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Chapter 2
Linear and Quadratic Functions

Section 2.1 11. False. Ifx increases by 3, then y increases by 2.

1. From the equation y =2x—3, we see that the y- 12. False. The y-intercept is 8. The average rate of

h is 2 (the sl .
intercept is —3. Thus, the point (0,-3) is on the change is 2 (the slope)

graph. We can obtain a second point by choosing 13. f(x)=2x+3
a value for x and finding the corresponding value

Slope = 2; y-intercept =3
fory. Let x=1,then y=2(1)-3=-1. Thus,

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

the point (1,—1) is also on the graph. Plotting an additional point by moving 1 unit to the
the two points and connecting with a line yields right and 2 units up.
the graph below. Y
). 8
2[n 6
0,3)
X —
5 -

5 I 1 1 |
= L 2 4 6 8
(0,—7 i) -
5 I
C.

average rate of change =2

2. m=22TN 3-5 -2 2 d. increasing
B R
Xy =X 14. g(x)=5x—4
3. f(2)=3(2)*-2=10 a. Slope =5; y-intercept =—4
F(4)=3(4)* -2 =46 b. Plot the point (0,—4) . Use the slope to find
Ay _ f@-12) _ 46-10 _ 36 18 an E?dit(iloglal ptoint by moving 1 unit to the
Ax ) 4_2 2 right and 5 units up.

)}

4. 60x—-900=-15x+2850
75x—-900 = 2850
75x =3750 I L1
x=50
The solution set is {50}.

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

d. increasing
7. slope; y-intercept

8. 4,3

9. positive

10. True
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Section 2.1: Properties of Linear Functions and Linear Models

15. h(x)=-3x+4 e, avera _ 1
. ge rate of change = —
a. Slope= -3; y-intercept =4 ) ) 4
b. Plot the point (0, 4). Use the slope to find d. increasing
an additional point by moving 1 unit to the
right and 3 units down. 18. h(x)= —2x+ 4

y

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.

L1 b}
6 8 sl
6_
c. average rate of change = -3 \— 3
d. decreasing (0. 4)

16. p(x)=—-x+6 L1

-2
a. Slope= —1; y-intercept==6 5
b. Plot the point (0, 6). Use the slope to find
an additional point by moving 1 unit to the _ 2
. i c. average rate of change = ——
right and 1 unit down. 3

y d. decreasing
19. F (x) =4
a. Slope =0; y-intercept =4

b. Plot the point (0, 4) and draw a horizontal
| line through it.

| |
) 2 4 6\ 8 YA
2 5 -

0.4

c. average rate of change = —1

decreasing Lo iy
5 B 5
17. f(x)=% -3 N

a. Slope= %; y-intercept = -3

) c. average rate of change =0
b. Plot the point (0,—-3). Use the slope to find

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

constant

3
5 b—
B X
-2 L 4,-2) 8
0.3 _—=71
L 4
_5-
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Chapter 2: Linear and Quadratic Functions

20. G(x)=-2
a. Slope =0; y-intercept = —2
b. Plot the point (0,-2) and draw a horizontal

line through it.
y
5

-
E

L (0,-2)

5+

c. average rate of change =0
constant

21. g(x)=2x-8

a. zero: 0=2x-8: y-intercept = —8

x=4
b. Plot the points (4,0),(0,-8) .
y?\\uflwwllx
(4,0) 10
(0,-8)

-10

22. g(x)=3x+12
a. zero:0=3x+12 :y-intercept= 12
x=-4
b. Plot the points (—4,0),(0,12) .

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

'yy
108 (0,10)

_fl, L 111 | X é
24, f(x)=—6x+12
a. zero:0=—-6x+12 :y-intercept= 12

x=2
b. Plot the points (2,0),(0,12).

25. H(x):—%x+4

1
a. zero:0= —Ex+ 4 :y-intercept = 4

x=8
b. Plot the points (8,0),(0,4).
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Section 2.1: Properties of Linear Functions and Linear Models

1
26. G(x)=-x—4 29. | «x y Avg. rateofchange:g
3 Ax
1 -
a. zero: 0=—x-4 :y-intercept= —4 —2 8
3 -3-(-8) 5
x=12 -1 -3 T ===5
b. Plot the points (12,0),(0,-4) . -1-(-2)
0-(-3) 3
:—:3
0 0 0—(-1) 1
1 1
2 0

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

A
30. x y Avg. rate of change =2
Ax
A f change =2 =
27. X y vg. rate of change Ay 0-(-4) 4
-1 0 —=—=4
) 4 -1-(-2) 1
1-4 -3 4-0 4
-1 1 =—=-3 0 4 =—=4
-1-(-2) 1 0-(-1)
—2- - 8—-4 4
0 > 2-1 _3_ 4 1 8 e S
0-(-1) 1 1- 1
_5_(_2) -3 2 12 —12_8 :i:
Since the average rate of change is constant at 4,
2 -8 -8-(-5) _3_ this is a linear function with slope = 4. The
2-1 1 y-intercept is (0, 4), so the equation of the line is
Since the average rate of change is constant at y=4x+4.
-3, this is a linear function with slope = -3.
The y—intercept is (0,-2), so the equation of the 3L . ’ Ave. rate of change = Ay
lineis y=-3x-2. Ax
-2 -26
Ay
28. X ¥ Avg. rate of change =— -4-(-26) 22
Ax -1 4 ——=—=22
-1-(-2) 1
) 1
) 4 2-(4) _6_
0 2 0—(-1) 1 ¢
. G-s) _i_1
2 -1-(-2) 1 4 1 -2
1 1 2 -10
0 1 (1 — 5) —2_ l Since the average rate of change is not constant,
0-(-1) 1 2 this is not a linear function.
1 2
2 4
Since the average rate of change is not constant,
this is not a linear function.
149
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Chapter 2: Linear and Quadratic Functions

A
32. X y Avg. rate of change = a4
Ax
-2 —4
—35-(—4) 05
-1-(=2) 1
0 -3 B33 _05_ 4
0—(-1) 1
1 2.5 22523 05 5
1-0 1
2 -2 2229 _05 5
2-1 1

Since the average rate of change is constant at
0.5, this is a linear function with slope = 0.5.
The y-intercept is (0,—3), so the equation of the

lineis y=0.5x-3.

33. x y Avg. rate of change Ly
Ax
-2 8
B “1-(=2) 1
8-8 0
0—-(-) 1
1 8 8-8_0_,
1-0 1
2 8 ﬂzgzo
2-1 1

Since the average rate of change is constant at 0,
this is a linear function with slope = 0. The y-
intercept is (0, 8), so the equation of the line is

y=0x+8 or y=8.

34. X y Avg. rate of change -
-2 0
1 1 =0 1
B “1-(=2) 1
4-1 3
:—:3
0 4 0-(-D 1
1 9
2 16

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

150

The solution set is {x

e f(¥)=g(x)
4x—-1=-2x+5
6x=06
x=1
d. f(x)<g(x)
4x—-1<-2x+5
6x<6
x<1

o (i)
X>—p Or|—, o0,
4} 4

The solution set is {x|x <1} or (-, 1].

I
T T T T

b. f(x)<0
3x+5<0

xX<-——
3

The solution set is {x

Copyright © 2015 Pearson Education, Inc.
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37.

Section 2.1: Properties of Linear Functions and Linear Models

f(x)=g(x)
3x+5=-2x+15
5x=10
x=2

S (x)2g(x)
3x+52-2x+15
5x=10
x22
The solution set is {x|x >2} or [2, ).

The point (40, 50) is on the graph of

v = f(x), so the solution to f(x) =50 is
x=40.

The point (88, 80) is on the graph of

v = f(x), so the solution to f(x) =80 is
x=288.

The point (—40, 0) is on the graph of

y = f(x), so the solution to f(x)=0 is
x=-40.

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

{x|x>40} or (40,).

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

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

f(x)<80 is {x|x <88} or (—e, 88].

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

are between 0 and 80 when the x-coordinates
are between —40 and 88. Thus, the solution to

0< f(x)<80 is {x|-40 < x <88} or
(40, 88).

38.

39.

40.

41.

a.

The point (5, 20) is on the graph of y = g(x),
so the solution to g(x)=20 is x=5.

The point (—15, 60) is on the graph of

y = g(x), so the solution to g(x) =060 is
x=-15.

The point (15, 0) is on the graph of y = g(x),
so the solution to g(x)=0 is x=15.

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

above 20 when the x-coordinates are smaller
than 5. Thus, the solution to g(x)>20 is

{x|x < 5} or (—oo, 5).

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, ).

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

are between 0 and 60 when the x-
coordinates are between —15 and 15. Thus,

the solution to 0 < f(x) <60 is
{x[-15<x <15} or (-15,15).

f(x)=g(x) when their graphs intersect.
Thus, x=—4.

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

{x| x<—4] or (—eo,—4).

/(x)=g(x) when their graphs intersect.
Thus, x=2.

f(x) < g(x) when the graph of /is below
or intersects the graph of g. Thus, the
solution is {x| x <2} or (—e, 2].

/(x)=g(x) when their graphs intersect.
Thus, x=-6.
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[-6<x<5} or [-6,5).

Copyright © 2015 Pearson Education, Inc.



Chapter 2: Linear and Quadratic Functions

42. a.

/(x)=g(x) when their graphs intersect.
Thus, x=7.
g(x)< f(x)<h(x) when the graph of /'is

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)=035x+45

a.

b.

C(40) = 0.35(40)+45 =~ $59 .

Solve C(x)=0.25x+35=80
0.35x+45=108
0.35x=063

x= ﬁ =180 miles
0.35

Solve C(x)=0.35x+45<150
0.35x+45 <150
0.35x <105

x < ﬁ =300 miles
0.35

The number of mile driven cannot be
negative, so the implied domain for C is
{x|x=0} or [0,00).

The cost of renting the moving truck for a
day increases $0.35 for each mile driven, or
there is a charge of $0.35 per mile to rent
the truck in addition to a fixed charge of
$45.

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

4. C(x)=2.06x+1.39

a.

b.

C(50)=2.06(50)+1.39 = $104.39 .

Solve C(x)=2.06x+1.39=133.23
2.06x+1.39 =133.23
2.06x =131.84
131.84

206

Solve C(x)=2.06x+1.39 <100
2.06x+1.39 <100
2.06x < 98.61
_ 9861

x < =~ 47 minutes
2.06

= 64 minutes

The number of minutes cannot be negative,
so x 2 0. If there are 30 days in the month,
then the number of minutes can be at most
30-24-60=43,200. Thus, the implied
domain for C'is {x|0 < x<43,200} or

[0, 43200].

The monthly cost of the plan increases $2.06
for each minute used, or there is a charge of
$2.06 per minute to use the phone in
addition to a fixed charge of $1.39.

It costs $1.39 per month for the plan if 0
minutes are used, or there is a fixed charge
of $1.39 per month for the plan in addition
to a charge that depends on the number of
minutes used.

45. S(p)=-600+50p; D(p)=1200-25p

a.

C.

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

The demand will exceed supply when the
price is less than $24 (but still greater than
$0). Thatis, $0< p<$24.

=24

The price will eventually be increased.

46. S(p)=-2000+3000p; D(p)=10000-1000p

a.

Solve S(p)=D(p).
—2000+3000p =10000-1000p
4000p =12000

12000
P 4000
S(3)==2000+3000(3) = 7000

Thus, the equilibrium price is $3, and the
equilibrium quantity is 7000 hot dogs.

Copyright © 2015 Pearson Education, Inc.



47.

Section 2.1: Properties of Linear Functions and Linear Models

Solve D(p)<S(p). e. We mustsolve T(x)=3693.75.
10000-1000p <-2000+3000p 0.15(x—8925)+892.5 = 3693.75

12000 < 4000p 0.15x—1338.75+892.5 = 3693.75

12000 _ 0.15x —446.25 = 3693.75

p
4000 0.15x = 4140
3<p x =27600
The demand Wl_ll be less than the supply A single filer with an adjusted gross income
when the price is greater than $3. of $27,600 will have a tax bill of $3693.75.
The price will eventually be decreased. f. For each additional dollar of taxable income
. ' between $8925 and $36,250, the tax bill of a
We are told that the tax function 7'is for single person in 2013 increased by $0.15.
adjusted gross incomes x between $8,925
and $36,250, inclusive. Thus, the domain is 48. a. The independent variable is payroll, p. The
{x] 8,925 < x<36,250} or [8925, 36250]. payroll tax only applies if the payroll exceeds
$178 million. Thus, the domain of Tis
7(20,000) = 0.15(20,000 —8925)+892.5 {p| p>178} or (178, ).
=2553.75

If a single filer’s adjusted gross income is b. T(222.5)=0.425(222.5-178)=18.9125
$20,000, then his or her tax bill will be The luxury tax for the New York Yankees
$2553.75. was $18.9125 million.
The independent variable is adjusted gross c. Evaluate Tat p=178,222.5, and 300
income, x. The dependent variable is the tax 1
bill. T million.

T(178) = 0.425(178=178) = 0 million

Evaluate T at x = 8925, 20000, and 36250 .
7(222.5)=0.425(222.5-178)

T(8925) = 0.15(8925—8925)+892.5

=18.9125 million
=892.5 .
7(20,000) = 0.15(20,000§925) + 892.5 T(300) = 0.425(300—178) = 51.85 million
— 255375 Thus, the points (178 million, 0 million),
T(36,250) = 0.15(36250 —8925) +892.5 (222.5 million, 18.9125 million) , and
=4991.25 (300 million, 51.85 million) are on the graph.
Thus, the points (8925,892.5), T
(20000,2553.75), and (36250,4991.25) EEEEE
. 60300, 51.85) A
are on the graph. E Tas bty
TA (20§OOO, 2553.75) 5; ij p
\-(36,250, 4991.25) S«
5,000 \ = 12178,0) 1 (|22|2|.5|,|1?.9125)
4,000 \ 0 100 200 300 P
= 3000 4 Team Payroll
o o -
x 2,000 /IXI ($ million)
= |
1,000
Aleoxs, 89250 & Wemstsolve T(p)=272.
0 12,000 30,000 X 0.425(p—178) = 27.2

Adjusted Gross Income ($) 0.425p—75.65=272

0.425p =102.85
p=242

153
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Chapter 2: Linear and Quadratic Functions

If the luxury tax is $27.2 million, then the
payroll of the team is $242 million.

For each additional million dollars of
payroll in excess of $178 million in 2011,
the luxury tax of a team increased by $0.425
million.

49. R(x)=8x; C(x)=4.5x+17,500

a.

Solve R(x)=C(x).
8x=4.5x+17,500

3.5x=17,500

x=5000

The break-even point occurs when the

company sells 5000 units.

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

3.5x>17,500

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

50. R(x)=12x; C(x)=10x+15,000

51.

a.

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

The break-even point occurs when the
company sells 7500 units.

Solve R(x)> C(x)
12x >10x+15,000
2x >15,000
x> 7500

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

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:

" _Ay _0-3000 _ -3000 — 1000
Ax 3-0 3

The y-intercept is (0,3000), so 5 =3000 .

Therefore, the linear function is

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

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

52.

$0 after 3 years. Thus, the implied domain
for Vis {x|0<x<3} or[0, 3].

The graph of V(x) =—-1000x+ 3000

£ v
< 3000
£ 2000
g
1000
-
8
M 1 | X
1 2 3
Age

V(2) =-1000(2)+3000 = 1000
The computer’s book value after 2 years
will be $1000.

Solve V' (x)=2000
—1000x 43000 = 2000
—1000x =—-1000
x=1

The computer will have a book value of
$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:

=Q= 0-120000 _ —120000 — 12000

Ax 10-0 10

The y-intercept is (0,120000) , so
b=120,000.
Therefore, the linear function is
V (x)=mx+b=-12,000x+120,000 .

The age of the machine cannot be negative,
and the book value of the machine will be
$0 after 10 years. Thus, the implied domain
for VV'is {x|0<x <10} or [0, 10].

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

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

(dollars)

Book Value
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53.

54.

&

Section 2.1: Properties of Linear Functions and Linear Models

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
Cx)

3000~

2000

Cost (dollars)

1000~

TN I T N N B
2 4 6 8101214

Number of Bicycles

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

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

So 22 bicycles could be manufactured for
$3780.

The new daily fixed cost is

1800+@= $1805
20

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

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

55.

56.

57.

C.

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

3000

2000

Cost (dollars)

1000~

I N N N I I
2 4 6 8101214

Number of Bicycles

The cost of manufacturing 14 bicycles is
given by C(14)=90(14)+1805 =$3065.

Solve C(x)=90x+1805=3780
90x+1805 = 3780
90x =1975

x=21.94
So approximately 21 bicycles could be
manufactured for $3780.

Let x = number of miles driven, and let C =
cost in dollars. Total cost = (cost per
mile)(number of miles) + fixed cost

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

Let x = number of minutes used, and

let C = cost in dollars. Total cost = (cost per
minute)(number of minutes) + fixed cost
C(x)=0.50x-10

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

NnA

6,000
2,000
8,000 s

4,000
Rai _
0 16324864 M

Memory (gigabytes)

— —

Number of Songs
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Chapter 2: Linear and Quadratic Functions

m n Avg. rate of change = An
Am
8 1750
16 | 3500 35001750 _ 1750 _ 875
16-8 8 4
32 | 7000 7000-3500 _ 3500 _ 875
32-16 16 4
64 | 14000 14000 -7000 _ 7000 _ 875
64-32 32 4

Since each input (memory) corresponds to a
single output (number or songe), we know
that the number of songs is a function of
memory. Also, because the average rate of
change is constant at 218.75 per gigabyte,
the function is linear.

From part (b), we know slope = 218.75.
Using (m,, n,) = (8,1750), we get the
equation:

n—n =s(m—m)
n—1750=218.75(m —8)
n—1750=218.75m —-1750

n=218.75m
Using function notation, we have
n(m)=218.75m .

The price cannot be negative, so m >0.
Likewise, the quantity cannot be negative,
so, n(m)=0.
218.75m=0

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

n A
16,000
12,000

8,000 ¥
4,000 HoF
[

0 16324864 M
Memory (gigabytes)

Number of Songs

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

58.

156

h

Hot Dogs
»

4_
| | | 1 | |
10 20 30 5
Sodas
s h | Avg. rate of change = Ak
As
20 0
15| 3 370 _3 _ o6
15-20 -5
101 6 6=3 _3 _ 46
10-15 -5
5 9 ﬁ:i:_()ﬁ
5-10 -5

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

From part (b), we know m =—0.6 . Using
(s, ) =(20, 0), we get the equation:

h=h =m(s—s,)
h—0=-0.6(s—20)
h=-0.6s+12

Using function notation, we have
h(s)=-0.6s+12.
The number of sodas cannot be negative, so
s 2 0. Likewise, the number of hot dogs
cannot be negative, so, A(s)>0.
—0.6s+12=0

—0.65 212

§<20

Thus, the implied domain for A(s) is
{s]0<s5<20} or [0, 20].
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Section 2.1: Properties of Linear Functions and Linear Models

Hot Dogs

1
10 20 30 s

Sodas

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

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

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

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

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

—-mx+b=—-mx—b

b=-b
2b=0
b=0

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

even provided m =0.

157

62. If you solve the linear function f (x)=mx+b

for 0 you are actually finding the x-intercept.
Therefore using x-intercept of the graph of

f(x)=mx+b would be same x-value as

solving mx+b >0 for x. Then the appropriate
interval could be determined

63. ¥t —4x+y* +10y-7=0
(x* —4x+4)+(p? +10y+25)=T+4+25
(x=2) +(y+5)7° =6
Center: (2, -5); Radius =6

YA
r/ \\ >
7/ NCTHO| X
/ \
@
(2,-5)
\ /
\ /
\\ I,
N A
64. f(x)=2x+B
x-3
2(5)+B
5)=8=—"—"—
16) o
8:10+B
2
16=10+5B
B=6
. JO-1O
3-1
_12-(=2)
2
_14
2
=7
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Chapter 2: Linear and Quadratic Functions

66.

Section 2.2

1.

bl

L % 22

10.

y
\
\ o
H(-2,4) _
T TN 1 S
(1,1 xS
\BR
(1,2) 2| %
y
12 o
— [ ]
6 ° [
| | |
1 2 3 X

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

and 12.

X, — X -1

Y=M :m('x—xl)

y—4=2(x-1)
y—4=2x-2
y=2x+2

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

Nonlinear relation

11. a.

12. a.

0 10

Answers will vary. We select (4, 6) and
(8, 14). The slope of the line containing
these points is:

_14-6 8

m=R4 s
The equation of the line is:
Y=y =mx—-x)

y—6=2(x—-4)
y—6=2x-8
y=2x-2
20
0 10
0

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

20

0 10
0
15

0 : 15
-5

Answers will vary. We select (5, 2) and
(11, 9). The slope of the line containing
L 9-2 17
th tsis: m=——=—

ese points is: m=r—2=
The equation of the line is:
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13.

Y=y =m(x—-x)
y-2=T(x-5)

7 35
y—Z—Ex—?

6 6
15

0 15

-5
Using the LINear REGression program,
the line of best fit is:
y=1.1286x—-3.8619

15
o= 15
-5
6
-3 3
-6

Answers will vary. We select (—2,—4) and
(2, 5). The slope of the line containing
5-(-4) 9
2-(-2) 4°
The equation of the line is:

Y=y, =m(x—x;)

y= (4 =2 (= (-2)

9 .9
4:— —_—
yrd=Ta+3

=—XxX+—
V=31
6

a0
=

-6

these points is: m =

14.

Section 2.2 Building Linear Models from Data

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

y=22x+1.2
6
-3 .-"/ 3
-6
8
=5 5
-2

Answers will vary. We select (-2, 7) and
(2, 0). The slope of the line containing
0-7 _-7_17
2-(2) 4 4
The equation of the line is:

y=y, =m(x—x))

7
y=T=-5(x=(-2)

these points is: m =

7 7

_7:__ —_

Y 4572

A,

V=TT,
8

\\
S PN

<

-2
Using the LINear REGression program,

the line of best fit is:
y=—1.8x+3.6

8

\
p . B

N
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Chapter 2: Linear and Quadratic Functions

15.

16.

a.

150

05 lisniiiniiia) o
90

Answers will vary. We select (—20,100)
and (-10,140). The slope of the line
containing these points is:
= 140-100 _ 40 _

-10—(-20) 10
The equation of the line is:

Y=y =m(x—x)
y—100 = 4(x—(-20))
y—100=4x+80
y=4x+180

150

=25t 0

90
Using the LINear REGression program,
the line of best fit is:
y=3.8613x+180.2920

150
=251 0
90
25
-40 0
0

Selection of points will vary. We select
(=30, 10) and (14, 18). The slope of the
line containing these points is:
18—-10 8 1
m=——m=—=—
-14-(-30) 16 2
The equation of the line is:

160

17.

Y=y =mx-x)
y—10=%(x—(—30))
y—lO:%x+15

y=%x+25

—-40 0

0
Using the LINear REGression program,
the line of best fit is:
y=0.4421x+23.4559

25
-]
-40 0
0
y
B 280+ oo o
= °
2 260
@]
S 240
= ®
2 220 °
=
g °
Zz 200
38 42 46 50 54 58 62 66 X
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=2.5993316(x—39.52)
y—210=2.5993316x—-102.7255848
y=2.599x+107.274

=2.5993316
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Section 2.2 Building Linear Models from Data

y e. N(42.5)=22(42.5)-848.6=86.4
£ 80T We predict that approximately 86 raisins will
= 260+ be in a box weighing 42.5 grams.
“; 240 1 f. If the weight is increased by one gram, then
2 204 the number of raisins will increase by 22.
z 200z 19. a. The independent variable is the number of

hours spent playing video games and
cumulative grade-point average is the
dependent variable because we are using
number of hours playing video games to

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

x=623: y=2.599(62.3)+107.274 = 269

We predict that a candy bar weighing 62.3 predict (or explain) cumulative grade-point
grams will contain 269 calories. average.
If the weight of a candy bar is increased by b.
one gram, then the number of calories will 4
increase by 2.599.
N " .
a
94 7 ° B -]
2 921
Z °
S0t °
T g5+ . o ¢ -1 13
£ 51 o o 0
Z gl c. Using the LINear REGression program, the
L e line of best fit is: G(h) =—-0.0942h+3.2763
—_—— d. If the number of hours playing video games
5 > D O > D> w . .
RIS S in a week increases by 1 hour, the
Weight (grams) cumulative grade-point average decreases
Linear with positive slope. 0.09, on average.
Answers will vary. We will use the points e. G(8)=-0.0942(8)+3.2763 =2.52
(423, 82) and (42.8, 93). We predict a grade-point average of
93-82 11 approximately 2.52 for a student who plays
m= 108-423 = 05 = 8 hours of video games each week.
N=N, =m(w-w) f. \ 2.4610= —0.0922;h)+3.2763
2.40-3.2763 =—-0.0942
N-82=22(w-42.3)
—0.8763 = —0.09421
N-82=22w-930.6
93=h
N =22w-848.6
N A student who has a grade-point average of
04+ 2.40 will have played approximately 9.3
2 04 hours of video games.
ERTES -
3 o
E 86 5t
2o e =
827 = 7 ;
——t—t—1+— 50 -SRI N | 300
> Wy Wy W %> w 50
NP S Yo S Yo Y
Weight (grams) b.  Using the LINear REGression program, the

line of best fit is: P(¢t) = 0.4755¢+ 64.0143

161
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Chapter 2: Linear and Quadratic Functions

21.

22.

If the flight time increases by 1 minute, the
ticket price increases by about $0.4755, on
average.

P(90) = 0.4755(90) + 64.0143 = $107
To find the time, we solve the following

equation:
180 = 0.4755t +64.0143
115.9857 = 0.4755¢
244 = ¢
An airfare of $180 would be for a flight time
of about 244 minutes.

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

S

Demand (pairs of
jeans sold per day)
‘n
=)
YTTTTTTTTTTT

P,

'AI | 1 1 1 1 Ip
018 20 22 24 26 28 30

Price (dollars/pair)

Using the LINear REGression program, the
line of best fitis: D =-1.3355p+86.1974 .

The correlation coefficient is: » = —0.9491 .

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

D(p)=-13355p+86.1974

Domain: {p| O<p< 64}

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

D(28) =—-1.3355(28) +86.1974 =~ 48.8034
Demand is about 49 pairs.

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

23.

24,

25.

26.

27.

b. N Ky
Z 3561
:3 352 .o
55 3481
B 28 a4y
w2 344 - o
Z a0 o,
] [ ]
£ 336 ,
00l L4

L1
0 20 22 24 26 28 30
Advertising Expenditures
(thousands of dollars)

c.  Using the LINear REGression program, the
line of best fitis: S =2.06674+292.8869 .

The correlation coefficient is: r = (0.9833 .

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

e. S(A) =2.06674+292.8869

f. Domain: {A| A> 0}

g.  S5(25)=2.0667(25)+292.8869 = 345
Sales are about $345 thousand.

y
S50+ ®
10
30k o

20} °

Incidence Rate
(per 1000)

10 e®

ltv eet*® | X

35 40 45
Age of Mother

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

Using the LINear REGression program, the line
of best fit is: y =1.5x+3.5 and the correlation

coefficient is: » =1. The linear relation between
two points is perfect.

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

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

G(0) =-0.0942(0)+3.2763 =3.2763. The
approximate grade-point average of a student
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who plays 0 hours of video games per week
would be 3.28.

28, m=_—> _8__
3-(-H) 4
Y=N :m(x_xl)
y—5=—2(x+1)
y=5=-"2x-2
y=-2x+3or
2x+y=3

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

x'=25=0
X’ =25->x=15
So the domain is: {x|x # 5,-5}

30. f(x)=5x—8and g(x)=x" —3x+4
(g )(x) = (* =3x+4)—(5x-8)
=x>=3x+4-5x+8
=x"—8x+12

31. Sincey is shifted to the left 3 units we would use
y=(x+3)*. Sincey is also shifted down 4

units,we would use y = (x+3)° —4.

Section 2.3

1. a. x*=5x—6=(x—6)(x+1)
b.  2x*-x-3=(2x-3)(x+1)

2. N8 —4.2.3=64—24
=40 =/4-10 =24/10
3. (x=3)(3x+5)=0

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

X=—=

3
. . 5
The solution set is —5,3 .

Section 2.3: Quadratic Functions and Their Zeros

5. If f(4) =10, then the point (4, 10) is on the
graph of .

6. f(-3)=(=3)"+4(-3)+3
=9-12+3=0
—3isazeroof f(x).

7. repeated; multiplicity 2
8. discriminant; negative

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

_ —b++b* —4ac

10.
o 2a

11. f(x)=0
x*=9x=0
x(x-9)=0
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.

12. f(x)=0
X’ +4x=0
x(x+4)=0
x=0 or x+4=0
x=-4
The zeros of f(x)=x"+4x are —4 and 0. The
x-intercepts of the graph of fare —4 and 0.

13. g(x)=0
x*-25=0
(x+5)(x-5)=0
x+5=0 or x-5=0
x=-5 x=5
The zeros of g(x)=x>-25 are —5 and 5. The
x-intercepts of the graph of g are —5and 5.
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Chapter 2: Linear and Quadratic Functions

14. G(x)=0 —g. The x-intercepts of the graph of f'are —1
F-9=0 3 )
(x+3)(x-3)=0 and 3
x+3=0 or x-3=0
x=-3 x=3 19. P(x)=0
The zeros of G(x):x2 —9 are -3 and 3. The 3x2—48=0
x-intercepts of the graph of G are —3 and 3. 3(x>=16)=0
15. F(x)=0 3(x+4)(x—4)=0
) t+4=0 or t—-4=0
X +x-6=0

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

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

x=-3 x=2
The zeros of F(x)=x>+x—6 are -3 and 2. 20. H(x)=0
The x-intercepts of the graph of F are —3 and 2. 2x2-50=0
2 —
16. H(x)=0 2(x"=25)=0

2x+5)(x—3)=0

2 —
x“+7x+6=0 P45=0 or y—5=0

(x+6)(x+1)=0

=-5 =5
x+6=0 or x+1=0 Y 7

The zeros of H (x)= 2x% =50 are —5 and 5.

x=-6 x=-1
) The x-intercepts of the graph of H are —5 and 5.
The zeros of H (x)=x"+7x+6 are —6 and —1.
The x-intercepts of the graph of H are —6 and —1. 21. g(x)=0
12=
1. 2(x)=0 x(x+8)+ 0
2 —
2 —5x—3=0 X +8x+12=0

(x+6)(x+2)=0

x=-6 or x=-2

Qx+1)(x=3)=0

2x+1=0 or x-3=0
The zeros of g(x)=x(x+8)+12 are —6 and —2.

1 x=3
=73 The x-intercepts of the graph of g are —6 and 2.
The zeros of g(x)=2x"—5x-3 are —% and 3. 2. f(x)=0
The x-intercepts of the graph of g are L and 3. x(x—4)-12=0
2 2
x°—4x-12=0
18. f(x)=0 (x—=6)(x+2)=0
3x* +5x+2=0 x=-2 or x=6
Gx+2)(x+1)=0 The zeros of f(x)=x(x—4)—12 are -2 and 6.
3x+2=0 or x+1=0 The x-intercepts of the graph of fare —2 and 6.
xz—g x=-1
3

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

164
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23.

24.

25.

26.

G(x)=0

4x* 4+9-12x=0

4x* -12x+9=0

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

x== x==

2 2
The only zero of G(x)=4x>+9-12x is %

The only x-intercept of the graph of G is %

F(x)=0
25x% +16—-40x=0
25x% —40x+16=0
(5x-4)(5x—-4)=0
5x—4=0 or 5x-4=0

xX=— =—

5 5
The only zero of F(x)=25x"+16-40x is %

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

/(x)=0
x*—-8=0

2 =8

x=1/8 =122
The zeros of f(x)=x" -8 are 242 and 242
The x-intercepts of the graph of fare —24/2 and

242 .

g(x)=0
xX*-18=0
x* =18
x=+/18 =433
The zeros of g(x)=x—18 are —3.3 and
33. The x-intercepts of the graph of g are

—3\/§ and 3\/5.

Section 2.3: Quadratic Functions and Their Zeros

27. g(x)=0

(x=1)*=4=0

(x-1)* =4
x—1=+/4

x—1=%2
x—1=2 or x—-1=-2

x=3 x=-1
2
The zeros of g(x)=(x—1)"—4 are —1 and 3.
The x-intercepts of the graph of g are —1 and 3.

28. G(x)=0
(x+2)° =1=0
(x+2)* =1
x+2=i«/1
x+2==%1
x+2=1 or x+2=-1
x=-1 x=-3

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

29. F(x)=0
(2x+3)°=32=0
(2x+3)* =32
2x+3=+/32
2x+3 =142
2x=-3+42

x:—3i4ﬁ
2

The zeros of F(x)= (2x+3)2 —32 are

B2 3-42
2 2

d . The x-intercepts of

3-42

2

3+442
b an

the graph of F are d
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Chapter 2: Linear and Quadratic Functions

30. F(x)=0
(3x-2)’=75=0
(3x-2)* =75

3x—2 =475
3x—2=453
3x=2+5J3

2+53
xX=

The zeros of G(x)= (3)5—2)2 —75 are

and

2-53
3

ar

. The x-intercepts of the graph of G

3

31. f(x)=0
X’ +4x-8=0
X’ +4x=8
X +4x+4=8+4
(x+2)° =12
x+2=+/12

x+2=42/3

x=-2%23
x=-2+2V3 or x=—2-23
The zeros of f(x)=x"+4x-8 are 2+243

and —2—2+/3. The x-intercepts of the graph of
are —2+2+/3 and —2-2+/3..

32. f(x)=0
x*—6x-9=0
x> —6x+9=9+9
(x-3)° =18
x-3 :i\/ﬁ
x=3+32

The zeros of f(x)=x>—6x—9 are 3—3v2

and 3+3+2. The x-intercepts of the graph of
are 3—-3+/2 and 3+342.

2-53 2453
€ and .

33. g(x)=0
2 1 3 _
2160
2 1 _3
Y T2 16
01 1 3 1
X —mxt—=—t—
2716 16 ' 16
LAYt
4) T3
1 11
— =4, —=+—
TTETNE T,
1.1
=—+—
T4
x=3 or x=—1t
4 Z

The zeros of g(x)=x> LNV R

2 16 4 4

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

34. g(x)=0

+
O | —

=
+
|
I
I+
N=I N
1
I+
SIS

The zeros of g(x)= x> +§x—l are 1 and L.

The x-intercepts of the graph of g are —1 and 1 .
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35. F(x)=0

The zeros of F(x)=3x2+x_l are -1-7 and

6
—1+:7 Th :
¢ The x-intercepts of the graph of F are

_lg\ﬁ and —lzﬁ .

36. G(x)=

and

The zeros of G(x)= 2x* =3x-1 are 3_:‘/ﬁ

3 +;/ﬁ . The x-intercepts of the graph of G are

3—;/ﬁ and 3+;/ﬁ'

Section 2.3: Quadratic Functions and Their Zeros

37. f(x)=0

x*—4x+2=0
a=1, b=-4, c=2

L TEHENEA 4O _ 4168

2(1) 2
##zﬁ

The zeros of f(x)=x"—4x+2 are 2-+/2 and
2++/2. The x-intercepts of the graph of f'are

2—«/5 and 2+\/5.
38. f(x)=0

x2+4x42=0
a=1, b=4, c=2

442 -4)(2) —4+16-8
- 2(1) - 2
_4rB 422 L o

2 2
The zeros of f(x)=x"+4x+2 are —2-2

and —2++/2. The x-intercepts of the graph of /'
are —2—+/2 and —2++/2.

39. g(x)=0

xP—4x-1=0
a=1, b=-4, c=-1

o ~(— (=4’ -4()(-]) _4216+4
2(1) 2

+ +
=4‘;/%=4‘§\E=21\B

The zeros of g(x)=x*—4x—1 are 2—+/5 and
2++/5. The x-intercepts of the graph of g are
2-+/5 and 2++/5.

40. g(x)=0

X2 +6x+1=0
a=1, b=6, c=1

v -61+,6"—4()(1) -6+36—-4

2(1) 2
—6+ _6+
_ 6_2\/372= 6_24ﬁ=_3i2ﬁ

The zeros of g(x)=x"+6x+1 are ~3-2+2
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41.

42,

43.

44.

and —3+2+2 . The x-intercepts of the graph of
g are ~3-242 and -3+22.
F(x)=0

2x2 =5x+3=0
a=2, b=-5 c¢=3

o ~(=5)£(=5) ~4(2)3) _5++/25-24

2(2) 4

541 3
=2 =Zorl
4 2

The zeros of F(x)=2x>—-5x+3 are | and %

The x-intercepts of the graph of F' are 1 and % .

g(x)=0
2x* +5x+3=0
a=2, b=5 ¢c=3

e —5+4/52—4(2)(3) _ —5++425-24

2(2) 4

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

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

P(x)=0
4x* —x+2=0
a=4, b=-1, c=2
o —(-D (=D’ —4HQ)  1£41-32
B 2(4) B 8
1++/-31
=T=n0treal

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

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

H(x)=0
45 +x+1=0
a=4, b=1, c=1

1P 4 (1)  —1:41-16

= 2@ ~T 3

—-1++/-15
= —= =not real

45.

46.

47.

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

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

f(x)=0
4x* —1+2x =0
4x* +2x-1=0
a:4, b:2, c=-1
L T2EN2 4D —2xVavie
) 24) T
_—2i@_—2izﬁ__1iﬁ
=— s
The zeros of f(x)=4x” —1+2x are —1?/3
and —12\/5 . The x-intercepts of the graph of
-1-+5 —1+4/5
are — and VR
f(x)=0
2x* —1+2x =0
2x* +2x-1=0
a=2s b=2, C=—1
L T2E2 4D 21448
- 22) T4
C 24412 2423 1%
=T T

e

The zeros of f(x)=2x>—1+2x are _1_2

and _1;\6 . The x-intercepts of the graph of
-1-3 1443
are — and >
G(x)=0
2x(x+2)-3=0
2x* +4x-3=0
a=2, b=4, ¢c=-3
2
_—(4)E(4) -40)(-3)  —4+16+24
- 2(2) B 4
44440 442410 24410
T4 42

The zeros of G(x)=2x(x+2)-3 are ﬂ
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48.

49.

50.

and ﬂ. The x-intercepts of the graph of G

are —2 +2\/E and -2 —Zx/ﬁ )

F(x)=0
3x(x+2)-1=0=3x>+6x-1=0
a=3, b=6, c=-1
_—(6)£y(6) ~43)=D _ 6436412
23) 6
_ 6448 _ 6243 3423
6 6 3

The zeros of F(x)=3x(x+2)-2 are ﬂ

and ﬂ . The x-intercepts of the graph of G

are —3+2\/§ and —3—2\/§ .
3 3

p(x)=0
9x> —6x+1=0
a=9, b=-6, c=1

~(=6)%(-6) -4 _ 6+36-36

X =

209) 18
_6%0 1
18 3
The only real zero of p(x)=9x" —6x+1 is %
The only x-intercept of the graph of g is % .
q(x)=0
4x* +20x+25=0
a=4, b=20, c=25
_ =20%J(20)" —4(4)(25)  —20:++/400—400
2(4) 8
_20£0_ 20 _ 5
8 8 2

The only real zero of ¢(x)=4x" +20x+25 is

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

51.

52.

53.

Section 2.3: Quadratic Functions and Their Zeros

f(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) .

f()=g(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 fand g intersect at
the points (0,3) and (4,3).

f(x)=g(x)
2x2 +1=3x+2
0=2x"+3x+1
0=(2x+1)(x+1)
2x+1=0 or x+1=0

1 x=-1
X=—=

2
The x-coordinates of the points of intersection

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

o[ L)es(L)ra-teat,
2 2 2 2

The graphs of the fand g intersect at the points
11
-L-1) and | ——,— |.
(-11) and (2.7}
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54. f(x)=g(x) 57. P(x)=0
3x* =7=10x+1 xt—6x"-16=0
332 ~10x-8=0 (x*+2)(x*-8)=0
(3x+2)(x-4)=0 ¥ +2=0 or x*-8=0
3x+2=0 or x-4=0 2= =3
x=—§ x=4 xzi\/z xzi\/g
The x-coordinates of the points of intersection = not real =422

are —% and 4. The y-coordinates are

g(—gj=10 22 +1=—§+1=—£ and
3 3 3 3

2(4)=10(4)+1=40+1=41.

The zeros of P(x)=x*—6x*-16 are 22
and 2+/2 . The x-intercepts of the graph of P are

242 and 242 .

58. H(x)=0
The graphs of the f'and g intersect at the points . 5
2 17 X —3x —4=0
(——,——j and (4, 41) 5 )
3 ¥ +1)(x*=4)=0
55. 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=+J-1 x=+J4
0=(x+3)(x-5) = not real =12
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

f(-3)=(-3)" =(-3)+1=9+3+1=13 and
f(5)=5"-5+1=25-5+1=21.

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

59.

f(x)=0
xt=5xr+4=0
(x*—4)(x*-1)=0
x*—=4=0 or x*-1=0
x=12 or x=%1
The zeros of f(x):x4—5x2+4 are -2, -1,

56. f(x)=g(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) 60. 4 zf(x)‘o
x+6=0 or x—4=0 x'—10x"+24=0
2 2
x=-6 x=4 (x —4)(x _6)=0
The x-coordinates of the po.ints of intersection 2_4=0 or 2-6=0
are —6 and 4. The y-coordinates are 2, 2 g
£(=6)=(=6)"+5(-6)-3=36-30-3=3 and e e
x=12 x=+J6

f(4)=4+5(4)-3=16+20-3=33.
The graphs of the f'and g intersect at the points

The zeros of f(x)=x*—10x" +24 are -6,

J6 ,2 and —2. The x-intercepts of the graph of
fare —\/g, \/6,2 and 2.

(~6,3) and (4,33).
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61.

62.

63.

64.

G(x)=0

3x' —2x*-1=0

Gx2+1) (2 =1)=0
3% +1=0 or

x = not real

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

F(x)=0
2x* —5x2-12=0
(2x2+3)(x2—4)=0

2x* +3=0 or x'—4=0
x2:_§ x* =4
2 x=1J4
xZi\/g =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 +7x3-8=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

— x3_ =
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.

65.

66.

67.

Section 2.3: Quadratic Functions and Their Zeros

G(x)=0
(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 xX=-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 xz_z
2

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

—% and —1. The x-intercepts of the graph of /'

7
are — and —1.
2

f(x)=0
(3x+4)’ —6(3x+4)+9=0
Letu=3x+4—u® = (3x+4)’
u —6u+9=0
(u=3)"=0
u-3=0
u=3
3x+4=3
1

X=-=

3
The only zero of f(x)= (3x+4)2 —-6(3x+4)+9

is —% . The x-intercept of the graph of fis —% .
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68. H(x)=0 The zeros of H(x):3(l—x)2+5(1—x)+2 are
2
(2=x) +(2-%)=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 and 2.
(u+5)(u—-4)=0
u+5=0 or u—4=0 7. 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
69. P(x)=0 Jx=0 Jx=4
2(x+1) =5(x+1)-3=0 x=0"=0 x=4*=16
Let u=x+l—>u2:(x+1)2 Check: e
G(0)=0-40=0
2u® =5u-3=0 (0)
(2u+1)(u=3)=0 G(16)=16-416 =16-16=0
2u+1=0 or u-3=0 The zeros of G(x)zx—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
calo L =2 72.  f(x)=0
2 x+8/x =0
xz—% Let u:\/;—>u2=x
2 u* +8u=0
The zeros of P(x)=2(x+1)"—=5(x+1)-3 are
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 Jx=0 Jx=-8
70. H(x)=0 x=0%2=0 x = not real
3(1-x)* +5(1-x)+2=0 Check: f(0)=0+8/0=0
Let u=1-x—u’ :(1—96)2 The only zero of f(x)=x+8x is 0. The only
3u +5u+2=0 x-intercept of the graph of fis 0.
(3u+22)(u+1)=0 1 73. g(x)=0
3u+2=0 or u+l1=0 i 4x—20=0
2 u=-1 2
u:_g Letu=\/;%u =X
l-x=-1 )
) u +u—-20=0
1—x=—— x=2
(u+5)(u—4)=0
N
3
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u+5=0 or u—4=0 The only real zero of g(x)=16x"—8x+1 is L
u=-5 u=4 | 4
Jx=-5 Jx=4 The only x-intercept of the graph of g is 7
X = not real x=4%=16 78. F(x)=0
Check: g(16)=16++16-20=16+4-20=0 4x* —12x+9=0
The only zero of g(x):x+\/;—20 is 16. The (2x—3)2 =0
only x-intercept of the graph of g is 16. 2x—3:02x=%
f(x)=0 > .3
widr—2=0 The only real zero of F(x)=4x"—12x+9 is 5
Let u=~/x >u®=x The only x-intercept of the graph of F'is %
uw+u—-2=0
(u—-1)(u+2)=0 79. G(x)=0
u-1=0 or u+2=0 10x* —19x-15=0
u=1 u=-2 (5x+3)(2x-5)=0
Jx=1 Jx=-2 5x+3=0 or 2x-5=0
x=1*=1 x = not real 3 5
X=—— X=—
5 2

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

The zeros of G(x)lex2 —19x—15 are —% and

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

and 2.
f(x)=0 2
x> =50=0 80. f(x)=0
X =50= x=£/50 = 52 6x* +7x-20=0
The zeros of f(x)=x"-50 are —542 and (3x—4)(2x+5)=0
5J2 . The x-intercepts of the graph of fare 3x-4=0 or 2x+5=0
—572 and 5V2. =3 __3
3 2
xzf_(;z ;Z The zeros of f(x)=6x"+7x—20 are —% and g .
¥2=20= x =+/20 =+2/5 The x-intercepts of the graph of fare —% and g :

The zeros of f(x)=x" -6 are —24/5 and

25 . The x-intercepts of the graph of fare

-2/5 and 245 . 62" —x=2=0
(3x—2)(2x+1)=0

81. P(x) =0

g(x)=0 3x=2=0 or 2x+1=0
16x> —8x+1=0 L2 1
(4x-1)* =0 "3 T2

1
X =X 2
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The zeros of P(x)=6x2 —x—2 are —% and %

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

82. H(x)=0

6x* +x-2=0

(3x+2)(2x—1) =0
3x+2=0 or 2x—1=0

xX=-= xX==

3 2

The zeros of H (x)= 6x% +x—2 are —% and %

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

83. G(x)=0

x? +\/Ex—%= 0
2(x2+x/§x—%j=(0)(2)

232 +22x—1=0
a=2, b=22, c=-1

~(2V2)£\(2V2) - 42)(-1)
e 202)
224848
4
_22+4 242

4 2

22416
4

The zeros of G(x):x2 +«/§x—% are —\/52—2
—~2+2

2
are _\/52_2 and _\/§2+2.

and . The x-intercepts of the graph of G

84. F(x)=0
1 5
Ex —\/Ex—1=0
2(%x2—\/§x—lj=(0)(2)

¥ —22x-2=0
a=1, b=-242, ¢=-2

85.

86.

87.

~(2v2)£4J(-2V2) - 4(1)(-2)
X =

2(1)
_ 2223416 _2V244 212
2 2 1

The zeros of F(x) :%xz —J2x—1 are v2-2
and ~2+2. The x-intercepts of the graph of F'
are v/2—2 and 2 +2.

f(x)=0

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

- —(1)£J(1)* —4(1)(~4)

2(D)
1T _ 12417
2 2
Thezerosoff(x):x2+x_4 are — zx/ﬁ and

—1+x/ﬁ
2

-1-J17 and —1+2\/ﬁ.

2

. The x-intercepts of the graph of fare

g(x)=0
2 4+x—1=0
a=1, b=1, c=-1

_mOEJO?-4(0)(-1) 1245

2(1) T2

-1-45

The zeros of g(x)=x>+x-1 are 5

~1++/5
2

and

. The x-intercepts of the graph of g are

_1_2\/5 and _IZ\B.

a.g(x)= (x—l)2 -4

Using the graph of y = x?, horizontally shift to
the right 1 unit, and then vertically shift
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downward 4 units.

Yi

|
(3,0)
Il f- 1‘
(29 -3 )
[ (19 _4)

BEL IR
e

b. g(x)=0
(x-1)>-4=0
x*=2x+1-4=0
x*—2x-3=0
(x+D)(x-3)=0=>x=—-lor x=3

88. a.F(x)=(x+3)*-9
Using the graph of y = x?, horizontally shift

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

yYi

1
1]

I\

(—6, 0)\ /(0,0)

/ -7 —
(—4, - T2 7Y
[_I_L(_3, _9),J_[_I

b. F(x)=0
(x+3)2-9=0
x*+6x+9-9=0
x2+6x=0
x(x+6)=0=>x=00r x=-6

89. a. /(x)=2(x+4)"-8
Using the graph of y = x?, horizontally shift

to the left 4 units, vertically stretch by a factor
of 2, and then vertically shift downward 8

175
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units.

!
|
—4, —8

"’

b. f(x)=0
2(x+4)>-8=0

2(x* +8x+16)—8=0

2x2 +16x+32-8=0

2x2 +16x+24=0
2(x+2)(x+6)=0=>x=—2o0r x=—6

90. a. h(x)=3(x—-2)*-12
Using the graph of y = x?, horizontally shift

to the right 2 units, vertically stretch by a
factor of 3, and then vertically shift downward

12 units.
yi
A8
1 )
(0, 0) 4,0)
7 x
\ I/
(23 _12)
b. h(x)=0
3(x-2)-12=0

3(x* —4x+4)-12=0

3x? —12x+12-12=0
3x? —12x=0
3x(x—4)=0=>x=0o0r x=4
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91. a. H(x)=-3(x-3)*+6
Using the graph of y = x?, horizontally shift
to the right 3 units, vertically stretch by a

factor of 3, reflect about the x-axis, and then
vertically shift upward 6 units.

y
@3 BN 3)
@) F NS
G -V2.0 3 +V2,0)
\

—

b. H(x)=0
“3(x-3)*+6=0
“3(x* —6x+9)+6=0
—3x* +18x-27+6=0
—3x?+18x-21=0
3(x* —6x+7)=0

a=1, b=-6, c=7

OO —4()(7) _6x36-28

2(1) 2
=6J_rzx/§= 6i§x/§=3iﬁ

92. a. f(x)==2(x+1)* +12
Using the graph of y = x?, horizontally shift
to the left 1 unit, vertically stretch by a factor

of 2, reflect about the x-axis, and then
vertically shift upward 12 units.

T T T[]
(—1,12) AVENEE
(-2, 10y R 2

IR 1T 11

(=1 -V6,0) (-1 +V6,0)

i \ 31X

b. f(x)=0
“2(x+1)*+12=0

2(x* +2x+1)+12=0
—2x? —4x-2412=0

—2x* —4x+10=0

“2(x* +2x-5)=0

a=1, b=2, ¢c=-5

o ~(2)+4(2)* —4(1)(-5) _

\N4+20

2(1)

2

93. f(x)=g(x)
Sx(x=1)=-7x>+2
5x* =5x=-T7x"+2

12x* =5x-2=0

(3x—2)(4x+1)=0:>x=§ orx=——

B-GIEH

-
(2

The points of intersection are:

(2 10) ( 1 25)
—,——|and | ——,—
379 4°16
94, f(x)=g(x)
10x(x+2)=-3x+5
10x* +20x = -3x+5
10x> +23x=5=0

(2x+5)(5x—1)=0:>x=—§ orx =
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11 22 _) s
ofs)2 BJG
3 3
The points of intersection are: = L5
52 (L2) s
272 575 B
38
95. f(x)=g(x) The point of intersection is: (i—ﬁj
3(x? —4) =3x> +2x+4 3° 88
3x7—12=3x*+2x+4 98. f(x)=g(x)
12=2x+4 20 3 2x+18
—16=2x:2>x=—8 x=3 x+1 x*-2x-3
£(-8)=3[(-8)" -4] 2x 3 2x+I8
:3[64—4]:180 x=3 x+1 (x=-3)(x+1)
2x(x+1)=3(x-3)=2x+18
The point of intersection is: (—8,180) 2% +2x-3x+9=2x+18
2x* -3x-9=0
9.  f(x)=g(x) 2x+3)(x=3)=0
4(x* +1)=4x" -3x-8 3
X=—— orM
4x* +4=4x* —3x-8 2

4=-3x-8 f( 3): 2(_;) 3

2=-3x=>x=-4 3 3
SR
2 2

F(4)=4](4) +1]

=4[16+1]=68 (-3) 3
The point of intersection is: (—4,68) 2 2
6 2 20
97. f(9)=g(x) AR
3x 5 -5 . . .. 320
12 - 1 = FETI The point of intersection is: (—5,?j
3 5 -5
X2 x+l (x+2)(x+1) 99. a. (f+g)(x)=
3x(x+1)=5(x+2)=-5 =x>+5x—14+x>+3x—4
3x* +3x-5x-10=-5 =2x"+8x—18
3x°—2x=5=0 2x" +8x—-18=0
Bx-5)(x+D)=0 x*+4x-9=0

177
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L TWEJ@ - 4)(9) _ —4+416+36

2(1) 2
_ —4i2«/§ _ —4i22\/B 24T
b. (f-g)(x)=

=(x2 +5x—14)—(x2 +3x—4)

=x"+5x—-14—x*-3x+4

=2x-10
2x-10=0=x=5
e (f2)(x)=
=(x2+5x—14)(x2+3x—4)
=(x+7)(x-2)(x+4)(x-1)
(f-g)(x)=0

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

D> x=-7orx=2orx=—4orx=1

100. a. (f+2)(x)=
=x’=3x—18+x’+2x-3
=2x"—x-21

2x* —x—=21=0

(2x—7)(x+3)=03x=% orx=-3
b. (f-2)(x)=
:(x2—3x—18)—(x2 +2x—3)

=x"-3x-18—-x*-2x+3

=-5x-15
—S5x-15=0=>x=-3
e (f-9x)=
=(x* =3x-18)(x’ +2x-3)
=(x+3)(x—6)(x+3)(x-1)
(f-&)(x)=0
0=(x+3)(x—-6)(x+3)(x—1)

> x=-3orx=6o0orx=1

101. A(x) =143
x(x+2)=143
x> +2x-143=0
(x+13)(x—-11)=0
M or x=11
Discard the negative solution since width cannot

be negative. The width of the rectangular
window is 11 feet and the length is 13 feet.

102. A(x) =306
x(x+1)=306
x*+x-306=0
(x+18)(x—=17)=0
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.

103. V(x)=4
(x-2)" =4
x—2=1/4
x=2=12
x=2%2
x=4 or x=0
Discard x =0 since that is not a feasible length
for the original sheet. Therefore, the original
sheet should measure 4 feet on each side.

104. V (x) =4
(x-2)* =16
x-2=+/16
x—2=%4
x=214
x=6 or M
Discard x =-2 since width cannot be negative.

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

105. a. When the ball strikes the ground, the
distance from the ground will be 0.
Therefore, we solve
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s=0 t=0 or -49t+20=0
96 +80¢ —16¢° =0 —4.9t=-20
~16¢% +80¢+96 =0 o t=408
5 The object will strike the ground after about
17=5t=6=0 4.08 seconds.
(t=6)(t+1)=0 c. $=100
t=6 or =<[ —4.9% +20¢ =100

Discard the negative solution since the time
of flight must be positive. The ball will
strike the ground after 6 seconds.

—4.9¢ +20t-100=0
a=-4.9, b=20, c=-100

b. When the ball passes the top of the building, -20+ \/202 —4(—4.9)(-100)

it will be 96 feet from the ground. Therefore, 1= 2(-4.9)
we solve

s =96 _ —20£+/-1560

2 -9.8
96+801 ~16r7 =96 There is no real solution. The object never

—161> +80r =0 reaches a height of 100 meters.
£ =5t=0
107. For the sum to be 210, we solve
t(t-5)=0 S(n) =210

t=0 or t=5 1
The ball is at the top of the building at time Zn(n+1)=210
t =0 seconds when it is thrown. It will pass n(n+1) =420

the top of the building on the way down

2
after 5 seconds. n“+n-420=0
(n=20)(n+21)=0

106. a. To find when the object will be 15 meters n—-20=0 or n+21=0

above the ground, we solve
s=15 n=20 M
4.9/ 420t =15 Discard the.negatlve solution since .the number
of consecutive integers must be positive. For a

4.9 +20t-15=0 sum of 210, we must add the 20 consecutive
a=-49, b=20, c=-15 integers, starting at 1.
= —20+ \/202 —4(-4.9)(-15) 108. To determine the number of sides when a
h 2(-4.9) polygon has 65 diagonals, we solve
D(n)=65
204106 | =)
-9.8 5n(n—3)=65
zﬁgﬁgﬁ n(n—3)=130
(=099 or =309 n’ =3n-130=0
The object will be 15 meters above the ground (n+10)(n—13)=0
after about 0.99 seconds (on the way up) and n+10=0 or n—13=0
bout 3.09 d th d . : [
abou seconds (on the way down) n=13

b. The object will strike the ground when the

. : Di th ti lution since th
distance from the ground is 0. Thus, we solve iscard the negative solution since the number

of sides must be positive. A polygon with 65

, s=0 diagonals will have 13 sides.
—4.9¢"+20¢=0 To determine the number of sides if a polygon
1(—4.9t+20)=0 has 80 diagonals, we solve
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D(n) =80
%n(n—3) =80

n(n—3)=160
n® —3n-160=0
a=1,b=-3, c=-160
(3= \/ (=3)> —4(1)(-160)
- 2(1)
_3%+/649

2

t

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

109. The roots of a quadratic equation are

—b—~b* —4ac —b++/b* —4ac
N ad = —,

so the sum of the roots is

—b—b* —4ac _'_—b+\/b2 —4ac

x1+x2 =

2a 2a
_ —b—\/b2 —4ac—b+\/b2 —4ac
2a
_2b__ b
2a a

110. The roots of a quadratic equation are

—b—A~b* —4ac —b+~b* —4ac
W=y adm =

so the product of the roots is

ox _[—b— b2—4acJ(—b+\/b2—4acj
1742 =

2a 2a
2
_ (=b)? —(\/b2 —4ac) _ b2 —(p? —4ac)
(2a)° 4a’
:bz—b2+4ac:ﬂ_£
44* 4q* a

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

b*—dac=0
1P —4(k)(k)=0
1-4k* =0
4K* =1
1
K==
4

1

k=+,|—

0

k:% or kz—%

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

b*—4ac=0

(k) ~4(1)(4)=0

k*-16=0

(k—4)(k+4)=0
k=4 or k=-4

113. For f(x)=ax’+bx+c=0:

—b—~\b* —4ac —b+b* —4ac
X =—2a and x, =—2a

For f(x)=ax’—bx+c=0:

. —(=b)=/(~b)* - 4ac

X =

2a
_b- b2—4ac__ —b+~b* —4ac -
B 2a B 2a o2
and
. —(=b)+(-b)’ —4ac
2= 2a
:b+\/b2—4ac:_ —b—b* —4ac -y
2a 2a !
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114. For f(x)=ax’ +bx+c=0:

—b—~/b* —4ac —b+b* —4ac
| =————and x, =———
2a 2a

For f(x)=cx’ +bx+a=0:
x*_—b—\/b2—4(c)(a) _ —b—~/b* —4ac
e 2c B 2c
_—b—\b’ —4ac —b+\b’ —4ac
2c —b++b* —4ac

b? —(b2 —4ac) dac
2c(—b+\/b2 —4ac 20(—b+\/b2 —4ac)
2a 1

—b+\b* —4ac 2

and

., —b+ b2—4(c)(a):—b+\/b2—4ac

Xy =

2c 2c
:—b+\/b2—4ac.—b— b* —4ac
2¢ —b—Ib* —4ac

b? —(b2 —4ac) dac

2c(—b— b —dac 2c(—b— b2—4ac)

2a i

—b—b*—4ac N
115. 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.

¢ (x-1)(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.

116. Answers may vary. Methods discussed in this
section include factoring, the square root
method, completing the square, and the quadratic
formula.

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

equation will have.
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118. 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

119. Answers will vary.

120. Two quadratic functions can intersect 0, 1, or 2
times.
The graph is shifted vertically by 4 units and is

reflected about the x-axis.
Yi

121.

G

122. Domain:{—3,—1,1,3} Range: {2,4}
__-10+2 -8
123. x= =—=-4
YT T2
__4+(=D_3
YT T2
e 3
So the midpoint is: —4,5 .

124. If the graph is symmetric with respect to the y-

axis then x and —x are on the graph. Thus if
(—1,4) is on the graph, then so is (1,4).

Section 2.4

1. y=x"-9
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=1J9 =13
The intercepts are (0,-9), (-3, 0), and (3,0) .
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2. 2x° +7x—4=0
(2x-1)(x+4)=0
2x=1=0 or x+4=0 5

2x=1 or x=—4

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

xX=— or x=—4
2

-5 L S

The solution set is {—4, %} (-2, —1)\\,//(2’ -1)

1 P25

3 (25 ==
anE

4. right; 4 Using the graph of y = x?, stretch vertically by a

20. f(x)=2x"+4

5. parabola factor of 2, then shift up 4 units.

6. axis (or axis of symmetry)
b
7. ——
2a
8. True; a=2>0. RN RN
-5 - 5
9. True; —i:—i:Z —2r
2a 2(-1)
21, f(x)=(x+2)*-2
10. True J)=( ) 5
Using the graph of y = x~, shift left 2 units, then
11. C shift down2units
12. E
13. F
(—4.2) (0,2)
14. A ||||||||||X
15. G (=3, —1)7 (-1, -1)
16. B
=5
17. H
22, f(x)=(x-3)"-10
1. D S (x)=(x=3)

Using the graph of y = x?, shift right 3 units,
19, f(x)= %xz -

Using the graph of y = X%, compress vertically
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then shift down 10 units. y’i
(—4,2) (0,2)
VYR
-5 - 5
(-2.-2) [
_5 -
26. f(x)=x"—6x-1
23, f(x)=2(x-1)*-1 =(x*-6x+9)—-1-9
Using the graph of y = x? , shift right 1 unit, =(x— 3)2 ~10
stretch Ver‘Fically by a factor of 2, then shift Using the graph of y = x*, shift right 3 units,
down 1 unit. . .
y then shift down 10 units.
y
8

=5

24, f(x)=3(x+1)*-3
Using the graph of y = x?, shift left 1 unit,

stretch vertically by a factor of 3, then shift = _(xz +2x )
down 3 units.

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

=—(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.

[ I
5

25. f(x)=x*+4x+2
=(x* +4x+4)+2-4
=(x+2)? -2

Using the graph of y = x?, shift left 2 units, then
shift down 2 units.
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28. f(x)=-2x"+6x+2
=—2(x" -3x)+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.

29. f(x)=2x"+4x-2
=2(x” +2x)-2
=2(x" +2x+1)-2-2
=2(x+1)" -4

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

stretch vertically by a factor of 2, then shift

down 4 units.
y

5

A

(-2.-2)

:_L)I_III

=

-

(0, -2)

' T T T 1

(-1 ~4)¥

30. f(x)=3x*+12x+5
=3(x2 +4x)+5
=3(x2 +4x+4)+5—12
=3(x+2)° -7
Using the graph of y = x?, shift left 2 units,

stretch vertically by a factor of 3, then shift
down 7 units.

y
3_
||f|||f_||||| X
-5 | 5
(=3, —4) :(—1, —4)
_6_
(—2.-nl

. a. For f(x):x2+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 _

2a 2(1) 2
The y-coordinate of the vertex is

f(_—bj = f(-)=(=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)2 —4(1)(0)=4> 0, so the graph
has two x-intercepts.

The x-intercepts are found by solving:
X +2x=0

x(x+2)=0

x=0 or x=-2

The x-intercepts are —2 and 0 .

The y-interceptis f(0)=0.

x=-1

Iy
15k
|
|
|
|
]
|
|

(1.1

I -2
|

b. The domain is (—eo, o).

The range is [—1, o) .

c. Decreasing on (—eo,—1).

Increasing on (-1, ).
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32.

33.

For f(x)=x*—4x, a=1,b=—4,¢=0.
Since @ =1> 0, the graph opens up.
The x-coordinate of the vertex is
= b B _ 4
2¢  2() 2
The y-coordinate of the vertex is

1(52)-ro=er -4 =4-s-
2a

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:
2
x"—4x=0
x(x—=4)=0
x=0orx=4.
The x-intercepts are 0 and 4.
The y-interceptis f(0)=0.

x=2
y |

-5 : (2,-4)

The domain is (—ee, ).

The range is [—4, o).
Decreasing on (—oo, 2).
Increasing on (2,e) .

For f(x)=-x’—6x, a=—-1, b=—6,
c¢=0. Since a =-1<0, the graph opens
down. The x-coordinate of the vertex is
v O _6 _

2a 2(-1) =2
The y-coordinate of the vertex is

152} =2 -6)

=-9+18=09.
Thus, the vertex is (-3, 9).
The axis of symmetry is the line x=-3.

185

34.

Section 2.4: Properties of Quadratic Functions

The discriminant is:

b* —4ac = (—6)* —4(-1)(0)=36>0,
so the graph has two x-intercepts.

The x-intercepts are found by solving:

—x?—6x=0
—x(x+6)=0

x=0orx=-6.

The x-intercepts are —6 and 0.

The y-intercepts are f(0)=0.
x=-3

by

(-3,9 ! 10

0,0
E 1 )x

The domain is (—oo, o).

The range is (—eo, 9].

Increasing on (—eo, —3) .
Decreasing on (-3, o).

For f(x)=-x>+4x, a=-1, b=4,¢c=0.
Since a =—-1<0, the graph opens down.
The x-coordinate of the vertex is
X = __b - __4 - __4 =2,

2a 2(-1) =2
The y-coordinate of the vertex is

b
f(zj = /()

=—(2)" +4(2)
=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:
—x* +4x=0
—x(x-4)=0
x=0orx=4.
The x-intercepts are 0 and 4.
The y-intercept is f(0)=0.
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3s.

The domain is (—oo, o).

The range is (—eo, 4].

Increasing on (—eo, 2).
Decreasing on (2,<0) .

For f(x)=x*+2x-8, a=1,b=2, c=-8.

Since @ =1> 0, the graph opens up.
The x-coordinate of the vertex is
-b -2 -2

T2 T2 2

The y-coordinate of the vertex is

752} ren=c1rran-s
=1-2-8=-9.

Thus, the vertex is (—1,-9).

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

b* —4ac =27 —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.

186

36.

37.

The domain is (—oo, o).

The range is [-9, o).

Decreasing on (—eo, —1) .
Increasing on (—1, ).

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 T 2 2

The y-coordinate of the vertex is
f(_—b) =f()=1"-2(1)-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:

¥ —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.

ypx=1

SHI
- |
- |
— |
- |

—5k1 (1» _4)

The domain is (—oo, o).

The range is [4, o).

Decreasing on (—oo, 1).

Increasing on (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

T2 20) 2
The y-coordinate of the vertex is
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r(52)-re
=(=1)*+2(-)+1=1-2+1=0.

Thus, the vertex is (-1, 0) .

The axis of symmetry is the line x =—1.

The discriminant is:

b* —4dac=2>-4()(1)=4-4=0,

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

X +2x+1=0
(x+1)>=0
x=-1.
The x-intercept is —1 .
The y-interceptis f(0)=1.

The domain is (—eo, o). The range is [0, o).

Decreasing on (—oo, —1) .
Increasing on (—1, ).

For f(x)=x>+6x+9, a=1, b=6,c=9.

Since @ =1> 0, the graph opens up.
The x-coordinate of the vertex is
-b -6 -6 _

The y-coordinate of the vertex is

f(;—”j = [(=3)= (-3)" +6(-3)+9
a
=9-18+9=0.

Thus, the vertex is (-3, 0).

The axis of symmetry is the line x =-3 .
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:

X +6x+9=0
(x+3)*=0

x=-3.
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39.

The x-intercept is—3 .
The y-intercept is f(0)=9.

x=-3

(—6,9) (0,9)

P

L1 1 |
-8 (=3,0)1 2

The domain is (—ee, o). The range is [0, o).

Decreasing on (—eo, —3).
Increasing on (—3,00) .

For f(x)=2x"—-x+2,a=2,b=-1,c=2.
Since a =2 > 0, the graph opens up.
The x-coordinate of the vertex is
v=b_=CEDH_1

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

ERAENEE
1 1 15

==——=+2=—
8 4 8

. (1 15
Thus, the vert -, — .
us, the vertex is (4, 8)

The axis of symmetry is the line x =% .
The discriminant is:
b* —4ac = (-1)* —4(2)2)=1-16=-15,
so the graph has no x-intercepts.
The y-intercept is f(0)=2.

}7

b. The domain is (—eo, o).

The range is {%5, ooj .
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40.

41.

Decreasing on (—w,ij .

Increasing on (%,wj .

For f(x)=4x*-2x+1,a=4,b=-2,c=1.

Since @ =4 > 0, the graph opens up.
The x-coordinate of the vertex is
x=b_A2_2_1

2a 24 8 4°
The y-coordinate of the vertex is

R4

1 1 3
= 4] =—
4 2 4
is (L3
Thus, the vertex is (4,4).
The axis of symmetry is the line x = % .

The discriminant is:

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

The y-interceptis f(0)=1.

The domain is (—ee, <o) .

The range is [— oo) .

Decreasing on (—oo, %) .

Increasing on (%, oo) .

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

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

T T A T4 2
The y-coordinate of the vertex is

42.

-b)_ (1 1Y 1
1(5)=5)=(a) +(5)-
1 5
——§+1—3——5.
Thus, the vertex is L
) 2, 2 .

The axis of symmetry is the line x = % .

The discriminant is:

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

The y-interceptis f(0)=-3.

The domain is (—eo, o).

The range is (—oo, —%} .

neen(~3)
Increasing on %5

Decreasing on (%, ooj .

For f(x)=-3x"+3x-2, a=-3,b=3,
¢=-2. Since a =-3 <0, the graph opens
down.
The x-coordinate of the vertex is
iehb_ 3 31

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

CRAGEnE

. (1 5
Thus, the vert -, == .
us, the vertex is (2, 4)

The axis of symmetry is the line x = % .

The discriminant is:
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b? —4ac=3* —4(-3)(-2)=9-24=-15,
so the graph has no x-intercepts.
The y-intercept is f(0)=-2 .

1

y X=§

2
L1111
=5

I
L
L

The domain is (—eo, o).

The range is (—oo, —%} .

e ()
Increasing on %5
e (]
Decreasing on 7 )

For f(x)=—4x*—6x+2,a=-4,b=—6,
c=2. Since a =-4<0, the graph opens
down.

The x-coordinate of the vertex is
b _—(-6) 6 3

R P TE S
The y-coordinate of the vertex is

R~

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

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:
—4x* —6x+2=0

- —b+\b? —4ac _ —(—6)+~/68

2a 2(—4)
668 612417 3+17
8 -8 4

Section 2.4: Properties of Quadratic Functions

44.

The x-intercepts are =3 +4\/ﬁ and =3 _4\/ﬁ .
The y-intercept is f(0)=2.
y
3 17 -
(-5 9)ds
-3 -417 0,2)
St e § ;

The domain is (—co, ).

The range is (—00, E} .
4
e (=)
Decreasing on )

e (=3
Increasing on g )

For f(x)=3x*—8x+2, a=3,b=-8, c=2.
Since a =3 >0, the graph opens up.
The x-coordinate of the vertex is
=2 _8_4
2a 23) 6 3°
The y-coordinate of the vertex is

ENORUREE

Thus, the vertex is (%, —?) .

The axis of symmetry is the line x = % .

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:

3x7 —8x+2=0

- ~b b —4dac _ ~(-8)+/40

2a 203)
_8++/40 _8+2410 _ 4410
6 6 3
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45.

46.

++/10

The x-intercepts are 4 3 and

The y-interceptis f(0)=2.

b. The domain is (—oo, 00).

The range is {—?, 00) .
e (=3)
¢. Decreasing on -3

o 5.-)
Increasing on 3

Consider the form y =a(x- h)2 +k . From the
graph we know that the vertex is (—1,—2) so we
have 7 =-1 and k =-2. The graph also passes
through the point (x,y)=(0,—1). Substituting
these values for x, y, &, 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 =x> +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 h=2 and k =1. The graph also passes
through the point (x,y)=(0,5). Substituting

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

47.

48.

49.

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

1=a

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

Consider the form y=a(x- h)2 +k . From the
graph we know that the vertex is (-3,5) so we
have #=-3 and k =5. The graph also passes
through the point (x,y)=(0,-4). Substituting
these values for x, y, A, and k, we can solve for a:
—4=a(0-(-3))* +5

—4=a(3)’+5
—4=9a+5
-9=09a
-l=a

The quadratic function is
f(x) =—(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 7=2 and k =3. The graph also passes
through the point (x,y)=(0,—1). Substituting
these values for x, y, 4, 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)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 h=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:
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50.

51.

52.

53.

5=a(3-1)" +(-3) 54

5=a(2)’ -3
5=4a-3
8=4a
2=a

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

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, &, 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.

57.

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:

2a 2(2) 4
The minimum value is

F(=3)=2(-3)* +12(-3) =18-36=—-18..

58.

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=3.

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

F(3)=-2(3)* +12(3) =—18+36=18.

59.

For f(x)=2x*+12x-3,a=2, b=12, ¢=-3.
Since @ =2 >0, the graph opens up, so the vertex
is a minimum point. The minimum occurs at
x=—b_-12_-12
2¢ 2(2) 4

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

=-3. The minimum value is

191
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56.

Section 2.4: Properties of Quadratic Functions

. For f(x)=4x*-8x+3, a=4, b=-8, c=3.
Since @ =4 > 0, the graph opens up, so the vertex

is a minimum point. The minimum occurs at
_b_(8_8

YT T 2@ 8
) =4(1)* -8(1)+3=4-8+3=—1.

=1. The minimum value is

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
b _-10 _-10
T2a 2(-1) -2
value is
F(5)=—(5)*+10(5)—4=-25+50—-4=21.

=5 . The maximum

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,h=12, c=1.
Since a =—-3 <0, the graph opens down, so the

vertex is a maximum point. The maximum
occurs at x=_—b=_—12=_—12:2. The
2a 2(-3) -6

maximum value is

£(2)=-32)% +12Q2)+1=—12+24+1=13.

For f(x)=4x">—4x,a=4, b=-4, ¢=0.

Since @ =4 >0, the graph opens up, so the vertex

is a minimum point. The minimum occurs at
_b_ (=4 _4_1

X = %" @ =372 The minimum value is

2
1 1 1

(a)=4a) -{z)-r-

a. For f(x)=x"-2x-15,a=1,b=-2,
c=-15. Since a =1> 0, the graph opens up.
The x-coordinate of the vertex is

_=h_—(2)_2_,
2) 2

-1.

x_2a
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Chapter 2: Linear and Quadratic Functions

The y-coordinate of the vertex is

7(52)-rm=ar -20-15
=1-2-15=-16.

Thus, the vertex is (1,—16) .

The discriminant is:

b* —4ac =(-2)* —4(1)(-15)=4+60=64>0,

so the graph has two x-intercepts.

The x-intercepts are found by solving:

X =2x-15=0

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

x==3orx=5

The x-intercepts are —3 and 5.

The y-intercept is f(0)=—15.

y
(_3’0)\ I |4 fls )

0
=3 7

1111 X

—16

(1, —16)

The domain is (—co, ).
The range is [-16, o).

Decreasing on (—oo, 1).

Increasing on (1,0) .

60. For f(x)=x"-2x-8, a=1, b=-2,
c¢=-8. Since a =1>0, the graph opens up.
The x-coordinate of the vertex is

b2 _2

T2 T2 2
The y-coordinate of the vertex is

f(__bj=f(l) = ()2 -2(1)-8=1-2-8 =9,
2a

Thus, the vertex is (1,-9) .

The discriminant is:

b* —4ac = (-2)* —4(1)(-8) =4+32=36>0,
so the graph has two x-intercepts.

The x-intercepts are found by solving:
x*—2x-8=0
(x+2)(x-4)=0

x=—-2o0rx=4

The x-intercepts are —2 and 4 .
The y-intercept is f(0) =-8.
y
10

-10

(1, -9)

The domain is (—oo, o). The range is [-9, o).

Decreasing on (—oo, 1) . Increasing on (1,00) .

61. F(x)=2x-5 is alinear function.

The x-intercept is found by solving:
2x-5=0
2x=5
3
2

X =

The x-intercept is %

The y-intercept is F(0)=-5.

The domain is (—oo, o).

The range is (—oo, o).

Increasing on (—co,o0) .

62. f(x)= %x —2is a linear function.

The x-intercept is found by solving:
%x—ZzO

EXZZ

192
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63.

64.

. .4
The x-intercept is 3

The y-interceptis f(0) =-2.
y
5

L1111
=5

The domain is (—eo, ).

The range is (—ee, o).

Increasing on (—oo,00).

g(x)=-2(x-3)>+2
Using the graph of y = x?, shift right 3 units,

reflect about the x-axis, stretch vertically by a
factor of 2, then shift up 2 units.

y
A (3.2)
L1 /T\L(‘%’q)l X
=3 2.0) 7
(0. ~16) ¢-~16 (6, —16)

The domain is (—co, ).
The range is (—oo, 2].
Increasing on (—oo, 3) .
Decreasing on (3, o).

h(x)=-3(x+1)"+4
Using the graph of y = x?, shift left 1 unit,

reflect about the x-axis, stretch vertically by a
factor of 3, then shift up 4 units.

Section 2.4: Properties of Quadratic Functions

65.

y
(1,42 [
(2.1  £(0.1)
111 | I T
-5 5
_5_

The domain is (—eo, o).
The range is (—oo, 4].

Increasing on (—eo,—1) .

Decreasing on (—1, ).

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

b -1 -1 1

T2 4w
The y-coordinate of the vertex is

R

8 4 8’
Thus, the vertex is [—l Zj
b 49 8

The discriminant is:
b* —dac=1>-4Q)1)=1-8=-7,
so the graph has no x-intercepts.
The y-interceptis f(0)=1.

y

The domain is (—oo, o).

The range is 7 ooj.
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Chapter 2: Linear and Quadratic Functions

66.

67.

Decreasing on (—oo, —%) .

neen (=)
Increasing on )

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

b 2 2 1

T2uT3) 6 3
The y-coordinate of the vertex is

b 1 1Y’ 1
6(5)=6l-5)2(5) 50
1 2 14
373773
. 1 14
Thus, the vertex is (—g, ?) .
The discriminant is:
b* —4ac=2> —4(3)(5) =4—-60 =56,
so the graph has no x-intercepts.
The y-intercept is G(0)=5.

The domain is (—oo, o).

The range is %, oo] .

Decreasing on (—oo, —%) .

o (5]
Increasing on 3

h(x) = —§x+ 4 is a linear function.

The x-intercept is found by solving:

194

68.

5
X ( 2) 0

The x-intercept is 10.
The y-intercept is 2(0)=4.

y
10~

\%m
I T T O X

-10 10%

—10

The domain is (—oo, o).

The range is (—oo, o).

Decreasing on (—eo,0).

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

-3x+2=0
—3x=-2
(2.2
-3 3

The x-intercept is %

The y-interceptis f(0)=2.
y
5

(0.2)
I |

IS)

L+ 1T 1 1T1
By
- ©
| ~~—

=

|
N-

=5

The domain is (—oo, o).

The range is (—oo, o).

Decreasing on (—oo,o0) .,
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Section 2.4: Properties of Quadratic Functions

For H(x)=—-4x>—4x-1, a=-4, b=—4, The y-coordinate of the vertex is
. 2
¢=-1. Since a=.—4<0,thegrapho.pens F =b _F 5 -4 5 +20 5 95
down. The x-coordinate of the vertex is 2a 2 2 2
_h_(H_4_ 1 =-25+50-25=0

YT T T T

. (5
The y-coordinate of the vertex is Thus, the vertex is [5’ Oj .

H(—_bj _ H(_lj _ _4(_lj2 B 4(_1) -1 The discriminant is:
2a 2 2 2 b* —4ac = (20)* —4(—4)(-25)
=—1+2-1=0 =400-400=0,
Thus, the vertex is (_l’ Oj ) so the graph has. one x-intercept..
2 The x-intercept is found by solving:
The discriminant is: —4x* +20x-25=0
b* —4ac = (-4)* —4(-4)(-1)=16-16=0, 4x% —20x4+25=0
so the graph has one x-intercept. (2x=5)> =0
The x-intercept is found by solving: x B
4x* —4x—1=0 2x=5=0
5
4x* +4x+1=0 x=3
2x+1)° =0
(2x+1) The x-intercept is 2
2x+1=0 2
1 The y-intercept is F(0) =-25.
X = —E y
The xui 1 2r (3.0
ex—mterceptls—E. N
The y-intercept is H(0)=—1. 2+ 8
y -
1
(-0)3f -
L 11 N I B
-5 (0, —1) 5 L
(-1, —1) -8
b. The domain is (—oo, ).
B The range is (—eo, 0] .
_8 —
. 5
¢. Increasing on (—oo, —j .
The domain is (—eo, o). 2
The range is (—eo, 0]. Decreasing on (%, ooj .

Increasing on (—oo,—lj .
2 71. Use the form f(x) =a(x—h)* +k .

The vertex is (0,2),so -2 =0and k= 2.

Decreasing on (—l, oo).
2 f)=a(x—0) +2=ax’+2.

For F(x)=—4x"+20x-25, a=—4, b=20,
¢=-25. Since a =-4 <0, the graph opens
down. The x-coordinate of the vertex is
c=—b_ 20 _-20_5

2a 2(-4) -8 2°

195
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Chapter 2: Linear and Quadratic Functions

Since the graph passes through (1,8), f(1)=8. b. f(x)=g(x)
fx)=ax"+2 2x-1=x"-4
8=a(l)’ +2 0=x"-2x-3
8=a+2 0=(x+1)(x-3)
6=a x+1=0 or x-3=0
f(x)=6x"+2. x=-1 x=3

The solution set is {—1, 3}.
c. f(=DH=2(-)-1=-2-1=-3

a=6,b=0,c=2

72. Use the form f(x) = a(x—h)* +k . g-D=(-1)’-4=1-4=-3
The vertex is(1,4) ,so A=1 and k=4 . f(3)=23)-1=6-1=5
f(x)=a(x-1)+4. g(3)=(3)-4=9-4=5

Thus, the graphs of f'and g intersect at the

Since the graph passes through (-1, —8) ,
SHPRP eh points (-1,-3) and (3,5).

J(=H=-8.
—8=a(-1-1)*+4 74. aand d.
-8=a(-2)" +4
—-8=4a+4

—12=4a
—3=a

f(x)=-3(x-1)"+4

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

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

73. aandd. 2 =3)

—g

b f()=g()
2x-1=x"-9
0=x"+2x-8
0=(x+4)(x-2)
x+4=0 or x-2=0
x=-4 x=2
The solution set is {—4, 2}.

c. [f(-4)=-2-4)-1=8-1=7
g(-4)=(-4)"-9=16-9=7
f2)=-22)-1=-4-1=-5
g2)=(2*-9=4-9=-5
Thus, the graphs of fand g intersect at the
points (-4, 7) and (2,-5).

196
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b.  f(x)=g(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
The solution set is {—4, 2}.

¢ f(_4):_(_4)2 +9=-16+9=-7
g(—4)=2(4)+1=-8+1=-7

b.  f(x)=g(x) f(2)==(2) +9=—4+9=5
—x*+4=-2x+1 2(2)=2(2)+1=4+1=5
0=x"-2x-3 Thus, the graphs of fand g intersect at the
0=(x+1)(x-3) points (—4,-7) and (2, 5).

x+1=0 or x-3=0
_ _ 77. aandd.
x=-1 x=3
The solution set is {—1, 3}.

. f()=—(-1)+4=-1+4=3
g(l)==2(-1)+1=2+1=3
f(3)=—(3) +4=—9+4=-5
g(3)=-2(3)+1=-6+1=-5
Thus, the graphs of f'and g intersect at the
points (=1, 3) and (3,-5).

76. aand d. b. f(x)=g(x)

X’ +5x=x"+3x—4
0=2x"-2x—4
0=x"-x-2
0=(x+1)(x-2)

x+1=0 or x-2=0
x=-1 x=2

3 The solution set is {—1, 2}.

e [(-1)=—(-1)+5(-1)=-1-5=—6
g(-1)=(=1)"+3(-1)-4=1-3-4=-6
f(2)==(2)" +5(2)=-4+10=6
g(2)=22+3(2)-4=4+6-4=6

Thus, the graphs of fand g intersect at the
points (—1,—6) and (2, 6).

(—4. -7}

=10
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Chapter 2: Linear and Quadratic Functions

78. aand d. b. The x-intercepts are not affected by the
Y i value of a. The y-intercept is multiplied by
(3.6) the value of a.

6

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

R R
e

d. 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 .

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

b. f(x)=g(x)
) ) 80. a. Fora=1:
-x"+7x—-6=x jx—6 F(x) =1(x=(=5))(x=3)
0=2x>—6x = (x+5)(x=3)=x> +2x—15
0=2x(x-3) For a=2:
2x=0 or x-3=0 f(x)=2(x=(-5)(x-3)
x=0 x=3 =2(x+5)(x-3)
The solution set is {0, 3}. =2(x? +2x—15) = 2x% +4x-30
c. f(0)=—(0)+7(0)-6=—6 For a=-2:
2(0)=0"+0-6=-6 S(x)==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)
79. a. For a=1: =5(x* +2x—15)=5x* +10x-75
S(x)=a(x-n)(x—r)

F(3)=—(3)"+7(3)-6=-9+21-6=6
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).

b. The x-intercepts are not affected by the

=1(x—(=3)(x-1) value of a. The y-intercept is multiplied by
=(x+3)(x-1)=x>+2x-3 the value of a.
For a=2: ¢. The axis of symmetry is unaffected by the
F(x)=2(x=(=3)(x=1) value of a. For this problem, the axis of

—2(x+3)(x—1) symmetry is x =—1 for all values of a.

) ) d. The x-coordinate of the vertex is not
=2(x"+2x-3)=2x"+4x-6

affected by the value of a. The y-coordinate

For a=-2: of the vertex is multiplied by the value of a .
S () ==2(x=(3)(x-1) e. The x-coordinate of the vertex is the mean of
=2(x+3)(x-1) the x-intercepts.
=-2(x> +2x-3)=-2x" —4x+6 o b 4
<. LA X=——=———=—
For a=5: 2a 2(1)

S () =5(x=(3)(x-1)
=5(x+3)(x-1)

=5(x* +2x-3)=5x* +10x—15

y=f(-2)=(=2)" +4(-2)-21=-25
The vertex is (—2,—-25).
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b. f(x)=0
x*+4x-21=0
(x+7)(x-3)=0
x+7=0 or x-3=0
x==7 x=3
The x-intercepts of fare —7 and 3.
c. f(x)=-21
x*+4x-21=-21
x> +4x=0
x(x+4)=0
x=0 or x=-+4
The solutions f(x)=-21 are —4 and 0.
Thus, the points (—4,—21) and (0,-21) are
on the graph of 1.
d. ¥

(=4, =21)%  # (0. -21)
(2. 29[,
82. a. x=-2 = 2
2¢  2(1)

Y= S (1) = (1 +2(1) 8=
The vertex is (—1,-9).

b. f(x)=0
x> +2x-8=0
(x+4)(x—2)=0
x+4=0 or x-2=0
x=-4 x=2
The x-intercepts of fare —4 and 2.

Section 2.4: Properties of Quadratic Functions

83.

84.

c. f(x)=-8

x*+2x—-8=-8
¥ +2x=0

x(x+2)=0

x=0 or x+2=0
x=-2

The solutions f(x)=-8 are —2 and 0.
Thus, the points (—2,—8) and (0,—8) are on
the graph of /.

d. Y
10
(—4.0) : (2.0)
] L[4 &
-6 n 6
(—2. —8) (0, —=8)
(-1,-9) 10

R(p)=—4p>+4000p, a=—4,b=4000,c=0.
Since a =—4 <0 the graph is a parabola that opens
down, so the vertex is a maximum point. The
maximum occurs at p = = = —4000 =500.
2a  2(-4)

Thus, the unit price should be $500 for maximum
revenue. The maximum revenue is
R(500) = —4(500)> +4000(500)

=-1000000+ 2000000

=$1,000,000

R(p) =—%p2 +1900p , a =—%,b=1900,c=0.

Since a= —% < 0, the graph is a parabola that

opens down, so the vertex is a maximum point.
The maximum occurs at
:—_b: —1900 _ -1900 _ 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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85. a. C(x)=x"—140x+7400,
a=1,b=-140, c =7400. Since a=1>0,

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

“b_~Cl40)_140_
2a 2(1) 2
thousand mp3 players produced.

occurs at x =

b. The minimum marginal cost is
f(;—bj = f(70)= (70)2 —140(70)+ 7400
a
=4900-9800+ 7400
=$2500

86. a. C(x)=>5x>—200x+4000,
a=5,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

= —(=200) _ 200
2a 2(5) 10
cell phones manufactured.

=20 thousand

b. The minimum marginal cost is
f(;—bj = f(20)= 5(20)2 —200(20)+ 4000
a
=2000-4000+4000
=$2000

87. a. d(v)=1.1v+0.061>
d(45)=1.1(45)+0.06(45)?
=49.5+121.5=171 ft.

b. 200=1.1v+0.06v
0=-200+1.1v+0.06v*

= —(L)£(1.1) ~4(0.06)(~200)

2(0.06)

-1.1++/49.21

0.12
-1.1+7.015

0.12
v=49 or v=—-68
Disregard the negative value since we are
talking about speed. So the maximum speed
you can be traveling would be approximately
49 mph.

200

The 1.1v term might represent the reaction
time.

-b -1654 -16.54
a=—-= =

2a¢ 2(-0.31)  —0.62

= 26.7 years old

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

B(40) = —0.31(40)* +16.54(40) —151.04
= 14.6 births per 1000 unmarried women

R(x)=75x-0.2x"
a=-02,b=75¢=0

The maximum revenue occurs when
b = _=5 = il =187.5
2a 2(—0.2) 0.4

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

The maximum revenue is:
R(187) = 75(187) —0.2(187)2 =$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
a=-02,b=43,¢c=-1750
2a 2(-02) -04
The maximum profit occurs when x =107

or x =108 watches.
The maximum profit is:

P(107)=-0.2(107)’ +43(107)-1750
=$561.20

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

Answers will vary.
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90. a. R(x)=9.5x—0.04x" 9 =a(2)* —4a(2)-5a
a=-0.04,b=95¢c=0 9=-9q4
The maximum revenue occurs when a=-1
-b 95 9.5
¥ 20 " 2(~0.04)  —0.08 So the function is f(x) = —(x +1)(x—5)

=118.75 =119 boxes of candy

. . 93. If x iseven, then ax?> and bx are even. When
The maximum revenue is:

two even numbers are added to an odd number

2
R(119)=9.5(119)-0.04(119)" = $564.06 the result is odd. Thus, f(x)is odd. If x is
b. P(x)=R(x)-C(x) odd, then ax® and bx are odd. The sum of three
odd numbers is an odd number. Thus, f(x) is

= 9.5x—0.04x> — (1.25x +250)
= —0.04x> +8.25x 250
¢.  P(x)=-0.04x" +8.25x—250

odd.

94. Answers will vary.

a=-0.04,b=8.25,c=-250 95. y=x"+2x-3;y=x"+2x+1; y=x"+2x
The maximum profit occurs when y=xl+2c+1
. _—b_ 825 825 y
2a  2(-0.04) —0.08 5 .
y=x2+2x y=x"+2x—-3

=103.125 =103 boxes of candy
The maximum profit is:
P(103)= —0.04(103)2 +8.25(103)-250 [ I S
=$175.39 :

d. Answers will vary.

9. f(x)=a(x—r)(x—r) -

=a(x+4)(x-2) Each member of this family will be a parabola

with the following characteristics:

2
=ax” +2ax—8a (i) opensupwards since a > 0;

The x value of the vertex is x—_—b—ﬁ——l ii 1t t b 2 1;
- 2a . (i1) vertex occurs at x = 2 Tl) =-1;

The y value of the vertex is 18. (iii) There is at least one x-intercept since

~18=a(-1)’ +2a(-1)-8a b* —4ac>0.

-18=-9a

a=2 96. y=x2—4x+1;y:x2+1;y:x2+4x+1
So the function is f(x) = 2(x +4)(x —2) y=x>+1

y=x2+4dx+1 y=x>—dxr+1

92. f(x)=a(x—n)(x-r)
=a(x+1)(x-5)
=ax’ —4ax—-5a
The x value of the vertex is 1
-b —(-4
b (%)
2a 2a
The y value of the vertex is 9.

Each member of this family will be a parabola
with the following characteristics:
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97.

98.

99.

100.

101.

(i) opens upwards since a > 0
(i1) y-intercept occurs at (0, 1).

The graph of the quadratic function
f(x)=ax* +bx+c will not have any

x-intercepts whenever b* —4ac < 0.

By completing the square on the quadratic
function f(x)=ax’ +bx+c we obtain the
by :
equation y=a| x+— | +c———. We can then
2a 4a
draw the graph by applying transformations to
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 is a parabola with

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

a minimum point, so the range is [f(—z%), oo) .
If a <0, then the vertex is a maximum point, so the
range is (—oo, f(—%)} . Therefore, it is

impossible for the range to be (—co, o).

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

x> +4y’ =16
To check for symmetry with respect to the x-

axis, replace y with —y and see if the equations
are equivalent.

¥ +4(-y)? =16

x*+4y” =16

So the graph is symmetric with respect to the x-
axis.

To check for symmetry with respect to the y-

axis, replace x with —x and see if the equations
are equivalent.

(-x)> +4y* =16

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

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

(-x)? +4(-y)* =16

x* +4y* =16
So the graph is symmetric with respect to the
origin.

102. 27-x2=5x+3
—6x > -24
x<4
So the solution set is: (—eo, 4] or {x|x<4}.

103. ¥ +? —10x+4y+20=0
x? —10x+y2 +4y=-20
(> —10x+25)+(3* +4y+4) = -20+25+4
(x=5Y+(y+2)* =3

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

toa, x=—(6)2(-6) ~4()(4)
2(1)

_6+/36-16
2
_6+420

2

=6J_r2\/g=3i\/§

2
So the zeros of the function are: 3++/5 ,3 5.

The x-intercepts are: 3+ J5.3-+5

Section 2.5

1. 3x-2<7
—3x<9
x>-3
The solution set is {x|x>=3} or (-3,e°).
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2.

(=2, 7] represents the numbers between —2 and

7, including 7 but not including —2 . Using
inequality notation, this is written as —2<x<7.

[ AT T R T R T R N T

3 0 3 6 8%

a. f(x)>0 when the graph of fis above the x-
axis. Thus, {x|x <-2o0rx> 2} or, using
interval notation, (—ee,—2)U(2,e0).

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].

a. g(x) <0 when the graph of g is below the
x-axis. Thus, {x| x<—-lorx> 4} or, using
interval notation, (—eo,—1)\U(4,00).

b. g(x) 20 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)2 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, (—ee,—2)uU(1,e°).

a.  f(x)<g(x) when the graph of fis below
the graph of g. Thus, {x|x <-3orx> 1} or,
using interval notation, (—eo,—3)U(1,e0).

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

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

-3, 1].

x*=3x-10<0
We graph the function f(x)= x*>—3x—10. The

intercepts are
y-intercept: f(0)=-10

Section 2.5: Inequalities Involving Quadratic Functions

x-intercepts: x> =3x-10=0
(x=5)(x+2)=0

x=5x=-2
The vertex is at ng—zz%:%_
Since f(%j:—%, the vertex is (%,—4749)

10

-10 \ /I 10
U

=20
The graph is below the x-axis for -2 <x <5.
Since the inequality is not strict, the solution set

is { x| -2<x<5 } or, using interval notation,

[2, 5].

x> +3x-10>0
We graph the function f(x)= x* +3x—10. The
intercepts are
y-intercept: f(0)=-10
x-intercepts: x> +3x-10=0
(x+5)(x-2)=0

x=-5x=2
The vertex is at ng—zz%z—%. Since
3 49 . 3 49
f(—zj == the vertex is (_E’_Tj .

10

-10 \‘ f{ 10

=20
The graph is above the x-axis when x < -5 or
x > 2. Since the inequality is strict, the solution

set is { x| x<-5orx>2 } or, using interval

notation, (—eo,—5)U(2, eo).
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9. x*—4x>0 11. X' +x>12
We graph the function f'(x)=x* —4x. The ¥ +x-12>0
intercepts are We graph the function f(x)=x"+x-12.
y-intercept: f(0)=0 y-intercept: f(0)=-12
x-intercepts: x* —4x =0 x-intercepts: x> +x-12=0
x(x—4)=0 (x+4)(x-3)=0
x=0,x=4 x=-4,x=3
The vertex is at x=_—b=ﬂ=i=2 . Since The vertex is at x:—_b:il):_l. Since
2 2() 2 2¢ 2() 2
(2)=-4, the vertex is (2,—4). .
f( ) ( ) f —l :—ﬁ,the vertex is —l,—ﬁ .
10 2 4 2 4
/ 10
-10 10 -10 \\ / 10
-10
The graph is above the x-axis when x <0 or - =20 .
x> 4. Since the inequality is strict, the solution The graph is above the x-axis when x <—4 or

set is { x| <0 or x>4 } or, using interval x >3 . Since the inequality is strict, the solution

. set is { x| x<—4 or x>3 } or, using interval
notation, (—ee, 0)\U(4, o).
notation, (—eo,—4)U (3, o).

10. x> +8x<0

We graph the function f(x)= x> +8x. The

intercepts are
y-intercept: f(0)=0

12. ¥’ +T7x<-12

X +7x+12<0

We graph the function f(x)=x"+7x+12.
x-intercepts: x° +8x=0 y-intercept: f(0) =12
x-intercepts: x* +7x+12=0

x(x+8)=0
x=0,x=-8 (x+4)(x+3)=0
x=—-4,x=-3
Thevertexisatxz_—bzﬁz_—gz—m b —(7) 7
2 2() 2 The vertex is at x=—=—->==——_ Since
Since f(—4)=-16, the vertex is (—4,-16). 22 20D 2
10 f —Z =—l,the vertex is —l,—l .
\\ Pl.' 2 4 2 4
-10 \/ 10 10
-10 \ / 10

-20
The graph is below the x-axis when -8 <x < 0.
Since the inequality is not strict, the solution set -10

The graph is below the x-axis when -4 <x < -3.
Since the inequality is strict, the solution set is
{x|-4 <x <=3} or, using interval notation,

(—4,-3).

is { x| -8<x< 0} or, using interval notation,

[-8,0].

204
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13.

14.

15.

x> +6x+9<0
We graph the function f(x)=x"+6x+9.
y-intercept: f(0)=9

¥’ +6x+9=0
(x+3)(x+3)=0
x=-3
The vertex is at x = —b = -© =-3. Since
2a 2()
f(=3)=0, the vertex is (-3,0).

\

Since the graph is never below the x-axis and
only touches at x =—3 then the solution is

{3

x*—4x+4<0
We graph the function f(x)=x>—4x+4.
y-intercept: f(0)=4
X —4x+4=0
(x=2)(x-2)=0
x=2

x-intercepts:

x-intercepts:

The vertex is at x = _—b = ﬂ
2a  2(1)

f(2)=0, the vertex is (2,0).

Since the graph is never below the x-axis and
only touches at x =2 then the solution is {2} .

=2. Since

2x? <5x+3

2x* —5x-3<0
We graph the function f'(x)=2x* —5x—3. The
intercepts are
y-intercept: f(0)=-3

2x* —=5x-3=0
2x+1)(x-3)=0

1

X=—=

2

x-intercepts:

,x=3

Section 2.5: Inequalities Involving Quadratic Functions

205

16.

The vertex is at x:_—b:ﬂzi. Since
2a  2(12) 4
f 2 =—£,thevertexis 2,—£ .
4 8 48

10

A4

./

-10

The graph is below the x-axis when —% <x<3.

Since the inequality is not strict, the solution set

is{x

1 . .
—5 <x<3 } or, using interval notation,

6x* <6+5x
6x° =5x—6<0
We graph the function f(x)=6x> —5x—6. The
intercepts are
y-intercept: f(0)=-6

x-intercepts: 6x* —5x-6=0
(Bx+2)2x-3)=0
2 3
X=——,x=—
3 2
The vertex is at x = _—b = LS) = i Since
2a  2(6) 12
f el = —@, the vertex is i,—@ .
12 24 12° 24

10

AL
J

-10

The graph is below the x-axis when —% <x< %

Since the inequality is not strict, the solution set
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17.

18.

2 3 . .
—g <x< E } or, using interval notation,

s {
33

x(x-=7)>8
x*—7x>8
x> —7x-8>0
We graph the function f(x)=x*—7x—8. The

intercepts are
y-intercept: f(0) =-8

x-intercepts: x> —7x—8=0
(x+D)(x-8)=0
x=-1,x=8
The vertex is at x = _—b = ﬂ = Z . Since
2¢  2(1) 2
f Z = —g , the vertex is Z,—E .
2 4 2 4
10

-10 I\ X 10

=25
The graph is above the x-axis when x <—1 or
x > 8. Since the inequality is strict, the solution

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

notation, (—eo,—1)U(8, o).

x(x+1)>20
x> +x>20
x> +x-20>0
We graph the function f(x)=x"+x-20.
y-intercept: f(0) =-20

x-intercepts: x* +x—20=0
(x+5)(x-4)=0
x=-5,x=4
The vertex is at x = _—b = ﬂ = L . Since
20 2 2
f 1 = _81 , the vertex is —l,—ﬁ .
2 4 2 4

19.

20.

10

=25
The graph is above the x-axis when x < -5 or

x >4 . Since the inequality is strict, the solution

set is { x| x<-=5Sorx> 4} or, using interval

notation, (—ee,—5)U(4, ).

4x* +9 < 6x
4x* —6x+9<0
We graph the function f(x)=4x"—6x+9.
y-intercept: f(0)=9

~(-6)£/(=6)’ —4(4)(9)

x-intercepts: x =

2(4)
6x£+/-108

= B (not real)
Therefore, f'has no x-intercepts.
The vertex is at xz;zﬂz—zé. Since

2¢ 24 8 4
f(éj = 27 , the vertex is (E, 2—7j
4 4 4 4

25
-10 10

-5

The graph is never below the x-axis. Thus, there
is no real solution.

25x% +16 < 40x
25x% —40x+16 <0
We graph the function f(x)= 25x% —40x+16.
y-intercept: f(0)=16
x-intercepts: 25x° —40x+16=0

(5x—4) =0
5x-4=0

4

x=—

5
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21.

22.

The vertex is at x:_—bzﬂ:ﬂ:i.
2¢  2(25) 50 5
Since f@j =0, the vertex is G, OJ.

25

y !

-5
The graph is never below the x-axis. Thus, there
is no real solution.

6(x* +1)>5x
6x° +6>5x
6x* —5x+6>0
We graph the function f(x)=6x"—5x+6.
y-intercept: f(0)=6

~(=5)£/(=5)" —4(6)(6)

x-intercepts: x =

2(6)
6++/-119
=——— (not real)
12
Therefore, f'has no x-intercepts.
The vertex is at x = b = == = el . Since
2a  2(6) 12
f[ij =19 , the vertex is [i, QJ.
12 24 127 24
15
-10 10
-5

The graph is always above the x-axis. Thus, the
solution set is all real numbers or, using interval
notation, (—oe, o).

225 —3x)>—9
4x* —6x>-9
4x* —6x+9>0
We graph the function f(x)=4x" —6x+9.
y-intercept: f(0)=9

23.

Section 2.5: Inequalities Involving Quadratic Functions

~(=6)£/(=6)’ = 4(4)(9)

x-intercepts: x =

2(4)
6+~/-108
= ra— (not real)
Therefore, f'has no x-intercepts.
The vertex is at x=_—b=ﬂ=é=§. Since
2¢ 24 8 4
f(éj =2 , the vertex is (é, 2].
4) 4 44
25
-10 10
-5

The graph is always above the x-axis. Thus, the
solution set is all real numbers or, using interval

notation, (—ee, o).

The domain of the expression f(x)=~/x>-16
includes all values for which x* —16>0.
We graph the function p(x)=x>—16. The
intercepts of p are
y-intercept: p(0) =—6

¥’ =16=0
(x+4d)(x-4)=0
x=-4,x=4
The vertex of p is at x:_—b:ﬂ

2a  2(1)
p(0)=-16, the vertex is (0,-16).
10

-10 \II\ ’l/ 10

x-intercepts:

=0. Since

The graph of p is above the x-axis when x < —4
or x >4. Since the inequality is not strict, the

solution set of x* —=1620 is {x|x<—4 orx>4}.
Thus, the domain of /is also {x|x < —4 or x > 4}

or, using interval notation, (—oo,—4]U[4, ).
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24. The domain of the expression f'(x)=+/x—3x c. f(x)=g)

2 1
includes all values for which x—3x*>0. X —1=3x+3

2 p—
We graph the function p(x)=x-3x>. The x =3x-4=0
intercepts of p are (x=4(x+D)=0
x=4;x=-1

y-intercept: p(0)=-6

x-intercepts:  x—3x* =0 Solution set: {—1,4} .

x(1-3x)=0 d. f(x)>0
P We graph the function f(x)=x"—1.
3 y-intercept: f(0)=—1
The vertex of p is at x = =0 _1.1 ) x-intercepts: X' =1=0
2a 2(-3) -6 6 (x+D)(x-1)=0
. 1 1 (11 x=-1,x=1
Since p| — |=—, the vertex is | —, — |.
6) 12 6 12 . b —(0) .
The vertex is at x=—=—->=0. Since
1 2a  2(1)
f(0)=—1, the vertex is (0,—1).
10
) \ | \l/
-10 10
-1
The graph of p is above the x-axis when
O<x< 1 . Since the inequality is not strict, the -10
3 The graph is above the x-axis when x < —1
. 5 . 1 or x>1. Since the inequality is strict, the
solution set of x—3x" >0 is x| 0<x<— ) ) :
solution set is { x| x<—-lorx> 1} or, using

interval notation, (—eo,—1)U(l, ).
Thus, the domain of fis also {x 0<x< l} or, interval notation, ( Yo, )
3 e. g(x)<0
<
using interval notation, | 0, 1 . 3x+3<0
3 3x<3
, x<-1
25. f)=x"-L g(x)=3x+3 The solution set is { x| x< —1} or, using
a. J(x)=0 interval notation, (—eo,—1].
x*=1=0
(x=1(x+1)=0 f. S (x)>g(x)
x=Lx=-1 x*=1>3x+3
Solution set: {1, 1}. X’ =3x-4>0
We graph the function p(x)=x>-3x—4.
b. gx)=0 .
The intercepts of p are
3x+3=0 y-intercept: p(0)=—4
3x= _? x-intercepts: x*—3x—4=0
x=-

(x=4)(x+1)=0

Solution set: {—1}. x=4,x=-1

208
Copyright © 2015 Pearson Education, Inc.



The vertex is at x:_—b:ﬁzg. Since
2  2() 2
3 25 . (3 25
p| = |=——, the vertex is | —,—— |.
2 4 2 4

10

S

u’

-10
The graph of p is above the x-axis when
x<—1 or x>4. Since the inequality is
strict, the solution set is

{ x| x<—-lorx>4 } or, using interval

notation, (—eo,—1)\U(4, o).

f(x)=1
¥ =121
x*=220
We graph the function p(x)=x’—2. The
intercepts of p are
y-intercept: p(0)=-2

x-intercepts: x> —2=0

=2
x= i\/z
The vertex is at x = _—b = ﬂ =0. Since
2a  2(1)
p(0) =-2, the vertex is (0,-2).
10
-10 \x___,-/ 10
-10

The graph of p is above the x-axis when

x <=2 or x>+/2. Since the inequality is
not strict, the solution set is

{x‘ x<—J2 oer\/E} or, using interval

notation, (—oo,—x/z] u[«/z, 00) .

Section 2.5: Inequalities Involving Quadratic Functions

209

26. f(x)=-x"+3; g(x)=-3x+3

f(x)=0
-x*+3=0
x’ =3

xX= i\/g
Solution set: {—\/g , \/g} .

g(x)=0
—3x+3=0
—3x=-3
x=1
Solution set: {1}.
f(x)=g(x)
—x*+3=-3x+3
0=x"—-3x
0=x(x-3)
x=0;x=3
Solution set: {0, 3} .
S(x)>0

We graph the function f(x)=-x>+3.
y-intercept: f(0)=3

x-intercepts: —x* +3=0

x*=3
x= i\/g
The vertex is at x = _—b = ﬂ =0. Since
2a  2(-1)

f(0)=3, the vertex is (0, 3).

10
10 /” "‘\ 10

-10

The graph is above the x-axis when
—3 <x<+/3. Since the inequality is strict,

the solution set is { x| —\/5 <x< ﬁ} or,
using interval notation, (—\/g A3 ) .

g(x)<0

—-3x+3<0
-3x<-3

x>1

The solution set is { x| X2 1} or, using

interval notation, [1, o).
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f.

F@) > g(x)
—x>+3>-3x+3
-x*+3x>0
We graph the function p(x)=-x"+3x.
The intercepts of p are
y-intercept: p(0)=0
x-intercepts: —x* +3x =0
—-x(x-3)=0
x=0;x=3

The vertex is at x=2="3 -3_3
2 2-1) =2 2

Since p[%) =% , the vertex is [%,%).
10

-10 \ 10

-10
The graph of p is above the x-axis when
0 < x<3. Since the inequality is strict, the

solution set is { x| 0<x<3 } or, using

interval notation, (0, 3) .
f(x)=1
—x’+321
X" +220
We graph the function p(x)=-x"+2. The
intercepts of p are
y-intercept: p(0)=2

x-intercepts: —x> +2=0

=2
X = i\/g
The vertex is at x:;b:ﬂ:() . Since
2a 2(-1)
p(0) =2, the vertex is (0, 2).
10
-10 /’ “\ 10
-10

The graph of p is above the x-axis when
2 <x<+2. Since the inequality is not

strict, the solution set is { x|—\/§ <x<\2 }
or, using interval notation, [—\/5 R \/5 J .

27. f(x)=—-x"+1; g(x)=4x+1

f(x)=0
-x*+1=0
1-x>=0

(I-x)(1+x)=0
x=1;x=-1
Solution set: {-1,1}.
g(x)=0
4x+1=0
4x=-1
1

x=-—

4
. 1
Solution set: {— Z} .

f(x)=g(x)
x> +1=4x+1
0=x"+4x
0=x(x+4)
x=0;x—4
Solution set: {-4, 0} .

f(x)>0
We graph the function f(x)=-x"+1.
y-intercept: f(0)=1
x-intercepts: X’ +1=0
¥’ =1=0
(x+D)(x-1)=0

x=-Lx=1

The vertex is at x = _—b = ﬂ =0. Since
2a  2(-1)
f(0)=1, the vertex is (0, 1).
10
-10 / \ 10
-10

The graph is above the x-axis when
—l<x<1. Since the inequality is strict, the

solution set is { x| —-l<x<l1 } or, using

interval notation, (—1,1).
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Section 2.5: Inequalities Involving Quadratic Functions

The solution set is { x

1 .
x <——} or, usin
1] o i

. . 1
interval notation, (—oo, —Z} .

28. =—x"+4;
£(9)> (%) Jeo=

—x" +1>4x+1
x> =4x>0
We graph the function p(x)=-x> —4x .
The intercepts of p are
y-intercept: p(0)=0

x-intercepts: —x” —4x =0

—x(x+4)=0 b.

x=0x=-4
The vertex is at x=_—b=ﬂ=i=_2_

2a  2(-1) =2
Since p(-2) =4, the vertex is (-2, 4). c.
10

-10 /ﬂ\ 10

-10 d

The graph of p is above the x-axis when
—4 <x<0. Since the inequality is strict,

the solution set is { x| —-4<x< O} or, using

interval notation, (-4, 0) .

S(x)=21
—x*+121
—x*20
We graph the function p(x)=-x". The
vertex is at x = = = (Ul =0. Since
2a 2(-1)

p(0)=0, the vertex is (0, 0). Since
a =-1<0, the parabola opens downward.

211

10

e

-10
The graph of p is never above the x-axis, but it
does touch the x-axis at x = 0. Since the
inequality is not strict, the solution set is {0}.

gx)=—x-2
S(x)=0
-x*+4=0
X —4=0

(x+2)(x=2)=0

x=-2;x=2

Solution set: {-2, 2} .

g(x)=0

-x-2=0

-2=x

Solution set: {-2}.

S(x)=g(x)

X’ +4=—x-2
0=x>-x—6
0=(x-3)(x+2)
x=3;x=-2

Solution set: {-2,3]} .

f(x)>0

—x*+4>0

We graph the function f(x)=-x"+4.
y-intercept: f(0)=4
-x*+4=0
x'—4=0
(x+2)(x-2)=0
x=-2;x=2
The vertex is at x = i = R
2a  2(-1)
f(0)=4, the vertex is (0, 4).
10

x-intercepts:

=0. Since

-10 by 10

[\

-10
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The graph is above the x-axis when
—2 <x < 2. Since the inequality is strict,

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

-x-2<0

—x<2

x=-2
The solution set is { x| x> —2} or, using
interval notation, [2, o).
S(x)>g(x)

—x*+4>-x-2
x> +x+6>0
We graph the function p(x)=-x>+x+6.

The intercepts of p are
y-intercept: p(0)=06

x-intercepts: —x>+x+6=0
X —=x—6=0
(x+2)(x=3)=0
x=-2;x=3
Thevertexisatx:_—bzll)z_—lzl.
2a 2(-1) =2 2
Since p 1 zé,thevertex is l,é .
2 4 2 4
10

N

P

-10
The graph of p is above the x-axis when
—2 < x<3. Since the inequality is strict,

the solution set is {x| -2<x< 3} or, using

interval notation, (-2, 3).

f(x)=>1
—x"+4>1
-x*+3>0
We graph the function p(x)=-x*>+3. The
intercepts of p are
y-intercept: p(0)=3
x-intercepts: —x* +3=0

x*=3

xzix/g

2 _-0

The vertex is at x = =0. Since
2a  2(-1)
p(0) =3, the vertex is (0, 3).
10
~10 /’f “‘\ 10
-10

The graph of p is above the x-axis when
3 <x<+/3. Since the inequality is not

strict, the solution set is { x‘ ~f3<x< \/g}

or, using interval notation, |:—\/§ , \/5 ] .

29. f(x)=x"-4; g(x)=—x"+4

a.

Solution set: {-2, 2} .

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

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

f(x)>0
X =4>0
We graph the function f(x)=x"—4.
y-intercept: f(0)=—4

x-intercepts: x’—4=0
(x+2)(x-2)=0
x=-2;x=2
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_—b = (U =0. Since
2a  2(-1)
f(0)=—-4, the vertex is (0,—4).

10

S

N

The vertex is at x =

-10
The graph is above the x-axis when x < -2
or x> 2. Since the inequality is strict, the

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

using interval notation, (—ee,—2)U(2, o).
g(x)<0

X’ +4<0

We graph the function g(x)=-x"+4.

y-intercept: g(0)=4

x-intercepts: —x?+4=0
¥ -4=0
(x+2)(x=2)=0
x=-2;x=2
The vertex is at x = - _ =0 _ 0. Since
2a  2(-1)
g(0) =4, the vertex is (0, 4).
10

R

i

-10
The graph is below the x-axis when x < -2
or x> 2. Since the inequality is not strict,

the solution set is { x| x<-2 or x2>22 } or,

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

J(x)>g(x)
¥ —4>-x"+4
2x° -8>0
We graph the function p(x)=2x"-8.
y-intercept: p(0)=-8

x-intercepts: 2x*—8=0
2(x+2)(x=2)=0
x=-2;x=2

Section 2.5: Inequalities Involving Quadratic Functions

b _-©

The vertex is at x=—= =0. Since
2a 2(2)
p(0) =-8, the vertex is (0,—8).
10
-10 \ ] 10
-10

The graph is above the x-axis when x < -2
or x> 2. Since the inequality is strict, the

solution set is { x| x<-2 or x> 2} or,
using interval notation, (—ee,—2)U (2, o).
g flx=21
x2—42>1
x2 =520
We graph the function p(x) = x*-5.
y-intercept: p(0)=-5

x-intercepts: x> —=5=10

x*=5
X = i\/g
The vertex is at x = _—b = -© =0. Since
2 2()
p(0)=-5, the vertex is (0,-5).

10

N

W

-10
The graph of p is above the x-axis when

x<—J5 or x>+/5. Since the inequality is
not strict, the solution set is

{x|x$— 5 oer\/g} or, using interval

notation, (—oo,—\/g] u[\/g, oo) .

30. f(x)=x"-2x+1 g(x)=—x"+1

a. f(x)=0
X =2x+1=0
(x=1)*=0
x—1=0

x=1

Solution set: {1} .

213
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g(x)=0
—x*+1=0
¥’ =1=0
(x+1)(x—l)=0
x=-Lx=1
Solution set: {—1,1}.
S(x)=gx)
X =2x+1=-x"+1
2x>=2x=0
2x(x-1)=0
x=0,x=1
Solution set: {0,1} .
f(x)>0
X =2x+1>0
We graph the function f(x)=x"—2x+1.

y-intercept: f(0)=1

x-intercepts: x> —2x+1=0

(x-1)"=0
x—1=0
x=1
The vertex is at x=_—b=ﬂ=g=l.
2¢  2(1) 2
Since f(1)=0, the vertex is (1, 0).
10
-10 / 10
-10

The graph is above the x-axis when x <1 or
x>1. Since the inequality is strict, the

solution set is { x| x<1 or x> 1} or, using
interval notation, (—ee,1)U(1, eo).

g(x)=0
-x*+1<0
We graph the function g(x)=-x+1.
y-intercept: g(0) =1

x-intercepts: X’ +1=0
¥ =1=0
(x+D(x-1)=0

x=-1x=1

214

2_-0

The vertex is at x = =0. Since
2a  2(-1)
2(0) =1, the vertex is (0, 1).
10
-10 / \ 10
-10

The graph is below the x-axis when x < —1
or x>1. Since the inequality is not strict,

the solution set is { x| x<-1or x> 1} or,

using interval notation, (—ee,—1]U[L, o).

S(x)>g(x)
X2 =2x+1>-x"+1
2x*=2x>0

We graph the function p(x)=2x>-2x.
y-intercept: p(0)=0

x-intercepts: 2x* —2x=0

2x(x-1)=0
x=0;x=1
Thevertexisatx=_—b=ﬁ=z=l_
2 22) 4 2
. (11
Since p(—j =—, the vertex is (—, —j
22
5
_5 / 5
-5

The graph is above the x-axis when x <0 or
x >1. Since the inequality is strict, the

solution set is { x| x<0 or x> 1} or, using
interval notation, (—ee, 0)U(1, o).
J(x)=1
' =2x+1>1
¥ =2x20
We graph the function p(x)= x> —2x.
y-intercept: p(0)=0
x-intercepts: x* —2x=0
x(x=2)=0
x=0;x=2
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The vertex is at x:_—b:ﬂ:z:
2a 2() 2
Since p(1)=-1, the vertex is (1,—1).
5
-5 / 5
-5

The graph of p is above the x-axis when
x<0 or x>2. Since the inequality is not

strict, the solution set is { x| x<0orx= 2}

or, using interval notation,
(—e0, 0]U[2, ).

31. f(x)=x’-x-2; g(x)=x"+x-2

a.

f(x)=0
x=x=2=0
(x=2)(x+1)=0
x=2,x=-1
Solution set: {-1,2}.
g(x)=0
X 4+x-2=0
(x+2)(x-1)=0
x=-2;x=1
Solution set: {-2,1} .
S(x)=g(x)
X -x-2=x+x-2
—2x=0
x=0
Solution set: {0} .
f(x)>0
xX=x=-2>0

We graph the function f(x)=x"-x-2.
y-intercept: f(0) =-2

x-intercepts: x’—x—2=0
(x=2)(x+1)=0
x=2;x=-1
The vertex is at x = _—b = _—_1) = l . Since

2a  2() 2
e 1 =—2,thevertexis l,—g .
2) 4 2 4

215

10

.

=

-10
The graph is above the x-axis when x < —1
or x> 2. Since the inequality is strict, the

solution set is {x| x<—-lorx> 2} or, using

interval notation, (—eo,—1)\U(2, ).
g(x)=<0

¥ +x-2<0

We graph the function g(x)=x>+x-2.

y-intercept: g(0) =-2

x-intercepts:  x*+x—2=0
(x+2)(x-1)=0
x=-2;x=1

The vertex is at x=_—b=ﬂ=—l. Since

2a  2(1) 2
f —l =—Z,thevertexis —l,—z .
2 4 2 4

10

-10 7 10
-10

The graph is below the x-axis when
—2 < x<1. Since the inequality is not strict,

the solution set is { x| -2<x< l} or, using
interval notation, [-2,1].

J(x)>g(x)
¥ —x=2>x"+x-2

—2x>0

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

interval notation, (—ee, 0).

S(x)=1
X—x=2>1
xX*=x=320

We graph the function p(x)=x"-x-3.
y-intercept: p(0) =-3
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x-intercepts: x° —x—3=0

~(=D)EJ(-1)"-4()(=3)

X =

2(1)
11412 1£413
2 2
x=-130 or x=2.30
The vertex is at x=_—b=ﬂ=l. Since
2 2(1) 2
1 13 . (1 13
p|—|=——,thevertexis | —,—— |.
25 %)
10
-10 - 10
-10

The graph of p is above the x-axis when

1-+13 1++/13
or x>
2 2
inequality is not strict, the solution set is

{x 1-V13 1++/13
2

or x 2
2
interval notation,

[_M 1—\/3}{1“/5 MJ'

2 2

x < . Since the

x <

} or, using

32. f(x)=—x"—x+1; g(x)=—x’+x+6
a. f(x)=0

x> —x+1=0

X +x-1=0

_—(E(1) -4(1)(-1)

2(1)

_—1+\144  —1%45
S22
—1-+5 —1+\/§}

2 2

Solution set: {

b. g(x)=0
X’ +x+6=0
X =x-6=0
(x—3)(x+2) =0
x=3;x=-2
Solution set: {-2,3]}.

S(x)=gx)
—x*—x+1=—x*+x46
—2x-5=0
—2x=5

X=—=

2
Solution set: {—%} .

f(x)>0
—x*=x+1>0
We graph the function f(x)=-x"—x+1.
y-intercept: f(0)=-1

x-intercepts: —x’ —x+2=0

¥ +x-2=0
MO V() =4()(=1)
2()
#5144 —1+45
2 2
x=-1.62 or x=0.62
b_h_1__1

The vertex isat x=—= .
2a 2(-1) =2 2

Since f(—%] =% , the vertex is (—%, %j

10

e

-10
The graph is above the x-axis when

—1—J§<x<—1+J§
2 2

. Since the inequality

is strict, the solution set is

{x _1_2\/5 <x< _1-;\/5} or, using interval
notation, (_1_\/5, —1+\/§j.
2 2
g(x)<0
x> +x+6<0

We graph the function g(x)=—x>+x+6.
y-intercept: g(0)=6
x-intercepts: —x’ +x+6=0
¥ —x-6=0
(x=3)(x+2)=0
x=3;x=-2
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b0 _ 11
2¢ 2(-1) =2 2°
Since f[l)zé , the vertex is [l,éj.
2 4 274
10

-10 \\ 10

/1

-10
The graph is below the x-axis when x < -2

or x> 3. Since the inequality is not strict,

The vertex is at x =

the solution set is { x| x<-2 or x=3 } or,
using interval notation, (—oo, 2]\U[3, o).
S(x)>g(x)

P =x+1>-x*+x+6
—2x>5

xX<—-——
2

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

interval notation, (—ee,—3).

f(x)=1
X’ —x+12>1
X' =x20
We graph the function p(x)=-x"—x.
y-intercept: p(0)=0

x-intercepts: —x>—x=0
—x(x+1)=0
x=0x=-1

Thevertexisatxz_—bzﬂziz_l'
2a 2(-1) -2 2

Since p[—%)z% , the vertex is (—%,%).
2

-2 / 2
-2

The graph of p is above the x-axis when
—1<x<0. Since the inequality is not

strict, the solution set is { x| -1<x< 0} or,

using interval notation, [—1,0].

Section 2.5: Inequalities Involving Quadratic Functions

33.

34.

217

a.

The ball strikes the ground when
s(1)=80t—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
We graph the function

f(t)=—16t> +80t—96 . The intercepts are
y-intercept: f(0)=-96
t-intercepts: —16¢” +80t—96 =0
—16(t> =5t +6)=0
16(¢-2)(t=3)=0

t=2,t=3
The vertex is at t=_—b=ﬂ=2.5.
2a  2(-16)

Since f(2.5)=4, the vertex is (2.5, 4).
5

L o
I

The graph of fis above the 7-axis when
2 <t<3. Since the inequality is strict, the

solution set is {7|2 <7 <3} or, using

interval notation, (2, 3). The ball is more
than 96 feet above the ground for times
between 2 and 3 seconds.

The ball strikes the ground when
s(t)=96t—16t" =0.

96t —16t> =0

16¢(6—1)=0

t=0,t=06

The ball strikes the ground after 6 seconds.
Find the values of ¢ for which

96t —16¢> > 128

—16t> +96t—128 >0

We graph f(f) =—16t> +96¢—128 . The
intercepts are
y-intercept: f(0) =—-128
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t-intercepts: —161” +96¢—128 =0
16(2 —6:+8) =0
_16(t-4)(t-2)=0
t=4,t=2
The vertex is at ¢ = =_=09 _
2a 2(-16)
/(3)=16, the vertex is (3,16).
20

0 ] ) 5
-5

The graph of f'is above the -axis when

2 <t <4. Since the inequality is strict, 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 the
price is $0 or $1000.
b. Find the values of p for which

—4p* +4000p > 800,000

—4p> +4000 p —800,000 > 0

We graph f(p) = —4p2 +4000p —800,000 .
The intercepts are
y-intercept: f(0) =-800,000
p-intercepts:
—4p* +4000 p —800000 = 0
p> —1000p +200000 = 0
_ —(-1000)+ \/ (=1000)* —4(1)(200000)
- 20
_1000++/200000
Y
1000 +200~/5
=
=500+100/5
p=276.39; p=723.61.

The vertex isat p = = = Z(4000)
2a  2(-4)

=500 .

218

36.

Since f(500)=200,000, the vertex is
(500, 200000).
250,000

0 1000

! i
~50,000

The graph of fis above the p-axis when
276.39 < p <723.61. Since the inequality

is strict, 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.

R(p)z—%pz +1900p =0

—%p(p—3800)=0

p=0,p=3800
Thus, the revenue equals zero when the
price is $0 or $3800.

Find the values of p for which
—%pz +1900p > 1200000

1
—Epz +1900p —1200000 > 0

We graph f(p) = —%pz +1900 p —1200000 .

The intercepts are
y-intercept: f(0) =-1,200,000

p-intercepts: —%pz +1900p —1200000 = 0

p* 3800 + 2400000 = 0
(p—800)(p—3000)=0
» =800; p = 3000
The vertex is at p = = = —(=1500) =1900
2 2(1/2)
Since £ (1900) = 605,000, the vertex is

(1900, 605000).
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37.

38.

1,000,000
0 I/\\ 4000
~100,000

The graph of fis above the p-axis when
800 < p <3000. Since the inequality is strict,

the solution set is { p| 800< p< 3000} or,
using interval notation, (800,3000). The

revenue is more than $1,200,000 for prices
between $800 and $3000.
(x—4)><0
We graph the function f(x)=(x— 4)* .
y-intercept: f(0) =16

x-intercepts: (x— 4)2 =0

x=4=0
x=4
The vertex is the vertex is (4, 0).
10
-10 \ / 10
-10

The graph is never below the x-axis. Since the
inequality is not strict, the only solution comes
from the x-intercept. Therefore, the given
inequality has exactly one real solution, namely
x=4.

(x=2)*>0
We graph the function f'(x)=(x—2)?.
y-intercept: f(0)=4
x-intercepts: (x—2)> =0
x=2=0
x=2

Section 2.5: Inequalities Involving Quadratic Functions

39.

40.

219

The vertex is the vertex is (2, 0).
10
-10

The graph is above the x-axis when x <2 or
x > 2. Since the inequality is strict, the solution

-10

set is { x| x<2orx> 2} . Therefore, the given

inequality has exactly one real number that is not
a solution, namely x #2 .

Solving x* +x+1>0

We graph the function f(x)=x"+x+1.
y-intercept: f(0)=1

x-intercepts: b° —4ac =1 -4(1)(1)=-3,s0f

has no x-intercepts.

The vertex is at x=_—b=il)=—l. Since
2a  2(1) 2
f —lj=§,thevertexis —1,3}
2 4 24
10
10 \~ 10
-10

The graph is always above the x-axis. Thus, the
solution is the set of all real numbers or, using
interval notation, (—oo, o).

Solving x* —x+1<0

We graph the function f(x)=x>—x+1.
y-intercept: f(0)=1

x-intercepts: b” —4ac =(-1)" —4(1)(1)=-3,s0f
has no x-intercepts.

b _ =)

The vertex is at x:—z—:l
2a H 2

2(
f(_lj = i the vertex is (—l éj
2) 4 24

. Since
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41.

42,

43.

10

~10 / 10

-10
The graph is never below the x-axis. Thus, the
inequality has no solution. That is, the solution
setis { } or .

If the inequality is not strict, we include the x-
intercepts in the solution.

Since the radical cannot be negative we
determine what makes the radicand a
nonnegative number.
10-2x2>0
—2x2=-10
x<5
So the domain is: {x|x<5}.

. (=%
S =)= 5 es
-x
B _xz +9 /)
Since f(—x)=—f(x) then the function is odd.

a Ozzx—6
3
6=—x
x=9
b.
YA
I
9,00 A
£ 1 LA X
0,6

45.

a. 13

4k . . . o3
16

b.  Using the LINear REGression program, the

line of best fit is: C(H)=0.3734H +7.3268

c.  Ifheight increases by one inch, the head

circumference increases by 0.3734 inch.

d. C(26)=0.3734(26)+7.3268 =17.0 inches
e.  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.

Section 2.6

1.

2.

R=3x

Use LIN REGression to get
y=1.7826x+4.0652

. a Rx)= x(—%x+100) = —%xz +100x

b. The quantity sold price cannot be negative,
so x 2 0. Similarly, the price should be
positive, so p>0.

—lx+100 >0
6
—lx>—100
6
x <600

Thus, the implied domain for R is
{x|0<x <600} or [0,600) .

c.  R(200)= —%(200)2 +100(200)

= _22000 +20000

=@ =~ §13,333.33
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L_b_ =100 _-100_300 . o

o) )
The maximum revenue is
R(300) = —%(300)2 +100(300)

=-15000+30000
=$15,000

p= —%(300)+1oo =-50+100 = $50

R(x) = x(—%x+100j = —%x2 +100x

The quantity sold price cannot be negative,
so x>0. Similarly, the price should be
positive,so p>0.

—%x+100 >0

—lx >-100
3

x <300
Thus, the implied domain for R is
{x]0<x<300} or [0,300).

R(100) = —%(100)2 +100(100)

= _103000 +10000

= @ = $6,666.67

_=b_ ~100 _-100 _300 _
RS

The maximum revenue is
R(150) = —%(150)2 +100(150)
=—7500+15000 = $7,500

p= —%(150)+100= ~50+100 = $50

If x==5p+100, then p= 1005_’“.
R(x)= x(lO(l__xj = —%xz +20x

R(15) = —%(15)2 +20(15)
=—45+300 = $255

- =20 -20 100
C. X=—= = ==

a2y () 2
The maximum revenue is

R(50) = —%(50)2 +20(50)

50

=-500+1000 = $500

_100-50 _ 50

=§10
5 5$

e. Graph R = —%xz +20x and R=480. Find

where the graphs intersect by solving

480=—%x2+20x.

e

-~
IE'Z%I"SEC'CNI‘I

4
IEI:-zr':-z-:ti-:-n

ol | L) |ty ol | - L

%x2—20x+480=0
x2 —=100x+2400 =0

(x—40)(x—-60)=0
x=40,x=60

Solve for price.

x=-5p+100
40=-5p+100= p=9$12
60=-5p+100= p =88

The company should charge between $8 and
$12.

. a Ifx=—20p+500,thenpzsogo_x.
_(500-x)_ 1
R(x)—x( 20 )— 20" +25x

b. R(20)= —Zio(zo)2 +25(20)
=-20+500 = $480
c. x:—_b:——25:—_25:@:250.

2 o) )
The maximum revenue is

R(250) = _%(250)2 1+25(250)
— 312546250 = $3125
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Chapter 2: Linear and Quadratic Functions

500—250 250
p—2—0—2—0—$12.50
Graph R =—2i0x2 +25x and R =3000.

Find where the graphs intersect by solving

/ -
,
Interseckion

AEE0) T2 3 )

3000 = —%xz +25x .

Intgrseckion
HE2nn

FEZ00) —

1 > _
2—0x 25x+3000=0

x2 =500x + 60000 = 0
(x—200)(x—300)=0
x =200, x =300

Solve for price.

x=-20p+500
300=-20p+500= p=$10
200=-20p+500 = p =315

The company should charge between $10
and $15.

Let w=width and / =length of the
rectangular area.
Solving P =2w+2/ =400 for /:
[= 4002w
2
Then A(w) = (200 —w)w = 200w — w*
=—w” +200w

-b -200 -200
:—:—:—:l
w 2030 =2 00 yards

=200-w.

A(100) = —100* +200(100)
=-10000+ 20000
=10,000 yd*

Let x = width and y = width of the rectangle.
Solving P=2x+2y=3000 for y:

222

9.

10.

y= w =1500—x.
Then A(x)=(1500-x)x
=1500x — x*
= —x? +1500x.

_—b_—1500 _—1500

e ———— f
X 22~ 2001) — 750 feet

c.  A(750)=-750% +1500(750)
=-562500+1125000

=562,500 ft*

Let x = width and y = length of the rectangle.
Solving P =2x+ y =4000 for y:

y=4000-2x.

Then A(x)=(4000—-2x)x
=4000x —2x*
= —2x% +4000x

= —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 rectangle.
2x+y =2000

y=2000-2x
Then A(x)=(2000—-2x)x
=2000x—2x"
=—2x"+2000x
L =b _=2000 _ 2000
2a  2(-2) -4
maximizes area.
A(500) = —2(500)* +2000(500)
=-500,000+1,000,000
=500,000

= 500 meters

The largest area that can be enclosed is 500,000

square meters.
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Section 2.6: Building Quadratic Models from Verbal Descriptions and from Data

+x+2002—ix2 +x+200

50)° 625
8
=———,b=1,¢=200.
s T
The maximum height occurs when
b -1 625
=—=——"——=—-=39 feet from
2a  2(-8/625) 16
base of the cliff.

The maximum height is
2
h(&sj -8 (625) 4625 00

16 ) 625016 ) 16
=&§5z219.5 feet.

Solving when /(x)=0:

_ 8 e iyi200=0

625
~1£[ 1P —4(-8/625)(200)
xX=
2(-8/625)
~1+11.24
X="20.0256

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.

250

0 200
0

Using the MAXIMUM function
250

Haxirumm
#=ZF9.06EMT WSE1R.5EIZE 4| D()()

0

Using the ZERO function
250

o

2k
n=lfn.0zzae V=0
0

200

o

223

12.

a. h(x)=

8 e -
£~ +x+200=100
8 e -
625x +x+100=0
JI2=4(-8/625)(100) —11612
- 2(-8/625) -~ -0.0256

x=-57.57 or x=135.70

Since the distance cannot be negative, the
projectile is 100 feet above the water when it
is approximately 135.7 feet from the base of
the cliff.

—32x° 2 .,
TX=——7X tX

(100)* 625

L,bzl,czo.

The maximum height occurs when
—b -1 625
=—=———"——="==156.25 feet
2a 2(-2/625) 4 °

b. The maximum height is

pf625)_ =2 (625" 625
4 ) 625\ 4 4
=%= 78.125 feet

c¢. Solving when A(x)=0:

2 .,
2 X 4x=0
625" T

2
x(—ax+lj—0

2
x=0 or 5~ 0
2

= 1:—
x=0 or 625x

625
=——=312.5
T
Since the distance cannot be zero, the
projectile lands 312.5 feet from where it was

fired.

x=0 or

d. 100

0 350
0

e.  Using the MAXIMUM function
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Chapter 2: Linear and Quadratic Functions

100

HE:-:imum _
() [H=iEE.zE00d _Y¥=rFB.12F 350

0

Using the ZERO function
100

350
f.  Solving when h(x)=50:
2 o
625x +x=50
_ 2 ixo50=
625x +x-50=0
Lo —1E| 1P —4(=2/625)(-50)
2(=2/625)
_ -1£+/0.36 - -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.

13. Locate the origin at the point where the cable

14.

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 « :

Since 75 = a(200)*, then a = 2(7)(5)2 =0.001875 .
When x =100, we have:
y =0.001875(100)* =18.75 meters..
(=200,75) y (200,75)
X
-200 (0,0) 100 200

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

15.

feet, when x =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

a= 62752 . The equation of the parabola is:

25 5
h(x)=—""x"+25.
(%) 02

(0,25)

(-60,0) (0,0 10 20 40 (60,0)

Atx=10:

25 2 25
h(10)=——-(10)"+25=—=+25=243 ft.
10)=-2(10) =
Atx=20:

25 2 25
h(20) =——=(20)" +25=—-">+25= 222 ft.
(20)=-=220) A
Atx=40:

h(40) = —62752(40)2 +25= —%Jrzs ~139 f.

a. Letx = the depth of the gutter and y the width
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, so:
A=xy=x(12-2x)=—-2x> +12x . This
equation is a parabola opening down; thus, it
has a maximum

-b _ -12 _-12

h == = 3 .

M = T2 " 4
Thus, a depth of 3 inches produces a
maximum cross-sectional area.

b. Graph 4=-2x"+12x and 4=16. Find

where the graphs intersect by solving
16=-2x>+12x.
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16.

17.

Section 2.6: Building Quadratic Models from Verbal Descriptions and from Data

i

/ —
Inkerseckion \ Inkerseckion
[#=2 ¥=16 |5=4 ¥=i6

2x* —12x+16=0
x*—6x+8=0
(x—4(x-2)=0
x=4,x=2
The graph of 4 =-2x*+12x is above the graph

of A=16 where the depth is between 2 and 4
inches.

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—Tx
—
The area of the window is:

Solving for y: y=

2
A(x) = x(—40_24x_mj+%n(%j
2 2 2
X ™ X
:1 —_—— — — —
Ox 7 1 + A

_(_1_m)
—( 5 8) +10x.

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

T 2a 1 n) e
2(-5-5) ()
y= 40— 2(5.6(;) —7(5.60) _ 2 8 feet
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

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

. ..o WX
rectangle. The perimeter of each semicircle is -

The perimeter of the track is given

TX TX
by: 4+ y+y =1500..
Yty

18.

Solving for x :
Tx+2y=1500

T =1500-2y
o= 1500-2y
i
The area of the rectangle is:

15002 -2 1500
A:xy:(—y)yz—y2+—y.

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

~1500
b g 1500 _
T (-2)‘ O
2 I
'
Thus, x=w=?z238.73

The dimensions for the rectangle with maximum

area are ETEO = 238.73 meters by 375 meters.

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

3x+2y=16
:l6—3x
2
The area of the window is
16-3x) 3 >
A(x) = -
(%) x( 7 j+4x
_gp 32,3
=8x 2x + 7 X
| 3 \/g 2
—{ 2+ 4]x +8x

This equation is a parabola opening down; thus, it
has a maximum when
—b -8

R

2" 4
-8 -16

B —6+3

34+ =
2

=3.75 ft.

The window is approximately 3.75 feet wide.

-16 48
16-3 16+
(—6+J§j ~6+4/3 24

2 —6+3

The height of the equilateral triangle is
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Chapter 2: Linear and Quadratic Functions

19.

20.

21.

22.

23.

24,

ﬁ[ —16 j = ~8V3 feet, so the total height is
2 -6+v3) -6+4/3
24 83

8 =~5.62 feet.

+ +
643 —6++/3

We are given: V(x)=kx(a—x)= —kx® + akx .
The reaction rate is a maximum when:
(_cb_ ek _ak_a

2a 2(-k) 2k 2°

We have:
a(=h)* +b(=h)+c = ah* —bh+c =y,
a(0)> +b(0)+c=c=y,

a(h)? +b(h)+c=ah’> +bh+c=y,
Equating the two equations for the area, we have:
Vo +4y, +p, =ah® —bh+c+4c+ah’ +bh+c

=2ah* +6c.
Therefore,

Area :g(Zah 2+6c) :g(yo +4y,+y,) sq. units.
f(x)==5x"+8,h=1
_ h 2 _ 1 2
Area = §(2ah +6c) = 3(2(—5)(1) +6(8))
1 38 .
_3(—10+48)—? sq. units
f(x)=2x*+8, h=2
h 2 2 2
Area = E(Zah +6¢) = 3(2(2)(2) + 6(8))
2 2 128 .
=2(16+48) =2 (64) === sq.
3( 6+48) 3,(6) 3 - units
f(x)=x"+3x+5, h=4
_h 5 4 2
Area—g(Zah +6c)—§(2(1)(4) +6(5))
:£(32+30) :& $q. units
3 3
f)=—x"+x+4, h=1

Area = §(2ah2 +6c)= %(2(—1)(1)2 +6(4))

1 1 22 .
=~ (~2+24) == (22) = =% sq. unit
3( +24) 3( ) 3 54 units

15 : |75
0

From the graph, the data appear to follow a
quadratic relation with a <0.

Using the QUADratic REGression program

g=ax2+bx+c
a=-43.33464286
b=4184.883214
c=-54062.43902

I(x) = —43.335x” +4184.883x — 54,062.439

_—b —4184.883

T 24 2(-43.335)
An individual will earn the most income at
about 48.3 years of age.

=483

The maximum income will be: /(48.3) =

—43.335(48.3)> + 4184.883(48.3) — 54,062.439
=~ $46,972

50,000

0 220

From the graph, the data appear to follow a
quadratic relation with a < 0.
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Section 2.6: Building Quadratic Models from Verbal Descriptions and from Data

b. Using the QUADratic REGression program
BuadReg

h(x) = —0.0037x> +1.0318x + 5.6667

—b —1.0318
. —=1394

& T4 T 2(00037)
The ball will travel about 139.4 feet before
it reaches its maximum height.

d. The maximum height will be: /4(139.4) =
—0.0037(139.4)> +1.0318(139.4) + 5.6667
= 77.6 feet

e. 80

0 220

27. a. 1800

400l - - . . - . 1100
1000

From the graph, the data appear to be
linearly related with m > 0.

b. Using the LINear REGression program

g=ax+b

a=.9532269859
.b=7@4. 1857379

R(x)=0.953x+704.186

c. R(850)=10.953(850)+704.186 =1514

The rent for an 850 square-foot apartment in
San Diego will be about $1514 per month.

28.

29.

a.

35

DSl | TS
15

From the graph, the data appear to follow a
quadratic relation with a < 0.

Using the QUADratic REGression program

adReg
g=gxi+thx+e

a=-. 8174674623
b=1.934523872
c=-25. 34683541

M(s) =—0.017s> +1.9355 —25.341

M (63) = —0.017(63)* +1.935(63) — 25.341

=29.1
A Camry traveling 63 miles per hour will
get about 29.1 miles per gallon.

125

10|= — |45
0

From the graph, the data appear to follow a
quadratic relation with a < 0.

Using the QUADratic REGression program

y=ax2+bx+c

a=-.4834761905

b=26.35557143
.c='251.3415238

B(a) = —0.483a> +26.356a —251.342

B(35) = —0.483(35)* + 26.356(35) — 251.342
~79.4

The birthrate of 35-year-old women is about
79.4 per 1000.
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Chapter 2: Linear and Quadratic Functions

30. a. _21 2. True; the set of real numbers consists of all
8 o rational and irrational numbers.
i 3. 10-5i
61 es 4. 2-5i
13
From the graph, the data appear to be 5. True
linearly related with m > 0. 6. 9i
. 9
b. Using the LINear REGression program
Linked 7. 2430
H=ax+h
a=. 2330587161
b=-2.837 230647 8. True
ri=.relBd 74345
=L 8723805267
9. f(x)=0
C(x)=0.233x—2.037 X +4=0
2 _ —
c. C(80)=0.233(80)—2.037 =16.6 X =—4
When the temperature is 80°F , there will be x =24 =42
about 16.6 chirps per second. The zero are —2i and 2i .

31. Answers will vary. One possibility follows: If Y

the price is $140, no one will buy the calculators, =
thus making the revenue $0. 6

32. V=225 = J(-1)(225) = 15i B

(0.4)
33. d=\/(x2—x1)2+(J’2_J’1)2 B

= J(=D) -4 +(5- (=T’

= (-5 +(12)* L1 [ B

=25+144 =169 =13 10. f(x)=0
4. (x=h)?+(y-k)P=r x*-9=0
(x—(=6)) +(y=0)* = (/7)? =9
(x+6)>+y* =7 x=1J9 =43
The zeros are —3 and 3.
o —(8)£+/82 —4(5)(-3)  —8+/64+60 "
3s. 26) 10 s
_ 8+4124 84231 —4+.31 2
-1 10 5 u
—4++31 —4-+31 -
So the zeros are: 5 s 5 u

Section 2.7
1. Integers: {-3,0}
Rationals: {—3, 0, g}

228
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Section 2.7: Complex Zeros of a Quadratic Function

The zeros are 3—2i and 3+2i.

1. f(x)=0
x2-16=0
X2 =16

x=+16 = +4

The zeros are —4 and 4.

b

8
(4,0) NN

14. f(x)=0

¥ +4x+8=0
a=1,b=4,¢c=8

b* —4ac=4* -4(1)(8)=16-32=-16
—4++/— —4+4;
_—4x4-16 Axdi oo

(0. —16)

12. f(.x):O X = =
X’ +25=0 20 ’
The zeros are —2—2i and —2+2i .
x}=-25

X =%,/-25=15i

The zeros are —5i and 5i.
y

—6 4 2 2
) 15. f(x)=0
| | | .
~10 10 x> —6x+10=0
a=1,b=-6,c=10
13. f(x)=0 b? —4ac = (~6)> —4(1)(10) = 36— 40 = —4
2
x"—6x+13=0
-(—-6)t{-4 6+2i
= = — = = = = +
a=1>b 6,c=13, X 20) > R

b* —4ac =(-6)* —4(1)(13) =36-52=—-16

Lo —COEV-16 _6x4i
- 2(1) o2

3+2i

229
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Chapter 2: Linear and Quadratic Functions

16.

17.

The zeros are 3—i and 3+i.

(0.10) ¢ (6, 10)

f(x)=0
x*=2x+5=0
a=1,b=-2,c=5
b* —dac =(-2)* —-4(1)(5)=4-20=-16
_ (2216 2440
2(1) 2
The zeros are 1-2i and 1+2i.

1+£2i

x*—4x+1=0
a=1,b=-4,c=1

b —dac=(-4)* —4()() =16-4=12

x:—(—4)i\/ﬁ:4i2\/§ _243

2(1) 2

The zeros are 2—x/§ and 2+\/§ , or
approximately 0.27 and 3.73.

18.

19.

(0.27.0) -

f(x)=0
2 +6x+1=0
a=1,b=6,c=1
b* —4ac =6> —4(1)(1)=36—4 =32
—6+/32 —6+42
= = =-3+2./2
X 20) 5 3+242

The zeros are —3—2+/2 and —3+22 , or
approximately —5.83 and —0.17.

V

(—0.17.0)

X

e
(—5.83.0)

f(x)=0
252 +2x+1=0
a=2,b=2,c=1

b* —dac=(2)’ —4(2)(1)=4-8=—4

_ —2++-4 _ 220 1,1
22 4 272

1 1. .
The zeros are —5—51 and —§+Ez .
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Section 2.7: Complex Zeros of a Quadratic Function

22. f(x)=0
x*—x+1=0
a=Lb=-1c=1
b* —4ac =(-1)> —4)()=1-4=-3
LomEDEV3 143 1 V3
T2 2 272
3

1 3. 1 )
The zeros are 5—71 and §+71 .

20. f(x)=0

3x2 +6x+4=0
a=3,b=6,c=4

b? —4ac=(6)" —4(3)(4) =36—-48=—12

_—6i\/—12_—612\/§i__1+£, (R
230 6 3! )
5 5

The zeros are —1———i and —1+—1.
3 3 23.

2x2+8x+1=0
a=-2,b=8c=1

b* —4ac =8> —4(-2)1)=64+8=72

x:—SiJ7—2:—8i6J§ :413\E:2+3\5
2(-2) —4 2 )
The zeros are 4-32 and 4+§\/5 , or
approximately —0.12 and 4.12.
"t 2.9
21. f(x)=0
F+x+1=0
a=L,b=1c=1,
2— = 2— =]|— = — y a
b> —dac=1>-4)(1)=1-4=-3 (=012, 0f (4.12,0)
I E Vi B EVET S G
20 2 272
The zeros are —%—gi and —%+§i. 24, f(x)=0
v
T 3x? +6x+1=0
| a=-3,b=6,c=1
B b? —4ac =6 —4(=3)(1)=36+12 =48
N LoT6EVA8 _ 6£4Y3 3423 243
1.1 (0.1 2(-3) -6 3 E
Vi 'Y a—
- I/I _I L Thezerosare3 5\/5 and 3+§\/§’0r

|
STE
NI
~—
[

approximately —0.15 and 2.15.

231
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31. I*-16=0
(P =) +4)=0
F=4 =-4
t=42 =42

32. y*-81=0
(¥’ =9(* +9)=0
=9 y2=_9
25. 3x*-3x+4=0 y=43 y=43i
a=3,b=-3,c=4
b* —4ac =(-3)* —4(3)(4) =9—-48 = -39
; : (*=8)(x*-1)=0
The equation has two complex solutions that are
conjugates of each other. (x=2)(x* +2x+4)(x -2 +x+1)=0

33, F(x)=x*-9x*+8=0

26. 2x>—4x+1=0

X H2x+4=0-a=1b=2,c=4
a=2,b=-4,c=1

+.02 _ .
b2 —dac = (—4) —4(2)1)=16-8 =8 Lo TRENZ A 2o12 2423
The equation has two unequal real number 2( 2 2
solutions. = —1+./3i
27. 2x° +3x-4=0 FHx+l=0—>a=1Lb=1lc=1
a=2,b=3,c=-4
2 2 SRV -4() 1233 123
b —dac =3 —4(2)(-4)=9+32 =41 x= R
The equation has two unequal real solutions.
_ 1,5,
28. X’ +2x+6=0 2
a=lb=2,c=6 The solution set is {—lii\/g,—%iig,ll}
b —4ac = (2)° —4(1)(6) = 4—24=—20

The equation has two complex solutions that are

_ 6 3 —
conjugates of each other. 34. P(z)=z"+282+27=0

2D+ =0

2— =
29. 9" ~12x+4=0 (z43)(22 32 49)(z 4 1)(z2 —z +1) =0

a=9,b=-12,c=4

b* —4ac =(—12)* —4(9)(4) =144—144 =0

The equation has a repeated real solution.
30. 4x* +12x+9=0

a=4,b=12,c=9

b* —4ac =12% —4(4)(9) =144 -144=0
The equation has a repeated real solution.

232
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35.

36.

37.

Section 2.8: Equations and Inequalities Involving the Absolute Value Function

22 -3z+9=0
a=1,b=-3,¢=9

~(3)E(3) -4(9) 34727

“= 2(1) T2
_3£3i3 3,343,
2 27 2

Z2—z+1=0—>a=Lb=-1c=1

(DL —4(1) 1243 153
2

2(1) 2
8,
2

z =

+

1
2

The solution set is

3,33,
272

L
2

fo=— g =2

x+2_ X

(g= /)0 == -

_G+2)(x+D)  x(x)
T x(x+1) x(x+1)
2

_ x2+3x+2_ X
C x(x+1) x(x+1)

P 43x+2-x7
T x(x+1D)

_ 3x+2

T ox(x+1)

Domain: {x|x#—1,x#0}

a. Domain: [-3,3] Range: [-2,2]
b. Intercepts: (-3,0),(0,0),(3,0)

¢. Symmetric with respect to the orgin.
d. The relation is a function. It passes the
vertical line test.

j 4

-25

25

igi,—?ﬁ,—l}

Local maximum: (0,0)

Local Minima: (-2.12,-20.25), (2.12,-20.25)
Increasing: (-2.12,0), (2.12,4)

Decreasing: (-4, -2.12), (0,2.12)

k
38. y=—
y 2
kK k
U=L =
52 25
k=600
5 600
2

Section 2.8

1. x=>-2
————+—— [ ——
-8 -6 -4 =2 0 2 4 8

2. The distance on a number line from the origin to
ais |a| for any real number a .

3. 4x-3=9
4x =12
x=3
The solution set is {3}.

4. 3x-2>7

3x>9

x>3
The solution set is {x | x > 3} or, using interval
notation, (3, oo) .

5. -1<2x+5<13
—-6<2x<8
-3<x<4
The solution set is {x|-3 < x <4} or, using

interval notation, (-3, 4).
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Chapter 2: Linear and Quadratic Functions

6. To graph f(x)=|x—3|, shift the graph of

10.

11.

12.

13.

14.

y= |x| to the right 3 units.

f(x)=x-3

—a<u<a

<

True

False. Any real number will be a solution of
|x| > -2 since the absolute value of any real

number is positive.

False. |u| >a isequivalentto u<—aoru>a.

a.

Since the graphs of f'and g intersect at the
points (-9,6) and (3,6), the solution set of
S(x)=g(x) is {-9,3}.

Since the graph of fis below the graph of g
when x is between —9 and 3, the solution

setof f(x)<g(x) is {x|-9<x<3} or,
using interval notation, [-9, 3].

Since the graph of f'is above the graph of g
to the left of x =—9 and to the right of

x =13, the solution set of f(x) > g(x) is
{x|x<-9 orx >3} or,using interval
notation, (—eo,—9) U (3, ).

Since the graphs of f'and g intersect at the
points (0,2) and (4,2), the solution set of
(%)= g(x) is {0, 4} .

Since the graph of f'is below the graph of g
when x is between 0 and 4, the solution set
of f(x)<g(x) is {x|0<x<4} or,using
interval notation, [0, 4].

Since the graph of fis above the graph of g
to the left of x =0 and to the right of x =4,
the solution set of f(x) > g(x) is

{x|x<0orx>4} or, using interval
notation, (—eo, 0) (4, ).

15. a. Since the graphs of fand g intersect at the
points (-2,5) and (3,5), the solution set of

Sf(x)=g(x) is {=2,3}.
b. Since the graph of fis above the graph of g
to the left of x =—-2 and to the right of

x =3, the solution set of f(x) > g(x) is
{x|x<-2orx =3} or,using interval
notation, (—eo,—2]U[3, ).

c. Since the graph of fis below the graph of g
when x is between —2 and 3, the solution
setof f(x)<g(x)is {x|-2<x<3} or,
using interval notation, (-2, 3).

16. a. Since the graphs of fand g intersect at the
points (—4,7) and (3,7), the solution set of

S(x)=g(x) is {-4,3}.
b. Since the graph of fis above the graph of g
to the left of x =—4 and to the right of

x =13, the solution set of f(x) 2> g(x) is
{x|x<—4 orx =3} or,using interval
notation, (—eo,—4]U[3, ).

c. Since the graph of fis below the graph of g
when x is between —4 and 3, the solution
setof f(x)<g(x) is {x|4<x<3} or,
using interval notation, (—4, 3).

17. |x|=6
x=6 or x=—-6
The solution set is {6, 6}.

18. |x|=12
x=12 or x=-12
The solution set is {—12,12} .

19. |2x+3|=5
2x+3=5 or 2x+3=-5
2x=2 or 2x=-8
x=1 or x=—4
The solution set is {4, 1}.
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20.

21.

22.

23.

24,

25.

Section 2.8: Equations and Inequalities Involving the Absolute Value Function

|3x-1]|=2
3x—1=2 or 3x—-1=-2
3x=3 or 3x=-1
1

x=1 or xX=—=

3
The solution set is {—%, 1} .

|1-4¢|+8=13
|[1-4t]=5

1-4t=5 or 1-4t=-5
—4t=4 or —4t=-6

3
t=-1 ==
or

The solution set is {—l, %} .

[1-2z]+6=9
|[1-2z|=3
1-2z=3 or 1-2z=-3
-2z=2 or —2z=-4
z=-1 or z=2

The solution set is {-1, 2}.

|-2x|=8
—-2x=8 or —-2x=-8
x=—-4 or x=4

The solution set is {—4, 4}.

|—x|=l
-x=1 o —-x=-1
The solution set is {—1, 1}.

4-|2x|=3

- 2x|=-1
|2x|=1

2x=1 or 2x=-1

x=1 or x=-1
2 2

1

. . 1
The solut tis - —=, = .
e solution se 15{ 22

26. 5—‘%x=3

—‘%xz—Z

‘%x =2
%x=2 or %x=—2

x=4 or x=-4
The solution set is {-4,4]} .

27. §|x|=9
27
|x|=5
x=2 or x=-2
2 2
. ] 27 27)
The solution set is {—7,7 J .

28. =|x|=9

29.

=B k=3
5 5
The solution set is {—%, %} .
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31.

32.

33.

34.

3s.

x 1
E‘a‘ﬂ
1 x 1
FRE R
3x-2=6 or 3x-2=-6
3x=8 or 3x=-4
x=§ or x=—i
3

. . 4 8
The solut tis {——=,=.
e solution se 1s{ 3,3}

ju=2]=-3

No solution, since absolute value always yields a

non-negative number.

|2-v|=-1

No solution, since absolute value always yields a

non-negative number.

‘xz —9‘:0
x*=9=0
x2=9
x=13
The solution set is {-3,3} .

‘x2—16‘=0
x*-16=0
x* =16
x=%4
The solution set is {—4, 4] .

‘x2—2x‘=3
x?=2x=3 or x*-2x=-3
x*=2x=3=0 or x*—2x+3=0

2+t44-12
2

(x=3)(x+1)=0 or x=

2++/-8

= 1 sol.
5 Dorealso

x=3 or x=-1
The solution set is {-1, 3} .

36.

37.

38.

39.

40.

41.

‘x2+x‘=12
4+x=12 or ¥*+x=-12

X24+x-12=0 or X2 +x+12=0

—-1£v1-48

(x=3)(x+4)=0 or x= 2

_1+4/-47
)

no real sol.

x=3 or x=-4
The solution set is {4, 3} .

| +x-1]=1

¥ +x-1=1 or x*+x-1=-1
x*+x-2=0 or x*+x=0
(x=1)(x+2)=0 or x(x+1)=0
x=Lx=-2 or x=0,x=-1

The solution set is {-2,—1,0,1} .

‘x2+3x—2‘:2

X +3x-2=2 or x’+3x-2=-2
¥’ +3x=4 or x*+3x=0

X +3x-4=0 or x(x+3)=0
(x+4)(x-1)=0 or x=0,x=-3
x=—4,x=1

The solution set is {-4,-3,0,1} .

|x|<6

—-6<x<6

{x|-6<x<6} or (-6,6)

-t
-6 0 6

|x|<9

-9<x<9

{x|—9<x<9} or (-9,9)

<{ | 3 I >
-9 0 9

|x|>4

x<—4 or x>4
{x|x<—4 orx>4} or (—eo,—4)U(4,00)

.
-4 0 4
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42.

43.

44.

45.

46.

47.

Section 2.8: Equations and Inequalities Involving the Absolute Value Function

|x|>1
x<-1or x>1

{x| x<-lorx> 1} or (—eo, —1)U(1, )

——
-1 0 1

|2x|<8

—-8<2x<8

—-4<x<4

{x|-4<x<4} or (-44)

| | [ A ) ) | 1 1
T T T | T I § l T T
-4 0 4
|3x|<15
—-15<3x<15
—S<x<5
{x|—5 <x<5} or (-5,5)
! ! ! el ) )| ! !
T T T | — T L | T T T
-5 0 5

|3x|>12
3x<-12 or 3x>12
x<—4 or x>4

{x| x<—4orx> 4} or (—eo,—4) U (4,0)

| 2x|>6

2x<—6 or 2x>6

x<—=3 or x>3

{x|x<—3 orx>3} or (—e0,—3)U(3,00)

)
e e S
-3 0 3

|x—2]|+2<3

|x-2|<1

-l<x-2<1
I<x<3

- T
N

237

48.

49.

50.

51.

52.

|x+4]+3<5

|x+4]<2

-2<x+4<2

—-6<x<-2

{x|-6<x<=2} or (-6,-2)

-ttt
-6 -2 0

|3t-2]<4

—4<3t-2<4

-2<3t<6

2

—=<t<2

3 t

{t —§S1S2} or [—%,2}

-t
2 0 2
3

|2u+5|<7

—-7<2u+5<7

-12<2u<?2

—-6<u<l

{u|—6£u£l} or [—6,1]

| | I | | | | ] | |

T L | I I I I I | I T

-6 0 1
|x—3|22

x—=3<-2 or x-322
x<1 or x2=5
{x|x<Torx=5} or (—ee,1]U[S5,)
1
T

- —] ————
0 1 5

|x+4|22

x+4<-2 or x+4=>2

x<-6 or x=>-2

{x|x£—6 oer—Z} or (—oo,—6]U[-2,)

—t—t——F————
-6 -2 0
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Chapter 2: Linear and Quadratic Functions

53. |1-4x|-7<-2 57. |2x+1|<-1
| 1-4 x| <5 No solution since absolute value is always non-
tive.
TS <ldr<s At
—-6<—-4x<4 0
-6 4
27X 58. |3x-4|20
3 3 All real numbers since absolute value is always
§>x>—1 or —1<x<5 non-negative.
x| x 1s any real number| or (—oo,o0
[ -1<v<3] or (-1.3) bl isany Jor (=)
2 2 <ttt
| | | L | | | | A} | | 0
T T N T T LI A 1
-1 0 3
2
59. ‘(3x—2)—7‘<%
54. |1-2x|-4<-1 1
3x-9|<—
|1-2x|<3 x-] 2
3<1-2x<3 LT
—4<-2x<2 2 2
_—4>x>i 177<3x<£
-2 -2
2>x>-1 or —-1<x<2 1_7<x<2
{x|—1<x<2} or (—1,2) 6 6
17 19
[ R TR Y AN S N N SR S x|ﬁ<x<ﬁ or [——j
T T T T C U U T T T T s
1o 2 b g 6
~+— ettt
55. |[1-2x|>|-3] 7 i
6
|1-2x|>3
1-2x<-3 or 1-2x>3 60 ‘(4x—1)—11‘<1
—2x<—-4 or —-2x>2 ) 4
x>2 or x<-I |4x_12|<l
{x|x<—1 0rx>2} or (—eo,—1)U(2,e0) 4
T T U N T AN S| _l<4x_12<1
~—<—— T T < B> 4 4
-1 0 2
47 49
—<4x<—
56. |2-3x|>|| 4
|2—3x|>1 ﬂ<x<£
2-3x<-1 or 2-3x>1 1616
-3x<-3 or —-3x>-1 {x|%<x<%} (%’%j
x>10rx<% -ttt
47 49
{x x<i 0rx>1} or [—oo,lJu(l,oo) 16 16
3 3
~
(U 1
3
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Section 2.8: Equations and Inequalities Involving the Absolute Value Function

61. 5—|x—1>2 1
:x1| {xMS—%meQortmrg}{Lw)
—|x-1]>-3
=1 <3 64. a. £() = g(x)
-3<x-1<3 —2|2x—3|=—12
—2<x<4 |2x—3|=6
{x|-2<x<4} or (-2,4) e—326 or 2r_3e—6
- *_g == 2x=9 or  2x=-3
O
62. 6—|x+3|22 2 2
~|r+32 -4 b. £(x)=g(x)
|x+3|s4 —2|2x—3|2—12
—4<x+3<4 |2x-3|<6
-7<x<1 —-6<2x-3<6
{x|—7$x$1} or |:—7,1:| —3<2x<9
o1 L | | | | | | TR | 1
‘ - 3 9
T _F7 1 1 1 1 1 OI Jl T _ESXSE
63. a. f@)=g(x) i 3<x<? o [_3 2}
3[5x-2/=-9 brim3=xsd] 2
[5v-2]=3 c. f(x)=g(x)
5x—2=3 or Sx—2=-3 ~2[2x-3<-12
5x=5 or  Sx=-1 [2x-3]>6
=1 or 1 2x-3>6 or 2x-3<-6
YT 2x>9 or  2x<-3
b /()>g() >3 0 el
-%bx—ﬂ>—9 {ﬂx<—%mw>%}m«—%—%%%%pﬁ
|5x—2|<3
—-3<5x-2<3 65. a. f(x)=g(x)
—-1<5x<5 |-3x+2|=x+10
—l<x<1 —3x+2=x+10Or -3x+2=—(x+10)
3 —4x=8 Bx+2=-x-10
1 or
{xI-t<x<1} or [—-,1} x=-2 “2x=-12
5 or
x=6
c. f(0)<g(x) b
—3|5x—2|£—9
|5x—2|23
5x—223 or 5x—-2<-3
5x=5 or Sx<-1
x=>1 or 1

xX<——

(9]
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Chapter 2: Linear and Quadratic Functions

66.

Look at the graph of f(x) and g(x) and
see where the graph of f(x) > g(x). We
see that this occurs where x < -2 or x>6.

So the solution set is: {x |x<-2orx2 6}
or (—ee, —2] U [6, o).
Look at the graph of f(x) and g(x) and

see where the graph of f(x) < g(x). We

see that this occurs where x is between -2
and 6. So the solution set is:

{x|-2<x<6} or (-2,6).

S(x)=g(x)
[4x—3|=x+2
4x-3=x+2 4x-3=—(x+2)
3x=5 or 4x-3=—x-2
5 or 5x=1
x==
3 or 1
xX=—
5

Look at the graph of f(x) and g(x) and

see where the graph of f(x) > g(x). We

see that this occurs where x <% or x> % .

1 5

5

So the solution set is: {x |x<=< orx> —} or

3
1 5
(4] (3+)
Look at the graph of f(x) and g(x) and
see where the graph of f(x) < g(x). We

see that this occurs where x is between %

and % So the solution set is:

{x|%£x£%} or [%,%]

240

67.

68.

69.

70.

71.

72.

|x-10]|<2
—2<x-10<2

8§<x<12
Solution set: {x|8<x<12} or (8,12)

|x—(—6)|<3
|x+6|<3
-3<x+6<3
H<x<-3
Solution set: {x|-9 <x<-3} or (-9,-3)

|2x—(-1)|>5
|2x+1]>5

2x+1<=5 or 2x+1>5
2x<—-6 or 2x >4
x<-=3 or x>2

Solution set: {x|x<-3orx>2} or
(=0, =3)U(2.)

|2x=3]>1

2x—-3<-1 or 2x-3>1
2x<2 or 2x>4
x<1l or x>2

Solution set: {x|x<1 or x>2} or

(o) U (2.%)

| x—5.7]|<0.0005
-0.0005 < x—5.7 < 0.0005
5.6995 < x <5.7005

The acceptable lengths of the rod is from 5.6995

inches to 5.7005 inches.

x—6.125|<0.0005
—0.0005 < x—6.125 < 0.0005
6.1245 < x < 6.1255

The acceptable lengths of the rod is from 6.1245

inches to 6.1255 inches.
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73.

74.

75.

76.

77.

X—1001_ ) o6

>1.96

x—100 x—100
—1.
5 <190 or T3
x—100<-294 or x—-100>294
x<70.6 or x>1294

Since IQ scores are whole numbers, any 1Q less
than 71 or greater than 129 would be considered
unusual.

x—266

‘>1.96

x=266 _ | o x—266

16 or
x—266<-31.36 or x—266>31.36
x<234.64 or x>297.36

Pregnancies less than 235 days long or greater
than 297 days long would be considered unusual.

>1.96

Sx+1[+7=5
[sx+1]
|5x+1]=-2

No matter what real number is substituted for x,
the absolute value expression on the left side of
the equation must always be zero or larger.
Thus, it can never equal —2.

|2x+5]+3>1=[2x+5|> -2

No matter what real number is substituted for x,
the absolute value expression on the left side of
the equation must always be zero or larger.

Thus, it will always be larger than —2. Thus, the
solution is the set of all real numbers.

|2x-1|<0

No matter what real number is substituted for x,
the absolute value expression on the left side of
the equation must always be zero or larger.
Thus, the only solution to the inequality above
will be when the absolute value expression

equals 0:
|2x-1|=0
2x—1=0
2x =1
1

x=

2
. .1
Thus, the solution set is {E} .

Chapter 2 Review Exercises

78, f(x)=[2x-7|
f(=4)=[2(-4)-7|
=|-8-7|=|-15|=15
79. 2(x+4)+x<4(x+2)
2x+8+x<4x+8
3x+8<4x+8
-x<0
x>0

ll:lllllltl
-2-1 0 1 2 3 4 §5 6 7

80.  (5-i)(3+2i)=
15+10i —3i—2i* =
15+7i+2=17+7i
81. a. Intercepts: (0,0), (4,0)
b. Domain: [-2,5], Range: [-2,4]
¢. Increasing:(3,5) :Decreasing: (-2,1)
Constant: (1,3)
d. Neither

Chapter 2 Review Exercises

1. f(x)=2x-5
a. Slope =2; y-intercept= —5
b. Plot the point (0,—5). Use the slope to find

an additional point by moving 1 unit to the
right and 2 units up.

¢. Domain and Range: (—00,00)
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Chapter 2: Linear and Quadratic Functions

d. Average rate of change = slope =2 2x=-14
e. Increasing x==7
y-intercept = 14
4
2. h(x)=§x—6 20
a. Slope= g ; y-intercept = —6 (0,14)

b. Plot the point (0,—6) . Use the slope to find
an additional point by moving 5 units to the

RIIIIIII\III

right and 4 units up. (=7,0)
y L1114 11011
) -10
B (7.5,0)
L1 I T Y X
=L Ay
N 5.| x | y=f(x)| Avg rate of change o
B i) 7
_ 3-(-7) 10
/_(o, ~6) 0 3 o—(—z):7:5
_8 -
8-3 5
1 8 —===5
c¢. Domain and Range: (—00, 00) 1-0 1
4 3 18 18-8_10_5
d. Average rate of change = slope = 3 3-1 2
e. Increasing 6 33 33-18 15 _
6-3 3
3. G(x)=4 This is a linear function with slope = 5, since the
Slope = 0; y-intercept =4 average rate of change is constant at 5. To find

the equation of the line, we use the point-slope

b. Plot the point (0, 4) and draw a horizontal .
formula and one of the points.

line through it.
);L(O 4 y=yn=m(x-x)
= —— y-3=5(x-0)
(_314) : (4-4) y=5x+3
N A B I A A R A A
=5 n 5 6. | x | y=f(x) | Avg rateof change :Ey
I~ -1 =3
B 4-(-3) 7
-5
< =—= 7
0 4 0—(-1) 1
¢. Domain: (—oo, 00 —4
Range: {y |y =4} - - 1-0 1
Average rate of change = slope = 0 3 1

e. Constant — ] ) )
This is not a linear function, since the average

4. f ( x) =2x+14 rate of change is not constant.

zero: f(x)=2x+14=0

242
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10.

f(x)=0
X +x=72=0
(x+9)(x—8)=0
x+9=0 or x-8=0
x=-9 x=8
The zeros of f(x)=x"+x—72 are -9 and 8.
The x-intercepts of the graph of fare —9 and 8.

P(t)=0
6t> —13t-5=0
Gt+1)(2(-5)=0
3t+1=0 or 2t-5=0
t:—% t:%
The zeros of P(t)=6t"—13t—5 are —% and %

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

g(x)=0
(x=3)"—4=0
(x=3)’ =4
x—3=i\/z
x—3=12

x=3%2
x=3-2=1 or x=3+2=5

The zeros of g(x)= (x—3)2 —4 are 1 and 5. The
x-intercepts of the graph of g are 1 and 5.

h(x)=0
9x +6x+1=0

Gx+D)Bx+1)=0
3x+1=0 or 3x+1=0

X=— X=——

3 3

The only zero of /(x)=9x>+6x+1 is —%.

The only x-intercept of the graph of 4 is —% .

Chapter 2 Review Exercises

11. G(x)=0
2x*—4x-1=0

Il
(e}

X2 =2x——

N[ —

=
|

N

=
|

X —2x+1=—+1

—
=

|

_

SN—

(3]

I I
N|W = N —

=
|
I
H+
I
H+

e
= 5t

I
H+

0o | W
MBS

=
Il
—_
I+

o4
[\
H+

[\S}

The zeros of G(x)=2x2 —4x—1 are 2_2
2++/6
2

are 2_2\/6 and 2+2\/€'

and . The x-intercepts of the graph of G

12. f(x)=0

2x* +x+1=0

2x —x—-1=0

2x+D)(x-1)=0
2x+1=0 or x-1=0

1 x=1
xX=——=

2

The zeros of f(x)=-2x"+x+1 are —% and 1.

The x-intercepts of the graph of fare —% and 1.

13.  f(x)=g(x)
(x=3)° =16
x-3=+16 =+4
x=3x4
x=3-4=-1 or x=3+4=7
The solution set is {—1, 7}.

The x-coordinates of the points of intersection are
—1 and 7. The y-coordinates are g(—1)=16 and

g(7)=16. The graphs of the fand g intersect at
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the points (-1,16) and (7,16). 16. F(x)=0
(x=3)° —2(x—3)-48=0
Let u=x-3—>u’ =(x—3)2

u® —2u—48=0
(u+6)(u—8)=0
u+6=0 or u—-8=0

u=-06 u=38
) (3, 0) S x=3=-6 x—=3=8
x=-3 x=11
14. f(x)=g(x) The zeros of F(x):(x—3)2—2(x—3)—48 are
x*+4x—5=4x-1 —3 and 11. The x-intercepts of the graph of F’
2 _4=0 are =3 and 11.
(x+2)(x=2)=0 17. h(x)=0

x+2=0 or x-2=0
x==-2 x=2
The solution set is {-2, 2} .
The x-coordinates of the points of intersection

3x-13Jx-10=0
Let uzx/;%uz =X
3u? —13u—-10=0

are —2 and 2. The y-coordinates are (Bu+2)(u—-5)=0
g(-2)=4(-2)-1=-8-1=-9 and 3u+2=0 or u—5=0
2(2)=4(2)-1=8-1=7. The graphs of the / u:—g u=>5
and g intersect at the points (—2,—9) and (2,7). ; Jx=5
\/;=—§ x=5"=25
x =not real

Check: h(25)=3(25)-13v/25-10
=3(25)-13(5)-10
=75-65-10=0

The only zero of 4(x)= 3x—13vx 10 is 25.

The only x-intercept of the graph of /4 is 25.

18. f(x)=0
15. f(x)=0 1 2 1
xt =52 +4=0 (;) —4(;}12:0
2 2
x“—4|(x"-1)=0 2
( )( ) Letuzl%uzz(lj
x*=4=0 or x*-1=0 x x
x=12 or x=xl1 u? —4u—12=0
The zeros of f(x)=x*-5x"+4 are -2, -1, (u+2)(u—-6)=0
1, and 2. The x-intercepts of the graph of fare
-2, -1,1,and 2.
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20.

21.

Chapter 2 Review Exercises

u+2=0 or u—-6=0 up.
u=-2 u==6 }q
1, 1 7
x x (~2.6) (0,6)
1 1 B
X=—— X =— —
2 6 (=1.4) 51
1Y (1 1 [
The zeros of f(x)=|—=| —4|—|-12 are — N
X X 2 -4 =2 2 4
2L 2
and % . The x-intercepts of the graph of fare
2
R 22. a.  f(x)=(x-2)"+2
2 6" =x>—4x+4+2
2
2 =x"-4x+6
=(x-2)" +2
f)=(x-2) i a=1,b=—4,c=6. Since a=1>0, the
Using the graph of y = x~, shift right 2 units, graph opens up. The x-coordinate of the
then shift up 2 units. ) b 4 4
) vertex 18 x=——=———=—=
2a 2() 2

The y-coordinate of the vertex is
f[—zij =f(2)=(2)* -4(2)+6=2.
a

Thus, the vertex is (2, 2).
The axis of symmetry is the line x=2.
—2 8 The discriminant is:

b* —dac=(-4)* —4(1)(6) =-8<0, so the

[ A I

a2 graph has no x-intercepts.
J)==(x=9 The y-intercept is f(0)=6.
Using the graph of y = x?, shift the graph 4
units right, then reflect about the x-axis.

Y4

(3, —-1)

b. Domain: (—eo, ). Range: [2, ).
f(x)=2(x+ 1)2 +4 c. Decreasing on (—eo, 2); increasing on

Using the graph of y = x?, stretch vertically by a (2,e).
factor of 2, then shift 1 unit left, then shift 4 units
23. a. f(x)= %xz -16

a=—,b=0,c=-16. Since a=%>0, the

1
4
graph opens up. The x-coordinate of the
245
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24,

. -0
vertex1s x=——=———=—

)
4
The y-coordinate of the vertex is
b | B
-— |=f(0)==(0)"-16=-16.
f[ Za) /(0 4()

Thus, the vertex is (0, —16).
The axis of symmetry is the line x=0.
The discriminant is:

b* —4ac = (0)* —4(%)(—16) =16>0,s0

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

lx2 -16=0
4

x*—64=0

x* =64
x=8 or x=-8

The x-intercepts are —8 and 8.
The y-interceptis f(0) =—-16.
YA
2

-10
(-8,0)

(0, -16)
—181

Domain: (—oo, ). Range: [—16, ).

Decreasing on (—oo, 0) ; increasing on
(0, ).

f(x)=—4x* +4x
a=-4,b=4,c=0. Since a=-4<0, the

graph opens down. The x-coordinate of the

. 4 4 1
vertex1s x=——=———=———=—,
2a 2(—-4) -8 2

The y-coordinate of the vertex is

2
b 1 1 1
——|=fl=|=—4|=| +4| -
o230 (3
=—1+2=1
Thus, the vertex is (%,1).

25.

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

The discriminant is:

b? —4ac =4 —4(—-4)(0)=16 >0, so the
graph has two x-intercepts.

The x-intercepts are found by solving:

—4x* +4x=0
—4x(x-1)=0
x=0 or x=1
The x-intercepts are 0 and 1.
The y-intercept is f(0) = —4(0)> +4(0)=0.

x=1

o1
!
1
1(5:1)
[
L LYoy x
2 ©Oof 1 2
i
|
[
I
i
[
b. Domain: (—co, o). Range: (—eo,1].

. ( 1) .
Increasing on | —oo, 3 ; decreasing on
L
27 )

f(x)=%x2 +3x+1

azg,bz’j,c:l. Since a=2>0, the
2 2
graph opens up. The x-coordinate of the
. b 3 3 1
vertex 18 x=——=———=——=—

2a 2[9} 9 3
2
The y-coordinate of the vertex is
2
b 1Yy 9/ 1 1
—|=fl-=|==|—=] +3| —=|+1
=) )
=——1+l==
2

Thus, the vertex is [—l R lj .
3 2

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

The discriminant is:
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26.

b? —4ac=3> —4(%}(1):9—18:—9<0,
so the graph has no x-intercepts. The y-
intercept is £ (0) =%(o)2 +3(0)+1=1.

Domain: (—eo, c0). Range: {%,“’)-

. 1) .. .
Decreasing on | —eo,—— | ; increasing on
3

)

f(x)=3x% +4x-1
a=3,b=4,¢c=—-1. Since a=3>0, the
graph opens up. The x-coordinate of the

. 4 4 2
vertexis x=——=———=——=——,
2¢ 23 6 3

The y-coordinate of the vertex is

(ZEA 3

Thus, the vertex is (—%, —gj .

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

The discriminant is:

b? —4ac = (4)* —4(3)(-1)=28>0, so the
graph has two x-intercepts.

The x-intercepts are found by solving:

3x2 +4x-1=0.

= —b+b* —4ac _ —4ix/ﬁ

2a 203)

4127 247

6 3

27.

28.

Chapter 2 Review Exercises

~—1.55 and

27
3

The x-intercepts are

“2+4/7
3

=0.22.

The y-intercept is £(0) = 3(0)* +4(0)—1=—1.

b. Domain: (—oo, ). Range: [—%,ooj.

. 23 . .
c¢. Decreasing on (—oo,—§ ; Increasing on

f(x)=3x* —6x+4
a=3,b=—-6,c=4. Since a=3>0, the graph

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

b -6 6

The minimum value is
13 =1 =307 -6(1)+4
a

=3-6+4=1

f(x)=—x"+8x—4
a=-1,b=8,c=—4. Since a=-1<0, the

graph opens down, so the vertex is a maximum
point. The maximum occurs at
b 8 8

T2 20y -2
The maximum value is
b
1 ) ==y +s0)-4
2a
=-16+32-4=12
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29.

30.

31.

32.

f(x)= -3x2 +12x+4 Interval (=0, —8) | (-8,2) | (2,0)
a=-3,b=12,c=4. Since a=-3<0, the Test Number -9 0 3
graph opens down, so the vertex is a maximum Value of / 11 -16 11
point. The maximum occurs at Conclusion | Positive | Negative | Positive
x= _b_ 12 12 2. The solution set is {x|-8 <x <2} or, using

2a 2(3) -6

. . interval notation, (-8,2).
The maximum value is

f(—zijzf(z):—3(2)2+12(2)+4 33. 3x% 214x+5
a
2
—124+24+4=16 T —lax =520
f(x)=3x"-14x-5
Consider the form y = a(x—h)2 +k . The vertex 3x% —14x-5=0
is (2,—4) sowehave #=2 and k =—-4. The Bx+1)(x-5)=0

function also contains the point (0,—16) . oL s are the zeros of 7
3 '

Substituting these values for x, y, A, and k, we

can solve for a: 1 1
) Interval (—oo, —fj [—7, 5) (5, 0)
~16=a(0—(2)) +(-4) 3 3
16 2V _4 Test Number -1 0 2
16=a(-2)" - Value of f 12 =5 19
—16=4a-4 Conclusion | Positive | Negative | Positive
-12=4a )
a=-3 The solution set is {x|x < -3 orx 5} or,
The quadratic function is 1
f(x) = —3(x—2)2 —4=23x*+12x-16. using interval notation, (—w,—g} U[S, oo) .
Use the form f(x) = a(x—h)* +k . 3. f(x)=0
The vertex is(—1,2),s0 A=-1 and k=2. 24820
f(x)=a(x+1)>+2. 2__g
X =-
Since the graph passes through (1, 6), f(1)=6.
) x=+/-8 =422
6=a(l+1)"+2
) The zero are —2+/2 i and 227 .

6=a(2)"+2 )

6=4a+2 Qlik

4=4qa

l=a

f(x)=(x+1)>+2
=(x*+2x+1)+2

(0.8)
=x>+2x+3 ~
41—
X +6x-16<0 TR
f(x)=x*+6x-16 =2 2

x> +6x-16=0
(x+8)(x-2)=0
x=-8, x=2 are the zeros of f .
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35. =0
g(x) The zeros are —l—ﬂi and —l+£i.
2 +2x-4=0 2 2 2 2
a=1,b=2,c=—4
b* —4ac =27 —4(1)(—4)=4+16 =20
-2+ -2+
e 24420 2—2*E=—14_r\/§

200 2
The zeros are —1—«/5 and —1+\/§.

(-1 +V5.0) -3 3
38. |2x+3|=7
2x+3=7 or 2x+3=-7
2x=4 or 2x=-10
- x=2 or x=-5
L The solution set is {5, 2} .

X

36. p(x)=0

-2x* +4x-3=0
a=-2,b=4,c=-3

b* —4ac =4 —4(-2)(-3)=16-24=-8

39. [2-3x|+2=9
|2-3x|=7
2-3x=7 or 2-3x=-7
-3x=5 or -3x=-9

x:—4ix/—_8:—4i2x/§i:1+£i s
2(=2) —4 ) x=-3 or x=3
The zeros are 1—%1’ and l+%i. The solution set is {—g, 3}.

40. |3x+4|<l
2

—l<3x+4<l
2 2

——<  3x <—Z
2
7
-——< x <-—
2 6
X|—=<x<—-—} or 37
37. f(x):O c 7%
4x* +4x+3=0 . >
a=4,b=4,¢c=3 _3 7
2 [
b —dac =47 —4(4)(3) =16-48 = -32
4+ ,—32_—4i4\/§i_ 14_\/5. 41. |2x—5|29
Y@ 8 202 2x—5<-9 or 2x—529
2x<—-4 or 2x 214
x<=2 or x=>7

249
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{x|x<=20rx=7} or (—o,—2]U[7,e)

7

[ =

42. 2+|2-3x|<4
|2-3x|<2
-2<2-3x<2
—-4<-3x<0

4
—2Xx2

3

0
OSxSi or [O, i}
3 3

TR

43. 1-|2-3x|<—4

-[2-3x|<-5

|2-3x|>5
2-3x<-5 or 2-3x>5

7<3x or —-3>3x

7
—<x or -—-1>x
3

7
x<-1 or x>—
3

s

E
-1

[IESE

44. a. Company A: C(x)=0.06x+7.00
Company B: C(x)=0.08x
b. 0.06x+7.00=0.08x

7.00=0.02x
350=x

The bill from Company A will equal the bill
from Company B if 350 minutes are used.

c. 0.08x<0.06x+7.00
0.02x < 7.00
x <350

The bill from Company B will be less than
the bill from Company A if fewer than 350
minutes are used. Thatis, 0 < x <350.

x<-1 orx>%} or (—oo,—l)u[— =

45.

46.

1500—x
10
R(p) = px = p(1500—10p) = —10p* +1500p

a. If x=1500-10p, then p=

b. Domain: {p|0<p£150}

b —1500 _—1500
. = —= :—:$75
A VY S T;) BT

d. The maximum revenue is
R(75) =—10(75)* +1500(75)
=-56250+112500 = $56,250

e. x=1500-10(75)=1500-750=750

f. Graph R=-10p> +1500p and R = 56000 .

Inkgrseckion Inkerseckion
B=rd .. . Y=EGMOD . ..., JH=B0.......... YZEGOON . ...,

Find where the graphs intersect by solving
56000 = —10p* +1500p .

10p* —1500p + 56000 = 0
p>—150p+5600=0

(p—70)(p—80)=0

p=70,p=80

The company should charge between $70
and $80.

Let w = the width. Then w + 2 = the length.

10 in.

w

w+2
By the Pythagorean Theorem we have:
w? +(w+2)" =(10)°
w4+ w +4w+4=100
2w’ +4w-96=0
W +2w-48=0
(w+8)(w—6)=0
w=-8 or w=6
Disregard the negative answer because the width
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47.

48.

49.

of a rectangle must be positive. Thus, the width
is 6 inches, and the length is 8 inches

C(x) =4.9x* —617.4x+19,600;
a=49,b=-617.4,c=19,600. Since
a=4.9>0, the graph opens up, so the vertex is
a minimum point.

a. The minimum marginal cost occurs at
b -617.40 61740 _ 63

“2a 249) 98
Thus, 63 golf clubs should be manufactured
in order to minimize the marginal cost.

b. The minimum marginal cost is
b
C(——j =C(63)
2a

=4.9(63)" —(617.40)(63) +19600
=$151.90

Since there are 200 feet of border, we know that
2x+2y=200. The area is to be maximized, so

A=x-y. Solving the perimeter formula for y :
2x+2y =200
2y =200-2x

y=100—-x
The area function is:
A(x) = x(100 - x) = —x? +100x
The maximum value occurs at the vertex:

b __100 __100_,
2a 2(-1)

The pond should be 50 feet by 50 feet for
maximum area.

The area function is:
A(x) = x(10—x) = —x* +10x
The maximum value occurs at the vertex:
b__10 __10_,
2a 2(-1) -2
The maximum area is:
A(5) =—(5)* +10(5)
=—-25+50=25 square units
10

(0,10-x) ¢ (x,10-x)

0) 10

50.

51.

251
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Locate the origin at the point directly under the
highest point of the arch. Then the equation is in

the form: y = —ax* +k, where a > 0. Since the
maximum height is 10 feet, when x =0,
y=k=10. Since the point (10, 0) is on the
parabola, we can find the constant:
0=—a(10)> +10
a=2 -1 _o10
102 10
The equation of the parabola is:
I 5
=——x"+10
T,
At x=8:
y= —%(8)2 +10=-6.4+10=3.6 feet

a. 1
1604
é 120
DD — [ ]
Z 8ok P
sk [
i 1 1 1 1 1 1 1 1 1
100 200 300 400 P
Price (dollars)
Aq
b. Avg. rate of change = —
p q Ap
150 | 100
-1 -2
200 | 80 M=—0=—0.4
200-150 50
- -2
250 | 60 _60-80 = —20 =—04
250-200 50
40-60 20
300 | 40 —=——=-04
300-250 50

Since each input (price) corresponds to a
single output (quantity demanded), we
know that the quantity demanded is a
function of price. Also, because the average
rate of change is constant at —$0.4 per LCD
monitor, the function is linear.

c¢. From part (b), we know m =—0.4 . Using
(p» q,) =(150,100) , we get the equation:
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52.

g—q,=m(p—p,)
q—100=-0.4(p—150)
qg—-100=-0.4p+60
q=—0.4p+160
Using function notation, we have
q(p)=—04p+160.

The price cannot be negative, so p>0.
Likewise, the quantity cannot be negative,

s0, q(p)20.
—0.4p+160>0

-0.4p>-160
p <400
Thus, the implied domain for g(p) is
{p|0< p <400} or [0,400].

q

Quantity Demanded

L1 L1
100 200 300 400 p

Price (dollars)

If the price increases by $1, then the
quantity demanded of LCD monitors
decreases by 0.4 monitor.

p-intercept: If the price is $0, then 160 LCD
monitors will be demanded.

g-intercept: There will be 0 LCD monitors
demanded when the price is $400.

v

39

[ ]

= 38
= ...0
£ 37f
2 36+ ®
= ~ [ ]

35 . ®

g @

| l | L
0 24 25 26 27

Humerus (mm)

252

53.

Yes, the two variables appear to have a
linear relationship.

Using the LINear REGression program, the
line of best fit is:
¥ =1.390171918x+1.113952697

y= 1.390171918(26.5)+1.1 13952697
=~ 38.0 mm

6500+
£ .
3= 64001 .
5§35 e °
3% e00r
_- 2 .
Z 5 o0 °
Sz
£ 6100F
| | |
20 25 30
Advertising

(thousands of dollars)

The data appear to be quadratic with a <O0.

b. Using the QUADratic REGression program,

the quadratic function of best fit is:
y==7.76x* +411.88x+942.72 .

FER R

g=ax Ethx+o
a=-r.rodorarsd
b=411.8750353
c=942, 721891
Ri=,9327E51562
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The maximum revenue occurs at

b —(411.88)
" 2a 2(-7.76)

_ —411.88
~15.52

= $26.5 thousand

The maximum revenue is
R(_—bj = R(26.53866)
2a
= —7.76(26.5)" +(411.88)(26.5)+942.72

= $6408 thousand
6500

15k
6000

Chapter 2 Test

1. f(x)=—4x+3

a. Theslope fis —4.

b. The slope is negative, so the graph is
decreasing.

c. Plot the point (0, 3) . Use the slope to find
an additional point by moving 1 unit to the
right and 4 units down.

VA
2. Ay
X Avg. rate of change =—
y g g Ar
=2 12
7-12 -5
-1 7 —_—=—=-5
-1-(-2) 1
2-7 =5
=—=-5
0 2 0-(-1) 1

253

Chapter 2 Test

R 3-2_ 5
1-0 1

2 -8 o ) B B
2-1 1

Since the average rate of change is constant at
-5, this is a linear function with slope = 5.
To find the equation of the line, we use the
point-slope formula and one of the points.

Y=n :m(x_xl)

y—2=-5(x-0)
y=-5x+2
f(x)=0
3x* —2x—8=0
Bx+4)(x-2)=0
3x+4=0 or x-2=0
x:—i x=2
3

The zeros of fare —g and 2.

G(x)=0

—2x* +4x+1=0
a=-2,b=4,c=1

o —b+~/p? —4ac _ —4+. 42 —4(=2)(1)

2a 2(—2)
—4+24  —4+26 2446
—4 —4 2
The zeros of G are 2_2\/3 and 2+2\/E .

f(x)=g(x)

x> +3x=5x+3
x*—2x-3=0
(x+1)(x-3)=0
x+1=0 or x-3=0
x=-1 x=3

The solution set is {—1,3} .
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30

(3,18)

(—3.0) 0.0
L1 1 \/ \( I) 1

—4 4
(—1,-2) =10

X

6. f(x)=0
(x=1)* +5(x=1)+4=0
Let u=x—1—u’ =()c—1)2

u? +5u+4=0
(u+4)(u+l)=0
u+4=0 or u+l1=0

u=-4 u=-1
x-1=-4 x—1=-1
x=-3 x=0

The zeros of G are —3 and 0.

7. f(x)=(x-3)"-2
Using the graph of y = x?, shift right 3 units,

then shift down 2 units.
y

0,7) ;(6, T)

@-1)
L6

8. a.  f(x)=3x"—-12x+4
a=3,b=-12,¢c=4. Since a=3>0, the
graph opens up.
b. The x-coordinate of the vertex is
b -12  -12

2¢ 2(3) 6
The y-coordinate of the vertex is
(-3 |- r@=3er-120)+4
a

=12-24+4=-8
Thus, the vertex is (2,—8).

254

The axis of symmetry is the line x=2.
The discriminant is:
b? —4ac =(~12)" —4(3)(4)=96 >0, so the
graph has two x-intercepts. The x-intercepts
are found by solving: 3x* —12x+4=0.
o —b+ b’ —4dac _ —(-12)+/96
2a 2(3)
12+46 6+2V6
6 3
6-26

The x-intercepts are =0.37 and

6t 32\/8 =~3.63. The y-intercept is
f(0)=3(0) ~12(0)+4=4.
y
10

(0,4)

111 1 1 |
10 10
(0.37,0)

(4,4) (3.63,0)

2, =8
T
The domain is (—oo, o).
The range is [-8, ).
Decreasing on (—oo, 2).

Increasing on (2, o).

g(x)= —2x? +4x-5
a=-2,b=4,c=-5. Since a=-2<0, the
graph opens down.

The x-coordinate of the vertex is
b 4 4

2 22) 4
The y-coordinate of the vertex is

b 2
¢ ~25 )= () =20 +4()-3

2a

=-2+4-5=-3

Thus, the vertex is (1,-3).
The axis of symmetry is the line x=1.
The discriminant is:
b® —4ac = (4)’ —4(=2)(=5)=—24<0, so the
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graph has no x-intercepts. The y-intercept is

2(0)=-2(0)> +4(0)-5=-5.
' x=1

4

F

f. The domain is (—eo, o).

(0, -5

The range is (—o0,-3].
g. Increasing on (—oo,1).

Decreasing on (1, ) .

10. Consider the form y =a(x- h)2 +k . From the

11.

12.

graph we know that the vertex is (1,—32) so we

have 7 =1 and k =-32. The graph also passes
through the point (x, y) =(0,-30). Substituting

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

-30=a(0- 1)2 +(=32) The quadratic function is
30 =a(-1)* -32
-30=g-32
2=a
f(x)=2(x=1) =32=2x" —4x-30.

f(x)=-2x" +12x+3
a=-2,b=12,c=3. Since a=-2<0, the

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

_ b 12 _2 B
2a 2(=2) -4
The maximum value is

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

x> —10x+24>0
f(x)=x"—10x+24
x> —10x+24=0
(x=4)(x—6)=0

14.

15.

Chapter 2 Test

x =4, x=06 are the zeros of /.

Interval (=, 4) | (4,6) (6, )
Test Number 0 5 7
Value of f 24 -1 3
Conclusion | Positive | Negative | Positive

The solution set is {x|x <4 or x2 6} or, using

interval notation, (—oco, 4]U[6, o).

f(x)=0
2x2 +4x+5=0
a=2,b=4,¢c=5

X

F=40)0)

_—4+24  —4x2V6i

_ —b+~/b* —4ac _ -4+
2a

4

4

2_
2(2)

(

-1+

&,

The complex zeros of fare —1 —%i and

—1+£i.

|3x+1]|=38

3x+1=8 or 3x+1=-8
3x=7 or 3x=-9
ng or x=-3

The solution set is {—3, Z}

x+3
4

<2

x+3

-2< <2

—-8<x+3 <8

-11< x <5

{x|-11<x<5} or (-11,5)

| kY

3

Ly ]

—11 0 5
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Chapter 2: Linear and Quadratic Functions

16. |2x+3|-42>3

|2x+3]|27
2x+3<-7 or 2x+32=7
2x<-10 or 2x >4
x<-=5 or x=>2

{x|x£—5 oerZ} or (—oo,=5]U[2,e0)

I —
T
-

0 2

11

17. a. C(m)=0.15m+129.50

b. C(860)=0.15(860)+129.50
=129+129.50 = 258.50

If 860 miles are driven, the rental cost is

$258.50.

c. C(m)=213.80
0.15m+129.50=213.80
0.15m =84.30
m =562

The rental cost is $213.80 if 562 miles were

driven.

_ [ 1 __1p
18. a. R(x)—x( 10x+1000j— 5% +1000x

b. R(400) = —%(400)2 +1000(400)
=-16,000+ 400,000

= $384,000
—b  —1000 _—1000
e. x=—2=——"" =2 _5000
2 3) (Y

The maximum revenue is

R(5000) = —%(5000)2 +1000(5000)

=-250,000+ 5,000,000
=$2,500,000

Thus, 5000 units maximizes revenue at

$2,500,000.

d p= —%(5000) +1000

=-500+1000
=$500

256

19.

Set A:
10

-15
The data appear to be linear with a negative
slope.

Set B:
15

-3 3

The data appear to be quadratic and opens
up.

Using the LINear REGression program, the
linear function of best fit is:
y=-4.234x-2.362 .

Linkeg
a=ax+hb

Using the QUADratic REGression program,
the quadratic function of best fit is:

y =1.993x% +0.289x +2.503..

HyadEea

u=gx e+t
2=1,9922342536
b=. 2893550532
C=Z2.SE3AET4E5
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Chapter 2 Cumulative Review

Chapter 2 Cumulative Review 4. (-1,4) and (2,-2) are points on the line.
Slope = S .
1. P=(-13);0=(4,-2) P M) 3

Distance between P anzd 0: : y=y =m(x-x)

d(P.0)= (4~ (-1)) +(-2-3) y-4=-2(x=(-1))
=(5)" +(5)’ y—4=-2(x+1)
=+25+25
=50 =52

Midpoint between P and Q:

(—1+4’Ej =(i’lj - (1_5’ 0'5)
2 2 22

2. y=x -3x+1
a. (-2,-1): —1=(=2)" -3(-2)+1
—-1=-8+6+1 -3
=1
Yes, (-2,-1) is on the graph.

5. Perpendicular to y =2x+1;
Containing (3,5)

. — 3_

b (23): 3=(2) -3(2)+1 Slopeofperpendicular=—l
3=8-6+1 2
3=3 y=y =m(x—x)

Yes, (2,3) is on the graph. y_5:_l( -3)
2
. — 3_

e (31): 1=(3) =3(3)+1 yos=—Lys3

1=-27-9+1 27 2
1 13

1#-35 __1..B
7 2x 2

No, (3,1) is not on the graph.
3. 5x+320 ‘\"‘
5x>-3 ~
3 y=—%x+% \
xz-g - (3.5
3 3 L
xZ——}OT[——,JrW) Ll [l
5 5 =5 1k 5

The solution set is {x

-

L
—:.: 6. x*+)y"—4x+8y—-5=0
X' —4x+)y +8y =5
(x> —4x+4)+ (1> +8y+16)=5+4+16
(x=2)*+(y+4)* =25
(x=2)+(y+4)> =5
Center: (2,—4) Radius=5
257
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Chapter 2: Linear and Quadratic Functions

Y x
10 11. f(x)=——
x+4
1 1 1 1
a. )=——=—#—, so|1,— | isnot on
s 1+4 5 4 ( 4}
the graph of f.
-2 -2
b. -2)= =—=-1,80 (-2,-1) isa
—10 (2, -9 /2 -2+4 2 ( )
point on the graph of .
7. Yes, this is a function since each x-value is . Solve for x-
paired with exactly one y-value. ’ "
8. f(x)=x*—4x+1 x+4
2 =
A f(2)=2"-4(2)+1=4-8+1=-3 X8 xg
x=-
b. f(x)+/f(2)=x>—4x+1+(-3) So, (=8, 2) is a point on the graph of .
=x’—4x-2 R
X
e f(=x)=(=x)" —4(—x)+1= x> +4x+1 12. f(x)_2x+1
d. —f(x)=—(x"—dx+1)=—x"+4x-1 —x)’ x°
SE== ) =) # £ (x) or = £ ()
2)=(x+2) —4(x+2)+1 20x)+l 2]
e fGx+2)= Therefore, fis neither even nor odd.
=x"+4x+4—4x-8+1
TR 13. f(x)=x’—5x+4 on the interval (—4,4)
I Use MAXIMUM and MINIMUM on the graph
f S(x+h)—f(x) of yy=x-5x+4.
h
(x+h)’ —4(x+h)+1-(x" —4x+1) / /
= p T T
2 2 2 < T~
X +2xh+h” —4x—4h+1-x" +4x-1 Wi Winirar
= i H=-1eodmer [y=gpezsivg | |SELZ80BogR Iv=-zrzsis
dxh+ b —4h Local maximum is 5.30 and occurs at x = —1.29;
= 5 Local minimum is —3.30 and occurs at x =1.29 ;
h(2x+h—4) [is increasing on (—4,—1.29) or (1.29,4) ;
- i =2x+h-4 [is decreasing on (—1.29,1.29).
9 h(z)—3z_1 14. f(x)=3x+5 g(x)=2x+1
' 627 a. f(x)=g(x)
’l;he d7en0(§ninator cannot be zero: 3x+5=2x+1
S 3x+5=2x+1
6z %7 _
x=—4
z ;tz
6
! { 7}
Domain: {z|z ;tg

10. Yes, the graph represents a function since it
passes the Vertical Line Test.
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Chapter 2 Projects

h. The graph of y= f(—x) is the graph of
f(x)>g(x) y = f(x) but reflected about the y-axis.

3x+5>2x+1
3x+5>2x+1

x>—4
The solution set is {x|x > —4} or (—4,e0).

&

15. a. Domain: {x|-4<x<4} or [-4,4]
Range: {y|-1<y <3} or [-1,3]

i. Th hof y=2 is th h of
b. Intercepts: (—-1,0), (0,—1), (1,0) ! e graph of y =2 (x) is the graph o

rintercepts: —1, 1 y = f(x) but stretched vertically by a

factor of 2. That is, the coordinate of each

-intercept: —1
Y P point is multiplied by 2.
y

c. The graph is symmetric with respect to the
y-axis.

d. When x =2, the function takes on a value
of 1. Therefore, f(2)=1.

e. The function takes on the value 3 at x =—4
and x=4.

f.  f(x)<0 means that the graph lies below . . .
j-  Since the graph is symmetric about the y-

the x-axis. This happens for x values axis, the function is even.

between —1 and 1. Thus, the solution set is
{x|-1<x<1} or (=1,1). k. The function is increasing on the open

interval (0,4).
g. The graph of y = f(x)+2 is the graph of

v = f(x) but shifted up 2 units.

Chapter 2 Projects

Project I — Internet-based Project

Answers will vary.

259
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Chapter 2: Linear and Quadratic Functions

Project I1 b. The data would be best fit by a quadratic function.
(BINETE [T
=g thetc
a=.H351845811
a. 1000 b=-14, 46450332
a n c=1RE3, 518932
m/sec o
= v =0.085x* —14.46x+1069.52
0 175 1000
kg o
m/sec o
Ol 175
kg
These results seem reasonable since the function
fits the data well.
c. 5= 0m
Weight  Velocity . ) B 5 V2
Type ke m/sec Equation in the form: s(¢) =—4.9¢ +7v0t +5
MG 17 10.2 905 (1) =—4.91* +639.93t Best. (It goes the highest)
MG 131 19.7 710 s(f) = —4.9¢* +502.05¢
MG 151 41.5 850 s(f) =—4.91* +601.04¢
MG 151/20 423 695 s(f) = —4.9¢% +491.44¢
MG/FF 35.7 575 s(t) = —4.91* + 406.59¢
MK 103 145 860 s(t) =—4.91* +608.11¢
MK 108 58 520 s(t) =—4.91* +367.70¢
WGr 21 111 315 s(t) = —4.91* +222.74¢
5o=200m
Weight  Velocit
Type leif ;/(;ZICY Equation in the form: s(¢) = —4.9¢° +%v0t + 5o
MG 17 10.2 905 s(t) =—4.91* +639.93¢ + 200 Best. (It goes the highest)
MG 131 19.7 710 s(t) = —4.91 +502.05¢ + 200
MG 151 41.5 850 s(f) = —4.9¢* +601.04¢ + 200
MG 151/20 423 695 (1) = —4.9¢% +491.44¢ +200
MG/FF 35.7 575 s(f) = —4.9¢% +406.59¢ + 200
MK 103 145 860 s(t) = —4.91* +608.117 + 200
MK 108 58 520 s(t) = —4.9¢* +367.70¢ + 200
WGr 21 111 315 s(f) = —4.9¢* +222.74t + 200
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Chapter 2 Projects

8= 30m

Type Wifht V;:;;Zicty Equation in the form: s(f) = —4.9¢* + %vot + 5,

MG 17 10.2 905 s(t) =—4.9¢* +639.93t +30 Best. (It goes the highest)
MG 131 19.7 710 s(t) = —4.9t* +502.05¢ + 30

MG 151 41.5 850 s(t) = —4.9t> +601.04¢ + 30

MG 151/20 423 695 s(t) = —4.9t> +491.44¢ + 30

MG/FF 35.7 575 s(t) = —4.91* +406.59 +30

MK 103 145 860 s(t) =—4.91* +608.11¢ +30

MK 108 58 520 s(t) =—4.91* +367.70¢ + 30

WGr 21 111 315 (1) = —4.9¢% +222.74t +30

Notice that the gun is what makes the difference, not how high it is mounted necessarily. The only way
to change the true maximum height that the projectile can go is to change the angle at which it fires.

Project IT1

a.

X 1121314

y

=2x+5|3|1|-1|-3

b. &=)’2_)’1_

Ax

=22

1-3
Xy — X 1

A
&=y2 yl _ =_2

Ax

&=)’2_)’1

Ax

&=)’2_)’1_

Ax

Xy —X 1

Xy —X 1
5-(-3) _
Xy — X 1

B e N

-2

All of the values of & are the same.

Income ($)

50,000

Median o

100

Age Class Midpoint

261
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Chapter 2: Linear and Quadratic Functions

Al 306339548

d. =2108.50
Ax 10
Al _ 3708830633 — 645.50
Ax 10
Al _ 4107237088 — 398.40
Ax 10
Al 34414-41072 _ _665.80
Ax 10
Al 1916734414 _ _1524.70
Ax 10
Al .
These y™ values are not all equal. The data are not linearly related.
e. | x |2|-1|0(1]2]|3]|4
y 231 9 |3 |5|15(33]59
Ay
Ax -14|-6]2]10|18 |26
As x increases, % increases. This makes sense because the parabola is increasing (going up) steeply as x
increases.
f. x |2|-1 1123 |4
y [23]9 5115(33|59
A2
o 8/8|8 (8|8

The second differences are all the same.

g. The paragraph should mention at least two observations:
1. The first differences for a linear function are all the same.
2. The second differences for a quadratic function are the same.

Project IV

a.— i. Answers will vary , depending on where the CBL is located above the bouncing ball.

j- The ratio of the heights between bounces will be the same.
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Mini-Lecture 2.8
Equations and Inequalities Involving the Absolute Value Function

Learning Objectives:

1. Solve Absolute Value Equations (p. 179)
2. Solve Absolute Value Inequalities (p. 179)

Examples:
1. Solve each equation.

(a) px—-10/=15  (b) =12 (c)[4-3x|-4=1  (d)[3-x/=-7

Ex+6
3

2. Solve each absolute value inequality.
(a)Bxj<21  (b)[4x-3=29  (c)[2-6x-5<1

Teaching Notes:

e When solving absolute value equations, students will sometimes forget that there
are two solutions.

e Students will often not isolate the absolute value expression before trying to
solve, such as examples 1c and 2c above.

e Some students try to combine two intervals that cannot be combined, such as
-3<x>2

ANswers:

1. (a)x=5x=-1  (b)x=9,x=-27 (c)x=—%,x=3 (d) No solution
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Mini-Lecture 2.1
Properties of Linear Functions and Linear Models

Learning Objectives:

1. Graph Linear Functions (p. 119)

2. Use Average Rate of Change to Identify Linear Functions (p. 119)

3. Determine Whether a Linear function Is Increasing, Decreasing, or Constant (p. 122)
4. Find the Zero of a Linear Function (p. 123)

4. Build Linear Models from Verbal Descriptions (p. 124)

Examples:

1. Suppose that f(x)=5x—-9 and g(x)=-3x+7. Solve f(x)=g(x). Then graph

2.

y = f(x) and y = g(x) and label the point that represents the solution to the equation
f(x)=9(x).

In parts (a) and (b) using the following figure,

(@) Solve f(x)=12. (b) Solve 0< f(x)<12.

3. The monthly cost C, in dollars, for renting a full-size car for a day from a particular

agency is modeled by the function C(x) =0.12x+ 40, where x is the number of miles

driven. Suppose that your budget for renting a car is $100. What is the maximum
number of miles that you can drive in one day?

4. Find a firm’s break-even point if R(x) =10x and C(x) =7x+ 6000 . (Before

working this problem, go over the explanation above Problems 49 and 50 on page
128.)
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Teaching Notes:

e Review the slope-intercept form of the equation of a line.

e Emphasize the theorem for Average Rate of Change of a Linear Function in the
book.

e Emphasize the need to express the answer to a verbal problem in terms of the
units given in the problem.

e Discuss depreciation, supply and demand, and break-even analysis in more depth
before working either the examples in the book or the examples above.

Answers: 1) x=2; 2) a) x=6, b) 2<x<6; 3) 500 miles; 4) 2000 units

1)
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Mini-Lecture 2.2
Building Linear Models from Data

Learning Objectives:

1. Draw and Interpret Scatter Diagrams (p. 130)
2. Distinguish between Linear and Nonlinear Relations (p. 131)
3. Use a Graphing Utility to Find the Line of Best Fit (p. 132)

Examples:

X |3 |7 |8 |9 |11 |15
y |2 |4 |7 |8 |6 |10

1. Draw a scatter diagram. Select two points from the scatter diagram and find the
equation of the line containing the two points.

2. Graph the line on the scatter diagram.
The marketing manager for a toy company wishes to find a function that relates the

demand D for a doll and p the price of the doll. The following data were obtained based
on a price history of the doll. The Demand is given in thousands of dolls sold per day.

Price 9.00 |10.50 | 11.00 | 12.00 | 12.50 | 13

Demand | 12 11 9 10 9.5 8

3. Use a graphing utility to draw a scatter diagram. Then, find and draw the line of best
fit.

4. How many dolls will be demanded if the price is $11.50?

Teaching Notes:

¢ Many students have trouble deciding what scale to use on the x- and y-axes of
their scatter plots. Remind them that the scale does not have to be the same on
both axes and that the axes may show a break between zero and the first labeled
tick mark.

e Use a set of data and ask different students to pick two points and find the
equation of the line through the points. Use the graphing utility to draw a scatter
diagram and plot each student’s line on the scatter diagram. Then find the line of
best fit using the graphing utility and graph it on the scatter diagram. This
exercise will give students a better understanding of the line of best fit.

e To help students understand of the correlation coefficient show scatter diagrams
for different data sets. Show the students data sets with correlations coefficients
closeto 1, -1, and 0.
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Answers: 1)y = % X +%for points (3,2) and (7,4);  4) D=9.77 thousand dolls

1)

-~

10 .-

o0
L ]

e
L ]

=
[

59
*

‘,x

[y
=
L

&0

N

5

2
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Mini-Lecture 2.3
Quadratic Functions and Their Zeros

Learning Objectives:

Find the Zeros of a Quadratic Function by Factoring (p. 138)

Find the Zeros of a Quadratic Function Using the Square Root Method (p. 138)
Find the Zeros of a Quadratic Function by Completing the Square (p. 140)
Find the Zeros of a Quadratic Function Using the Quadratic Formula (p. 141)
Find the Point of Intersection of Two Functions (p. 143)

Solve Equations That are Quadratic in Form (p. 144)

U~ wd P

Examples:

1. Find the zeros by factoring: f (x)=3x*+4x—4

2. Find the zeros by using the square root method: f (x)= (4x—1)2 -16
3. Find the zeros by completing the square: f (x) = x> +4x-10

4. Find the zeros by using the quadratic formula: f (x)=3x*-5x—-7

5. Find the real zeros of: f (x)=x"-11x*+18

6. Find the points of intersection: f (x)=x"-4 & g(x)=3-x’

Teaching Notes:

e Students that do not have good skills will struggle with this section. Most students
can factor pretty well, but they will commit many types of algebraic mistakes
when using the other methods.

e When students use the quadratic formula, they will have trouble simplifying the

+
rational expression. For example, reducing like this % =1+5410 isa

common error.
e Completing the square will shine a light on the difficulties that students have with

fractions.
ANsSwers:
2 5 3 5+4/109
1) =; -2 2) ——— 3) —2++14 4) —————
)3 ) 4 4 ) \/_ ) 6
5) x=++/2; £3 6) (ig,—a
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Mini-Lecture 2.4
Properties of Quadratic Functions

Learning Objectives:

1. Graph a Quadratic Function Using Transformations (p. 149)
2. ldentify the Vertex and Axis of Symmetry of a Quadratic Function (p. 151)
3. Graph a Quadratic Function Using Its Vertex, Axis, and Intercepts (p. 152)
4. Find a Quadratic Function Given Its Vertex and One Other Point (p. 155)
5. Find the Maximum and Minimum Value of a Quadratic Function (p. 156)
Examples:
1. Find the coordinates of the vertex for the parabola defined by the given quadratic
function. f(x)=-3x*+5x—4
2. Sketch the graph of the quadratic function by determining whether it opens up or
down and by finding its vertex, axis of symmetry, y-intercepts, and x-intercepts,
ifany. f(X)=6-5x+x°
3. For the quadratic function, f (x) = 4x* —8x,
a) determine, without graphing, whether the function has a minimum value or
a maximum value,
b) find the minimum or maximum value.
4. Determine the quadratic function whose graph is given.

Yy

N

(2,-4)
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Teaching Notes:

Remind students to review transformations of graphs before beginning to graph
quadratic functions.

Emphasize from the book “Steps for Graphing a Quadratic Function
f(x)=ax’+bx+c, a=0, by Hand.”

Stress the use of a from the standard form to determine the direction the parabola
is opening before beginning to graph it. Students need to recognize early on the
benefits of knowing as much about a graph as possible before beginning to draw
it.

In addition to the intercepts, encourage students to use symmetry to find
additional points on the graph of a quadratic function.

Many students will give the x-value found with x = —23 as the maximum or
a

minimum value of the quadratic function. Emphasize that finding the maximum
or minimum is a two-step process. First, find where it occurs (x), then find what

it is (y).

Answers: 1)(5,5) ; 2) opens up, vertex @—%) , aXiSx = g x-intercepts 2 and 3,
6 12

y-intercept 6

2)

(4]

3) a. minimum, b. minimum of -4; 4) f(x) =-x*+4x-8
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Mini-Lecture 2.5
Inequalities Involving Quadratic Functions

Learning Objectives:

1. Solve Inequalities Involving a Quadratic Function (p. 160)

Examples:

1. Use the figure to solve the inequality f(x) > g(x).

oy
B
\\
=
—

—fe
V=1t

2. Solve and express the solution in interval notation. 9x* —6x+1<0

3. Solve the inequality. x(x+2)>15
4. Solve f(x)>g(x). f(x)=-x*+2x+3; g(x)=—x*-2x+8

Teaching Notes:

e Suggest that students review interval notation. Caution them to check for the
correct use of brackets or parentheses in solutions written in interval notation.

e Suggest that students review factoring a trinomial.

e Be sure to show Method | and Method Il in Example 2 in the book.

Answers: 1) [-2,1]; 2) @; 3) (-,-5)U(3,0); 4) G,oo)
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Mini-Lecture 2.6
Building Quadratic Models from Verbal Descriptions and from Data

Learning Objectives:

1. Build Quadratic Models from Verbal Descriptions (p. 165)
2. Build Quadratic Models from Data (p. 169)

Examples:

1. Among all pairs of numbers whose sum is 50, find a pair whose product is as large as
possible. What is the maximum product?

2. A person standing close to the edge of the top of a 180-foot tower throws a ball
vertically upward. The quadratic function s(t) = —16t> + 64t +180 models the ball’s
height above ground , s(t), in feet, t seconds after it was thrown. After how many
seconds does the ball reach its maximum height? What is the maximum height?

3. The price p (in dollars) and the quantity x sold of a certain product obey the demand
equation p = —% x+120. Find the model that expresses the revenue R as a function

of x. What quantity x maximizes revenue? What is the maximum revenue?

4. The following data represent the percentage of the population in a certain country
aged 40 or older whose age is x who do not have a college degree of some type.

Age, X 40 45 50 55 60 65

No college | 25.4 23.2 21.8 24.5 26.1 29.8

Find a quadratic model that describes the relationship between age and percentage of
the population that do not have a college degree. Use the model to predict the
percentage of 53-year-olds that do not have a college degree.

Teaching Notes:

e Show students how to use MAXIMUM and MINIMUM on the graphing utility.

e Show students how to use the QUADratic REGression program on the graphing
utility.

e Encourage students to review the discriminant.

Answers: 1) (25, 25), 625; 2) 2 sec., 244 ft; 3) R(x) = —%xz +120x, x=240,

R(240)=$14,400; 4) P(x) =.0296x2 — 2.9216x + 94.6550 , 23.0%
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Mini-Lecture 2.7
Complex Zeros of a Quadratic Function

Learning Objectives:

1. Find the Complex Zeros of a Quadratic Function (p. 175)

Examples:

1. Find the complex zeros; graph the function; label the intercepts.
(a) f(x)=x*+5 (b) f(x)=x*+2x+7
(c) f(x)=2x*-4x-5  (d)f(x)=x*-2x+5

Teaching Notes:

e Have students review the quadratic formula.

e Students will need to know how to reduce radical and rational expressions.

¢ Remind the students that i is outside the radical when simplifying a radical
expression.

ANnswers:

1. (a) Complex zeros x = +i5 ; y-intercept = 5; no x-intercepts.
(b) Complex zeros x=-1+ i/6 ; y-intercept = 7; no x-intercepts

(c) Complex zeros x = 21;/1_4 - y-intercept = -5; x-intercepts x = 24414
(d) Complex zeros x =1+2i; y-intercept = 5; no x-intercepts
(@) (b)
t
©) (@

L/
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4. Cannons The velocity of a projectile depends upon
many factors, in particular, the weight of the ammunition.
(a) Plot a scatter diagram of the data in the table below.

Let x be the weight in kilograms and let y be the

velocity in meters per second.

Type Weight (kg)
MG 17 10.2

MG 131 19.7

MG 151 415

MG 151/20 423

MG/ FF 35.7

MK 103 145

MK 108 58

WGr 21 111

Initial
Velocity (m/sec)

905
710
850
695
575
860
520
315

(Data and information taken from “Flugzeug-Handbuch,
Ausgabe Dezember 1996: Guns and Cannons of the
Jagdwaffe” at www.xs4all.nl/~rhorta/jgguns.htm)



(b) Determine which type of function would fit this

(©

data the best: linear or quadratic. Use a graphing
utility to find the function of best fit. Are the results
reasonable?

Based on velocity, we can determine how high a pro-
jectile will travel before it begins to come back down.
If a cannon is fired at an angle of 45° to the horizon-
tal, then the function for the height of the projectile

is given by s(t) = —16£>+ =Vt S0, where v, is the

velocity at which the shell leaves the cannon (initial
velocity), and s, is the initial height of the nose of the
cannon (because cannons are not very long, we may
assume that the nose and the firing pin at the back
are at the same height for simplicity). Graph the func-
tion s = s(¢) for each of the guns described in the
table. Which gun would be the best for anti-aircraft if
the gun were sitting on the ground? Which would be
the best to have mounted on a hilltop or on the top of
a tall building? If the guns were on the turret of a ship,
which would be the most effective?



3. Suppose f(x) = sin x.

(a)

(b)

(©

(d)

Build a table of values for f(x) where x = 0, %, %,
7 7w 2w 3w 5w T 57 47 37w Sw Tw

g’ Ea ?7 Tv ?’ T, ?7 T» ?’ 77 ?, 77
117

6 2ar. Use exact values.

Find the first differences for each consecutive pair of

. . _ Af(x:) _
values in part (a). That is, evaluate g(x;) = A
f(xin1) = f(x) _ _m
——, where x; =0, x,=—,...,

Xivr = X 6

x17 = 2ar. Use your calculator to approximate each
value rounded to three decimal places.

Plot the points (x;, g(x;)) fori = 1,...,16 on a scat-
ter diagram. What shape does the set of points give?
What function does this resemble? Fit a sine curve
of best fit to the points. How does that relate to your
guess?

Find the first differences for each consecutive pair of

. . _ Ag(x;) _
values in part (b). That is, evaluate A (x;) = A =
g(xi1) — g(x;) - _m i _
———— where x; =0, x, = —,..., x4 =

Xiv1r = X 6
117

= This is the set of second differences of f(x).

Use your calculator to approximate each value
rounded to three decimal places. Plot the points
(x;,h(x;)) for i = 1,...,15 on a scatter diagram.
What shape does the set of points give? What func-
tion does this resemble? Fit a sine curve of best fit to
the points. How does that relate to your guess?



(e)

(®)

(@

Find the first differences for each consecutive pair of

. . Ah(x;)
values in part (d). That is, evaluate k(x;) = “Ar
h X; —h X; I
= M, where x; =0, x, = z,...,x15

Xit1 = X 6
7
= Tﬂ- This is the set of third differences of f(x).

Use your calculator to approximate each value
rounded to three decimal places. Plot the points
(x;,k(x;)) for i = 1,...,14 on a scatter diagram.
‘What shape does the set of points give? What func-
tion does this resemble? Fit a sine curve of best fit to
the points. How does that relate to your guess?

Find the first differences for each consecutive pair of

. . Ak(x;)
values in part (e). That is, evaluate m(x;) = Ax
k(x;q) — k(x; ’
=M, where x; =0, x2=z,..‘,
Xiv1 = X 6

5
X4 = ?W This is the set of fourth differences of f(x).

Use your calculator to approximate each value
rounded to three decimal places. Plot the points
(x;,m(x;)) for i = 1,...,13 on a scatter diagram.
What shape does the set of points give? What func-
tion does this resemble? Fit a sine curve of best fit to
the points. How does that relate to your guess?

What pattern do you notice about the curves that you
found? What happened in part (f)? Can you make a
generalization about what happened as you com-
puted the differences? Explain your answers.



7. CBL Experiment Locate the motion detector on a
Calculator Based Laboratory (CBL) or a Calculator
Based Ranger (CBR) above a bouncing ball.

(a) Plot the data collected in a scatter diagram with time
as the independent variable.

(b) Find the quadratic function of best fit for the sec-
ond bounce.

(c) Find the quadratic function of best fit for the third
bounce.

(d) Find the quadratic function of best fit for the fourth
bounce.

(e) Compute the maximum height for the second bounce.

(f) Compute the maximum height for the third bounce.

(g) Compute the maximum height for the fourth bounce.

(h) Compute the ratio of the maximum height of the third
bounce to the maximum height of the second bounce.

(i) Compute the ratio of the maximum height of the fourth
bounce to the maximum height of the third bounce.

¥ (j) Compare the results from parts (h) and (i). What do

you conclude?
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