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Chapter 2

Linear and Quadratic Functions

Section 2.1 7. slope; y-intercept
1. From the equation y =2x—3, we see that the y- 8. 43
intercept is —3 . Thus, the point (0,-3) is on the 9. positive

graph. We can obtain a second point by choosing
a value for x and finding the corresponding value 10. True

fory. Let x=1,then y =2(1)-3=—1. Thus, ) )
11. False. If x increases by 3, then y increases by 2.
the point (1,—1) is also on the graph. Plotting

the two points and connecting with a line yields 12. False. The y-intercept is 8. The zero is —4.
the graph below.
5 13. f(x):2x+3
Slope = 2; y-intercept =3
Plot the point (0, 3). Use the slope to find
an additional point by moving 1 unit to the

i—Lu—L right and 2 units up.
i y
(0,-3) 8
Z B 6
(0,3)
2 m tamh_3=5 2 2 g
Xp-x —1-2 -3 3 LAt 10
e L 2 4 6 8
3. To find the y-intercept, let x = 0: j/ -2
2 —_—
0 +2y=4 average rate of change =2
= 2 . .
Y . . d. increasing
So, the y-intercept is (0, 2).
To find the x-intercept(s), let y = 0: 14. g(x)=5x-4
X +2(0)=4 a. Slope =5; y-intercept =—4
X =4 b. Plot the point (0,—4) . Use the slope to find
x=12 an additional point by moving 1 unit to the
So, the x-intercepts are (—2,0) and (2,0). right and 5 units up.

)
4. 60x—900=—-15x+2850
75x—-900 = 2850
75x=3750
x=50
The solution set is {50}.

5. f(-2)=(-2)-4=4-4=0
average rate of change =5

d. increasing
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15. h(x) =-3x+4

a.

Slope = -3 ; y-intercept = 4

Section 2.1: Properties of Linear Functions

1

c. average rate of change = 1

d. increasing

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. 18. h(x) = —gx +4
¥ 3
2 .
a. Slope= —g; y-intercept = 4
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.
[ I )
6 8 ;7
6
c. average rate of change = -3 \— 3
d. decreasing 0. 4)

16. p(x)=—x+6

-2
a. Slope= -1; y-intercept=16 P
b. Plot the point (0, 6). Use the slope to find
an additional point by moving 1 unit to the _ 2
. ) c. average rate of change = ——
right and 1 unit down. 3
. d. decreasing
19. F (x) =4
a. Slope =0; y-intercept =4
b. Plot the point (0, 4) and draw a horizontal
T N line through it.
-2 2 4 60N 8 Y
2 5+
0. HL "
c. average rate of change = —1 B
d. decreasing L g X
-5 5

1

17. f(x)=—x—3

I

Slope = %; y-intercept = -3

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

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

3
5 —
B X
-2 L @, -2) 8
0.3 _——71
L 4
_5-

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

20. G(x)=-2 23. f(x)=-5x+10
a. Slope =0; y-intercept = —2 a. —-5x+10=0
b. Plot the point (0,-2) and draw a horizontal —5x=-10
line through it. x=2
.
5‘, b. y-intercept =10
~ y
- 104~ (0,10)
h 0.2 B
-5k N
I (2\'0\) L X
c. average rate of change =0 o \‘ £
constant
24. x)=-6x+12
21. g(x)=2x—8 f( )
e 80 a. —6x+12=0
A x; I —6x=-12
o x=2
x=4
b. y-intercept =12
b. y-intercept = —8 y e
y% L1 .I/I L1111 X \—
4,0) 10
L111
-5
(0,-8) e
-10
25. H(x)=——x+4
22. g(x)=3x+12 (x) o
3x=-12
x=—4 —lx =4
) 2
b. y-intercept =12 =8

b. y-intercept =4
y
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Section 2.1: Properties of Linear Functions

1
26. G(x) = gx—4 29. x | y= f(x) Avg. rate of change = %
a. Ly_4-0 -2 -8
-3-(-8) 5
- -3 ===5
%x _4 ! —1-(=2) 1
x=12 . . 0-(3) 3 _,
b. y-intercept =—4 0-(-1) 1
y
s 1 1
B 2 0
= This is not a linear function, since the average
- (12,0) .
Ll D11 g M X rate of change is not constant.
-4 L 16
» -f(x) | A f change =2
0,-4) 30. x | y=rf(x) vg. rate of change e
s
-2 -4
0-(-4) 4
- _4y -1 0 R )
27. x | y=/(x) | Avg. rate of change o -1-(=2) 1
— 4-0 4
2 4 0 A _4y,
1-4 3 0-(-1) 1
! ! () 1 84 4
1 8 - =—=4
2-1 _3_ 1-0 1
7| e » | 1 128 _4_
5o2) 2-1 1
1 -5 S Wil A | This is a linear function with slope = 4, since the
1-0 1 average rate of change is constant at 4.
—8—(-5) —
2-1 1 31. | x | y=/(x)| Avg.rate of change =—
This is a linear function with slope = -3, since Ax
the average rate of change is constant at —3. -2 -26
—4-(-26) 22
28. | x | y=/(x) | Avg.rate of change :% -1 —4 ~1-(-2) 1 2
2-(-4) 6
-2 l 0 ) ( ) =—=6
4 0—(-1)
| 1 -8 41 ! -2
- 2 —1-(-2) 1 4 2 -10
1 1 This is not a linear function, since the average
0 1 (1-%) _z_1 rate of change is not constant.
0-(-1) 1 2
1 2
2 4

This is not a linear function since the average
rate of change is not constant.
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Chapter 2: Linear and Quadratic Functions

35. x)=4x-1; x)=-2x+5
32. | x | y=/(x) | Avg. rate of change = & /() g(x)
Ax a.  f(x)=0
=2 -4 4x-1=0
-35-(-4) 05 1
— -35 —2=—"=05 =—
! C1-(=2) 1 T
—3-(=35 b x)>0
0-(-1) 4x—-1>0
-2.5-(-3 =
Lo | 2205 ok
1-0 1 : .
-2-(-2.5 The solution set is { x|x >—¢ or
2 2 2-(-25) _05_ { 4} (4
2-1 1
This is a linear function, since the average rate of ¢ f (x) =8 (x)
change is constant at 0.5 4x—1=-2x+5
A 6x=06
33. x | y=/(x) | Avg.rate of change :Ey x=1
D) 8 d. f(x)<g(x)
8§—8 0 4x—-1<-2x+5
-1 8 =-=0
_1_(_2) 1 6x<6
88 0 x<1
0 8 O—(—l) 17 0 The solution set is {x|x < 1} or (—oo, 1] .
_ e. Y
1 8 ﬁ = 9 =0 5
1-0 1
2 g 8-8_0_ v
2-1 1 T O\ N
This is a linear function with slope = 0, since the - [
average rate of change is constant at 0. el
y=ff [~
S y=g)
34. | x | y=/(x) | Avg. rate of change =% e
> 0 36. f(x)=3x+5; g(x)=—
-0 1 a.  f(x)=0
-1 1 () 1 3x+5=0
5
0 4 L33 T
0-(-1) 1
" 5 b. f(x)<0
B 16 3x+5<0
This is not a linear function, since the average x<—2
rate of change is not constant. 3

The solution set is {x

xX<—=%or|—oo,—=|.
3 3
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Section 2.1: Properties of Linear Functions

¢ f(x)=g(x) 38. a. The point (5, 20) is on the graph of y = g(x),
3x+5=-2x+15 so the solution to g(x)=20 is x=5.
5x=10 b. The point (-15, 60) is on the graph of
x=2 y = g(x), so the solution to g(x) =60 is
d.  f(x)=g(x) x=-15.
3x45>-2x+15 c. The point (15, 0) is on the graph of y = g(x),
5¢>10 so the solution to g(x)=0 is x=15.
x22 d. The y-coordinates of the graph of y = g(x) are
The solution set is {x|x > 2} or [2, ). above 20 when the x-coordinates are smaller

than 5. Thus, the solution to g(x) > 20 is
{x]x <5} or (-,5).

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

are below 60 when the x-coordinates are larger
than —15. Thus, the solution to g(x) <60 is

{x|x > —15} or [-15, x).

f.  The y-coordinates of the graph of y = f(x)
are between 0 and 60 when the x-

37. 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 solution to 0 < f(x) <60 is
x=40. {x[-15<x <15} or (-15,15).
b. The point (88, 80) is on the graph of
¥ =f(x), so the solution to f(x) =80 is 39. a.  f(x)=g(x) when their graphs intersect.
x=88. Thus, x=—4.

c. The point (—40, 0) is on the graph of

b. f(x)<g(x) when the graph of fis above
v = f(x), so the solution to f(x)=0 is

the graph of g. Thus, the solution is

x=—40. {x| X< —4} or (—o0,—4) .
d. The y-coordinates of the graph of y = f(x)

are above 50 when the x-coordinates are larger 40. a. f( x) _ g( x) when their graphs intersect.

than 40. Thus, the solution to f(x) > 50 is Thus. x =2

4 40, ) . e .

{x|x > O} or (40, ) b.  f(x)< g(x) when the graph of f'is below
e. The y-coordinates of the graph of y = f(x) or intersects the graph of g. Thus, the

are below 80 when the x-coordinates are solution is { x| x< 2} or (_oo, 2] )

smaller than 88. Thus, the solution to

S(x) <80 is {x]x< 88} or (—oo, 88]. 41. a. f(x)=g(x) when their graphs intersect.
f. The y-coordinates of the graph of y = f(x) Thus, x=-6.

are between 0 and 80 when the x-coordinates b. g ( x) <f ( x) <h ( x) when the graph of f'is

are between —40 and 88. Thus, the solution to above or intersects the graph of g and below

0< f(x)<80 is {x|-40 < x <88} or the graph of 4. Thus, the solution is
(40, 88). {x[-6<x<5} or [-6,5).
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Chapter 2: Linear and Quadratic Functions

42. a. f(x)=g(x) when their graphs intersect.
Thus, x=17.
b. g(x)<f(x)<h(x) when the graph of fis

above or intersects the graph of g and below
the graph of 4. Thus, the solution is

{x|-4<x<7} or [-4,7).

43. C(x)=025x+35
a. C(40)=025(40)+35=$45.

b. Solve C(x)=0.25x+35=80
0.25x+35=80
0.25x =45
45

x =—— =180 miles
0.25

¢. Solve C(x)=0.25x+35<100
0.25x +35 <100
0.25x < 65

x < ﬂ =260 miles
0.25

44. C(x):0.38x+5
a. C(SO):0.38(50)+5=$24.

b. Solve C(x)=0.38x+5=29.32
0.38x+5=29.32
0.38x=24.32
24.32
x=

———— = 64 minutes
0.38

¢. Solve C(x)=0.38x+5<60
0.38x+5<60
0.38x <55

x < i ~ 144 minutes
0.38

45. B(1)=19.25¢+585.72
a.  B(10)=19.25(10)+585.72 = $778.22

b. Solve B(r)=19.25+585.72 =893.72
19.251 +585.72 =893.72
19.25¢ =308
308

t=——=16 years
19.25 Y

Therefore, the average monthly benefit will
be $893.72 in the year 2006.
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Solve B(r)=19.25¢+585.72 > 1000
19.25 +585.72 > 1000

19.25¢ > 414.28

, 41428

19.25
Therefore, the average monthly benefit will
exceed $1000 in the year 2012.

~ 21.52 years

46. E(t) =26t +411

a.

b.

E(10)=26(10)+411=8671 billion.

Solve E(t)=26t+411=879
26t +411=879
26t = 468
468

t =——=18 years
% 7

Therefore, the total private expenditure will
be $879 billion in the year 2008.

Solve E(t) =26t+411>1000
26t+411>1000
26t > 589

t> >89 ~ 22.65 years
26

Therefore, the total private expenditure will
exceed $1 trillion in the year 2013.

47. S(p)=-200+50p; D(p)=1000-25p

a.

Solve S(p)=D(p).
—200+50p =1000-25p
75p =1200
1200
== -
§(16) =-200+50(16) = 600
Thus, the equilibrium price is $16, and the
equilibrium quantity is 600 T-shirts.
Solve D(p)>S(p).
1000-25p >—-200+50p
1200 > 75p
120
75
16> p

The demand will exceed supply when the
price is less than $16 (but still greater than
$0).

The price will eventually be increased.
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a.

Section 2.1: Properties of Linear Functions

48. S(p)=-2000+3000p; D(p)=10000-1000p r
5,000+
Solve S(p)=D(p). @4’00(}_
—2000+3000p =10000—-1000p = (29700, 4090)
4000 p = 12000 23,0007
12000 S 20001 (18000, 2335)
p=——= 1,000
4000 BVl AR
S(3) =—2000+3000(3) = 7000 ' ég%' {)00' %f%' %00' 'Jg%' *
Thus, the equilibrium price is $3, and the Adiust fi G OI ? $ v
equilibrium quantity is 7000 hot dogs. justed Gross Income ($)
Solve e. We must solve 7'(x)=2860.

49.

D(p)<S(p)=10000-1000p < ~2000+3000p

10000—-1000p <—-2000+3000p
12000 < 4000p
12000
—<
4000
3<p
The demand will be less than the supply

0.15(x —7300) + 730 = 2860
0.15x~1095 + 730 = 2860
0.15x —365 = 2860
0.15x =3225

x =21,500

A single filer with an adjusted gross income
of $21,500 will have a tax bill of $2860.

when the price is greater than $3. 50. a. The independent variable is payroll, p. The

The price will eventually be decreased. P a.yr.011 tax only applies if the payroll is $128
million or more. Thus, the domain of T is

We are told that the tax function T is for {p|p=128} or [128, ).

adjusted gross incomes x between $7,300

and $29,700, inclusive. Thus, the domain is b. T(160) = O~225(160 _128) =72

{x| 7,300 < x<29,700} or [7300, 29700].

7(18000) = 0.15(18000 — 7300) + 730 = 2335

If a single filer’s adjusted gross income is
$18,000, this his or her tax bill will be $2,335 .

The independent variable is adjusted gross
income, x. The dependent variable is the tax
bill, T.

Evaluate T at x = 7300, 18000, and 29700 .
T(7300) = 0.15(7300—7300)+730

=730
T(18000) = 0.15(18000 —7300) + 730

=2335
T(29700) = 0.15(29700—7300) + 730

=4090
Thus, the points (7300,730),

(18000,2335), and (29700,4090) are on
the graph.

139

Luxury Tax
($ million)

The luxury tax whose payroll is $160
million would be $7.2 million.

Evaluate Tat p =128, 200, and 300 million.
T(128) = 0.225(128—128) =0

7(200) = 0.225(200—128) = 16.2 million

(
T(300) = 0.225(300 - 128) = 38.7 million

Thus, the points (128 million, 0),
(200 million, 16.2 million) , and

(300 million, 38.7 million) are on the
graph.

T

50 +
40 1
30 1+
20 1+
10 +

(300, 38.7)

(200, 16.2)

1 1 1

t t t

7 < < N>
R A

2
Team Payroll ($ million)
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Chapter 2: Linear and Quadratic Functions

d. Wemustsolve T(p)=11.7.
0.225(p—128)=11.7
0.225p-28.8=11.7
0.225p = 40.5
p =180

If the luxury tax is $11.7 million, then the
payroll of the team is $180 million.

51. R(x) =8x; C(x) =4.5x+17500
a. Solve R(x) = C(x) .
8x =4.5x+17500
3.5x =17500
17500
X =

—— =5000
35

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

b. Solve R(x)>C(x)

8x>4.5x+17500
3.5x>17500
17500

x> =5000

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

52. R(x) =12x; C(x) =10x+15000

a. Solve R(x)=C(x)
12x =10x+15000
2x =15000

L L R

The break-even point occurs when the
company sells 7500 units.
b. Solve R(x)>C(x)
12x > 10x+15000
2x >15000

x>@=7500

The company makes a profit if it sells more
than 7500 units.
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53.

54.

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:

m _ Ay _0-3000 _-3000
Ax 3-0 3

The y-intercept is (0,3000), so b=3000.

Therefore, the linear function is

V(x) =mx+b=-1000x+3000 .

=-1000

—
=
(¢}
aq
S
=
=
o
S
~

(x) = ~1000x +3000

V(x)
3000

(dollars)

2000

1000

Book Value

Age

¥V (2)=-1000(2)+3000 =1000
The computer’s value after 2 years will be
$1000.
Solve V (x)=2000
—1000x +3000 = 2000

—1000x =—-1000

x=1

The computer will be worth $2000 after 1
year.

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:

” _ Ay _0-120000 _ -120000 _

=-12000
Ax 10-0 10
The y-intercept is (0,120000) , so
b=120000.

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



SS.

C.

The graph of ¥ (x) =-12,000x +120,000
V(x)
120,000
100,000
80,000
60,000
40,000
20,000

Book Value (dollars)

V(4) =-12000(4)+120000 = 72000
The machine’s value after 4 years is given
by $72,000.
Solve ¥ (x)=72000.
—12000x +120000 = 72000
—12000x = —48000

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

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) =90x+1800

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

3000

2000

Cost (dollars)

1000 —

[
2 46

L1 1 1
8 1012 14
Number of Bicycles

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

Solve C(x) =90x+1800 =3780
90x+1800 =3780
90x =1980
x=22

So 22 bicycles could be manufactured for
$3780.
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56.

57.

58.

59.

60.

Section 2.1: Properties of Linear Functions

a. The new daily fixed cost is

1800+@=$1805
20

b. Letx = the number of bicycles
manufactured. We can use the cost function

C(x)zmx+b , with m =90 and b = 1805.
Therefore C(x)=90x+1805

. The graph of C(x)=90x+1805
CX) A

3000

(dollars)
T

2000

Cost

1000~

8 1012 14
Number of Bicycles
d. The cost of manufacturing 14 bicycles is
given by C(14)=90(14)+1805 =$3065..
e. Solve C(x)=90x+1805=3780
90x +1805 =3780
90x =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) =0.07x+29

b. C(110)=(0.07)(110)+29 = $36.70
C(230)=(0.07)(230) +29 = $45.10

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) =0.05x+5

b. C(105)=(0.05)(105)+5=$10.25
C(180)=(0.05)(180)+5=514

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 negaive slope and a
positive y-intercept. Therefore, the function
from (b) and (e) might have the graph shown.
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Chapter 2: Linear and Quadratic Functions

61. A linear function f(x)=mx+b will be odd
provided f(—x)=—/(x).
That is, provided m(—x)+b=—(mx+b).

-mx+b=—-mx—b

b=-b
26=0
b=0

So a linear function f (x)=mx+b will be odd

provided 5=0.

A linear function f (x)=mx+b will be even

provided f(-x)=f(x).

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

—mxb = mx
0=2mx
m=0

So a linear function f(x)=mx+b will be even

provided m=0.

62. The French word monter means “to climb”.
Urban legend has it that the usage of m for slope
resulted from monter. However, this is
uncertain. Another theory is that the m comes
from the term “modulus of the slope”.

63. The grade of a road is related to the slope of a
line in that both terms describe “steepness”. A
4% grade means that for every 100 units of
horizontal change in the road there is 4 units of
vertical change. Answers will vary.

64. The pitch of a roof/staircase is related to the
slope of a line in that both terms describe
“steepness”. Answers will vary.

Section 2.2

1. No, the relation is not a function because the x-
coordinate 1 is paired with two different y-
coordinates, 5 and 12.

2. Yes, the relation defined by y=2x+1lisa
function because it is a non-vertical line, which
means each x-coordinate will be paired with a
distinct y-coordinate.

3. scatter diagram

4, y=hx

142

S.
6.
7.
8.
9.
10.
11.
12.

13.

True

True

Linear relation, m >0
Nonlinear relation
Linear relation, m <0
No relation
Nonlinear relation
Nonlinear relation

a. 20

b. Answers will vary. We select (3, 4) and
(9, 16). The slope of the line containing
these points is:
m=10-4_12_
9-3 6
The equation of the line is:
Y=y =m(x-x)

2

y—4=2(x-3)
y—4=2x-6
y=2x-2
c. 20
0 10
0

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

e. 20
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Section 2.2: Building Linear Functions from Data: Direct Variation

14. a. 12 The equation of the line is:
o " y=y =m(x—x)
8
i y-(4=3(-(-2)
@ " 8§ 16
0 15 4=2x42
! v+ 3% + 3
-2 8 4
. y =—X+—
b. Answers will vary. We select (5, 2) and 33
(11,9). The slope of the line containing c. 6
L 9-2 7
th t : = - —_ o
ese points is: m=1r—- =1 /
The equation of the line is: 3 = 3
Y=y =m(x-x) /
7
—-2==(x-5
y A -
7 35 . .
y—2=—x-— d. Using the LINear REGresssion program,
6 6 ; .
the line of best fit is:
J’:Zx—é y=22x+1.2
6 6
¢ 12 e T/‘/{
-3 = 3
0 15 :
E =
) -
d. Using the LINear REGression program, the 16. a. 8
line of best fit is: a
y=1.1286x—-3.8619 |
e. 12
-3 3
: 2
0 - 15 b. Answers will vary. We select (-2, 7) and
t (1, 2). The slope of the line containing
-2 these points is:
15. a. 6 me_2=7 _=5__5
L 1-(-2) 3 3
The equation of the line is:
-3 3 Y=y =m(x—x))
5
o y=T=-3(-(-2)
—6 5 10
y=T=—=x——
b. Answers will vary. We select (—2,—4) and 3 3
(1,4). The slope of the line containing 5 11
o y=—Zx+—
these points is: 3 3
od=Ch 8
1-(-2) 3
143
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Chapter 2: Linear and Quadratic Functions

c. 8 d. Using the LINear REGresssion program,
the line of best fit is:
y=3.8613x+180.2920

-5 l 5 e. 160
-8
d. Using the LINear REGression program, the
line of best fit is: 25 L 0
y=-1.8x+3.6 90
e. 8 18. a. 25
3 \\- 3
) —40 0 0
b. Selection of points will vary. We select
17. a. 160 (-30, 10) and (14, 18). The slope of the
line containing these points is:
: 18—-10 8 1
-] m=—————==—=—
. -14-(-30) 16 2
a The equation of the line is:
25 S S S— 0 -y =m(x—x
50 Yy=n 1 ( 1)
b. Answers will vary. We select (—20,100) y-10= E(x_ (=30))
and (-15,118). The slope of the line
containing these points is: y—10= 7% +15
118—100 18
"5 (<20) 5 y=5a+25
The equation of the line is: . 25
Y=y =m(x-x)
18
y—100 = ?(x—(—20))
y—100= %x +72
—40 0
y= %x +172 0
d. Using the LINear REGression program, the
c. 160 line of best fit is:
v =0.4421x+23.4559
e 25
0 a
90
—40 0
0

144
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19.

20.

21.

22,

23.

24.

Section 2.2: Building Linear Functions from Data: Direct Variation

p=KkB
6.49 = k(1000)

0.00649 =k
Therefore we have the linear function

p(B)=0.006498 .
If B=145000, then
p =(0.00649)(145000) = $941.05 .

p=kB
8.99 =k (1000)

0.00899 =k
Therefore we have the linear function

p(B)=0.00899B+0 =0.008995 .
If B=175000, then
p =(0.00899)(175000) = $1573.25 .

R=kg
23.40=k(12)

1.95=k
Therefore we have the linear function

R(g)=1.95g+0=1.95g.
If g=10.5, then R =(1.95)(10.5)=$20.48.

C=kA
23.75=k(5)

475=k
Therefore we have the linear function

C(A4)=4754+0=4.754.
If A=3.5,then C=(4.75)(3.5)=$16.63.

W= kS
1.875=k(15)

0.125=%
For 40 gallons of sand:

W =0.125(40) =5 gallons of water.

v=kt
64 =k (2)
k=32
In 3 seconds, v =(32)(3) = 96 feet per second

145

25.

26.

a.

y
wn
R
§ 280+ ® :
S 260+
B 240+ y
—
é 220+ °
°
5 200+
Z
————————1—
38 42 46 50 54 58 62 66 ¥
Weight (grams)
Linear.

Answers will vary. We will use the points
(39.52, 210) and (66.45, 280).
P 280-210 _ 70
66.45-39.52  26.93
y—210=2.599(x—39.52)
y—210=2.599x-102.712
y=2.599x+107.288

~2.599

y
280+
2601+
240 1
220
200 5

Number of Calories

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

x=623: y=2599(62.3)+107.288
~ 269

We predict that a candy bar weighing 62.3
grams will contain 269 calories.

The slope of the line found is 2.599 calories
per gram. This means that if the weight of a
candy bar is increased by 1 gram, then the
number of calories will increase by 2.599.

No, the relation does not represent a
function. Several x-coordinates are paired
with multiple y-coordinates. For example,
the x-coordinate 42.3 is paired with the two
different y-coordinates 87 and 82.
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Chapter 2: Linear and Quadratic Functions

© v ©
S N K
Il 1 1
t T t
®

o
N
}
L
®

o0
+
t

Number of Raisins
o0
[0 ]
}

)
Q
}
®

Weight (grams)
c. Answers will vary. We will use the points
(42.3, 82) and (42.8, 93).
;e 93-82 11 _
42.8-423 0.5
y—82=22(x-423)
y—82=22x-930.6
y=22x-848.6
d. y
94
92+
90—+
88T

Number of Raisins

Weight (grams)

e. Let Nrepresent the number of raisins in the
box, and let w represent the weight (in
grams) of the box of raisins.

N(w)=22w-848.6

f.  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.

g. The slope of the line found is 22 raisins per
gram. This means that if the weight is to be
increased by one gram, then the number of
raisins must be increased by 22 raisins.

27.

28.

146

18

16

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

C(H)=03734H +7.3268

For each 1 inch increase in height, the
circumference increases by 0.3734 inch.

C(26) = 0.3734(26)+ 7.3268 =17.0
inches

To find the height, we solve the following
equation:
17.4=0.3734H +7.3268

10.0732 =0.3734H

2698~ H
A child with a head circumference of 17.4
inches would have a height of about 26.98
inches.

14

0 175
0

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

L(G) =0.0261G +7.8738

For each 1 day increase in Gestation
period, the life expectancy increases by
0.0261 years (about 9.5 days).

L(89)=0.0261(89)+7.8738 ~10.2 years
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29.

30.

Section 2.2: Building Linear Functions from Data: Direct Variation

a.  The relation is not a function because 23 is
paired with both 56 and 53.

60
58
56
54
52
50
48
46
44
42
40 |

0]

Demand (pairs of
jeans sold per day)

;v !

AD

| P

0

I
]8 20 22 24 2() 28 30

Price (dollars/pair)

c.  Using the LINear REGression program,
the line of best fit is:
D =-13355p+86.1974

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

e D(p)=-13355p+86.1974

. Domain: {p| 0<p< 64}

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

g D(28)=-13355(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.

b. LS
356

352

Sales
(thousands of dollars)
oV
£
I

1 4
20 22 24 26 28 30
Advertising Expenditures

(thousands of dollars)

c.  Using the LINear REGression program, the
line of best fitis: S =2.0667 4+ 292.8869

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

147

31.

32.

33.

34.

e. S(A) =2.06674+292.8869
f. Domain: {A| A> O}

g §(25)=2.0667(25)+292.8869

~344.5544
Sales are about $344,554.
The data do not follow a linear pattern so it
would not make sense to find the line of best fit.
YA
50— °
)
= 40
< .
S 301 .
3
= L ]
10+ o e®
LA oot | L 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.

YA
60—

Closing Price
w b~ U
o O O
I I
°
°

= N
o o
I I

°

[ X J
'Y J
la® ! ] X

0 5 10 15
Y ear

Using the ordered pairs (1,5) and (3,8), the line

. 3 7
of best fit is y:5x+5 or y=1.5x+3.5.

inFEe3
a=zx+h
a=1.5
b=3.5
ré=1
r=1

The correlation coefficient is » =1. This makes
sense because two points completely determine a
line.

A correlation coefficient of 0 implies that the
data do not have a linear relationship.
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Chapter 2: Linear and Quadratic Functions

35. If the student’s average in the class is directly 11. f( x) =0
proportional to the amount of time the student )
studies, then the relationship between the X" =9x=0
average and time studying would be linear. That x(x=9)=0
is, we could express the relationship as 4 = kT’
where T is the time spent studying and 4 is the
student’s average.

x=0 or x-9=0

x=9
The zeros of f(x)=x"—9x are 0 and 9. The x-
intercepts of the graph of fare 0 and 9.

Section 2.3

12. f(x)=0
1. x> =5x—6=(x—6)(x+1) x> +4x=0
x(x+4):O
2. 2x2—x—3:(2x—3)(x+1) Y=0 or x+4=0
3. 2x-3=11 x=—4
2y =14 The zeros of f(x)=x"+4x are —4 and 0. The
x=7 x-intercepts of the graph of fare —4 and 0.
The solution set is {7}. 1. g(x)=0
4. (x-3)(3x+5)=0 x*-25=0
x=3=0 or 3x+5=0 (x+5)(x-5)=0
x=3 3x=-5 x+5=0 or x-5=0
x:—é x=-5 x=5
3 The zeros of g(x)=x"—25 are =5 and 5. The
The solution set is {_2,3} . x-intercepts of the graph of g are —5and 5.
, 14. G(x)=0
5. add; 66] =9 x*-9=0
(x+3)(x-3)=0
6. If f{4) =10, then the point (4, 10) is on the graph x+3=0 or x-3=0
of /. x=-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.

7. repeated; multiplicity 2

8. discriminant; negative

. . ) 15. F (x) =0

9. False. If the discriminant of a quadratic equation
is 0, then the equation has one repeated real X +x-6=0
solution. If the discriminant is negative, then the (x+3)(x—2)=0

equation has no real solutions.
q x+3=0 or x-2=0

10. True. x=-3 x=2
The zeros of F(x)= x> +x—6 are =3 and 2.

The x-intercepts of the graph of F are -3 and 2.
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Section 2.3: Quadratic Functions and Their Zeros

16. H(x)zo 20. H(x)zO
X +7x+6=0 2x*~50=0
(x+6)(x+1)=0 2(x*=25)=0
x+6=0 or x+1=0 2(x+5)(x-5)=0
x=-6 x=-1 y+5=0 or y-5=0
The zeros of H (x)=x"+7x+6 are =6 and —1. y=-5 y=5
The x-intercepts of the graph of H are —6 and —1. The zeros of H ( x) =2x2-50 are =5 and 5.
. ¢(x)=0 The x-intercepts of the graph of H are —5 and 5.
2x* =5x-3=0 21. g(x)=0
2x+1)(x-3)=0 x(x+8)+12:0
2x+1=0 or x-3=0 ¥ +8x+12=0
x:_% x=3 (x+6)(x+2)=0

x=—6 or x=-2

1
2
The zeros of g(x) =2x" —5x-3 are ) and 3. The zeros of g(x)=x(x+8)+12 are -6 and 2.

The x-intercepts of the graph of g are _% and 3. The x-intercepts of the graph of g are —6 and -2.

22. f(x)=0
18. f(x)=0 x(x—4)-12=0
3x* +5x+2=0 2 —Ar—12<0

Gx+2)(x+1)=0

(x—6)(x+2):0
3x+2=0 or x+1=0

x=-2 or x=6

2 =-1
X=-3 ¥ The zeros of f(x)=x(x—4)-12 are -2 and 6.
The zeros of f(x):3x2 +5¢42 are —1 and The x-intercepts of the graph of fare —2 and 6.
—%. The x-intercepts of the graph of fare —1 23. G(x) =0
5 4x* +9-12x=0
and =3 4x> —12x+9=0
(2x-3)(2x-3)=0
19. P(x)=0 2x-3=0 or 2x-3=0
3x? —48=0 3 3
xX== xX==
3(x* -16)=0 2 2
3(x+4)(x-4)=0 The only zero of G(x) = 42 +9-12x is 3.
t+4=0 or t-4=0 3
f=—4 (=4 The only x-intercept of the graph of G is 3

The zeros of P(x)=3x"—48 are —4 and 4.
The x-intercepts of the graph of P are —4 and 4.
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Chapter 2: Linear and Quadratic Functions

24. F(x)=0 28. G(x)=0
25x* +16-40x =0 (x+2)*-1=0
2
25x" —40x+16=0 (x+2)2:1
(5x—44)(§x—4):0 o ci2—+ 1
5x-4=0 or 5x-4= =+
x:ﬂ x:ﬂ x+2=1 or x+2=-1
> > 4 x=-1 x=-3
The only zero of F(x) =25x +16—40x is 5 The zeros of G(x) =(x+2)2 —1 are =3 and —-1.
4 The x-intercepts of the graph of G are -3 and —1.
The only x-intercept of the graph of F'is =
29. F(x)=0
25, f(x)=0 (2x+3)°=9=0
2 —
X -25=0 (2x+3)* =9
2 _
¥ =25 2x+3=+/9
x =25 =45 2x+3=43
The zeros of f(x)=x"—25 are -5 and 5. The 2x+3=3 or 2x+3=-3
x-intercepts of the graph of fare —5 and 5. 2x=0 2x=—6
x=0 x=-3
26. g(x)z() 2
5 The zeros of F(x)=(2x+3)" -9 are -3 and 0.
¥ =36=0 The x-intercepts of the graph of ' are —3 and 0.
x> =36
x=%36 =6 30. G(x)=0
The zeros of g(x)=x"—36 are -6 and 6. The (3x—2)°-4=0
x-intercepts of the graph of g are —6 and 6. (3 y_ 2)2 -4
27. g(x)=0 3x-2=24
2 3x-2=42
(v=1)"-4=0 3x-2=2 or 3x-2=-2
(x-1) =4 3x=4 3x=0
x—1=+/4 xzi x=0
x—1=12 3
x=1=2or x-1=-2 The zeros of G(x) = (3x—2)2 —4 are 0 and %
x=3 x=-1 4
The zeros of g(x) :(x - 1)2 —4 are —1 and 3. The x-intercepts of the graph of G are 0 and 3

The x-intercepts of the graph of g are —1 and 3.
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31.

32.

33.

f(x)=0
x* +4x-21=0
X +4x=21
X’ +4x+4=21+4
(x+2)* =25
x+2=ix/g
x+2=4%5

x=-2%5
x=3 or x=-7

The zeros of f(x) =x? +4x-21 are -7 and 3.
The x-intercepts of the graph of fare —7 and 3.

f(x)=0
x* —6x-13=0
X —6x+9=13+9
(x-3)’ =22
x—3=i\/§
x:3i\/i

The zeros of f(x)=x>—6x—13 are 3-422
and 3++/22 . The x-intercepts of the graph of

are 3—@ and 3+\/Z.

g(x)=0
2 1 3
AR T
2 1 .3
Y T2 6
1 1 3 1
X —=Xxt+t—=—"+—
27716 16 16
A
4) "4
1 11
e T2
1,1
=—4+—
)
x=3 or x=-1
4 4
13 1 3
Th f =x’——x—— are —— =,
e zeros of g(x)=x T 4and4

The x-intercepts of the graph of g are —% and %
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Section 2.3: Quadratic Functions and Their Zeros

34. g(x)zO
x2+%x—§:0
1
2
+Zx==
X X 3
LIV SNNE S
3 9 3 9
LY 4
3) 9

The zeros of g(x)=x’ +§x—% are —1 and

W= W]~

The x-intercepts of the graph of g are —1 and

35. F(x)=0

1-7

6

The zeros of F(x)= 3x2 +x—% are — and

—1+:7

6

—1-4/7
6

. The x-intercepts of the graph of F are
-1447
c

and
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Chapter 2: Linear and Quadratic Functions

36. G(x)=0 39. g(x)=0
2x* =3x-1=0 X —4x-1=0
=1, b=—4, c=-1
x? —%x—%:o a=5 » ¢
Jo DA ADCED _44Vi64
2 3 1 = =
X 2x 5 2(1) 2
x2—§x+2—l+2 :41@:4i2\/§:2+\/§
2716 2 16 2 2 B
(x—3)2 17 The zeros of g(x)=x’—4x—1 are 2—+/5 and
4 16 2++/5. The x-intercepts of the graph of g are
x—§=+ 1_7=+\/ﬁ 2-+/5 and 2++/5.
4 “N16 ~— 4 40 0
34417 ‘ g(v)=
r= 4 X' +6x+1=0
a=1, b=6, c=1
The zeros of G(x)=2x*-3x—1 are 3-V17 4ng
4 =616 —4()(1)  —6+36-4
3 j/ﬁ. The x-intercepts of the graph of G are = 2(1) a 2
3_4& and 3+4m_ =—6i\/§:—6i4\/§:_3i2\/§
2 2
37, £(x)=0 The zeros of g(x)=x"+6x+1 are ~3-2+2
¥ _dx42=0 and —3+2v/2 . The x-intercepts of the graph of
a=1, b=—4, ¢=2 g are —3-242 and -3+24/2.
A’ -4 _ 424168 41. F(x)=0
2(1) 2 2x’ =5x+3=0
a=2, b=-5, ¢c=3
:41J§:412\E:2iﬁ :
2 2 _—(=5)*(-5° -4(2)(3) 5+25-24
The zeros of f(x)=x?—4x+2 are 2—+2 and *r= 202) - 4
2++/2. The x-intercepts of the graph of fare _5%1 3 or 1
2-+/2 and 2++/2. 4 2
The zeros of F(x)=2x"-5x+3 are | and 3.
38. f(x)=0 2
2 4dx+2=0 The x-intercepts of the graph of F are 1 and %
a=1, b=4, c=2 " ( ) 0
. g(x)=
—4+.,/4% = —A4+J16—
e 4+ 421 4(1)(2) _ 4i216 8 2% 4554320
M a=2, b=5, c=3
—4+8 —4122
= 2I= 5 \/_:—Zi\/z x_—Si«/52—4(2)(3) _ —5+425-24
22 4
The zeros of f(x)=x"+4x+2 are —2-\2 511 2 ;
and —2++/2 . The x-intercepts of the graph of f = 4_ =—lor Y

are ~2-+/2 and ~2++2. The zeros of g(x)=2x"+5x+3 are —% and —1.

The x-intercepts of the graph of g are —% and —1.
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43.

44.

45.

46.

P(x)zO
4x* —x+2=0
a=4, b=-1, ¢c=2
C=EDEYED -4 1541232
B 2(4) B 8
1++/-31
:T:notreal

The function P(x)= 4x%* — x+2 has no real

zeros, and the graph of P has no x-intercepts.

H(x):O

4x* +x+1=0
a=4, b=1, c=1

—1£1P —4(@)(1)  -1+1-16

2(4) a 8

e A
8

=

= not real

The function H (x)= 4x% + x+1 has no real

zeros, and the graph of A has no x-intercepts.

f(x)=0
4x* —14+2x=0
4x* +2x-1=0
a:49 b:23 C:—l
L T2E2 4D 24416
B 2(4) T8
2420 24245 1445
= < _ : ===
The zeros of f(x)=4x> —1+2x are —1:‘«/3
and ~L z\/§ . The x-intercepts of the graph of f
—1-+/5 —1++/5
e — and T
[(x)=0
2x% —142x=0
252 +2x-1=0
a=2, b=2, c=-1
_ 2822 -4Q2)-D) _-244/4+8
- 2(2) T4
24412 24243 -1+
= J _ : ===
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Section 2.3: Quadratic Functions and Their Zeros

47.

48.

49.

50.

The zeros of f(x)= 2 _1+2x are —l—zﬁ
and ~! ;\/5 . The x-intercepts of the graph of
are -1-\3 and _”ﬁ,

2 2

G(x) =0
4.x2 —9X—2 = 0
a= 43 b= _9, c=-2
i (-9) -4 _9+RI+32

2(4) 8

_9%4113
8

V113
8

The zeros of G(x)=4x’—9x—2 are il
and 9+\/ﬁ

9 \/11

. The x-intercepts of the graph of G
and 9+ x/ﬁ

F(x):O
S5x—4x>-5=0

0= 4x2—5x+5
a=4, b=-5,

\/— =445 5+\/25 80

2(4)
_5%4-55
8

=not real

The function F(x)=5x—4x"—5 has no real

zeros, and the graph of F has no x-intercepts.
f(x)=0
X =5=0
=5 x=1/5
The zeros of f(x)=x*~5 are —/5 and /5.
The x-intercepts of the graph of fare —J5 and

V5.

f(x)=0
X =6=0
X =6=x=1/6
The zeros of f(x)=x—6 are —J6 and J6.
The x-intercepts of the graph of fare —/6 and

V6.
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Chapter 2: Linear and Quadratic Functions

51. g(x)=0
16x* —8x+1=0
(4x-1)°" =0

1

4x-1=0=>x=—

X x=7
The only real zero of g(x)=16x2 —8x+1 is i

The only x-intercept of the graph of g is

ENE

52. F(x)zO
45 ~12x+9=0
(2x-3)" =0

3
2%x=3=0 ==
X =>x

The only real zero of F(x)=4x" —12x+9 is % .

The only x-intercept of the graph of F'is % .

53. G(x):O
10x* —=19x-15=0
(5x+3)(2x—5) =0
5x4+3=0 or 2x-5=0

s 2

The zeros of G(x) = 10x*> —19x—15 are —% and

% . The x-intercepts of the graph of G are —%

5
d=.
and -

54, f(x)=0
6x* +7x-20=0
(3x—4)(2x+5)=0
3x-4=0 or 2x+5=0
4 5

xX=— X=—

3 2
The zeros of f(x)=6x"+7x-20 are —% and g .

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

154

5S. P(x):O

6x> —x—2=0

(3x—2)(2x+1):0
3x-2=0 or 2x+1=0

ng x:—z

—6x2 —x— 1 2
The zeros of P(x)=6 x—2 are > and T

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

56. H(x)=0
6x% +x-2=0
(3x+2)(2x-1)=0
3x+2=0 or 2x-1=0

eo 2 L
3 2

1

The zeros of H(x):6x2 +x-2 are —% and 5

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

57. G(x)=0
x* +\/§x—%:0

2(x2+x/§x—%j:(0)(2)

2x2+2\/§x—l:0
a=2, b=22, c=-1

~(2V2)£,(2V2) —4(2)(-1)
e 202)
24848 224416
4 4
2244 22
4 2

The zeros of G(x):x2 + 2x—% are ~2-2

2
—~2+2
2

are _€_2 and _\/§2+2.

and

. The x-intercepts of the graph of G
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58. F(x)=0

%xz—\/zx—1:0

2(%x2—\/§x—1):(0)(2)

X’ —242x-2=0
a=1, b=-22, c=-2

~(-242) £ J(-242)? - 4()(-2)
X =

2()
_ 222416 _ 2244 212
2 2 1

The zeros of F(x):%x2 —2x—1 are V2 -2

and V2 +2. The x-intercepts of the graph of F
are v/2—-2 and V2 +2.

59. f(x) =0

P 4x-4=0
a= 13 b = 1, CcC= —4
Lo (1)’ —4(1)(-4)

) 2(1)

_ 1241416 _ -15417

2 2

The zeros of f(x)=x"+x—4 are —1—2«/ﬁ and
-1 +2\/ﬁ . The x-intercepts of the graph of fare

—1—2Jﬁ and —1+2\/ﬁ'

60. g(x) =0

¥ 4x-1=0
a=1, b=1 c=-1

o ~( £ -4(1)(-1) 1145

21 2
The zeros of g(x)=x"+x—1 are —1—2\/5 and
-1 -; V5 . The x-intercepts of the graph of g are
-1-/5 1445
> and T

61.

62.

63.

Section 2.3: Quadratic Functions and Their Zeros

S(x)=g(x)
X +6x+3=3
x*+6x=0

X (x + 6) =0

x=0 or x+6=0
x=-6

The x-coordinates of the points of intersection are
—6 and 0. The y-coordinates are g(—6)=3 and
g(0)=3. The graphs of the fand g intersect at
the points (—6,3) and (0,3) .

S(x)=2(x)
X’ —4x+3=3
x*—4x=0
X (x - 4) =0
x=0 or x-4=0
x=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).

S(x)=g(x)
2x% +1=3x+2
0=2x"+3x+1
0=(2x+1)(x+l)
2x+1=0 or x+1=0

x——l x=-1
2

The x-coordinates of the points of intersection

are —1 and —%. The y-coordinates are
g(—l):3(—1)+2:—3+2:—1 and

g 1 =3 1 +2=—§+2:l.
2 2 2 2

The graphs of the fand g intersect at the points
11
-1,-1) and | ——,= |.
(=1,-1) an ( > 2J
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Chapter 2: Linear and Quadratic Functions

64. f(x)=g(x) 67. P(x)=0
3x* =7=10x+1 xt—6x*-16=0
3x2 ~10x-8=0 (x> +2)(x* -8)=0
(3x+2)(x—4)=0 X +2=0 or x*—8=0
3x+2=0 or x-4=0 2= =8
2 x=4
X = —g X = i\/z X = i\/g
The x-coordinates of the points of intersection = not real =422
are —% and 4. The y-coordinates are The zeros of P(x)=x"—6x"~16 are -2
) 2 20 17 and 2v/2 . The x-intercepts of the graph of P are
g(_gjzlo(—gj‘i‘l:—?"rl:—? and _2\/5 and 2\/5
4)=10(4)+1=40+1=41.
g(4)=10(4)+ + . . 68. H(x)=0
The graphs of the f'and g intersect at the points
2 17 x4—3x2—4:0
(—7,——j and (4,41). 5 5
(x> +1)(x*-4)=0
65. f(x)=g(x) X +1=0 or x>—4=0
X —x+1=2x>-3x-14 X =-1 X’ =4
0=x"-2x-15 x=+/-1 x=+J4
0=(x+3)(x-5) = not real =42
x+3=0 or x-5=0 The zeros of H(x)=x"-3x" -4 are -2 and 2.
x=-3 x=5 The x-intercepts of the graph of H are —2 and 2.
The x-coordinates of the points of intersection
are —3 and 5. The y-coordinates are 69. f (x ) =0
£(=3)=(-3) =(-3)+1=9+3+1=13 and xt—5x2+4=0
=5 _ =25— = (x2—4)(x2—1)=0
f(5)=5-5+1=25-5+1=21.
The graphs of the fand g intersect at the points x> —4=0or x> =1=0
(-3,13) and (5,21). x=12 or x=1=I

The zeros of f(x) =x*-5x*+4 are -2, -1,

66 /(x)=2(x) |
5 5 1, and 2. The x-intercepts of the graph of fare
X +5x=3=2x"+T7x-27 -2, -1,1,and 2.

0=x*+2x-24
0=(x+6)(x—4) 70. f(x)=0
x+6=0 or x—4=0 xt—10x +25=0
x=-6 x=4 (x2—5)2:0

The x-coordinates of the points of intersection
are —6 and 4. The y-coordinates are

f(~6)=(~6)" +5(-6)-3=36-30-3=3 and
f(4)=4+5(4)-3=16+20-3=33. x =45 .

The graphs of the f'and g intersect at the points The zeros of f (x) =x" ~10x? +25 are —5
(—6,3) and (4,33). and /5 . The x-intercepts of the graph of fare

—J5 and /5 .

x2-5=0

x2=5
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71.

72.

73.

74.

G(x):O
3xt—2x2-1=0
G2 +1)(x2=1)=0
3x2+1=0 or x*-1=0
2
xzz—% X o=
0 x =11
=+, /—— =+
X 4, 3 1
x = not real

The zeros of G(x)=3x"—2x"—1 are -1 and I.
The x-intercepts of the graph of G are —1 and 1.

F(x)zO
2x* —5x2-12=0
(2x2+3)(x2—4)=0

2x* +3=0 or x*—4=0
x2:_§ x* =4
2 3 x:i\/z
x=i\/; =12
= 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 +7x°-8=0

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

g(x)=0
X —7x-8=0
(x3 —8)(x3 +1):0

¥-8=0 or x+1=0
=8 ¥ =-1
x=2 x=-1

The zeros of g(x)=x°—7x’ -8 are —1 and 2.
The x-intercepts of the graph of g are —1 and 2.

157

Section 2.3: Quadratic Functions and Their Zeros

75.

76.

717.

G(x)zO
(x+2)° +7(x+2)+12=0
Let u=x+2—u’ :(x+2)2

W +Tu+12=0
(u+3)(u+4):0

u+3=0 or u+4=0
u=-3 u=-4
x+2=-3 x+2=-4
x=-5 x=—6

The zeros of G(x)=(x+2)" +7(x+2)+12 are

—6 and —5. The x-intercepts of the graph of G
are —6 and 5.

f(x)=0
(2x+5)’ —(2x+5)-6=0
Let u=2x+5—>u’ =(2x+5)2

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:_z
2

The zeros of f(x)= (2x+5)2 —(2x+5)—6 are

—% and —1. The x-intercepts of the graph of /'
are —% and —1.
f(x)=0

(3x+4)° —6(3x+4)+9=0

Letu =3x+4 — u? =(3x+4)2

W —6u+9=0
(u-3)° =0
u-3=0
u=3
3x+4=3
c=_1
3

The only zero of f(x)=(3x+4)" —6(3x+4)+9

is —%. The x-intercept of the graph of f'is —% .
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Chapter 2: Linear and Quadratic Functions

78. H(x)=0 The zeros of H(x)=3(l—x)2+5(1—x)+2 are
2 pa—
(2 - x) " (2 - x) ~20=0 % and 2. The x-intercepts of the graph of H are

Let u=2—x—>u2=(2—x)2 5

u? +u—-20=0 3 and2
(u+5)(u—4)=0
u+5=0 or u-4=0 81.  G(x)=0
u=-5 u=4 x—4Jx=0
2-x=-5 2-x=4 Let u=x >u’=x
x=7 x=-2 u? —4u=0
The zeros of H(x)=(2—x)2+(2—x)—20 are u(u—4)=0
—2 and 7. The x-intercepts of the graph of H are u=0 or u—4=0
-2 and 7. u=4
79. P(x):() \/7:0 \/7:4
2(x+1) =5(x+1)-3=0 x=0"=0 x=4"=16
Let u=x+1—u’ :(x+l)2 Check: I
G(0)=0-40=0
2u* -5u-3=0 (0)
(2u+1)(u-3)=0 G(16)=16-4y16 =16-16=0
2w+1=0 or u—=3=0 The zeros of G(x):x—4x/; are 0 and 16. The
1 u=3 x-intercepts of the graph of G are 0 and 16.
u=—-—=
2 x+1=3
x+l=—l x=2 82. f(x)=0
2 x+8J/x=0
x:—% Let u=~x >u®=x
*+8u=0
The zeros of P(x):2(x+1)2—5(x+1)—3 are e
3 u(u+8)=0
) and 2. The x-intercepts of the graph of P u=0 or u+8=0
are 3 and 2. u=-8
2 Vx=0 Jx=-8
80. H(x):O x=0%2=0 x =not real
3(1-x)’ +5(1-x)+2=0 Check: /(0)=0+8V0=0
Let u=1-x—u’ :(l—x)2 The only zero of f(x)=x+8/x is 0. The only
3u’ +5u+2=0 x-intercept of the graph of fis 0.

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

u=—g u=-1
3 l-x=-1
1_x:_2 x=2
x=2
3
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Section 2.3: Quadratic Functions and Their Zeros

83. g(x)zO 87. V(x)—4
x++/x=20=0 (x-2) =4
Let u=~/x >u®=x x—2=+/4
u? +u—-20=0 2 =4
(u+5)(u=-4)=0 x=242
u+5=0 or u—4=0 x=4 or x=0
u=-5 u=4 Discard x =0 since that is not a feasible length
for the original sheet. Therefore, the original
Jx=-5 Jx =4 sheet should measure 4 feet on each side.
x = not real x=4>=16
88. Vix)=4
Check: g(16)=16+16-20=16+4-20=0 (2)
. (x—2)" =16
The only zero of g(x)= x++/x =20 is 16. The
only x-intercept of the graph of g is 16. x-2=%/16
x—2=214
84. f(x)=0 244

x+Jx—2=0
Let MZ\/;—)MZZX
W +u-2=0

x=6 or =<
Discard x = -2 since width cannot be negative.

Therefore, the original sheet should measure 6
feet on each side.

u— l) (u + 2) =0
u—-1=0 or u+2=0 89. a. When the ball strikes the ground, the
u=1 =2 distance from the ground will be 0.
Therefore, we solve
Jx =1 Jx=-2 s=0
x=1"=1 x = not real 96 +80/ — 161> = 0

Check: f(1)=1+1-2=1+1-2=0
The only zero of f'(x)= x++/x—2 is 1. The
only x-intercept of the graph of fis 1.

—16t> +80+96 =0
2 -5t-6=0
(t-6)(r+1)=0

85. A(x) =143 t=6 or [=<]
x(x+2)=143 Discard the negative solution since the time
2 of flight must be positive. The ball will
x“+2x—-143=0

(x+13)(x-1D) =0

M or x=11

strike the ground after 6 seconds.

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

Discard the negative solution since width cannot we solve
be negative. The width of the rectangular 5 =96
window is 11 feet and the length is 13 feet. 96 +807 —16¢2 =96
86. A(x) =306 —16t* +80¢ =0
x(x+1)=306 *=5t=0
X% +x-306=0 t(t-5)=0
(x+18)(x—-17)=0 t=0 or t=5

M or x=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.

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.
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Chapter 2: Linear and Quadratic Functions

90. a. To find when the object will be 15 meters 91. For the sum to be 210, we solve

above the ground, we solve
s=15

—4.9* +20t =15
—4.91* +20t-15=0
a=-49, b=20, c=-15
20,207 —4(-4.9)(~15)
2(-4.9)

_ —20+/106
98
_20++/106

T 938

t~099 or t~3.09

=

The object will be 15 meters above the ground 92.

after about 0.99 seconds (on the way up) and
about 3.09 seconds (on the way down).

b. The object will strike the ground when the
distance from the ground is 0. Thus, we solve
s=0
—4.9¢ +20t =0
1(-4.91+20)=0
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
—4.9¢% +20t =100
—4.9¢* +20t-100=0
a=-49, b=20, c=-100
t 204,207 — 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.
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S(n)=210
%n(n+1):210
n(n+1)=420
n* +n—-420=0
(n=20)(n+21)=0
n—-20=0 or n+21=0

n=20 =

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) =065
%n(n -3)=065
n(n—3)=130
n*—3n-130=0

(n+10)(n-13)=0
n+10=0 or n—13=0
=<1 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

D(n) =80
%n(n—3) =80
n(n—3)=160

n* -=3n-160=0

a=1,b=-3, c=-160
—(=3)£4/(-3)’ —4(1)(~160)
- 2(1)
3% J649

2

Since the solutions are not integers, a polygon
with 80 diagonals is not possible.

t



93. The roots of a quadratic equation are

Section 2.3: Quadratic Functions and Their Zeros

97.

For f(x)=ax2+bx+c=0:

p— — 2_ j— ‘\' 2_
lzu and xzzu, —b—~b* —4ac —b+b* —4ac

so the sum of the roots is

—b—~b* —4ac N —b++b* —4ac

X1+X2 =

For f(x)=ax’—bx+c=0:

2a 2a . —(=b)=+(-b)* —4ac
_—b—\/b2—4ac—b+\/b2—4ac 1= 2a
- 2a
b b :b— b2—4ac:_ —b++b* —4dac -
2. a4 2a 2a 2
and
94. The roots of a quadratic equation are >
—(=b)++/(-b)" —4ac
—b—~/b* —4ac —b+~/b? —4ac Xt = (
xlzTand XZZT, 2 2a
so the product of the roots is :b+\/b2—4ac __ —b—~Ib* —4ac -
v ox _(—b— b2—4acJ[—b+\/b2—4ac) 2a 2a 1
b 2a 2a
(_b)z_( /b2—4ac)2 b — (b — 4ac) 98. For f(x)=ax’+bx+c=0:
- (2a) o 4d _—b=NP’—dac ., —b+\b —dac
1= 5 2= 5
b* —b* +4ac _4ac ¢ 2a2 2a
_T:E:Z For f(x):cx +bx+a=0:

95. In order to have one repeated real zero, we need

. —b—yb*—4(c)(a) —p—+lb? —4dac

'x1: =

the discriminant to be 0. 2c 2¢
b*—4dac=0 :—b—\/b2—4ac.—b+\/b2—4ac
17 ~4(k)(k)=0 2¢ —b+~b? —dac
1-4k2 =0 ) b ~(b* — 4ac) ) e
4k =1 2c(—b+\/b2 —4dac 20(—b+\/b2 —4ac)
€3 a1
1 —b+\b* —4ac %2
k=% 4 and
i . b 4@ b —aae
k== o k=—= x, = _
2 2 2c 2c
2 2
96. In order to have one repeated real zero, we need =—b+\/b —4ac ,—b—\/b —4ac
the discriminant to be 0. 2c —b—+b> —4ac
2
b —4ac=0 bz—(b2—4ac) 4ac
2 = =
—k)’ —4(1)(4)=0
(=#) (1)(4) Zc(—b— b2—4ac) 2c(—b— b2—4ac)
k*—16=0 , 1
(k-4)(k+4)=0 = ‘2’ ==
k=4 or k=4 ~b—Nb"—4ac
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Chapter 2: Linear and Quadratic Functions

99.

100.

101.

102.

103.

104.

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

b. x=+/9 and x =3 are equivalent because

Jo=3.

c. (x—l)(x—2):(x—l)2 and x—2=x-1 are

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
method, completing the square, and the quadratic
formula.

Answers will vary. Knowing the discriminant
allows us to know how many real solutions the
equation will have.

Answers will vary. One possibility:
Two distinct: f(x)=x>—3x—18
One repeated: f(x)=x" —14x+49
Noreal: f(x)=x"+x+4

Answers will vary.

Two quadratic functions can intersect 0, 1, or 2
times.

Section 2.4

1.
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To find the y-intercept, let x=0:
y=0"-9=-9.
To find the x-intercept(s), let y=0:
¥ =9=0
x* =9
x=+/9=43
The intercepts are (0,-9), (-3, 0), and (3,0).

To find the y-intercept, let x =0

y=2(0)"+7(0)-4=-4.

To find the x-intercept(s), let y=0:
2x* +7x-4=0

(2x—l)(x+4) =0

162

10.
11.
12.
13.
14.
15.
16.
17.
18.

19.

2
0] %

right; 4

parabola

axis (or axis of symmetry)

_b
2a

True; a=2>0.

True; 32 = _ﬂ =2
True

C

E

F

A

G

B

H

D
f@)=g

Using the graph of y = x? , compress vertically

by a factor of %




Section 2.4: Properties of Quadratic Functions

20, f(x)=2x" 23. f(x)= 1o
Using the graph of y = x?, stretch vertically by a 4

; _ .2 .
factor of 2. Using the graph of y = x°, compress vertically

Vi

by a factor of %, then shift up 2 units.

-5 (0,0 5

-5

21. f(x):%xz -2

2
Using the graph of y = x*, compress vertically 24. f(x)=2x"+4

by a factor of 2, then shift down 2 units. Using the graph of y = x?, stretch vertically by a
\S factor of 2, then shift up 4 units.
[ W Y AT
5 5
(=2,-1 2,-1
0, -2) »
=5 I I A
-5 = 5
22. f(x)=2x"-3 —2F

Using the graph of y = x?, stretch vertically by a

1 2
factor of 2, then shift down 3 units. 5. f(o= 2% +1
Vi
5

Using the graph of y = x*, compress vertically

by a factor of %, then shift up 1 unit.

-
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Chapter 2: Linear and Quadratic Functions

26. f(x)=-2x"-2 29. f(x)=2x"—4x+1
Using the graph of y = x?, stretch vertically by a =2 (x2 - Zx) +1

factor of 2, reflect across the x-axis, then shift

Chr2
down 2 units. =2(x"=2x+1)+1-2

1 —_2_
et =2(x-1)7 -1

\
=5 0. - [ 5 Using the graph of y = x?, shift right 1 unit,

stretch vertically by a factor of 2, then shift

(—1,—4) (1, —4) down 1 unit.

10

27. f(x)=x*+4x+2
=(x*+4x+4)+2-4

=(x+2) -2 -
Using the graph of y = x?, shift left 2 units, then 30. f(x)=3x%+6x
shift down 2 units. ' )
) = 3(x + 2x)
)
- =3(x* +2x+1)-3
=3(x+1)*-3
B X Using the graph of y = x?, shift left 1 unit,
— 5 stretch vertically by a factor of 3, then shift
T (=L=D down 3 units.
_sf

28. f(x)=x*—6x-1

=(x*-6x+9)-1-9

=(x-3)"-10
Using the graph of y = x?, shift right 3 units,
then shift down 10 units.

y

8 2
31. f(x)=—x"—-2x

|\.|||[|£ =[x +2v)

=—(x* +2x+1)+1

=—(x+1)? +1
Using the graph of y = x?, shift left 1 unit,
reflect across the x-axis, then shift up 1 unit.

—10
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32, f(x)=-2x"+6x+2
=-2(x" =3x)+2

9 9
=2\ X2 -3x+2 |+2+=
(x x+4)+ +3

2
3V 13
= x-2)] 42
(x 2) 2

Using the graph of y = x?, shift right % units,
reflect about the x-axis, stretch vertically by a
factor of 2, then shift up % units.

y
8

0.2) (3.2

N T T N | Y
—4 6

X

33. f(x)z%x2+x—1

2%()62 +2x)—1

1y 1

—E(x +2x+1)—1—5
1 2 3

=3+ =3

Using the graph of y = x?, shift left 1 unit,

compress vertically by a factor of %, then shift

down % units.

Section 2.4: Properties of Quadratic Functions

34.

:%(x2+2x+1)—1—§

2 2 5
== 1) =2
3 (x+1) 3
Using the graph of y = x?, shift left 1 unit,

compress vertically by a factor of %, then shift

down % unit.

35. a. For f(x)=x>+2x,a=1,b=2,c=0.
Since a =1> 0, the graph opens up.
The x-coordinate of the vertex is
b -2 -2
X=—=—"F=—
2 2(1) 2
The y-coordinate of the vertex is

f(_—bj =f(-D=(-1)"+2(-)=1-2=—1.
2a

Thus, the vertex is (-1, —1) .
The axis of symmetry is the line x =—-1.
The discriminant is
b* —4ac =(2)* —4(1)(0) =4 >0, so the
graph has two x-intercepts.
The x-intercepts are found by solving:
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Chapter 2: Linear and Quadratic Functions

¥ +2x=0
x(x+2)=0
x=0 or x=-2
The x-intercepts are —2 and 0 .
The y-intercept is f(0)=0.

b. The domain is (—o, ). The range is [4, ©).
c. Increasing on (2,) ; decreasing on (-, 2).
37. a. For f(x)=—x*-6x,a=-1,b=—6,
¢=0. Since a =—-1<0, the graph opens

down. The x-coordinate of the vertex is
_=b_—(-6)_6

Xx=—= =—=-3.
b. The domain is (-, o). The range is 2a 2= -2
The y-coordinate of the vertex is
- 2
¢. Increasing on (-1, ) ; decreasing on / (Z_aj =f(=3)=~(=3)"-6(=3)
(-0, —1). =-9+18=09.

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

— 12 — _ —
36. a. For f(x)=x"—4x,a=1,b=-4,c=0. The axis of symmetry is the line x =-3.

Since a =1> 0, the graph opens up. The discriminant is:
The x-coordinate of the vertex is b —dac - (—6)2 —4(=1)(0)=36>0
_cb_AH_4 ’

= —=2. so the graph has two x-intercepts.

2a 20) 2 The x-intercepts are found by solving:
The y-coordinate of the vertex is 2 _

f —x"—6x=0
f(i): f(2)=(2)* -4(2)=4-8=—4. —x(x+6)=0

x=0orx=-6.
The x-intercepts are —6 and 0.
The y-intercepts are f(0)=0.

Thus, the vertex is (2, —4) .

The axis of symmetry is the line x=2.
The discriminant is:

b* —4ac = (—4)* —4(1)(0) =16 > 0, so the |
graph has two x-intercepts. 3.9
The x-intercepts are found by solving:

x*—4x=0

x(x-4)=0

x=0orx=4. (=6, 0),
The x-intercepts are 0 and 4. -8 J
The y-intercept is f(0)=0.

b. The domain is (—o0, o). The range is (-, 9].

c. Increasing on (—o, —3) ; decreasing on

(_39 OO) .
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Section 2.4: Properties of Quadratic Functions

38. a. For f(x)=—x"+4x, a=-1, b=4, so the graph has two x-intercepts.
=0 The x-intercepts are found by solving:
=0. S

Since a =-1<0, the graph opens down. 2x"—8x=0

The x-coordinate of the vertex is 2x(x—-4)=0
x:__b:__4:__4:2 x=0orx=4.

2a 2(-1) -2 The x-intercepts are 0 and 4.

The y-coordinate of the vertex is The y-intercepts is f(0)=0.

-b x=2
5 )=r@ 0
a ﬁ&z |
0,0 ! f4, 0
=—(2)" +4(2) N o A 2
) ! 8
=4, :

Thus, the vertex is (2, 4). :

The axis of symmetry is the line x=2. :

The discriminant is: :

b* —4ac =4> —4(-1)(0) =16 > 0,

so the graph has two x-intercepts.

The x-intercepts are found by solving: b. The domain is (-0, ). The range is [-8, ©0).
-x* +4x=0 ¢. Increasing on (2, «) ; decreasing on (-, 2).
—-x(x—-4)=0
x=0orx=4. 40. a. For f(x)=3x"+18x, a=3, b=18, ¢=0.

The x-intercepts are 0 and 4. Since @ =3> 0, the graph opens up.

The y-interceptis f(0)=0. The x-coordinate of the vertex is

r=2 g=b_-18_-18_
3 2¢_203) 6
B 2.4

The y-coordinate of the vertex is

b
f(zj = f(3)

| —3(=3)% +18(-3)

| =27-54

" =27,

! Thus, the vertex is (-3, —27).

The axis of symmetry is the line x = -3 .
c. Increasing on (-, 2); decreasing on (2,) . The discriminant is:

b* —4ac = (18)* —4(3)(0) =324 > 0,

so the graph has two x-intercepts.

b. The domain is (-0, o). The range is (-0, 4] .

39. a. For f(x)=2x>-8x, a=2,b=-8,c=0.

Since @ =2 > 0, the graph opens up. The x-intercepts are found by solving:
The x-coordinate of the vertex is 3x2 +18x =0
_h_ =8 _8_, 3x(x+6)=0

YT 20) 4

) . x=0orx=-6.
The y-coordinate of the vertex is The x-intercepts are 0 and —6 .

f(;_zj =f(2)=2(2)* -8(2)=8-16=-8. The y-interceptis f(0)=0.

Thus, the vertex is (2, —8).

The axis of symmetry is the line x=2.
The discriminant is:

b* —4ac = (-8)* —4(2)(0) = 64 > 0,
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Chapter 2: Linear and Quadratic Functions

b. The domain is (-, ). The range is
[-27, ).

¢. Increasing on (-3, ) ; decreasing on
(=o0,-3).

41. a. For f(x)=x2+2x—8, a=1,b=2,c=-8.
Since a =1> 0, the graph opens up.
The x-coordinate of the vertex is
-b -2 -2

T2 20) 2
The y-coordinate of the vertex is

b\ .
f(z_aj:f(_l)
=(-1)*+2(-1)-8=1-2-8=-9.
Thus, the vertex is (—1,—9).

The axis of symmetry is the line x =-1.
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:

X +2x-8=0

(x+4)(x-2)=0
x=—4orx=2.

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

x=-1
K

1

-1L-9
b. The domain is (—o0, ©). The range is [-9, ©).

c. Increasing on (-1, ©); decreasing on (-, —1).
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42.

43.

For f(x)=x*-2x-3, a=1,b=-2,

c=-3.

Since a =1> 0, the graph opens up.

The x-coordinate of the vertex is
_=b_=(=2)_2

YT T2 2

The y-coordinate of the vertex is
—b

f(—j =f()= 12 -2()-3=-4.
2a

Thus, the vertex is (1, —4) .

The axis of symmetry is the line x=1.
The discriminant is:

b? —dac=(-2)* —4(1)(-3)=4+12=16>0,
so the graph has two x-intercepts.

The x-intercepts are found by solving:

x*=2x-3=0
(x+D)(x-3)=0

x=-1 or x=3.

The x-intercepts are —1 and 3.
The y-intercept is f(0)=-3.
YA 1x=1

The domain is (—o0, ). The range is [—4, o).
Increasing on (1, ©) ; decreasing on (-0, 1).

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

b 2 -2

T2y 2
The y-coordinate of the vertex is

-b .
f(_za):f(_l)
=(-)*+2(-1)+1=1-2+1=0.

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

The discriminant is:
b* —4ac=2"-4()(1)=4-4=0,



Section 2.4: Properties of Quadratic Functions

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

X2 +2x+1=0 6.9
(x+1)>=0
x=-1.

The x-intercept is —1 .
The y-interceptis f(0)=1.

T T T T T T T 7 T3
o~
L
o
=

|
8

b. The domain is (-, ). The range is [0, o).

c. Increasing on (—3,0) ; decreasing on
X
5 (=0, =3).

45. a. For f(x)=2x"-x+2,a=2,
b=-1,c=2.
Since @ =2 > 0, the graph opens up.
The x-coordinate of the vertex is

b. The domain is (-0, ©0). The range is [0, ) .

c. Increasing on (—1, o) ; decreasing on Y= -b _ —(=D _1 )

(=0, —1). 2a 2(2) 4

The y-coordinate of the vertex is

44. a. For f(x)=x>+6x+9, a=1,b=6,c=9. f(__bj:f(ljﬂ(lf_l”
Since a =1> 0, the graph opens up. 2a 4 4 4
The x-coordinate of the vertex is 11 o= 15
eob_6_-6__ 8 4 787
S22 2 (115

Thus, th Tt —,— .
The y-coordinate of the vertex is us, fhe veriex 13 (4 8 )
f (;—bj = f(-3) The axis of symmetry is the line x :% .

a

= (=3) +6(=3)+9=9—1849=0 The discriminant is:
R B e b —4ac = (-1)> - 4(2)(2) = 1-16 =15 ,

Thus, tbe vertex 1s (_3.’ 0). . so the graph has no x-intercepts.
The axis of symmetry is the linex =-3 . The y-intercept is f(0) = 2

The discriminant is: '
b* —4ac = 6> —4(1)(9)=36-36=0,
so the graph has one x-intercept.

The x-intercept is found by solving:

¥ +6x+9=0

Y,

1
(x+3)*=0 ©,2) o 12_5)
48
x=-3. ! .
The x-intercept is =3 . o : : e
The y-interceptis f(0)=9. x=g

b. The domain is (-0, o). The range is {%S,ooj.

c. Increasing on (ioo) ; decreasing on [_oo’%).
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Chapter 2: Linear and Quadratic Functions

46. a. For f(x)=4x*—2x+1,a=4,b=-2,
c=1.
Since a =4 > 0, the graph opens up.
The x-coordinate of the vertex is
b= 21
2a 24 8 4°
The y-coordinate of the vertex is

)R-

_1 1,3
4 024
Thus, the vertex is (%,%) .

The axis of symmetry is the line x = % .

The discriminant is:

b* —4ac =(-2)* —44)(1)=4-16=-12,
so the graph has no x-intercepts.

The y-interceptis f(0)=1.

Yho
2

oD

|
|
|
|
|
|
|
|
|
|
|

b. The domain is (—, o). The range is [

).

¢. Increasing on (%, oo) ; decreasing on (—oo, %)

EN[O8)

47. a. For f(x)=-2x"+2x-3,a=-2,b=2,
c=-3. Since a =-2<0, the graph opens
down.

The x-coordinate of the vertex is
b —(2) 2 1

YT T a2 4 2
The y-coordinate of the vertex is

R

1 5
———41-3=-2,
2 2
Thus, the vertex is l _3
’ 20 2)
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48.

The axis of symmetry is the line x = % .

The discriminant is:

b* —4ac =27 —4(-2)(-3)=4-24=-20,
so the graph has no x-intercepts.

The y-intercept is f(0)=-3.

y|x:%
2N

N T Y O
| 5

The domain is (-, ). The range is
(3]
_w’ [E— .
2

. 1 .
Increasing on (—oo, — | ; decreasing on

)

For f(x)=-3x*+3x—-2,a=-3, b=3,
c=-2. Since a =-3 <0, the graph opens
down.
The x-coordinate of the vertex is
gob_ B3 _3_1

2a 2(-3) -6 2°
The y-coordinate of the vertex is

R

. (1 5
Thus, th t —,— .
us, the vertex is (2, 4)

The axis of symmetry is the line x = % .

The discriminant is:

b* —4ac =3 —4(-3)(-2)=9-24=-15,
so the graph has no x-intercepts.

The y-interceptis f(0)=—-2.



49. a.

Yhlx=5

I

I I
RN L
(0,-2)

R B o

The domain is (-, ©). The range is
5
—00, —— | .
4

. ( 1} .
Increasing on | —oo, 3 ; decreasing on

(1)

For f(x)=3x>+6x+2,a=3,b=6,
c¢=2.Since a=3>0, the graph opens up.
The x-coordinate of the vertex is
-b -6 -6
X=—==—=—=
2a 2(3) 6
The y-coordinate of the vertex is

f(‘—bj = (=) =31 +6(-1)+2
2a

=3-6+2=-1.
Thus, the vertex is (—1,—1) .
The axis of symmetry is the line x =—1.
The discriminant is:
b* —4ac =6" —4(3)(2) =36-24=12,
so the graph has two x-intercepts.
The x-intercepts are found by solving:

3x2 +6x+2=0
x:—bi\/b2—4ac

2a
6412 6423 -3+.f3
6 6 3

The x-intercepts are —1 —g and —1 +g .
The y-interceptis f(0)=2.

171

50.

Section 2.4: Properties of Quadratic Functions

b. The domain is (-0, o). The range is
[—1, oo) .
c¢. Increasing on (-1, %) ; decreasing on

(—oo, —1).

a. For f(x)=2x"+5x+3,a=2,b=5,
c¢=3. Since a =2 >0, the graph opens up.
The x-coordinate of the vertex is
-b -5 5

xX= Z = m = 4 .
The y-coordinate of the vertex is

MK
A

. 5 1
Thus, th Tt -, .
us, the vertex 15( 7 8)

The axis of symmetry is the line x = —% .

The discriminant is:

b* —4ac=5"-4(2)(3)=25-24=1,
so the graph has two x-intercepts.

The x-intercepts are found by solving:

2x2 +5x+3=0
(2x+3)(x+1)=0

x——é orx=-1
) =—1.

The x-intercepts are —% and —1.

The y-interceptis f(0)=3.
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Chapter 2: Linear and Quadratic Functions

b. The domain is (—, ). The range is b. The domain is (-, ©). The range is
! Y
) -]
. 5 . . 3 .
c. Increasing on 7 decreasing on c. Increasing on | —oo, ik decreasing on
5 _3
) )

51. a. For f(x)=—4x>—6x+2, a=—-4, b=—6, 52. 2. For f(x)=3x—8x+2.a=3, b=-8,
c¢=2. Since a=-4<0, the graph opens c=2. Since a=3>0, the graph opens up.
down. . . The x-coordinate of the vertex is
The x-coordinate of the vertex is

-b —(-8) 8 4
b _—(-6) 6 3 X=r—=——t=—=—

23) 6 3°
The y-coordinate of the vertex is

X=—= =—=_= " 2a
2a 2(-4) -8 4

The y-coordinate of the vertex is

(2 o(3) (o) G- ()

2a 4 4 4
| 1632, 10
4 2 4 410
. 3 17 Thus, the vertex is (—,——).
Thus, the vertex is 1) 3 3

. ) ) 3 The axis of symmetry is the line x = 4 .
The axis of symmetry is the line x = 1 3

The discriminant is:

b? —4ac = (-8)* —4(3)(2) = 64—24 =40,
so the graph has two x-intercepts.

The x-intercepts are found by solving:

The discriminant is:

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

The x-intercepts are found by solving:

2— =
—4x* —6x+2=0 3x 8x+22 0 =
/ —b+b" - —(-8)+
—b+~b% —4dac —(—6)i\/@ = bENb" —4ac _ (-8)£+/40
X = " = 2(_4) 2a 2(3)
+ + +
64468 _ 6+2J17 _3:17 zg—g@:g—?@:“—;@
- -8 -8 = -4
. —3+\/ﬁ —3—\/ﬁ The x-intercepts are 4+\/E and4_\/m.
The x-intercepts are ) and 2 . 3 3

The y-interceptis f(0)=2. The y-interceptis f(0)=2.
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53.

54.

(

4
3

Wi
—_
(=)
~—

,—

|

|

|
xX=

b. The domain is (-0, ©). The range is
10
-, o | .
{ 3 j

. 4 .
c. Increasing on (§ o |; decreasing on

(~4)

Consider the form y =a(x— h)2 +k . From the
graph we know that the vertex is (—1,—-2) so we

have & =-1 and k =-2. The graph also passes
through the point (x,y)=(0,-1). Substituting

these values for x, y, /4, and &, we can solve for a:

“1=a(0-(-1) +(2)

~1=a(1)’ -2
—-l=a-2
l=a

The quadratic function is
f(x)=(x+1) —2=2 +2x-1.

Consider the form y =a(x— h)2 +k . From the
graph we know that the vertex is (2,1) so we

have 7 =2 and k =1. The graph also passes
through the point (x,»)=(0,5). Substituting

these values for x, y, A, and k, we can solve for a:

5=a(0-2)" +1
5=a(-2) +1
5=4a+1
4=4a

l=a

The quadratic function is
f(x)z(x—2)2 +1=x"—4x+5.

173
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5S.

56.

57.

Consider the form y =a(x— h)2 +k . From the
graph we know that the vertex is (=3,5) so we

have 7 =-3 and k =5. The graph also passes
through the point (x,y)=(0,—4). Substituting
these values for x, y, 4, and &, we can solve for a:
~4=a(0-(-3))’ +5

~4=a(3)+5
-4 =9a+5
—9=9a
~l=a

The quadratic function is
f(x)z—(x+3)2 +5=—x>—6x—4.

Consider the form y =a(x— h)2 +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, A, and k, we can solve for a:
~1=a(0-2)"+3

~1=a(-2)*+3
—1=4a+3

-4 =4a

~l=a

The quadratic function is
f(x)==(x=2) +3=—x? +4x-1.

Consider the form y =a(x— h)2 +k . From the
graph we know that the vertex is (1,-3) so we

have 7=1 and k =-3. The graph also passes
through the point (x,y)=(3,5). Substituting
these values for x, y, A, and k, we can solve for a:
5=a(3-1)’ +(-3)

5=a(2)*-3
5=4a-3
8=4a
2=a

The quadratic function is
f(x)=2(x=1)* =3=2x" —4x-1.
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58. Consider the form y =a(x- h)2 +k . From the
graph we know that the vertex is (—2,6) so we

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

these values for x, y, A, 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
f(x)==2(x+2)’ +6=-2x"—8x-2.

59. For f(x)=2x"+12x, a=2, b=12, ¢=0.
Since a =2 > 0, the graph opens up, so the
vertex is a minimum point. The minimum
occurs at x=_—b=_—12=_—12=—3.

2a 2(2) 4

The minimum value is

f(=3)=2(=3)" +12(-3) = 18-36 = ~18.

60. For f(x)=-2x>+12x, a=-2, b=12, ¢=0,.
Since a =-2 <0, the graph opens down, so the

vertex is a maximum point. The maximum
occurs at x:—_b:—_12:—_12: .

2a 2(-2) 4

The maximum value is

£3)=-2(3)> +12(3) =—18+36=18..

61. For f(x)=2x*+12x-3, a=2, b=12,
¢=-3. Since a =2 >0, the graph opens up, so
the vertex is a minimum point. The minimum

occurs at x=%=%=_712=—3. The
minimum value is

F(=3)=2(=3)> +12(-3)-3=18-36-3=-21.

62. For f(x)=4x>—8x+3, a=4, b=-8, ¢=3.
Since a =4 > 0, the graph opens up, so the

vertex is a minimum point. The minimum

occurs at xz;bzﬂ:§=l. The
2a  2(4) 8

minimum value is

F() =41 -8(1)+3=4-8+3=—1.

174

63.

64.

65.

66.

67.

For f(x)=-x*+10x—4, a=-1, b=10,
c¢=-4. Since a =-1<0, the graph opens
down, so the vertex is a maximum point. The

maximum occurs at x = _—b = _—10 = _—10 =5
2a 2(-1) =2 '
The maximum value is

£(5)=—(5) +10(5)-4=-25+50-4=21.

For f(x)=-2x>+8x+3, a=-2, b=8, c=3.
Since a =—-2 <0, the graph opens down, so the

vertex is a maximum point. The maximum
-b -8 -8

occurs at x =—= =—2=2. The

2a 2(-2) -4

maximum value is

£(2)=-2(2) +8(2)+3=-8+16+3=11.

For f(x)=-3x"+12x+1, a=-3, b=12,
c=1. Since a =-3<0, the graph opens down,
so the vertex is a maximum point. The
maximum occurs at x = i) = —12 = -12 =
2a 2(-3) -6
The maximum value is

f(2)=-3(2) +12(2)+1=-12+24+1=13.

For f(x)=4x*>—4x,a=4, b=-4, ¢=0.
Since a =4 > 0, the graph opens up, so the

vertex is a minimum point. The minimum

occurs at x:;—i):_z((;;)l):%zé. The

minimum value is
2
(1 1 1
f(5)_4(5j —4(5}1—2_—1.
Use the form f(x) = a(x—h)2 +k.
The vertex is (0,2),so - =0and k= 2.
f(x)=a(x—0)2 +2=ax’ +2.
Since the graph passes through (1,8), f(1)=8.
f(x)= ax® +2

8=a(1)’ +2

8=a+2

6=a
f(x)=6x"+2.
a=6,b=0,c=2
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Section 2.4: Properties of Quadratic Functions

68. Use the formf(x)=a(x—h)2+k. 70. aand d.
The vertex is(1,4) ,s0 ~=1 and k=4. 12
f(x) = a(x—l)2 +4.

Since the graph passes through (-1, —8),
f(=1)=-8.
8=a(-1-1)> +4
8=a(-2)* +4
-8=4a+4 —6
-12=4a
-3=a
f(x)=-3(x—1)" +4
= 3(x*—2x+1)+4 _9
= 3x* +6x-3+4

=

(—4.7)

=-3x" +6x+1
a=-3,b=6,c=1 b.  f(x)=g(x)

2x-1=x"-9
0=x"+2x-8
0=(x+4)(x—2)
x+4=0 or x-2=0
x=-4 x=2

69. aandd.

e. f(4)=-2(-4)-1=8-1=7
‘ 2(-4)=(-4)-9=16-9=7
£(2)=-2(2)-1=-4-1=-5

g(2)=2-9=4-9=-5
Thus, the graphs of fand g intersect at the
points (—4, 7) and (2,-5).

b. f(x):g(x)
2x—1=x>-4
0=x"-2x-3
O:(x+1)(x—3)
x+1=0 or x-3=0

71. aandd.

x=-1 x=3
c. f(-1)=2(-1)-1=-2-1=-3
g(-1)=(-1) —4=1-4=-3
f(3)=2(3)-1=6-1=5

Thus, the graphs of f'and g intersect at the
points (~1,-3) and (3, 5).
175
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Chapter 2: Linear and Quadratic Functions

b.  f(x)=g(x) 73. aandd.
—x*+4=-2x+1
0=x>-2x-3
0=(x+l)(x—3)
x+1=0 or x-3=0
x=-1 x=3
c. j(l) (—)+4=—1+4:3
g(l)==2(-1)+1=2+1=3
(

3 +4=-9+4=—
;(3§=—§(§)+1=—6+1=—5 b /(x)=2()
) X’ +5x=x"+3x-4
Thus, the graphs of f'and g intersect at the s
points (-1, 3) and (3,-5). 0=2x"-2x-4
0=x"-x-2
72. aandd. | 0=(x+l)(x—2)
i x+1=0 or x-2=0
x=-1 x=2
e f(-1)==(-1) +5(-1) = -1-5--6

(-
g(-1)=(-1) +3(-1)=4=1-3-4=-
T ; f(2)=-(2) +5(2)=-4+10=6

g(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).

(—4.-7)

—10

74. aand d.

b. f(x)zg(x)
-x*+9=2x+1
0=x"+2x-8
0=(x+4)(x—2)
x+4=0 or x-2=0

x=-4 x=2
c. f(-4)=—(-4)+9=-16+9=-7

g(-4)=2(-4)+1=-8+1=—-7

f(2)=—-(2) +9=-4+9=5 P 2 f(x):gz(x)

2(2)=2(2)+1=4+1=5 T ATmm At

Thus, the graphs of f'and g intersect at the 0=2x"—6x

points (-4,-7) and (2, 5). 0=2x(x-3)
2x=0 or x-3=0
x=0 x=3
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75.

g(3)=3"+3-6=9+3-6=6
Thus, the graphs of f'and g intersect at the
points (0,—6) and (3, 6).

For a=1:

S =alx=n)x-r)
=1(x—=(=3)(x-1)
=(x+3)(x-1)=x>+2x-3

For a=2:

S () =2(x=(=3)(x-1)
=2(x+3)(x-1)
=2(x* +2x-3)=2x" +4x-6

For a=-2:

S () ==2(x-(3)(x-1)
=-2(x+3)(x-1)
=2(x* +2x-3)=—2x" —4x+6

For a=5:

S () =5(x=(=3)(x-D
=5(x+3)(x-1)
=5(x* +2x-3)=5x* +10x—15

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

Section 2.4: Properties of Quadratic Functions

717.

For a=-2:
S () ==2(x=(=5)(x-3)
=-2(x+5)(x-3)
=2(x? +2x—15)=-2x* —4x+30
For a=5:
S (x) =5(x=(=5))(x-3)
=5(x+5)(x-3)
=5(x* +2x—15) =5x> +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
midpoint of the x-intercepts.

The vertex is (—2,-25).

f(x)=0
X’ +4x-21=0
(x+7)(x—3):0
x+7=0 or x-3=0
x==7 x=3
The zeros of fare —7 and 3. Likewise, the
x-intercepts of fare —7 and 3.

of the vertex is multiplied by the value of a . i ( x) =21
The x-coordinate of the vertex is the ¥ +4x—21=-21
midpoint of the x-intercepts. )
X +4x=0
76. For a=1: x(x+4):0
S ) =1(x=(=5))(x~3) x=0 or x+4=0
=(x+5)(x-3)=x" +2x—15 x=—4

For a=2:

J(x)=2(x=(=5)(x-3)
=2(x+5)(x—-3)
=2(x* +2x-15) = 2x* +4x-30

The solutions f(x)=-21 are —4 and 0.
Thus, the points (—4,-21) and (0,-21) are
on the graph of f.
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Chapter 2: Linear and Quadratic Functions

d. y 79. Answers will vary.

80. y=x’+2x-3;y=x>+2x+1;

y=x>+2x

(—2. 25 ¢
78. a. x:_i:_i:_l
2a 2(1)
2
y=f(=1)=(=1) +2(~1)-8 = -9
The vertex is (—1,-9). Each member of this family will be a parabola
with the following characteristics:
b. f (x) =0 (1) opens upwards since a > 0;

2 -

X +2x-8=0 (ii) vertex occurs at x:—zi:—iz—l;
(x+4)(x=2)=0 a  2()
c+4=0 or x—2-=0 (iii) lelere is at least one x-intercept since

—4ac >
x=_4 x=2 b"—4ac>0.
The zeros of fare —4 and 2. Likewise, the 2 2 2
’ 81. y=x"—-4x+1; y= l; y= 4x+1
x-intercepts of fare —4 and 2. yExoREL y=rAl y=x +2x+
y=x"+1
c. £(x)=-8 \ » /
) A Al d 4
X +2x-8=-8 (-1,2) (1,2)
x*+2x=0
x(x+2)=0 N oo Lo X
-4 -2 2 4
x=0 or x+2=0 |
=-2
) * y = x2+4x+1 I~ y = x"-4x+1
The solutions f(x)=-8 are —2 and 0. Thus, ;
the points (-2,—8) and (0,-8) are on the 2-3) 23
graph of .
d. y 3
10 - Each member of this family will be a parabola
— with the following characteristics:
B (i) opens upwards since a > 0
(—4, 0) L@, o)r (i) y-intercept occurs at (0, 1).

—6 — 6 82. The graph of the quadratic function
f(x)= ax’® +bx +c¢ will not have any x-

(—2.—8) (0, —8) ' ,
(_‘1-_9} 10 intercepts whenever b” —4ac <0.
178
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83.

84.

By completing the square on the quadratic
function f(x)=ax’+bx+c we obtain the

2a
draw the graph by applying transformations to

2 2
equation y = a(x+—j +c—4— . We can then
a

the graph of the basic parabola y = x* , 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, the graph of f(x)=ax’ +bx+c will
open up, and when a < 0, the graph of
f(x)=ax? +bx+c will open down.

No. We know that the graph of a quadratic
function f(x)=ax”+bx+c isa parabola with

vertex (—%,f(—%)} . If a >0, then the vertex is

2

a minimum point, so the range is [f(—zla), oo) I

a <0, then the vertex is a maximum point, so the
b

range is (—oo, f (——a)). Therefore, it is impossible

2

for the range to be (-0, ).

Section 2.5
1. 3x-2<7
-3x<9
x>-3

3.

The solution set is {x|x>-3} or (-3,%).

(-2, 7] represent the numbers between —2 and

7, including 7 but not including —2. Using
inequality notation, this is equivalent to
-2<x<T7.

a. f(x)>0 when the graph of fis above the x-
axis. Thus, {x|x <-2orx> 2} or, using
interval notation, (—oo, —2) U (2,00) .

b. f(x)<0 when the graph of fis below or
intersects the x-axis. Thus, {x|— 2<x< 2}

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

Section 2.5: Inequalities Involving Quadratic Functions

179

4.

a. g(x) <0 when the graph of g is below the
x-axis. Thus, {x|x <-lorx> 4} or, using
interval notation, (—o0,—1)U(4,0).

b. g(x) =0 when the graph of fis above or
intersects the x-axis. Thus, {x| —1<x< 4}

or, using interval notation, [—1, 4].

a. g(x)> f(x) when the graph of g is above
or intersects the graph of /. Thus
{x| —2<x< 1} , or, using interval notation,

[-2,1].
b.  f(x)>g(x) when the graph of fis above
the graph of g. Thus, {x| x<-2orx> 1} or,

using interval notation, (—o0,—2)u(1,%).

a.  f(x)<g(x) when the graph of fis below
the graph of g. Thus, {x|x <-3orx> 1} or,
using interval notation, (—o0,-3)U(1,).

b.  f(x)=g(x) when the graph of fis above

or intersects the graph of g. Thus,
{x| —-3<x< 1} or, using interval notation,

[-3. 1].

2 -3x-10<0
f(x) =x?-3x-10
x?-3x-10=0

(x=35)(x+2)=0
x=15,x=-2 are the zeros of f .

Interval | (—0,-2) | (-2,5) (5, ©)
Test
Number -3 0 6
Value of f 8 -10 8
Conclusion | Positive | Negative | Positive

The solution set is { x| -2<x<5 } or, using

interval notation, (-2, 5).
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Chapter 2: Linear and Quadratic Functions

8. x’+3x-10>0
f(x)=x>+3x-10
2 +3x-10=0
(x+5)(x=2)=0

x=-5,x=2 are the zeros of f .

Interval | (—0,—5) | (<5,2) | (2,)
Test
Number 6 0 6
Value of 8 -10 8
Conclusion | Positive | Negative | Positive

The solution set is { x| x<-5orx>2 } or,

using interval notation, (—o0,—5)U(2, ).

9. x*-4x>0
f(x)=x*—4x
x*—4x=0
x(x-4)=0

x =0, x=4 are the zeros of f .

Interval (-0, 0) 0, 4) (4, )
Test
Number -1 ! >
Value of f 5 -3 5
Conclusion | Positive | Negative | Positive

The solution set is { x| x<0 or x>4 } or,

using interval notation, (—o0, 0)U(4, «).

10. x> +8x>0

f(x)=x" +8x
x> +8x=0
x(x+8)=0
x=-8,x=0 are the zeros of f .
Interval | (-, —8) | (-8, 0) (0, )
Ngrfger . -1 !
Value of f 9 -7 9
Conclusion | Positive | Negative | Positive

The solution set is {x| x<—-8orx> 0} or,

using interval notation, (—o0,—8)U(0, ).

11.

12.

13.

x*-9<0
f(x)=x*-9
x2-9=0

(x=3)(x+3)=0

x=-3, x =3 are the zeros of f .

Interval | (-, —=3) | (-3,3) (3, )
Test
Number -4 0 4
Value of 7 -9 7
Conclusion | Positive | Negative | Positive

The solution set is { x| -3<x<3 } or, using

interval notation, (-3, 3).

x*-1<0

f(x)=x2 -1
x*-1=0

(x-D(x+1)=0

x =-1,x=1 are the zeros of f .

Interval | (—o0,—1) | (-1,1) (1, )
Test
Number -2 0 2
Value of 3 -1 3
Conclusion | Positive | Negative | Positive

The solution set is { x| -l<x<1 } or, using

interval notation, (-1, 1).

x> +x>12

X +x-12>0
f(x):x2 +x—12
¥ +x-12=0
(x+4)(x-3)=0

x =-4,x =3 are the zeros of f

Interval | (-0, —4) | (-4,3) (3, )
Test
Number = 0 4
Value of f 8 -12 8
Conclusion | Positive | Negative | Positive

The solution set is { x| x<—4 or x>3 } or,

using interval notation, (—o0,—4)U(3, ).
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14. X +7x<-12
x> +7x+12<0
f(x)=x*+7x+12
x> +7x+12=0
(x+4)(x+3)=0

x =—4,x=-3 are the zeros of f.

Interval | (o0, —4) | (—4,-3) | (-3, %)
Test
Number - -3 0
Value of 2 -0.25 12
Conclusion | Positive | Negative | Positive

The solution set is { x| -4<x<-3 } or, using

interval notation, (—4,-3).

15. 2x% < 5x+3
2x2 =5x-3<0
f(x)=2x*-5x-3

2x* =5x-3=0

2x+)(x-3)=0

x=—%,x=3 are the zeros of f

1 1
Interval (—00, ——j (——, 3) (3, ©)
2 2
Test
Number -l 0 4
Value of 4 -3 9
Conclusion | Positive | Negative | Positive

The solution set is { X

interval notation, (—%, 3}.
16. 6x% <6+ 5x
6x* —5x—6<0
f(x)=6x> —5x—6
6x* —5x—-6=0
(Bx+2)(2x-3)=0

2 3
x =——,x=— are the zeros
3 2

1 } ,
_E< x <3} or,using

181

Section 2.5: Inequalities Involving Quadratic Functions

2 23 3
Interval —00, —— -=, = Z»
3 32 2
Test
Number -1 0 2
Value of 5 -6 8
Conclusion | Positive | Negative | Positive

The solution set is {x

2 3 .
——<Xx<—} or,using
3 2

gl

. . 2
interval notation, (_E’

17. x(x-7)>8
x*—7x>8
x> =7x-8>0
f(x)=x*-7x-8
x* ~7x-8=0
(x+1)(x—8)=0

x=-1,x =8 are the zeros of f .

Interval | (o0, —1) | (=1,8) (8, )
Test
Number -2 0 0
Value of f 10 -8 10
Conclusion | Positive | Negative | Positive

The solution set is { x| x<—-lorx>8§ } or, using

interval notation, (—o0,—1)U(8, ©).

18. x(x+1)>20
x* +x>20
X +x-20>0
f(x)=x2 +x-20
X +x-20=0
(x+5)(x-4)=0

x=-5,x=4 are the zeros of f .

Interval | (-0, —5) | (=5,4) | (4,0)
Test
Number 6 0 >
Value of f 10 -20 10
Conclusion | Positive | Negative | Positive

The solution set is { x| x<-5orx> 4} or, using

interval notation, (—o0,-5)U(4, ).
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19.

20.

21.

22,

4x* +9 < 6x
4x* —6x+9<0
f(x)=4x* —6x+9
b? —4ac = (—6)* —4(4)(9) =36 144 = —108
Since the discriminant is negative, f has no real
zeros. Therefore, f is either always positive or
always negative. Choose any value and test.

For x=0, f(0)=4(0)-6(0)+9=9>0
Thus, there is no real solution.

25x% +16 < 40x
25x% —40x+16 <0

(5x—4)? <0
Since the square of a real number is always non-
negative, there are no values of x for which the

expression is negative. Thus, there is no solution.

6(x2—1)>5x
6x* —6> 5x
6x>—5x—6>0

(Bx+2)2x-3)>0
f()c)=6x2 -5x—-6

2 3
x =——,x=— are the zeros of /.
3 2
2 23 3
Interval (—oo, ——j (——, —j (—, oo)
3 32 2
Test
Number -1 0 2
Value of f 5 -6 8
Conclusion | Positive | Negative | Positive

. . 2 3
The solution set is { x| x< —E or x> 5 } or,

using interval notation, (—w,—éj v (%, OOJ .

2(2%% =3x) > -9

4x* —6x+9>0
f(x)=4x"—6x+9

b —4ac = (—6)* —4(4)(9)

=36-144
=-108

182

23.

24.

Since the discriminant is negative, f has no real
zeros. Therefore, f is either always positive or

always negative. Choose any value and test.

For x=0, f(0)=4(0)*-6(0)+9=9>0
Thus, the solution set is {x | x is any real number}
or, using interval notation, (—oco, ).

The domain of the expression f'(x)=+/x’-16
includes all values for which x* =16 >0.
p(x)=x>-16

(x+4)(x—4)=0

x =—4, x =4 are the zeros are of p.

Interval (—oo, —4) (—4, 4) (4, oo)
Test
Number - 0 3
Value of p 9 -16 9
Conclusion | Positive | Negative | Positive

The domain of /is {x|x <-4 orx >4} or, using

interval notation, (—o0,—4]U[4, ).

The domain of the expression f'(x)=vx—3x>

includes all values for which x—3x*>0.
p(x)=x-3x"
x(1-3x)=0

1
x=0,x= 3 are the zeros are of p.

1 1
Interval (—00, 0) (0, —) (—, wj
3 3
Test 1 l 1
Number 6
13
Value of p —4 —— —4
12
Conclusion | Negative | Positive | Negative

The domain of fis {x

1 .
0<x Sg or, using

. . 1
interval notation, [0, 5}
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25. f(x)zxz -1 g(x)=3x+3 Interval | (-0, —1) | (=L 4) | (4, )
T
a. f(x)=0 N 0 5
X =1=0 Value of p 6 -4 6
gcx:_ll.)x(itl) =0 Conclusion | Positive | Negative | Positive
Solution set: { —1,1} . The solution set is { x| x<—lorx>4 } or,
b. g(x)=0 using interval notation, (—o0,—1)U(4, ©).
3x+3=0
g f(x)=1
3x=-3
x=-1 X' —1>1
Solution set: { -1} . x=2>0
(x—ﬁ)<x+«/§) >0
c. x)=g(x
fz( ) g( ) The zeros are x = —/2 and x =+/2. .
x°—1=3x+3 (x)—x2—2
X =3x—4=0 )=
x—4)(x+1)=0
SC: 4;)x(= _1) Interval (—oo,—\/E) (—\/5, \/5) (\/_, oo)
Solution set: { —1,4} . NLTuisger ) 0 5
d. f(x) >0 Value of p 2 -2 2
2=1>0 Conclusion | Positive Negative | Positive
(x—l)(x+1)>0 . . \/»
The zeros are x= ] andx =1 The solution set is {x‘ x<—J2 orx>+/2 } or,
Interval | (-0, —1) | (-1,1) (1, ) using interval notation, (—oo, —\/5) u(ﬁ, oo) .
Test
-2 0 2
Number 26. f(x)=x2 -1 g(x):—3x+3
Value of 3 -1 3
Conclusion | Positive | Negative | Positive a. f (x) =0
2 — | =
The solution set is { x| x<—-lorx>1 } or, Ecx—ll)()?+l) -0
using interval notation, (—o0,—1)U(1, ). x=Lx=-1
Solution set: {-1,1}.
e. g(x)<0
3x+3<0 b. g(x)=0
3x<-3 —3x+3=0
x<-1 —3x=-3
x=1

The solution set is { x| x < —1} or, using
Solution set: {1} .

c. f(x)zg(x)

xP—1==3x+3

interval notation, (—o0,—1].

f. f(x) > g(x)

X —=1>3x+3

2 32 420 X' +3x-4=0
X TIoXT x+4)(x-1)=0
(x—4)(x+l)>0 gc:—éz;(le)

The zeros are x=—landx=4.

Solution set: {—4,1}.
p(x)=x*-3x-4
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d. f(x)>0

X =1>0
(x=1)(x+1)>0

The zerosare x=-1landx=1.

Interval | (—o0,—1) | (-1,1) (1, )
Test
Number -2 0 2
Value of 3 -1 3
Conclusion | Positive | Negative | Positive

The solution set is { x| x<—-lorx>1 } or,
using interval notation, (—o0,—1)U(1, ).

e. g(x)<0

-3x+3<0
-3x<-3
x>1

The solution set is { x| x> 1} or, using
interval notation, [1, ).

f. f(x)>g(x)
x*—1>-3x+3
X +3x-4>0
(x+4)(x—1) >0
The zerosare x=-—4andx=1.
p(x)zx2 +3x-4

Interval (—oo, —4) (—4, 1) (l, oo)
Test
Number - 0 2
Value of p 6 —4 6
Conclusion | Positive | Negative | Positive

The solution set is { x| x<—4orx>1 } or,
using interval notation, (—o0,—4)U(1, ©).

g f(x)=1
¥ =1>1
xX*=-2>0
(x—x/E)(x+\/§)>0
The zeros are x = —~/2 andx =+/2.
p(x):x2—2
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Interval (_m,_ﬁ) (_\/5, \/E) (\/_OO)
Test
Number -2 0 5
Value of p 2 -2 2
Conclusion | Positive Negative | Positive

The solution set is {x‘x<— 2 OI’X>\/§}

or, using interval notation,

(~e2) U (V2. ).

a. f(x)=0
-x*+1=0
1-x*=0
(1—x)(1+x):O

Solution set: {—1,1}.

b. g(x)zO
4x+1=0
4x =-1

X=——

4
. 1
Solution set: {_Z} .

c. f(x)zg(x)
—x*+1=4dx+1
0=x"+4x
O:x(x+4)
x=-4x=0

Solution set: {—4, 0} .
d f (x) >0

—x*+1>0
1-x*>0
(1—x)(1+x)>0
x=Lx=-1
The zerosare x=—landx=1.

(=0, =1) | (-L1) | (Loo)

-2 0 2

Interval

Test
Number

Value of f -3 1 -3

Conclusion

Negative | Positive | Negative

The solution set is { x| -l<x<1 } or, using

interval notation, (-1,1).
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e. g(x)<0 b. g(x)=0
4x+1<0 -x=-2=0
4x£—l —x:2
x<—— r=-
Solution set: {-2}.
The solution set is { x|x< —%} or, using ¢ f(x)=g(x)
| X' +4=—x-2
interval notation, (—oo, ——} . 0=x"-x-6
4 0=(x-3)(x+2)
x=3;x=-2

f. f(x) > g(x)

Solution set: {-2,3}.
—x*+1>4x+1

0> x? +4x d.  f(x)>0
The zeros are x=—4 andx=0. 4-x*>0
p(x):x(x+4) (2—x)(2+x)>0
Interval | (—0,—4) | (—4,0) | (0, %) The zeros are x=-2 andx=2.
Test Interval (—oo,—2) (—2, 2) (2, oo)
-5 -1 1
Number Test
Number -3 0 3
Value of p 5 -3 5 umbe
Conclusion | Positive | Negative | Positive Value of f - 2 -
Conclusion | Negative | Positive | Negative

The solution set is { x| —-4<x< 0} or, using
) ) The solution set is { x| —2<x<2 } or,
interval notation, (—4,0) .

using interval notation, (-2, 2).

. >1
& f(x) e. g(x)SO
x> +1>1
>0 -x-2<0
;6220 —x<2
< x=>-2

The zerois x=0. p(x)=x" The solution set is { x| x> —2} or, using

Interval (—0,0) | (0,) interval notation, [-2, ).

Test Number -1 1 ‘
Value of p 1 1 ) f(x) g g(x)
—x*+4>-x-2

0>x"-x—6

Conclusion Positive | Positive

The solution set is {0} . 0>(x-3)(x+2)
" The zeros are x=-2 andx=3.
28. f(x)=—x"+4; g(x)=—x-2 p(x)=(x-3)(x+2)
a. f(x) =0 Interval (—oo,—2) (—2, 3) (3, oo)
—x*+4=0
Test
5 ;_xz :8 Number -3 0 4
( _xz)-( +x2)_ Value of f 6 -6 6
YELXET Conclusion | Positive | Negative | Positive

Solution set: {-2,2} .
The solution set is {x| —-2<x< 3} or, using

interval notation, (-2, 3).
185
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f(x)zl

—x?+4>1

0>x"-3

02(x—x/§)(x+«/§)

The zeros are x = —/3 andx:\/g.

Chapter 2: Linear and Quadratic Functions

p(x)=(x=3)(x++3)

Interval (—oo,—\/g) (—\E, \/3) (\/5, oo)
Test
Number -2 0 2
Value of 1 -3 1
Conclusion | Positive Negative | Positive

The solution set is { x‘ —\/3 <x< \/5} or,

using interval notation, [—\/g , NE] J .

Solution set: {2, 2} .

g(x):O

-x’+4=0
4-x*=0
(2—x)(2+x):0
x=2x=-2
Solution set: {-2,2}.

f(x)=2g(x)

¥ —4=-x"+4
2x*—8=0
2(x*-4)=0
2(x—2)(x+2) =0
x=2x=-2
Solution set: {-2,2}.

f(x)>0

X —=4>0
(x—2)(x+2)>0

The zerosare x=-2andx=2.
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Interval | (—0,-2) | (-2,2) | (2, %)
Test
Number -3 0 3
Value of 5 -4 5
Conclusion | Positive | Negative | Positive

The solution set is { x| x<-2 or x>2 } or,

using interval notation, (—o0,-2)uU(2, =).

g(x)SO

—x*+4<0
4-x*<0

(2—x)(2+x)£0

The zeros are x=-2andx=2.

Interval | (—o0,-2) | (-2,2) | (2, )
Test
Number -3 0 3
Value of g -5 4 -5
Conclusion | Negative | Positive | Negative

The solution set is { x| x<-2 orx=>2 } or,

using interval notation, (—o0,-2]U[2, ).

f(x)>g(x)

¥’ —4>-x*+4

2x*-8>0

2(x*-4)>0

2 x—2)(x+2)>0

The zeros are x=-2 andx=2.
p(x)=2(x-2)(x+2)

Interval | (—0,-2) | (-2,2) | (2, %)
Test
Number -3 0 3
Value of p 10 -8 10
Conclusion | Positive | Negative | Positive

The solution set is { x| x<-2 or x>2 } or,

using interval notation, (—o0,-2)uU(2, »).
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g f(x)=1

¥ —4>1

=520
(x—\/g)(x+\/§)20
The zeros are
x=—/5andx=+/5.
o) =[5+

Interval (_w,_ﬁ) (_ﬁ, JE) (\/—, Oo)
Test
Number -3 0 3
Value of p 4 -5 4
Conclusion | Positive Negative | Positive

The solution set is {x‘xﬁ— 5 oer«/g} or,

using interval notation, (—oo, -5 ] U [JE , oo) .

30. f(x):x2—2x+1; g(x)z—xz—i-l
a. f(x)=0
+

Solution set: {1} .

b. g(x):O
X’ +1=0
1-x>=0
(1—x)(1+x):0
x=Lx=-1
Solution set: {—1,1}.

c. f(x):g(x)
X =2x+1=—-x"+1
2x*=2x=0
2x(x—1):O
x=0,x=1

Solution set: {0,1} .
d. f(x) >0

X =2x+1=0
(x—l)(x—l):O

The zerois x=1.

Interval (=0,1) | (L, o)
Test Number 0 2
Value of 1 1
Conclusion Positive | Positive

187

The solution set is { x| x<1lorx>1 } or,
using interval notation, (-, 1)U(1, ).

g(x) <0

- +1<0

1-x*<0

(I-x)(1+x)<0

The zerosare x=—landx=1.

Interval | (—o0,—1) | (-L1) | (L)

Test
Number -2 0 2
Value of g -3 1 -3

Conclusion | Negative | Positive | Negative

The solution set is { x| x<-1or x> 1} or,
using interval notation, (—o0,—1]U[l, ).

f(x)>g(x)

¥ =2x+1=-x"+1

2x* =2x=0

2x(x—1):0

x=0,x=1

The zeros are x=0andx=1.
p(x)=2x(x-1)

Interval | (—,0) | (0,1) (1, »)

Test
Number

Value of p 4 -0.5 4

-1 0.5 2

Conclusion | Positive | Negative | Positive

The solution set is { x| x<0 or x>1 } or,

using interval notation, (-, 0)U(1, ©).

f(x)zl

X2 =2x+1>1
X2 =2x>0
x(x—Z)ZO

The zerosare x=0andx=2.
p(x)=x(x-2)
Interval (—oo, O) (0, 2) (2, oo)

Test
Number

Value of p 3 -1 3

-1 1 3

Conclusion | Positive | Negative | Positive

The solution set is { x| x<0orx>> 2} or,

using interval notation, (-, 0]U[2, =) .
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Chapter 2: Linear and Quadratic Functions

31. f(x)=x’-x-2 g(x)=x"+x-2 f.  f(x)>g(x)
a. f(x):O X —x=2>x"+x-2
2 -2x>0
x —x-2=0 <0
xx_—22’)x iti) =0 The solution set is {x| x< O} or, using
Solution set: {-1,2}. interval notation, (—o0,0).
b. g(x)=0 g f(x)=1
X +x-2=0 X -x-221
(x+2)(x-1)=0 X -x=320
x=-2;x=1 3
' —(=1)£4/(=1)" =4(1)(-3
Solution set: {-2,1}. x= (=1 (2()1) ()(=3)
¢ [f(x)=gx) _1Eie12 14413
¥ —x-2=x"+x-2 2 2

—2x=0 The zeros are
=0 1-Vi3 14413
Solution set: {0} . x= ~—-130andx = ~2.30
2 2
w2
d. f(x)>0 p(x)=x"-x-3
X =x=-2>0 Interval (—w,#) ("‘Z/E, ”‘2/6) ('*‘Z/E,oo)
(x—2)(x+l)>0 T
est Y 0 3
The zeros are x=-1 and x=2. Number
Interval | (-0, —1) | (=1,2) | (2,0) Value of p 3 3 3
Test Conclusion | Positive Negative Positive
es
Number -2 0 3 The solution set is
Value of 4 -2 4 {xxﬁl_\/ﬁ 0rx21+\/ﬁ} or, using
Conclusion | Positive | Negative | Positive 2 2

The solution set is {x| x<-lorx> 2} or,
using interval notation, (—o0,—1)U(2, ©).

e. g(x)<0
X +x-2<0

interval notation,

[_oo’l—\/ﬁ:lu{l+\/§’ooj.

2 2

32. f(x)z—x2 —-x+1; g(x):—x2 +x+6

(x+2)(x-1)<0 a. f(x)=0
The zerosare x=-2andx=1. —x’—x+1=0
¥ +x-1=0

Interval | (—o0,-2) | (-2,1) | (1, %)

_—(O)=() -4()(-)

Test
Number -3 0 2 2(1)
Value of g 4 -2 4 14144 1245
Conclusion | Positive | Negative | Positive 2 2
The solution set is { x|-2<x< 1} or, using Solution set: { -1 _2\/5,_1 J;\/g} .

interval notation, [—2, 1] .
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g(x)=0

X’ +x+6=0
¥ -x-6=0
(x—3)(x+2):0
x=3x=-2

Solution set: {-2,3}.

f(x)=g(x)

X —x+l=-x"+x+6
—2x-5=0
-2x=35

X=-=

2
. 5
Solution set: {—5} .

f(x)>0
—xP=x+1>0
X +x-1<0

(1) -4()(-1)

x:—(l)i
2(1
:_um(:)

1445

2 2
The zeros are

Section 2.5: Inequalities Involving Quadratic Functions

-1-+/5 ~1+5
x= ~—1.62 and x = ~ (.62
2 2
p (x) =x"+x-1
-1-45 “1-45 —1445 ~14+45
Interval (—oo, %) (%, %) ( 12 3 R oo)
Test
Number -l 0 2
Value of p 3 -3 3
Conclusion Positive Negative Positive

The solution set is {x

or, using interval notation, (

g(x)SO
—x*+x+6<0
X =-x-6>0
(x—3)(x+2)20

2

2

The zerosare x=-2andx=3.

p(x):xz—x—6

2

_1_\/§<x<_1+\/§}

2

-1-+/5 —1+\/§J.

33.
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Interval | (—0,-2) | (=2,3) | (3,0)
Test
Number -3 0 4
Value of p 6 -6 6
Conclusion | Positive | Negative | Positive

The solution set is { x| x<-2 or x>3 } or,

using interval notation, (—o0, 2|3, ).

f(x)>g(x)

X —x+1>-x*+x+6
—2x>5

xX<—-——

The solution set is { x| x< —%} or, using

interval notation, (—oo, —%) .

f(x)zl

—xr—x+1>1
—x*=x>0
—x(x+1)=0

The zerosare x=—1 andx=0.
p(x) = —x(x+1)

Interval | (—o0,—1) | (-1,0) | (0,)
Test
Number -2 0.3 !
Value of p -2 0.25 -2
Conclusion | Negative | Positive | Negative

The solution set is { x| -1<x<0 } or, using

interval notation, [—l, 0] .

The ball strikes the ground when
s(t)=80r-16¢> =0.

80t —16t> =0
16¢(5-1)=0
t=0,t=5

The ball strikes the ground after 5 seconds.
Find the values of ¢ for which
80t —16¢% > 96
~16t> +80t—96 > 0
16> =80t +96 < 0
16(£* =5t +6) <0
16(¢-2)(t-3)<0

The zerosare t=2andt=3.
s() =16t —80¢ +96
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Interval | (—»,2) | (2,3) | (3, »)
Test
Number ! 25 4
s(1) 2.5 —4 32
Conclusion | Positive | Negative | Positive

The solution set is {¢|2<¢ <3} or, using
interval notation, (2, 3). The ball is more

than 96 feet above the ground for times
between 2 and 3 seconds.

34. a. The ball strikes the ground when
s(t)=96:-16> =0.
96t —16t =0
161(6—1)=0
t=0,t=6

The ball strikes the ground after 6 seconds.
b. Find the values of ¢ for which
96t —16t> > 128
—16£> +96t—128 >0
16> =96t +128 <0
16(* -6t +8) <0
16(t—4)(t-2)<0
The zeros are t =2 and t =4 .
s(t)=—-16t> +96: —128

Interval (—0,2) | (2,4) | (4,0)
Test
Number ! 3 >
s(t) -32 32 -32
Conclusion | Negative | Positive | Negative

The solution set is { t| 2<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.

35. a. R(p)=-4p°+4000p=0
—4p(p-1000)=0

p=0,p=1000

Thus, the revenue equals zero when p = $0
and when p = $1000.

b. Find the values of p for which
R(p)= —4p* +4000p > 800000
—4p* +4000p > 800000
—4p* +4000p —800000 > 0

190

4p* —4000 p +800000 < 0
4(p* =1000p +200000) < 0
p* —1000p +200000 = 0

—(-1000) + \/(—1000)2 —4(1)(200000)

i 2(1)

_ 1000 ++/200000

=

1000+ 2004/5

S

= 500+1004/5
The zeros are p ~276.39 and p ~ 723.61.
s(p)=—4p* +4000p —800000

Int. |(-,276.39) |(276.39, 723.61) | (723.61, =)
Test 276 277 724
No.
s(p) ~704 1084 ~704
Concl. | Negative Positive Negative

The solution set is {p|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.

36. a. R(p)= —%pz +1900p =0

—%p(p—3800):0
p=0,p=3800

Thus, the revenue equals zero when p = $0
and when p = $3800.

b. Find the values of p for which

R(p)= —%pz +1900p > 1200000

—%pz +1900p > 1200000

—%pz +1900p-1200000 > 0

%pz ~1900p +1200000 < 0

%(p2 —3800p +2400000) < 0

%(p—SOO)(p—3000)<O
The zeros are p =800 and p =3000.

s(p) = —%pz +1900p — 1200000
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Interval | (—0,800) [ (800, 3000) [ (3000, o)

Conclusion | Negative | Positive | Negative

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.

Section 2.6: Quadratic Models

40. Solving x* —x+1<0

. .. 2 2
Ngglsl;er 276 277 724 The discriminant 5” —4ac = (-1)" —4(1)(1)=-3,
s(p) 704 1034 204 so f(x)=x>—x+1 has no real zeros, which

means it is either always positive or always
negative. Now, f(-5)=(=5)" —(-5)+1=31is
positive, so the solution is { } or & .

Section 2.6
1. R=3x

37. Solving (x—4)* <0
The only zerois x=4. 2. y=1.7826x+4.0652
f@0=(x=4) G
Interval (—0,4) | (4, ) E:-}I- EE%%?%%E?
Test Number 3 5
Value of f 1 1
Conclusion | Positive | Positive

The solution is { x| x=4 } . Therefore, the given

inequality has exactly one real solution.

3. R(p)=-4p>+4000p, a=—4,b=4000,c=0.
Since @ = —4 < 0, the graph is a parabola that

opens down, so the vertex is a maximum point.
The maximum occurs at

38. Solving (x—-2)*>0 —b  —4000 o
The only zero is x=2. = by = ﬂ =500 . Thus, the unit price
S(x)= (X - 2)2 should be $500 for maximum revenue.

Tntorval (=.2) | (2.=) The maximum reve?ue 1s

Tost Number ] 3 R(500)=—4(500)" +4000(500)

Value of / ] | =-1000000 + 2000000

Conclusion Positive | Positive =$1,000,000
The solution is { x| x<2orx> 2} . Therefore, |

4. R(p)=——p +1900p,
the given inequality has exactly one real number 2
that is not a solution, namely x =2 . g _%’ b=1900,c=0. Since = _% <0, the
39. Solving x> +x+1>0 graph is a parabola that opens down, so the

The discriminant 5” —4ac =1> —=4(1)(1)=-3, so
f(x) =x" +x+1 has no real zeros, which means

it is either always positive or always negative.
Now, f(=5)=(=5)"+(-5)+1=21 is positive,

so the solution is {x|x is any real number} or,

using interval notation, (—oo, ).

vertex is a maximum point. The maximum

- -1 -1
occurs at p = —b = 200 = 200 =1900.
2a 2 (—1 / 2) -1
Thus, the unit price should be $1900 for
maximum revenue. The maximum revenue is

R(1900) = —%(1900)2 +1900(1900)

=-1805000+3610000
=$1,805,000
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5. C(x)=x>—80x+2000,
a=1,b=-80,c=2000. Since a=1>0, the

graph opens up, so the vertex is a minimum
point. The minimum marginal cost occurs at

x___b_—(—80) 80
2a 2(1) 2
produced. The minimum marginal cost is

f‘(;—i’j = 1(40) = (40)’ —80(40)+2000

=1600-3200+2000
=$400

=40 televisions

6. C(x)=5x>—200x+4000,
a=15,b=-200,c=4000. Since a=5>0, the

graph opens up, so the vertex is a minimum
point. The minimum marginal cost occurs at

b —(=200) _ 200
2a 2(5) 10
manufactured. The minimum marginal cost is

=20 cell phones

f(;—bj = f(20) = 5(20)2 —200(20)+4000
a
=2000-4000-+4000
=$2000
32 .
7. a. a=———b=1,¢=200. The maximum
2500
height occurs when
x:_—b: —1 _ 200 ~39 feet
2a 2(—32/2500) 64
from base of the cliff.
b. The maximum height is
2
h(39.0625) = —3239.0623)° +39.0625+200

~219.5 feet.
c.  Solving when A(x) = 0:

2 X +x+200=0
2500

~1£/ 1 ~4(~32/2500)(200)

x =
2(~32/2500)
—1+/11.24
TR _0.0256

x=-91.90 orx =170

Since the distance cannot be negative, the
projectile strikes the water approximately
170 feet from the base of the cliff.
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220
0 ] 200
0
Using the MAXIMUM function
250
(]

. M
Haxiraurm b X

ol#=Eanazese w=pan ezt ] o

0

Using the ZERO function
225
[

‘y \
0 WE1F00zzEE «Y20

0

200

2 x” +x+200=100

2500
—25(2)0x2 +x+100=0

P -4(-32/2500)(100) —1+/6.12
T (532/2500)  —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.

a=——2_ p=1c=0,
10000
The maximum height occurs when

-b -1

X=—=m
2a 5 32
10000
_ 10000 _ 156.25 feet
64
The maximum height is
-32(156.25)’

10000
=78.125 feet

h(156.25) = +156.25



¢.  Solving when A(x)=0:

2,
- X
10000

X (—i X+ 1] =0

10000
x=0 or x=312.5
Since the distance cannot be zero, the
projectile lands 312.5 feet from where it was
fired.

+x=0

ol¥ " .| 350

aiirurg Yo
Z156.2E e '=PB12E b 3o

Using the ZERO function

L

) '-, E
fch b f— |

0

350

f.  Solving when A(x)=50:

2
L —1#/17=4(=32/10000)(-50)
2(~32/10000)

_ —1£+0.36 N -1£0.6
~0.0064  —0.0064
x=62.5 or x=250
The projectile is 50 feet above the ground
62.5 feet and 250 feet from where it was
fired.
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10.

11.

a.

Section 2.6: Quadratic Models

a=-324,b=242.1,c=-7384

The maximum number of hunters occurs when
the income level is

b 2421 2421

2a 2(-324) 648
The number of hunters this old is: H(37.4)
=-3.24(37.4)* +242.1(37.4)-738.4
~ 3784 hunters

~ 37.4 years old

The maximum occurs when x = 37.4, so the
function increases on the interval (0, 37.4)

and decreases on the interval (37.4, )

Therefore, the number of hunters is
decreasing for individuals who are between
ages 40 and 45 years of age.

a=-0.008,5=0.815,¢=-9.983
The maximum number of hunters occurs when
the income level is

x:__b: —0.815 = —0.815 ~ 51 years old.
2a 2(~0.008)

-0.016

The percentage for this age is:

P(51)=—-0.008(51)> +0.815 (51)-9.983
~10.8%

The maximum occurs when x = 51, so the

function increases on the interval (0, 51)

and decreases on the interval (51, ) .

Therefore, the percentage of Americans who
have earned advanced degrees if increasing
for individuals who are between ages 40 and
50 years of age.

M (23)=1.00(23)* - 136.74(23) +4764.89
~ 2149 male murder victims

1.00x” —136.74x +4764.89 = 1456

1.00x” —136.74x +3308.89 = 0
a=1.00,b=-136.74, c =3308.89

‘= —(—136.74)t\/(—136.74)2 -4(1.00)(3308.89)

2(1.00)
_ 136.74++/5462.2676 _ 136.74+73.91
2 2

x=31 or x~=105

Disregard 105 since it falls outside the
domain for the function (20 < x < 90).
Thus, the number of male murder victims is
1456 for 31 year olds.
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Chapter 2: Linear and Quadratic Functions

A minimum occurs when
b —(-136.74) 136.74
“2¢ 2(100) 2
so the function decreases on the interval
(20, 68.37) and increases on the interval
(68.37,90) . As age increases between 20

and 65, the number of murder victims
decreases.

=68.37,

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> —(32x+1750)
=—0.2x" +43x-1750
P(x)=-0.2x" +43x-1750

12. a.  H(45)=0.004(45) —0.197(45)+54.06 a=-02,b=43,c=-1750
~ 0, _ _
~4.6% b_ A Ao
Solve for x: Za (—0.2) 04

13.

H(x) =0.004x” —0.197x +5.406 = 10
0.004x> —0.197x +5.406 = 10

0.004x> —0.197x-4.594 =0
a=0.004,b=-0.197, c =-4.594

The maximum profit occurs when x =107
or x=108.
The maximum profit is:

P(107) =-0.2(107)" +43(107) ~1750

=$561.20
—b++b* —4ac )
T y— P(108) =—0.2(108) +43(108)—1750
; =$561.20
—(—0.197)1\/(—0.197)‘ —4(0.004)(-4.594) .
= Answers will vary.
2(0.004)
0.197£+/0.112313 _ 0.197£0.335 14. a. R(x)=9.5x-0.04x’
- 0.008 T 0.008 a=-0.04,b=95,c=0

~ 66.5 or —17.25, which is not practical

The only practical solution is x = 67 years
old.

Hll‘lll‘l’lu
W=ch.624998 Y= “550'13?5 00

As age increases between the ages of 0 and
20.62 years, the percentage decreases. After
age 20.62 years, percentage increases as age
increases.

R(x)=75x-0.2x"

a=-02,b=75,¢c=0

The maximum revenue occurs when

O Bl Bl EIRRPY
2a 2(—0.2) -0.4

The maximum revenue occurs when

x=187 or x=188.

The maximum revenue occurs when
—b 95 95
2a (—0.04) -0.08

=118.75~119 boxes
The maximum revenue is:

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

P(x)= R(x)—C(x)
=9.5x—0.04x" — (1.25x+250)
=-0.04x> +8.25x—250
P(x) =-0.04x" +8.25x—250
a=-0.04,6=28.25,c=-250
The maximum profit occurs when
_—b_ 825 825
T 2a 2(-0.04) —0.08

=103.125 =103 boxes
The maximum profit is:

P(103) = -0.04(103)’ +8.25(103) — 250
=$175.39

Answers will vary.
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Section 2.6: Quadratic Models

~b_ =20 _ =20 _100 _

1 1,
. . = _— = —— . === = 50
15. a. R(x) x( 6x+100j 6x +100x c. X a 2(_%) (_%) >
1 The maximum revenue is
b. R(200) = ——(200)> +100(200) 1
6 R(50) = =< (50)” +20(50)
—20000
=5 +20000 =-500+1000 = $500
_ 40000 61333333 100-50 50
d p= =>2=$10
5 5
b -100 -100 300
€. x=—=——> =" _-22_300
2 2(-4) (-3) ! 18. a. If x=-20p+500, then p = 50;’0‘x .
The maximum revenue is 500 .
_ — X\ _ 2
R(300) = —%(300)2 +100(300) R(x)= x(—zo j =g T2
=—15000+ 30000 |
=$15,000 b. R(20)= —%(20)2 +25(20)
d. p=-1(300)+100=-50+100=$50 =~20+500
6 = $480.
16. a. R(x):x(—lxﬂooj:—lxz+100x ¢ x=—bo =2 _ =3 250 55,
T 20 2(4) ()
20 10
1 ) The maximum revenue is
b. R(100) =—=(100)> +100(100) 1
3 R(250) = ——(250)> +25(250)
_—10000 11000 20
==t =-3125+6250
:20(3)00 ~ $6,666.67 =$3125.
500-250 250
b - _ Lo p=t s 22U 61250,
c. x——b__—100 _—100_300_, ., d =" 20 - 31230

EECEEEE
The maximum revenue is 19. a. Let w=width and / = length of the

rectangular area.

1 2
R(150) = —=(150)" +100(150) Solving P =2w+2l =400 for [

= ~7500+15000 I= —4002‘ 2 200w
=$7,500
Then A(w) = (200—w)w = 200w —w” .
d. p=—%(150)+100=—50+100=$50 =—w’ +200w
—b =200 —200
— L W= = =TT
17. a. If x=-5p+100, then p = 1005 al b W= T T =g 100 vards
R(x) = x(loos— x] - _%,ﬁ +20x c.  A(100) = ~100° +200(100)
=-10000+ 20000
=10,000 sq yds.
b. R(15)= —%(1 5)? +20(15) 4y
=—45+300
=$255
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20.

21.

22.

23.
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a. Let x =length and y = width of the

rectangular field.
Solving P =2x+2y =3000 for y:
3000—2x
y= Y
Then A(x) = (1500 —x)x =1500x — x*
=—x* +1500x.

=1500—x.

b —1500 —1500
=2 T T " 2750 feet
TR Toe) T 2 e
c.  A(750) = —750% +1500(750)
=-562500+1125000

=562,500 ft*

Let x =width and y = length of the rectangular

area. Solving P =2x+ y=4000 for y:

y=4000-2x. Then

A(x) = (4000 — 2x)x = 4000x — 2x* = —2x? +4000x

. _—b_ —-4000 _ —4000

2a  2(-2) -4

maximizes area.

A(1000) = —2(1000)* +4000(1000) .
=-2000000 + 4000000
=2,000,000

The largest area that can be enclosed is
2,000,000 square meters.

=1000 meters

Let x=width and y = length of the rectangular

area.
2x+y=2000 = y=2000-2x Then

A(x)=(2000-2x)x
=2000x —2x* =—2x% +2000x
b 2000 2000

"2 2(-2) -4

maximizes area

A(500) = —2(500)2 +2000(500)
=-500,000+1,000,000 = 500,000

The largest area that can be enclosed is 500,000
square meters.

= 500 meters

Locate the origin at the point where the cable
touches the road. Then the equation of the

parabola is of the form: y = ax?, where a > 0.

Since the point (200, 75) is on the parabola, we
can find the constant a :

196

24,

Since 75 = a(200)?, then

752 =0.001875.
00
When x =100, we have:

y =0.001875(100)* =18.75 meters .

a=

(-200,75) y (200,75)

X
200

~200 (0,0) 100

Locate the origin at the point directly under the
highest point of the arch. Then the equation of
the parabola is of the form:

y =—ax’ +k, where a > 0. Since the maximum
height is 25 feet, whenx =0, y =k =25 . Since

the point (60, 0) is on the parabola, we can find
the constant a :

Since 0=—a(60)* +25 then

0 =22 ~0.006944
60

The equation of the parabola is:

2—2—52x2 +25.
60

0.25)

(-60,0) ©,0) 1020 ) (60,0)

Atx=10:

25 25
=22 (102 +25=—-22425~ 243 ft.
y 602( ) 36

Atx=20:
25 25
=22 (2002 +25=-"2425~222 ft.
y 602() 9
Atx=40:

25 100
=—"2-(40)* +25=———+25~13.9 ft.
Y= r o o "



25. Let x = the depth of the gutter and y = the width

26.

27.

of the gutter.
Then 4= xy is the cross-sectional area of the

gutter. Since the aluminum sheets for the gutter

are 12 inches wide, we have 2x+ y=12. Solving
for y: y=12-2x. The area is to be maximized,

s0: A=xy=x(12—2x)=—-2x"+12x. This

equation is a parabola opening down; thus, it has a

maximum when x = —h_ 12 -2

2a 2(-2) -4

Thus, a depth of 3 inches produces a maximum
cross-sectional area.

Let x = width of the window and y = height of
the rectangular part of the window. The

perimeter of the window is: x+2y + % =20.

40-2x—mx
4
The area of the window is:

2
A(x) = x(—40_24x_mj+%n(§j

Solving for y: y=

This equation is a parabola opening down; thus,
it has a maximum when
-b -10 10

EESEIT

40-2(5.60) — (5.60)
r= 4
The width of the window is about 5.6 feet and
the height of the rectangular part is
approximately 2.8 feet. The radius of the
semicircle is roughly 2.8 feet, so the total height
is about 5.6 feet.

~ 5.6 feet

~ 2.8 feet

Let x =the width of the rectangle or the
diameter of the semicircle and let y = the length

of the rectangle.

. . . WX
The perimeter of each semicircle is — .
The perimeter of the track is given

X X
by:—+—+y+y=1500.
y 3 2 yty
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28.

Section 2.6: Quadratic Models

Solving for x :

nx+2y=1500
nx =1500-2y
‘= 1500-2y

T

The area of the rectangle is:
d=xy= (1500—2yjy _22.0 1500
T T T

This equation is a parabola opening down; thus,
it has a maximum when

—-1500

b g 1500 _

y=o,= (_2) =1 =375..

o)

T

Thus, x = 1500-2(375) _ 750

T T
The dimensions for the rectangle with maximum

~ 238.73

area are 730 ~ 238.73 meters by 375 meters.
T