ji
6 | -4 \2 2%

T e

One x-intercept is (—3, 0). Use a table to approximate the
other.

x| —09 | -08 | —0.7 | —0.6 | —0.5
y | —1.47| —088 | —0.23 | 0.48 | 1.25

x| —04]-03|-02] —0.1
y | 208 | 297 | 392 | 493

In the table, the function value closest to 0 is —0.23. So,
the zeros of fare —3 and about —0.7, which means the
solutions are x = —3 and x = —0.7.

b. 32+ 1lx+6=0
Bx+2)x+3)=0

3x+2=0 or x+3=0
-2 2 -3 3
3x = -2 x= -3
x_ 2
3 3
o2
3
. 2
The solutions are x = 3 and x = —3.
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32+ 1lx+6=0

2a
_ —11 V112 = 43)(6)
2(3)
_—u=VRi7m
6
e | EUT)
6
117
6
The solutions are x = % = %4 =3 and
—-11-7 _ —18
= l=-"2-3
6 6

Sample answer: For this equation, use the Quadratic
Formula. The equation is not easily factorable, and
graphing does not yield an exact solution because one of the
Xx-intercepts is not an integer.

55. When a and ¢ have different signs, their product, ac, is
always negative. So, —4ac is positive. Also, b? is always
positive. So, when a and ¢ have different signs, the
discriminant will always be positive and the equation will
have two real solutions.

56. When the discriminant is a perfect square, the square root of
the discriminant is an integer. So, the solutions are rational.

57. a. Sample answer: b* — dac >0
(=22 = 4(1)c =38

4 —4c=38
—4 -4
—4c=4
—4c_ 4
—4 —4
c=—1
So, when ¢ = —1, the discriminant is 8, which is greater
than 0, and the equation x> — 2x + ¢ = 0 has two real

solutions.
b. b2 —4ac=0
(=22 —4(Hec=0

4—4c=0
-4 -4
—4c=—4
A _ 4
-4 -4

=1

So, when ¢ = 1, the discriminant is 0, and the equation
x2 — 2x + ¢ = 0 has one real solution.

600 Algebra 1
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¢. Sample answer: b* — 4ac <0
(=22 = 4(l)c = —4

4 —4c=—4
—4 —4
—4c = —8
“4c_ 8
-4 -4
c=2

So, when ¢ = 2, the discriminant is —4, which is less than
0, and the equation x> — 2x + ¢ = 0 has no real solutions.

58. a. Sample answer: b> — 4ac >0

(—8)2 — 4(1)c = 16
64 —4c =16
—64 -6
—4c = —48
—de _ 48
—4 —4
c=12

So, when ¢ = 12, the discriminant is 16, which is greater
than 0, and the equation x> — 8x + ¢ = 0 has two real
solutions.

b. b2 —4ac=0
(—8)2 —4(l)c=0

64 —4c=0
—64 -4
—4c = —64
—de _ =64
-4 -4
c=16

So, when ¢ = 16, the discriminant is 0, and the equation
x2 — 8x + ¢ = 0 has one real solution.

¢. Sample answer: b* — 4ac <0
(—=8)2 — 4(1)c = =8

64 —4c = —8
—6d -
—4c=-72
—4e_ -7
—4 4
c=18

So, when ¢ = 18, the discriminant is —8, which is less
than 0, and the equation 4x% + 12x + ¢ = 0 has no real
solutions.
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59. a. Sample answer: b> — 4ac >0
122 — 4(4)c = 48

144 — 16¢ = 48
S —w
—16¢ = —96
—16c _ —96
—-16 —16
c=6

So, when ¢ = 6, the discriminant is 48, which is greater
than 0, and the equation 4x2 + 12x + ¢ = 0 has two real

solutions.
b. b>—4ac=0
122 —4#)c =0
144 — 16¢ =0
— 144 — 144
—16¢c = —144
—l6c _ —144
—16 —16
c=9

So, when ¢ = 9, the discriminant is 0, and the equation
4x2 + 12x + ¢ = 0 has one real solution.

¢. Sample answer: b* — 4ac <0

122 — 4(4)c = —16
144 — 16c = —16
S
—16¢ = —160
—16¢ _ —160
—16 —16
c=10

So, when ¢ = 10, the discriminant is — 16, which is less
than 0, and the equation 4x% + 12x + ¢ = 0 has no real
solutions.

60. a. If the solutions are integers, then the equation can be
written in intercept form, y = (x — p)(x — ¢), where p and
q are integers. So, the equation is factorable, and you can
use factoring to solve the equation.

b. If the solutions are fractions, then the equation can be
written in intercept form, y = (x — p)(x — ¢), where p and
q are fractions. So, the equation is factorable, and you can
use factoring to solve the equation.

c. If a quadratic equation has rational solutions, then it can
be solved by factoring.

Copyright © Big Ideas Learning, LLC
All rights reserved.

61. y = —0.013x% + 1.25x + 5.6
32 = —0.013x% + 1.25x + 5.6
32 — 32 = —0.013x% + 1.25x + 5.6 — 32
0= —0.013x2 + 1.25x — 26.4
L= b= Vb — 4ac
2a
_ —1.25 +1/1.257 — 4(—0.013)(—26.4)
2(—0.013)
_ —1.25 * V1.5625 — 1.3728
—0.026
—1.25 + V0.1897
—0.026

—1.25 + V0.1897 _
—0.026

—1.25 — V0.1897

andx = — 00w ~ 64.8. So, you can travel at

about 31 miles per hour or about 65 miles per hour and have
a fuel economy of 32 miles per gallon.

The solutions are x = 31.3

62. d=—-0252+17t+ 3.5
6=—-0252+ 1.7t + 3.5
6—6=—-0252+17t+35—-6
0=—-0252+ 17t — 2.5
_ —b*Vb* — 4ac
2a
_ L7 \/1.72 — 4(—0.25)(—2.5)
2(—0.25)
_—17*V289-25
-0.5

—1.7 £Vv0.39
—0.5

t

—1.7 + v0.39

05 =~ 2.2 and

The solutions are t =

—1.7 —Vv0.39

t= — —os =~ 4.6. So, the river is 6 feet deep after

2.2 hours and again after 4.6 hours.

63. y=x>—3x+2
b? — dac = (—3)* — 4(1)(2)
938
=1

Because the discriminant is positive, the graph of y has two
x-intercepts. Also, because a > 0, the graph opens up and has
a minimum value. So, the vertex of the graph lies below the
X-axis.
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64. y=32—-6x+3
b? — dac = (—6)2 — 43)(3)
=36 — 36
=0

Because the discriminant is 0, the vertex lies on the x-axis.

65. y=6x2—2x+4
b2 — dac = (~2) — 4(6)(4)
=4 -96
)

Because the discriminant is negative, the graph of y has no
x-intercepts. Also, because a > 0, the graph opens up and has
a minimum value. So, the vertex of the graph lies above the

X-axis.
66. y=—15x2 + 10x — 25
b? — 4ac = 10% — 4(—15)(—25)
= 100 — 1500
= —1400

Because the discriminant is negative, the graph of y has no
x-intercepts. Also, because a < 0, the graph opens down and
has a maximum value. So, the vertex of the graph lies below
the x-axis.

67. flx)=—3x2—4x+ 8
b? — dac = (—4)* — 4(=3)(8)
=16 + 96
=112

Because the discriminant is positive, the graph of y has two
x-intercepts. Also, because a < 0, the graph opens down and
has a maximum value. So, the vertex of the graph lies above
the x-axis.

68. f(x) = 9x% — 24x + 16
b2 — dac = (—24)2 — 49)(16)
=576 — 576
=0

Because the discriminant is 0, the vertex lies on the x-axis.

602 Algebra 1
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69. h= =112 + 700 + 21,000
30,800 = — 1172 + 700z + 21,000
30,800 — 30,800 = —11#2 + 7007 + 21,000 — 30,800
0= —1172 + 700¢ — 9800
_ —b = Vb? — 4ac
2a
_ =700 = /7002 — 4(—11)(—9800)
2(—11)
_ —700 * V490,000 — 431,200
-22
—700 = 1/58,800

—22

=700 + 2\2/58,800 508 and

t

The solutions are t =

= 0= 98800 ~ 425, So, the height is 30.800 feet
after about 20.8 seconds and again after about 42.8 seconds.
The passengers experience weightlessness for about

42.8 — 20.8 = 22 seconds.

t

70. @+ D(x+1)

0
X + () + 10+ 1(3) =0
R let+g=0

4o +4ex+4elx+4.7=4.0
42+ x+4x+1=0
42 +5x+1=0
So,a=4,b=5,andc = 1.
or
4o —depx—4elx—4de;=—-4.0
—4x2—x—4x—-1=0
—4x2—=5x—1=0
So,a=—-4,b=—5,andc = —1.

71. a.  Perimeter = 4x + 3y

1050 = 4x + 3y
1050 — 4x = 4x — 4x + 3y
1050 — 4x = 3y
1050 — 4x _ 3y

3 3
350 *§x=y

So,y =350 — %x.
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b. Area = length « width b. h= =162+ 45t + 2.5
15,000 =x « y 5.5=—162 4 45t + 2.5
15,000 = xy 55—-55=—162+45t+25—-55
= —162 _
15,000 = x(350 - ix) 0= —16r 445 =3
3 - b= VP~ dac
15,000 = x(350) — x(%x) 2a
4 _ —45 £ V452 — 4(—16)(—3)
15,000 = 350x — gxz 2(—16)
15,000 — 350x + §x2 = 350x — 350 — %xz + %xz _ =45 = V2025 — 192
—32
%xz — 350x + 15,000 = 0 _ —45+V1833
—32
3 4, 3 3 3
Ze—x?—Z¢350x + =« 15000 ==+0 v
2 3X 2 T2 7 2 The solutions are t = —A5+ VI3 0.07 and
2x2 — 525x + 22,500 = 0 -32 '
_ VB2 — —45 —/
x= —bh = Vb = dac t= —45 - VI833 | 2.74. Choose the larger value
2a —-32
_ —(—525) = V/(—525)% — 4(2)(22,500) because the ball is caught on its way back down. So, the
- 2(2) football is in the air for about 2.74 seconds.
_ 525 = V275,625 — 180,000 73 1(—b+m+ _b_\/m)
4 2 2a 2a
_ 525 = 95,625 :l(—b+M—b—M)
4 2 2a
_ 525 + V95,625 _ 208.6 _ l(_2 )
4 2\ 24
y =350 — %(208.6) _ 1(—b)
~350 — 278.1 2\ a
~ 719 - b
2a
or b
x= 525% V95,625 ~ 539 The mean of the solutions is T2 which is the
~ 1350 — 4 539 x-coordinate of the vertex. The mean of the solutions is equal
Y= 5( 9) to the graph’s axis of symmetry, which is where the vertex
~350 - 1719 lies.
~ 278.1 S . .
74. a. C; When the discriminant of a function is positive, the
So, each pasture could have a length of about 209 feet and graph of the function has two x-intercepts.
a width of about 72 feet, or each one could have a length . T Lo
of about 54 feet and a width of about 278 feet. b. A; When. the dlscrlmmfmt of a function is 0, the graph of
the function has one x-intercept.
72.a. h = —16£2 + Vol 8¢ c. B; When the discriminant of a function is negative, the
h=—162 + 45t + 2.5 graph of the function has no x-intercepts.
An equation that models this situation is
h = —1612 + 45t + 2.5.
Copyright © Big Ideas Learning, LLC Algebra 1 603
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75. h = =16 + vyt + s,
15= =16 + vyt + 5.5
15— 15 = —1682 + vyt + 5.5 — 15
0= —168 + vyt — 9.5

In order for the vertex to occur at & = 15, the discriminant of
0 = —16¢% + vyt — 9.5 must be 0.

b2 —4ac=0
V> — 4(—16)(—9.5) = 0
v, — 608 = 0
+ 608 + 608
ve? = 608
N
Vo = * V608

Use the positive solution. So, the minimum initial vertical

velocity needed to reach the branch is V608, or about

24.7 feet per second.

Vb? — dac
2a

b . . .
76. x = ———is the axis of symmetry, and is the

2a

horizontal distance from the axis of symmetry to each
x-intercept.

—b+Vb> —4ac | —b—Vb> — 4dac
2a 2a
_ —b +Vb*—4ac — b — Vb* — 4ac
2a

77.

The sum is ——.

a
b+ Vo2 - 4ac)(—b ~ Vb? — 4ac
2a 2a

_ (=b? = (Vi — 4ac)
(2a)(2a)
_ b*— (b — 4ac)
4a?
b? — b + dac
4a?

dac

_fac _ ¢
4a> a

The product is <
a

b c_ 1
l p——=2and — = -
Sample answer. P an .2
Leta = 2.
b_ c_1
Then, 2—2 and )
b c 1
—2-(——):—2-2 2e==20¢—
2 2 2
b=—4 c=1

So, one possible quadratic equation is 0 = 2x2 — 4x + 1.

604 Algebra 1

Worked-Out Solutions

78. x =

79.

—b = Vb? — dac
2a
_ —1*+VI12—4ac
2a
_ —1*V1—dac
2a
A formula that can be used to find solutions of equations that
—1*VI1 —4ac
2a '

have the formax? + x + ¢ = 0isx =

For, —2x2 + x + 8§ =0,
_ —1*V1—dac
2a
_ —1 V1 —4(=2)®)
2(=2)
—1*+VI1 +64

The solutions are x =

x = _1:74:/6% 2.27.

’1%4\@ ~ 177 and

a.

Solutions Factors

Quadratic equation

3,4 x=3),x—4 | 2-Tx+12=0

1,6 | (x+1),x—6)| 2—5x—-6=0

0,2 X, (x —2)

55 |(x+ha-5] 2-R-I=0

b.y* 4

)

-5

A

M /

? [y:x2—7x+12

12345
HEEN

—to

7 8x
L]

The zeros of the function are 3 and 4.

My 4
\
—6-4-2\] 2 4 10x
N
N
—}10 \
:Fzzlfﬁ y=x>—5x—-6

The zeros of the function are —1 and 6.
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S ¥ 81.a x?—4kx+36=0
\\ 6 / b?* — dac >0
\ [ (—4k)? — 4(1)(36) > 0
3 16k — 144 >0
\ /y=xz,g + 144 + 144
‘ ‘ ‘ T ‘ ‘ ‘ 16k2 S 144
The zeros of the function are 0 and 2. 16 16
Y, y K¥>9
\ V2 >\V9
\« / k| >3
2
\ So, when k > 3 or k < —3, the equation x> — 4kx + 36 = 0
_2_1‘ 234 / 6 x has two solutions.
Tt / b. b2 — dac =0
Tt S
EEk y=xt-3x-3 (—4k)? — 4(1)(36) = 0
. 1 16k2 — 144 =0
The zeros of the function are —3 and 5.
+ 144 + 144
2 —
80.a.2x2 +x+3k=0 16k2 = 144
2 _
b* ~ dac>0 16K> _ 144
12 — 42)(3k) > 0 6 16
1 —24k>0 K =9
-1 -1 ViZ = V9
—24k> —1 k= +3
—24k _ —1 So, when k = 3 or k = —3, the equation x* — 4kx + 36 = 0
—24 24 has one solution.
1
k<— 2 _
< 2 C. b* —4ac<0
The equation 2x + x + 3k = 0 has two solutions when (—4k)* = 4(1)(36) <0
k<. 16k — 144 <0
b. b? —4ac =0 + 144 + 144
12 — 4(2)(3k) = 0 16k% < 144
1—=24k=0 16k2< 144
—1 ~1 16 16
—24k = —1 k<9
—24k _ —1 Viz < Vo
-24 -24 |k| <3
k= 2]—4 So, when —3 < k < 3, the equation x> — 4kx + 36 = 0 has
. . 1 no solutions.
The equation 2x> + x + 3k = 0 has one solution when k = T
c b2 —dac<0
12 = 4(2)(3k) <0
1 —24k<0
-1 -1
—24k< —1
—24k _ —1
24”04
1
k> —
7
The equation 2x% + x + 3k = 0 has no solutions when k > 21—4.
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82. k?+5x-16=0

a. b?2 —4ac>0
52 — 4(k)(—16)>0
25+ 64k>0

—25 - 25

64k > —25

64k =25

64 = 64

25

k> —a

So, the equation kx? + 5x — 16 = 0 has two solutions
when k > —z—i.

b. b2 —4dac =0
52 — 4(k)(—16) = 0
25 + 64k =0
-2 —25
64k = —25
64k _ —25
64 64
25
k=6
So, the equation kx? + 5x — 16 = 0 has one solution
when k = f%
c b? —4dac<0
52 — 4(k)(—16) <0
25 + 64k <0
-5 =25
64k < —25
4k —25
Ry
25
k< I
]Eo, tthequation kx? 4+ 5x — 16 = 0 has no solution when
< o

606 Algebra 1
Worked-Out Solutions
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83. Sample answer: Use substitution because both equations are
solved for y.

y=—x+t4

y=2x—38

Step2 y=-—x+4
2x—8=-—x+4

Frx Fx

3x—8=4

+8 +8

3x=12

x_12

3 3

x=4
Step3 y=-—x+4
y=—-4+4

y=20

The solution is (4, 0).

84. Sample answer: Use substitution because one equation is
solved for x.
x =16 —4y
3x+4y=28
Step 2 3x+4y=28
3(16 —4y) + 4y =8
3(16) — 3(4y) + 4y =8
48 — 12y + 4y =8
48 — 8y =28
-8 -8
—8y = —40
—8y_ —40
-8 -8
y=5
Step3 x =16 —4y
x =16 —4(5)
x=16—20
x=—4
The solution is (—4, 5).
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85. Sample answer: Use elimination because one pair of like
terms has the same coefficient.

Step 2 2x —y=17
—(2x + 7y = 31)
—8y=-24

Step3 —8y = —24

-8 -8
y=3

Step4 2x —y =7

2x—3=7

+3+3

2x =10

2_10

2 2

x=5

The solution is (5, 3).

86. Sample answer: Use substitution because one of the
variables has a coefficient of 1.

3x —2y=-20
x+12y=64
Step 1 x+12y=64
x+12y—12y=64— 1.2y
x=64—12y
Step 2 3x —2y=-20

3(6.4 — 1.2y) — 2y = —20
3(6.4) — 3(1.2y) — 2y = —20
19.2 — 3.6y — 2y = —20.
19.2 — 5.6y = —20

—19.2 —19.2

—=5.6y = —39.2

—56y _ =392

—5.6 —5.6

y=17
Step3 x+ 12y=064
x+1.2(7) =64
x+84=064
—84 —84

x=-2

The solution is (=2, 7).

Copyright © Big Ideas Learning, LLC
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9.6 Explorations (p. 525)

1l.y=x+2
y=x*+ 2x
N
\ o
\ /

I
-2, o} /iy X2
—4 2 a4

\ Tz
y=x+2}

The graphs appear to intersect at (—2, 0) and (1, 3).

>

Check y=x+2 y=xr+ 2x
02242 02 (-2 +2(-2)
0=0v 0244

0=0v
y=x+2 y=x2+ 2
32142 3212421
3=3 v 32142

3=3v

The solutions are (—2, 0) and (1, 3).

2. a. A; The graph of y = x2 — 4 is a vertical shift 4 units down
of the graph of y = x%. The graphof y = —x — 2is a
straight line with a negative slope and a y-intercept of —2.
So, this system matches graph A.

The graph appears to intersect at (—2, 0) and (1, —3).

Check y = x> — 4 y=—x—2
0% (—22—4 0% —(—2)—2
024—4 02-2
0=0v 0=0v
y=x*—4 y=-—x—2
32124 32 -1-2
—3Z1-4 3=-3v
3=-3v

The solutions are (=2, 0) and (1, —3).

b. C; The graph of y = x> — 2x + 2 is a parabola with a
y-intercept of ¢ = 2. The graph of y = 2x — 2 is a straight
line with a slope of 2 and a y-intercept of —2. So, this
system matches graph C.

The graph appears to intersect at (2, 2)

Check y=x2—2x+ 2 y=2x—2

222 222 2222 -2
224-4+2 2242
220+2 2=2v
2=2v

The solution is (2, 2).

Algebra 1 607
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¢. B; The graph of y = x? + 1 is a vertical shift 1 unit up of 2.y=—x+6
the graph of y = x2. The graph of y = x — 1 is a straight
line with a slope of 1 and a y-intercept of —1. So, this

system matches graph B. \7
The graphs do not intersect. So, the system has no y=-x+6
solution. /‘
d. D; The graph of y = x> — x — 6 is a parabola with a 6 ) 6
y-intercept of ¢ = —6. The graphof y = 2x — 2is a =
straight line with a slope of 2 and a y-intercept of —2. So, y=-2x*-x+3

this system matches graph D.

The graphs appear to intersect at (— 1, —4) and (4, 6). The graphs do not intersect. So, the system has no real

solutions.
Check y=x>—x—6 y=2x—-2
?
—4;(—1)2—(—1)—6 —4=2-1)—2 3.y=3x—-15
? ? =L2_ —
4=1+1-6 —4=-2-2 y=—2x =17
2
—4=2-6 —4=—4 y=3x-15
4=—-4 v 10 (89
A
y=x2—x—-6 y=2x—2
? ? -10 10
6=42—-4-6 6=24) —2 \/
? ?
6=16-4-6 6=8-2 /

62126 6=6v ERATED)
6=6 y=%x272xf7

The solutions are (—1, —4) and (4, 6). The graphs appear to intersect at (2, —9) and (8, 9).
. Check y = 3x — 15 y=12—2x—7
3. In order to solve a system of two equations, graph the 9 2 1
equations in the same coordinate plane and find the point(s) -9 f 32) - 15 -9 :) 7(2?—22) -7
of intersection. —-9=6-15 -9 = %(4) 47
?
4. a. Sample answer: A system of equations that has no —9=-9v -9 N 2-4-17
solutionsisy = x + 1,y = x? + 5. -9=-2-7
b. Sample answer: A system of equations that has one —-9=-9v
ion is v = =2
solutionisy = 5,y = x> + 5. y=3c—15 y:%xz—Zx—7
¢. Sample answer: A system of equations that has two 2 _ 2 Lo _
solutionsisy = x + 8,y = x? + 5. ? N 3@~ 15 9 N 37 —2@) =7
o 9=24-15 9=164)-16-7
9.6 Monitoring Progress (pp. 526-529) 9
5 9=9 v 9=32—-16—7
Tl.y=x*+4x—4 2
=16—7
y=2x—175
0 9=9 Vv
- / ¢ The solutions are (2, —9) and (8, 9).

szs 4.y=x*2+9
=1, -7) y=9
Sep2 y = 0

9=x>+9
The graphs appear to intersect at (—1, —7). 9 _9
Check y = x2 +4x — 4 y=2x—-135 T,
7i1R+a-)—-4  —1i2a-1-5 0=
¢ ) Vo =V
—7=1-4-4 ~7=2-5
72 -3-4 7=-7 oo
Step3 y=9
—T=-1V

The solution is (0, 9).
The solution is (—1, —7).

608 Algebra 1 Copyright © Big Ideas Learning, LLC
Worked-Out Solutions All rights reserved.



Chapter 9

5.y=—5x
y=x*—3x—3
Step 2 y=x*—3x—-3
—5x=x*—3x—3
—5x+5x=x>—3x—3+5x
0=x2+2x—-3
O0=x+3)x—1
x+3=0 or x—1=0
-3 -3 41 +1

x= -3 x=1
Step3 y = —5x
y=-5(-3)
y=15
y = —5x
y==51)
y=-5

The solutions are (—3, 15) and (1, —5).

6.y=—-32+2x+1
y=5-—13x
Step 2 y=-32+2x+1
5—3x=-3x2+2x+1
5—5—-3x+3x=-3x2+2x+1—-5+3x
0=-3x2+5x—4
—b = Vb2 — 4ac
2a
_ =5 +\5 — 4(=3)(—4)
2(—3)
-5 V25 —-48

x =

The discriminant is negative. So, the equation has no real
solutions, which means the system has no real solutions.

7.Step2  y=x*+x
—(y= x+5)
0=x? -5
Step3 0=x2-5
Fr5  £5
5=x2
Vs =i
*V5=x
Stepd y=x+5 y=x+5
y=\/g+5 y=—\g+5

The solutions are (V5,5 + V5) ~ (2.24, 7.24) and
(=V3,5 = V3) =~ (—2.24,2.76).

Copyright © Big Ideas Learning, LLC
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8.Step2 y=9x2+8x—6
= Sx—4)
0=9x2+3x—2

Step 3 0=CGx+2)3x— 1)

3x+2=0 or 3x—1=0

-2 Z2 1o+l
3x= -2 3x=1
x_ 2 3x_1

3 3 3 3
2 1

3 3

Stepd y=5x—4 y=5—-4
_ 2 _ <1

y=5(-3) -4 =5(3) -4

00 _s

=2y =3-4
_22 7

3 3

. 2 22
The solutions are (—g, —?) and (%, -3

N
~—

9.Step2 y=-32+x—4

—(y = 2x +5)
0=-3x2—-x—-9
St _ —=b = Vb2 — dac

_ —(=D) = V(=12 - 4=3)(-9)
2(=1)
_1=xV1i-108
-2
_1*xVv-107
-2

The discriminant is negative. So, the equation has no real
solutions, which means the system has no real solutions.
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10.

610

y=4
y=x*+x+3

\
\ 6
4
{y=x2+x+‘—32 yk_j}:f
I I - -
[ [ [ 11
-4 | 2 2 | ax

The graphs intersect between x = 1 and x = 2.

y=x2+x+3
4=x24+x+3

-2 —x—3=x2—x2+x—x+3-3

—x2=x—-3=0

Let f(x) = 4 — x2 —x — 3.

f(1.2) = —0.362

f(1.29) = 0.025

£(1.288) = 0.016

f(1.286) = 0.007

f(1.284) = —0.003

£(1.3) = 0.073

f(1.289) = 0.021

f(1.287) = 0.011

£(1.285) =~ 0.002

Because f(1.285) is closest to 0, x = 1.285.

y = 4%~ 41285 ~ 5938

So, the solution of the system is about (1.285, 5.938).

Algebra 1
Worked-Out Solutions

My=4x2 -1
y=-=23)+4
y
4
h
N[y = ax? - 1]
\Y T
—4 | -2 J\ ? 4‘1 X
z y=-2B)+4
S
KA
The graphs intersect between x = —2 and x = —1 and again

betweenx = 0 and x = 1.
y=—23y+4

42 — 1= =203y +4

42— 1+2B)—4=-203+203)+4—4
23 + 42 —5=0

Let f(x) = 2(3)* + 4x2 — 5.
f(—1.1) = 0.437
f(—1.0) = —0.333
f(—1.01) = —0.260
f(—1.02) = —0.186
F(—1.03) =~ —0.111
f(—1.04) = —0.036
f(—1.041) = —0.028
F(—1.042) = —0.020
f(—1.043) = —0.013
f(—1.044) = —0.005

£(0.5) =~ —0.536
£(0.6) = 0.306
£(0.59) = 0.217
£(0.58) =~ 0.128
£(0.57) = 0.041
£(0.569) =~ 0.032
£(0.568) =~ 0.023
£(0.567) = 0.015
£(0.566) =~ 0.006
£(0.565) =~ —0.003

F(—1.045) =~ 0.003 So, x = 0.565.

So, x = —1.045. y=4xr—1

y=4x2 — 1 = 4(0.565)2 — 1
~4(—1.0452 — 1 =~ 0.277

~ 3.368

So, the solutions of the system are about (—1.045, 3.368)
and about (0.565, 0.277).
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12,y = x2 + 3x
y=—-x*+x+10

o

\\ y:—xz+x+10]

\ \

-8 | -4 X
AR
The graphs intersect between x = —3 and x = —2 and again
between x = 1 and x = 2.
y=—-x*+x+10
X2 4+3x=—x2+x+10
A3+ —x—10=-x2+x2+x—x+10-10
22 +2x—10=0
Let f(x) = 2x% + 2x — 10.
f.7) = —0.82
f(1.8) = 0.08
f(1.79) = —0.012
f(1.791) = —0.003
f(1.792) = 0.007
f(1.791) is closest to 0.

f(—2.8) = 0.08

f(—=2.7) = —0.82
f(=2.79) = —0.012
f(—=2.791) = —0.003
f(—2.792) = 0.007
f(—=2.791) is closest to 0.

So, x =1.791. So, x = —2.791.

y=x*+ 3x y =x%+ 3x
=~ (1.791)2 + 3(1.791) =~ (—2.791)2 + 3(—2.791)
~ 8.581 ~ —(.583

The solutions are about (1.791, 8.581) and about
(—2.791, —0.583).

13.3% - 1=x>-2x+5
y=3"-1
y=x*—2x+5

6

Intersectiol
X=1.511377 LY=4.2615065

-2

The point of intersection is about (1.51, 4.26). So, the
solution of the equation is x = 1.51.
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1842 +x = —2(1) +5
y=4xr+ x
y=23) s
6 6

Intersectio Intersectio
X=-.7683849 Y=1.5932764 X=.87112489 Y=3.9065592

2 -2

The point of intersection The point of intersection
is about (—0.77, 1.59). is about (0.87, 3.91).
So, the solutions of the equation are x = —0.77 and x = 0.87.

9.6 Exercises (pp. 530-532)
Vocabulary and Core Concept Check

1. In order to use substitution to solve a system of nonlinear
equations, solve one of the equations for one of the variables,
substitute into the other equation, and solve.

2. Sample answer: Both types of systems can be solved
by graphing. Some nonlinear systems cannot be solved
algebraically.

Monitoring Progress and Modeling with Mathematics

3. B; The graph of y = x> — 2x + 1 is a parabola that opens up
(because a > 0) and has a y-intercept of 1 (because ¢ = 1).
The graph of y = x + 1 is a straight line with a slope of 1
and a y-intercept of 1. So, the system matches graph B.

The graphs appear to intersect at (0, 1) and (3, 4).

Check y = x> —2x + 1 y=x+1
1202 —200) + 1 12041
120-0+1 1=1v
12041
1=1v
y=x2—2x+1 y=x+1
423 +1  4i3+1
429-6+1 4=4 v
41341
4=4 v

The solutions are (0, 1) and (3, 4).

4. D; The graph of y = x2 + 3x + 2 is a parabola that opens up
(because a > 0) and has a y-intercept of 2 (because ¢ = 2).
The graph of y = —x — 3 is a straight line with a slope of
—1 and a y-intercept of —3. So, the system matches graph D.

The graphs do not intersect. So, the system has no real
solutions.

Algebra 1 611
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5.

612

A; The graph of y = x — 1 is a straight line with a slope of

1 and a y-intercept of —1. The graph of y = —x? + x — 1

is a parabola that opens down (because a < 0) and has a
y-intercept of —1 (because ¢ = —1). So, the system matches
graph A.

The graphs have the same y-intercept and intersect at this
point (0, —1).

Check y=x—1 y=—x*+x—-1
—120-1 12 -02+0-1
“1=-1v ~120+0—1

—“1=-1v

The solution of the system is (0, —1).

. C; The graph of y = —x + 3 is a straight line with a

slope of —1 and a y-intercept of 3. The graph of

y = —x? — 2x + 5 is a parabola that opens down (because
a < 0) and has a y-intercept of 5 (because ¢ = 5). So, the
system matches graph C.

The graphs appear to intersect at (—2, 5) and (1, 2).

Check y=—x+3 y=—-x2—2x+5

5L -(-2)+3 5L (=22 —2(-2)+5
52243 52-4+4+5
5=5¢ 520+5

5=5v
y=—-x+3 y=—x2—2x+5
2+ 143 2L 12-2(1)+5
2=2v 22 -1-2+5

22 -3+5

2=2v

The solutions of the system are (—2, 5) and (1, 2).

Algebra 1
Worked-Out Solutions

7.y=3x2—2x+ 1
y=x+7

(2,9)
(=1, 6)

HAW%Y )
y=x+7)°(y=3x2—2x+ 1

The graphs appear to intersect at (—1, 6) and (2, 9).

Check y =3x2 — 2x + 1 y=x+7
6L3(—1)2—2(—1) + 1 6L —1+7
613 +2+1 6=6v
6L3+2+1
6<5+1
6=6v
y=3x2—-2x+1 y=x+7
92322 —22) + 1 6Z—-1+7
9134y —4+1 6=6v
912 —4+1
9£8+1
9=9 v

The solutions are (2, 9) and (— 1, 6).

8.y=x>+2x+5

y=-2x—15

10

} \\\“

-10

The graphs do not intersect. So, the system has no solutions.

9.y = —2x2 — 4x

y=2

4 (=2
(=1,2)
|

y= —2x% — 4x

-6

6

-4

The graphs appear to intersect at (—1, 2).

Check y = —2x? — 4x y=2
22 2(—12 - 4(—1) 2=2v
22 -201) + 4
22244
2=2v

The solution is (—1, 2).
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10.y=%x2—3x+4
y=x—2

6 y=x-—2

N

(6, 4)

-2 m)\\ 10

=
y=2x2-3x+4

The graphs appear to intersect at (2, 0) and (6, 4).
Check y = 1x* — 3x + 4
0Ll -32+4 0%2-2

?

y=x—2

=4 —6+4 0=0v
0£2-6+4
0L -4+4
0=0v
21
£ 162 = 3(6) + 4 y=x-2
42136) — 18 + 4 4262
4218 -18+4 4=4y
420+4
4=4 v

The solutions are (2, 0) and (6, 4).

11.y=%x2+2x*3

y=2x
10 (3, 6)
\ )
-10 5
y=2x
(-3, —6) —10

The graphs appear to intersect at (—3, —6) and (3, 6).

Checky=%x2+2x—3 y =2
62532 +2-3)-3  —6%2(-3)
~6249) 63 6= 6
-6<3-6-3
—6<-3-3
—6=—6

y=%x2+2x*3 y=2x
62137 +2(3) - 3 6£203)
6<49)+6-3 6=6v
6£3+6-3

6£9-3

6=6v

The solutions are (—3, —6) and (3, 6).
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12.y=4x2+5x—7
y=-3x+5

(—3,14) 20

7
. \\é 2

AN

12fy=-3x+5
y=4x>+5x—7

The graphs appear to intersect at (—3, 14) and (1, 2).

Check y = 4x2 + 5x — 7 y=-3x+5
1424(-32+5-3) -7 14%£-3-3)+5
142409 —15-7 1419+5
14436—-15-7 14=14v
14421 -7
14=14 v
y=4xr+5x—7 y=-3x+5
224012 +5(1) -7 22 -31)+5
224y +5-7 22 -3+5
224457 2=2v
2297
2=2v

The solutions are (—3, 14) and (1, 2).

1B.y=x-95
y=x2+4x—-5
Step 2 y=x*4+4x—-75

x—=5=x+4x-5
xX—x—5+5=x2+4x—-5—-x+5

0=x%+ 3x
0=x(x+3)
x=0 or x+3=0
-3 =3
x=-3
Step3 y=x-—-5 y=x—135
y=-3-5 y=0-5
y= -8 y=-5

The solutions are (—3, —8) and (0, —5).

Algebra 1
Worked-Out Solutions
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14.y = —3x2
y=6x+3
Step 2 y=06x+3

—3x2=6x+3
—3x2 4+ 3x2=6x + 3 + 3x2
0=3x2+6x+3

0_3x2+6x+3
3 3
0=x2+2x+1
0=x2+20)1) + 12
0=(x+ 1)
x+1=0
-1 =1
x=—1

Step 3 y = —3x2

y= 317
y= =31
y=-3

The solution is (—1, —3).

15.y= —x+7
y=-—x>—2x—1
Step 2 y=—x>—2x—1
—x+7=—x—-2x—1
—x+ 7+ +2x+ 1=+ -2x+2—1+1
X*+x+8=0

_ —b = Vb? — 4ac
2a

—1 = V12 = 4(1)(@8)

2(1)
-1Vl -32

2
_—1*+*Vv-31
2

The discriminant is negative. So, the equation has no real
solutions, and the system has no solutions.

614  Algebra 1
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16.y = —x2+7
y=2x+4
Step 2 y=—-x2+7
2+ 4=—x*+17
2+ 4+x2—-T=—-x2+x2+7-7
X2+2x—3=0
x+3)x—1)=0

x+3=0 or x—1=0
-3 -3 4141
x=-3 x=1
Step3 y=2x+4
y=2(-3)+4
y=—-6+4
y=-2
y=2x+4
y=2(1)+4
y=2+4
y=06

The solutions are (—3, —2) and (1, 6).

17.y — 5= —x2

y=5
Step2 y — 5= —x2
5—5=—x2
0= —x2
0 _=x
71 —
0=x2
Vo = Va2
0=x
Step3 y=>5

The solution is (0, 5).
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18.y=2x2+3x— 4
y—4x=2
Step 2 y—4x=2
22 +3x —4 —4x =2
2 —x—4=2
2 —x—4-2=2-2

22 —=x—6=0
2x+3)x—2)=0
2x+3=0 or x—2=0
-3 3 r2 *2
2x = =3 x=2
a3
2 2
3
2
Step 3 y—4dx= y—4x=2
y—4(-3)= y- 4@ =2
yt+6=2 y—8=2
—6 -6 8 +8
y=—4 y=10
The solutions are (—%, —4) and (2, 10).
19.Step2  y=x2—5x—7
—(y= —5x+9)
0 = x? - 16
Step 3 0=x2-16
0=x+dHx—4
x+4=0 or x—4=0
—4 —4 +4 +4
x=—4 x=4
Step4 y = —5x+9 y=-5x+9
y=-5-4)+9 y=-54)+9
y=20+9 y=-20+9
y=29 y=—11

The solutions are (—4, 29) and (4, —11).

20.Step2  y=-32+x+2
= x+4
0= —3x2 -2
Step3 0= —-3x2—-2
+2 +2
2 = —3x2
2 _ =3¢
-3 -3
2,

No real number multiplied by itself produces a negative

value. So, the equation has no real solutions, and the system

has no real solutions.
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21.Step2  y=-—x>—2x+2

—(y= 4x + 2)
0= —x2—6x

Step3 0= —x>— 6x
0= —x(x+6)
—x=0 or x+6=0
—X 0
- i
x=0 x= -6

Step4 y=4x+2 y=4x+2
y=40)+2 y=4(—6)+2
y=0+2 y=-24+2
y=2 y= =22

The solutions are (0, 2) and (—6, —22).

22.Step2 y=-2x2+x—-3
~-(y= 2x-2)
0=-2x2—-x—-1
_ —b = Vb — dac
Step3 x= —F—"F——
2a
_ D EVED? - 4(=2)(=D
2(=2)
_1*+*Vv1-8
—4
_1xVv—7
—4
The discriminant is zero. So, the equation has no real
solutions, and the system has no real solutions.

23.Step2  y =x?
- = 2x— 1)
0=x2—2x+1
Step3  0=2x2—20x)(1) + 12

0=(x—1)?
x—1=0
t1 tl
x=1
Step4 y = x?
y=1
y=1

The solution is (1, 1).

Algebra 1
Worked-Out Solutions
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24.Step2 y=x>+x+1
b= —x-2
0=x2+2x+3
—b = Vb — 4ac
2a
_ —2 V22— 4(D)3)
2(1)
—2*+V4—-12
2
_—2+xVv-8
2
The discriminant is negative. So, the equation has no real
solutions, and the system has no real solutions.

Step 3 x =

25. Step 1 y+2x=0
y+2x—2x=0—2x
y=—2x
Step2 y=x2+4x—6
-b= —2
0=x2+6x—6
—b = Vb2 — dac
2a
_ =6+ V6> — 4(1)(—6)
2(1)
_ —6+V36+24
2
__6xV60
2
_ 6+ViVT5

Step3 x =

=-3+VI5
Step4 y = —2x y=—2x
y=-2(=3+V15) y=-2(-3-V15)
= —2(-3) - 2V15 = —2(-3) —2-VI5
=6-2V15 =6+2V15

The solutions are (—3 +V15,6 — 2\/E) ~ (0.87, —1.75)
and (=3 — V15, 6 + 2V15) = (—6.87, 13.75).

616  Algebra 1
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26. Step 1 y+5x=x2-2
y+5x—5x=x2—-2—5x
y=x*—5x—2

Step2 y=x>—-5x—2

b= %x-7)
0=x2—7x+5
_ —=b = Vb — dac
Step3 x = ———F—F——
2a
= —(=7) V(=T = 4)(5)
2(1)
_7%+V49 - 20
2
_7=V29
2
Stepd y=2x—17 y=2x—17
y:2(7+2\@)_7 y:2(7—2\@)_7
=7+V29 -7 =7-V29 -7
=V29+7-7 =-V29+7-7
=29 = —\V29
The solutions are (@ V29 ) ~ (6.19, 5.39) and

(%, —\59) ~ (0.81, —5.39).
27. The graph does not show both solutions.
A\l 3

14 (_\j
\ :(2) / = 2x + 4

8

2 @=x273x+4

-1 V12345 6x

The solutions are (0, 4) and (5, 14).

28. The number 4 should be substituted for y, not for x.
y=3x2—-6x+4
y=4
Step 2 y=3x*—6x+4
4=32—-6x+4
4—-4=32-6x+4—-4

0 =3x2— 6x

0=3x(x —2)

3x=0 or x—2=0
x_0 +2 42
3 3 _— —
x=0 x=2

The solutions are x = 0 and x = 2.

Copyright © Big Ideas Learning, LLC
All rights reserved.



Chapter 9

29. Because there is a change of signs between where x = —4 3. y=2+5
and x = —3, and f(—4) and f(—3) are the same distance y=x2—3x+1
from O, the first solution is halfway between —4 and —3.

Similarly, because there is a change of signs between where L\ y 4
x = 0and x = 1, and f(0) and f(1) are the same distance \ 12 /
from 0, the other solution is halfway between 0 and 1. \ . /

/

30. Because there is a change of signs between where x = 1 and - \ - /
x = 2, and f(1) and f(2) are the same distance from 0, the g: 2 4+ 5\ /
first solution is halfway between 1 and 2. Similarly, because ‘ ‘ N

. . _ _ -4 | -2 ~ 4 x
there is a change of signs between where x = 3 and x = 4, ‘ ‘ (y R

and f(3) and f(4) are the same distance from 0, the other
solution is halfway between 3 and 4. The graphs intersect betweenx = —2 andx = —1.

y=x2—-3x+1

31. Because there is a change of signs between where x = —4
and x = —3 and again between where x = —2 and x = —1, 2HS5=x2 -3+l
one solution is between —4 and —3 and the other solution 2+5-x+3x—1=x2-3x+1-x2+3x—1
is between —2 and —1. Because f(—3) is closer to 0 than W24 3x+4=0

f(—4) and f(—2) is closer to O than f(—1), one solution is

=2"—x2+3x + 4.
closer to —3 than —4 and the other solution is closer to —2 Letfln) =27 = x vt 4
than — 1. f(=1) =05

32. Because there is a change of signs between where x = 2 J(=1L1) =~ —0.0435
and x = 3 and again between where x = 5 and x = 6, one f(—1.09) = 0.012
solution is between 2 and 3 and the other solution is between F(—1.091) = 0.006
5 and 6. Because f(3) is closer to O than f(2) and f(5) is F(=1.092) = 0,001
closer to 0 than f(6), one solution is closer to 3 than 2 and ’ ’
the other solution is closer to 5 than 6. Sf(=1.093) = —0.005

Because f(—1.092) is closest to 0, x = —1.092.

33.y=22+ 2 +3
yoema y=2+5=~27102 4 5~ 5469

y=3 So, the solution of the system is about (—1.092, 5.469).
y=x*+2x+3
WAL
\ ; /
\
\ o /
N4 A
L/ y=w
-4 [-2 2 [

The graphs intersect between x = 2 and x = 3.
y=x2+2x+3
3¥=x2+2x+3

-2 —2x—3=x2-x2+2x—2x+3-3

F—x2=2x—-3=0

Let f(x) = 3% — x2 — 2x — 3.

f(2.3) = —0.377

f(2.4) = 0407

f(2.35) = —0.002

f(2.351) = 0.005

Because f(2.350) is closest to 0, x = 2.350.

y = 3% = 3230 = 13.220

So, the solution of the system is about (2.350, 13.220).
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35.y = 2(4) — 1

y = 3x% + 8x
A
\
\ 1
16
\ |
8
t3x2 + SD\
—6 74 2 X
y =20y — 1 |
The graphs intersect between x = —3 and x = —2, between
x=0andx =1, and betweenx = 1 and x = 2.
y = 3x% + 8x

2(4)* — 1 = 3x% + 8x
204y — 1 — 3x2 — 8x = 3x2 — 3x2 + 8x — &
204y —3x2—8x—1=0

Let f(x) = 2(4)* — 3x*> — 8x — 1.

f(—2.6) = —0.426
f(=2.5) = 0.313
F(—2.54) = 0.024
f(—2.541) = 0.017
f(—2.542) = 0.010
f(—2.543) =~ 0.002
f(—2.544) = —0.005

f(—2.543) is closest to 0.

So, x = —2.543.
y = 3x% + 8x

=~ 3(—2.543)% + 8(—2.543)

~ —0.943

£(1.8) =~ —0.869
£(1.9) =~ 0.828

£(1.85) =~ —0.0754
£(1.851) = —0.059

f(0.1) = 0.467

f(0.2) = —0.081
£(0.19) = —0.026
f(0.189) = —0.020
f(0.188) = —0.015
£(0.187) = —0.009
f(0.186) = —0.004
£(0.185) = 0.002
£(0.185) is closest to 0.

So, x = 0.185.

y =3x%2 + 8x
~ 3(0.185)% + 8(0.185)
~ 1.583

f(1.852) = —0.042
f(1.853) = —0.024
f(1.854) = —0.007
f(1.855) = 0.010

f(1.854) is closest to 0. So, x = 1.854.

y = 3x% + 8x

=~ 3(1.854)? + 8(1.854)

~125.144

So, the solutions of the system are about (—2.543, —0.943),
about (0.185, 1.583), and about (1.854, 25.144).
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36.y = —x*?—4x—4

y=-5-2
y
-6 | -4 /-2 \ 2 X
= AN
y=-5 -2 “N
/N
A\
/ S\
/ i
Ly \
y=-x>-4x-4
The graphs intersect between x = —4 and x = —3, between
x= —landx = 0, and between x = 1 and x = 2.
y=-5-2

—xX2—4x—4=—-5-2

—xX2—4x —4+5+2=-5-2+5+2

St—=x*—4x—2=0
Let f(x) = 5 — x2 — 4x — 2.
f(=3.5) = —0.246
f(—=3.4) = 0.044
f(—=3.41) = 0.016
f(—3.42) = —0.012
f(—=3.411) = 0.013
f(—=3.412) = 0.010
f(—3.413) =~ 0.008
f(—3.414) = 0.005
f(—3.415) = 0.002
f(—3.416) =~ —0.001
f(—3.416) is closest to 0.

£(—0.5) = 0.197
f(—0.4) = —0.035
f(—0.41) = —0.011
(—0.411) =~ —0.009
f(—0.412) = —0.007
f(—0.413) =~ —0.004
f(—0.414) ~ —0.002
£(—0.415) = 0.001

f(—0.415) is closest to 0.

So, x ~ —3.416. So, x =~ —0.415.

y = _5(—34416) -2 y = _5(—0.415) -2
~ —2.004 ~-2513

f(1.4) = —0.042

£(1.5) = 0.930

f(1.41) = 0.045
f(1.401) = —0.033
f(1.402) = —0.025
f(1.403) = —0.016
f(1.404) = —0.008
f(1.405) = 0.001
f(1.405) is closest to 0. So, x = 1.405.
y = —5(1.405) — 2
~ —11.595

So, the solutions of the system are about (—3.416, —2.004),
about (—0.415, —2.513), and about (1.405, —11.595).
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37.y=—x*—x+5
y=2x*4+6x—3

A R
\ //T¥y=2x2+6xf3
\ /

V2 T/

I\
/

4

The graphs intersect between x = —4 and x = —3 and
between x = 0 and x = 1.

y=—-x2—x+5
224+ 6x—3=—x2—x+35
222+ 6x—3+x2+x—5=—x—x+5+x2+x—-5
32+ T7x—8=0
Let f(x) = 3x2 + 7x — 8.
£(0.8) = —0.48
f(0.9) =0.73
f(0.81) = —0.362
f(0.82) = —0.243
f(0.83) = —0.123
£(0.84) = —0.003
£(0.841) = 0.009
f(0.85) = 0.118
£(0.840) is closest to 0.
So, x = 0.840.
y=—-x2—x+5
y= —(0.840)2 — 0.840 + 5

f(=32)=10232
f(=3.1) = —0.87
£(—3.19) = 0.198
£(—3.18) = 0.077
f(=3.17) = —0.043
£(—3.179) = 0.065
£(=3.178) = 0.053
£(=3.177) = 0.041
£(—3.176) =~ 0.029
f(=3.175) = 0.017
F(—3.174) = 0.005
f(=3.173) = —0.007

=~ 3.454 f(—3.174) is closest to 0.
So, x = —3.174.
y=—-x2—x+5

y = —(—3.174)?
—(—3.174) + 5
~ —1.900

So, the solutions of the system are about (—3.174, —1.900)
and about (0.840, 3.454).
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38.

39.

y=2x>+x—28
y=x>-35

1\ y
\

T~

o
N T

-3 I3 [x
2 \

\
\ NI
NXVly=x*-5
I
The graphs intersect between x = —3 and x = —2 and
betweenx = 1 and x = 2.

y=2x2+X78
)

y=x*-75

22 +x—8=x*-5
22+ x—8—x2+5=x2—-x2-5+5

X+x—-3=0
Let f(x) = x> + x — 3.
F(=2.3) = —0.01
f(—2.4)=0.36
£(—2.301) = —0.006
f(—2.302) = —0.003
f(—2.303) = 0.001
f(—2.303) is closest to 0.

f(1.3) = —=0.01

f(1.4) = 0.36
f(1.301) = —0.006
f(1.302) = —0.003
f(1.303) = 0.001
f(1.303) is closest to 0.

So, x = —2.303. So, x = 1.303.

y=x2-5 y=x2-5

y=(—-2303)%2 -5 y=~13032—-35
=~ (0.304 =~ —3.302

So, the solutions of the system are about (—2.303, 0.304)
and about (1.303, —3.302).

Bx+1=x2+"7x—1

Graph the systemy = 3x + landy = x> + 7x — 1.

16

PIAN :

Intersection
X=—4.44949 Y=-12.34847

—24

One point of intersection is about (—4.45, —12.35).

16

-8 \\ 2

Intersection
X=.44948974 Y=2.3484692

—24

Another point of intersection is about (0.45, 2.35). So, the
solutions of the equation are x = —4.45 and x = 0.45.
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40. —x2+2x=—2x+5 44. 1.5y — 3 = —x2 + 4x
Graph the systemy = —x> + 2xand y = —2x + 5. Graph the system y = 1.5(2)* — 3 and y = —x? + 4x.

10 5

5 \\ s -5 4 \ 5
Intersection
\ X=-.4255193 Y=-1.883144

10 -5
The graphs do not intersect. So, the equation has no One point of intersection is about (—0.43, —1.88).
solutions. 5

41. x2 —6x+4=—x2— 2

-5 5
Graph the systemy = x> — 6x + 4and y = —x? — 2x. 2
8 i25?5?§8%5§"v=3.9546265
-5
\ / The other point of intersection is about (2.21, 3.95). So, the
- \/ ¢ solutions of the equation are x = —0.43 and x = 2.21.
a5. 82+ 3 =2(3f

° Graph the systemy = 8 =2+ 3andy = 2(%))6,
The graphs do not intersect. So, the equation has no .

solutions.
42. 232+ 8x+ 10= —x2—2x + 5 ;/
Graph the systemy = 2x2 + 8x + 10 and y = —x? — 2x + 5. B 5
X=1.1315146 Y=3.1643159

8

-2
One point of intersection is about (1.13, 3.16).

8

~6|tntersection '\ 6
X=-2.720759 Y=3.0389877
-2

7
One point of intersection is about (—2.72, 3.04). -5 — 5

Intersectiol
X=2.3980779 Y=5.2882327
-2
The other point of intersection is about (2.40, 5.29). So, the

solutions of the equation are x = 1.13 and x = 2.40.

8

~6|fhtersection \ 6 46. _05(4)X =5-6
X=-.6125741 Y=5.8499012
) Graph the systemy = —0.5(4)*and y = 5% — 6.
The other point of intersection is about (—0.61, 5.85). So, 2
the solutions of the equation are x = —2.72 and x = 0.61. s / 5

a3. —4(3) = -2 =5
1) ]
Graph the system y = 74(5) andy = —x? — 5. imemen N
-8

2

The only point of intersection is about (0.90, —1.74). So, the

-4
/- solution of the equation is x = 0.90.

Intersectiol
X=-.3585541 Y=-5.128561

-8

The only point of intersection is about (—0.36, —5.13). So,
the solution of the equation is x = —0.36.
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47.3x2+7x—8=0
xz—biVb2—4ac
2a
L STV —4B)(8)
23)
_ —7+V49+ 9
6
_—7+V14s
6
y=2x24+6x—3
_ 2 _
:2( 7+\/145) +6( 7+V145)_3
o[ =72+ 2-7V145 + (V145 ]
36 —7+ V145 — 3
_49 - 14\/1184 + 145+W
_ 194—1184V145 VIE - 10
_97-7V145  9V145 — 90
9 9
_ 97 =90 — 7V145 + 9V145
9
_7+2V145
9
y=22+6x—-3
_7 _ 2 _7 _
y:2( 7 6V145) +6( 7 6V145)_3
2| (=72 — 2(=7)(V145 )+ (V1a5)*]
o —7-4145 - 3
:49+14v11845+145_10_\/m
_ 194 +1184V145 10 — V145
_97+7V145 90 — 9V145
9 9
_ 97 =90 + 7V145 — 9V145
9
_7-2V145
9
7+\/14 7+2V14

So, the exact solutions are and

These values,

9

-7+ \/W 7+2V145
6 9
(—7 — V145 7-2V145
6 ’ 9
are about the same as the approximated solutions found in
Exercise 37. One of the y-values is slightly different due
to rounding.

-
= =)
-

(0.840, 3.454) and

) ~ (—3.174, —1.898)
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48.Step2 y=2x>+x—8
—(y= 2 —5)
0=x2+x—3
—b = Vb2 — dac
2a
I Ut )
2(1)
-1 +=VI+12
2

_-1=Vi3
2

Step 3 x =

y=x*-5
_(—1+\@)2_5
==
_ =12+ 2(-n(V13) + (Vi3)
4

_1-2VI13+13 20

4 4
_1+13-20-2V13

4
_—6-2V13
4
_-3-V13
2
y=x2-5
_(—1—\/5)2 s
- | TS
_ (=12 = 2=n(V13) + (=V13)’
4

-5

-5

_1+2VI3+13 20
4 4
1+13-20+2V13

4

_—6+2V13
4

_-3+V13
2

-1+ V13 =3-V13

2 X > and

The exact solutions are (

(—1—@ 3+V13

). These values,

2 ’ 2
— Zm - _2\@) ~ (1303, —3.03) and
(_1 _2\/E = —;\/ﬁ) ~ (—2.303, 0.303), are about the

same as the approximated solutions found in Exercise 38.
The y-values are slightly different due to rounding.
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49. Step2 y= —5x + 275
—(y = —x% 4+ 35x + 100)
0=x2—40x + 175
Step 3 0=(x—5(x+ 35
x—5=0 or x—35=0
+5 &5 +35 435
x=5 x=35

The solutions of the system are x = 5 and x = 35. So, the
attendance for each movie is the same 5 days after the
movies opened and again 35 days after the movies opened.

50. Step2 y = 2x + 8
—(y=—x2—4x—1)
0=x*+6x+9

Step 3 0=x2+2x)3) + 32

0=(x+3)?
x+3=0
-3 =3
x=-3
Step4 y =2x + 8
y=2(-3)+38
y=-6+8
y=2

The coordinates of the point where the paths meet are
(—3,2).

51.y = —0.002x> + 1.06x
y =152
Step 2 y = —0.002x% + 1.06x
52 = —0.002x2 + 1.06x
52 — 52 = —0.002x> + 1.06x — 52
0 = —0.002x> + 1.06x — 52
—b = Vb*> — 4ac
2a
_ —1.06 = \/1.06% — 4(—0.002)(—52)
2(—0.002)
_ —1.06 = V1.1236 — 0.416
—0.004
_ —1.06 * V0.7076
—0.004
—1.06 + V0.7076
—0.004

The solutions are x = =~ 54.7 and

x = W =~ 475.3. So, the two points are about

55 meters and about 475 meters from the left pylons.

52. A linear equation is represented by a line and a quadratic
equation is represented by a parabola. Because a line and
a parabola cannot be the same, a linear equation and a
quadratic equation cannot have infinitely many solutions in
common. So, your friend is incorrect.

622  Algebra 1
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53.a.y=4x+3
y=x>+4x—1

A 2l %
\ /!
\ L /]
/|
\____Jfw
(]62 - (\:/k X
y=4a+3 |\

y=x>+4x -1
The points of intersection are (—2, —5) and (2, 11).
b. Step 2 y=x2+4x—1
dx+3=xr+4x—1
4y —4x+3—-3=x2+4x—1—4x—3
0=x*—14
0=x2—22
0=0x+2)(x—2)

x+2=0 or x—2=0
-2 2 +2 t2
x=-2 x=2
Step3 y=4x+3 y=4x+3
y=4(-2)+3 y=42)+3
y=(—8+3 y=8+3
y=-5 y=11

The solutions are (—2, —5) and (2, 11).
c.Step2  y=x*+4x—1

—(y= 4x + 3)
0=x? -4
Step 3 0=x2—-4
rt4 4
4 = x?
Vi= Ve
r*2=x
Step4 y =4x + 3 y=4x+3
y=42)+3 y=4(-2)+3
y=8+3 y=-—-8+3
y=11 y=-5

The solutions are (—2, —5) and (2, 11).

Sample answer: For this system, elimination is preferred

because the resulting equation can be written in the form
2 —

x*=d.

Copyright © Big Ideas Learning, LLC
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54.a.y=x>—35

y=—x+7
%(7\4’\11)\ y 4
\ ° /
\ /
‘3,4)
\_ /)
-3\ |, 3/[1'x
N
y:X_STG y=-x+17

The points of intersection are (—4, 11) and (3, 4).
b. Step 2 y=—x+7
X2=5=-x+7
X2=5+x—T=—x+7+x—-7
X+x—12=0
x+4Hx—3)=0
x+4=0 or X —
—4 -4 +3
x=—4 x=
Step3 y=—x+7 y=-—x+17
y=—(-4+7 y=-3+7
y=4+1 y=4
y=11
The solutions are (—4, 11) and (3, 4).
c.Step2 y=x -5
= —x+7
0=x2+x—12
Step 3 0=x+4x—3)

3
3

w|+o
(O8]

x+4=0 or x—3=0
—4 -4 +3 *3
x=—-4 x=3
Step4 y=—x+7 y=—x+7
y=—(-4+7 y=-3+7
y=4+17 y=4
y=11

The solutions are (—4, 11) and (3, 4).

Sample answer: For this system, substitution is preferred
because the resulting equation is easy to factor.

Copyright © Big Ideas Learning, LLC
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55. a.y = —x% + 65x + 256
y=—12+ 65(1) + 256
y=—1+65+ 256
y =320
y = —x%+ 65x + 256
y = —34% + 65(34) + 256
y = —1156 + 2210 + 256

y=1310
oy =y 1310 — 320 _ 990 _
= = =20 _ 5
M —x 34 —1 33

Y=y =mlx — xp)
y—320=30(x — 1)
y — 320 = 30(x) — 30(1)
y — 320 =30x — 30
+ 320 + 320
y =30x + 290

A linear function that models the number of subscribers of
the competitor’s website is y = 30x + 290.

b. Step 2 y= 30x + 290
—(y = —x% + 65x + 256)

0=x* —35x+34

0=(x— 1)x—34)

x—1=0 or x—34=0
+1 +1 +34 +34
x=1 x =34

The solutions are x = 1 and x = 34, which confirms that
the websites have the same number of subscribers on
Days 1 and 34.

56. a. Changing the equation to y = ¢ + 2 will cause a vertical
translation 2 units up of the line y = c. So, the line will
intersect the parabola in two points, and the system will
have two solutions.

b. Changing the equation to y = ¢ — 2 will cause a vertical
translation 2 units down of the line y = c. So, the line will
not intersect the parabola, and the system will have no
solutions.

Algebra 1 623
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57. The first graph shows that the parabolas may not intersect at
all, in which case the system has no solutions. The second
graph shows that the parabolas may intersect in one point,
in which case the system has one solution. The third graph
shows that the parabolas may intersect in two points, in
which case the system has two solutions.

\/
/\

58. a. Let x be the number of years.
Let y be the number of people (in millions).
y = 2(1.03)"
y=3+ 0.25x

50

Intersectiol
o (X=84.102741.Y=24.025685 19
0
The point of intersection is about (84.1, 24). So, the
country will experience a food shortage in year 84.
b. 2(0.25) = 0.5
y = 2(1.03)"
y=3+ 0.5x

100

Intersection
0 (X=115.48022.Y=60.740112] 159

0

Because the population growth is defined by an
exponential function, eventually it will surpass the food
supply, which is defined by a linear function. In this case,
the graphs intersect at about (115.5, 60.7). So, in year 115,
a food shortage will occur.

624  Algebra 1
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59. a. To find A, let x = 0 because A is on the y-axis.
y=-—x>+6x+4
y=—02+6(0) +4
=0+4
=4
So, the coordinates of point A are (0, 4).

b. Write the equation of the red line.
m=22_"Y1_27%_2_4

y =y =mx = x)
y—6=1x—2)

y—6=x—2
t6 t6
y=x+t4
Solve by elimination.
Step2 y= x+4
—(y=—x*+6x+4)
0=x>—5x
0=x(x—195)
x=0 or x—5=0
+5 +5

(9}

x =
Step3 y=x+4
y=5+4
y=9
So, the coordinates of point B are (5, 9).
60. If one equation is quadratic in x and the other is quadratic
in y, then the one parabola opens either up or down and the

other opens to the right or left. So, there can be 3 or 4 points
of intersection as shown.

Sample answer:

3 points of intersection 4 points of intersection

Copyright © Big Ideas Learning, LLC
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61.y=2x—8
y=x>—4x—-3
y= =32y

a
==

L
Intersection
X=1 Y=-6

-12

Using the intersect feature of a graphing calculator three
times for each pair of equations, you find that they all
intersect at (1, —6). So, the solution of the system is (1, —6).

62. Solve by substitution.
Step 2 X2+ 2 =41
R4 (—x— 12 =41
X2+ (=x)? = 2(—x)(1) + 12 =41
X+x2+2x+1=41
2x2 4+ 2x + 1 =41

22+ 2x+ 1 —41 =41 —-41

22 +2x —40 =0
202 +2x—40 _ 0

2 2
X24+x—-20=0
@ +5)x—4=0

x+5=0
-3 -3
x=-5
or
x—4=0
t4 *4
x=4

The points of intersection are (—5, 4) and (4, —5).

Maintaining Mathematical Proficiency

63. y 4 64.
8 b A
N
61 7 8 /
4 S 6 /
2 4
S /
2
-8-6-421/ 2 &g 8x
*’4 N —43-2-1/[ 123 ax
/-6 -4
8 /s
r ¥
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65. y—3<—2x y+5<3x
y—3+3<-2x+3 y+5—-5<3x-5
y<—2x+3 y<3x—5
N
X[/
5 /
\/
-8—6-4-2 [ ,\ 4 6 8x
1,4/ \
_6, \
4 X
66 x+y>—6 2y<3x+4
2y _3x+4
—x+ -6 — T
xX—x+y> X 3 5
y>—x—26 yS%x+2
y
8
6
ol f
2

x| —=2[—-1|0]1]2

yl| 14| 5 |2|5|14

[N Y2
}14
\\ e ll
\ol A
6
3 ﬂy: 3x? +ﬂ
—4-3-2-1 1 L 3‘} J1)(

The domain is all real numbers. The range is y > 2.

68.y = —x2 — 6x

x| —=7|—-6|-5|—-4|-3|—-2|—-1|01
y|—=7| 0 5 8 9 8 5107
EEERRRNY,
y=-x2—6x ?Q\s

Yo

[\

~10-8 |-4-2 | 2 4x
)
-6
Yoo

The domain is all real numbers. The range is y < 9.
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69.y = —2x2+ 12x — 7

x| 0 [1]2]3]|4|5|6

y|=7]3[9]11|9]3|-7

‘12 £ =22+ 12x -7
o] AL

8

\
R
i1 A
“6-4—2 [[2 ale 8 10x

I, |

\

The domain is all real numbers. The range isy < —11.
70.y =5x2+ 10x — 3

x| —=3|-2|—-1| 0 |1

y| 12| -3[-8|-3]|12

| —
I
—
—

y=5x2+10x — 3

The domain is all real numbers. The range is y > —8.

9.4-9.6 What Did You Learn? (p. 533)

1. It provides a quick way to check for equations with no
solutions.

2. When a and ¢ have different signs, ac is negative, so
subtracting —4ac is subtracting a negative, which is the same
as adding a positive. So, b — 4ac is positive.

3. Sample answer: All the methods had the same results.
Substitution and elimination both resulted in equations that
could easily be put in the form x? = d. Graphing did not
require algebraic manipulation.

Chapter 9 Review (pp. 534-536)
1.V72p7 =136 2« pbep
= V36 « V2 «\pS «\p
=6.V2epevp
=6.p>V2e\p
= 6p*\/2p
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g

el
&

&

—_—

=
5

Vo .5

\/49y2
_ 335

Ty

5 1256 _ViaskT V2
4 V2

:\/3125-x9ox2-\3/§
V8
:\3@.\3/?.\3/?.\36
2
:5.x3.\3/ﬁ.\3/§
2
:5x3\/32x2
2
a8 _ 8 Ve-2
Ve+2 Ve+2 Ve-2
8(Ve — 2)
(Vo) — 22
_8V6 — 16
6—4

_8V6 - 16
2

=4V6 -8

5.4V3 +5V12=4V3 +5.V4.3
=4V3 +5.V4.V3
=4V3+5.2.V3
=4V3 + 10V3
=4+ 10)V3
=14V3

6. 15V2 — 2V/54 = 15V2 — 2V/27 « 2
=15V2 —2.V27 V2
15V2 —2.3.V2

=

5

=15V2 - 6V2
=(15-6V2
=9V2
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7.(3V7 + 57 = 3V7) + 2(3V7)5) + 52 1. —8x — 16 = x2
=32.(V7)V +2.3.5.V7 +25 —8x+8x— 16+ 16 =22+ 8x + 16
=97 +30V7 + 25 0=x2+8x+ 16
=63 +30V7 +25 Graph y = x> + 8x + 16.
=63 + 25 + 30V7 R,
— 88 + 30V7 \\ II8
8. V6(VI8 + V8) = V6 « VI8 + V6 - V8 \ |
=108 + V48 4
~V36+3+V16+3 \ /]
=V36 V3 +V16 « V3 N\ Z(-4,0)
—6V3 +4V3 = YEIENRAK
—6+4V3 y=x+8x+ 16]
=10V3 The only x-intercept is (—4, 0). So, The solution is x = —4.
9.:2—9x+18=0 12. The graph appears to cross the x-axis at (—3, 0), (—1, 0), and
Graph y = x2 — 9x + 18. (1,0).
T TTT T 14 Checkf(x)j(x+1)(x2+2x—3)
0=(=3+ D[(=32+2(-3) - 3]
12 y:x279x+18£ 0% (=2)9-6-3)
B\ i 0< (=23 -3)
" 0= (-2)(0)
3, 0) (6, 0) 0=0V
RSN

FO) = (x + D2+ 2x — 3)
02 (—1+ D12+ 2(—1) = 3]
001 —-2-3)

The x-intercepts are 3 and 6. So, the solutions of the equation
arex = 3 and x = 6.

10. x2 —2x=—4 0 ; (O)(—l _ 3)
X2—2x+4=—-4+4 0;(0)(_4)
xX2=—2x+4=0 0=0 ¢
Graphy = x> — 2x + 4.
*8 y 4 f@) =+ D2+ 2x—3)
0L+ D[12+2(1) — 3]
2
\ / 0=2)(1+2-3)
03 - 3)
2
2ly=x2-2x+4 0 =@2)0)
‘ ‘ 0=0V
-2 2 4 | x The solutions are x = —3,x = —1,and x = 1.
The graph does not cross the x-axis. So, the equation has no
solutions.
Copyright © Big Ideas Learning, LLC Algebra 1 627
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13. Graph f(x) = x> + 2x — 5.

y

1

-
N D O ® O
T~

\ /

2—1‘ 2 3x
—4 itl:l:
\\—‘(/ r1‘()() =x2+2x—5

The graph crosses the x-axis between x = —4 and x = —3
and again between x = 1 and x = 2.

x| —39|-38|-37|-36|-35| —34

y| 241 | 1.84 | 129 | 0.76 | 0.25 | —0.24

x| 1.1 1.2 1.3 1.4 1.5

x| =33 | —32 | —3.1

y | —071 | —1.16 | —1.59

y| —159 | —1.16 | —0.71 | —0.24 | 0.25

x| 16 | 1.7 1.8 1.9 &

y 1076|129 | 184|241

In each table, the function value that is closest to 0 is —0.24.

So, the solutions of the equation are x = —3.4 and x = 1.4.

14.x2+5=17

-5 =5
x2=12
Va2 = V12
x:i\/ﬁ
x==*V4.V3
x==2V3
The solutions are x = 2V3 =~ 3.46 and x = —2V3 =~ —3.46.
15.2 - 14=—14 16. (x +2)2 =64
+14 +14 Vx +22 = Vo4
=0 x+2==%x38
Va2 = Vo -2 Z2
x=0 x=-2=*8

The solution is x = 0. The solutions are
x=—-2+8=06and

x=-2-8=-10.

628 Algebra 1
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17. 4x* + 25 = =75

-25 =25
42 = —100
42 _ 100
4 4

x2=-25

No real number multiplied by itself produces a negative
number. So, the equation has no real solutions.

18. x — 1)2=0

V= 17 =0

x—1=0
jull S

x =

—_
—

The solution is x = 1.

19. 19 =30 — 5x2
-30 -—30
—11 = —5x2
—11 _ —5x2
-5 -5
-

V5oV
i
+ = =
s *
VI V5
= . =X
Vs Vs
i@zx
Thesolutionsarex=§~l.48 andx:—gz—l.%.
20. xX2+6x—40=0
X2+ 6x—40+40=0 + 40
X%+ 6x =40

x2 + 6x + 32 =40 + 32
(x+3?2=40+9

(x+3)2=49
Va+ 32 = Ve
x+3==*=7
-3 -3
x=-3=*x7
So, the solutions are x = —3 + 7 = 4 and

x=-3-7=-10.

Copyright © Big Ideas Learning, LLC
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21. X+2x+5=4
X+2x+5-5=4-5
24+ 2x=-1
2+ 2x+12=—1+12
(x+12=-1+1

x+1)2=0
Ve + 12 =V0
x+1=0
-1 -
x=-1
The solution is x = —1.
22. 2x2 —4x =10
22 —4x _ 10
2 2
X2—2x=5
X2 =2+ (12 =5+ (1)
x—12=5+1
x—12=6
Va—17=V6
x—1==V6
4141
x=1=Ve6
The solutions are x = 1 + V6 = 3.45 and
x=1-V6=-145
23. y=—x2+6x—1

y+1l=—x24+6x—1+1
y+1=-x2+6x
y+1=—u%—6x)
y+ 1= (=3)2=—[x2—6x + (3]
y+1—-9=—(x—3)?
y—8=—(x—3)?
y—8+8=—-x—32+8
y=—(x—-32+8
The vertex is (3, 8). Because a is negative (@ = —1), the

parabola opens down, and the y-coordinate of the vertex is the
maximum value. So, the function has a maximum value of 8.

Copyright © Big Ideas Learning, LLC
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24,

25.

26.

f) =x*+4x + 11
fO) =1 =x2+4x+ 11— 11

fx) — 11 = x2 + 4x

F) = 11 +22=x2 + 4x + 22
o) =11 +4=(x+ 20
f) =7 = (x+ 2

fO—T+T=x+2?2+7

fO=x+2?+7

The vertex is (—2, 7). Because a is positive (a = 1), the
parabola opens up, and the y-coordinate of the vertex is the
minimum value. So, the function has a minimum value of 7.

y=23x2—24x+ 15
y—15=3x2 = 24x + 15 - 15
y— 15 = 3x2 — 24x
y— 15 = 3(x2 — 8x)
y—15+3¢(—4)2 =3[ — 8x + (—4)?]
y—15+3.16 =3(x — 4)?
y — 15 + 48 = 3(x — 4)2
y + 33 =3(x — 4)?
y+33—-33=3(x—4)?2-33
y=3(x—4)?2-33
The vertex is (4, —33). Because a is positive (@ = 3), the

parabola opens up, and the y-coordinate of the vertex is the
minimum value. So, the function has a minimum value of —33.

Let Z — 3 be the width of the credit card.
Area = length « width
4675 =4+ (¢ — 3)
46.75 = 4(6) — £(3)
46.75 = 1> -3¢
46.75 + (—1.5)> = 02 — 34 + (—1.5)?
46.75 +2.25 = (4 — 1.5

49 = (£ — 1.5)2
V9 =\l ~ 157
+7=/-15
+15 #15
15£7=17

The solutions are /=1.5+7 =8.5and /=157 = —5.5.
Disregard the negative solution, because a negative length
does not make sense in this situation.

w=/4-3=85-3=55
P=20+2w =2(85) +2(55) =17 + 11 =28

So, the perimeter of the credit card is 28 centimeters.

Algebra 1 629
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27.x2+2x—15=0

_ —b = Vb? — 4ac
2a
_ 22 V22 —4(1)(—15)
2(1)
_ —2*V4+60
2
_—2=*Ve4
2
_—2=8
2
So, the solutions are x = # _6_ 3 and
_—2-8_~-10_
x = 2 > 5.
28. 22 —x+8=16
22 —x+8—16=16— 16
22 —x—8=0
.= —b £ Vb? — 4ac
2a
_ (=D VD) = 42)(=8)
2(2)
_1=Vi+o4
4
_1=Ves
4
So, the solutions are x = % =~ 2.3 and
x=71_\/%~—1.8.
4
29. —524+10x=5

—5x24+10x—5=5-5
=52+ 10x—5=0
—b = Vb2 — 4ac
2a
_ =10 = V102 — 4(=5)(—5)
2(—5)
_ —10 £ V100 — 100
—-10
-10+V0
—-10
—10£0
—10
—-10
—-10
=1

The solution is x = 1.

630 Algebra 1
Worked-Out Solutions

30. y=-x>+6x—-9
b? — 4ac = 6 — 4(—1)(—9)
=36 — 36
=0

Because the discriminant is 0, the equation has one solution.
So, the graph has one x-intercept.

31. y =22+ 4x+38
b — dac = 42 — 4(2)(8)
=16 — 64
= —48

Because the discriminant is negative, the equation has no
solutions. So, the graph has no x-intercepts.

32. y= —%xz + 2x
b? — dac = 22 — 4(~1)0)
=4-0
=4

Because the discriminant is positive, the equation has two
solutions. So, the graph has two x-intercepts.

33.y=x2—-2x—4

y=-5
Step 2 y=x>—2x—4
—5=x2-2x—4
—S5+5=x2—2x—4+5
0=x2—2x+1
0 =x%—2x)(1) + (—1)?
0=(x—1)?
x—1=0
1ol
x=1
Step3 y= -5
So, the solution is (1, —5).
34.Step2  y =x? -9
—(y= 2x +5)

0=x2—2x— 14
Step3 0+ 14 =22 — 2x — 14 + 14
14 = x2 — 2x
144+ (12 =22 = 2x + (— 1)
14+1=(—1)2

15=(x— 1)?

V15 =V — 12
“Vis5=x-1
1 1
1+V15 =x

Copyright © Big Ideas Learning, LLC
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Stepd y=2x+5
y=201+V15)+5
y=2+2V15+5
y=2+5+2V15 y=2+5-2V15
y=7+2V15 y=17-2V15

So, the solutions are (1 + V15,7 + 2V15) =~ (4.87, 14.75)
and (1 — V15,7 — 2V15) = (=2.87, —0.75).

y=2x+5
y=201-V15) +5
y=2-2V15+5

35. Graph the system y = 2(%)x —5andy = —x?—x+ 4.

8

AN
i —

X=-1.877976 ¥=2.3511817
-8

One point of intersection is about (—1.88, 2.35).

©

y \\ .
Inter[ectio A(—

X=2.4819447 Y=-4.641994
-8

The other point of intersection is about (2.48, —4.64).

So, the solutions are about (—1.88, 2.35) and about
(2.48, —4.64).

Chapter 9 Test (p. 537)

1.x2—-121=0
+ 121 + 121
xr =121
Va2 = V121
x==11
The solutions are x = 11 and x = —11. Sample answer: The

equation can be written in the form x2 = d. So, solve using
square roots.

2. x2—6x=10

X2 = 6x + (—3)2 =10+ (—3)?
(x—=32=10+9

x—=32=19

Ve =32 =V19
x—3==V19

+3 +3
x=3=*V19

The solutions are x = 3 + V19 = 7.36 and
x=3-V19 = —1.36. Sample answer: Because a = 1 and
b is even, solve by completing the square.
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3. 2x2+3x+7=0

_ —b = Vb? — 4ac
2a
_ 3=+ V32— 4(=2)(7)
2(=2)
_ —3+xV9+56
—4
_ —3=xV65 3xVe6s5
= , or
-4 4
So, the solutions are x = % ~ —1.27 and

x = % =~ 2.77. Sample answer: The equation is not
factorable, and a # 1. So, solve using the Quadratic Formula.

4, 2 —Tx+12=0
x—=3)(x—4)=0

x—3=0 o x—4=0
3 %3 4 4
x=3 x=4

The solutions are x = 3 and x = 4. Sample answer: Because
the equation is easily factorable, solve by factoring.

5502 +x—4=0
—b = Vb2 — 4ac
2a
—1 V12— 4(5)(—4)
2(5)
-1 =VI + 80
10
—1=V81
10
_—1%x9
10

x =

is not easily factorable and a # 1. So, solve using the
Quadratic Formula.

6. (4x+3)2=16

Vidx + 32 =V1e6

dx+3==*4
-3 =3
4x=-3+14
4x _ —3+4
4 4
x:—3i4
4
L _—3+4_1 _—3-4_ 17
The solutions arex—74 4andx 1 1

Sample answer: The equation is in the form x> = d, where x
is a binomial. So, solve using square roots.
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7. Use completing the square to rewrite the function in vertex 10.y= 52 +x—1
form.
=22+4x -6 .
f) =207+ 4x Step 2 y=—52+x—1
f(x)+6=2x2+4x—6+6 —7=-52+x—1
=922
Jo) +6=207 + dx —T+52 —x+1=-52+52+x—x—1+1
fO0+6=2(2+2%) 52 —x=6=0
O +6+2¢12=2(x2+2x + 1% 5x— 6)(x + 1) = 0
3 = 2
fo+6+2.1=2x+1 S5x—6=0 or x+1=0
f) +6+2=2x+ 1) 16 6 -1 -1
S +8=2(x+ 1)? ;:6_ _x___l
f)+8—8=2(x+1?>—38
5x _ 6
fx)=2(x+ 1) -8 53
So, the vertex of the graph is (—1, —8), which is in the third 6
quadrant. The vertex of the graph shown is in the fourth r= 5
quadrant. So, the function f(x) = 2x> + 4x — 6 cannot be The solutions are (—1, —7) and (g’ _7).
represented by the graph shown.
— 1w
8. Sample answer: =x2—-2x+ 4
2+V3 Y
6
9.Step2  y=x>—4x—2 )1/
—(y= —4x+2)
0= .Xz —4 -6 Intersection ¢
X=1 Y=,
Step3 0=x*2—-4 =
t4 t4 The only point of intersection is (1, 3). So, the solution
4 = x2 is (1, 3).
VE =V
*2=x
Stepd y= —4x + 2 y=—4x+2
y=—-42)+2 y=—4(-2)+2
y=—-8+2 y=8+2
y=—6 y=10
The solutions are (2, —6) and (—2, 10).
632  Algebra 1 Copyright © Big Ideas Learning, LLC
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12. h = —16/2 + 28t + 8
0=—162+ 28t + 8
—b = Vb2 — 4ac
2a
_ —28 = V282 — 4(—16)(8)
2(—16)
_ —28 £ V784 + 512
-32
_ —28 V1296
—32

—28+36 7%9
=32 8

=

because a negative time does not make sense in this situation.
So, the skier is in the air for 2 seconds, which earns
2(5) = 10 points.
h=—16/2+ 28+ 8
h—8=—16/2+28++8 -8
h— 8= —16/+ 28¢

(1 =3F
h—8—%=—16(r-1)
h=%=—16(r-1)
R348 = (s — 1)+ 8
il

The vertex is (%, %). So, the skier reaches a maximum height
of %, or 20.25 feet, which earns 20.25 points. So, the skier

earns 25 + 10 + 20.25 = 55.25 points.

13. h = —16 + 265
105 = —16¢2 + 265

- 265 - 265

—160 = — 162

—160 _ —167

—16 —16
10=17
V1o = Ve

V10 =1¢

The solutions are = V10 = 3.16 and r = —V10 =~ —3.16.
Disregard the negative solution, because a negative time does
not make sense in this situation. So, the riders experience
free fall for about 3.16 seconds.
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14. Area = length « width

= V30x7 » 36
V3

_ V30x7 . 36
V3

130x7
=367
=36+ V10x7
=36¢V10 e x0ex
=36+V10 « Va0 « Vx
=36+V10 e 23« Vx
=36x3+V10 « Vx
= 36x3V10x

So, an expression that represents the area of the painting
shown is 36x3V10x square inches.

15. You can calculate the value of the discriminant b2 — 4ac.
If the discriminant is negative, then the equation has
no solutions and the graph has no x-intercepts. If the
discriminant is 0, then the equation has one solution and the
graph has one x-intercept. If the discriminant is positive,
then the equation has two solutions and the graph has two
Xx-intercepts.

16. a. Sample answer: Leta = 2 and b = 4.

b? —4ac>0
42 —42)c>0
16 — 8¢ >0
—l6 16
—8c¢>—16
—8c _—16
e
c<?2
Letc = 1.

So,ifa=2,b=4,and ¢ = 1, then ax* + bx + ¢ = 0 has
two x-intercepts.

b. Sample answer: Leta = 1and b = 4.

b2 —4ac=0
42 —4(1)c=0
16 —4c=0

- 16 - 16

—4c = —16

—4c _ —16

—4 -4
c=4

So,ifa=1,b =4, and ¢ = 4, then ax? + bx + ¢ = 0 has
one x-intercept.

Algebra 1 633
Worked-Out Solutions



Chapter 9

C.

17. a.

634

Sample answer: Leta =2 and b = 4.

b —4ac<0
42 —42)c<0
16 — 8¢ <0
—16 =16
—8c< —16
—8c _ —16
Erade—y
c>2
Letc = 3.

So,ifa =2,b =4, and ¢ = 3, then ax®> + bx + ¢ = 0 has
no x-intercepts.

y =3x2+ 8x + 20
400 = 3x2 + 8x + 20
400 — 400 = 3x2 + 8x + 20 — 400
0 =3x2+ 8 — 380
_ —b = Vb* — 4ac
2a
_—8=* \/82 — 4(3)(—380)
2(3)
_ —8 V64 + 4560
6
_ 8+ \4624
6
—8 =68 Or—4i34
6 ’ 3

x= # = 7?;78. Disregard the negative solution,

because a negative length of time does not make sense in
this situation. So, there are 400 Type A bacteria after 10
hours.

. Step 2 y = 3x% 4+ 8x + 20

—(y= 27x + 60)
0=73x*—19x — 40
Step 3 0=0CBx+5x—-28)
3x+5=0 o x—8=0
-5 =3 +8 +8
3x = -5 X =
3 _ =5
3 3
LS
3

Disregard the negative solution, because a negative length
of time does not make sense in this situation. So, the
number of Type A and Type B bacteria are the same after
8 hours.

Algebra 1
Worked-Out Solutions

¢. Graph the system y = 3x2 + 8x + 20 and y = 27x + 60.

Bacteria Growth

y
© 400 /
g 350 SN
E 300 // [Type Eﬂ
2 250 Vi
© 200 /]
3 ///
.g 150 / S—

100| / Type A
2 wf | y\p il

0
0 2 46 810121416 x
Time (hours)

You can see from the graph that there are more Type A
bacteria than Type B after 8 hours, and there are more Type
B bacteria than Type A before 8 hours.

Chapter 9 Standards Assessment (pp. 538-539)

1. Because f'does not cross the x-axis, if the function is set
equal to zero, its discriminant will be negative. Because g
has two x-intercepts, if the function is set equal to zero, its
discriminant will be positive. Because # and j each have one
x-intercept, if each of their functions are set equal to zero,
their discriminants will each be zero.

2. a. Sample answer: When a = 400 (or any number less than
600) and b = 1.15 (or any number greater than 1.08),
Account B has a greater initial amount and increases at a
faster rate than Account A.

b. Sample answer: When a = 800 (or any number greater
than 600) and b = 1.15 (or any number greater than 1.08),
Account B has a lesser initial amount than Account A but
increases at a faster rate than Account A.

¢. Sample answer: When a = 600 and b = 1.05 (or any
number greater than 1 and less than 1.08), Account B and
Account A have the same initial amount, and Account B
increases at a slower rate than Account A.

3. a. Your friend is incorrect. The height is unknown. So, you
will not be able to calculate the radius when you are given
only the surface area.

b. Your friend is correct that you can find the radius of a
sphere when you are given the surface area.

S = 412
i=4'n'r2
dar dar
S _p
dar "
—

IS
|—=Vr
\am d
s _,
\dm

IS
So, you can use the formula r = V4_ to calculate the
™

radius of a sphere when given the surface area.

Copyright © Big Ideas Learning, LLC
All rights reserved.



Chapter 9

Hot Chocolate Sales

y

30

20

10

Cups of hot chocolate

Ll
0 S o
0 20 40 60 80x

Temperature
(degrees Fahrenheit)

As x increases, y decreases. So, the data show a negative
correlation.

Sports Drink Sales

y

30 .

20 °

10

Bottles of sports drink

0

0 20 40 60 80x

Temperature
(degrees Fahrenheit)

As x increases, y increases. So, the data show a positive
correlation.

. A; Graph A is a curve that grows at an increasing rate as x
increases. So, it shows exponential growth. Graph B shows
exponential decay. Graph C shows linear growth. Graph D is
a parabola, which represents a quadratic function.

. B; Solve by elimination.

Step 2 y=x+2x—38
—(y= S5x +2)
0=x>—-3x—10
0=x—5x+2)
x—5=0 o x+t2=0
45 +5  Z2 =2
x=35 x=-2
Step3 y=5x+2 y=5x+2
y=50)+2 y=5-=2)+2
y=25+2 y=—-10+2
y =27 y=-8

The solutions are (5, 27) and (—2, —8). So, statement B is

correct.

7. The expressions that are in simplest form are 16V5, 3xV5x,

W7

3 . .
~=~, and 2V x? because none of their radicands have perfect

7
3

nth powers as factors other than 1, none of the radicands
contain fractions, and no radicals appear in the denominator

of a fraction.
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8.f(=2)=4(-2)—5

=-8-5
=-13
f(0) =40) -5
=0-5
=-5
f@)=42) -5
=8-5

=3

S =4(=1) =5
=—4-5
=-9
£ =4(1) = 5
=4-5
=-1

f3)=403) =5
=12-5
=7

So, the solutions are (—2, —13), (=1, —9), (0, =5), (1, —1),

(2,3),and (3, 7).
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