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Chapter 2
Linear and Quadratic Functions

slope; y-intercept

Section 2.1
-4;3
From the equationy =2 x — 3, we see that the y-
intercept is -3 . Thus, the point ( 0, -3) is on the
graph. We can obtain a second point by choosing
a value for x and finding the corresponding value

fory. Letx=1,theny=2(1)-3=-1. Thus,

the point (1, -1) is also on the graph. Plotting
the two points and connecting with a line yields
the graph below.

¥

Xx2-x1 -1-2 -3 3

f(2)=3(2)%2-2=10
f(4)=3(4)2-2=146
v f(4) -f(2) 46-10 3
x 4 -2  4- 2
60 x - 900 = —15 x +
2850 75 x — 900 = 2850

75 x = 3750

x =50
The solution set is {50}.
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f(-2)=(-2)-4=4-4=0

True



increasin
False. If x increases by 3, then y increases by 2. g

False. The y-intercept is 8. The average rate of g(x)=5x '_4
change is 2 (the slope). Slope = 5; y-intercept = -4
Plot the point (0, —4) . Use the slope to find an
f(x ) =2x+3 ] additional point by moving 1 unit to the
Slope = 2; y-intercept = 3 right and 5 units up.
Plot the point (0, 3). Use the slope to find an pY
additional point by moving 1 unit to the right 5
and 2 units up.

Y a,n
8 I I I S
3 I 5
6 I
I
I
0,-4)4-1
(0.7 AR
L L (n’ L z average rate of change =5
/_2_ increasing

average rate of change = 2

positive

True
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Section 2.1: Properties of Linear Functions and Linear Models

15. h(x)=-3x+4
a. Slope = -3 ; y-intercept = 4

b. Plot the point (0, 4). Use the slope to find
an additional point by moving 1 unit to the

right and 3 units down.
.‘.

NI I
=2 2 4 6
-2
AA AAA [
verage rate of change = -3
AA AAA
ecreasing
p(x)=-x+6

Slope = -1 ; y-intercept =6
Plot the point (0, 6). Use the slope to find
an additional point by moving 1 unit to the

right and 1 unit down.
YA

‘\8—
(0, 6)

c. average rate of change = -1
d. decreasing

17. f(x)=1x-3
4

a. Slope= 1;y-intercept=-3
4

b. Plot the point (0, —3) . Use the slope to find

an additional point by moving 4 units to the
right and 1 unit up.

N
5._.
I A I A A
4 L 4, -2)
0,3 —_—T1
L 4
-5+

1
average rate of change = 4

C.
d. increasing
18. h(x)=-2x+4
3
a. Slope=- _2;y-intercept=4
3
b. Plot the point (0, 4). Use the slope to find
an additional point by moving 3 units to the
right and 2 units down.
y
8_
ar V\(’“ ,
AOVA [0 - 3 A 1
0HTRI"T,
AOA © 2r W&PA o
[ L1
- . 2 4 N\
2
2
c. average rate of change = - 3
d. decreasing
19. F(x)=4
a. Slope =0; y-intercept=4

b. Plot the point (0, 4) and draw a horizontal

147

line through it.
YA

5 —

(0, 4)

I N I I |
5

Y

T T T

-5

average rate of change =0
constant
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Chapter 2: Linear and Quadratic Functions

G(x)=-2
Slope = 0; y-intercept = -2

Plot the point (0, —2) and draw a horizontal

line throughit.
“‘
5

rTTrTrir

L 111 I I
5

|
Nl

A

- (0,-2)

-5+

average rate of change =0
constant

g(x)=2x-8
zero: 0 =2x — 8 : y-intercept = -8
x=4
Plot the points (4,0),(0, -8) .

yflll)flllllll

(4,0) 10

(0,-8)
-10
g(x)=3x+12

a. zero:0=3x+ 12 : y-intercept =12

Xx=-4
b. Plot the points (-4,0),(0,12) .
y
16
(0,12)
(-4,0)
l L1 L1 X
-5/ 5
-4

Section 2.1: Properties of Linear Functions and Linear Models

f(x)=-5x+10
zero: 0 = =5x + 10 : y-intercept = 10
xX=2
Plot the points 1 unit to the right and 5 units
down.

y
10¢- (0,10)

f(x)=-6x+12
zero: 0 = -6x + 12 : y-intercept = 12
x=2

AA AAD AA
lot the points (2,0),(0,12) .

y
16
(0,12)
(2,0)
TN Y O
=5 5
1‘th "
H(x)=="2x+4
a. zero:0=- %X+4 : y-intercept =4

x=8
b. Plot the points (8,0),(0,4) .

AAA [
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Chapter 2: Linear and Quadratic Functions

1
G(x)="3x-4
a. zero: 0=1x-4 : y-intercept = -
3
=12
b. Plot the points (12,0),(0, -4) .
Y
5

TTTTT

I I |

(12,0)

11.L/1xlx

16

el o

27. X Y AVy. Tate of Thanmge ==
=2 % — ]
-1 1 - ="=-3
1=(=2)- - 1 . _ |
-2z1 =3
0 -2 0- -1=1=-3
G TS
1 _5 _5—_@_:_— = _3
=0 T
5 — -8 -(-5): =3 _ 3 —
2=l 1
Since the average rate of change is constant at
3 y h;a ;J a :;I 1T ful |\,t;u|| vv;th O:UPC - 73
The ytintercept is [0, —2) , so the equation of th¢
lineidv=-3x -2 _
28. |—x y——-—-Avg, ra-te-of-changei
—X
_ 1 |
4 -
L4 1
-1 _ —_—— e -
2 -1- ( 2). 1_4_ | Lt

Copyn
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Section 2.1: Properties of Linear Functions and Linear Models

29.1 x y Avg. rate of change:%

2 5

. 5 3-(8) 5 _
—1=(=2) _1 - —
0-(=3) 3

0 0 0 1z=1:=3_ |

 —
T T -
2 0 _

Since the average rate of change is not
constant, this is not a linear function.

30.
X y Avg. rate of change ==
X
-2 -4 0
- _4 A .
el =) T
0 4 4-0 _4 _4
0=(=1) _1 |
1 8 84_2.,
10 1 |
2 12 -28_ 4 _
2-1 1 |

this is a linear function with slope = 4. The y-
intercept is (0, 4) , so the equation of the line is

=4x+4.
31.| x y Avg,. rate of changEif
2| -2 B
-4 -(=26) 22
-1 -4
(=2) = |
2_1_4) 6
0 2 —0--1=1=z6
(5 _
1 -2
-10
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Chapter 2: Linear and Quadratic Functions Section 2.1: Properties of Linear Functions and Linear Models

0 1 0- (_13 =122 _ constant, this is not a linear function.
1 2 —
2 4 -

Since the average rate of change is not constant,
this is not a linear function.

150 150
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Chapter 2: Linear and Quadratic Functions Section 2.1: Properties of Linear Functions and Linear Models

35. f =4x - 1; =-2x+5
32.] x y Avg.rateofchange:—y (x)=4-1 g (x) =2+
- —_— X f(x)=0
-2 -4 — . 4x-1=0
-35-(-4) 05 1
-1 -35 Lim(-p) T 705 = 4
—3-(- 05
0 3 3-(=35) 05 05 f(x)>0
0-(-1) 1 4x-1>0
1 -25 =22-(=3) 05 =05_ >=4
10 1
_ £~ _25 _0_5_ _ The solution set is i x> b R
? Sy R d 7 a
Since the average rate of change is constant at _
0.5, this is a linear function with slope = 0.5. c. f(x)=g(x)
The y-intercept is (0, =3), so the equation of the Ax—1=-2x+5
lineis y=05x-3. 6x =6
x=1
33.I7X y V(. Tate of change = d. f(x)sg(x)
X 4x—-1<-2x+5
-2 8 _
=T 8 _ﬁjn__:o_ X<1 { } ( ]
8-8 0
0 8 0-(-1) 1 9 € ,
1 8 88_J0_ 0 (1,3)
_1=0 1
8-8 0 ] Lo e N
2 8 —===0 -5 5
S S
Since the average rate of changés constant at 0, y=f(x)
this is a linear function with slope = 0. The y- X oy
intercept is (0, 8) , so the equation of the line is #a
y=0x+8ory=8. 36. f(x)=3x+5 g(x)=-2x+15
a. f(x)=0
34.1 x y Avg. rate of change =— 3x+5=0
X
-2 0 w=—2
1-0 1 3
-1 1 — .=t =1
-1-(=2) 1 b. f(X) <0
; . 4-1 3 3x+5<0
0-(=1) 1 “_
2 | 151 151
16
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Chapter 2: Linear and Quadratic Functions Section 2.1: Properties of Linear Functions and Linear Models

5 [ ( )

x<-%
3

The solution setis{ X 'x < —éﬂ or| -, -5].

L 3 3)

Since the average rate of change is not
constant, this is not a linear function.

152 152
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Chapter 2: Linear and Quadratic Functions Section 2.1: Properties of Linear Functions and Linear Models

c. f (x ) =g ( x) a. The point (5, 20) is on the graph of y = g (x) , so
3x+5=-2x+15 the solutiontog (x) =20isx=5.
5x=10 The point (=15, 60) is on the graph of
X=2 =g (x), so the solution to g (x) = 60
d. f(x)zg(x) isx=-15.
3x+52-2x+15 The point (15, 0) is on the graph of y =g (x) ,
5x 210 so the solutionto g (x) =0isx=15.
X2 The y-coordinates of the graph of y = g (x) are
The solution set is { 1 x 2 2} orf2,). above 20 when the x-c_oordmates are srTlaIIer
than 5. Thus, the solutionto g (x) > 20 is
YA
16 { kx<5} or(-=,5).
(2,11) The y-coordinates of the graph of y = f (x) are
y=g(x) below 60 when the x-coordinates are larger
y= y_ than —-15 . Thus, the solution to g (x) < 60 is {
LA T X > — —15. «) .
L . L x x|z =15} or [-15, «)
. 4+ The y-coordinates of the graph of y = f (x)
' are between 0 and 60 when the x-
a. The point (40, 50) is on the graph of coordinates are between —-15 and 15. Thus,
y = f(x), so the solution to f (x) = 50 is the solutionto 0 < f (x) < 60 is
= 40. { X-15<x<15} or (-15, 15).
The point (88, 80) is on the graph of
= f(x), so the solution to f (x) = 80 is a. f (x) = g (x) when their graphs intersect.
=88. Thus, x = -4 .

The point (40, 0) is on the graph of
= f(x), so the solutionto f (x) = 0 is
=-40.

The y-coordinates of the graph of y = f (x) are

above 50 when the x-coordinates are larger
than 40. Thus, the solution to f (x) > 50 is

f(x) < g ( x) when the graph of f is above
the graph of g. Thus, the solution is

{k x<-4} or (==, -4).

a. f (x ) = g (x) when their graphs intersect.

Thus, x=2.
Ukx> 40 or (40, ). f (x ) <g (x) when the graph of f is
The y-coordinates of the graph of y = f (x) below or intersects the graph of g. Thus,

are below 80 when the x-coordinates are
smaller than 88. Thus, the solution to

(X)<80is { xIx<88} or (-, 88]. a. f(x ) = g ( x) when their graphs intersect.
The y-coordinates of the graph of y = f (x) are Thus, x=-6.

between 0 and 80 when the x-coordinates are < .
s <
between -40 and 88. Thus, the solutionto 0 < f 9(x) .f (x) <h () when the graph of fis
above or intersects the graph of g and

(x) <80 is { x =40 <|x < 88} or below the graph of h. Thus, the solution is
(-40, 88) . x|-6 <x<5or =65 .

the solution is| { xx <2} or (==, 2].

153 153
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Chapter 2: Linear and Quadratic Functions Section 2.1: Properties of Linear Functions and Linear Models

a. f(x) = g (x) when their graphs intersect. The number of minutes cannot be negative,
so x 2 0 . If there are 30 days in the month,

Thus, x=17. _ then the number of minutes can be at most

g (x) = f(x)<h(x)whenthe graph of fis 30 - 24 - 60 = 43, 200 . Thus, the implied

above or intersects the graph of g and domain for C is {x | 0 < x < 43, 200} or [0,

below the graph of h. Thus, the solution is 43200] .

{ )l( -4<x< 7} or[-4,7). The monthly cost of the plan increases $2.06
for each minute used, or there is a charge of

C (x ) =0.35x+45 $2.06 per minute to use the phone in

addition to a fixed charge of $1.39.

C (40) = 0.35(40) + 45 = $59 . It costs $1.39 per month for the plan if 0

minutes are used, or there is a fixed
charge of $1.39 per month for the plan in
addition to a charge that depends on the

Solve C(x)=0.25x+35=
80 0.35 x + 45 = 108

0.35x=63 number of minutes used.
63
=(0. 35=180miles 45. S(p)=-600+50p;D(p)=1200-25p
Solve C (x ) =0.35x + 45 < Solves(p)=D(p).
150 0.35x + 45 < 150 600 +50p=1200-25p
0.35x < 105 75 p = 1800
1800
<0.35 = 300 miles
The number of mile driven cannot be c. Solve C (x ) =2.06x + 1.39 < 100
negative, so the implied domain for C is 2.06x +1.39<100
{x|x=0}or [0, »). 2.06x < 98.61
The cost of renting the moving truck for a 98.61 = _
day increases $0.35 for each mile driven, or 06 47 minutes

there is a charge of $0.35 per mile to rent
the truck in addition to a fixed charge of
$45.

It costs $45 to rent the moving truck if 0
miles are driven, or there is a fixed charge
of $45 to rent the truck in addition to a
charge that depends on mileage.

C(x)=206x+139
C (50) = 2.06(50) + 1.39 = $104.39 .

Solve C (x ) = 2.06x + 1.39 = 133.23
2.06x + 1.39 = 133.23

2.06x =131.84
131.84 =
X64 minutes 2.06

154 154
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Chapter 2: Linear and Quadratic Functions Section 2.1: Properties of Linear Functions and Linear Models

S (24) = - 600 +50(24) = 600
Thus, the equilibrium price is $24, and the
equilibrium quantity is 600 T-shirts.
Solve D (p)>s(p).1200 -
25p>-600+50p
1800>75p

1
80%’5> P

24> p
The demand will exceed supply when the

price is less than $24 (but still greater than
$0). That is, $0 <p < $24 .

The price will eventually be increased.

46. S(p)=-2000+3000p; D (p)=10000-

1000p a. SolveS(p)=D(p).
— 2000 + 3000 p =10000 — 1000 p
4000 p =12000

_12000 _,
4000

(3) = - 2000 + 3000(3) = 7000
Thus, the equilibrium price is $3, and the
equilibrium quantity is 7000 hot dogs.

155 155
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Chapter 2: Linear and Quadratic Functions Section 2.1: Properties of Linear Functions and Linear Models

b. SolveD(p)<S(p). e.  Wemustsolve T (x)=3693.75 .
10000 = 1000 p < —2000 + 3000 p 0.15( x —8925) +892.5 =
12000 < 4000 p 0.15x — 1338.75 + 892.5 = 3693.75
12000 0.15x — 446.25 = 3693.75
4000< p 0.15x = 4140
3<p x = 27600
The demand will be less than the supply A single filer with an adjusted gross income
when the price is greater than $3. of $27,600 will have a tax bill of $3693.75.
c. The price will eventually be decreased. f. For each additional dollar of taxable income
between $8925 and $36,250, the tax bill of a
47. a.  We are told that the tax function T is for single personin 2013 increased by $0.15.
adjusted gross incomes x between $8,925
and $36,250, inclusive. Thus, the domain is 48. a. The independent variable is payroll, p. The
‘ <y< L ] payroll tax only applies if the payroll exceeds
1 8.925<x 36,250 or 8925, 36250. $178 million. Thus, the domain of T is
b. T (20,000)=0.15 20,000 - 8925 +892.5 pp>178 or (178, «).
= 2553.75
If a single filer’s adjusted gross income is b. T(2225)=0.425(222.5-178) = 18.9125
$20,000, then his or her tax bill will be The luxury tax for the New York Yankees
$2553.75. was $18.9125 million.
¢. The independent variable is adjusted gross c. Evaluate Tat p=178,222.5, and 300
income, X. The dependent variable is the tax million
bill, T. T178 =0.425178-178 ) =0 million
d. Evaluate T at x = 8925, 20000, and 36250 . 0 ‘
T (8925 ) % ) T (222.5) = 0.425(222.5 - 178)
Z 0559258925 +8925 = 18.9125 million
T (20,000) = 0.15(20,000 - 8925) + 892.5 T(300) = 0.'425( 300~ 1 78)= >1.85 million
= 255375 Thus, the points 178 million, 0 million )
T (36,250) = 0.15(36250 - 8925) + 892.5 (222.5 million, 18.9125 million) , and
= 4991.25 (1300 million, 51.85 million) are on the graph.
Thus, the points ( 8925,892.5) , .
A
20000, 2553.75) , and (36250, 4991.25) are on the T T T T1]
60 EEEEEEE
< = (300, 51 .85), -
graph. & 8 48 v
(20,000, 2553.75) >= 36
TA { 3 E /
\[' (36,250, 4991.25) ER T
5,000 12178 0) 7 ([22[2]? 11 ?.91 25)
& 4,000 \ 0 700 200 300 P
= 3 000 & Team Payroll
= 1,000 9’(8925 892.50)
IS T N | >

0 12,000 30,000 X
Adjusted Gross Income ($) 156 156
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Chapter 2: Linear and Quadratic Functions Section 2.1: Properties of Linear Functions and Linear Models

d. We mustsolve T (p)=27.2.

0.425(p - 178) = 27.2
0.425p - 75.65 = 27.2
0.425 p = 102.85
p =242

157 157
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Chapter 2: Linear and Quadratic Functions

If the luxury tax is $27.2 million, then the
payroll of the team is $242 million. For
each additional million dollars of payroll

in excess of $178 million in 2011,

the luxury tax of a team increased by $0.425
million.

R(x)=8x;C(x)=45x+17500
SolveR(x)=C(x).
8x =4.5x + 17,500
3.5x = 17,500
X = 5000

The break-even point occurs when the
company sells 5000 units.

Solve R(x)>C(x)
8x > 4.5x + 17,500
3.5x> 17,500
> 5000

The company makes a profit if it sells
more than 5000 units.

R(x)=12x;C(x)=10x +
15,000 a. Solve R (x ) = C (x)
12x = 10x + 15,000
2x = 15,000
x = 7500

The break-even point occurs when the

company sells 7500 units.
SolveR (x) > C (x)
12x > 10x + 15,000
2x > 15,000
x> 7500

The company makes a profit if it sells
more than 7500 units.

a. Consider the data points (x, y) , where x =
the age in years of the computer and y = the
value in dollars of the computer. So we have
the points (0,3000) and (3,0) . The slope
formula yields:

_ -y _0-3000 _=3000 _ -1
m . 3-0 3 000
The y-intercept is (0,3000) , so b = 3000 .

Therefore, the linear function is

Cop\?rcl) tr'@hﬁ(ﬁszg

Section 2.1: Properties of Linear Functions and Linear Models

$0 after 3 years. Thus, the implied domain
forVis {x|0<x=<3}or][0,3].
The graph of V (x ) = -=1000x + 3000

£

S 3000

£ 2000

(3]

>

1000

g

M 1 | X

T 2 3
Age

V (2) = -1000(2) + 3000 = 1000
The computer’s book value after 2 years
will be $1000.
Solve V (x) = 2000
-1000x + 3000 = 2000
- 1000x = -1000
=1
The computer will have a book value of
$2000 after 1 year.

a. Consider the data points (x, y) , where x =
the age in years of the machine and y = the
value in dollars of the machine. So we have

the points ( 0,120000) and (10,0) . The
slope formula yields:

m==Y 0-120000 _=120000_ ~12000

V (X ) =mx + b =-1000x + 3000
The age of the computer cannot

be negative, and the book value
of the computer will be

nésbusgtine. e

ion,



Chapter 2: Linear and Quadratic Functions Section 2.1: Properties of Linear Functions and Linear Models

X 10-0 10
The y-intercept is ( 0,120000) , so
=120,000 .

Therefore, the linear function is
(x)=mx+b=-12,000x + 120,000 .

The age of the machine cannot be negative, and the
book value of the machine will be

$0 after 10 years. Thus, the implied domain for V is {x |
0=<x<10}or [0, 10].

The graph of V ( x ) = - 12,000x + 120,000

V(x)
120,000
100,000
80,000
60,000
40,000
20,000

Book Value (dollars)

Age

159 159
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Section 2.1: Properties of Linear Functions and Linear Models

d. V(4)=-12000 (4 )+ 120000 = 72000

The machine’s value after 4 years is
given by $72,000.
Solve V (x) = 72000 .
-12000 x + 120000 = 72000

—-12000 x = —48000

Xx=4

The machine will be worth $72,000 after
4 years.

a. Let x = the number of bicycles manufactured.
We can use the cost function C (x ) =mx + b,

with m =90 and b = 1800. Therefore
C(x)=190x + 1800

The graph of C (x ) =90 x + 1800
Cx)

3000

2000

Cost (dollars)

1000~

S S I N N
2 4 6 8101214

Number of Bicycles

The cost of manufacturing 14 bicycles is
given by C (14 ) =90 (14 ) + 1800 = $3060 .

Solve C ((x ) =90 x + 1800 = 3780

+ 1800 =
378090 x =
1980
X =22
So 22 bicycles could be manufactured for
$3780.

a. The new daily fixed cost is

100
1800 + 20 =$1805

Let x = the number of bicycles
manufactured. We can use the cost function

C(x)=mx+b,withm=90andb =
1805. Therefore C (x ) = 90 x + 1805

The graph of C (x ) =90 x + 1805
)

3000

2000

Cost (dollars)

1000 -

I I I Y O T
2 46 8101214

Number of Bicycles

The cost of manufacturing 14 bicycles is given

by C (14 ) =90 (14 ) + 1805 = $3065 .

Solve C ((x ) =90 x + 1805 = 3780
X + 1805 = 3780

90 x = 1975
X =21.94

So approximately 21 bicycles could
be manufactured for $3780.

a. Let x = number of miles driven, and let C =

cost in dollars. Total cost = (cost per
mile)(number of miles) + fixed cost

C(x)=0.89x+31.95
C (110) = (0.89)(110) + 31.95 = $129.85
C (230) = (0.89)(230) + 31.95 = $236.65

a. Let x = number of minutes used, and

let C = cost in dollars. Total cost = (cost per
minute)(number of minutes) + fixed cost
C(x)=050x-10

C (105) = (0.50)(105) - 10 = $42.50
C (180) = (0.50)(120) - 10 = $50

o n A

3

S 16,000

) o

%= 12,000

58,0004

€ 4,000+

s Adl -

= 0 16324864 M
Memory (gigabytes)
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Chapter 2: Linear and Quadratic Functions

b m n AV(Q. rate of change = —
. _m
8 | 1750
16 | 3500 3500 -1750 _:%7 0 _875
16=8 "~ "8 _ _4—]
ool —oo 7000 -3500 _3500 _ 875
[ 4 rUUVU - = = -
32-16 16 4

IalV,| 1. 4000

Us L5UUVUU

Since each input (memory) corresponds to a

single output (number or songe), we know
that the number of songs is a function of

change is constant at 218.75 per gigabyte,
the function is linear.

From part (b), we know slope = 218.75 .
Using (m1, n1) = (8, 1750) , we get the

equation:

n-ni=s(m-my)
n - 1750 = 218.75(m — 8)
n - 1750 =218.75m - 1750
n=218.75m
Using function notation, we have
n(m) = 218.75m.

A [

A 0O

he price cannot be negative,som=0.
Likewise, the quantity cannot be negative,

so,n(m) =0.
218.75m =0
m=0

Thus, the implied domain for n(m)
is {m|m=0}or [0, ).

o nA

2

S 16,000

m | —_—

% 12,000

T 8,000 ’,/

£ 4,000

> [ "

= 0 16324864 M
. Memory (gigabytes)

If memory increases by 1 GB, then the
number of songs increases by 218.75.

>

h
12t
';’_L i 'l
a 8F
:IC: — L]
4 -
1 1 1 1 1 1
10 20 30 s
Sodas
h
S h Avo. rate of change = =
- "s
20 0 —
15 | 3 30_3 _ 45
15-20 -5 _ |
10 | 6 L83 3 46
10-15_ =5 |
5 9 26 _3_ -0.6
5-10_-5 _

Since each input (soda) correspondstoa
single output (hot dogs), we know that
number of hot dogs purchased is a function
of number of sodas purchased. Also,
because the average rate of change is
constant at —0.6 hot dogs per soda, the

functionis linear. x -
From part (b), we know m = -0.6 . Using
(s1,h1)=(20,0), we get the equation:
h—hi=m(s-s1)
h-0=-0.6(s-20)

=-0.6s+12
Using function notation, we
haveh (s)=-06s+12.
The number of sodas cannot be negative, so
s20. Likewise, the number of hot dogs

cannot be negative, so, h (s)20.
-0.6s+1220

-0.6s=-12
s<20
Thus, the implied domain for h(s)
is{s|0=<s<20}or[0,20].

gl
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Section 2.1: Properties of Linear Functions and Linear Models

Hot Dogs

1
10 20 30 s

Sodas

If the number of hot dogs purchased increases by
$1, then the number of sodas purchased
decreases by 0.6.

s-intercept: If 0 hot dogs are purchased, then 20
sodas can be purchased.
h-intercept: If 0 sodas are purchased, then
12 hot dogs may be purchased.

The graph shown has a positive slope and a
positive y-intercept. Therefore, the function
from (d) and (e) might have the graph shown.

The graph shown has a negative slope and a
positive y-intercept. Therefore, the function
from (b) and (e) might have the graph shown.

61. A linear function f (x ) = mx + b will be odd
provided f (- x)=-f(x).

That is, provided m (- x ) +b=—(mx +b).
-mx+b=-mx-b

b=-b
2b=0
b=0

So a linear function f ( x ) = mx + b will be odd
providedb=0.
A linear function f ( x ) = mx + b will be even
provided f (= x ) =f(x).
That is, providedm (- x ) +b=mx+b.
-mx+b=mx+b
- mxb = mx

0 =2mx

m=0
So, yes, a linear function f ( x ) = mx + b cab be

even providedm =0 .

157

62. If you solve the linear function f (x ) = mx + b
for 0 you are actually finding the x-intercept.
Therefore using x-intercept of the graph of

f (x ) = mx + b would be same x-value as
solving mx + b > 0 for x. Then the appropriate
interval could be determined

x2-ax+y2+10y-7=0
X2 —ax+4)+(y2+10y+25) =7 +4
+25(x -2)% + (y+5)°=6°
Center: (2, -5); Radius = 6

YA

pd
NG
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66.
YA
(-2, 4) =
[TTTTIN ~1 LR
(1,1) X437
(1,2) ST X
Section 2.2
yl
12+ ®
— [ ]
6 [ ]
[ ]
| | |
1 2 3

No, the relation is not a function because an
input, 1, corresponds to two different outputs, 5
and 12.

Let(x1,y1)=(1,4)and (x2,y2)=(38).
y-y 8-4 4

m=_:. 1=
X2—-x1 3-1 2

y-y1=m(x-x)

y-4=2(x-1)

y—-4=2x-2
=2x+ 2

=2

scatter diagram
decrease; 0.008
Linear relation, m >0
Nonlinear relation
Linear relation,m <0
Linear relation,m >0
Nonlinear relation

Nonlinear relation

158

11.

12.

Section 2.2 Building Linear Models from Data

NY
a

0 10
0
Answers will vary. We select (4, 6) and
(8, 14). The slope of the line containing
these Eoints is;
_14-6_8_,
8-4 4
The equation of the line is:
y-yr=m(x-x1)

y-6=2(x-4)
y-6=2x-8
=2x-2
0
(0]§] 10

Using the LINear REGression
program, the line of best fit is:
y =2.0357x - 2.3571

20

00 10
1 =

0 15
-5

Answers will vary. We select (5, 2) and

11, 9). The slopé of the Jine_containin
(11,9) The pé ofthe] zc g
these pointsis:m= — =

11-5 6

The equation of the line is:

Copyright © 2015 Pearson Education, Inc.
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13.

y-y1=@(x-m)
y-2= (x-5)

15

Using the LINear REGression
program, the line of best fit is:

y — 1 1200\, 20010
OF”! 15
-5
6
-3 3
-6

Answers will vary. We select (-2,—4) and
(2, 5). The slope of the line contammg

5-(=4) 9
2-(-2) 4
The equation of the line is:
y-yi=m(x-x1)
9
“(-4)= 4Kx-(-
9 9

2))y+4= 4x+ 2
9 1

y= 4x+ 2
if?;f
—3/ﬁfﬁ, 3

-6

these points is: m =

14.

Section 2.2 Building Linear Models from Data

Using the LINear REGression
program, the line of best fit is:

y=22x+1.2

I %s

/ 3
Sk
a. 8
-5 5
-2
Answers will vary. We select (-2, 7) and
(2, 0). The slope of t8e Iu}e con17a|n|ng7
these pointsis: m =
2-(-2) 44
The equation of the line is:
y-yi=m(x-x1)
y-7=-"(x-(-2)
4
4x+72
c 8
SN s
=,
-2
Using the LINear REGression
program, the line of best fit is:
y=-18x+3.6
e.

\
S N s

N
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15.

16.

150

_25. . . . . DO

Answers will vary. We select (—20,100)
and (—10,140). The slope of the line
containing these points is:

140-100 40

m=-10 - =10=4
(-20)
The equation of the line is:

y-y1=m(x-x1)

-100 =4 (x - (-20))
y—-100=4x+80

y=4x+180
150

—-25° 00

Using the LINear REGression
program, the line of best fit is:
y = 3.8613 x + 180.2920

150
-25 90 0
-40 Do

160 160

Section 2.2 Building Linear Models from Data

y-yl=m(x-x1)
—1O=12(x—(—30))
y—10=12x+15

1
y= 2x+25

-40 Do

Using the LINear REGression
program, the line of best fit is:
y =0.4421x + 23.4559

25

ry. We select|(-30, 10) and

(-14, 18). The slope of the

line containing these points is:
18-10 8 1

9-7<___'EU""‘3_'O'C_"‘OSO_""‘OFD_G N
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17.

161 161

Section 2.2 Building Linear Models from Data

_40 6.93
00

- 210 = 2.5993316x — 102.7255848

y =2.599x + 107.274

.\.
% 280t o0
2 %
'.—E, 260 +
&}
T 240+
= L_J
2 20+ °
5 °
Z 200+

38 42 46 50 54 58 62 66

Weight (grams)
Linea
r.

Answ
ers
will
vary.
We
will
use
the
points
(39.5
2,
210)
and
(66.4
5,
280) .

m=
280-

NOTT ©OW

Copyeigyvigh 201201&aP san s ied tieatomg. Inc.
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m=-14-(-30) = 16 =2
The equation of the line is:

162 162
Copyeigyvigh 201201&aP san s ied tieatomg. Inc.
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18.

280 +
260 +
240 +

220+

Number of Calories

200 +

38 42 46 50 54 58 62 66 ¥
Weight (grams)

X =62.3 1y = 2.509(62.3) + 107.274 = 269

We predict that a candy bar weighing 62.3

grams will contain 269 calories.

If the weight of a candy bar is increased by
one gram, then the number of calories will
increase by 2.599.

94 +
t [ ]

z2 0t

Z o

S 90T ° "

S g8t

3 o o

= 86T ° [ ]

Z 84 +
82  ®

o D B D D O W
) \'Y S "6‘ hot> 3 ‘.,j,
Weight (grams)
Linear with positive slope.
Answers will vary. We will use the points
(42.3,82) and (42.8, 93) .

m=—93-82 _11_

= Sy T he= 22
42.8-423 05

0 4 1
N1=m(W—W1)

N-82=22(w-

423)N-82=22w-
930.6 N = 22w - 848.6
N

941
()2 -
90T
88T

86 T

Number of Raisins

841

827

t t t + + 1

D D D D DB W

Y2 Sy Yo Se Yo S
Weight (grams)

163 163

Ry

Section 2.2 Building Linear Models from Data

N(42.5) =22(42.5) - 848.6 = 86.4
We predict that approximately 86 raisins
will be in a box weighing 42.5 grams.

If the weight is increased by one gram, then
the number of raisins will increase by 22.

a. The independent variable is the number of
hours spent playing video games and
cumulative grade-point average is the
dependent variable because we are using
number of hours playing video games to
predict (or explain) cumulative grade-point

average.
b.
4
anp
I - |
] o
o
=1 13
0

Using the LINear REGression program, the
line of best fit is: G (h ) = -0.0942h + 3.2763

If the number of hours playing video games
in a week increases by 1 hour, the
cumulative grade-point average decreases
0.09, on average.

G(8) = -0.0942(8) + 3.2763 = 2.52
We predict a grade- point average of
approximately 2.52 for a student who plays
8 hours of video games each week.

0 2.40 = -0.0p42(h) + 3.2763
2.40 - 3.2763 = —0.0942h
-0.8763 = —0.0942h

9.3=h

A student who has a grade-point average of
2.40 will have played approximately 9.3
hours of video games.

50| : . f : .1300
50

Copyeigyvigh 201201&aP san s ied tieatomg. Inc.



Chapter 2: Linear and Quadratic Functions Section 2.2 Building Linear Models from Data

Using the LINear REGression program, the line of best fit is:
P (t)=0.4755t + 64.0143

163 163
Copyeigyvigh 201201&aP san s ied tieatomg. Inc.
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If the flight time increases by 1 minute,
the ticket price increases by about
$0.4755, on average.

P(90) = 0.4755(90) + 64.0143 = $107

To find the time, we solve the
following equation:
180 = 0.4755t + 64.0143
115.9857 = 0.4755t
244 =t
An airfare of $180 would be for a flight
time of about 244 minutes.
a. The relation is not a function because 23 is
paired with both 56 and 53.
b. S
60
58
' 56
54
52
50
48
2 46

Demand (pairs of
jeans sold per day)

L5 I O O T A O [ T AT T

A

el L L 1 Il _5
018 20 22 24 26 28 30

Price (dollars/pair)

Using the LINear REGression program, the
line of best fit is: D = —1.3355 p + 86.1974 .
The correlation coefficientis: r=-0.9491 .

If the price of the jeans increases by $1, the
demand for the jeans decreases by about
1.34 pairs per day.

D (p)=-1.3355p + 86.1974

Domain: { pp< p<64}

Note that the p-intercept is roughly 64.54
and that the number of pairs of jeans in
demand cannot be negative.

D(28) = -1.3355(28) + 86.1974 =

48.8034 Demand is about 49 pairs.

a. The relation is not a function because 24 is
paired with both 343 and 341.

CorYs) yrlg%tz(g)lgoﬁalg

Section 2.2 Building Linear Models from Data

D
NS
T

=~
oo
I

~

S
I

e

Sales
(thousands of dollars)
DI LI L LY L) W

% do b

=

I

29
G\

tl P T W i 4
0 20 22 24 26 28 30

Advertising Expenditures
(thousands of dollars)

Using the LINear REGression program, the
line of best fit is: S = 2.0667 A + 292.8869 .
The correlation coefficient is: r = 0.9833 .

As the advertising expenditure increases by
$1000, the sales increase by about $2067.

S (A)=2.0667A + 292.8869

Domain: { Ala> 0}

S(25) = 2.0667(25) + 292.8869 =
345 Sales are about $345 thousand.

V)

(per 1000)
°

201 e

Incidence Rate

10 ®

°® )
iv. oo? 1 | X
35 40 45

Age of Mother

The data do not follow a linear pattern so it would
not make sense to find the line of best fit.

Using the LINear REGression program, the line
of best fit is: y = 1.5 x + 3.5 and the correlation
coefficientis: r = 1. The linear relation between
two points is perfect.

If the correlation coefficient is O then there is no
linear relation.

The y-intercept would be the calories of a candy
bar with weight 0 which would not be
meaningful in this problem.

son Edu t|on Inc.

ucatlon Inc.
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G(0) = —-0.0942(0) + 3.2763 = 3.2763 . The
approximate grade-point average of a student

163
. 163
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who plays 0 hours of video games per week

would be 3.28.

28, m= =2 ===
3-(-1) 1
y—y1:m(x—x1)

-5=-2(x+1)
y-5=-2x-2
y=-2x+3or
X+y=3

The domain would be all real numbers except
those that make the denominator zero.

2_25=0
x2=255x=45

So the domainiis: { x|x#5, -5}

30. f(x)=5x—-8andg (x)=x2-3x+4
g- f)(x)=(x%-3x+4) - (5x - 8)
Xx2-3x+4-5x+8
X2 = 8x + 12

31. Sincey is shifted to the left 3 units we would use

= (x + 3)°. Since y is also shifted down

4 units,we would use y = (x + 3)2 - 4 .

Section 2.3
ax2-5x-6=(x-6)(x+1)b.
2x2-x-3=(2x-3) (x+1)

2. AJ82-4.23= fB4-24
J40= 410=2104

(x-3)(3x+5)=0
X—-3=0 or 3x+5=0
Xx=3 3x=-5

)
Xx=-"3
(5]

The solution setis{ - — 3}.

164
R S

Section 2.3: Quadratic Functions and Their Zeros

If f (4) = 10, then the point (4, 10) is on the
graph of f.
F(=3)=(-8)° +4(-3)+3
9-12+3=0
-3 isazeroof f(x).
repeated; multiplicity 2
discriminant; negative

A quadratic functions can have either 0, 1 or 2
real zeros.

= —4ac

The zeros of f (x ) =x —9xare 0 and 9. The x-

intercepts of the graph of fare 0 and 9.

f(x)=0
x2+4x=0
x(x+4)=0
X=0or x+4=0
X=-4
The zeros of f (x ) =x 2 + 4xare —4 and 0. The
x-intercepts of the graph of f are -4 and 0.

g(x)=0
2-25=0
(x+5)(x-5)=0
X+5=0 or x-5=0
X=-5 Xx=5
The zeros of g (x ) = x° - 25 are =5 and 5. The
x-intercepts of the graph of g are =5 and 5.

son Eduggtion,,lnc.
earson Education, Inc.
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4. add; | (1-6 Vg
\2 )

165
. 165
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G(x)=0
2-9=0
(x+3)(x=-3)=0
Xx+3=0 or x-3=0
Xx=-3 x=3
The zeros of G (x ) =x? - 9 are -3 and 3. The
x-intercepts of the graph of G are =3 and 3.

F(x)=0
24x-6=0
x+3)(x-2)=0

X+3=0 or x-2=0

x=-3 X=2

The zeros of F (x ) =x 2 + x - 6 are =3 and 2.
The x-intercepts of the graph of F are =3 and 2.

H(x)=0

24 7x+6=0
(x+6)(x+1)=0
X+6=0 or x+1=0

The zeros of H (x ) =x 2+ 7x + 6 are —6 and —1..
The x-intercepts of the graph of H are =6 and -1 .

g(x)=0
x2-5x-3=0
(2x+1)(x-3)=0
2x+1=0 or x-3=0
1 Xx=3

2

x=-1

2
1
The zeros of g (x ) =2x -5x-3are-5 and3.

The x-intercepts of the graph of g are — % and 3.

f(x)=0

166
R S

Section 2.3: Quadratic Functions and Their Zeros

2
=3 . The x-intercepts of the graph of f are -1
2
and - —3.

P(x)=0
x°-48=0
30 -16)=0
3(x+4)(x-4)=0
t+4=0 ort-4=0
t=-4 t=4
2

The zerosof P (x ) =3x - 48are -4 and 4.
The x-intercepts of the graph of P are —4 and 4.

H(x)=0
%% -50=0
2
2(x -25)=0
2(x+5)(x-5)=0
y+5=0 or y-5=0

y=-5  y=5
2

The zerosof H (x ) =2x —50are =5 and 5.

The x-intercepts of the graph of H are =5 and 5.

g(x)=0

(x+8)+12=0
24 8x+12=0
(x+6)(x+2)=0

=-6o0r x=-2

The zerosof g (x ) =x (x+8) + 12 are =6 and 2.
The x-intercepts of the graph of g are —6 and -2..

f(x)=0

3x 2 +5x+2

=0 (Bx+2)(x

+ 1) =0

x+2=0 or x+1=0
166 .
son Eduggtlon,,lnc.
earson Education, Inc.
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Xx=-2 x=-1 (x-4)-12=0
3 2-4x-12=0
(x-6)(x+2)=0
=-20r x=6

The zeros of f(x ) =x (x = 4) - 12 are -2 and 6.
The x-intercepts of the graph of f are =2 and 6.

The zeros of f(x)=3x2+5x+2are-1and

167
. 167 .
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G(x)=0 g(x)=0
4x%+9-12x=0 x—1)2—4:0
x-1)%=4

4x°-12x+9=0
2x-3)2x-3)=0 X—1:t/_4

2x—-3=0 or 2x-3=0
-1= 2
K= 3 x=-3 -1=2o0rx-1=-2
2 2 2 3 X= 3 x=-1
Theonly zeroof G (x ) =4x“+9—12xis ~.
y (x) 9 The zeros of g (x ) = (x - 1)> - 4 are =1 and 3.
: The x-intercepts of the graph of g are —1 and 3.
The only x-intercept of the graph of Gis 2 .
G(x)=0
F(x)=0 )
) (x+2)°-1=0
25x“+16 -40x=0 ’
9 x+2)°=1
25x " -40x+16=0 B
(5x - 4)(5x - 4) =0 x+2=41
_ . X+2=4%1
S5x—-4=0or 5x-4=0 X+2=1 or x+2=-1
=4 x=4 x=-1 x=-3
° > 4 The zeros of G (x ) = (x +2)% - 1are -3 and -1.
The only zero of F ( x ) = 25x2 + 16 - 40x i 5. The x-intercepts of the graph of G are =3 and -1
The only x-intercept of the graph of Fis 5— E ( x) =0
2
2x+3)"-32=0
f(x)=0 ( )
2 g0 (2x+3)%=32
2_g 2x + 3= +/ 32
x=+8=+2/2 2x + 3= 4/ 2
The zeros of f (x ) =x? - 8 are —2R and 2 &/ 2x=-3£4 2
The x-intercepts of the graph of f are -2 & and X= ‘—31_4*[2
JZ. ?
The zeros of F (x ) = (2x +3)? - 32 are
g(x)=0 -
2 =3ead and == 4\/_ . The x-intercepts of
X" =18=0
v J
) the graph of Fare =3+4 2 gnd =3=42
=18
2 2
x=+/18 = +3J

The zeros of g ( x ) = x° - 18 are =3/3 and
J3 . The x-intercepts of the graph of g are

-38and 33/

Copa(gl yrlg%tz(g)liSOl%algse%?s%%u H(c:)e?tlcl)r}\c Inc.
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F(x)=0

(3x-2)2-75=0(

3x-2)2=75
3x-2 =+/75

3x-2 =453
3x=2+5/3
_2:53

X =
3
2+5§é

The zeros of G (x ) = (3x = 2)? - 75 are 3

and2-33

. The x-intercepts of the graph of
G3
J J

are 22 _53 S gng 2423

f(x)=0
2+4x-8=0
24v4x=8

244x+4=8+4
(x+2)%=12

+2=+ 17

+2=423/[

x=-2+2[3
x=-2+2f3orx=-2-28

The zeros of f (x ) =x 2 +4x - 8 are =2 + 2,58
and -2 - 2.3. The x-intercepts of the graph of
are -2+ 2dand -2 - 234/

f(x)=0
2 _6x-9=0

2 _6x+9=9+9

Section 2.3: Quadratic Functions and Their Zeros

g(x)=0
2-12x7163:0

) 1 3
-72x=16

) 1 1 3 1

-72x¥16 =16 +16

(Ix—l4%|=l4
v )
1 1 1
-2 =4 [S=+=
XTuTHETR
x=J1+1
4 2
x== or x=-1
4 4
The zeros of g (x ) =x 2 - =x - are_—land—.
2 16 4 4

1 3

The x-intercepts of the graphofgare-4and 4 .
g(x)=0
X2+ Z3 X = l3 =0

.23, 1,

X

x2+23X+19=13+19

166 166
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(X—3)2218 Thezerosofg(x)=x2+gx—lare—1andl.
-3=t 1§ 3 3 3
x=3+3/2 The x-intercepts of the graph of g are =1 and 3 .

The zeros of f (x ) =x 2 - 6x - 9 are 3 ~8 2
and 3+ 32 . The x-intercepts of the graph of f

are3—3\é_and3+32\[_

167 167
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F(?:O

2 6

—_ugi The x-intercepts of the graph of F are
LoVT ong =Lty
e

6
G(x)=0

2x2-3x-1=0

2—§2x—12:0

3, 1
2-T2x=72

, 3 91 9
-S2x¥16 =2+16

([ 3 17
| x- 4 P= 16
L)
N3 :,&/ﬁﬂﬂ
4 16 = 4
g3
‘4

37
The zeros of G (x) =2x2-3x—1Lare ~—, and

168 168
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f(x)=0
x2-4x+2=0
a=1 b=-4, c=2
X = =(=4) -4 - 4(1)2) =_4r 15-8
2(1) 2

:Ai@ :Mﬂ :ZVZ
2 2

r

The zeros of f(x)=x2-4x+2are2- 2and
2 +2 . The x—irl}ercepts of the graph of f are

o
2- 2and2+ 2.
f(x)=0
x2+4x+2=0
a=1, b=4, c=2
2 |
N
‘o —4_+\ﬁ - 4(1)(2) _ -4+ 16-8
2(1) 2
= -4+ \é_ = —412\[:_21 2
2 2 J_

Thezerosoff(x):x2+4x+2are—2—\/—2
and - 2 +~2 . The x-intercepts of the graph of f
are-2-+2and -2+ 2.

g(x)=0
X2 -4x-1=0
a=1, b=-4, c=-1

2
(ool N-AR-A(1) 441644

2(1) 2

_4£ 00 _ax28/ -

&AL The x-intercepts of the graph of G

are

3-

and 3+ _17,
4

“llﬂ-&
~
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2 2
The zerosof g (x ) =x%-4x-1are2 -5 and v
2+ 5. The x-intercepts of the graph of g are v
2- 5and2+ 5. A

g(x)=0
X2+6XxX+1=0
a=1 b=6, c¢c=1

(=6t 6 -4(1) _ -6+ 36-4 Vi
I

I

2(1) 2

=6+ 32 --6+42 =—3+22
2 2

The zerosof g (x ) =x?+6x+1lare-3-2 2 v

N

—
N

169 169
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and -3 +2+/2. The x-intercepts of the graph of The function H ( x ) = 4x 2 4 x + 1 has no real
gam—S—ZJEamﬁ%+2¢; zeros, and the graph of H has no x-intercepts
F(x)2:0 f(x)=0
X“=5x+3=0 2
X“=1+2x=0
a=2,b=-51c¢=3
: x2+2x-1=0
X = —(=5) + \[=5 —.4!2[!31 :5i 35—24 a=4, b=2 c=-1
2(2) 4
N
5:+1_3 28R ) _ z2x 4416
4 2 2(4) 8 —
ThezerosofF(x):2x2—5x+3areland§.2 =72£720 = —ZiZEL—: SER
8 8 4 e
The zerosof f (x ) = 4x 2 - 1+ 2x are %
g(x):O and ;l—tlF\’g-.The x-intercepts of the graph of f
2 _
XTHox+3=0 are S gng b
a=2, b=5 ¢=3 4 4
- +/52-402)(3) _ =5+ \p5-24 f(x)=0
_5112(2) 3 4 x2-1+2x=0
— =-lorz x2+2x-1=0
3 a:2, b:2, c=-1
The zeros of g ( x ) = 2x 2+ 5x+ 3are - and -1 . 2 i
= J22 -a\(-1) _ 2+ 4kg
2(2) 4
_=ip  —2:28  _—1xB
P(x)=0 4 4 2
2
4x“-x+2=0 5
az4 b=-1 c=2 The zeros of f ( x ) = 2x 2 - 1+ 2x are _1_4
-1+.3 .
%4thﬂf—MMQ) I*EEZ and ———. The x-intercepts of the graph of f
X" 2(4) T g ?
v v
+ -1 - -
1+ 1_ not real are =3 gpg =3
8 Z Z
_ 5 G(x)=0
The function P ( x ) = 4x © - x + 2 has no real
2Xx(x+2)-3=0
dth hof Ph -int ts.
zeros, and the graph of P has no x-intercepts (24 dax—3=0
H(x)=0 a=2, b=4, c=-3
2 -
ax?+x+1=0 qo=(@)e 02 -40)-3) _ _asfigv2d
a=4,b=1c=1 T :
2(2) 4
e

170 170
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_2 -1+ J[I-T8 -4+ 40 _—4#210 =2+ 10
__11 \ﬁi _4(4)(1) —_ = = =
2(4) 8 4 4 2
-
_1i*/__I5:not ThezerosofG(x):2x(x+2)—:~.’are_22IC
real 8
7
171 171
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and — 223[I—0 . The x-intercepts of the graph of G
are =24/10 gnd =2=40 .
2 2

F(x)=0
3X(X+2)-1=0=3x2+6x-1=0
a=3, b=6, c=-1

x==(6)+ ¥6)2-43)(=1) =6+ 36 +12
2(3) 6
_6++/48 _ —6+49 _ —3+2d
6 6 3

ThezerosofF(x):3x(x+2)—2are_3+2_3‘g

and _3—;&3 . The x-intercepts of the graph of
3
are =3+2g and -3-23 .
3 3

p(x)=0
9x2-6x+1=0
a=9, b=-6,c=1

o = =(=6)t {-6) 24(9)(1) _ _6+/36-36

2(9) 18

6+0=1
18 3
The only real zeroofp(x):9x2—6x+1isl.

3

The only x-intercept of the graph of g is 3 .
q(x)=0

4%? +20x +25=0

a=4, b=20, c=25

x= =20 +\ (20)2 - 4(4)(25) = =20 &/ 400-400

2(4) 8

The only real zero of q ( x ) = 4x 2 + 20x + 25 is

- 5. The only x-intercept of the graphof Fis- 5.
2 2

172 172
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f(x)=g(x)
246x+3=3
x2+6x=0=x(x+6)=0
x=0or x+6=0
=-6

The x-coordinates of the points of intersection are
-6 and 0. The y-coordinatesare g ( - 6 ) = 3 and
g (0) =3. The graphs of the f and g intersect

at the points (-6,3) and (0,3) .

f(x)=g(x)
2_4x+3=3
x2-4x=0
x(x-4)=0
x=0 or x=4=0
Xx=4
The x-coordinates of the points of intersection are 0
and 4. The y-coordinates are g ( 0) = 3 and
g (4)=3. The graphs of the f and g intersect
at the points (0,3) and (4,3) .

f(x)=g(x)
~2x2+1=3x+2
0=2x2+3x+1
0=(2x+1)(x+1)
2x+1=0 or x+1=0
y= -1 x=-1
2
The x-coordinates of the points of intersection
are =1 and - l2 . The y-coordinates are
g(-1)=3(-1)+2=-3+2=-1and
(1Y [ 1) 3 1
o - |=3- [+2=- +2= .
L2) ( 2) 2 2
(—1,—1)and|(—l,lﬂ.
\ 22/
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f(x)=g(x)
3x2-7=10x+1
3x%-10x-8=0
3x+2)(x-4)=0
3x+2=0 or x—4=0
2 x=4

x=-%
3

The x-coordinates of the points of intersection
2

are - 3and 4. The y-coordinates are

(2 ([ 2) 20 17

ol—— =10l -— [+1=- —+1=-— and
L3 U 3) 3 3
(4)=10(4) +1 =40 +1 = 41.
The graphs of the f and g intersect at the points

(22 1) and (4,41).
\ 3 3)
f(x)=g(x)

Z_x+1=2x%-3x-14
=x2-2x-15
=(x+3)(x-5)
Xx+3=0 or x-5=0
X=-3 x=5
The x-coordinates of the points of intersection
are —3 and 5. The y-coordinates are

(-3)=(-3)2-(-3)+1=9+3+1=

13andf(5)=52-5+1=25-5+1=21.

The graphs of the f and g intersect at the
points (=3, 13) and ( 5, 21) .

f(x)=g(x)

2 45x-3=2x2+7x-27
=x2+2x-24
=(x+6)(x-4)

X+6=0 or x-4=0

X=-6 Xx=4

Section 2.3: Quadratic Functions and Their Zeros

P(x)=0
x4 -6x°-16=0
x2+2) (¥*-8)=0

x2+2=0 or x*-8=0
X2:—2 X2:8
x= /-2 x=+/ 8
= not real =+22/2

The zeros of P (x ) =x * - 6x% - 16 are - 2

a
and/2_ 2. The‘[intercepts of the graph of P are

-22and22.
H(x)=0

4 2
X —3x -4=0

x2+1)(x2—4)=0

X2 +1=0 or X2 -4=0
X2:—]_ X2:4
x=+/-1 x =+

= not real =42

The zeros of H (x ) =x 4 - 3x? - 4 are ~2 and 2.
The x-intercepts of the graph of H are -2 and 2.

f(x)=0

x4-5x2+4=0

( ) ( )
x2-4 X -1=0
The x-coordinates of the points of

intersection are —6 and 4. The y-
coordinates are

(-6)=(-6)2+5(-6)-3=36-30

3andf(4)=42+5(4)-3=16+20-3

The graphs of the f and g intersect
at the points (-6, 3) and ( 4, 33) .
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Chapter 2: Linear and Quadratic Functions
x?-4=00rx>-1=0
X=%x2 orx=%1
The zerosof f(x)=x%-5x>+4are-2, -1,

1, and 2. The x-intercepts of the graph of f are
-2,-1,1,and 2.

f(x)=0
x4-10®+24=0
x2-4) (x*-6)=0

x2-4=0 or X*-6=0
x2:4 x2:6
X =2 X=%+ 6
The zerosof f (x ) =x 4 - 10x%> + 24 are - 6,

6,2 and -2 . The x-intercepts of the graph of
fare- 6, 6,2and-2.

170 174
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G(x)=0
3x*-2x2-1=0
3 2 )G ) o
3x2+1=0 or X-1=0
2_ 1 x2:1
=73
x=x 0
1
=+ [|-= =
X 3 +1
X = not real

The zeros of G ( x ) = 3x* - 2x° - 1 are =1 and 1.
The x-intercepts of the graph of G are =1 and 1.

F(x)=0

2x4—5x2—12:0

(22+3) (2-4)=0

x2+3:0 or x2—4:O
2:_§2 X2 =4
X==./4
X=i,}‘_2 =2
= not real

The zeros of F ( x) = 2x* - 5x% - 12 are =2 and 2.

The x-intercepts of the graph of F are —2 and 2.
g(x)=0
X+ 7x3-8=0
x3+8) (x3—l):0

x¥+8=0 or ¥-1=0
x3 =-8 x3 =1
==-2 x=1
The zeros of g ( x) =x® + 7x3 — 8 are =2 and 1.
The x-intercepts of the graph of g are =2 and 1.

g(x)=0
¥ -7d-8=0

x3—8) (x3+l):0

X3 -8=0 or x3+1=0
x2=8 X3 = -1
X=2 x=-1

170 175
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65. G(x)=0
x+2)2+7(x+2)+12=0
Letu=x+2—u?=(x+2)?
u2+7u+12=0
u+3)(u+4)=0
u+3=0 oru+4=0

u=-3 u=-4
X+2=-3 x+2=-4
Xx=-5 X=-6

The zeros of G (x) = (x+2) 2+7 (x+2) +12are
-6 and -5 . The x-intercepts of the graph of G
are—6and -5.

66. f(x)=0
2x+5)2 - (2x+5)-6=0

Letu=2x+5—u2=(2x+5)
u?-u-6=0
u=-3)(u+2)=0

u-3=0 or u+2=0

u=3 u=-2
2x+5=3 2x+5=-2
x=-1 x:—l

2

The zeros of f (x) = (2x +5) 2 = (2x +5) - 6 are
Zz and -1 . The x-intercepts of the graph of f

are—-and-1.

(RS o1

67. f(x)=0
3x+4)2-6(3x+4)+9=0Letu
:3x+4au2:(3x+4)2
u?-6u+9=0

u-3)?=0
u-3=0
=3
3x+4=3

= —13
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The only zero of £ (x) = (3x +4) % - 6( 3x + 4) +

—,0 3
The zeros of g (x) =x° - 7x” — 8 are ~1and 2. 9is - l3 . The x-intercept of the graph of f is - l3 :
The x-intercepts of the graph of g are -1 and 2.

170 176
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68. H(x)=0
2-x)2+(2-x)-20=0
Letu=2-x—u?=(2-x)
u?+u=-20=0
u+5)(u-4)=0
u+5=0 oru-4=0

u=-5 u=4
2-x=-5 2-x=4
X=7 X=-2

The zeros of H (x )= (2-x)2+(2-x)-20are
-2 and 7. The x-intercepts of the graph of H are
-2and 7.

69. P(x)=0
2(x+1)%2-5(x+1)-3=0
Letu=x+1—u?=(x+1)

2u%-5u-3=0
2u+1)(u-3)=0

2u+1=0 oru-3=0

2 x+1 =3

1 X=2
X+1=-2
__3
X=7

The zerosof P x =2 x+12-5 X+1-3are
. (O T G S (A

2 and 2. The x-intercepts of the graph of P
3

are— 2and?2.

70. H(x)=0
3(1-x)2+5(1-x) +2=0
Letu=1-x —u? = (1-x)?
3u2+5u+2=0

3u+2)(u+1)=0

3u+2=0 oru+1=0
u=-2 u=-1
3 1-x=-1
2 X=2
1-x=-3
3

X+

73.

Section 2.3: Quadratic Functions and Their Zeros

The zeros of H ( x) = 3(1- x)? + 5(1- x) + 2 are and 2. The x-intercepts of the graph ofarr—IE

lw o1 W o

and 2.

G(x)=0
x—-4&/x=0
Letu= \/;—>u2:x
uZ-4u=0
u(u-4)=0
u=0 oru-4 =0
u =4

Jx =4

x=42=16

Jx=0

Xx=0%=0

Check:

G(0)=0-4 050
)

G16 =16-4%6 =16-16=0

2

The zeros of G (x ) =x -4 xare 0 and 16. The
x-intercepts of the graph of G are 0 and 16.

f(x)=0
x+8/x=0
Letu= x/_x—>u2:x
u2+8u=0
u(u+8)=0
u=0 oru+8 =0

u=-8

Jx=0 Jx =-8
x=02=0 X = notreal

Check: f(0)=0+8v0=0
The only zero of f ( x ) = x + 8 is 0. The only
x-intercept of the graph of f is 0.

g(x)=0
Jx=-20=0

Letu= ﬁ—»uzzx
2
3
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u+5=0 oru-4=0
u=-5 u=4
JX=-5 Jx=4
X = not real x:42:16

Check:g16  =16+16 —20 =16+4-20

The only zero of g (x ) = x +Vx - 20 is 16. The

only x-intercept of the graph of g is 16.
f(x)=0
X+Jx-2=0
Letu= \/x_—>u2:x
uZ+u-2=0
u-1)(u+2)=0
u-1=0 oru+2=0

u=1 u=-2
Jx=1 Jx=-2
X :12 =1 X = not real

0

Check: f 1 =1+ 1-2=1+1-2=0

The only zero of f(x):x+\/_>(—2 is 1. The
only x-intercept of the graph of f is 1.

f(x)=0
2-50=0
x% =50 = x = /50 = +5/2
The zeros of f ( x ) =x? - 50 are -5 2and

J2 . The x-intercepts of the graph of f are
5 and52v

f(x)=0
2_20=0
x2=20=x=+/20=+a/5

The zeros of f (x ) = x% — 6 are -2 §and
5 . The x-intercepts of the graph of f are
FoT

Copyrig

Section 2.3: Quadratic Functions and Their Zeros

Theonlyrealzeroofg(x):16x2—8x+1isl.
4

1

The only x-intercept of the graph of g is 4 .
F(x)=04x2-

12x+9=0(2x-

3)2=0

2x—3:0:x:§2
The only real zeroofF(x):4x2—12x+9is§.
2

3

The only x-intercept of the graph of Fis 2 .
G(x)=0

10x 2 - 19x - 15 = 0

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

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

5
The zeros of G (x ) = 10x% - 19x-15are - and

5

2 . The x-intercepts of the graph of G are -

5§ and 52 .

f(x)=0
x2+7x-20=0
(3x-4)(2x+5)=0
3x—4=0o0r 2x+5=0

X=

w >

x=-5
2

2 4

2
The zeros of f(x)=6x +7x-20are-, and 5.

-25and 25.
g(x)=0
x2-8x+1=0
(4x-1)°=0

3
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4

Chapter 2: Linear and Quadratic Functions
The x-intercepts of the graph of f are - 52 and —3.

4x—1:O:>x:l4
P(x)=0
x2—x—2:0
(3x-2)(2x+1)=0
3x-2=0o0r 2x+1=0
2 1

X=-

x=%
3 2

174

4
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ThezerosofP(x):6x2—x—2are—land2.

2 3

The x-intercepts of the graphof Pare-2 and 3.
H(x)=0
x2+x-2=0
(3x+2)(2x-1)=0
3x+2=0 or2x-1=0

x=-2
3

X=

N -

1

2 2 1
The zeros of H(x)=6x"+x-2are-'3 and 7, .
The x-intercepts of the graphof Hare - 2 and 1.

3 2
G(@—o
X +J2X =
( —\
2| x2+/2x-1 = (0)(2)
\ 2)
2x2+ 2ox-1=0
a:2, bzz'd’_cz—l { )
VAR NS ’
2 Q2*-42) -1
X =
2(2)
=-2bs 8hg _ =_~boxfi6
4 4
=24 b2
4 2
ThezerosofG(x):X2+«/£ _% are:-%
and — *2 . The x-intercepts of the graph of G

2

are _—“% and :\22 -2

F(x)=0

Section 2.3: Quadratic Functions and Their Zeros

—(=2¥0) £ (=22 - 4(1)(-2)

2(1)
=2gk16V  =2P+4 =242
2 2 1

The zerosof F (x ) = 1x -J2x-lare J=2

and \/2+2. The x-mtercepts of the graph of F

are \/2 - 2 and ~/2+2.
f(x)=0

X2 +x-4=0

a=1 b=1 c=-4

= -(1) %(1)* - 4(1)(-4)

2(1)

~1+ 116 = —1+ 17

22

The zeros of  f(x)=x2+x -4 are=-—f% J— and

v 2

= ;ﬂ The x-intercepts of the graph of f are
ﬁ and =
2

g(x)=0
x2+x-1=0

a=1, b=1, c=-1
= P -4(1)(-1) - -12 5/
2(1) ?

Thezerosofg(x):x2+x—1are

-1+/5
2

)
> and
. The x-intercepts of the graph of g are

SEE amdéﬂ_“2 2

2

2
a.g(x)=(x-1) -4
Using the graph of y = G , horizontally shift to

5
I’I%\t © ZOJIE Pearson Education, Inc.
Copyrlg 2015 Pearson Education, Inc.
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the right 1 unit, and then vertically shift
A 1x2--1]= 02 : y
(2 )

X . Z‘/EX -2=0

a=1,b=-2L, c=-2

176

6
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downward 4 units.

YA

|
(-1, 0)} 3,0)
M AT *
(0, -3) 2, -3
% } I(l’ —4)

g(x)=0
(x-1)2-4=0
2_2x+1-4=0

x2-2x-3=0
X+1)(x-3)=0=x=-1lorx=3

aF(x)=(x+3)°%-9

Using the graph of y = X2 , horizontally shift

to the left 3 units, and then vertically
shift downward 9 units.
YA

1
b s

(~6, 0)\ /(0,0)
A i Zx 8
(=4, —8)¥ /1(1—1 =l

LLH—3V—%_LU

F(x)=0
(x+3)°-9=0
2 i6x+9-9=0

x2+6x=0
X(x+6)=0=>x=00rx=-6

af(x)=2(x+4)>-8

Using the graph of y = G , horizontally shift
to the left 4 units, vertically stretch by a factor
of 2, and then vertically shift downward 8

Cm&%m%y%gg

Section 2.3: Quadratic Functions and Their Zeros

units.

\ 4
__‘(_49 _8}

b. f(x)=0
20x+4)2-8=0
2(x2+8x+16)-8=0
x2+16x+32-8=0
2x2+16x+24=0
2x+2)(x+6)=0=>x=-20rx=-6

a.hx)=3(x-22-12

Using the graph of y = X2 , horizontally shift
to the right 2 units, vertically stretch by a
factor of 3, and then vertically shift
downward 12 units.

yﬂ
|
l“ |
(0, 0) 4, 0)
t %
\Ymr
(29_12)
b. h(x)=0

3(x-2)2-12=0
3(x2-4x+4)-12=0
3x2-12x+12-12=0

3x2-12x=0
X (x-4)=0=>x=0o0rx=4

ERLIUGHIRR Inc-
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aH(x)=-3(x-3)2+6 b. f(x)=0
Using the graph of y = X2 , horizontally shift -2(x + 1)2 +12=0
to the right 3 units, vertically stretch by a oy 2 _
factor of 3, reflect about the x-axis, and then 2(x2 ta+)+12=0
vertically shift upward 6 units. -2X“—=4x-2+12=0
24 (3,6) —2x2 - 4x+10=0
-2, 3)= 4,3) —2(x?+2x-5)=0
Y L P O /f'i:'\"‘t';
G -V2, 0T G +v2,0) a=1,b=2 c=-5
] \
1
_ () #(P-4(1)(z5) =2+ +20
2(1) 2
b, H(x)=0 =244 - 2228 - 14 5
2 2
~3(x-3)2+6=0
—3(x2-6x+9)+6=0 f(x)=9(x)

_ — _7y2
~3x2+18x-27 +6=0 S (x=1) = -7x"+2

5X2=5x=—7x% +2
2

-3x2+18x-21=0

-3x2-6x+7)=0 X —5%-2=0
a=1 b=-6,c=7 = _2 _1
' ' (3x-2)(4x+1)=0=>x= 3orx="4
(- ,{_ 2 _ _ (2)=5(2\(2\~1]
x =SB0 AUNT) - 6 36-28 T/t
2(1) 2 (10Y-1) = -1
:61_‘\/8_‘ :6_—+d_2 :3#_2 |— || - | —
\3 )3 )9
2 2 S\ 1
) = sl =l
a.f(x)=-2(x+1)"+12 1wl
Using the graph of y = X2 , horizontally shift BV _E\— |
to the left 1 unit, vertically stretch by a (—R)-51= 251
factor of 2, reflect about the x-axis, and then 4°)\47)16
vertically shift upward 12 units. The points of intersection are:
YA 2 -1o\and( 1,25)
R E T | i
(=1L, 12) T |\3 9 )lk 416|_
—5.101 (0, 10)
AN
(-1 -, 0) (=1 +V6,0) f(x)=g(x)
_-+‘ 5x 10x (x +2)=-3x+5

X 2+ 20X = —3x +

176 176
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Chapter 2: Linear and Quadratic Functions Section 2.3: Quadratic Functions and Their Zeros
510x2+23x-5=0

(2x+5)(5x-1)=0=x=- 520rx= ]5

177 177
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Chapter 2: Linear and Quadratic Functions Section 2.3: Quadratic Functions and Their Zeros

(128) || -800 0 B)

x:_or%
et/ |- k2 5
3
([ 1),_25 (5
| = I= QIR
2) 2 13 TBY ()
(\1\HHJ]0(1\F(1\+2T LS)“Z L%J”
BAs)L5) | ( 5)
((11), 22 (11 -
@™ = 5
8
5) 5 [11&)
The points of intersection are: Eﬂ_: 158
(5 25) (12)
= land | _ | 45
2 2) 5 5) -88
95. f(x)=g(x) The point of intersection is: (5 - ﬁ\|
3(x2-4)=3x2+2x+4 \3 88)
3X%-12=3x2+2x+4 98. f(x)=g(x)
-12=2x+4 2x .3 2x+18
-16=2Xx=>x=-8 X-3-X+1=X2-2%-3
=3[ (-8) 4] 2% 3 __2x+18
=3[64 - 4] = 180 -3 x+%  (x-3)(x+1)
2x(x+1)-3(x-3)=2x+18
The point of intersection is: ( -8,180) 2x%+2x-3x+9=2x+18
2%x2-3x-9=0
9. f(x)=g(x) @x+3)(x-3)=0
4x%+1)=4x%-3x-8 8 o
4x2+4=4x>-3x-8 X==, orx=3
( 3)
4=-3x-8 (3) 23 3
_ _ L
=T x= 2y T
f('4): %L(—A) :|+1J1 . L_ Z'J __3 ‘\3_ 2J+1
= 416+1 = 68 -3
25
The point of intersection is: ( -4, 68) L2 2
- 178 178
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Chapter 2: Linear and Quadratic Functions Section 2.3: Quadratic Functions and Their Zeros

8 2 20
97. f(x)=g(x) =9+6=13 +6= 3
.S S —t 32
X+2 Xx+1 X +3x+2 L2 3)
x5 __ =5
X+2-x+1= (x+2)(x +1) 99. a. (f+g)(x)=
3X (x+1) =5(x +2)=-5 =x2+5x-14+x2+3x-4
3x2+3x-5x-10=-5 =2x%+8x-18
3x2-2x-5=0 2x%2+8x-18=0
(3x - 5)(x +1) =0 x2+4x-9=0
179 179
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Chapter 2: Linear and Quadratic Functions

_ =) +\(@)2-4(1)(-9) _-4+ 6+36

2(1) 2
:% :iizz.ié::—Ziﬁ
(f-g) ()=

(x2+5x-14)-(x2+3x-4)

X2+5x-14-x2-3x+4

2x-10
Xx-10=0=x=
5c¢.(f-g)(x)=
(x2+5x-14) (x2+3x-4)
(x+7) (x=2) (x+4) (x-1)
f-g)(x)=0

=(x+7)(x-2)(x+4)(x-1)

x=-7orx=2orx=-4orx=1

a(f+g)(x)=

X2 -3x—-18+x2+2x-3

2x%-x-21
x2-x-21=0

2x—7)(x+3)=0:>x:7_20rx:—3

b.(f-g)(x) =

(x2-3x-18)-(x2+2x-3)
x2-3x-18-x2-2x+3
-5x-15

5x-15=0=x=-3

(f-9)(x)=

(x2-3x-18) (x2+2x-3)
(x+3)(x-6) (x+3) (x-1)

f-g)(x)=0

=(x+3)(x=-6)(x+3)(x-1)

x==-3orx=6o0rx=1

Copyrpwl%gg)léo&

Section 2.3: Quadratic Functions and Their Zeros

AX) = 143 x (x + 2) =
143
2
X +2x-143=0
x+13)(x—-11)=0

=>=13 orx=11

Discard the negative solution since width cannot
be negative. The width of the rectangular
window is 11 feet and the length is 13 feet.

A(X) =306 x (x + 1) =
306
x2+x-306=0
X+ 18)(x —17) =

—==18 orx=17

Discard the negative solution since width cannot
be negative. The width of the rectangular
window is 17 cm and the length is 18 cm.

V(x)=4
x-2)%=4
x-2=4[4
X—2=%2
=2+2
=4 or x=0
Discard x = 0 since that is not a feasible length
for the original sheet. Therefore, the original
sheet should measure 4 feet on each side.

V(x)=4
(x-2)°=16
2=+ 1§
-2=+4

=244
X=6 or X=<Z
Discard x = -2 since width cannot be negative.
Therefore, the original sheet should measure 6

feet on each side.
a. When the ball strikes the ground, the
distance from the ground will be 0.
Therefore, we solve

180 180
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Chapter 2: Linear and Quadratic Functions

s=0
96 + 80t - 16t 2 =0

~16t 2 + 80t + 96 = 0
t2-5t-6=0
t-6)(t+1)=0
t=6 or t=><T
Discard the negative solution since the time
of flight must be positive. The ball will
strike the ground after 6 seconds.

When the ball passes the top of the building,
it will be 96 feet from the ground. Therefore,

we solve
s=96
96 + 80t - 16t 2 = 96
~16t2 +80t=0
t2-5t=0
t(t-5)=0
t=0 ort=5

The ball is at the top of the building at time
t = 0 seconds when it is thrown. It will pass
the top of the building on the way down
after 5 seconds.

a. To find when the object will be 15 meters
above the ground, we solve
s=15
-4.9t% + 20t = 15

-49t%+20t-15=0
a=-49b=20c=-15

- 220207 4(=49)(-15)
Vv _(-49)
-20+ 106
20 + 106

9.8
t=099 or t=3.09

The object will be 15 meters above the ground
after about 0.99 seconds (on the way up) and
about 3.09 seconds (on the way down).

The object will strike the ground when the
distance from the ground is 0. Thus, we solve
s=0
~4.9t%+20t=0
t(-4.9t+20)=0

Section 2.3: Quadratic Functions and Their Zeros

t=0 or -49t+20=0
-4.9t=-20
t=4.08
The object will strike the ground after about
4.08 seconds.
C. s=100

~ 4.9t 2 + 20t = 100

~4.9t2+20t-100=0
a=-49,b=20,c=-100

i —20+/202 -4(-4.9)(~100)
—2(=4.9)

-20 + 1560
-9.8
There is no real solution. The object
never reaches a height of 100 meters.

For the sum to be 210, we solve
S (n)=210
1
9 n(n+1)=210
n(n+1)=420
2

n“+n-420=0
(n-20)(n+21)=0
n-20=0 or n+21=0
n=20 n==71

Discard the negative solution since the number
of consecutive integers must be positive. For a
sum of 210, we must add the 20 consecutive
integers, starting at 1.

To determine the number of sides when a
polygon has 65 diagonals, we solve
D (n) =65
1
n(n-3)=65
,n(-3)

n(n-3)=130

n2-3n-130=0
(n+10)(n—-13)=0
n+10=0 orn-13=0
A==10 n=13

Discard the negative solution since the number
of sides must be positive. A polygon with 65
diagonals will have 13 sides.

To determine the number of sides if a polygon
has 80 diagonals, we solve

Copyright © 2015 Pearson Education, Inc.



Chapter 2: Linear and Quadratic Functions

D(n)=80

n(n-3)=160

n2-3n-160=0
a=1,b=-3,¢c=-160

= —(-3) 11/—3)2 — 4(1)(-160)
200)

_3+4/649
2
Since the solutions are not integers, a polygon
with 80 diagonals is not possible.

The roots of a quadratic equation are

X ::b__E and X = __b@,
2 2a

1 2a
so the sum of the roots is

X +x ==b= 2—4ac+—b+ twﬁ—4ag‘
1

2 2a 2a

:—b_—;b_z—4ac—b+\/b 2 _ 4ac

2a

=Fq =L
a =— a
The roots of a quadratic equation are

x==b- b2 -4ac and x :—b+\/‘b2—4ac,
1 2a 2 2a
so the product of the roots is

(-LE—%\( bz b= —dac

X1~X2:‘ H-—' |

\ 2a I 2a )

(—b)z—g_mc)z b2-(b? - 4ac)

b?=b?+4dac=4ac=c
4aa4a22

( 2a)2 - 432

Section 2.4: Properties of Quadratic Functions

In order to have one repeated real zero, we need
the discriminant to be 0.

b?-4ac=0
12-4(k) (k)=0

1-4k2=0
4k2=1

In order to have one repeated real zero, we need
the discriminant to be 0.

b2-4ac=0
(-k)%-4(1) (4)=0
k?-16=0
k=4) (k+4)=
Ok=4ork=-4

Forf(x)=ax2+bx+c=0:

x === bZ-4ac 5o x = —b+\‘Zb ?_—' 4ac
! 2a 2 2a

For f(x)=ax?-bx+c=0:
x" —=(cb )= (b J&- dac
L 2a
b- ,h_z—Aac ((=ht Pz—gag\
=2 R ‘a0 =
|

( )

and

x" ==(20) N (=b)? - dac

2 2a

Copyeigyrigh 20130 &ab sanseduicdtiedtioms.Inc.



Chapter 2: Linear and Quadratic Functions Section 2.4: Properties of Quadratic Functions

b +Jb2- 4ac l( -b -4/b2—4ac\|
- - 7a =-

Za

X1

( )

181 181
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Chapter 2: Linear and Quadratic Functions

Forf(x)=ax?+bx+c=0:

x= —b -/ 2 _4ac andx ==b* 35‘ ? —4ac
2a 2 2a

For f(x)=cx?+bx+a=0:

o bt} (2) - b - bP

Section 2.4: Properties of Quadratic Functions

Answers will vary. One possibility:
Two distinct: f (x ) = x 2 - 3x - 18
One repeated: f (x ) = x 2 - 14x +
49 Noreal: f(x)=x2+x+4

Answers will vary.

! 2c 2c
. I b7 aac Two quadratic functions can intersect 0, 1, or 2
:_b _‘.\ —4a . b+ __‘_‘-4ac times.
2c “b+ /b2-4ac The graph is shifted vertically by 4 units and
b2 - ( b2 - 4ac) Aac is reflected about the x-axis.
YA
:2c(-b+"b2-4ac) - 2c(—b+"b2—4ac)
= 2a—. :-l-
—b +Vb?2- 4ac X2 i
and X
x =zh+ \£2—4(C)(__a)‘ = —_b+ \hg ‘—4aC
2 2 2c
_ =b+/b? -4ac -b-+b’4ac

-

|

2c -b- b.-4ac method, completing the square, and the quadratic
h2- ( h2- 4ac) Aac formula.

[72 r Answers will vary. Knowing the discriminant allows
=2 (—b -h°- 4ac) =2 (-b - - 4ac) us to know how many real solutions the equation
_ 2a 1 will have.

-b-Vb 2 4ac X1

a.x2=9and x = 3 are not equivalent because
they do not have the same solution set. In
the first equation we can also have x = -3 ..

x = and x = 3 are equivalent because 9
J=3.
(x-1) (x-2)=(x-1)’andx-2=x-1are

not equivalent because they do not have the
same solution set. The first equation has the

solution set {1} while the second
equation has no solutions.

Answers may vary. Methods discussed in this
section include factoring, the square root

182 182
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Chapter 2: Linear and Quadratic Functions Section 2.4: Properties of Quadratic Functions
122. Domain: { -3,-1,1,3} Range: { 2,4}

123, x=—===%= .

So the midpointis: -4,

[ASIN [V V]

If the graph is symmetric with respect to the
y-axis then x and —x are on the graph. Thus if

(-1,4) is on the graph, then so is (1, 4) .

Section 2.4

y= X2 -9
To find the y-intercept, letx=0:
=0?-9=-9.

To find the x-intercept(s), lety =0 :
x*-9=0

x> =9
+ 9 o
13
The intercepts are (0, —9), (-3, 0), and (3, 0)

X

183 183
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Chapter 2: Linear and Quadratic Functions Section 2.4: Properties of Quadratic Functions

2 4 7x—a= 1
2"+ 1x-4=0 by a factor of =4 , then shift down 2 units.
2x-1)(x+4)=0 "
SA
2x=1=0o0r x+4=0 5+
2x=1 or X = -4 B
<=1 or <=4 (-4,2) B (4,2)
2 I N T Y 0 Y
-5 N 5
( h. (_2_M2_1)
The solution setis{ ' 4, 1 0,-2)
| L
2) o 5
( !
3. | 1-(-9) | =25
\2 ) 4 f(x)=232 +4
right; 4 Using the graph of y = x2 , stretch vertically by a
parabola factor of 2, then shift up 4 units.

axis (or axis of symmetry)

b
-2a B
True;a=2>0. _S'"" _"";f
4 -2
True; — =_—( =22a
2-1
— 2 _
True fx)=(x+2)"-2
Using the graph of y = X2 , shift left 2 units, then
C shift down 2 units.
E
F
A | ] 1 I 1A O N Y Y 3
5
¢ (-3, —1>/ (-1.-1)
(=2, -2)
B
H =8
—(y_mn2_
D f(x)=(x-3)
1 Using the graph of y = X2 , shift right 3 units,
f(x)="4x%-2

184 184
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Chapter 2: Linear and Quadratic Functions Section 2.4: Properties of Quadratic Functions

Using the graph of y = X2 , compress vertically

185 185
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Chapter 2: Linear and Quadratic Functions

then shift down 10 units.

f(x)=2(x-12-1

Using the graph of y = X2 , shift right 1 unit,
stretch vertically by a factor of 2, then shift

down 1 unit.
y

-5

f(x)=3(x+1)2%-3
Using the graph of y = X2 , shift left 1 unit,

stretch vertically by a factor of 3, then shift

down 3 units.
y

f(x)=x2+4x+2
(x2+4x+4)+2—4
(x+2)° -2

Section 2.4: Properties of Quadratic Functions

y

(—4,2) (0,2)
[ ANV I 7 A T O T O
-5 5

-2,-9)

-5

f(x):x2—6x—1
(x2-6x+9)-1-9

(x-3)2-10
2

Using the graph of y = x , shift right 3 units,

then shift down 10 units.
-\'
8

|
8

f(x)=—x2—2x

Using the graph of y = X2 , shift left 2 units,
then shift down 2 units.

Copyeightigh 201 30HSaPsanskdud ticatioms.Inc.



Chapter 2: Linear and Quadratic Functions Section 2.4: Properties of Quadratic Functions

—(x2+2x)
—xZ+2x+1)+1
- (x+1)%+1

Using the graph of y = X2 , shift left 1 unit,
reflect across the x-axis, then shift up 1 unit.

185 185
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Chapter 2: Linear and Quadratic Functions

f(x):—2x2+6x+2
2(x2-3x)+2

—2(| x2—3x+94\|+2+92
)

_ 2 3.
Using the graph of y = x©, shift right —2 units,
reflect about the x-axis, stretch vertically by a

13
factor of 2, then shift up — 2 units.
y

f(x)=2x2+4x-2
2(x2+2x) -2
2(x2+2x+1)-2-2
2(x+1)?-4

Using the graph of y = X2 , shift left 1 unit,
stretch vertically by a factor of 2, then shift

down 4 units.
.4‘)

5

o

=5
(-2, -2)

:L_)I_Ill

(0, —2)

T T T~

(L -2

f(x):3x2+12x+5

Section 2.4: Properties of Quadratic Functions

stretch vertically by a factor of 3, then shift

down 7 units.
."
3_
ll*lllf_lllll X
—~d | 5
(=3, —4) - (—1,—4)
_6_
(=2, =7)

31. a. Forf(x)=x2+2x,a=1,b=2,c=0.
Sincea =1 >0, the graph opens up.
The x-coordinate of the vertex is

‘= :ZaD: :2(1)(2): 2.

Th(e X-coordinate of the vertex is
| D) =t =(12+2(-1)=1-2=-1

)

\ 2a
3(x2+4x) +5
3(x2+ax+4)+5-12
3(x+2)°-7

Using the graph of y = X2 , shift left 2
units,

Copyoigyigh 20130 saPsamseduid ticatjomg.Inc.



Chapter 2: Linear and Quadratic Functions

Thus, the vertexis (-1, - 1) .
The axis of symmetry is the line x = -1. The
discriminant is
b2 -4ac= (2)2 -4(1)(0)=4> 0, so the graph
has two x-intercepts.
The x-intercepts are found by solving:
x2+2x=0
X(x+2)=0
x=0o0rx=-2
The x-interceptsare —2 and 0 . The
y-interceptis f (0) =0.

X =
VA
2 —

The domain is (=, «) . The
range is [-1, «) . Decreasing
on(—~,-1).

Increasingon (=1, « ).

185 185

Section 2.4: Properties of Quadratic Functions
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Chapter 2: Linear and Quadratic Functions

32.

33.

Forf(x):x2—4x,a:1,b:—4,c:0.
Sincea=1>0, the graph opens up.
The x-coordinate of the vertex is
X=zh==(=4)=4=2,

2a 2(1) 2

Th;a_g-coordinate of the vertex is

S [(2)=(2)2-4(2)=4-8=-4-
)

\ 2a
Thus, the vertex is (2, — 4) .
The axis of symmetry is the line x=2.
The discriminant is:
b2-4ac=(-4)2-41)0)=16>0, sothe
graph has two x-intercepts.
The x-intercepts are found by solving:
x2-4x=0
X(x=4)=0
x=0orx=4.
The x-intercepts are 0 and 4.
The y-interceptisf(0) =0.

x=2
y |

5 :(2. —4)

The domain is (-« , ).

The range is [-4, =) .
Decreasing on (==, 2) .
Increasing on (2, <) .

Forf(x)=-x2-6x,a=-1,b=-6,
c=0. Since a = -1 <0, the graph opens
down. | he x-coordinate ot the vertex Is
X=zb==(=6) =6=-3.

2a 2(-1) -2
Th(e_)é-coordinate of the vertex is

A = r (=2 = — (=22 = A(=2)

(2a )
-9 +18=09.

Thus, the vertex is (=3, 9) .

186 186

Section 2.4: Properties of Quadratic Functions

The discriminant is:

b2 - 4ac=(-6)% - 4(- 1)(0)=36>0,

so the graph has two x-intercepts.

The x-intercepts are found by solving:
x2-6x=0
X(x+6)=0

x=0o0rx=-6.

The x-interceptsare =6 and 0 .

The y-interceptsare f (0) = 0.

x=—3
| y
-39 10

TTTTTTTTTT

The domain is (-, ).
The range is (—=, 9] .
Increasingon (-~ , - 3) .

Decreasing on (=3, «) .

a Forf(x)=-x%+4x,a=-1, b=4,c=0.
Since a=-1<0, the graph opens down.
The x-coordinate of the vertex is
= _—b = i ::é =
2a : (=) -2
Th}e_x—\coordinate of the vertex is
| — =12

)

-
L

\ 2a
~(2)° +4(2)
4.
Thus, the vertex is (2, 4) .
The axis of symmetry is the line x=2..
The discriminant is:
b2-4ac=42-4(-1)0)=16>0,
so the graph has two x-intercepts.
Tr;(ezx;l %(er:c(e)pts are found by solving:

X(x-4)=0
x=0o0rx=4,

Copyoigyigh 20130 saPsamseduid ticatjomg.Inc.



Chapter 2: Linear and Quadratic Functions Section 2.4: Properties of Quadratic Functions

The axis of symmetry is the line x = -3 . The x-intercepts are 0 and 4.
The y-interceptis f (0) =0.

187 187
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Chapter 2: Linear and Quadratic Functions

35.

The domain is (== , ).

The range is (—, 4] .
Increasing on (=, 2) .

Decreasing on (2, «) .

Forf(x)=x?+2x-8,a=1,b=2,c=-8.

Sincea=1>0, the graph opens up.
The x-coordinate of the vertex is

x="2al=p(1) 2= T22= 1.

Th; Y5 coordlnate of the vertex is
Vo f(-1)= (- )2+ 2(-1) - 8

\ 2a |)
1-2-8=-9.
Thus, the vertex is (-1, - 9) .
The axis of symmetry is the line x = -1.
The discriminant is:
b2-4ac=22-4(1)(-8)=4+32=36
>0, so the graph has two x-intercepts.
The x-intercepts are found by solving: x
24+2x-8=0
X+4)(x-2)=0
=-4orx=2.
The x-interceptsare —4 and 2 .
The y-interceptis f (0) = -8 .

(0, —8)

Section 2.4: Properties of Quadratic Functions

The domainis (=, ).
The range is [-9, ) .
Decreasing on (=« , = 1).

Increasing on (-1, «) .

36. a. Forf(x)=x2-2x-3,a=1b=-2
c=-3.
Sincea=1>0, the graph opens up.
The x-coordinate of the vertex is
X=-h==(2=2=1,
2a 2(1) 2
Th(e _g -coordinate of the vertex is
[ (1)=12-2(1)-3=-4.
\ 2a ')
Thus, the vertex is (1, — 4) .
The axis of symmetry is the linex=1.
The discriminant is:

b2-4ac=(-2)2-4(1)(-3)=4+12=16>0,
so the graph has two x-intercepts.

The x-intercepts are found by solving:
2-2x-3=0
x+1)(x-3)=0
=-lorx=3.

The x-interceptsare -1 and 3 .
The y-interceptis f (0) = -3

The domain is (==, =) .

The range is [-4, =) .
Decreasing on (-, 1) .

Increasing on (1, «) .

188 188
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Chapter 2: Linear and Quadratic Functions Section 2.4: Properties of Quadratic Functions

37.a Forf(x)=x2+2x+1,a=1,b=2,c=1. Since a=1>0, the graph opens up.
The x-coordinate of the vertex is

X =:2at‘)72(1)_2 =:22 =-1.

The y-coordinate of the vertex is

189 189
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(
|

=b)_
| =f(-1) The x-intercept is =3 .
The y-interceptisf(0) = 9.
\2a ') L
-\'
10

(-1)2+2(-1)+1=1-2+1=
(—6,9)

—_
=]
O
~

0. Thus, the vertex is (-1, 0) .
The axis of symmetry is the line x = -1.

The discriminant is:
b2-s4ac=22-41)1)=4-4=0,
so the graph has one x-intercept.

The x-intercept is found by solving:

=

|
o0
—
|
f’)_
(el =
=
o) =

X2+ +1 = 0
(x+ 1)2 =0 The domain is (= , =) . The range is [0, ).
x=-1 .
The x-interceptis -1 . Decreasing on (==, = 3).
The y-interceptis f(0) =1. Increasing on (=3, «) .

39. a. Forf(x):2x2—x+2,a:2,b:—1,c:2.
Since a=2 > 0, the graph opens up.
The x-coordinate of the vertex is

1 1 — — —
: X=zh==-(=1)=1,
—5(-1L0)! | S 2a 22) 4
| The y-coordinate of the vertex is
 Eos (=)= F(11=2(12=1+2
x=-—1 >

lon Bl 1
The domain is (-« , ) . The range is [0, «) . 2a ek el

1 1 15
Decreasingon (=« , - 1). —8-"4+2=—"8.
Increasing on (-1, =) . Thus, the vertex is| ' 1 15
\4 8)
38. a. FOI’f(X)=X2+6X+9 a=1b=6 ¢c=9. TheaxisofsymmetryistheIinex:l.
Sincea=1>0, the graph opens up. 4
The x-coordinate of the vertex is
- b =-6 - b? - 4ac=(-1)? - 4(2)(2) = 1- 16 = -15,
- 6
x= 2a = 2(1) = 2 =-3. so the graph has no x-intercepts.

Th(e_g/ﬁcoordinate of the vertex is The y-interceptis f (0) = 2.

= f(-3)=(-3)2+6(-3) + 9

\2a )

9-18+9 = 0.
Thus, the vertex is (=3, 0) .

190 190
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The axis of symmetry is the line x = =3 ..
The discriminant is:
b2-4ac=62-4(1)9)=36-36=0
so the graph has one x-intercept.

The x-intercept is found by solving:

x2+6x+9=0
x+3)2=0
= -3,

Copyoigyigh 20130 saPsamseduid ticatjomg.Inc.
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(

Decreasingon ' | - ,

L)

)

(1,

Increasingon ' | =4,

40. a.
Since a =4 >0, the graph opens up.
The x-coordinate of the vertex is
X=zh==-(=2)=2=1,
2a 2(4) 8 4
The y-coordinate of the vertex is
(b= f(1)=4(1)2-2(1)+1

|\_2a |)‘\4‘) a1

1 1 34’

4- 2+1= 4.

(1. 3
Thus, the vertex is ( 4,74 ) .
The axis of symmetry is the line x = l.

4

b2-4ac=(-2)2-4@)1)=4-16=-12

so the graph has no x-intercepts.
The y-intercept is f (0) = 1.

The domain is (= , =) .

The range is |—|_ 24w ) :

Decreasing on ( —oo, l4 ) )

Copyr

Forf(x)=4x2—2x+l,a=4,b=—2,c=1.

188 188
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Section 2.4: Properties of Quadratic Functions

(-b)=f(1)=-2(1)2+2(1)-3

|\_Za |)‘\z Lol e

1 3

Thus, the vertex is | (_1, -5
\2 2)J

The axis of symmetry is the line x = 1

2

b2-4ac=22-4(-2)(-3)=4-24=-20,
so the graph has no x-intercepts.

2

L1111
-5

The y-int isf(0)=-3.
e y-in erc)eE_l\s:%)

I I
T

The domain is ( == , «) . The
range is (| 0, = —2 5, | l.
]
1
Increasing on | —co, —2\\ | :
)
(1 )

Decreasingon | 2, |,

v

Forf(x)=-3x2+3x-2,a=-3,b=3,
c=-2.Sincea=-3<0, the graph opens
down.

The x-coordinate of the vertex is

2a 1(-3) -6 2

The y-coordinate of the vertex is
(=b)= f(1)1=-3(11%+3(1)-2

?n Inc.

I I
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Increasing on (l4 , © ) .

41. a. Forf(x)=-2x%+2x-3,a=-2,b=2,
c=-3.Sincea=-2<0, the graph opens

down.

The x-coordinate of the vertex is
X=-b= _!2! ="2=1.

2a 2(-2) -4 2
The y-coordinate of the vertex is

189 189
Likd

Co p(\:/cr)fé @% t2@1%%‘@5 a

Pear
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|\_Za |)‘\z bl G

3 3
== + -2=-
42

SN

Thus, the vertexis | (_1 -y]

2 4)

The axis of symmetry is the line x =<,

Hegtian Inc
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b2-4ac=3%2-4(-3)(-2)=9-24=-15,
so the graph has no x-intercepts.

The y-interceptis f (0) =-2.

The domain is ( == , =) . The

( 5

rangeis | =~ ,- 4 |.

|
(1)
Increasing on |-°°, 2 |

(1 )\

Decreasingon | 2, |

L)

43. a. Forf(x)=—4x2—6x+2,a:—4,b:—6,
c=2.Since a=-4<0, the graph opens
down.

The x-coordinate of the vertex is
X=zbh==-(6)= 6=-3,
2a 2(-4) -8 4
The y-coordinate of the vertex is
(-b)=f(-3\=-4(-312-6(-31+2

L2a Mal Toal Toal
242102y,

( 3817)

\ 4 4)
The axis of symmetry is the line x = - ~.
4

Thus, the vertex is I-

190 190
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The x-intercepts are i‘lﬂ and ﬁiﬁ

The y-interceptisf (0)=2.

v

The domain is (==, «) . The

range is (| ‘°°,£4—||-
]
. 3 )
Decreasing on | -4, |
)
( 3)
Increasingon | —w - 4 |,
\ )

44, a. Forf(x)=3x2-8x+2,a=3b=-8c=2.
Since a = 3 >0, the graph opens up.
The x-coordinate of the vertex is
X=-h==-(=8)=8=4,
2a 2(3) 6 3
The y-coordinate of the vertex is
(-b\=f(4)=3(4\%2-8(4\+2

(2a Ml T h Il
16 32 10
D B TR
(
)

b2-4ac=(-6)2-4(-4)(2) =36+
32 =68, so the graph has two x-
intercepts.

The x-intercepts are found by solving:

—4x2%-6x+2=0

iR, e
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b+ v/62 —4ac _—(=6)+ o8

2a- © 2(-4)
=668= _o[6:217 =fx
o=
-8 -8 -4

191 191
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Section 2.4: Properties of Quadratic Functions
Thus, the vertex is| 4 -10|

\3  3)
The axis of symmetry is the line x = 43 .
The discriminant is:
b2-4ac=(-8)2-4(3)(2)=64-24=40,

so the graph has two x-intercepts. The
x-intercepts are found by solving: 3 x

2_gx+2=0
yocbh 2-dac (-8 xag
2a 2(3)
= 8+ 40 =_8+2/10 =40
6 6 3

Hegtian Inc
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The x-intercepts are -

The y-interceptisf (0)=2.

y |

5 |

|
14
The domain is (- “<}. The

rangeis|—| ‘ES,w\L
)
[ 4
Decreasing on |—°o, 3 |

(4

Increasingon | 3, |,

v

45. Consider the formy =a (x - h )? + k. From the

graph we know that the vertex is ( - 1, -2) so we
have h = -1 and k = =2 . The graph also passes

through the point ( x, y) = (0, -1) . Substituting
these values for x, y, h, and k, we can solve for a:

=a(0- (1) 2+ (-2)

-1=a(1)?-2
-1=a-2
l=a

The quadratic function is
(x)=(x+1)%-2=x>+2x-1.

Consider the formy =a ( x - h)? + k. From the

graph we know that the vertex is ( 2,1) so we
have h =2 and k = 1. The graph also passes

through the point ( x,y) = (0, 5) . Substituting

Cop(\z/cr)fé @@E@l@oﬂ‘esa

Section 2.4: Properties of Quadratic Functions

=a(0-2)%+1
=a(-2)%+1
=4a+1
= 4a
l=a

The quadratic function is
(x)=(x-2)2+1=x%-4x+5.
Consider the formy =a ( x - h)2 +k . From the

graph we know that the vertex is ( -3, 5) so we
have h = -3 and k =5 . The graph also passes

through the point ( x, y) = (0, —4) . Substituting

these values for x, y, h, and k, we can solve for a:
~4=a(0-(-3))%+5

~4=a(3)2%+5
~4=9a+5
~9=9a

-1=a

The quadratic function is
(x)=-(x+3)%+5=-x>-6x-4.

Consider the formy =a ( x = h)? + k. From the

graph we know that the vertex is ( 2, 3) so we
have h =2 and k = 3. The graph also passes

through the point ( x, y) = (0, -1) . Substituting
these values for x, y, h, and k, we can solve for a:

-1=a(0-2)%+3
~1=a(-2)2%+3

-1=4a+3
-4 =4a
-1=a

The quadratic function is
(x)=-(x-2)2+3=-x2+4x-1.

2
Consider the formy =a (x—h) +k.Fromthe

iR, e
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these values for x, y, h, and k, we can solve for a:

193 193
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graph we know that the vertex is (1, -3) so we
have h =1 and k = =3 . The graph also passes

through the point ( x, y) = (3, 5) . Substituting
these values for x, y, h, and k, we can solve for a:

iR, e
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=a(3-1)2+(-3)

=a(2)?-
=4a-3
=4a

2=a

The quadratic function is
(x)=2(x-1)?-3=2x2-4x~-1.

Consider the formy = a (x = h )? + k. From the

graph we know that the vertex is ( -2, 6) so we

have h = -2 and k = 6 . The graph also passes
through the point ( x, y) = ( - 4, —2) . Substituting

these values for X, y, h, and k, we can solve for a:
2=a(-4-(-2))%+6
2=a(-2)%+6

—-2=4a+6
-8 =4a
-2=a

The quadratic function is

(x)=-2(x+2)?+6=-2x°>-8x~-2.

Forf(x)=2x2+12x,a=2,b=12,¢c=0.
Since a = 2 > 0, the graph opens up, so the
vertex is a minimum point. The minimum

—=b__ -12 -12
occursatx = 2a =2(2) = 4 =-3

The minimum value is
(-3) =2(-3)? + 12(-3) = 18 - 36 = -18..

52. Forf(x):—2x2+12x,a=—2,b:12,c=0,
. Since a = -2 < 0, the graph opens down, so
the vertex is a maximum point. The maximum

occurs atx=_—b= T2 2,

Section 2.4: Properties of Quadratic Functions

54. Forf(x)=4x2-8x+3a=4,b=-8c=3.
Since a = 4 > 0, the graph opens up, so the vertex
is @ minimum point. The minimum occurs at

x::b::'(:& §_1 The minimum
value is 2a 2(4) 8
(1) = 4(1)% -8(1)+3 = 4-8+3 = —1.

Forf(x):—x2+10x—4,a:—1,ble,C:—
4 . Since a = -1 <0, the graph opens down, so the
vertex is a maximum point. The maximum occurs

-b -10 -=10 _
atx="—" = == =5, The maximum
2a 2(-1) -2
value is
2

(5) = =(5) +10(5)-4 = —25+50-4 = 21.

56. Forf(x)=-2x2+8x+3,a=-2,b=8,c=3.
Since a=-2<0, thegraphopens down, so the
vertex is a maximum point. The maximum

occursatx= R=_8_ =8=2 The

2a 2(-2) -4
maximum value is
2

(2) = -2(2) +8(2)+3 = -8+16+3 =11.

57. Forf(x)=-3x2+12x+1,a=-3,b=12 ¢
= 1. Since a = -3 < 0, the graph opens down, so
the vertex is a maximum point. The maximum
occurs at x = =D - _—12' = Z:2.The

2a ¢ (%) -6

maximum value is
(2) = -3(2)% +12(2) +1=-12 + 24 +1 = 13,

Forf(x)=4x2-4x,a=4b=-4 c=0.Since
a =4 >0, the graph opens up, so the vertex is a
minimum point. The minimum occurs at

— = —>——"= —==_The minimum value

is2a2(4)82

194 194
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2a 2(-2) -4
The maximum value is
(3) = -2(3)2+12(3) = -18 +36 =18 .
53. Forf(x)=2x2+12x-3,a=2,b=12 c=-3.
Since a = 2 > 0, the graph opens up, so the vertex
is a minimum point. The minimum occurs at

X = :2ab:2(—2)_12 = :4Q = -3. The minimum value

f(-3)=2(-3)?+12(-3)-3=18-36-3=-21.

is

195 195
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(1)=4(1Y -4(1\=1-2=-1.

[ T
VR VIACY

59. a. Forf(x)=x*-2x-15,a=1,b=-2,
c=-15.Sincea=1>0, the graph opens up.
The x-coordinate of the vertex is
X=zh==-(=2)=2=1,

2a 2(1) 2

iR, e
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60.

Th(e X-coordinate of the vertex is
) f)=@1)2-201)-15

| \ 2a |)
1-2-15=-16.
Thus, the vertex is (1, —16)
. The discriminant is:

2 _4ac=(-2)2-41)(-15)=4 + 60 = 64
> 0, so the graph has two x-intercepts.
The x-intercepts are found by solving:
x2-2x-15=0

X+3)(x-5=0

=-30rx=5
The x-interceptsare —3and 5 .

The y-interceptis f (0) = -15.

.V
3 \ o fs 0)
£2:0) I NI A
7

=3

TrTTTTTT

—-16

(1, —16)
The domain is (== , =) .

The range is [-16, «) .
Decreasing on (=<, 1) .
Increasing on (1, =) .

Forf(x)=x%-2x-8,a=1,b=-2,
c=-8.Sincea=1>0, the graph opens up.
The x-coordinate of the vertex is
X=-b==-(=2)=2=1,
2a  2(1) 2
Thf )é-coordinate of the vertex is
E:) f(1)=@)2-2(1)-8=1-2-8=-9.

| \ 2a |)
Thus, the vertex is (1, -9) .
The discriminant is:
b? - 4ac=(-2)% - 4(1)(-8) = 4 +32 =36 >
0, so the graph has two x-intercepts.
The x-intercepts are found by solving:

x2—2x—8:O

192

61.

Section 2.4: Properties of Quadratic Functions

The x-intercepts are =2 and 4 .
The y-interceptis f (0) = -8 .

(4,0)
11 | 111 I

|
T
(o))
A

10" (1, -9)

The domain is (-~ , «) . The range is [-9, =) .

Decreasing on (—«, 1) . Increasing on (1, =) .

F (x) = 2x - 5 is a linear function.
The x-intercept is found by solving:
X-5=0
2x=5

x:§2

, )
The x-interceptis =2 .

The y-interceptis F (0) =-5.
Y
5

|
=5

(0, —5)}
The domain is (-« , =) .
The range is (==, «).

Increasing on (=, =) .

X+2)(x-4)=0
=-20rx=4

Cop&/right © 2015 Pear%gr% Education, Inc.
opyright © 2015 Pearson Education, Inc.
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a. f(x):':)’ 2 X — 2 isa linear function.

The x-intercept is found by solving:
X-2=0

%xzz

w=2. §= 3

2

193
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4 (—1.4)5
The x-interceptis —3 .
. . (=2:1) (0,1)
The y-interceptis f (0) = -2. T I TV O T T T3
y - 5
5_
. -5
T Y N T 5
~5 Zf ! The domain is ( -
(0. =2) e domain is ( , ©).
- The range is (—=, 4] .
5K Increasingon (=~ , -1) .
The domain is' (=, «) .

) Decreasing on ( =1, =) .
The range is (=« , =) .

Increasing on (== , «) . 65. a. Forf(x)=2x2+x+1,a=2,b=1c=1.
Sincea=2> 0, the graph opens up.
a. g(x)=-2(x- 3)2 +2 The x-coordinate of the vertex is
Using the graph of y = x? | shift right 3 units, x=mh=-l="1=-1.
reflect about the x-axis, stretch vertically by a 2a 22 4 4
factor of 2, then shift up 2 units. The y-coordinate of the vertex is
y) (=bV=f(-1V=2(-112+(-11+1
4F (3,2 |
111 'lm(‘ﬁ"?)l X (2a )‘K“) ‘\4') ‘\4')
- (2,0) .
l8— l4 +1= Z8
(17
Thus, the vertex is| - k 48) L
(0, =16) =16 (& =16) The discriminant is:
b2-4ac=12-4@2)1)=1-8=-7,
L so the graph has no x-intercepts.
The domainiis (=, «) . The y-intercept is f (0) = 1.
The range is (-, 2] . y

Increasing on ( —«, 3) .

Decreasing on (3, «) .

a h(x)=-3(x+1)?+4

Using the graph of y = X2 , shift left 1 unit,
reflect about the x-axis, stretch vertically by a
factor of 3, then shift up 4 units.

The domain is ( == , =) .

The range is r| z8 , oo\ |.

194
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1\|_

Decreasing on | - ==/
J
SET

Increasingon | - 4, |.
\ )

66. a. ForG (x)=3x?+2x+5,a=3,b=2,c=5.
Since a =3 >0, the graph opens up.
The x-coordinate of the vertex is
X=zb= =2 ="2=-1,
2a 2(3) 6 3
The y-coordinate of the vertex is

(-b) (1) (1 (1)
6— | =¢-— =3 -=| +2 -—|+5
\2a) (U3) (3) \ 3)

1,2 14
—3-3+5="_3.
(114

‘.
\ 3 3
The discriminant is:
b2-4ac=22-4(3)5)=4-60=-56,
so the graph has no x-intercepts.
The y-interceptis G(0) =5 .

Thus, the vertex is‘ -

The domain is (== , «) .
The range is |—| M3 , m\ |
Decreasing on
Increasing on| ' — 1,

L3 )

196
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52x+4:0

5Zx:—4

=—4(—|§\ =10 |

27

The x-intercept is 10.
The y-interceptis h(0) = 4.
y
10

\'(0. 4)
(10, 0)

L1111 X
-10 10

T

/.

T T T

-10

The domain is (==, =) .
The range is (==, ©) .

Decreasing on (=, «) .

a. f(x)=-3x+2isalinear function.
The x-intercept is found by solving:

-3Xx+2=0
-3X=-2

2
The x-interceptis =3 .
The y-interceptisf (0)=2.
y

D

0,2)

O O [ O |
=

P T T
iy
| Wi
- ©
B

-
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The domain is (=, «) .

_ 2 - .
67.a. h(x)= 5x+4 is a linear function. The range is ( -« , ) .

The x-intercept is found by solving: Decreasing on (- , =) .

197
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a. ForH(x):—4x2—4x—1,a:—4,b:—4,
¢ =-1.Since a= -4 <0, the graph opens

down. The x-coordinate of the vertex is

X=zh==(=4)=4=-1,
2a 2(-4) -8 2

The y-coordinate of the vertex is

(-bV=H(-1)=-4(-11%-4(-1)-1

|k2aU\zU ISP

= -1+2-1=0

)

1
Thus, the vertex is (| -=2,0'].

e )

The discriminant is:

b?-4ac=(-4)2-4(-4)(-1)=16-16=0,

so the graph has one x-intercept.
The x-intercept is found by solving:

~4x2-4x-1=0
4x%2+4x+1=0

2x+1)%2=0
x+1=0

1

X== 2

. 1
The x-interceptis — =2 .
The y-interceptisH (0) =-1.

|\r\_|||||;\'

=5 ©,-1) 3

—8F

The domain is (=, «).

The range is (==, 0] .

Section 2.4: Properties of Quadratic Functions

The y-coordinate of the vertex is

(22) (8)__ (8, , (8
Fl \ :F\Z \ \ 2| \ ) \
\2a) U)J) U L)
—25+50(—25 =
Thus, the vertex is ' | 52,0 [
L)

The discriminant is:

b2 -4 ac=(20) 2 - 4(-4)(-25)

400 - 400 =0,

so the graph has one x-intercept.
The x-intercept is found by

solving: —4x%+20x-25=0
4x2%-20x+25=0
(2x-5)2=0

x—5:£

X==
2

5

The x-interceptis 2 .
The y-intercept is F (0) = =25 .

-8

The domain is (==, «).

5 \L

Increasing on | —o0 9

)

. 5
Decreasingon | <2, «

The range is (—«, 0] .

i}
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Chapter 2: Linear and Quadratic Functions Section 2.4: Properties of Quadratic Functions

1) L)
Increasingon ' | ==, -2 '[. 2
) 71. Usetheformf(x)=a(x-h) +k.
. 1 \\ The vertex is (0,2),soh=0and k = 2.
Decreasingon ' | — =2, |,
L ) f(x)=a(x-0)2+2=ax’+2.

70. a. ForF(x)=-4x2+20x-25,a=-4,b=20,
c=-25.Since a= -4 <0, the graph opens
down. The x-coordinate of the vertex is

Xx=-b=-20 = —20 =

5 .
2a 2(-4) -8 2

199
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Since the graph passes through (1, 8), f (1) =8. f(x)=g(x)
(x)=ax? +2 X-1=x>-4
=a(l)?+2 0=x2-2x-3
=a+2 0=(x+1)(x-3)
6=a X+1=0 or x-3=0
(x)=6x2+2. x="1 ~ x=3
a=6,b=0 c=2 The solution set is {-1, 3}.
f(-1)=2(-1)-1=-2-1=
Use the form f (x)=a (x-h )% +k. -39(-1)=(-1)°-4=1-4=
The vertexis (1,4) ,soh=1and k=4 . -3f(3)=2(3)-1=6-1=5
x)=a(x-1)>%+4. 93)=(3)%-4=9-4=5
Since the graph passes through (-1, - 8) , Thus, the graphs of f and g intersect at the
(-1)=-8. points (-1, -3) and (3, 5) .
-8=a(-1-1)%2+4 74. aand d.
-8=a(-2)2+4 i
-8=4a+4 =
-12 =4a
-3=a

(x)=-3(x-1)%2+4
-3(x%2-2x+1)+4
-3x%+6x-3+4

-3x%+6x+1
a=-3,b=6,c=1

rT T T T T T 1T T 1

73. aand d.

f(x)=g9()
-2x-1=x*-9
0=x2+2x-8
0=(x+4)(x-2)
X+4=0 or x-2=0
x=-4 x=2
The solution set is {-4, 2}.
f(-4)=-2(-4)-1=8-1=7
g(-4) = (42 -9=16-9=7f
(=-22)-1=-4-1=-5
92 =(2)*-9=4-9=-5
Thus, the graphs of f and g intersect at the
points (-4,7) and ( 2, -5) .
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75. aand d.

f(x)=9(x)
x2+4=-2x+1
=x?-2x-3

= (x+1) (x-3)

X+1=0 or x-3=0

x=-1 x=3
The solution set is {-1, 3}.
f(1)=-(-1)2+4=-1+4=3
g(1)=-2(-1)+1=2+1=3
f(3)=-(3)%+4=-9+4=-5
(3)=-2(3)+1=-6+1=-5

Thus, the graphs of f and g intersect at the

points ( -1, 3) and (3, -5) .

76. aand d.

Section 2.4: Properties of Quadratic Functions

f(x)=g(x)
X2+9=2x+1
=x?+2x-8
=(x+4)(x-2)
X+4=0 or x-2=0
X=-4 X=2
The solution set is {-4, 2}.
f(-4)=-(-4)2+9=-16+9=-7
g(-4)=2(-4)+1=-8+1=-7
f(2)=-(2)?+9=-4+9=5
g(2)=2(2)+1=4+1=5
Thus, the graphs of f and g intersect at the
points (-4, -7)and (2,5).

77. aandd.
y
é (2.6)
[ W A S
—6 6
(=1, -6) -6
f(x)=g(x)
X2+5x=x2+3x-40
=2x2-2x-4
0=x2-x-2
=(x+1)(x-2)
X+1=0 or x-2=0
x=-1 X=2

The solution set is {-1, 2}.
f(-1)=-(-1)?+5(-1)=-1-5=-6
g(-1)=(-1)?+3(-1)-4=1-3-4=
-6f(2)=-(2)2+5(2)=-4+10=6

9(2)=2+3(2)-4=4+6-4=6
Thus, the graphs of f and g intersect at the

points (-1, -6) and ( 2,6) .
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Chapter 2: Linear and Quadratic Functions

78. aandd.

-6 (0,-6)

f(x)=g(x)

X2+7X-6=X2+Xx-6
0=2x2-6x
=2x(x-3)
2x=0o0or x-3=0
x=0 x=3
The solution set is {0, 3}.
f(0)=-(0)%2+7(0)-6=-6
9(0)=0.+0-6=-6

(3) = -(3)* +7(3)-6 = —9+21-6 = 6

9(3)=32+3-6=9+3-6=6

Thus, the graphs of f and g intersect at the

points (0, -6) and ( 3,6).

79. a. Fora=1:
x)=a(x-r1)x-rz2)

1x=(=3)(x-1)
(x+3)(x—l):x2+2x

-3Fora=2:

fx)=2(x-(-3)x-1)
2x+3)(x-1)
2(x2+2x—3)=2x2+4x

-6Fora=-2:

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

—2(x 2 +2x = 3) = -2x % - 4x
+6Fora=5:
f(x)=5x-(=3))(x-1)

81.

Section 2.4: Properties of Quadratic Functions

The x-intercepts are not affected by the
value of a. The y-intercept is multiplied by
the value of a .

The axis of symmetry is unaffected by the
value of a . For this problem, the axis of
symmetry is x = -1 for all values of a.

The x-coordinate of the vertex is not affected
by the value of a. The y-coordinate of the
vertex is multiplied by the value of a .

The x-coordinate of the vertex is the mean of
the x-intercepts.

a. Fora=1:

a.

(x)=1(x = (-5))(x - 3)
(x+5)(x—3):x2+2x
-15Fora=2:
f(x)=2(x=(-5))(x-3)
2(x+5)(x—3)

2(x2+2x—15):2x2+4x—
30Fora=-2:
f(x)=-2(x-(-5)(x-3)

=2(x +5)(x = 3)

—2(x 2 + 2x - 15) = —2x 2 — 4x

+30Fora=5:
f(x)=5(x-(-5)(x-3)

5(x +5)(x — 3)

5(x 2+ 2x - 15) =5x 2+ 10x - 75
The x-intercepts are not affected by the
value of a. The y-intercept is multiplied by
the value of a .
The axis of symmetry is unaffected by the
value of a . For this problem, the axis of
symmetry is x = -1 for all values of a.
The x-coordinate of the vertex is not affected
by the value of a. The y-coordinate of the
vertex is multiplied by the value of a . The x-
coordinate of the vertex is the mean of
the x-intercepts.

b
X=-2a-=

4
-21=-2
(@]
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5(x + 3)(x - 1) =f(-2)=(-2)2+4(-2)-21

199 199
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b. (x)=0 f(x)=-8
244x-21=0 242x-8=-8
x+7)(x-3)=0 x2+2x=0
X+7=0 or x-3=0 x(x+2):0
Xx=-7 X=3 Xx=0 or x+2=0
The x-intercepts of f are =7 and 3. X=-2
c. (x)=-21 The solutions f ( x) = -8 are -2 and 0. Thus,
Z+4x-21= the points (- 2, -8) and ( 0, -8) are on the
—21x*+4x= graph of f.
0x(x+4)=0 d. 7

x=0 or x=-4
The solutions f ( x) = —21 are -4 and 0.
Thus, the points ( - 4, -21) and ( 0, -21)
are on the graph of f.

d. y

(=1,=9)

R(p)=-4p2%+4000p,a=-4,b=4000,c=0.
Since a = =4 < 0 the graph is a parabola that opens
down, so the vertex is a maximum point. The

i _ b _=g 00 _
R SE PR Brouigbe $a00 fiy madnium
revenue. The maximum revenue is
(0, —21) R(500) = — 4(500)2 + 4000(500)
-1000000 + 2000000
$1,000,000

1
0 R(p)=-10p2+1900p,a=->2,b=1900,c=0,

) Since a=- L< 0, the graph is a parabola that
8 = -9 The vertex is ( -1, -9) . !

b. (x)=0 opens down, so the vertex is a maximum point.
2 _g=
+2x-8=0 -b  =1900 =1900
p=2a =2(-1/2) = -1 =1900.

Xx+4=0 or x-2=0 Thus, the unit price should be $1900 for maximum
X=-4 X=2 revenue. The maximum revenue is

The x-intercepts of f are —4 and 2. 1

200 200
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R(1900) = - 2 (1900)? + 1900(1900)

—-1805000 + 3610000
$1,805,000

201 201
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a. C(x)=x2-140x + 7400,
a=1,b=-140,c=7400. Sincea=1>0,

the graph opens up, so the vertex is a

minimum point. The minimum marginal cost
b _=(=140) _140_

2a 2(1) 2
thousand mp3 players produced.

The minimum marginal cost is
(| _—b\|= f(70)=(70)2-140( 70 ) + 7400

occurs at x =

2a )
4900 — 9800 + 7400

$2500

a=5,b=-200, c=4000.Sincea=5>0,

minimum point. The minimum marginal

cost occurs at
_=b_=(=200) _ 200
2a  2(5) 10
cell phones manufactured.
The minimum marginal cost is

(122 f(20)=5(20)7 - 200 (20) + 4000

X = 20 thousand

2a )
2000 - 4000 + 4000

$2000

a. d(v)=11v+0.06v>

(45) = 1.1(45) + 0.06(45)?
495+1215=171ft.

b. 200 = 1.1v + 0.06v?
= -200 + 1.1v + 0.06v°

=-(11) 4_«/(1.1)2 - 4(0.06)(-200)
2(0.06)

_z11+4921

0.12
-1.1+7.015

Section 2.4: Properties of Quadratic Functions

The 1.1v term might represent the reaction
time.

b _-1654 -16.54
88. a. a=2a =2 -0.31 =-0.62 =26.7 yearsold

()

B(26.7) = -0.31(26.7)? + 16.54(26.7) — 151.04
69.6 births per 1000 unmarried women

B(40) = -0.31(40)? + 16.54(40) — 151.04

14.6 births per 1000 unmarried women

a. R(x)=75x-0.2x°
=-0.2,b=75,¢c=0

b =75 -I5
x=2a =2(-0.2) =-0.4=1875

The maximum revenue occurs when
X =187 or x = 188 watches.
The maximum revenue is:

R(187) = 75(187) - 0.2(187)? = $7031.20
R(188) = 75(188) - 0.2(188)° = $7031.20

P(x)=R(x)-C(x)

75x — 0.2x 2 = (132x + 1750)
-0.2x % + 43x - 1750
P (x) = —0.2x 2 + 43x — 1750
a=-0.2,b=43,¢c=-1750
b _-43 43
x=2a =2(-0.2) =-0.4=107.5

0

1

2
v=49orv=-68
Disregard the negative value since we
are talking about speed. So the
maximum speed you can be traveling
would be approximately

202 202
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49 mph. The maximum profit occurs when x = 107
or x = 108 watches.
The maximum profit is:
P(107) = -0.2(107)? + 43(107) -1750
$561.20

P(108) = —0.2(108)? + 43(108) -1750
$561.20

d. Answers will vary.

203 203
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a. R(x):9.5x—0.04x2
=-0.04,b=95,¢c=0
The maximum revenue occurs when

b =95 = 95
x=2a =2(-0.04) =-0.08

118.75 = 119 boxes of candy
The maximum revenue is:

R(119) = 9.5(119) - 0.04(119)? = $564.06

P(x)=R(x)-C(x)
9.5x - 0.04x 2 - (1.25x + 250)
-0.04x 2 + 8.25x - 250
P (x) = —0.04x 2 + 8.25x — 250
a=-0.04,b=8.25¢=-250
The maximum profit occurs when

b _-825 -85
x=2a =2(-0.04) =-0.08

103.125 = 103 boxes of
candy The maximum profit is:
P(103) = -0.04(103)? + 8.25(103) - 250
$175.39

d. Answers will vary.
f(x)=a(x-ri)x-rz2)
aix+4)x-2)

ax2+2ax—8a
—b_-2a_

The x value of the vertex isx= " = =-1.

The y value of the vertex is 18.
—18=a (-1)% +2a (-1) - 8a
-18=-9a

a=2

TRl

So the functionis f (x ) = 2(x +
f(x)=a(x-r1)x-r2)
a(x+1)(x-5)

ax 2_ 4ax — ba
The x value of the vertex is

I~ DI~

Section 2.4: Properties of Quadratic Functions

=a(2)%-4a(2)-5a
=-9a
a=-1

So the functionisf(x ) =- (x + 1)(x — 5)

If x is even, then ax2 and bx are even. When two
even numbers are added to an odd number the
result is odd. Thus, f (x) is odd. If x is odd, then

ax? and bx are odd. The sum of three odd
numbers is an odd number. Thus, f (x) is odd.

Answers will vary.

y:x2+2x—3;y:x2+2x+1;y:x2+2x

y=x*+2x+1

Each member of this family will be a parabola
with the following characteristics:

opens upwards since a > 0;

vertex occurs at x = - 2b3r: - 2(_192= -1;

2.
2a2a
The y value of the vertex is 9.
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2a 2a ill be a parabola with the following
The characteristics:

4)(x - 2)

y=x2+1

N 2 )
y=x*+4x+1 y=x"—4x+1

ac

BCD

be
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opens upwards since a > 0
y-intercept occurs at (0, 1).

The graph of the quadratic function
(x) = ax 2 + bx + ¢ will not have any

x-intercepts whenever b 2_4ac<0.
By completing the square on the quadratic

function f(x) =ax 2 + bx + ¢ we obtain the
2

2
equation y:axf wa_ b . We can then

2a) 4a

draw the graph by applying transformations to

the graph of the basic parabolay = X2 , which
opens up. When a > 0, the basic parabola will
either be stretched or compressed vertically.
When a < 0, the basic parabola will either be
stretched or compressed vertically as well as
reflected across the x-axis. Therefore, when

a>0,thegraphoff(x):ax2+bx+c
will open up, and when a < 0, the graph of

(x) = ax 2 +bx + ¢ will open down.

No. We know that the graph of a quadratic
function f (x ) = ax 2 + bx + ¢ is a parabola with

vertex ( —_Q_ba f (; gba )) . If a > 0, then the vertex

b

is a minimum point, so the range is [|_f (—_2 a ) w

) . If a <0, then the vertex is a maximum point, so

the range is (—oo , f (_— zba )U . Therefore, it is
impossible for the range to be (-« , = ).

Two quadratic functions can intersect 0, 1, or 2

times.

x2+4 y2 =16
To check for symmetry with respect to the x-
axis, replace y with —y and see if the equations
are equivalent.

x2+4(-y)°=16
x2+4y?=16

Section 2.4: Properties of Quadratic Functions

(-x)2+4y2=16

x2+4 y2 =16
So the graph is symmetric with respect to the y-
axis.

To check for symmetry with respect to the
origin, replace x with —x and y with —y and see
if the equations are equivalent.

(-x)2+4(-y)?>=16

x2+4y%=16
So the graph is symmetric with respect to the
origin.

27 -x25x+3
—-6x = -24
X<4
So the solution set is: (-, 4] or { x|x<4} .

x2+y2—10x+4y+2020
x2—10x+y2+4y:—20

x2—10x+25) + (y2+4y+4)=-20+
25 +4 (x - 5)% + (y +2)% = 3°

Center: (5, -2); Radius = 3

104, x = =(=6)% {-6)=-4(1)(4)

6+ 3%16
2
S
2
A 22‘/—3 =35

So the graph is symmetric with resp&:t to 1‘}4; X-
axis. J

axis, replace x with —x and see if the equations
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So the zeros of the functionare: 3+ 53- 5 Section 2.5
. The x-interceptsare: 3+ 53- 5
1. -3x-2<7
-3x<9
X>-3

N

The solutionsetis  x|x>-3or —3,» .

207 207
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(-2, 7] represents the numbers between -2 and
7, including 7 but not including =2 . Using
inequality notation, this is writtenas —2<x<7.

Loddd L L 2 1 1 1 |

-3( 0 3 6J8X

a. f (x) > 0 when the graph of f is above the x-axis.

Thus, { xx <=2 0r x> 2} or, using interval
notation, (==, -2) U (2, ).
f (x) < 0 when the graph of f is below or

intersects the x-axis. Thus, { x 42sxs< 2}

or, using interval notation, [-2, 2] .

a. g (x) < 0 when the graph of g is below the x-
axis. Thus, { xxl< -1 orx> 4} or, using
interval notation, (-« , -1) u (4, ).

g (x) = 0 when the graph of f is above or

intersects the x-axis. Thus, { x41lsxs 4}

or, using interval notation, [-1, 4] .

a. g(x) = f ( x) when the graph of g is above or
intersects the graph of f. Thus { X—2<X<

1} or, using interval notation, [-2]1] .
f (x) > g (x) when the graph of f is above

the graph of g. Thus, { XX<-=2o0rx> 1} or,

using interval notation, (|-« , -2) U (1, =)

a. f (x) < g ( x) when the graph of f is below the
graph of g. Thus, { XX < -|3 or x> 1} or,
using interval notation, (-, -3) U (1, « ).

f(x) =g (x) when the graph of f is above
or intersects the graph of g. Thus,
{ k-3s<xs l} or, using interval notation,
-3,1] .

x2—3x—10S0

We graph the function f (x ) = x 2 _3x-10.The
intercepts are

Section 2.5: Inequalities Involving Quadratic Functions

x-intercepts: x2-3x-10=0
X=5)(x+2)=
Ox=5x=-2

The vertex isat x == = =(=3) =3

2a 2

2(1)
_ /—3) _ (3 49)
Since | =- , the vertex is [ p—

\2) 4 \2  4)
10

-10 \ /I 10

The graph is below the x-axis for -2 <x <5.
Since the inequality is not strict, the solution set

is { X-2<x<5 } or, using interval notation,
-2,5].

x2+3x—10>0

We graph the function f (x ) = x 2 +3x-10. The
intercepts are
y-intercept: f (0) = -10

x-intercepts: x 243x-10=0

X+5)(x-2)=0
=-5x=2
- b - @ 3
The vertexisatx= 2a-= 2{&) =- 2 . Since
(3)__49 (3 _49)

, the vertex is

y-intercept: f (0) = -10
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2 Ja K 24 ) The graph is above the x-axis when x < =5 or
x> 2. Since the inequality is strict, the solution
\ fr setis { X|x < =5 or x> 2 } or, using interval

-10 \// 10 notation, (==, -5)u (2, ).

-20
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9. x2-4x>0

We graph the function f(x)=x 2_4x.The
intercepts are
y-intercept: f(0)=0

x-intercepts: X Z-4x=0

X(x-4)=0
x=0,x=4
. b -(-4) 4 .
The vertexisatx = — = =—=2.Since
vertex is at X 24 20) "2 i

(2) =-4, the vertex is ( 2, -4).
, Wi”/ .

-10
The graph is above the x-axis when x <0 or

X >4 . Since the inequality is strict, the solution
setis { xlx <0 orx >4 } or, using interval
notation, (=, 0) U (4, « ).

10. x2 +8x <0

We graph the function f(x)=x 2+ 8x. The
intercepts are
y-intercept: f(0)=0

x-intercepts: X 24+8x=0
X(x+8)=0
x=0,x=-8
The vertexisatx = =0 ==(8) =28 =—4,

2a 2(1) 2

Since f (-4 ) =-16, the vertex is ( -4, -16 ) .
10

/

\
-10 | v 10

-20

Section 2.5: Inequalities Involving Quadratic Functions

X2 +x>12

x2+x-12>0
We graph the function f (x ) = x Z4x-12.
y-intercept: f(0) =-12
x-intercepts: X 2+x-12=0
(x+4)(x-3)=0
X=-4,x=3

The vertex is at x = :Zagz :2(1) (l)_: - 12 . Since

(| :1\|=__49 1 _49\|.

, the vertex is (|5-

\2)4\2 4)

V1
-10 10

The graph is above the x-axis when x < —4 or

X > 3. Since the inequality is strict, the solution
setis { Xx<-40rx>3 } or, using interval
notation, (==, -4) U (3, ).

x2+7x<-12
x2+7x+12<0
We graph the function f (x ) = x 2 + 7x + 12 .
y-intercept: f (0) = 12
x-intercepts: x2+7x+12=0
X+4)(x+3)=0
X=-4,x=-3

- b -0 7

The vertex isatx =~ = —_  .Since

2a 2(1) 2

(7,1 (11

| |=- L thevertexis_| - ,- |

The graph is below the x-axis when -8 < x
< 0. Since the inequality is not strict, the

solution set is { X—-8<x<0 } or, using

interval notation,
-8,0].
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\2)4\2 4)

\/

-10

Section 2.5: Inequalities Involving Quadratic Functions

10

The graph is below the x-axis when -4 < x < -3 .
Since the inequality is strict, the solution set is

{ x| -4 <x< -3} or, using interval

notation, (-4, -3) .

205 205
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X2+6x+9<0
We graph the function f (x ) = x 246x+9.
y-intercept: f(0)=9
x-intercepts: X 246x+9=0
(x+3)(x+3)=0
X=-3

The vertex is at x = :2ag= :2(1)@ =-3. Since

(-3)=0, the vertexis ( -3,0 ).

\/

Since the graph is never below the x-axis and
only touches at x = =3 then the solution is

{-3}.

x2-4x+4<0

We graph the function f (x ) = x 2_4x+4.

y-intercept: f(0)=4
x-intercepts: X 2_4x+4=0
x=-2)(x-2)=0

Since 2a 2(1)
(2)=0,thevertexis (2,0).

\/

Since the graph is never below the x-axis and
only touches at x = 2 then the solution is {2} .

2x255x+3
2x2—5x—3S0
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Section 2.5: Inequalities Involving Quadratic Functions

The vertex is at x = :Q: - '(:i)'; 5.
Since 2a 2(2) 4

(
fl2)=-49 the vertex is s —ﬁl\.

|
\4) 8 4 8)
10

U ¥

7 10

-10
The graph is below the x-axis when — 1 <x<3.

Since the inequality is not strict, the solution set

is Exi—l <x<3 {0r, using interval notation,
L] 2 J

[ 1

- =
2

L

L—w 1|

2
16. 6X <6+ 5x

6x2 -5 —6<0

We graph the function f(x) = 6x 2_ 5x—6.The
intercepts are
y-intercept: f(0)=-6
X-intercepts: 6x° - 5x-6=0
(Bx+2)(2x-3)=0

X=- Z, X= 3
3 2
The vertex is at x = b =-:(—)_5-: —5. Since
2a 2(6) 12
(5 \ 169 (5 169)
fl — T , the vertex is | mmm [R—
\12) 24 \12 24 )
10

If

Ve graph ttls;rfunction fi(x) = 2x 2 _5x-3.
'he intercepts are

- =
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Chapter 2: Linear and Quadratic Functions

-10 10

y-intercept: f (0) = -3
x-intercepts:  2x 2_5x-3=0
(2x+1)(x-3)=0

207 207

Section 2.5: Inequalities Involving Quadratic Functions

-10
The graph is below the x-axis when - Z2<x<3.

3 2
Since the inequality is not strict, the solution set
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Chapter 2: Linear and Quadratic Functions

isJX
L 3 2
( 2 3]

= I
L 3 2]
17. x(x-7)>8

-2<x<3 #‘ or, using interval notation,

x2-7x>8
x2—7x—8>0
Wegraphthefunctionf(x):x2—7x—8.
The intercepts are
y-intercept: f(0)=-8
x-intercepts: X 2_7x-8=0
(x+1)(x-8)=0
x=-1,x=8

b =(=D_7

The vertex is at x = =

Since2a2(1)2

(7 e (7 81
| |=- Lthevertexis | - |
\2)al2 4]

10

Ve

\/

-25
The graph is above the x-axis when x < -1 or
x > 8. Since the inequality is strict, the solution

set is { x[x<-Lorx>8 } or, using interval
notation, (-« ,-1) U (8, ).

x(x+1)>20
24x>20

x2+x-20>0

We graph the function f (x) =x 2 +x - 20 .

y-intercept:  f(0)=-20

x-intercepts: X 24x-20=0
(x+5)(x-4)=0
Xx=-5x=4

Section 2.5: Inequalities Involving Quadratic Functions

10

-10 4 / 10

\/

-25
The graph is above the x-axis when x < =5 or
X >4 . Since the inequality is strict, the solution

setis { X[x < -5 or x> 4} or, using interval
notation, (==, -5) u (4, ).

4% + 9 < bx
x> —6x+9<0
We graph the function f(x)=4x%-6x+9.
y-intercept: f(0)=9
) 2
—(-6)x (=6) -4(4)(9)

x-intercepts: X =

2(4)

=6+ ~108 (not real)
8

Therefore, f has no x-intercepts.

Thevertexisatx::Q::'(:@:_6=3.

Since 2a 2(4) 8 4
(38) 27 74%27)
| = L thevertexis | |

\4) a\44)
25

\

-5
The graph is never below the x-axis. Thus, there
is no real solution.

1
(<3}

10

25x% + 16 < 40x

25x 2 - 40x + 16 <0

We graph the function f (x ) = 25x 2 _40x +16.
y-intercept: f (0) = 16
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Chapter 2: Linear and Quadratic Functions Section 2.5: Inequalities Involving Quadratic Functions

x-intercepts: 25x 2 — 40x + 16b: 0

- b - @O 1
Thevertexisatx= 2a = 2(1) =- 2.Since (5x —4)*> =0
5x -4 = 2
(| - 1) | _81 , the vertex is (|_ - 1,—— 81) l x=
\2)a\24) 5

209 209
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Chapter 2: Linear and Quadratic Functions

The vertexisat x = =b _=(=40) :@ :é_
2a  2(25) 50 5
Sincef|(5*zO,thevertexis|(£ ,OD.
\5) 5 )
25
-5 5
-5

The graph is never below the x-axis. Thus, there
is no real solution.
6(x2 +1) > 5x
X2 + 6 > 5x
6x 2= 5x+6>0

We graph the function f(x)=6x 25X +6.
y-intercept: f(0)=6

—(- _E5\2 _
x-intercepts: x:—(—S)i (=5)" -~ 4(6)(6)

2(6)
=64i[-__1—19 (not real)
12
Therefore, f has no x—intercepts
The vertexisatx = — b =22 . Since
2a 2(6) 12
f\( 5 ; \
= =119  the vertexis! — ,__|
) (5 119
(12) 24 l12 24)
15
-1 10
-5

Section 2.5: Inequalities Involving Quadratic Functions

~(=6) +4/(=6) 2-4(4)(9)
2(4)
Voo

:% (not real)

Therefore, f has no x-intercepts.

-b_-(-6)_6_3

x-intercepts: x =

The vertex is at x =

Since 2a 2(4) 8 4
[| 3 \| , the vertex is (|2%
\4) 4\a4)
25
10 10

-5
The graph is always above the x-axis. Thus, the
solution set is all real numbers or, using interval

notation, (=<, « ).

—

23. The domain of the expressionf (x) = "x*-16

2
includes all values for whichx —16=0.

We graph the function p (x) =x? - 16 . The
intercepts of p are
y-intercept: p(0) = -

x-intercepts: x2-16=0
X+4)(x-4)=0
=—-4,x=4
= —_b = :(Q)_ =

The vertexof pisatx 0. Since 2a 2(1)

p(0) = -16 , the vertex is ( 0, —16).
The graph is always above the x-axis. Thus, the
solution set is all real numbers or, using interval
notation, (—e , «) .

2(2x 2= 3x) > - 9 4x

210 210
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Chapter 2: Linear and Quadratic Functions Section 2.5: Inequalities Involving Quadratic Functions

2-6x>-9 10
X2 -6x+9>0 \ )f

\V

-10 10

-20
The graph of p is above the x-axis when x < =4 or
X >4 . Since the inequality is not strict, the

solution set of X2 =162 01is { x [x<-4orx=4} .

We graph the function f (x ) = 4x 2 - 6x+9 .

y-intercept: f (0) = 9 Thus, the domain of fisalso { x|x<-4orx =4}
or, using interval notation, ( ==, 4] U [4, ).

211211
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Chapter 2: Linear and Quadratic Functions Section 2.5: Inequalities Involving Quadratic Functions

. : [ f(x)= 2-1=3
24. The domain of the expression f(x)—x—3x2 (x)=g()x"=1

includes all values for whichx -3 x2 0.

We graphthe function p (x)=x- 3x%. The
intercepts of p are
y-intercept: p(0) = -6

x-intercepts: X- 3x2=0
Xx(1-3x)=0

x:O,x:E.
3

The vertexof pisatx= =R ==(1) =z1 =1,
2a 2(-3) -6 6

(1)1 (1 1)

Since p| e — , the VErteX is | mm , mmmm |

\6) 12 \6 12)
1

IDN]

The graph of p is above the x-axis when

1

0<x< 3.Since the inequality is not strict, the

solution set of ,_sx 7 s0 is<[ |05xs l]
3)

Thus, the domain of fisalso{ x| 0 <x <1 or,
| 3)

using interval notation, | 0, + ﬂ

L 3]
25. f()=x*-1; g(x)=3x+3
f(x)=
0x2—1:0(x—
1(x+1)=0
=L;x=-1
Solution set: {-1,1} .
g(x)=0
3x+3=0

X+3
2

X —3x-4=0
X=-4)(x+1)=0
=4;x=-1
Solution set: {-1,4} .
f(x)>0
We graph the function f (x) = X2 -1,
y-intercept: f (0) = -1

x-intercepts: x2=1=0
x+1)(x-1)=0
=-1,x=1

The vertex is at x = =b ::@ =0. Since
2a  2(1)

f(0) = -1, the vertex s (0, -1).

\/
-10 10

o

-10

The graph is above the x-axis when x < -1
orx>1.Since thb inequality is strict, the
solution set is { xx<-lorx> 1} or,
using interval notation, (=, =1) U (1, =) .

g(x)=<0

3x=-3
x=-1

Solution set: {-1} .
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Chapter 2: Linear and Quadratic Functions

3x+3<0
3x<

The solution set is { xx< -1} or,
using interval notation, (-« , -1] .

f(x)>g(x)¥*-1>

3X

+3
x2-3x-4>0
We graph the function p(x) = X2 = 3x -
4 . The intercepts of p are
y-intercept: p(0) = —4
x-intercepts: x2-3x-4=0

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

Section 2.5: Inequalities Involving Quadratic Functions

213213
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Chapter 2: Linear and Quadratic Functions Section 2.5: Inequalities Involving Quadratic Functions

. b =(= . 26. f(x)=-x%+3;g(x)=-3x+3
The vertex is at x = b _=3) 3 . Since (x)=-x g((x)=-3x+
2a 21 2 f(x)=0
P\(E) =- E’ ,thevertexis(i3 ,—_25\\ X2+3:O
\2) 4 \2 4 ) X2 =
10 X = £3
\ / Solutionset: {- 3/ v 3}.
- ¥ 10 9(x)=0
-3x+3=0
-3x=-3
-10 o1
The graph of p is above the x-axis when o
x < =1 or x >4 . Since the inequality is Solution set: {1}.
strict, the solution set is f(x)=g (X
{x|x<—1orx>4}or,usinginterval X2+3=-fzx+3
0=x -3
notation, (==, -1) u (4, ). X = 3x
0=x(x-23)
f(x)=1 —0:x=3
-1z Solution set: {0, 3} .
2
~220 d. f(x)>0

We graph the functionp (x) =x* = 2. The
intercepts of p are
y-intercept: p(0) = -2

We graph the function f(x)=-x%+3.
y-intercept: f (0) = 3
2

x-intercepts: x> =2 =0 x-intercepts: —x +3=0
' 2

2 x =3

X°=2

X = +‘\/_2 X==% '\/5

: - b = _4 o
The vertexisat x ==R ==(0) = 0. Since The vertex is at x = 22 21) 0. Since
2a  2(1) I

p(0) = -2, the vertex is (0, —2).

notation, (-°°, - 24 2, °°)-

-10 10

-10
The graph of p is above the x-axis when

X < =2 orx> /2. Since the inequality is
not strict, the solution set is

{ Xl X< —*/_2 or X 2 } or, using interval

214 214
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Chapter 2: Linear and Quadratic Functions Section 2.5: Inequalities Involving Quadratic Functions

f (0) =3, the vertexis (0, 3).

43
-10 / \ 10
-10
The graph is above the x-axis when
3<x< 3.Since the inequality is strict, the J J

solutionsetis{x—3<x<3}or, | A v
using interval notation, ( -3, 3) : NN

g(x) <0
-3x+3<0

-3x<-3

x=1

The solution set is { XX 2 1} or, using

interval notation, [1, ).

215 215
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Chapter 2: Linear and Quadratic Functions

f(x)>g((x)
X2 +3>-3x+3
x2+3x>0
We graph the functionp (x) = - x 2+ 3x..
The intercepts of p are
y-intercept: p(0) =0
x-intercepts: — X 24+3x=0
X(x=3)=0
=0;x=3
The vertex i at x = =2 ==(3) :__3 -3
2a 2(-1) -2 2

Since p| (gp =g, the vertexis|(§ 9l

\2) 12 \2 4)
10
-10

The graph of p is above the x-axis when
0 <x < 3. Since the inequality is strict, the
solution set is { xlo<x<3 } or, using
interval notation, (0, 3) .
f(x)21

X¥+321
-x>+220
We graph the functionp (x) = = x> + 2. The
intercepts of p are
y-intercept: p(0) = 2
x-intercepts: = x> +2=0

x2=2
X = +/2
Thé_vertex 'rth X = =b = =() =0. Since
2a 2(-bh
p(0) = 2, the vertex is (0, J)\/_ v
10
P
-10l / \ 10
-10

The graph of p is above the x-axis when

Section 2.5: Inequalities Involving Quadratic Functions

27. f(x)=—x2+1;g(x)=4x+l

f(x)=0
X +1=0
1-x2=0

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

x=1x=-1

Solutionset: { -1,1} .

g(x)=0

4x+1=0

4x=-1

Solution set: { - —} .

f(x)=g(x)
Xx2+1=4x+10
=x2+4x0=
x(x+4)x
=0;x—-4
Solution set: {-4,0} .
f(x)>0
We graph the function f (x) = - x® + 1.
y-intercept: f (0) =1
x-intercepts: -x% 41=0
X2 -1=0
x+1)(x-1) =0
x=-1;x=1
The vertexisat x ==R ==(0) = 0 . Since
2a  2(-1)
2 <x< 2.Since the inequality
is not strict, the solution set is { X

- 2sxs 2}

210 216
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Chapter 2: Linear and Quadratic Functions Section 2.5: Inequalities Involving Quadratic Functions

. -10
f (0) = 1, the vertex is (0, 1). The graph is above the x-axis when
-1 <x < 1. Since the inequality is strict,

~ the solution set is|{ X—1<x< 1} or, using

-10 / \ 10 interval notation, (-1, 1) .

or, using interval notation, LF—JZ_, \QT .

210 217
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Chapter 2: Linear and Quadratic Functions

g(x)=0
4x+1<0
4x<-1
x< -1
4
The solution setis ¢ ' x|y < 11 or, using
4

interval notation, | —e, -1 |—‘
\ 4]
f(x)>g(x)
XC+1>4x+1
X2-4x>0

We graph the functionp (x) = - x 2 - 4x..
The intercepts of p are
y-intercept: p(0) =0
x-intercepts: —x Z2_4x=0
X(x+4)=
0x=0;x=-+4

The vertexisatx = =R ==(=4) =_4=—,

2a  2(-1) -2
Since p(-2) =4, the vertex is (-2, 4).
o
-10 / \ 10
-10

The graph of p is above the x-axis when
-4 <x < 0. Since the inequality is strict,

the solution setis { x|~ 4 <x <0} or, using
interval notation, ( -4,0) .
f(x)=1
X +121
X220
We graph the functionp (x) = - x% . The
=b_=(0)

vertex isatx = = =0. Since

2a2(-1)
p(0) =0, the vertex is (0, 0). Since
a=-1<0, the parabola opens downward.

210 218

Section 2.5: Inequalities Involving Quadratic Functions

10

SN

-10
The graph of p is never above the x-axis, but
it does touch the x-axis at x = 0. Since the

inequality is not strict, the solution set is {0}.

28. f(X)=—X2+4;ga)=—x—2

f(x)=0
X2+ 4=
0x°-4=0(x+
2)(x-2)=0
=-2,x=2
Solution set: {-2,2} .
g(x)=0
x=2=0
-2=X
Solution set: {-2} .

f(x)=9(x)
X2+4=-x-2
0=x2-x-6
=(x-3) (x+2)
X=3;x=-2
Solution set: {-2,3} .
f(x)>0
-x2+4>0
We graph the function f (x) = -X2+4.
y-intercept: f(0)=4

x-intercepts: - X2 +4=0
X2 -4=0
X+2)(x—-2)=
Ox=-2;x=2
b =0

The vertex is at x = =0. Since

28~ 2(-1)

f (0) =4, the vertex s (0, 4).
10
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210 213
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Chapter 2: Linear and Quadratic Functions Section 2.5: Inequalities Involving Quadratic Functions

The graph is above the x-axis when
) ) o The vertexisatx ==2 ==(0) = 0 . Since
—2 < x < 2. Since the inequality is strict, 2a 2(-1)

the solution set is X| —2<x<2 or, using
{ } p(0) =3, the vertex is (0, 3).

interval notation, ( -2, 2) . Q
g =<0
-x=-2<0 1 A3 10
-X=<2
22 } / - LO\

The solution setis x| x=-2 or, using
The graph of p is above the x-axis when

interval notatiOH, [_2, 0 ) : —ﬁ( X < \ﬁ Since the inequa"ty is nQ}—
f. f(x)>g(x) A
-x24+4>-x-2 strict, the solution set is { x| “NV3=<xs 3}
-x%+x+6>0 or, using interval notation, U—\/?T, S/ﬁ
We graph the function p(x)=—x2+x+6. ,
The intercepts of p are 29. f(x)=x"-4; g(x)=-x+4
y-intercept: p(0) = 6 a. f(x)=0
x-intercepts: -x24x+6=0 X2 —4=0
x2-x-6=0 (x-2)(x+2)=0
(x+2)(x-3)=0 X=2;Xx=-2
X=-2;x=3 Solution set: {—2,2 :
b () =1 1 ’
Thevertexisat x=2a = 2(-1) = =2 =2 . b. g(x)=0
(1\ 25 (;g ) -x>+4=0
Since p| | = ,the vertex is| |. )
\2) 4 \2 4 ) X —4=0
10 (x+2)(x-2)=0
X=-2;X=2 { }
-1 ,/' 10 Solutionset: -2,2.
/ \ c. f(x)=g(x)
-10 x2-4=-x>+4
The graph of p is above the x-axis when 2x°-8=0
-2 <x < 3. Since the inequality is strict, 2(x-2)(x+2)=0
{ }
the solution setis x|-2<x< 3 or, using X=2,Xx=-2
Solutionset: -2,2.
interval notation, (-2, 3) . { }

212 212
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Chapter 2: Linear and Quadratic Functions

g. f(x)=21
-x2+4>1
-x2+3>0
We graph the function p (x) = - x> +3.The
intercepts of p are
y-intercept: p(0) = 3
x-intercepts: — X +3=0
X2 =3

x=4 3

Section 2.5: Inequalities Involving Quadratic Functions

d fx>0
X =4>0
We graph the function f (x ) = X2 -4,
y-intercept: f (0) = -4

x-intercepts: X2 -4=0
x+2)(x-2)=0
X=-2;x=2

213 213
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Chapter 2: Linear and Quadratic Functions

2a  2(-1)

f (0) = -4, the vertex is (0, —4).

/

Wb

-10 10

-10
The graph is above the x-axis when x < -2
or x > 2. Since the inequality is strict, the
solution setis { x k< -2orx>2 } or, using
interval notation, (-~ , -2) U (2, = ).

g(x)<0
-x?>+4<0
We graph the functiong (x) = - x> + 4.
y-intercept: g(0) =4
2

x-intercepts: =X +4=0
X2 -4=0

X+2)(x—-2)=
Ox=-2;x=2

The vertexisatx = —2 =—@ = ¢ _ since

2a  2(-1)
g(0) =4, the vertex is (0, 4).
Ahx
-10 / \ 10
-10

The graph is below the x-axis when x < -2
or x > 2. Since the inequality is not strict,

the solution set is { x A<-20rx=2 }or,

using interval notation, (=, 2] U [2,~ ).

f(x)>g()x
Z-4>-x"+4

214

Section 2.5: Inequalities Involving Quadratic Functions

214

0. Since p(0) = -8, the vertex is (0, -8).
10

\lJ
\/

-10 10

-10
The graph is above the x-axis when x < -2
or x > 2. Since the inequality is strict, the

solution set is { xjx <-2orx>2 } or,

using interval notation, (==, =2) U (2, =) .
f(x)=1

X¥-421

x> -520

We graph the function p (x) = X2 -5

. y-intercept: p(0) = -5 x-intercepts:
x> -5=0

x’=5
x=+/5
(0)]
The vertexisatx = _ b _2(1) =
—2a =

0. Since p(0) = -5, the vertex is (0, =5).
10

\|/

-1 -..\/.- 10

-1
The graph of p is above the x-axis when

x < =J5orx> 5. Since the inequality is
not strict, the solution set is

{ Xlx s-V5orxz ‘é_} or, using interval

11

notation, (-°°,- SJUL 5, °°).
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Chapter 2: Linear and Quadratic Functions

x°-8>0

We graph the functionp (x) = 2x° - 8.

y-intercept: p(0) = -8

x-intercepts: 2x*-8=0
2(x+2)(x-2)=0
X==-2;x=2

215

215

Section 2.5: Inequalities Involving Quadratic Functions

30, f(x)=x2-2x+1g(x)=-x+1
f(x)=0
x2-2x+1=0
x-1)? =0
-1=0
=1
Solution set: {1} .
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Chapter 2: Linear and Quadratic Functions Section 2.5: Inequalities Involving Quadratic Functions

g(x)=0 =b _=(0) :
Th texisatx= — = =0. Since

210 evertexisatx = = 2-1)

x-1=0 g(0) = 1, the vertex is (0, 1).

x+1)(x=-1)=0
=-1; x =1 Solution

set: { -1,1} . 10 / \ 10
f(x)=g(x)

Z_2x+1=-x2

-10
2 oy
+12x%-2x=0 The graph is below the x-axis when x < -1
2x(x-1)=0 or x > 1. Since the inequality is not strict,
=0, x = 1 Solution . .
the solution setis { X< -1orx=1} or,
set: { 0,1} . o ]
using interval notation, ( ==, -1] U[1, = ).
df(x)>0x°-2 ,
X+1>0 f(x)>gz(x)x - 2x+
We graph the function f (x ) = x 2 = 2x + 1. 1>=x+1
x2-2x>0

y-intercept: f (0) =1

We graph the function p (x ) = 2x 2 - 2x..

x-intercepts: x > = 2x+1=0 :
y-intercept: p(0) =0

x-1)? =0 )
1=0 x-intercepts: 2x —2x=0
_1 X(x-1)=0
-b =(=2) 2 =0;x=1
The vertex isat x = = = =1. b -1=2) 2 1
2a  211) 2 The vertex is at x = = = _= .
Since f (1) =0, the vertex is (1, 0). (1) 1 2a 20) (f 12
10 Since ,= | =, thevertexis| = =
\2) 2 \2 2)
! 5
-10 \ / 10 /
X’ +1<0
-10 \We graph thelfunctiong (x) = -
The graph is above the x-axis when x < 1 or +1.

x> 1. Since the inequality is strict, the y-intercept: g(0) = 1

solution set is { x/x <1 orx>1} or, using xeintercepts: ¢ +1= 0
interval notation, (=, 1) U (1, = ). X2 -1=0
g(x)<0 x+1)(x-1)=
O0x=-1;x=1

216 216
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Chapter 2: Linear and Quadratic Functions Section 2.5: Inequalities Involving Quadratic Functions

-5 5

-5
The graph is above the x-axiswhenx <Qorx>1.

Since the inequality is strict, the solution set is { XX <

0orx>1} or, using interval notation, (==, 0) U (1, =

).
f(x)21x2-2x

+121

x2-2x20

We graph the functionp (x) =x 2 - 2x .
y-intercept: p(0) =0
x-intercepts: x 2-2x=0

X(x=2)=0

Xx=0;x=2

217 217
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The vertex is at x = _—b: :-(:21:2:1.
2a 2(1) =2
Since p(1) = -1, the vertexis (1, -1).
5
-5 / 5
-5

The graph of p is above the x-axis when
x <0 orx> 2. Since the inequality is not

strict, the solution set is {|x xs0orxz
2} or, using interval notation,

-, 0] U[2, ).

31 f(x)=x%-x-2g(x)=x2+x-2
f)=0
x2-x-2=0

x=2)(x+1)=0x
=2, x= -1 Solution

set: {-1,2} .

b.g(x)=0x2+x—2
=0
x+2)(x-1)=0
= -2; x =1 Solution
set: {-2,1} .

f(x)=9(X
-x-2=x%+x
-2-2x=0
x=0
Solution set: {0} .
f(x)>0
X¥-x-2>0
We graph the function f (x) =x 2 -x - 2.
£(0)= -2
x2-x-2=0
x-2)(x+1)=0
x=2;:x=-1

2

y-intercept:
X-intercepts:

Section 2.5: Inequalities Involving Quadratic Functions

\[/

T
-10 10

-10
The graph is above the x-axis when x < -1
or x > 2. Since the inequality is strict, the

solution set is { X k <-lorx> 2} or, using

interval notation, (==, =1) U (2, = ).
g(x)<0

X2 +x-2<0

We graph the function g (x) = x Z4x-2.

y-intercept: g(0) = -2

x-intercepts: x2+x-2=0
x+2)(x-1)=0
x=-2;x=1

The vertexisat x==R ==(1) = -1 Since

2a  2(1) 2
(| :l\|=:7,thevertexis(| - ,:7\|.
\2)a\2 4)
10
U/
-10 10
-10

The graph is below the x-axis when
-2 <x <1.Since the inequality is not strict,

the solution setis { x+ 2 <x <1} or, using

interval notation, [-2, 1] .

f(x)>g (X
-x-2>x%+x
-2-2x>0

x<0

The solution set is { Ax < O} or,

2

using interval notation, ( ==, 0) .
f(x)=1

218
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-b =(-1) 1
Thevertexisatx:—_:—L_)= . x2-x-221
Since 2a 2(1) 2 2
( l\ 9 _ 1 9\ X“=x-320 . ,
[~ = ,|the vertexis || ~ = We graph the functionp (x) =x“-x-3.
\2)4\2 4) y-intercept: p(0) = -3

219 219
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x-intercepts: x 2 -x-3=0

x=-1300rx=2.30
The vertexisatx = =R ==(=1)=1  Since

2a  2(1) 2
(1\‘2_13 h _(1_13‘\
\2) 4 2 4)
10
AN,
-10

The graph of p is above the x-axis when
X < l;\_/1__3 o x> 1_+3/_£ Since the

2 2
inequality is not strict, the solution set is

1- /3 1ag |

L or, using

X < or x=

| 2 2|

interval notation,

(o BB )
‘K 2 1L 2 J

32.f(x)=—x2—x+1; g(x)=—x2+x+6
a. f(x)=0
-x%-x+1=0

x2+x-1=0

- 1x[1°-4T -1
- —) O (2
X= - 21
( )

S ETEVISE

Section 2.5: Inequalities Involving Quadratic Functions

f(x)=9(x
x2-x+1=-x2+x
+6-2x-5=0
-2x=5
5
X=- 2
Solution set:ﬁ[—_SQ.
[ 2
d. f(x)>0

- -x+1>0
We graph the function f (x) = = x 2= x+1.
y-intercept: f(0)=-1
x-intercepts: —x 2 - x+2=0
X +x-2=0
/(¥ - 20D
e T
_leVisd 1246
2 2
x=-1.62 orx=0.62

The vertex is at x:_—b ::(_—11:—1:—1,
2a 2(-1) -2 2
. ( ( \
-1 5 -1 .
Sincef| % =7 the vertexis | 7|
L2 4 L2 4)
10
-10 / \ 10
-10

The graph is above the x-axis when
L—Z S <X< -1_+?~/—§ . Since the inequality

is strict, the solution set is

Jx _‘1;\5_<x< :li.[g] + or, using interval
L 2 2 )

290 220
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Chapter 2: Linear and Quadratic Functions Section 2.5: Inequalities Involving Quadratic Functions

2 2 , (-1- § -1+/5)
[ 1 notation, | k- N . ,___2___) [
; .o Zl- 5 -1+
Solution set: 4‘%’ \.IéN.
| 2 2| e. g(x)<0
L J )
b. g(x)=0 -X"+x+6<0
-x2+x+6=0 We graph the function g (x)=-x2+x+6.
X2 —X—-6=0 y-intercept: g(0) = 6
(x-3)(x+2)=0 x-intercepts: - x2+x+6=0
X:3.X:_2 XZ_X_GZO
Solutionset:{ -2,3. x=-3)(x+2)=0
' X=3;x=-2
991 221
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Chapter 2: Linear and Quadratic Functions Section 2.5: Inequalities Involving Quadratic Functions

a. The ball strikes the ground when s

The vertexisat x==R ==(1)==1 =1, 5
2a 2(_1) -2 2 (t):80t_16t =0.
\ 2
Since Hu“:&,mewnwsluhél. 80t - 16t =0
2] ¢ ‘24 16t (5-t) =
0t=0,t=5
"/\\ The ball strikes the ground after 5 seconds.
-10 / \ 10 Find the values of t for
which 80t - 16t% > 96
-16t 2 + 80t - 96 > 0
_ ~10 . We graph the function
The graph is below the x-axis when x < -2 2

or x> 3 . Since the inequality is not strict, f(t)=-16t +80t~-96. The intercepts

are y-intercept: f (0) = -96

i i < - >
the solution set is { XX<-20rx=3 } or, t-intercepts: —16t 2 + 80t — 96 = 0

using interval notatioh, ( =<, 2] U [3, «) 16(t% - 5t +6) = 0
16(t- 2)(t-3)=0
t=2,t=3
f(x)>g(x)
x?=x+1>-x?+x The vertex is att = —2 =8 5
+6-2x>5 2a  2(-16)
5 Since f (2.5) =4, the vertex is ( 2.5, 4).
X<-= 2 5
The solution set is { xlx < - 5} or, /\
using interval notation, (==, =)
g. f(x)=21 / \
-x2-x+121 0 5 S
; _

—x%-x20 The graph of f is above the t-axis when
We graph the function p(x)=-x 2-x. 2 <t< 3. Since the inequality is strict, the
y-intercept: p(0) = 0 solution set is {t|2 <t<3} or, using

. e y2_ .y

x-ntercepts: = x " =X - 0 interval notation, ( 2, 3) . The ball is more
X ( X+ 1) . than 96 feet above the ground for times
x=0;x=-1 between 2 and 3 seconds.

The vertex isat x = =o_—CD_1__1 , a. The ball strikes the ground when s

2a 2(-l) =2 2 (t)=96t—16£2=0.
Since | (— 1) =_1, the vertex is| [— 14 96t — 16t2 =0
L 2) 4 L2 4)
2 16t(6-1)=
0t=0,t=6

The ball strikes the ground after 6 seconds.
"2 P strict, the solution setis { x -1 < x <
0}

-2 _ or, using interval notation, [-1, 0] .
The graph of p is above the x-axis when
-1 <x<0. Since the inequality is not
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Find the values of t for which We graph f (t) = -16t 24 96t — 128 . The
96t - 16t> > 128 intercepts are
~16t2 + 96t - 128 > 0 y-intercept: f (0) = -128

217
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t-intercepts: —16t 24 96t-128 =0
16(t2-6t+8) =0
-16(t-4)(t-2) =0

t=4,t=2
The vertex isatt == ==(96) =3 . Since
2a  2(-16)

f(3) =16, the vertex is ( 3,16).

20

0

! ]
-5
The graph of f is above the t-axis when
2 <t<4. Since the inequality is strict, the
solution setis { 42 <t<4 } or, using
interval notation, ( 2, 4) . The ball is more

than 128 feet above the ground for
times between 2 and 4 seconds.

a. R(p)=-4p2+4000p=0

4p(p-1000)=
0p=0,p=1000
Thus, the revenue equals zero when the
price is $0 or $1000.
Find the values of p for which

4 p 2+ 4000 p > 800,000

4p 2+ 4000 p - 800,000 > 0

We graph f (p) = - 4 p 2 + 4000 p - 800,000 .

The intercepts are
y-intercept: f (0) = —800,000

p-intercepts:
-4 p 2+ 4000 p - 800000 = 0
p 21000 p + 200000 = 0

= —(=1000) +\{~1000)2 -
4(1)(200000) 2(1)

1000 + €00000

2
1000 + 200 5/_
2

Section 2.5: Inequalities Involving Quadratic Functions

Since f (500) = 200,000, the vertex is
(500, 200000).
250,000

0 1000

! |
-50,000

The graph of f is above the p-axis when

276.39 < p < 723.61. Since the inequality

is strict, the solution set is

{ $276.39 < p < 723,61} or, using interval

notation, ( 276.39, 723.61 ) . The revenue is
more than $800,000 for prices between
$276.39 and $723.61.

a. R(p):—12p2+1900p:0

l2p(p—3800):0

p=0,p=3800
Thus, the revenue equals zero when the
price is $0 or $3800.
Find the values of p for which

l2 p 2+ 1900 p > 1200000

l2 p 2+ 1900 p - 1200000 > 0

We graphf(p)=- l_p 2 41900 p - 1200000 .
2

y-intercept: f (0) = -1, 200,000

: 1
p-intercepts: = 2 p 2 41900 p — 1200000
2

=0p - 3800p+ 2400000 =0
p —800) (p —3000)
=0 p = 800; p = 3000

500 £ 100 5
p=276.39; p=723.61.

218
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= 1900, Fieed {49904 605800 , thexBEAR)is
2W2) (1900, 605000). 22
The vertexisat p = =b _=(4000) =500.

2a  2(-4)

219
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1,000,000
0 ! n 4000
-100,000

The graph of f is above the p-axis when
800 < p <3000 . Since the inequality is strict,

the solution set is { p/800 <p <3000} or,

using interval notation, ( 800, 3000) . The
revenue is more than $1,200,000 for prices

between $800 and $3000.
(x-4)%2<0
We graph the functionf (x ) =(x - 4)2 .
y-intercept: f (0) = 16

x-intercepts: (x — 4) 2-9

The vertex is the vertex is (4,0 ) .

/.

-10
The graph is never below the x-axis. Since the
inequality is not strict, the only solution comes
from the x-intercept. Therefore, the given
inequality has exactly one real solution, namely
X=4.

-10

(x-2)%2 >0
We graph the function f (x) = (x - 2)2 .
y-intercept: f (0) = 4
x-intercepts: (x - 2) 2-9
x=-2=0
X=2

220

Section 2.5: Inequalities Involving Quadratic Functions

The vertex is the vertex is (2,0)..
10
-10

The graph is above the x-axis when x < 2 or
X > 2. Since the inequality is strict, the solution

setis { xlx <2 orx> 2} . Therefore, the given
inequality has exactly one real number that is not
a solution, namely x # 2 .

Solvingx2+x+1>0

We graph the function f (x) =x 2 + x + 1.
y-intercept: f (0) =1

x-intercepts: b 2 - 4ac = 1% - 4(1) (1) = -3,
so f has no x-intercepts.

- b -

The vertex isatx =~ = =-

2a  2(1) 2
(|_1\ 3

. Since

1 3)

|= " thevertexis |==, |

\2)a\24)”
10
-10 wajf 10
-10

The graph is always above the x-axis. Thus, the
solution is the set of all real numbers or, using
interval notation, (==, «).

Solvingxz—x+1<0
We graph the function f (x) =x 2 - x + 1.
y-intercept: f (0) =1
x-intercepts: b 2 _gac= (—1)2 -4(1)(1)=-3,s0
f has no x-intercepts.
b (=D 1

Since 2a2(1) 2 .

(_1\| 3l- =

The vertex is at x

\2)4\24)

Copyright © 2015 Pe&48n Education, Inc.
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, the vertex is §| —l 3
|

221
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Section 2.5: Inequalities Involving Quadratic Functions

10 45, a. 18
_10 10 244 o - B 5 1 og
-10 -J.U -
The graph is never below the x-axis. Thus, the Using the LINear REGression program, the
inequality has no solution. That is, the solution line of best fitis: C (H) = 0.3734H +7.3268
setis{}org. If height increases by one inch, the head
Ifthe i litv is not strict include th circumference increases by 0.3734 inch.
the nequality IS nO strict, we include the x- C(26) = 0.3734(26) + 7.3268 = 17.0 inches
intercepts in the solution. ] ) ]
To find the height, we solve the following
Since the radical cannot be negative we equation:
determine what makes the radicand a 17.4 =0.3734H + 7.3268
nonnegative number. 10.0732=0.3734H
10-2x20 26.98 ~ H
—2x2-10 A child with a head circumference of 17.4
X<5 inches would have a height of about 26.98
So the domainiis: { x|x<5} . inches.
f(—x)=_(_x)(—::)2
+9
- i(x) Section 2.6
X +9”
R =3x

Use LIN REGression to get
y =1.7826 x + 4.0652

3
_ 1 1
a. R(x):x(| -_6X+100\|=-—6x2+100x
x=9
The quantity sold price cannot be
b. negative, so x = 0 . Similarly, the price
should be positive,sop >0.
YA 1
~6x+100>0
5 1
~6 x>-100
9,0) A X < 600
> X Thus, the implied domain for R is
> {x|0<x<600}or [0, 600) .
& c. R(200)=- l6 (200)2 + 100(200)
{‘ (QI‘ -I6)‘ i '

222
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— 20000
== + 20000

400300
= $13,333.33
3

223
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X = zb =-100 = =100 = 300 = 300

2a 2(-16) (-1) 1

The maximum revenue is

1
R(300) = - 6 (300)2 + 100(300)

-15000 + 30000
$15,000

1
p =-"6 (300) + 100 = =50 + 100 = $50

a R(x):x(| —13X+100\|=—13x2+100x

)

The quantity sold price cannot be
negative, so x 2 0. Similarly, the price

should be positive, sop > 0.
1
=3x+100>0
1

3x>-100

x <300
Thus, the implied domain for R is
{x]0<=x<300}or [0, 300).
1

R(100) = - 3 (100)2 + 100(100)

_ =10000

C.

+ 10000

3
20000
=~ $6,666.67

3
X = zb =-100 = -100 = 300 = 150

2a 2(—;3) (*—23) 2
The maximum revenue is

1

R(150) = - 3 (150)2 + 100(150)

—7500 + 15000 = $7,500 e.

224

The maximum revenue is
R(50) = - 1 (50)? + 20(50)
5
=-500 + 1000 = $500
d. =100-50 - 50 -
5 5
1
GraphR=- 5x2+20xand R =480 . Find

where the graphs intersect by solving

15
480 = - 75 x2 + 20x .

1
x2-20x+480=0
5

x=40)(x-60)=0
=40,x =60

Solve for price.
=-5p+ 100

40=-5p+100 = p=$12
60=-5p+100 =>p=9%8

The company should charge between $8 and
$12.

500 = x
a. Ifx=-20p +500, thenp = -
20
(500-x) 1,

Copyright © 2015 Ped@#4én Education, Inc.
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1
p =-"3(150) + 100 = =50 + 100 = $50

5. a Ifx=-5p+100, then p =% ;X.
(100 -x ) 1

R(x)=x| |=- _x2 +20x
\ 5/ 5

1

b. R(15)=-" (15)° +20(15)
5

= —45 + 300 = $255

225

R(X)=x| | == — x + 25X

L 20 /) 20

1
b. R(20) = - 0 (20)? + 25(20)
= -20 + 500 = $480
b -25 -25 250

C. X= A .= = 250.
20 =2(-7) =(-7) 1
20 10
The maximum revenue is
2

R(250) = - -1(250) +25(250)

20
= -3125 + 6250 = $3125

e

ﬁl‘ltﬂ“!tl\:titl‘l Inkersection

[H26 mammmmms P24 cmmmmma A2 B0 mammmmmatf =B
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500 = 250 = 250 =

p$12.50
2020

GraphR:—29—1x2+25xandR:3000.

Find where the graphs intersect by solving
1

3000=-20 x°+25x.

S

Inkerseckion
i e T ] p—

T x4-25x+3000=0

20

X = 200)( X - 300) = 0
=200, x = 300

Solve for price.

=-20p + 500
300 =-20p +500 = p =$10
200=-20p +500 = p = $15

The company should charge between $10
and $15.

a. Let w = width and I = length of the
rectangular area.
Solving P = 2w + 21 = 400 for | :

| 220022 W _p50
2
Then A(w) = (200 - w) w = 200w — w?
- w2+ 200w

=b_=200_-200_

b.w= 100

yards2a2(-1) -2
A(100) = —1002 + 200(100)
-10000 + 20000
10,000 yd?

a. Let x = width and y = width of the rectangle.
Solving P =2 x + 2y = 3000 for y:

y= % = 1500 - x.

Then A(x) = (1500 — x )x
= 1500x — X
= - x% + 1500x.

2a  2(-1) -2

. A(750) = -7502 + 1500(750)
= —562500 + 1125000

= 562,500 ft2

9. Let x = width and y = length of the rectangle.
Solving P =2x +y = 4000 for y:

y = 4000 - 2X .
Then A(x) = (4000 - 2x )x

= 4000x — 2x°

= - 2x% + 4000x

x =20 =24000 -==4000 = 1000 meters
2a 2(-2) -4

maximizes area.

A(1000) = - 2(1000)2 + 4000(1000) .

—-2000000 + 4000000

2,000,000
The largest area that can be enclosed is
2,000,000 square meters.
Let x = width and y = length of the rectangle.
2x +y =2000

= 2000 - 2x

Then A(x) = (2000 - 2x )x

= 2000 - 2x°

= - 2x% + 2000x

x = b ==2000 ==2000 = 500 meters
2a 2(-2) -4
maximizes area.
A(500) = - 2(500)? + 2000(500)
-500,000 + 1,000,000
500,000

226
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The largest area that can be enclosed is 500,000
square meters.
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2

—32x¢ 8
11. h(x)= +x+200=-—"=x%+x+200
(50 625

Z

8
a=-625",b=1,¢=200.

The maximum height occurs when
b -1 625

x=2a =2(-8/625) = 16 = 39 feet from

base of the cliff.
The maximum height is

(6257 - (62_5}2 22, 000

h‘_ T —

\ 16) 625\ 16) 16
7025

32 = 219.5 feet.

c. Solvingwhenh (x)=0:
8
625 x2+x+200=0

-1+ \/12 - 4(-8/625) (200)

X =
2(-8/625)
x= —1+~/11.24

- 0.0256

x=-91900rx=170

Since the distance cannot be negative, the
projectile strikes the water approximately
1702 E%et from the base of the cliff.

Haximum

bt HiT el | R s B s e
x

06 200

Using the MAXIMUM function

FoU

0L.0Z3EE LV=0

8
625 x 2 +x+ 200 = 100

8 2
025 x“+x+100=0

x = y/12 ~4(-8/ 625)(100) ==1+ 16.12

2(-8/625) -0.0256
x = =57.57 or x = 135.70

Since the distance cannot be negative, the
projectile is 100 feet above the water when it
is approximately 135.7 feet from the base of

the cliff.

—32X 2

a. h(x)= 2+x:—_x + X

2625

a=-_-2,b=1,c=0.
625

The maximum height occurs when

s -1 = 625

x=2a =2(-2/625) = 4 =156.25 feet

The maximum height is
( 625} -2 ‘( ezﬂ2 625

—

h|j—— | =—|—

4 625 4 4
v ) U )

62—58 = 78.125 feet

¢. Solvingwhenh (x)=0:
6252x2+x20
(l —6252“1):0
)
00 200

Using the ZERO function
250

223
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x=0 or ——2x+1:0

00 200
x=0 or =625 X
x=0 or x:%:312.5

Since the distance cannot be zero, the
projectile lands 312.5 feet from where it was

fired.
00

(o]5; 350

Using the MAXIMUM function

223
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100

E00l _Y=FB.A2E

Lt
od 350

Using the ZERO function
100

0 350

Solving when h ( x) =50 :
2

625 x2+x=50
2

625 x2+x-50=0

= Jltlz =4(=27

625)(-50) 2(-2/ 625)

-1+v0.36 = =1+ 0.6

-0.0064 -0.0064
Xx=62.50rx =250

The projectile is 50 feet above the ground 62.5
feet and 250 feet from where it was fired.

Locate the origin at the point where the cable
touches the road. Then the equation of the

parabola is of the form: y = ax 2 , Where a > 0.
Since the point (200, 75) is on the parabola, we
can find the constanta :

. 7
Since 75 = a(200)?, then a = 2@@—52 =0.001875 .

When x = 100, we have:
= 0.001875(100)° = 18.75 meters .

(-200,75) y (200,75)

200 (©0) 100 200

feet, when x = 0, y =k = 25 . Since the point
(60, 0) is on the parabola, we can find the

constanta : Since 0 = - 51(60)2 + 25 then

a= 2—5._The equation of the parabola is:
602
_i029)
(-60,0) (0,0) 10 20 40 (60,0)
Atx=10:

h(10) = —E 102 + 25 = - 2 +25=24.3 ft.

602 36
25 25
h(20)=-60 2(20) +25=-  Q+25=222ft.
Atx=40:
h(40) = - 602>, (40)% + 25 = - 100g , »5~ 1301,

Locate the origin at the point directly
under the highest point of the arch.
Then the equation of the parabola is of

theform:y:—ax2+k,

where a > 0. Since the maximum height is
25
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: _zb _ =1 _Zi2_
a. Let x = the depth of the gutter and y the width of the when x = e -1) T4
gutter. Then.A =Xy is the .cross— sectional area of Thus, a depth of 3 inches produces
the gutter. Since the aluminum sheets for the gutter . .
. - . a maximum cross-sectional area.
are 12 inches wide, we have 2x +y = 12 . Solving
fory:

_ o Graph A= -2x2 +12xand A = 16 . Find
y =12 - 2x. The area is to be maximized, so:

where the graphs intersect by solving 16
A=xy=x(12-2x)=-2x 2 4+ 12x . This equation = —2%% + 12x .
is a parabola opening down; thus, it has a maximum

224
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/ — / =
Intersection \ Inkerseckion
=i ¥=16 =y ¥=16

2x2-12x+16=0
2 _6x+8=0
X=4)(x-2)=0
=4,x=2

The graph of A = —2x 2 4 12x is above the graph

of A = 16 where the depth is between 2 and 4

inches.

16. Let x = width of the window and y = height of
the rectangular part of the window. The

perimeter of the window is: x + 2y + n_>; = 20.

Solvingfory: 'y :MA_HX' .
The area of the window is:

(40-2x-mx) 1 [x)

AX) = X | =—— |+—m -

\ 4 )2 \2)

= 10x —x 2 -mx ? + mé

f 1—H\§2+10x4 8
|k 28 |)

This equation is a parabola opening down; thus,
it has a maximum when

w2 o 20 10 s

w TR A

L2 8) U 4)
y = 40-2(5.60) ~TI(5.60) = 2.8 feet
4

225 9295
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Solving for x :
X+ 2y=1500
X =1500-2y
_1500-2y
oo
The area of the rectan%le is:
A=xy=| 1500-2y y:iyz +1500y
T ) m m

This equation is a parabola opening down; thus,
it has a maximum when

1500

Afidsare= @%%eﬁ??rg%y ZABhdters.

The dimensions for the rectangle with maximum

Let x = width of the window and y = height of the
rectangular part of the window. The perimeter of
the window is:
3X+2y=16

=16-

3x 2
The area of the window is

t T |
Ax)zxM&‘ﬂ\ +7 3%
\ 2 ) 4

N Jw

i AT
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The width of the window is about 5.6 feet and the This equation is a parabola opening down; thus,
height of the rectangular part is approximately 2.8 it has a maximum when
feet. The radius of the semicircle is roughly 2.8 w==2 - =8__
feet, so the total height is about 5.6 feet. 2a 2{ __3 +£7
Let x = the width of the rectangle or the diameter of \ 2 4)
the semicircle and let y = the length of the —8 16
- J
rectangle. The perimeter of each semicircle is _ 3 +@ = -6+3 =375ft
_ =-3 +=

X
2 . The perimeter of the track is given
The window is approximately 3.75 feet wide.

m.X 1.X - -16

y:_&._6+\é—_2:—_—6:‘- : =8+ 24
2 2 -6++3
The height of the equilateral triangle is

226 226
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25. a.
3@(‘_16 - \1—_ ;Siifeet, so the total height is a

T
3

20 -6+ 3) -6+

—_— e
gr—2, B3 oo : 5

—6+B3 —6+4/3 ; n

Wearegiven:V(x):kx(a—x):—kx2+akx
. The reaction rate is a maximum when:

X=-b= —ak =ak = a. 150 &

2a 2(-k) 2k 2

From the graph, the data appear to follow a
quadratic relation witha < 0.

We have:
a(-h )2 +b(-h)+c=ah 2 _ph+ Using the QUADratic REGression program
c=yoa(0)*+b(0)+c=c=y1
y=ax2+bx+c
a(h)?+b(h)+c=ah?+bh+c=y a=-43.33464286
Equating the two equations for the area, we have: b=4184.883214
yo+4yi+yz=ah?—-bh+c+4c+ah?+bh+c c=-54062. 43902
= 2ah 2 + 6c. )
Therefore, I (x)=-43.335x +4184.883x - 54,062.439
h h
Area = 3(2ah2+6c): 3 (yo+4y1+y2)sq. units. C. X= s _Al883 04
2a  2(—4:.335)
) An individual will earn the most income at
f(x)=-5x“+8h=1 about 48.3 years of age.
h 1

The maximum income will be: 1(48.3) =

_ 2 _ B _ 2
area= 3 (2an° o) = 3 (2907 60) —~43.335(48.3)2 + 4184.883(48.3) — 54,062.439

l3 (10 +48) = @3 sq. units $46,972

e. 50,000

22. f(x)=2x2+8, h=2
h 2 2 2
Area=3(2ah +6c)=3 (2(2)(2) +6(8))

23 (16 +48) = 23 (64) = @3 $q. units

f(x)=x2+3x+5h=4

Area=13 (2an? + 60) = 23 (2@ + 65) 2. 2. 80

227 227
CopyRRhLR a0 RERR G SRS N Ghe.
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4 & 4 B og =
—3(32+30)= 3 sq. units o =

24, f(x):—x2+x+4, h=1

h 2 1 ( 2 00 220
= =13(2(-1)(1
Area=3(2ah +6c)=3(2CUD) + 6(4)) From the graph, the data appear to follow a
1 1 22

= == . quadratic relation witha <0 .
=3 (-2+24)=3(22) = 3 sq. units

228 228
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Using the QUADratic REGression program

h (x)=—0.0037 x 2 + 1.0318 x + 5.6667

-b= -1.0318 =
——139.4
C. X 2a 2(00037)
The ball will travel about 139.4 feet before
it reaches its maximum height.
The maximum height will be: h(139.4) =
-0.0037(139.4)% + 1.0318(139.4) + 5.6667
77.6 feet
€.80
0 220
0
27. a 1800
& a
o
o
-}
o
-}
- o
qoo [T e ] 1100
1000

From the graph, the data appear to be
linearly related withm >0 .

Using the LINear REGression program

gy=ax+b

a=. 9532269859
lb=704. 1857379

R (x ) = 0.953x + 704.186
R(850) = 0.953(850) + 704.186 = 1514

The rent for an 850 square-foot apartment in
San Diego will be about $1514 per month.

229 299
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28.

29.

L SRS ESS RS PY

From the graph, the data appear to follow a

quadratic relation witha < 0.

Using the QUADratic REGression program

HuadReg
u=axE+hx+c

M (s) = =0.017s 2 + 1.935s - 25.341

M (63) = —0.017(63)2 +1.935(63) — 25.341
29.1
A Camry traveling 63 miles per hour will
get about 29.1 miles per gallon.

125

10]=2 45
0

From the graph, the data appear to follow a
quadratic relation witha <0 .

Using the QUADratic REGression program

y=ax2+bx+c

a=-.4834761905

b=26.35557143
lc='251.3415238

B (a) = -0.483a ? + 26.356a - 251.342

2

B(35) = —0.483(35) + 26.356(35) - 251.342
79.4

HGALQRoH S,
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The birthrate of 35-year-old women is about
79.4 per 1000.

230 230
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30. a. 2; ==

67 95
13

From the graph, the data appear to be
linearly related withm >0 .

Using the LINear REGression program

C (x) = 0.233x - 2.037

C(80) = 0.233(80) — 2.037 = 16.6
When the temperature is 80°F , there will be
about 16.6 chirps per second.

Answers will vary. One possibility follows: If the
price is $140, no one will buy the calculators,
thus making the revenue $0.

-2#5= (-1)(225) = 15i
d= (g-x1)"+(y2-y1)°
J(D) =97+ (5 - (-7))°
(-57+(12)
= poritt= f69=13
(x=h)2+(y-k)?=r2
(x - (-6)%+ (y - 0> ={ 7)?
X+ 6)2 + y2 =7

(8 B2~ 4(5)(-3) -8+ K4+60

35, 2(5) 19—
=-8+/124 =-8+2+/31 =-4+ 31

10 10 5
So the zeros z7lre:.‘4—+\/.3—_1 i‘é—T
5 5

Section 2.7

True; the set of real numbers consists of all
rational and irrational numbers.

10 - 5i

2 -5i
True

9i

2+3i
True
f(x)=0

244=0
2.4
X = #./-4 = £2i

The zero are —2i and 2i .
-"

0,4)
2_
L1 1 I N
f(x)=0
2-9=0
X =+,/9=43

The zeros are =3 and 3.

N
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Integers: {-3,0}

Rationals: { -3, 0, QS}

232 232
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Chapter 2: Linear and Quadratic Functions

f(x)=0
2_16=0
2-16

x = /16 = +4

The zeros are =4 and 4.

(0, —16)

f(x)=0
2125=0
2 =25
= +,[- 25 = #5i
The zeros are —5i and 5i .

YA

40\

f(x)=0

x2-6x+13=0
=1,b=-6,c=13,

2 _4ac = (- 6)° - 4(1)(13) = 36 - 52 = 16

X==(=8) /) -16=6+4i=3+7j
2(1) 2

Section 2.7: Complex Zeros of a Quadratic Function

The zerosare 3 —2iand 3 + 2i .

f(x)=0
x2+4x+8=0
a=1b=4,c=8
b? - 4ac = 4% - 4(1)(8) = 16 - 32 = -16
—ardie _4x i,

2(1) 2
The zerosare =2 —-2iand -2 + 2i .

201

(0.8)

(—2-4)4_
I N T N N ] &
-6 -4 -2 2
f(x)=0
x2-6x+10=0
=1,b=-6,c=10

b2 - 4ac = (- 6)? - 4(1)(10) = 36 - 40 = - 4

—(— i
coBE s g,

2(1) 2

233 233
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Chapter 2: Linear and Quadratic Functions Section 2.7: Complex Zeros of a Quadratic Function

The zerosare 3 —iand 3 +1i.

(0,10) ¢ (6.10)

=2
f(x)=0
2
= X“+6x+1=0
f(X)Z—O :1,b:6,C:1
X“=-2x+5=0 ) ., ) .
=1,b=-2¢=5 b _4aCJ_6 —4(1)(135—36—4_32
- —bx — —b* _
b2-4ac=(-2)%-4(1)(5)=4-20=-16 x= =6£33 6+42 — 3422 [
[ : 2(1) 2
x==2 ;(1) 102 142| =1£2i The zerosare =3 — 2+/2 and -3 + 242, or

approximately —=5.83 and —0.17 .
The zerosare 1- 2i and 1+ 2i . )

V

f(x)=0
f(x)=0 x2+2x+1=0
x2-4x+1=0 a=2,b=2c=1
=Lb=-4c=1 b?-4ac=(2)>-4(2)(1)=4-8=-4
b2 - 4ac=(-4)? - 4(1)(1) =16 - 4=12 coida 040 1L
X = = N
_ iz b 1 2(2) 4 27
X = = =2+/3
2(1) 2 11 11

The zerosare = =2 - =2iand - =2+ =2i.
The zeros are 2 — \/_3 and 2 +\/§ , or

approximately 0.27 and 3.73.

234 234
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Chapter 2: Linear and Quadratic Functions

f(x)=0
32 +6x+4=0
a=3,b=6,c=4
b2 - 4ac = ( 6)% - 4(3)(4) = 36 - 48 = -12

X = —61‘\L1 __61.2&:—11 \[3_

2(3) 6 3
The zeros are —1—%iand -1+ \—/%i.
(—-1,1)
f(x)=0
x2+x+1=0
=1,b=1c=1,
2-4ac=12-41)1)=1-4=-3
cocleds _cisbi 1,43,
2(1) 2 272
The zeros are -1 —ﬁi and ——1+ l@i.
2 2 2 2

.v

(0,1)

[ T T D« I I IR

=0
I

CopypghEIR EPIaREes

Section 2.7: Complex Zeros of a Quadratic Function

f(x)=0
x2-x+1=0
=1,b=-1c=1

2_qac=(-1)2-41)1)=1-4=-3

X:_{_l)i‘\/__?):l"_"“\é_i :li\/_gi

2(1) 2 2 2
J v

The zeros are 13 and l+ §i.
2 2 2 2

.\.

f(x)=0
—2x2+8x+1=0
=-2,b=8c=1
2-4ac=82-4(-2)(1)=64+8=T2
x==8t12- -8+62/_ 4232/ _ 5, 34

2(-2) -4 2 2

The zeros are 443—? and47+dE ,or

approximately -0.12 and 4.12.

)

(—0.12.0)

f(x)=0
—3x2+6x+1:0
=-3,b=6,c=1

2 _4ac=62-4(-3)(1)=36+12=48

w==6+/48 _ —6+43 _ 3428 _ 4,28

HGALQRoH S,
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2(-3) -6 3 3
The zeros are 322 g— andﬂ;@ ,or

approximately —-0.15 and 2.15.

236 236
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Chapter 2: Linear and Quadratic Functions

(—0.15.0) (2.15.0)

3x2-3x+4=0
a=3,b=-3,c=4

b2 -4ac=(-3)%-4(3)(4)=9-48=-39

The equation has two complex solutions that are
conjugates of each other.

2x%-4x+1=0
a=2,b=-4,c=1

b2-4ac=(-4)%-4(2)(1)=16-8=8
The equation has two unequal real number
solutions.

b2-4ac=3%-4(2)(-4)=9+32=41

The equation has two unequal real solutions.
2 — A=
X +2x+6=0a=

1,b=2,c=6

b2-4ac=(2)2%-4(1)6)=4-24="-20
The equation has two complex solutions that are
conjugates of each other.

9x2-12x+4=0

a=9,b=-12,c=4

b2 - 4ac = (- 12)2 - 4(9)(4) = 144 - 144 =
0 The equation has a repeated real solution.

4x%+12x+9=0a=

CopypghEIR EPIaeRERadikaaH o e,

Section 2.7: Complex Zeros of a Quadratic Function

t*-16=0

(2 -a)t2+24)=0
t2=4 ?=-4
=42 t=42i

L

yt-81=0
(y2-9)(y*+9)=0

y=%3 y=43i

F(x):x6—9x3+8:

0x3-8)xc-1)=0
(x—2)(x2+2x+4)(x—1)(x2+x+1):O
2i2x+4=0->a=1b=2c=4

w= 220J2%-4(4) _ =2+ 12 _ —242i g

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

x2+x+1=0—a=1b=1c=1

R G SNy

2(1) 2 2
-2 3_[2 i

The solution set is 4[—1 +i3, -1+ iﬁ ,2,1]?
L 2 2 )

P@z)=2%+283+27=

0z3+2nB+1)=0

4,b=12,c=9
b?-4ac=122-4(4)(9) =144 - 144 =

0 The equation has a repeated real
solution.
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@+3)(z2-32+9)z+1)z%-2+1)=0

238 238
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Chapter 2: Linear and Quadratic Fugstio®s 2.8: Equations and Inequalities Involving the Absolute Value Function

22-37+9=0

—1b=-3c=9 Local maximum: (0,0)

Local Minima: (-2.12,-20.25), (2.12,-20.25)

2 Increasing: (-2.12,0), (2.12,4)
2= =(=3) £4/(=3)" - 4(9) —3“—“’42_7_ D(igreasing: (-4, -2.12), (0,2.12)

2(1) 2 y=
-3£3i/3 -3 4 803 2
2 2 2 o4 = k_: k__
52—z+1;0—»a:Lb:—Lc:1:lii3 52 25
sAsdala T y = 600
2(1) 2 2 T
143 X2
1453
The solution set is 531 E.E ifi,—& —ﬂ% Section 2.8
2 2 2 2
L J Xxz-2
| | Il | Il | Il r -
3. f(x)= X g(x) =X%2 L T
X+1 X
(g- H)(x) = xt2 - JX The distance on a number line from the originto a
X x+1 .
is a fprlany real number a .
=(x+Qx+ 1) - x(x)
X(x+1) X(x+1) 4x-3=9
BPLEIEY S o x=12
Xx(x+1) x(x+1) x =3
= x24+3x+2-%2 The solution set is {3}.
X (x+1) 3x=2>7
= 3+ 21 3x>9
X (X +
(x+1) >3
[ ] [
36. a. Domain: -3,3 Range: -2,2
Intercepts: ( -3,0),(0,0),(3,0) -1<2x+5<13
Symmetric with respect to the orgin. -6<2x<8
The relation is a function. It passes the 3<x<4
vertical line test. ] ]
37 The solution setis { x | -3 <x <4} or,
25 using interval notation, ( -3, 4) .

E
N

-25
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Chapter 2: Linear and Quadratic Fugstio®s 2.8: Equations and Inequalities Involving the Absolute Value Function

6. Tograph f(x )3 x—|3, shift the graph of {x|x <0 orx> 4} or, using interval
y=|x| tothe right 3 units. notation, (==, 0) U (4, «) .
f(x)= x-3 15. a. Since the graphs of f and g intersect at the
points (-2,5) and (3,5) , the solution set of

f(x)=g(x)is{-2,3}.
1 b. Since the graph of f is above the graph of g

-10 T 10 to the left of x = -2 and to the right of
T x =3, the solution set of f (x ) = g (X) is
10y {x|x<-2o0rx=23}or, using interval
—a:a notation, (=~ , =2] U [3, =) .

Since the graph of f is below the graph of g

-—a<u<a when x is between -2 and 3, the solution
setof f(x)<g(X)is{x|-2<x<3}or,
using interval notation, (-2, 3) .

I\

True a. Since the graphs of f and g intersect at the
Since the graph of f is above the
graph of g to the left of x =0 and to
the right of x = 4 , the solution set of

f(x)>g(x)is

False. Any real number will be a solution of
| |> =2 since the absolute value of any real
number is positive.

False. u :1 a} isequivalenttou<-aoru>a.

a. Since the graphs of f and g intersect at the
points ( -9, 6) and (3, 6) , the solution set of
(x)=g(x)is{-9,3}.
Since the graph of f is below the graph of g
when x is between -9 and 3, the solution
setoff(x)<g(x)is{x|-9=<x<3}or,
using interval notation, [ - 9, 3] .
Since the graph of f is above the graph of g
to the left of x = -9 and to the right of
=3, the solutionsetof f (x)>g (x)is
{x|x<-9orx>3}or, using
interval notation, (==, = 9) U (3, =) .

a. Since the graphs of f and g intersect at the
points (0, 2) and (4,2) , the solution set of
(x) =9 () is {0, 4} .
Since the graph of f is below the graph of g
when x is between 0 and 4, the solution set
of f(x)<g (x)is{x|0<x<4}or, using
interval notation, [0, 4] .

240 240
CopypehtiQ P eRER0 A GatoRsINGhC.



Chapter 2: Linear and Quadratic Fugstio®s 2.8: Equations and Inequalities Involving the Absolute Value Function

points (—4,7) and (3,7) , the solution set of f
x)=g(x)is{-4,3}.

Since the graph of f is above the graph of

g to the left of x = -4 and to the right of

X =3, the solution set of f (x ) 2 g (X) is
{x|x<-4orx=3}or, using interval
notation, (-« , =4] U [3, ).

Since the graph of f is below the graph of g
when x is between -4 and 3, the solution set of f
(x)<g(x)is{x|-4 <x<3}or, using interval
notation, (-4, 3) .

X =6 | |
=6o0orx=-6

The solution set is {-6, 6}.

x =12 | |
=12o0rx=-12

The solution set is {-12, 12} .

2x+3=5 | |
2X+3=5or2x+3=-5
2Xx=2or
2
Xx=-8
x=1 or X==-4

The solution set is {-4, 1}.
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Chapter 2: Linear and Quadratic FuBetitios 2.8: Equations and Inequalities Involving the Absolute Value Function

20. [3x-1] =2 26 5— Ay =3
3x-1=20r3x-1=-2 2
3x=3or x=-1 1
x=1 or x=-1 Tl2x|=-2
3
—1x =2
1 2
The solution set iS{—g ,1}. 1 1
T x=2o0r 5 x=-2
2 2
21. |1-4t| +8=13 X=4 or x=-4
|1—4t| -5 The solution set is }—4,4.
1-4t=50r1-4t=-5
2
-4t=4o0r  -4t=-6 27. < |x|=9
t=-1 or t=3 3
27
2 - IX-: 2
3 21 21
The solution setis { ~1,2 } . x=2 or x=- 2
. . 21 27
22. |1-2z § +6=9 The solution setis | =" "5}
1—22I =3
1-2z=30r1-2z =-3 28. 3|x|=9
-2z=20r -2z=-4 [ ]
z=-1 or z=2 x =12
The solution setis  —1,2. x=12 o x=-12
The solution set is {12, 12}.
23.|-2x|=8
-2x=8 or —-2x=- 29 |X+2]=2
8 35
X=-4 or x=4 X, 2 X, 2_
The solution set is {4, 4}. 3tgT 2 O Frg=o2
5x+6=30 or 5x+6=-30
24. [-x[=1 5x=24 or 5x =-36
The solution set is {1, 1}. x=5 or Xx=-5
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25. 4-|2x | =3 The solution set is {— %2—5}
|2x |: -1
|2x |: 1

2x=1lor2x=-1x

:120rx:—12

The solution set is { - l2 , l2 } .
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30.

1.
|-

NP N

-1=10r X-1=-
3 2 3

3Xx-2=60r 3x-2=-6
3x=8 or x=-4

x=8 or x=-4
3 3

The solution set is { - 43 , §3 } .

ut2=1L

No solution, since absolute value always yields
a non-negative number.

2 T vV = 1—1
No solution, since absolute value always yields
a non-negative number.

xz‘—9=0(

2-9=0

The solution set is {-3,3} .

xz‘— 16:q
2_16=0

2216
X=%4

The solution set is {-4,4} .

x2‘—2x =F
x2—2x=3or x2-2x=-3

x2—2x—3:00rx2—2x+3:o

X-3 x+1=0orx= 2£4-12

{2+x E12

x2+x:120r X

x2+x-12=0or x

2+X:—12

2 4x+12=0

~1++fi-48
2
—

_1x 47
= > no real sol.

(x-3) (x+4)=0o0rx=

x=3o0rx=-4

The solution set is {-4,3} .

#2+x—1F1
x2+x—1:10r x2+x-1=-1
2

(x +x—-2=0 or x2

+x=0

) ) « )

Xx-1x+2 =0orx x+1=0

x=1,x=-2or x=0,x=-1
The solution set is - 2,-10,1.
{2+3x-2F2

x2+3x-2=2 or x2+3x-2=-2
x2+3x=4 orx2+3x:0

2

x +3x-4=0o0r x(x+3)=0
X+4 x-1=0or x=0,x=-3
x=-4,x=1
The solution set is {- 4, -3,0,1} .

¥ 46
6<x<6
{ } ( )
x|—6<x<6 or -6,6
- ( ) =
-6 0 6

¥ 49

9<x<9

{>|<—9<x<9} or(-9,9)
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) A
- j 3t
=238 no real sol. -9 0 S

2
x=3o0rx=-1 { } >f>4
The solutionsetis  -1,3. <-4orx>4
{kx<-4orx>4}or(-=,-2)u(4,«)
~
-4 0 4
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42 |x|>1 48. |x+4 +3<5
X<-lorx>1 [x+4] <2
x|x<-lorx>1 or -w,-1U 1, -2<x+4<2
-6<x<-2
- > )
E ¥ o(1 Caloorena | Logm2)
43.,2x <8 -
-8<2x<8 {6 Y2 o
—4<x<4 49. |3t-2| <4
(XIm4<x<dor(-44) -4<3t-2<4
-2<3t<6
-4 ( o /4 = )
-~=<t<2
3
44, 1
|3x ks (2 1 T2 ]
-15<3«<15 it|=3st<2for [-3 .2
-5<x<5
X -5<x<5o0r -55 ——
- ( ) =3
-5 0 5
50. [2u+5] <7
45. |3x p12-7<2u+5<7
3x<-12 or3x>12 —-12<2u<?
X<-4or x>4 -6=susl
{ oo | ]
{x|x<-dorx>4a}or(-=,-4)u(4,) ul—GSusl or -6,1
- ) ( > -1 ] -
-4 0 4 6 01
2x|>6| 4—3;2
X<-6or2x>6x -3<-20rx-322
<-3orx>3 x<1 or x25
{>1x<—30rx>3}0r(—°o,—3)u(3,°°) {4x<1orx25}or (- 1]u[5 )
-~ ~t— -
-3 0 3 01 5
47.|x - 2| +2<3 52. |x+4]z2
|x-2<1 X+4<-20rx+422
-l<x=-2<1 { Xs<—6 or xz-2 ( | )
{ } () x|xs—60rx2—2 or —,—6 U =2/
x[1<x<3or 1,3 S0 ™ N Y O [ I
239
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= ( N . -6 -2 0
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Chapter 2: Linear and Quadratic Fugstio®s 2.8: Equations and Inequalities Involving the Absolute Value Function

53. 1-4x -7<-2 57. 2x+1<-1
1-4x<5 Na solution sinceiabsplute value is always non-
5<1-4x<5 negative.
-6<-4x<4 ’ ‘ 0
4
—6>X>__ 58. 3x—-4=20
-4 -4

All real numbers since absolute value is always
3>x>-1 or -1<x<3 non-negative.
2 2

L L L L L L L
N T T T T T
N ;xmsanyrealnumber}or(—oo,oo;
1

+—+—+— g —t Q T
{x—1<x<2 }or(—1,2 ) 3

0
4o 3 | | -
I 2 59. (3x-2)-7< 1
0. 1-bx gkt | -2
X 3x-9< 1
1-2x<3 2
-3<1-2x<3 1 1
—4<-2x<2 —2<3x=9< 2
2 17 _19
:1_>x> 7 <3< 2
‘ 17 19
-2 | 2 | L I I hY | | Lo _
2>x>-1or 1<x<27 ' "
< X< .
U etexeator Caa ) SIS P A .

X| = <x
0r|6, |
-1 0 2 " 6
55. 1-2x > -3 17 19
6 6
1-2x >3
1-2x<-3 orl-2x>3 60. |4X-1—11|<—1
—-2Xx<-4or - 2x>2 (> 4
Xx>2 or x<-1 |4x—12|<—1
' I s U2, !
<4x-12
- 1< 1
S ( 1 1
< o 55 4
47 < 4x <49
56. |2-3x -1 44
12-3x[>1 4 A
2-3x<-1o0r2-3x>1 16 <x <16 (47 49)
-3x<-30r -3x>-1 {X|1A<;'—T<X<%} or [T
x> 1 or x<1 N 16/

5 A~
I3 s

3
( 1 1 (1)
{x|x< = orx>1for |—°°,—|U(1n°°) 16 16

.3 J U 3)
- - (e
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5- X132 1 (1
x=1>-3 (xIxs- orx=1 or =, ‘rl, ®)
5 } L
x-1<3 \ 5]
3<x-1<3 a.f(x)zzs(x) .
— — X— = -
( 2<xf4 ( ) | q
X|=-2<x <dor -24 |X-il:6
- ( ) - 2x—-3=6 or 2x—-3=-6
2 0 4 2x=9 or  2x=-3
6—x|+32|2 x=9 or x=- 3
x+3=-4 2 2
|x+%s4 f(x)=9((x)
—2|2X—(}2—12
-4<x+3<4
[ TTsxs1o |2x-3] <6
}
x|-7<x<1 or [-71] -6<2x-3<6
-3<2x<9
- [ 1 >
-7 01 -3<x=< 8
2
af(x)=9(x) 2 :
39
—3[5x-p=-9 {x|— ésxs£}0r| -23
L 2 2]
[Sx-%=3 c fx)=g ()
5x-2=3o0or 5x-2=-3 —2|2x—3|<—12
5x=5o0r 5x=-1 |.2x—3|>6
x=1Lor x=-1 2x—-3>6 or 2x—3< -6
> 2x>9 or 2x <=3
9or 3
f(x)>g(x) X>7 x<-7
3f5x-p>-9 39 3 9
V]
[px-g<3 {X|X<‘ or x> }OF(‘”,‘) .°°)
2 2 2 (2
T3<5x-2<3 65. a. f(x)=g (X
Tl<5x<53 l-ax+2| =x +10
1
H<x<l1 ~X+2=x+10 -3 +2=-(x+10)
{x|-15<x<1} or ( 1 \

239
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_ X=-2 or —-2x=-12
| 1l
\ 5 _
cf(x)<g(x) 0 X=6
—3|5x—[2s—9
ﬁx—?zS
5x-2=23 or 5X—-2=<-3
5x=5 or 5x=-1
xz1 or 5_15
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Look at the graph of f (x) and g(x) and see
where the graph of f (x) =g (x) . We see
that this occurs where x< -2 orx 26 . So

@e solution sgt s: {)< |x<-20rxz6} or
-0 =2 U 6,
1L

c. Look at the graph of f (x) and g(x) and
see where the graph of f (x) < g (x) . We

see that this occurs where X is between -2
and 6. So the solution set is:

{xl=2<x<6} or(-26).

af(x)=g((x)4x-3
| |:x+2
X=3=X+ x-3=-(x+2)
23x=5 or 4x-3=-x-2
5 oor 5x=1

>
1
(S0 (]

\

Look at the graph of f ( x) and g(x) and

see where the graph of f (Xl) >q %() . We
see that this occurs where x < = or x>~
5 3

So the solution set is: {x |x < l5 or x> 53} or
= %)u(%s)

Look at the graph of f (x) and g(x) and see
where the graph of f (x ) < g (x) . We see
that this occurs where x is between l5

and 53 . So the solution set is:

241
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>f—10<f2
-2<x-10<2
8<x<12

Solution set: { x| 8 <x <12} or (8,12)

68. x-(-6) <3
|x+6]<3
-3<x+6<3
-9<x<-3

Solutionset:  x|-9<x<-3 or(-9,-3)

{ }
69. 2x—( —1j>5
| x+4>5
2x+1<-50r 2x+1>5
2x < -6 or 2x>4
x<-=3or X>2

Solutionset: { x|x <=3 0rx>2} or
~=,=3) U (2.)

4x—3>11

2X=3<-1or 2x-3>1

2x<2 or 2x >4
x<1l or X>2 ,
Solution set: X|x<lorx>2 or
—=1) U (2:°)
X = 5.7 5/0.0005

-0.0005 < x = 5.7 < 0.0005

5.6995 < x < 5.7005
The acceptable lengths of the rod is from

5.6995 inches to 5.7005 inches.
>f -6.125 q 0.0005
—-0.0005 < x — 6.125 < 0.0005

6.1245 < x < 6.1255
The acceptable lengths of the rod is from

. 241 .
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{X Loy 53} N FL 1. 5, TJ | 6.1245 inches to 6.1255 inches.
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x-100
15 1 > 1.96

x =100 x =100
15 <-1.96 or 15 >1.96

73.

x-100 <-29.4 or x-100>294

x<70.6 or x>129.4
Since 1Q scores are whole numbers, any 1Q less
than 71 or greater than 129 would be
considered unusual.

x =266
74. 16 1 >1.96
X =266 X =266
<-1.96
16 or 16 19

X—266<-31.36 or Xx—266>31.36

Xx<234.64 or X >297.36
Pregnancies less than 235 days long or greater than

297 days long would be considered unusual.
5x|+ 1 +|7 =5
|5x + ]r =-2
No matter what real number is substituted for
X, the absolute value expression on the left side

of the equation must always be zero or larger.
Thus, it can never equal -2 .

2x|+5+P>1:>2>1+5>|—2
No matter what real number is substituted for
X, the absolute value expression on the left side
of the equation must always be zero or larger.
Thus, it will always be larger than =2 . Thus, the
solution is the set of all real numbers.

2x-1</0

No matter what real number is substituted for x,
the absolute value expression on the left side of
the equation must always be zero or larger.
Thus, the only solution to the inequality
above will be when the absolute value
expression equals O:
| x-1=0

2x—-1=0

Chapter 2 Review Exercises

f(x)= 21(—7 |
(-4)=|2(-4) - 1
—8—7|=-|15=|:15
2(x+4) +x<4(x+2)
X+8+x<4x+8
3X+8<4x+8
x<0

x>0

":"""*l
-2-1 0 1 2 3 4 § 6 7

(5-1)3+2i)=15+

10i - 3i - 2i =
15+7i+2=17+7i
a. Intercepts: (0,0), (4,0)
Domain: [-2,5] , Range: [-2,4]
Increasing: (3,5) :Decreasing: ( -2,1)
Constant: (1, 3)
Neither

Chapter 2 Review Exercises

f(x)=2x-5
Slope = 2; y-intercept = -5
Plot the point (0, —5) . Use the slope to find
an additional point by moving 1 unit to the

243
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(1]
Thus, the solution setis{ +.

244
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d. Average rate of change = slope = 2 2x=-14
e. Increasing X=-7
y-intercept = 14
4 .
h(x)=5"x-6 20

4 (0,14)
Slope =5 " ; y-intercept = -6

Plot the point (0, -6) . Use the slope to find
an additional point by moving 5 units to the (-7,0)

right and 4 units up. [ N
V) -10

.’IIIIIIIT\IIT'

2 (75, 0)
I T T Y T X y=1 X A
-2 L 5 | x (" )| _Ava. rate of change = _ x
B -2 =7 - ]
P -(=7) _10_
(0, —6) 0 3 3-(1) -10_g
/_ 0-(=2) 2
& N
1 8 =" :1§ 1
c. Domain and Range: (—°° \ °°) 188 10 ]
4 3 18 - = =5
d. Average rate of change = slope = 5 3172 T
e. Increasing 33-18 15 —
6 3 _6-3 =3 =5
3. G ( X) =4 This is a linear function with slope = 5, since the
a. Slope=0; y-intercept=4 average rate of change is constantat 5. To find
b. Plot the point (0, 4) and draw a horizontal the equation of the line, we use the point-slope
line throughit. e. Constant
-"
5r(0,4)
(-3,4) (4,4)
NN I I AR AN A A
5k

c. Domain: (-°°,°° )
Range:y|yé4 '

d. Average rate of change = slope = 0

245
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formula and one of the points.

y-yr=m(x-x1)
y-3=5(x-0)
y=5x+3

4.F(x)=2x+14
zero: f(x)=2x+14=0

Chapter 2 Review Exercises

T his E not aJl.lﬁé\aﬁf

-y
InAviighn ratacefipbangaane X
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f(x)=0
x2+x-72=0
x+9)(x-8)=0
Xx+9=0 or x-8=0
x=-9 Xx=8

The zeros of f (x ) =x 2 + x - 72 are -9 and 8.

The x-intercepts of the graph of f are -9 and 8.

P(t)=0

6t2-13t-5=0
(Bt+1)(2t-5)=0
3t+1=0 or 2t-5=0

t:—l t:_5
3 2
2 1
The zeros of P () =6t“ - 13t - 5are - 5 and
The t-intercepts of the graph of P are ——; and
g(x)=0
(x-3)*-4=0
x-3)°=4
x-3=x/4
X—=3=1%2
=312
Xx=3-2=1o0rx=3+2=5
The zerosof g (x ) = (x - 3)? - 4 are 1 and 5.
The x-intercepts of the graph of g are 1 and 5.
h(x)=0
x2+6x+1=0
(Bx+1)(Bx+1)=0
3x+1=0 or 3x+1=0
x=-1 x=-1
3 3
1

247

o ko Do o

Chapter 2 Review Exercises

G(x)=0
2x2-4x-1=0
1
2_ox-T2=0
1
2—2x:_2
1
2 _ _
X 2x+1= 2+1
x—1)2:—2
)(—]_:i\/E:iﬁ%ﬁ:.|__\/.—6
2 2 2 2
)(:]_i\_/_g:2_1-\2/-—_§

2
The zeros of G (x ) = 2x2 - 4x— 1 are >

and LZ/E . The x-intercepts of the graph of G

are L“/_@ and 2—*‘@ .
2 2

f(x)=0
2
-2X +x+1=0

x2-x-1=0
(2x+1)(x-1)=0
2x+1=0 orx-1=0

x=-41 x=1
2
The zeros of f(x)=-2x%+x+1lare-1 and 1.
2
1

The x-intercepts of the graph of f are - ) and 1.

f(x)=9(x)(x
-3)%=16
-3=+ 1§=4
=3+4
X=3-4=-1o0rx=3+4=7

. 247 .
Copyright © 2015 Pearson Education, Inc.
Copyright © 2015 Pearson Education, Inc.



Chapter 2: Linear and Quadratic Functions Chapter 2 Review Exercises

The only zero of h ( x ) = 9x % + 6x+ 1is - 3. The solution set is {-1, 7}.

The onlv xeintercent of the aranh of h is - 1 The x-coordinates of the points of intersection are
X-i is—-=.
Y P grep 3 -1 and 7. The y-coordinates are g ( -1) = 16 and

g (7) =16 . The graphs of the f and g intersect at
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the points ( -1, 16) and (7, 16) .
v"

—~2 (3,0) 8
f(x)=g(x)
244x-5=4x-1
X2 -4=0

x+2)(x-2)=0

X+2=0 or x-2=0
XxX=-2 X=2

The solution set is {-2, 2} .

The x-coordinates of the points of intersection
are —2 and 2. The y-coordinates are

g(-2)=4(-2)-1=-8-1=-9and
g(2)=4(2)-1=8-1=7.The graphs of the f

and g intersect at the points (-2, -9) and (2,7) .
.\‘

f(x)=0
x*-5x2+4=0
x2—4) (x2—1)=0
Z_4=00rx®-1=
Ox=+2o0rx=4+#1
Thezerosoff(x):x4—5x2+4are—2,—1,

1, and 2. The x-intercepts of the graph of f are
-2,-1,1,and 2.

Chapter 2 Review Exercises

16. F(x)=0
x-3)2-2(x-3)-48=0
Letu=x-3—u’=(x-3)°
u?-2u-48=0
u+6)(u-8)=0
u+6=0 oru-8=0

u=-6 u =8
Xx-3=-6 x—-3=8
x=-3 x=11

The zeros of F (x ) = (x - 3) 2= 2(x - 3) - 48 are
-3 and 11. The x-intercepts of the graph of F
are -3 and 11.

h(x)=0
3x-13/x-10=0
Letu= Wk —u?=x
3u?-13u-10=0
3u+2)(u-5)=0

3u+2=0 oru-5=0
u__g u=5
3 J_X:5
2
J__ _r2_
X=-3 x=5=25
X = not real

Check: h (25) = 3( 25) - 19 25 - 10
3(25) -13(5) -10
75-65-10=0
The only zero of h ( x ) = 3x - 13Vx - 10 is 25.
The only x-intercept of the graph of h is 25.

18. f(x)=0
112 -4(1)-12=0

| kX |)‘kx l/

2
Letu=1-y? (l\‘

X (x)
u2-4u-12=0

(u+2)(u-6)=0
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u+2=0 oru-6=0 up-
u=-2 u==6
1= 1o y
X X gz
.
x=-1 x=21 (-2,6) (0,6)
2 6 -
2 s
(-1,4) 5L
The zeros of f(x):(l\ (1) - L i
b Lo AR i I A A A
\x)  xJ 2 4 —2_| 2 4
and l6 . The x-intercepts of the graph of f are ?
a. f(x)=(x-2)+2
1 1
2and 6. X2 —4x+4+2
2
—(y—9)2 X —4x+6
) =(x-2)"+2 a=1,b=-4,c=6.Sincea=1>0, the
Using the graph of y = X2 , shift right 2 units, graph opens up. The x-coordinate of the
then shift up 2 units. vertex isx = - == - _4—:_4 =2.
X 2a 21 2
( | :b\lz f2=@%-4(2)+6=2.
\ 2a)
L Thus, the vertex is (2, 2).
8 The axis of symmetry is the line x =2 .
The discriminant is:
b2 -4ac=(-4)>-4(1)(6)=-8<0,sothe
v 2 graph has no x-intercepts.
() (x=4) The y-interceptis f (0) =6 .
Using the graph of y = X2 , shift the graph 4 ¢ =
units right, then reflect about the x-axis. vh o1
y |
T ©0.0% | $4.6
- |
L (4.0) -
I T O S A R I B ~
> L12,2) >
-2 s I I IR
= ‘\ (5.-1) 2 L 3
- e
3E Ye-n !

Domain: (=, =) . Range: [2, =) .
f(x)=2(x+1)%+4 Decreasing on (-«, 2) ; increasing on

Using the graph of y = x? , stretch vertically by a 2,).
factor of 2, then shift 1 unit left, then shift 4 units
1
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a f(x)= 4x2-16
1 1

a= 4,b=0,c=-16.Sincea= 4>0,

the graph opens up. The x-coordinate of the

251

251
Copyright © 2015 Pearson Education, Inc.
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Chapter 2: Linear and Quadratic Functions

y-_b___=0___0_
vertexis X==50="— 7_ 1—0.
2 — -_
L 4) 2
The y-coordinate of the vertex is
(L) 1,2 -16=-16.

| - o= )

\ 2a) 4

Thus, the vertex is (0, —16).

The axis of symmetry is the line x=0.

The discriminant is:

(1)

b%-4ac=(0)2-4' = ' (-16)=16>0,s0
|
\4)

the graph has two x-intercepts.
The x-intercepts are found by solving:

“x2-16=0
4

X2 - 64=0
X2 = 64
x=8orx=-8
The x-intercepts are —8 and 8.
The y-interceptis f (0) = -16 .

YA
2 —

(0, -16)
~18+

Domain: (-« , «) . Range: [-16, «) .
Decreasing on (=, 0) ; increasing on
0,%).

a. f(x):—4x2+4x

a=-4,b=4,¢=0.Sincea=-4<0,the
graph opens down. The x-coordinate of the

: b
vertexis x=--—"=- -
2a

Chapter 2 Review Exercises

The axis of symmetry is the line x =

b2 - 4ac=42 - 4(- 4)(0) =16 >0, so the
graph has two x-intercepts.
The x-intercepts are found by solving:

4x2+ax=0
4x (x-1)=0
=0orx=1
The x-intercepts are 0 and 1.
The y-interceptis f (0) = - 4(0)2 +4(0)=0.

X

i
I
2
|

Domain: (-« , «) . Range: (=, 1] .

1 .
Increasingon ' | —=, =2 ' |; decreasing on
Y
12’00\\ |
U

9
Af(x)="2x2+3x+1

a= %,b::’a,c:l. Sincea = 59 >0, the

(

graph opens up. The x-coordinate of the

vertexis x=-0_=- 3 =-3=-1
2 'ﬁj 9 3
2

The y-coordinate of the vertex is

( b\ (1\ 9( 112 1\”

fl==— == |+3- -

\2a) (3) 203 U 3)

252
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Chapter 2: Linear and Quadratic Functions Chapter 2 Review Exercises
= =1+1=

The y-coordinate of the vertex is 2 9
( b\| (1) (1\2 [1} Thus,thevertexis(—‘l,l\. |
H=—l=tl == —|+a |= - -
\ 2a) (2 \2) \ 32)
=-1+2=1 The axis of symmetry is the line x = -~

Thus, the vertex is | (l 1 D :

(2 )

253
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(9)
b2-4ac=32 4 (1) otoe oc ,
4(2}1)918 9< 0

so the graph has no x-intercepts. The y-

interceptis (0)1:% (0)2+3(0) +1=1.

X= —x
< 3

\

o0

b. Domain: (-« , «).Range: [ 1,
L2 )

c. Decreasing on| —oo,—1| ; increasing on

L 3)

26. a. f(x)=3x2+4x-1
a=3,b=4,c=-1 Sincea=3>0, the
graph opens up. The x-coordinate of the

vertex is x=—£-:—_4— :_E:_z,

2a  203)- 6 3
The y-coordinate of the vertex is

(2 L2,
3) \73) \ 3)

S
\ 2a) |
!

f

3

P

Thus, the vertexis| -2 -1 .

L3 3)
2

The axis of symmetry is the line x=-3 .

The discriminant is:
b2-4ac=(4)2-4(3)(-1)=28>0, sothe

graph has two x-intercepts.

The x-intercepts are found by solving:
3x2+4x-1=0.

Chapter 2 Review Exercises

The x-intercepts are %[ =-1.55 and

The y-intercept is f (0) = 3(0) 24 4(0)-1=-1.

x==£

3

b [z )
L3 )
( )
C. Decreasingon| _oo,__2| ; increasing on
3)
(2 )
-2
3)

27. f(x)=3x2-6x+4
a=3,b=-6,c=4. Sincea=3>0,the graph
opens up, so the vertex is a minimum point.
The minimum occurs at
N SN

Za  2(3) 6
The minimum value is

[ b) )
=== 1= 1(1)=3(1) -6 (1)+4
\ 2a)

=3-6+4 =1

28. f(x)=-x2+8x-4
a=-1,b=8,c=-4.Sincea=-1<0, the

graph opens down, so the vertex is a maximum

point. The maximum occurs at
L _8_ 8

= 2aT T2(-1)T -2

=4,

The maximum value is

(== (0)=-() " va(a)a
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(—btb rdac -4+ 28 \ 2a)
2a 23) = -16+32-4 =12
—4+27 - -2+ 7
N Vv

~NA~ADNDO
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Chapter 2: Linear and Quadratic Functions

29, f(x)=-3x2+12x+4
a=-3,b=12,c=4.Sincea=-3<0, the
graph opens down, so the vertex is a maximum
point. The maximum occurs at

b 12 12
X=-2a=-2(-3)=--6=2.

The maximum value is

S h(2)= a2 +12(2) + 4

\ 2a)
= =12+24+4 =16

30. Consider the form  y=a(x—h)?+k. The
vertex

is(2,-4)sowe haveh=2and k= -4 . The
function also contains the point (0, -16) .

Substituting these values for x, y, h, and k, we

can solve for a:

~16=2(0-(2) +(-4)

-16=a(-2)"-4
-16=4a-4
-12=4a

The quadratic function is
f(x)=-3(x-2)°-4=-3x>+12x-16.

31. Use the form f (x) = a(x = h)? + k.

The vertexis (-1,2),soh=-1andk=2.
f(x):a(x+1)2+2.

Since the graph passes through (1, 6) , f (1) =6..

6 =a(l+1)>+2
6=a(2)’+2
=4a+2
4=14a
l=a
(x)=(x+1)2+2
(x2+2x+1)+2

Chapter 2 Review Exercises

Interval | (-= (2, )
TestNumber | =9 --|_0 __ | 3
Valueoff | 11 --[_zZ16_[ 11
Conclusion | Positive--| _Nedativgd Positive

The solution set is _x|-—8 <X <2 or,using

interval notation, ( -8, 2) .

3y ‘2 14x+5

3x¢ - 14x - 520
f(x)=3x2 - 14x -5
3x%-14x-5=0

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

x=-3 ,x=5are the zerosof f.

T i
Interval \(—m, S ,5\\ (5, =)
= . 3J]\_3)
Test Number =1 .0 2
Value of f _ _12 e 19

Conclusion Posjtive  Negative Pos)itive

L, 3 1
using interval notation, || e =L | U[5, ).
L3
34. f(x)=0
x> +8=0
X
2
+
2
X
+
3
X2 +6x - 16 < 0

(x)=x2+6x—16
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Chapter 2: Linear and Quadratic Functions Chapter 2 Review Exercises

X2 +6x-16=0 X ==
x+8)(x-2)=0 x=+-8=+2+/2i
= -8, x =2 are the zeros of f . The zeroare =20 i and 2+ 2i.
YA
20
(0.8)
4
[ _1 L1 X
-2 2
249 249
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g(x)=0
x2+2x-4=0
a=1b=2,c=-4
b2 - 4ac=22-4(1)(-4) =4+ 16 =20
x= 2220 =228 - 1s f
2(1) 2
The zeros are —1- «/_5 and —1+«/§ .

YA

(=1 -V5.0) (=1 +V5,0)

X

p(x)=0
-2x2+4x-3=0
=-2,b=4,c=-3

2 _fac=42 - 4-2)(-py=16-24=-8

(o=4td8 _—4x22i .
2(-2) -4 )

e £
The zeros are 1- 2— iand 1+ i.

T A T A T B
4

f(x)=0
x2+4x+3:0
a=4,b=4,c=3
b2 - 4ac=4% - 4(4)(3) = 16 - 48 = -32
Lochxk3 _—arali L1
2(4) 8

N

=4

Chapter 2 Review Exercises

The zeros are - l2 -J:ZZ iand - liz 22 i

YA
10

2fx+3=|7

2x+3=70r2x+3=-7
2x=4or 2x=-10
X=2or ‘x:—5’

The solution set is | -52.

|2-3x+2=9
[2-3x| =7

2-3=7 or2-3x=-7
-3x=5 or -3x=-9

__5 _
X = 3 or x=3
. . 5
The solutionsetis 3 ——3,3 ( .
1
|3x+4|< 2
l2<3x+4<12
SRR
I X <L
2 6
{ 3 7} [3 7]
X—§<X<—E or _E’_E
¢ —
_3 7
2 6

|2X—5|29
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2x-5<-90r2x-529
2X<—-4or 2x=14
XxX<-2or X227

251 251
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{ | G

x| Xs—-20rx27 or —o-2 U7,

2+ 2|—3x s|4
|2—3x|52
-2<2-3x<

g o)
TR o

1- 2|—3x <|—4
|2—3x|<—5
|2-3x|>5
2-3x<-50r2-3x>5
7<3x or =-3>3x

Z<x or —-1>x
3

x<-1or x>1
3

%[x x<—1orx>'7; or(-=,-1)u

( 3) (3

|
w1

a. Company A: C (x ) = 0.06x + 7.00
Company B: C (x ) = 0.08x
0.06x + 7.00 = 0.08x

7.00 = 0.02x
350 = x

The bill from Company A will equal the bill

2.

)

from Company B if 350 minutes are used.

0.08x < 0.06x + 7.00

Chapter 2 Review Exercises

1500 -x
a. Ifx=1500-10p, thenp = — .
10

R(p)= px= p(1500-10p)=-10p 2+ 1500 p

Domain: { 0 < p<150}
-b  -1500 -1500

c. p=2a =2(-10) = -20 =$75

The maximum revenue is

R(75) = —10(75)2 + 1500(75)
~56250 + 112500 = $56,250

x = 1500 - 10(75) = 1500 — 750 = 750

Graph R = -10p 2 + 1500 p and R = 56000 .

— —— il
L,

Inkerseckion Inktsrseckion
H=ro ... ... YEEEOOO ... L Y=ERO0D . ...

Find where the graphs intersect by
solving 56000 = 10 p 2 + 1500 p .

p 2 - 1500 p + 56000 =
0p2-150p+5600=0
(p=-70)(p-80)=0
p=70,p=80

0.02x <
7.00

X <350
The bill from Company B will be less
than the bill from Company A if fewer
than 350 minutes are used. That is, 0 < x
<350.
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The company should charge between $70 and
$80.

Let w = the width. Then w + 2 = the length.

w+2
By the Pythagorean Theorem we have:
wz+(w+2)2=(10)
w2+ w2+4w+4=100
2w2+4w -96=0
w2+ow-48=0
w+8)(w-6)=0
w=-8 or w=6
Disregard the negative answer because the width

Copgpgrighd G028 FeReasacrtdbttiomdnc.
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of a rectangle must be positive. Thus, the width
is 6 inches, and the length is 8 inches

C (x)=4.9x 2 - 617.4x + 19,600 ;
a=4.9,b=-617.4,c=19,600. Since
a=4.9 >0, the graph opens up, so the vertex is
a minimum point.
The minimum marginal cost occurs at
b __ 61740 _617.40 _
2a 2(4.7) 9.8

= - 63.

Thus, 63 golf clubs should be manufactured
in order to minimize the marginal cost.
Th(e mi\nimum marginal cost is

b

cl- —I=c(63)

4.9(63)% - (617.40) (63) + 19600
$151.90

Since there are 200 feet of border, we know that 2
x+2y=200. The area is to be maximized, so A
=X -y . Solving the perimeter formula for y : 2x
+2y=200

2y =200 - 2x

=100 - x
The area function is:
A(x) =x (100 - x ) = - x 2 + 100x
The maximum value occurs at the vertex:
(o-b___100__100_.,
2a 2(-1) -2

The pond should be 50 feet by 50 feet for
maximum area.

The area function is:
A(x):x(lO—x)=—x2+1Ox
The maximum value occurs at the vertex:

= = ) = 10 5
)

X =
2]\@: (-1 -2
The majimox area is:
A(5) = +(5)7 40(5)
25 + 50 X25 square units
10 ’

254 254

Chapter 2 Review Exercises

Locate the origin at the point directly under the
highest point of the arch. Then the equation is in

the form: y = — ax 24k , Where a >0 . Since the
maximum height is 10 feet, when x = 0,
y =k =10 . Since the point (10, 0) is on the
parabola, we can find the constant:
0= -a(10)% + 10
10 1
a=10 2=10 =0.10

The equation of the parabola is:

= —‘Iol X2

+10 Atx=8:

1
=-10" (8)%+10=- 6.4 + 10 = 3.6 feet

q
160}
é 120
g 80 s
° wf u
i 1 1 1 1 1 1 1 1 1
100 200 300 400 7z
a. Price (dollars)
-4
b. p q | Avg. rate of change = -
150 | 100 _ ]
80-100 =20
- =—=-04
200 | 80 200150 _ 50 s
60-80 =2
— — —=——=-04
250 | 60 250-200 _ 50 il
40 =60 =2
— = —_=-04
300 | 40 300-250___50 _
(0,10-x) (x,10-x) (x,0)
10
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Since each input (price)
corresponds to a single output
(quantity demanded), we know
that the quantity demanded is a
function of price. Also, because the
average rate of change is constant at
-$0.4 per LCD monitor, the function

is linear.

From part (b), we know m = -0.4 .
Using (

p1,q1) = (150,100), we get the
equation:

255 255
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q-q1=m(p-p1)
q - 100 = -0.4( p - 150)
q-100=-0.4p+60
=-0.4p+ 160
Using function notation, we have
q(p)=-04p+160.

The price cannot be negative, sop 0.

Likewise, the quantity cannot be negative,

s0,q (p)20.
-0.4p+160=0 -

0.4p=-160
p <400
Thus, the implied domain for q(p) is
{ p|0<p=400}or [0, 400].
q

160
120

80

Quantity Demanded

40

|
300 400 P

]
200

Price (dollars)

|
100

If the price increases by $1, then the
quantity demanded of LCD monitors
decreases by 0.4 monitor.

p-intercept: If the price is $0, then 160 LCD
monitors will be demanded.

g-intercept: There will be 0 LCD monitors
demanded when the price is $400.

X
391—

381 o
371
36 - ®
35

34
o

Tibia (mm)

| L | [,
24 25 26 27

Humerus (mm)

256 256
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Yes, the two variables appear to have a
linear relationship.

Using the LINear REGression program,
the line of best fit is:

y =1.390171918 x + 1.113952697

6100~

l l L
20 25 30
Advertising
(thousands of dollars)

Total Revenue
(thousands of dollars)

The data appear to be quadratic with a < 0.

Using the QUADratic REGression program,
the quadratic function of best fit is:

y=-7.76 X%+ 411.88 x + 942.72 .

uadkEea

=gk E+ho
a=-7.72957a754
b=41]1.,87383I53
c=947, F21@91
RE=.9327ES1062
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The maximum revenue occurs at

A= -b=-(41188)
2a  2(-7.76)

= ALl 8815 52 = $26.5

thousand c. The maximum revenue is

(b
Rl __ |=R(26.53866)

KZa)
= -7.76(26.5)? + (411.88) (26.5) + 942.72
=~ $6408 thousand

d. 6500
435
Chapter 2 Test
f(x)=-4x+3
The slope fis -4 .
The slope is negative, so the graph is
decreasing.
Plot the point (0, 3) . Use the slope to find
an additional point by moving 1 unit to the
right and 4 units down.
y
(0,3)
2
[ 2
=2 |\ 2
_2 —
2, )
X y Avg. rate of change = Xx
-2 12
n 7 7-12 -5
“1- (- 2) 1
=2 _
0 2 0-(-1) 1~ >

257 257

Chapter 2 Test

1 -3 =2_5_
U - 1
2| -8 =8-(=3 -5
5—
_2-1 _ 1

Since the average rate of change is constant at

-5, thisis a linear function with slope = -
To find the equation of the line, we use the
point-slope formula and one of the points.

y-yr=m(x-x1)
-2=-5(x-
0)y=-5x+2

f(x)=0
3¢ -2x-8=0

A7 9-2=0

_ 4 X=2
X=-
3

The zeros of f are - 43 and 2.
G(x)=0

2x%2+4x+1=0
a=-2,b=4,c=1

X_—b+m_ 45 b= 4(=2)(1)

2(-2)
—4+J_ — 4226 - 2+«é—
-4 —4
The zerosof G are <= and i
2 2
f(x)=g(x)
2+3x=5x+3
2_72x-3=0

(x+1)(x-3)=0
X+1=0 or x-3=0
x=-1 x=3 }

The solution setis -1,3.
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6. f(x)=0
x-1)2+5(x-1)+4=0
Letu=x-1—u?=(x-1)
u?+5u+4=0
u+4)(u+1)=0
u+4=0 oru+1=0

u=-4 u=-1
x-1=-4 x-1=-1
x=-3 x=0

The zeros of G are =3 and 0.

fx)=(x-3)>-2

Using the graph of y = x2 , shift right 3 units,
then shift down 2 units.

<

©, 7 (6,7)

L1 [ A R
-4 v(4,—1)8

2,-1
-4

38.-2)

8. a f(x)=3x2-12x+4
a=3,b=-12,c=4. Sincea=3>0,the

graph opens up.

b. The x-coordinate of the vertex is
b -12 -12

Chapter 2 Test

The axis of symmetry is the linex =2 .
The discriminant is:

b2 -4ac=(-12)°-4(3) (4)=96>0,s0
the graph has two x-intercepts. The x-intercepts

are found by solving: 3x 2 _12x+4=0.
—bavb2- dac _=(-12) + 06

X = e

2a 2(3)

The x-intercepts are ﬁ;/—- =~ (.37 and
6+ 6
3
£(0) =3(0)% - 12(0) +4 =4 .

)

= 3.63 . The y-interceptis

10

(0,4)

| O IS Y e | |
-10 10
(0.37,0)

(4,4) (3.63,0)

The domain is (-« , =) .
The range is [-8, =) .
Decreasing on (=, 2) .
Increasing on (2, ) .

g(x)=—2x2+4x—5

a=-2,b=4,c=-5. Sincea=-2<0,the

graph opens down.
The x-coordinate of the vertex is
b 4 4

X:—ﬁ_ 21_2) -4 =1.

The y-coordinate of the vertex is

([ b)) 2
ol ——l=gm=-2 (1) +4(1)-5
. 2a)
= —2+4-5=-3
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x=-2a=-2(3=- 0 =2. Thus, the vertex is 1,(—3)

The y-coordinate of the vertex s c. The axis of symmetry is the linex=1.

f -2 =£(2)=32) 2- 12(2)+4 d. Thediscriminantis:

b2-4ac=(4)2-4(-2)(-5)=-24<0,s0the
=12-24+4= -8

Thus, the vertex is ( 2, -8) .

259 259
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graph has no x-intercepts. The y-intercept is
9(0) = -2(0) 2 +4(0) - 5= -5.

y |

7_'.\'=1

a° |

L

L1 1 [ v o414

P A P
= | 3

|
=21 t,-3)
|
|
|

0,-5) ¢ | §(@2.-53)
/- |
I

The domain is (=, =) .
Therangeis (-« , -3].
Increasing on ( =, 1) .

Decreasing on (1, ).

Consider the formy =a (x - h )2 +k. From the
graph we know that the vertex is (1, -32) so we
have h =1 and k = -32 . The graph also passes
through the point ( x,y ) = (0, -30).
Substituting these values for x, y, h, and k, we
can solve fora: =30 =a(0 - 1) 2, (-32) The
quadratic function is =30 = a( -1) 2_32

-30=a-
322=a

f(x)=2(x-1)2-32=2x%2-4x-30.

f(x)=-2x2+12x+3
a=-2,b=12,¢=3.Sincea=-2<0, the
graph opens down, so the vertex is a maximum

point. The maximum occurs at
X=- Q = - 1—2 = - Q:

2a . (-2 -4

The maximum value is
(3) = -2(3)%+12(3) + 3= 18+ 36 + 3= 21.

x2-10x+2420
(x)=x2—10x+
24x%2-10x+24=0
(x=-4)(x-6)=0

260 260

Chapter 2 Test

X=4 x=6arethe zergs of f
Interval | (==, 4) | (4,6) (6, =)
Test Number 0 5 7
Value of f 24 -1 3
Conclusion | Positive | Negative |Positive

The solution set is { kx <4 orx=6} or, using
interval notation, (-, 4] U [6, = ).
f(x)=0

x2+4x+5:O
a=2,b=4,c=5

q=bb? dac _ -4+, -4(2)(5)

2a 2(2)
_axos as2di_ S
4 4 -
l@'
The complex zeros of f are —-1- i and
6.
-1+72 .
:fx+1:|:8
3x+1=8 or3x+1=-8
3x=7 or 3x=-9
x:% or x=-3

7
The solution setis {-3, 3 }

15. <2

X+3
4

-2<X*3 <2
4

-8<x+3<8
-11< x <5
{ } ( )
x|-11<x <5 or -11,5

i |

|
—
p—
o
(OIS 5
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2X+3-423 19. a. SetA:
10
|x+%27
2x+3<-7 or2x+327 "
2x<-10 or 2x=4
{ x<=-5or = x22 L) ":
x[x<-50rx=2 or --5U 2,% -3 -15 3
3 B e The data appear to be linear with a negative
_; 0 ‘2 slope.
Set B:
a. C(m)=0.15m+129.50 15
b. C(860)=0.15(860) + 129.50 a
129 + 129.50 = 258.50 = =
If 860 miles are driven, the rental cost is . o
$258.50.
_3 3
C ('m)=21380 0
0.15m + 129.50 = 213.80 The data appear to be quadratic and opens
0.15m = 84.30 up-
m = 562 Using the LINear REGression program,
The rental cost is $213.80 if 562 miles were the linear function of best fit is:
driven. y=-—4.234x - 2.362.
Linkeg
(| 1 ) 1 2 g=ax+h
a R(x)=x'| =107 x+1000' |=-10" x 2+ 1000x a=-4,234042553
b=-2.3617V02128
reé=.3341 180356
1 =-. 664378197
b. R(400) = - 10~ (400)2 + 1000(400)

~16,000 + 400,000 Using the QUADratic REGression program,

$384,000 the quadratic function of best fit is:
—b-1000 -1000 y=1.993x 2 + 0.289x + 2.503
c. x= 1 T =5000 GuadRed
_ _(- g=axi+hx+c
2a 2(-7)=(-) 21, 992543536
10 5 b=, 2393666532
The maximum revenue is C=2. JBIBGT485
1
R(5000) = -"10~ (5000)2 + 1000(5000)

—-250,000 + 5,000,000
$2,500,000
Thus, 5000 units maximizes revenue at
$2,500,000.

p= -Tol (5000) + 1000
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Chapter 2: Linear and Quadratic Functions Chapter 2 Test

—-500 + 1000
$500
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Chapter 2: Linear and Quadratic Functions

Chapter 2 Cumulative Review

P=(-13);Q=(4,-2)

Distance between P and Q:

d P.Q 3/4— -1 ,+ -2-3 ,

=J(5)2 + (5)?

=,f25+25
=.50=52/
Midpoint between P and Q:
-1+4 3-2)(3 1
( - —W (:\— ,-) =(15,0.5)
L2 2) 22)
y=x3-3x+1
a(-2-1):-1=(-2)3-3(-2)
+1-1= -8+6+1
-1=-1

Yes, (-2, -1) is on the graph.

(2,3):3=(2)*-3(2) +1
3=8-6+1
3=3

Yes, (2, 3) is on the graph.

(31):1=(3)*-3(3)

+11=-27-9+1

1# -35
No, (13,1) is not on the graph.

5x+320
5x=-3
XZ—§
5
- ( 3)
The solution set is x| xz- —t or |
| 5)
L "
r
es3
5

Chapter 2 Cumulative Review

(-1,4) and (2,-2) are points on the line.

y-yr=m(x-xt)

~a==2(x- (1)
y-4=-2(x+1)
y-4=-2x-2
=-2x+2
y
5_
(_1~4\“y= =2x +2

T B
—D

IIIII/TI

Perpendiculartoy = 2x + 1;
Containing (3,5)

Slope of perpendicular = - l2

y—w:mg—m)
y-5=—= (x-3)
2
=__2)(4132

x2+y2-4x+8y-5=0

Copyright © 2015 Pearson Education, Inc.



Chapter 2: Linear and Quadratic Functions Chapter 2 Cumulative Review

x2—4x+y2+8y:5
x2-4x+4)+(y?+8y+16)=5+4

+16 (x - 2)% + (y+4)2 =25

X =22+ (y+4)?=5°
Center: (2,-4) Radius=5

258
Copyright © 2015 Pearson Education, Inc.



Chapter 2: Linear and Quadratic Functions

ya
10~

Lll || N || X
-10
(—3,—4)

-10

Yes, this is a function since each x-value is
paired with exactly one y-value.
f(x):x2—4x+1
f(2)=22-4(2)+1=4-8+1=-3
f(x)+f(2)=x?-4x+1+(-3)
x2-4x-2
f(-x)=(-x)2-4(-x)+1=x2+4x+1

‘f(X)=‘(X2-4X+l)=—x2+4x—1

f(x+2)=(x+2)2-4(x+2)+1

X2 +4x+4-4x-8+1

X2 -3
f(x+h)=f(x)
h
(x+h)2-4(x+h)+1-(x2-4x+1)
h
x“+2xh+h“-4x-4h+1-x“+4x-1
h
2 xh +hZ-4h
h

=h(2x+h-4)=2x+h-4
h

9.
6z-7
The denominator cannot be zero:
z-7#0
6z#7
7
Z#706
. 7
Domain: L 14 J;
6)

Yes, the graph represents a function since it
passes the Vertical Line Test.

h(z)= 32"

1

258

Chapter 2 Cumulative Review

a. f(]_): l_:l#l,50|(1,l\\ is not on

144 5 4 U 4)

the graph of f.
b. f(-2)=_=2-==2=-1,s50 -2,-1 isa
244 2 ( )
point on the graph of f.
Solve for x:
2=—"—
X+4
2x+8=x
X=-8

So, (-8, 2) is a point on the graph of f.

f(x) =22

+1

! 2
=2 =T (0 er-1(%)

2(-x)+1 - +1
Therefore, f is neither even nor odd.
f(x)=x3*-5x+4onthe interval (-4, 4)
Use MAXIMUM and MINIMUM on the graph
ofy1=x3—5x+4.

Haximury Hinirau
w="1.2908997 IYW=E.Z023148 W=1.2909968 IY=-%. 302315

Local maximum is 5.30 and occurs at x = —=1.29 ;
Local minimum is —3.30 and occurs at x = 1.29 ;

fis increasing on ( -4, -1.29) or (1.29,4) ;
f is decreasing on ( -1.29,1.29) .

14. f(x)=3x+5g(x)=2x+1

f(x)=g(x)
Xx+5=2x+1
3X+5=2x+1

X=-4



Chapter 2: Linear and Quadratic Functions Chapter 2 Cumulative Review
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Chapter 2: Linear and Quadratic Functions Chapter 2 Projects

h. The graphofy = f ( - x) is the graph of
b. f(x)>g(x) y = f(X) but reflected about the y-axis.

3X+5>2x+1
3X+5>2x+1

X> -4

{ poC)

The solution setis x| x>-4 or -4

a. Domain: { x |-4<x<4} or[-4,4]

Range: y|-1<y<3 or -1,3 -5
{ [ _
b. Intercepts: (—1,0) Y 0,-1, 1,0 ) i. Thegraphofy =2 f( x) is the graph of
) (
x-intercepts: -1, 1 y=f(x) but stretched vertically by a
. ] factor of 2. Thatis, the coordinate of each

y-intercept: -1 point is multiplied by 2.
€. The graph is symmetric with respect to the y

y-axis. 10}

48T 6

d. When x =2, the function takes on a value

(-2,2)T(2,2)
of 1. Therefore, f(2)=1. :
e. The function takes on the value 3 at x = -4 ©0.-2}
and x=4. [
_10 5

f. £(x) <0 means that the graph lies below j.  Since the graph is symmetric about the y-

the x-axis. This happens for x values axis, the function is even.
between -1 and 1. Thus, the solution set is
{ b ) k. The function is increasing on the open

x|-1l<x<1 or -1,1.

interval (0,4).
g. Thegraphof y= f(x)+ 2 isthe graph of
y = f(x) but shifted up 2 units.
y

455 @5
\(q- @.3)

Chapter 2 Projects
Project | — Internet-based Project

259 5cq
CoRYPIRRER @°I0 SRRt A s M e,



Chapter 2: Linear and Quadratic Functions Chapter 2 Projects

Answers will vary.
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Chapter 2: Linear and Quadratic Functions

Chapter 2 Projects

Project 11 b. The datfinualiFEeabest Tit by a qfiadratic function.
g=axethx+c
2=, 82512468
b=-14, 46468932
1000 = c=1869. 5158992
m/sec "o =
. y = 0.085 x 2 - 14.46 x + 1069.52
0 175 1000
kg 3 L)
m/sec =
o[ 175
kg
These results seem reasonable since the function
fits the data well.
C. S0 =0m .
Weight  Velocity 2 42
Type . o —V t+s
________________________________ kg m/sec__ Equationinthe form:s(t)=-49t + 2% "%
MG17 ............. 102 905 S(t):—49t2+63993tBest(ltgoes theh|ghest) .....................
MG 167 410 é’(’t")'":”"421;'9't'2"4"502'.'0'5't ..........................................................................
MG151 .......... 415 850 S(t):—49t2+60104t ..........................................................................
MG 151/20 493 695 ”'S(f')'”:”:4';'9'{2'45491'.44't ..........................................................................
e S a— 57 575 "'S(t')"f';'4'.'9't'2”4—"21'0'6,’5’9't ...........................................................................
MK 103~ 145 860 s(t')"f';'4'.'9't'2“'+"60'8.‘1‘1‘t' ..........................................................................
MK 108 58 590 "'s(t')":";'4'.'9't'2"'+'367.‘70t' ..........................................................................
WGr 21 111 315 - s(t)=-49t2 + 22274t
so = 200m
Type Weight  Velocity Equation in the form: s(t) = —4.9t% + ﬁ Vt+s
2 o0 o
Y (Ch § f— 1072 905 st ')"E':4'.'9{'2'"-!'-"'63'9'.'9'3’t"4-'"200"B'éS'tL"(It"g'OéS'th"é'""'""""'"'"""""
“MG131 197 710 ~Fighesty’s (t) E"';ZL'_Q't"Z'4;"5'0'2'_05"["4-'"200 ................................................
MG 151 415 850 —5 .(t. )"5”;4:91:'2”":601'.0“ L —
“MG 151720 47273 BY5 s '(t')"£'¥4'.9't"2' RO AT £ D00 s
MG/FF """""" 55/ b /b ...... (t):—49t2+ 40659t+2005(t ...................................................................
MK103 l4b BbU ...... ) :_4gt2+60811t+2005(t) ....................................................................
MK108 b8 bZU .................... 2 ................................................................................................................

=-49t" +367.70t +200s (t) =

261 261
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WGr 21 111 315 ~4.9t2 + 222 741 + 200
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Chapter 2: Linear and Quadratic Functions Chapter 2 Projects

Weight  Velocity 2 2
v0t+ s0

________________________________________________________________________ kg m/sec __ Equationinthe form:s(t) = -4.9t +
905 s(t)=-4.9t 2 +639.93t + 30 Best. (Ttgoes the highest)
710 s(t)=-4.9t2 +502.05t + 30

850 s (t)=-4.9t2+601.04t+ 30

695 s (t) = —4.9t 2 + 491.44t + 30

575  s(t)=-49t% + 406,50t + 30

860  s(t)=-49t%+608.L1t + 30

520 s(t)=-49t% + 367.70t + 30

WGr 21 111 315 s(t)=-4.9t% + 222,74t + 30

Notice that the gun is what makes the difference, not how high it is mounted necessarily. The only way
to change the true maximum height that the projectile can go is to change the angle at which it fires.

ProjectHH
X 11 21 3| 4| 5
a. |y=-2x+5{3 -11-3|-5
y y-y 1-3
= 2 1= _:—2
Xx2-x11
:yz y1:_1_1:—2
X x2-x11
_y,y 3=,
X x2—-x11
I e )
- 2 1= =
X x2-x11

All of the values of—Y are the same.
X

c. 50,000

Median
Income ($)

100

263 261
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Chapter 2: Linear and Quadratic Functions Chapter 2 Projects

4 —l _30633-09548 . o
X 10
= 37088 -30633 = 645.50
x10
= 41072 -37088 = 398.40
x10
= 34414 -41072 = —665.80
x10
L = 10167~ 34414 = -
1524.70
X 10
These —:( values are not all equal. The data are not linearly related.
e. -2 -1]{0 112 ] 3|4

23] 9 (3 |5]15 (33|59

1AM =R |2 1N 1Q | 2R/

><|<~<><

As X increases, —Y increases. This makes sense because the parabola is increasing (going up) steeply as x
X

increases.

f.l x -2(-1]0 |12 (3|4
y |23 9|3 ] 5/ 15]33] 59

- 8|8 8[s|s

The second differences are all the same.
The paragraph should mention at least two observations:
The first differences for a linear function are all the same.
The second differences for a quadratic function are the same.

Project IV
a.—i. Answerswill vary , depending on where the CBL is located above the bouncing ball.

The ratio of the heights between bounces will be the same.

264 261
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Mini-Lecture 2.8
Equations and Inequalities Involving the Absolute Value Function

Learning Objectives:

Solve Absolute Value Equations (p. 179)
Solve Absolute Value Inequalities (p. 179)

Examples:

1. Solve each equation.

(a)lsx-1d=15 (b)

2. Solve each absolute value inequality.

@)k <21 (b)ux-3l29  (c)p-6x-5<1

Teaching Notes:

=12 (c)l4-3q-4=1  (d)3-A=-7

§x+6

When solving absolute value equations, students will sometimes forget that there
are two solutions.

Students will often not isolate the absolute value expression before trying to
solve, such as examples 1c and 2c above.

Some students try to combine two intervals that cannot be combined, such as

-3<x>2,

Answers:
1. (a)x=5x=-1 (b)) x=9 x=-27 (c)x:—3l,x=3(d)Nosqution

4

2.(a)-7=sx=7 (b)XS—gorXZ?; (c)—?g’<x<3

Copyitght © 2015 Pearson Edlucatiion, Inec.



Mini-Lecture 2.1
Properties of Linear Functions and Linear Models

Learning Objectives:

Graph Linear Functions (p. 119)

Use Average Rate of Change to Identify Linear Functions (p. 119)

Determine Whether a Linear function Is Increasing, Decreasing, or Constant (p. 122)
Find the Zero of a Linear Function (p. 123)

4. Build Linear Models from Verbal Descriptions (p. 124)

Examples:

1. Suppose that f(x)=5x-9andg(x)=-3x+7. Solve f(x)=g(x). Thengraph
y=1f(x)and y=g (x)and label the point that represents the solution to the equation

(x)=9(x).

In parts (a) and (b) using the following figure,

F'S

Y

17

A 4

(@) Solve f(x)=12. (b) Solve 0 < f (x) <12.

The monthly cost C, in dollars, for renting a full-size car for a day from a particular
agency is modeled by the function C (x) =0.12 x + 40 , where x is the number of
miles driven. Suppose that your budget for renting a car is $100. What is the
maximum number of miles that you can drive in one day?

Comyiight © 2015 Pearson Ediueatiion, hec.



Find a firm’s break-even point if R (x) =10x and C (x ) =7 x + 6000 . (Before
working this problem, go over the explanation above Problems 49 and 50 on
page 128.)

Copyitght © 2015 Pearson Edlucatiion, Inec.



Teaching Notes:

Review the slope-intercept form of the equation of a line.

Emphasize the theorem for Average Rate of Change of a Linear Function in

the book.

Emphasize the need to express the answer to a verbal problem in terms of

the units given in the problem.

Discuss depreciation, supply and demand, and break-even analysis in more depth
before working either the examples in the book or the examples above.

Answers: 1) x=2; 2) a) x=6, b) 2<x<6; 3) 500 miles; 4) 2000 units

1)

Copyright © 2015 Pearsen Edueatien, Ine.



Mini-Lecture 2.2
Building Linear Models from Data

Learning Objectives:

Draw and Interpret Scatter Diagrams (p. 130)

Distinguish between Linear and Nonlinear Relations (p. 131)
Use a Graphing Utility to Find the Line of Best Fit (p. 132)

Examples:

x [ 37 18 [9 |11 [ 15
y |24 |7 |8 [6 10

Draw a scatter diagram. Select two points from the scatter diagram and find the
equation of the line containing the two points.

Graph the line on the scatter diagram.

The marketing manager for a toy company wishes to find a function that relates the
demand D for a doll and p the price of the doll. The following data were obtained based
on a price history of the doll. The Demand is given in thousands of dolls sold per day.

Price 9.00 [10.50 [11.00 | 12.00] 12.50 | 13

Demand | 12 11 9 10 9.5 8

Use a graphing utility to draw a scatter diagram. Then, find and draw the line of best fit.

How many dolls will be demanded if the price is $11.50?

Teaching Notes:

Many students have trouble deciding what scale to use on the x- and y-axes of
their scatter plots. Remind them that the scale does not have to be the same on
both axes and that the axes may show a break between zero and the first

labeled tick mark.

Use a set of data and ask different students to pick two points and find the
equation of the line through the points. Use the graphing utility to draw a scatter
diagram and plot each student’s line on the scatter diagram. Then find the line of
best fit using the graphing utility and graph it on the scatter diagram. This
exercise will give students a better understanding of the line of best fit.

To help students understand of the correlation coefficient show scatter diagrams
for different data sets. Show the students data sets with correlations coefficients
closeto 1, -1, and 0.

Copyright © 2015 Pearsen Edueatien, Ine.



Answers: 1)y = 1_x + 1 for points (3,2) and (7,4); 4) D=9.77 thousand dolls
2 2

[
e}
®

oe]
L

N
®

L ]

D
®
+X

bt
)
®

o]

N

=

(9]
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Mini-Lecture 2.3
Quadratic Functions and Their Zeros

Learning Objectives:

Find the Zeros of a Quadratic Function by Factoring (p. 138)

Find the Zeros of a Quadratic Function Using the Square Root Method (p. 138)
Find the Zeros of a Quadratic Function by Completing the Square (p. 140)
Find the Zeros of a Quadratic Function Using the Quadratic Formula (p. 141)
Find the Point of Intersection of Two Functions (p. 143)

Solve Equations That are Quadratic in Form (p. 144)

Examples:

Find the zeros by factoring: f(x)=3x%+4x-4

Find the zeros by using the square root method: f (x ) = (4 x -1)? -16
Find the zeros by completing the square: f (x) =x2+4x-10

Find the zeros by using the quadratic formula: f (x) =3x2-5x-7
Find the real zeros of: f(x)=x%-11x? +18

Find the points of intersection: f(x)=x2-4&g(x)=3-x?

Teaching Notes:

Students that do not have good skills will struggle with this section. Most students
can factor pretty well, but they will commit many types of algebraic mistakes
when using the other methods.

When students use the quadratic formula, they will have trouble simplifying the

rational expression. For example, reducing like this %: 1+5%/10isa
1

common error.
Completing the square will shine a light on the difficulties that students have with

fractions.
Answers:
1) 2;-2 2)2;-3 3) -2+ [ 14 4)ﬂE
3 4 4 6
S5)x=+2+3 6) * ﬂ,— '

Copyright © 2015 Pearson Education, Inc.



Mini-Lecture 2.4
Properties of Quadratic Functions

Learning Objectives:

Graph a Quadratic Function Using Transformations (p. 149)

Identify the Vertex and Axis of Symmetry of a Quadratic Function (p. 151)
Graph a Quadratic Function Using Its Vertex, Axis, and Intercepts (p. 152)
Find a Quadratic Function Given Its Vertex and One Other Point (p. 155)
Find the Maximum and Minimum Value of a Quadratic Function (p. 156)

Examples:

Find the coordinates of the vertex for the parabola defined by the given quadratic
function. f (x ) = —=3x 2 + 5x — 4

Sketch the graph of the quadratic function by determining whether it opens up or down
and by finding its vertex, axis of symmetry, y-intercepts, and x-intercepts,
if any.f (x) =6 - 5x + x°

For the quadratic function, f (x ) = 4x 2 - 8x,,

determine, without graphing, whether the function has a minimum value or
a maximum value,
find the minimum or maximum value.

Determine the quadratic function whose graph is given.
y

= 1

(2,-4)

/

Copyright © 2015 Pearson Education, Inc.




Teaching Notes:

Remind students to review transformations of graphs before beginning to graph
quadratic functions.

Emphasize from the book “Steps for Graphing a Quadratic Function
f(x)=ax2+bx+c,a#0,byHand.”

Stress the use of a from the standard form to determine the direction the parabola
IS opening before beginning to graph it. Students need to recognize early on the
benefits of knowing as much about a graph as possible before beginning to draw
it.

In addition to the intercepts, encourage students to use symmetry to find
additional points on the graph of a quadratic function.

I . b .
Many students will give the x-value found with x = = 2@ as the maximum or

minimum value of the quadratic function. Emphasize that finding the maximum
or minimum is a two-step process. First, find where it occurs (x), then find what

itis (y).

Answers: 1) 5 - 2% ; 2) opens up, vertex2, -1 | axis x = 2, x-intercepts 2 and 3,
6 12 2 4 2
y-intercept 6

2) y

A }
\ /
\ /

3) a. minimum, b. minimum of -4; 4) f(x)=-x% +4x-8

Copyright © 2015 Pearson Education, Inc.
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Mini-Lecture 2.5
Inequalities Involving Quadratic Functions

Learning Objectives:

1. Solve Inequalities Involving a Quadratic Function (p. 160)

Examples:

1. Use the figure to solve the inequality f(x)=g(x).

}::f{x )

Solve and express the solution in interval notation. 9x2 - 6x +1 <0

Solve the inequality. x (x +2) > 15
4.Solve f(x)>g(x).f(x)=—x2+2x+3;g(x)=-x2-2x+8

Teaching Notes:

Suggest that students review interval notation. Caution them to check for the
correct use of brackets or parentheses in solutions written in interval notation.
Suggest that students review factoring a trinomial.

Be sure to show Method | and Method 11 in Example 2 in the book.

Answers: 1) [-2,1] ; 2) 2; 3) (==, -5) U (3,=) ; 4) -
4

Copyright © 2015 Pearson Education, Inc.
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Mini-Lecture 2.6
Building Quadratic Models from Verbal Descriptions and from Data

Learning Objectives:

Build Quadratic Models from Verbal Descriptions (p. 165)
Build Quadratic Models from Data (p. 169)

Examples:

Among all pairs of numbers whose sum is 50, find a pair whose product is as large as
possible. What is the maximum product?

A person standing close to the edge of the top of a 180-foot tower throws a ball vertically

upward. The quadratic function s (t) = —16t 2 + 64t +180 models the ball’s height
above ground , s (t), in feet, t seconds after it was thrown. After how many seconds
does the ball reach its maximum height? What is the maximum height?

The price p (in dollars) and the quantity x sold of a certain product obey the demand

. 1 .
equation p = =— 4 x +120 . Find the model that expresses the revenue R as a

function of x. What quantity x maximizes revenue? What is the maximum revenue?

The following data represent the percentage of the population in a certain country
aged 40 or older whose age is x who do not have a college degree of some type.

Age, X 40 45 50 55 60 65

No college | 25.4 23.2 21.8 24.5 26.1 29.8

Find a quadratic model that describes the relationship between age and percentage of
the population that do not have a college degree. Use the model to predict the
percentage of 53-year-olds that do not have a college degree.

Teaching Notes:

Show students how to use MAXIMUM and MINIMUM on the graphing utility.
Show students how to use the QUADratic REGression program on the
graphing utility.

Encourage students to review the discriminant.

Answers: 1) (25, 25), 625; 2) 2 sec., 244 ft; 3) R (x) = ——14 X 2 +120x ,
2

Copyright © 2015 Pearson Education, Inc.
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x=240, R(240)=$14,400; 4) P (x ) =.0296 x - 2.9216 x + 94.6550 , 23.0%

Copyright © 2015 Pearson Education, Inc.
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Mini-Lecture 2.7

Complex Zeros of a Quadratic Function

Learning Objectives:

1. Find the Complex Zeros of a Quadratic Function (p. 175)

Examples:

1. Find the complex zeros; graph the function; label the intercepts.

(a)f(x)=x2

+5 (b)f(x)=x2+2x+7

(c)f(x)=2x%-4x-5 (d)f(x)=x2-2x+5

Teaching Notes:

Have students review the quadratic formula.

Students will need to know how to reduce radical and rational expressions.
Remind the students that i is outside the radical when simplifying a radical

expression.

AnNsSwers:

1. (a) Complex zeros x = +iv5 ; y-intercept = 5; no x-intercepts.
(b) Complex zeros x= -1+ i/6; y-intercept = 7; no x-intercepts

(c) Complex zeros x = Zi_‘gz; y-intercept = -5; x-intercepts x :_Zi\éﬂ

(d) Complex zeros x =1 * 2i ; y-intercept = 5; no x-intercepts

(@)

(©)

(b)

N

(d)

N/

Copyright © 2015 Pearson Education, Inc.



Cannons The velocity of a projectile depends upon

many factors, in particular, the weight of the ammunition.

Plot a scatter diagram of the data in the table below. Let x
be the weight in kilograms and let y be the velocity in
meters per second.

Initial
Type Weight (kg) Velocity (m/ sec)
MG 17 10.2 905
MG 131 19.7 710
MG 151 41.5 850
MG 151>20 423 695
MG> FF 35.7 575
MK 103 145 860
MK 108 58 520
WGr 21 111 315

(Data and information taken from ‘“Flugzeug-Handbuch,
Ausgabe Dezember 1996: Guns and Cannons of the
Jagdwaffe” at www.xs4all.nl/~rhorta/jgguns.htm)


http://www.xs4all.nl/~rhorta/jgguns.htm

Determine which type of function would fit this data the
best: linear or quadratic. Use a graphing utility to find
the function of best fit. Are the results reasonable?

Based on velocity, we can determine how high a pro-
jectile will travel before it beginsl to come back down.
If a cannon is fired at an angle of 45° to the horizon-tal,
then the function for the height of the projectile is given

2 - .
by s1t2 = 16t + 2 Vvot+so, where vo is the
velocity at which the shell leaves the cannon (initial

velocity), and so is the initial height of the nose of the
cannon (because cannons are not very long, we may
assume that the nose and the firing pin at the back are at
the same height for simplicity). Graph the func-tion s =
s1t2 for each of the guns described in the table. Which
gun would be the best for anti-aircraft if the gun were
sitting on the ground? Which would be the best to have
mounted on a hilltop or on the top of a tall building? If
the guns were on the turret of a ship, which would be
the most effective?



3. Suppose f1x2 = sin x.
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Build a table of values for f1x2 where x = 06,4,
Q.D_Q_Q_Qp _Q_Q_Q,QQ,QQ-,J.Q,
f 2 3 4 6 4 3 2 3 4

6 ,2p. Use exact values.

Find the first differences for each consecutive pair of

values in part (a). That is, evaluate g1xi2 = ¢fl,i(i2 =
fixr42- :—fl_xiz- , where x1=0, X2 :gp-,A,

x17 =2p. Use your calculator to approximate each
value rounded to three decimal places.

Plot the points 1xj , g1xi22 fori =1, A, 16 on a scat-
ter diagram. What shape does the set of points give?
What function does this resemble? Fit a sine curve

of best fit to the points. How does that relate to your
guess?

(d) Find the first differences for each consecutive pair of
values in part (b).That is, evaluate h1xj2 = £41Xi2 -

TTI2- T 7T i
Xy where x1 =0, x2 = 6 A xie =
11p_.. . .
6" . This is the set of second differences of f1x2.

Use your calculator to approximate each value rounded

to three decimal places. Plot the points 1xi , h1xi22 for
i =1, A, 15 on a scatter diagram. What shape does the
set of points give? What func-tion does this resemble?
Fit a sine curve of best fit to the points. How does that



relate to your guess?



(e) Find the first differences for each consecutive pair of

values in part (d). That is, evaluate k1xi2 = M
hixj + 12 - h1xi2 o
= ';1- : ,wherexy =0, x2 = Q,A,x15
it+1-Xj 6

' - .
4p. This is the set of third differences of f1x2.

Use your calculator to approximate each value rounded
to three decimal places. Plot the points 1xi , k1xi22 for
i =1, A, 14 on a scatter diagram. What shape does the
set of points give? What func-tion does this resemble?
Fit a sine curve of best fit to the points. How does that
relate to your guess?

(f) Find the first differences for each consecutive pair of

values in part (e). That is, evaluate m1x;2 = M

= M2 D2 here 5y =0, 0= R A

X
4 = 3. Thisisthe set of fourth differences of f1x2.

Use your calculator to approximate each value rounded
to three decimal places. Plot the points 1xj , m1x;22
fori =1, A, 13 on a scatter diagram. What shape does
the set of points give? What func-tion does this
resemble? Fit a sine curve of best fit to the points. How
does that relate to your guess?

What pattern do you notice about the curves that you
found? What happened in part (f )? Can you make a
generalization about what happened as you com-puted
the differences? Explain your answers.



CBL Experiment Locate the motion detector on a
Calculator Based Laboratory (CBL) or a Calculator Based
Ranger (CBR) above a bouncing ball.
Plot the data collected in a scatter diagram with time as
the independent variable.
Find the quadratic function of best fit for the sec-ond
bounce.
Find the quadratic function of best fit for the third bounce.
Find the quadratic function of best fit for the fourth
bounce.
Compute the maximum height for the second bounce.
Compute the maximum height for the third bounce.
Compute the maximum height for the fourth bounce.
Compute the ratio of the maximum height of the third
bounce to the maximum height of the second bounce.
Compute the ratio of the maximum height of the fourth
bounce to the maximum height of the third bounce.
% (j) Compare the results from parts (h) and (i). What do you
-+ conclude?



