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Chapter 2

Functions and Their Graphs

Section 2.1

1.

10.

11.

(-13)

=== or 211 or 215
2 2
We must not allow the denominator to be 0.
X+4#0= X # -4 ; Domain: {xjx;ﬁ —4}.

3-2x>5

-2X>2
x<-1
Solution set: {x|x < -1} or (-o,-1)
~— -t

!
T
0

[N

\/E +2
radicals
independent; dependent

03]
We need the intersection of the intervals [0,7]

and [-2,5]. That is, domain of f N domain of g.

! ! ! | - L L L L [ |

| I I | — T T T T T 17
-2 0 5 7

> g
-2 0 5 7

— 1 +y
-2 0 5 7

#:f9

(9-1)(x) or g(x)-f(x)

False; every function is a relation, but not every
relation is a function. For example, the relation

x? +y? =1 is not a function.

12.
13.

14,

15.

16.

17.

18.
19.

20.
21.

22.

23.
24,

25.

26.

217.

28.

True

False; if the domain is not specified, we assume
it is the largest set of real numbers for which the
value of f is a real number.

X2 -4
X

False; the domain of f (x) = is {x|x # 0}.

d
a

Function
Domain: {Elvis, Colleen, Kaleigh, Marissa}
Range: {Jan. 8, Mar. 15, Sept. 17}

Not a function
Not a function

Function

Domain: {Less than 9" grade, 9™-12™ grade,

High School Graduate, Some College, College

Graduate}

Range: {$18,120, $23,251, $36,055, $45,810,
$67,165}

Not a function

Function
Domain: {-2,-1, 3, 4}

Range: {3,5,7, 12}

Function
Domain: {1, 2, 3, 4}
Range: {3}

Function
Domain: {0, 1, 2, 3}
Range: {-2,3,7}

Not a function

Not a function
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Chapter 2: Functions and Their Graphs

29. Function

Domain: {-2,-1,0, 1}

Range: {0,

30. Function

1,4}

Domain: {-2,-1,0, 1}

Range: {3,

4,16}

31. Graph y =2x? -3x+4. The graph passes the

vertical line test. Thus, the equation represents a

function.

)

32. Graph y = x3. The graph passes the vertical line

test. Thus, the equation represents a function.

/

33. Graph y = i . The graph passes the vertical line

test. Thus, the equation represents a function.

—

34. Graph y=

[X|. Theg

raph passes the vertical line

test. Thus, the equation represents a function.

35. y2=4-x°

Solve for y:

y=#v4-X

2

61 61

37.

38.

39.

40.

41.

Section 2.1: Functions

2

X=y
Solve for y: y==#x

For x=1,y=+1. Thus, (1, 1) and (1, -1) are on

the graph. This is not a function, since a distinct
x-value corresponds to two different y-values.

x+y?=1

—

Solvefor y: y=% 1-x

For x=0,y=41. Thus, (0, 1) and (0, 1) are on
the graph. This is not a function, since a distinct x-
value corresponds to two different y-values.

Graph y = x?. The graph passes the vertical line

test. T"Q y equatibn represents a function.

Graph y = % The graph passes the vertical
X+

line test. Thus, the equation represents a

.
2x2 +3y? =1
Solve fory: 2x? +3y% =1
3y? =1-2x2
, 1-2%
© 3
_, =2
=573
1 (1)
For x=0,y=+ —.Thus,|0, |and
3 L 3
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Chapter 2: Functions and Their Graphs

36.

For x=0,y=4+2. Thus, (0, 2) and (0, —2) are on

the graph. This is not a function, since a distinct x-

value corresponds to two different y-values.

y = +4/1-2X

For x=0,y=+1. Thus, (0, 1) and (0, 1) are on
the graph. This is not a function, since a distinct x-
value corresponds to two different y-values.

62 62

Section 2.1: Functions

[o, - 1\are on the graph. This is not a
s

function, since a distinct x-value corresponds to
two different y-values.

EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs

42. x?-4y* =1

Solve fory: x? -4y? =1
4y? =x* -1

_ % X2 -1

For x:ﬁ,y=il. Thus, (\/Z,l\ and
2)

2

(\/E, - l) are on the graph. This is not a
2

\ )

function, since a distinct x-value corresponds to
two different y-values.

43. f(x)=3x*+2x-4
a. f(0)=3(0)*+2(0)-4=-4
b. f(1)=3(1)"+2(1)-4=3+2-4=1
c. f(-1)=3(-1)"+2(-1)-4=3-2-4=-3
d. f(-x)=3(-x)* +2(-x)-4=3x> -2x -4
e —f(x)=—(3x2+2x—4]=—3x2—2x+4
f. f(x+1)=3(x+1]2+2[x+1]—4
=3(X2+2X+1]+2X+2—4
=3x% +6X+3+2x+2-4
=3x? +8x +1
9. f(2x)=3(2x)* +2(2x)-4=12x? + 4x - 4

45,

Section 2.1: Functions

—f(x) == (-2 +x-1) = 2¢* - x+1

f (X+1] = —2(X+1]2 +(X+1]—1
= —z(x2 +2x+1]+x+1—1

= -2x% —4x-2+X

=-2x?-3x-2

f(2x) = -2(2x) +(2x) -1= -8x? + 2x -1

f(x+h)=-2(x+h)?+(x+h)-1

=—2(X2+2Xh+h2)+x+h—1

=-2x% - 4xh-2h? +x+h-1

f()=x2+1
__0 _0_
f[0)_02+I 1_0
1
f(l)=——==
() ?+1 2
fr)=—2—-= 1
(_1)2+1 1+1 2
-X -X
f(-x)= =

EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs

h. f[x+h)=3[x+h)2+2(x+h)—4
=3(x2+2xh+h2)+2x+2h-4
=3x? +6xh+3h? +2x+2h -4

Section 2.1: Functions
X+1

X2 +2x+1+1
x+1

X2 +2X+2

2X 2X

44, f(x)=-2x* +x-1 o 129+
a. f(0)=-2(0)"+0-1=-1 h f(x+h)=
b. f(1)=-2(1)+1-1=-2
c. f(-1)=-2(-1)°+(-1)-1=-4
d. f[—x)=-—2[—x]2+[—x]—1=-—2x2-—x—1

64 64
EBPBYFight © 3816 PearsaA Edueatian; IRe:
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Chapter 2: Functions and Their Graphs

X+4
0°-1 -1 1
> 0773
2
b [)_1_‘1_9_0
1+4 5
2
c. f 1—L_11 1.0,
-1+4 3
x%o1 2.
6 f(x)=bA—ox 1L
-X+4 -X+4

(x2-1) -x?+1

¢ _f(x):_kx+4jz X+4

2
(x+1)° -1
fof(x+D)=

(x+1)+4

_ x2+2x+1—1= X2 +2X

X+5

g (2] 2X+4  2x+4

() -1 a1

h. f(x+h)=
(x+h)+4

47. f(x)=|x|+4

a. f(0)=|o|+4=o+4=4

b. f(1)=|1|+4=1+4=5

c. f(-1]:|-1|+4=1+4=5

(x+h)’ -1 x®+2xh+h?-1

49.

Section 2.1: Functions

f(1)=v12+1=42

1
F(-0= (-1 +(-1) =1-1=V0 =0
F(=x) =y (=x)° +(~x) =¥ -x

—f[x]z—[ x2+x]=— X2 +x

f(x+1)= x+1?2+(x+1?
=¥x® +2x+1+x+1
= VX% +3x+2

f(2x) = \/[Zx)z +2X = \/4X2 +2X

f(x+h)=V(x+h)*+(x+h)

=\x2 +2xh +h% + x+h

f(1)=2[11+_1 _2+1 3 _3

3(1)-5 3-5 -2 2

2(-1)+1 - -
f o1 _ﬂ___l

() 3(-1)-5 -3-5 -8 8

2 -x +1
() -—2x+1 2x-1

EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs

d. f(-x)=|-x|+4=|x|+4

. =1 (x)==(|x|+4)=-Ix|-4

f. f(x+l)=|x+1|+4

g f(2x)=]2x|+4=2|x|+4

h. f(x+h)=|x+h|+4

66 66

Section 2.1: Functions
3(-x)-5 -3x-5 3x+5

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

3(x+1)-5 3x+3-5 3x-2
f(2x] _2(2x)+1  4x+1
“3(2x)-5 6x-5

f(X+h)- 2(x+h]+1 2x+2h+1

~3(x+h)-5 3x+3h-5

EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs

.1
50. f(x)=1 G2y
a 1‘[0]:1-L=1-l=§
(0+27 4 4
b, f()=1-—1—51-1-8
(1+2) 9 9
¢. f(-1)=1-——=1-1-0
(-1+2)° 1
1
d f{-x]=1-
=
e —f(x]=—(l— 1 \|= 1 -1
| (X+2)2)| (x+2]2
fof(x+1)=1-——=1-—1
(X+1+2]2 (x+3]2
1 1
| f(2x]:1—(zx+2)2:1— 4(x+1)?
L1
h. f(x+h)=1 (X+h+2]2

51. f(x)=-5x+4

Domain: {x| X is any real number}
52. f(x)=x%+2

Domain: {x| X is any real number}

8. g

56.

57.

58.

59.

60.

n ~ - -
>

Section 2.1: Functions

2X
h(x) =
(x) 24
X2 -4%0

X2 #4= X% +2

Domain: {x|x # -2, x # 2}

F() =22

X" +X

X +x#0
x(x*+1) 20
x20, x?#-1

Domain: {xl X # 0}

X+4
G(x) =

X3 - 4x
X2 -4x#0

X(x*> -4) 0
x#0, X #4

Domain: {x X#-2,X#0, x¢2}

h(x) =+/3x-12

3x-12=20

3x =212

X4
Domain: {x| x 24}

G(x) =/1-x
1-x=0
X

X2 +1

Domain: {x X is any real number}

EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs Section 2.1: Functions

§ -
X
f(x) i
X _
T 1
X
61.
<
1
Do
ma
in:
{x
X <
1}
s
(x )
)
2
x-1 x-1
Domain: {x| x is any real number} X-10
x>1
X ]
55. g(x) = 2 16 Domain: {x x>1}
X2 -16%0

X2 #£16=> X # 4
Domain: {x| X# -4 X# 4}

68 68
EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs

_4
62. f(x)= N

x-9>0
Xx>9

Domain: {x| X > 9}

X

63. f(x)=
X-4

Xx-4>0
X>4
Domain: {x| X > 4}

64. q(x)=

-X
-X-2
-x-2>0

-X>2
X< -2

Domain: {x|x < -2}

N

65. P(t) =
3t-21

t-4=

Also 3t-21%0

3t-21+0
gt£21
t+7

Domain: {t|t >4t # 7}

66. h(z) =23
-2
z+3=0

7=-3

68.

Section 2.1: Functions

(f-9)(x) =(Bx+4)-(2x-3)
=3Xx+4-2x+3
=X+7

Domain: {x| x is any real number} .

(f-9)(xX)=Bx+4)(2x-3)
=6x° - 9x +8x -12
| 2
=6x -x-12
Domain: {x x is any real number} .

fi\(x)=3x+4

LgJ 2x-3

2x—3¢0:>2x¢3:x¢2§

[

Domain: 1X

3]
X¢2f'

(f +9)(3)=5(3)+1=15+1=16
(f-g)4)=4+7=11

(f-9)(2) =6(2)2-2-12=24-2-12=10

(£) 3D+4 3+4 7

o) ¥ o0)-37 231"

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

a. (f+g)(x)=2x+1+3x-2=5x-1
Domain: {x| x is any real number} .
b, (f -g)(x) =(2x+1)-(3x-2)
=2x+1-3x+2
=-Xx+3
Domain: {x| x is any real number} .
Also z-2#0

7#2

EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs

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

)=
(2x

NX Ol

Domain: {z]z>-3,z # 2}

67. f(x)=3x+4 g(x) =2x-3

a. (f+g)(x)=3x+4+2x-3=5x+1

Domain: {x| x is any real number} .

70 70

Section 2.1: Functions
-4x+3x-2
=6x% -x-2
Domain: {x| X is any real number} .
f 2x+1
(Ej(x) T ax-2

3x-2#0

2
IX#E2=>X#
=X%3

;1}.

Domain: Jx X #

L 3)

EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs Section 2.1: Functions

e. (f+9)3)=503)-1=15-1=14 70. f(x)=2x?+3 g(x)=4x>+1

f. (f-9)4)=-4+3=-1 a. (f+g)(x)=2x2+3+4x3+1

g (f-9)2)=6()°"-2-2 —ax’ +2x2 +4
=6(4)-2-2 Domain: {x| x is any real number} .
=24-2-2=20 (262 +3)- (40 +1)

b, (f-g)(x) =[2x% +3)-[4x® +1
h (1\(1):2(1»1:&:3:3 , X
LgJ 3W-2 3-2 1 —2x +3-4x -1
=43 +2x% +2
_ _ 2
69. T()=x-1  g(x)=2x Domain: {x| x is any real number} .

a. (f+g)(X)=x-1+2x? =2x? +x-1

c. (f-g)(x)=[2x®+3][4x® +1
Domain: {x| x is any real number} . ( ]( ]

5 3 2

=8x +12x +2x +3

b. (f -g)(x)=(x-1)-(2x%) Domain: {x'x is any real number} .
= x-1-2x?
f 2x2 +3
=-2x* +x-1 d. (—\(X)= 3
Lg) 4x +1
Domain: {x| x is any real number} . A3 410
. (f-g)(X) = (x-1)(2x%) = 2x° - 2x? 4 # -1
Domain: {x| x is any real number} . Bl o1 %
¢ 1 4 4 2
X_
d |~ |(xX)=""r 3
(g]( ) 2x? Domain: 2
Jx X # ——L
2
Domain: {x| x # 0}. =-32+4-1=-29
o3 _ 52
e. (f+g)@) =2(3)+3-1 g (f g)fzg ) 2(22)4 2(2)
=2(9)+3-1 ‘1é )E; (8)
=18+3-1=20 TR

f. (f-g)4)=-24)°+4-1
=-2(16)+4-1

71 71
EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs Section 2.1: Functions
l J - _4(64) + 2(16) + 2

= -256+32+2=-222
e. (f+9)B)=4(3)°+2(3)°+4

= 4(27)+2(9) + 4 9. (f-9)(2)=8(2)° +12(2)% +2(2)* +3
=108+18 +4 =130 =8(32) +12(8) +2(4) +3

=256+96+8+3 =363
f. (f-0)(4)=-4(4)°%+2(4)* +2

20’ +3 2(1)+3 2+3 5

()
1
g

T 40P +1 AW +1 441 51
L)

72 72
EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs

71.

f(x)= x
J

v (gt

g(x) =3x-5

(f +g)(x) =/x +3x-5

Domain: {x| x =0}

(f -9)(0) =X -(3x=5) =+/x -3x+5

Domain: {x| X > O} .

(f-g)(x) =Vx(3x-5)=3x x-5 X

Domain: {x| X > O} .

(£, X
J(X)_

g 3x-5

x=0 and 3x-5%#0

3x¢5:>x¢§

5)

x=0andx# "~ .

sf

Domain: [x

(f +9)(3)=/3+3(3)-5

=\3+9-5=3+4

(f —9)(4) =4 -3(4) +5
=2-12+5=-5

(f-9)(2) =3(2v2-5V2
=62 -5v2 =42

31)-5 3.5 -2

72. f(x)=|x| g(x) = x

(f +9)(x) =| x| +x

Domain: {x| X is any real number} .

73 73

Section 2.1: Functions

(f+9)(3)= 3 +3=3+3=6
(f-9)4)=|4|-4=4-4=0

(f-9)2)=2|2|=2-2=4

. f(x)=1+1 g(x):1

X X
(f +9)(%) =1+1+1:1+E
X X X

Domain: {x| X # O}.
(f-g)) =1+~ =1
Domain; {x X # O}.

1 l_l+l
(f.g)(x)—(l+x}x—x 2

Domain: {x X # O}.

[EN

1+l X+
= X:

(£)
X

X
Domain: {x| x #0}.
(f+9)@ =g+ 2=>
(f -g)(4) =1

(f-9)(2) =

()

LQJ(D:“l:Z

EBPBYFight © 3816 PearsaA Edueatian; IRe:
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Chapter 2: Functions and Their Graphs

b. (f-g)x)=|*"%

Domain: {x| x is any real number} .

c. (f-9)(x)=]x|-x=x|x]|

Domain: {x| x is any real number} .

e 2 X
¢ (G-t

Domain: {x|x 0},

74 74

Section 2.1: Functions
74. f(x)=4x-1 g(x)=/4-x

a. (f+g)(xX)=+vx-1+4-x

Xx-1>0 and 4-x=0

x=1and -x=-4

x<4
Domain: {X 1< x<4}.

EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs

b. (f-9)(xX)=+vx-1- 4-x
x-1=0 and 4—x2€‘

x=>1and -x=-4
x<4
Domain: {xj lsxs4}.

—
c. (f -g)(x):[ﬁ)[ 4-x]
=v-x?+5x-4

Xx-1>0 and 4-x=>0
x=1and -x=-4

X<4
Domain: {x] 1< xs4}.

d (ﬂ(x): Jx-1_ [x-1
4-x

o) i
x-1=20 and 4-x>0

x=1 and —x>—Z/1

Xx<4
Domain: {xl 1< x<4}.

e. (f+g)(3)=+3-1+ 4-3
=2+\1=42+1

f. (f-g)4)=a-1-14-4
=V3-0=3-0=43

9. (f-0)(2)=-(2)° +5(2)-4
=-4+10-4 =42

=

Section 2.1: Functions

2X+3 4x
(f-9)x="-—""
3x-2 3x-2
_ 2X+3-4x  =2x+3
3x-2 3x-2
3x-2=+0

2

3IX#E2=>X#
3

[

Domain: 1X

2]
Xi;f'
2
(f.g)(x)zfzx"':ﬂ[ 4x \:8X +12x
LBX—ZJL‘?:X—ZJ (3X—2)2

3x-2#0

3x:t2:x;tZ
3

Domain: Jx x;t;;.
L 3
2x+3
(Q(X)zgx_g_2x+3_3x—2_2x+3
4x -
Lg) 3x-2 4X 4x
3x-2

3x-2#0 and x=z0
3x#2

2
X #
3

Domain: (x X # 2 and x # 0] .

7 >

L J

(Fro@ =20 2= 22

2x+3

f(x) =

EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs Section 2.1: Functions

4-1
3 £ (f
905 s
gx) S _=2
= + —5
ﬂ _:_:—
1
E’
)
2
1
2
2
1
0
2
_ 2 - 8(2) +12(2
3x-2 3x-2 g (f'g)(2)=_u—(_2)
2x+3  _4x (32-2)
a (T+9))=_ — 3 5 =8(4)+2:1=32+224=@=z
_ 2x+3+4x  6x+3 [6—2) (4) 16 2
3x-2 3x-2
3x-2%20 h. (L\(D:M:ZL:E
3x¢2:>x¢% \9) 4@ 4 4

Domain: {x‘x;t %}

76 76
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Chapter 2: Functions and Their Graphs Section 2.1: Functions

2
76. f(X)=\/X+1 g(x)z— 78. f(X)=l (L\(X)zx—-"l
X X LgJ x? - x
2 1
a. (f+g)(x)=vx+1+7
X x+1_ X
) =X
x+120 and x#0 x -x  g(x)
x> -1 1 )
Domain: {x|x 2 -1 and x # 0}. g(x) =—X 1 x=x
X+1 X X+1
2
b, (f-g)(x)=Jx+i-2 X -X
X _;xx—l_ﬂ
x+1=0 and x=#0 Tx x+1 x+1
x=-1

79. f(x)=4x+3
Domain: {x| x> -1 and x # O}.

f(x+h)-f(x) _ 4(x+h)+3-(4x+3)

2 2k+1 h h
c. (f-g)(X):x/x+1-;:—X _4x+4h+3-4x-3
Xx+1=20 and x=z0 h
x=-1 _@=4
Domain: {x|x2—1, andx:tO}. h
PR EANNIN o5 gt a5 80 () =-3x+1
LgJ 5 ) f(x+h)- f(x) _=3(x+h)+1-(=3x+1)
N h h
x+1=0 and x#0 _ =3x=3h+1+3x-1
x=-1 h
) -3h
Domain: {x|x=-1,andx#0¢. = =-3
{x } h
e. (f+g)(3)=«/3+1+2=\/4+2=2+2=§ )
3 3 3 3 81. =X =
) 1 f(x+h) - f(x)
f. (f-g)@4)=+4+1-"=5-7 h
4 2
(x+h)? —4-(x* -4)
77 77
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o (1g@=221-29. g
h (Dl Wl &

o) 2 2

77. f(x)=3x+1 (f+gxn=6—%x

6_%x=3x+1+g(x)

7. _
5—2x-g(x)

7
:5—_
9(x) 5 X

78 78

Section 2.1: Functions

h
X2 +2xh+h?-4-x>+4
B h

_ 2xh+h?
h
=2x+h
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82.

83.

84.

f(x)=3x*+2
f(x+h) - f(x)

h
: 3§X+h);+ 2—(3X;+_2)
- h

_3X2+6Xh+3h2+2—3x2 -2
- h

_ 6xh+3h?
~h

=6x+3h
f(x)=x2-x+4

f(x+h)-f(x)

h
_(x+h)? - (x+h)+4-(x* -x +4)

h
x2+2xh +h?=x-h+4-x%+x-4

h
_2xh+h’-h
h

=2x+h-1
f(x]=3x2—2x+6

1(xeh)=f ()
h

[3(x+h)? =2(x+h)+6-[3x? ~2x+6]

- 1L |
h

§[_x2+ 2xh + hzl— 2x = 2h +6-3x2+ 2X -6

h

h h
=6Xx+3h-2

3x2+6xh +3h2-2h-3x? _ 6xh+3h?-2h

86.

Section 2.1: Functions

1

=

2 2
f(x+h)-f(x) [x+h) X
. -

h
x? x+h|2

2(x+h)?

h
x_—[‘x;+ 2xh + hzl

2

__ x¥x+h
B h
(1) -2xh-h?
“lh) e (xsny
(1\h(=2x-h)
LhJ Xz(x+h)2

-2x-h__ -[2x+h)

X2 (x+h)® X2 (x +h)?

1
f(x)=—"
() X+3
1 1

fx+h)-f(X) _x+h+3 x+3
h h

Xx+3-(x+3+h
x+h+3)(x+3)

N x+3—hx—3—h V(1)
“|(x+h+3)(x+3) n)
=|f#\|(|1\|
(x+h+3)(x+3) )\ n)
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g7.  t(x)=2 89. f(x)= x-2
X+3
fx+h)-f(X) _ x+h+3 x+3
h h =\/x+h—2—\lx—2
2(x + h)(x +3)-2x[(x +3+h) h
(x+h+3)(x+3) Jx+h-2- k-2 k+h-2+ -2
_ = .\/7
- h h X+h-2+x-2
2x% +6x + 2hx + 6h - 2x* - 6x - 2xh __ X+h-2-x+2
_ (x+h+3)(x+3) h( X+h-2+ x—2]
h _ .
6h
1
) (x+h+3)(x+3) h h( x+h-2+ X‘2]
6 - 1
= ‘\/7
(x+h+3)(x+3) X+h-2+ x-2

90. f(x)= x+1
s

88. Fx) = 2 fx+h)-f(x]
x-4 h
S(x+h X X+h+1-x+1
f!X+h!—f!X!=X+h_4 X -4 = hh
h
5(x + h)(x = 4)-5x[x - 4+h) S Yxrhels Wl t el
- - h x+h+1l+ x+1
~ (x+h-4)(x-4]
- h x+h+1-(x+1) h
N
5x° = 20x + 5hx - 20h - 5x* + 20x — 5xh h( Xx+h+1+ X+1] h[ X+h+1l+ X+1)
_ (x+h-4)(x-4) 1
h =\/x+h+1+\/x+1
) ~20h 1
- (x+h—4)[x—4) h
2
20 1. 11=x -2x+3

R 2

80 80
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Chapter 2: Functions and Their Graphs Section 2.1: Functions
(x+h-4)(x-4) 0=x -2x-8

0=(x-4)(x+2)
Xx-4=0 or x+2=0

x=4 or x=-2

The solution set is: {-2,4}

81 81
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92. - =§x——

The solution set is:

93. f(x)=2x>+Ax?+4x-5 and f(2)=5

f(2)=2(2)% + A2)? +4(2) -5
5=16+4A+8-5

5=4A+19
-14 =4A
aocla_ 1
4 2

94. f(x)=3x*>-Bx+4 and f(-1) =12:

f(-1) =3(-1)%-B(-1) + 4
12=3+B+4
B=5

3x+8
95. f(xX)=-_ and f(0)=2
=2 )

(0 = 208
2(0)- A

-2A=8
A=-4

2x-B

96. f(x)= and £(2) =+

97.

98.

99.

100.

101.

102.

82 82

Section 2.1: Functions

Let x represent the length of the rectangle.

Then, i represents the width of the rectangle

since the length is twice the width. The function
2

2

for the areais: A(x) = Xé = XZ_ =~X

N =

Let x represent the length of one of the two equal
sides. The function for the area is:

A(X) = Z-X-X= e

1
2 2
Let x represent the number of hours worked.

The function for the gross salary is:
G(x) =14x

Let x represent the number of items sold.
The function for the gross salary is:
G(x) =10x+100

a. P isthe dependent variable; a is the
independent variable

2
b. P(20) = 0.014(20) -5.073(20) +327.287

=5.6-101.46 + 327.287
= 231.427

In 2012 there are 231.427 million people
who are 20 years of age or older.

c.  P(0)=0.014(0)? - 5.073(0) + 327.287

= 327.287
In 2012 there are 327.237 million people.

a. Nisthe dependent variable; ris the
independent variable

2
b. N(3)=-1.35(3) +15.45(3)-20.71

=-12.15+46.35-20.71

=13.49
In 2012, there are 13.49 million housing
units with 3 rooms.
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83 83
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103. a. H(1)=20-4.9(1)

=20-4.9 =15.1 meters

H(1.1) = 20-4.9(1.1)°

=20-4.9(1.21)

=20-5.929 =14.071 meters
H(L.2) = 20-4.9(1.2)*

= 20-4.9(1.44)

=20-7.056 =12.944 meters
H(1.3) = 20-4.9(1.3)°

=20-4.9(1.69)

=20-8.281=11.719 meters

b. H(x)=15:
15 =20 - 4.9x°

-5=-4.9x?
2 ~1.0204

X ~1.01 seconds
H(x)=10:
10 = 20-4.9x°

-10=-4.9x%
X% ~ 2.0408

X ~1.43 seconds

H(x)=5:

5=20-4.9x°
-15=-4.9x°

x? ~3.0612
X = 1.75 seconds

c. H(x)=0
0=20-4.9x°
-20 = -4.9%*

Section 2.1: Functions

b. H(x)=15
15 = 20 -13x?
-5=-13x?
x? ~0.3846
x = 0.62 seconds
H(x)=10
10 = 20-13x?
-10 = -13x*
x? % 0.7692
x =~ 0.88 seconds
H(x)=5

5=20-13%°

-15=-13x?
2
X ~1.1538

X 21.07 seconds

c. H(x)=0
0=20-13x>

-20=-13x2
2
X =~1.5385
X = 1.24 seconds

x 36,000
105. C(x) =100+ o+

a. C(500) =100+ 500 + 36.000
10 500

=100+50+72
=$222

b, C [450) =100+ 450 + 26.000

10 450
=100+45+80

=$225

104. a.
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Chapter 2: Functions and Their Graphs Section 2.1: Functions

2 = 20, U
X = 2 =1.28 meters . C(GOO) ~100+ 600 . 36,000

4.0816 10 600
X = =100+60 +60

2.02 =$220

o 400 = 36,000
ds d. C(400)=100+" —+= =
C(400) =100 + 10" 400

H[l)=20 =100+40+90
-13 [1)2 - =$230
20-13=

7 meters

H [1.1] =

20

-13(1.1)

2220

-13(1.21

)

Al WONT O, 1 ODN

U’"fD""fDB\lN'

H (1.2)
20
-13(1.2)
=20
-13(1.44

O I ONI

85 85
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LoA2V_ 2 (2V _8[6_ 85
) oV L) aY o
88 st
9
107. R(x)=/Fpg =t
lp) P

108. T(x)=(V +P)(x) =V (x)+P(x)

109. H(x)=(P-1)(x)=P(x)-1(x)

110. N(x)=(1-T)(x)=1(x)-T(x)

111. a. P(x) = R(X)-C(x)

= (-1.2%" +220x) - (0.05x" - 2x* + 65x + 500
= -1.2x% +220x - 0.05x> + 2x* - 65x - 500
= -0.05x> +0.8x” +155x - 500

b.  P@5) = -0.05(5)° +0.8(15)? +155(15) - 500

= -168.75+180 + 2325 - 500
= $1836.25

c.  When 15 hundred cell phones are sold, the
profit is $1836.25.

113. a.

114. a.

86 86

Section 2.1: Functions

R(v) = 2.2v; B(v) = 0.05v> + 0.4v-15
D(v) = R(v) + B(v)

= 2.2v+0.05v2 +0.4v-15

= 0.05v% +2.6v-15

D(60) = 0.05(60)° + 2.6(60) - 15
=180+156 -15
=321
The car will need 321 feet to stop once the

impediment is observed.
h(x) = 2x

h[a+b)=2[a+b):2a+2b
~h(a)+h(b)

h(x) = 2x has the property.

g(x)=x

g(a+b)=(a+b)’ =a?+2ab+b?
Since
a? +2ab+b® #a”+b? =g(a)+g(b),

g(x) = x> does not have the property.

F(x)=5x-2
F(a+b)=5(a+h)-2=5a+5b-2

Since
5a+5b-2%5a-2+5b-2=F(a)+F(b),

F (x) =5x -2 does not have the property.

G(x) = L does not have the property.
X
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Chapter 2: Functions and Their Graphs Section 2.1: Functions

112. a. P(X)=R(x)-C(x) 115. No. The domain of fis {x| x is any real number} ,
=30x- [0.1X2 +TX+ 400) but the domain of g is {x| X # —1}.

=30x - 0.1x% - 7x - 400 .
116. Answers will vary.

= -0.1x? +23x - 400 3
b.  P(30) = -0.1(30)* +23(30) - 400 " (your age)
= -90+690 - 400
= $200

¢.  When 30 clocks are sold, the profit is $200.

87 87
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118. (x+12)% +y® =16

119.

120.

x-intercept (y=0):
(x+12)% +0% =16

(x+12)% =16
(x+12) =4

x=-12+4
Xx=-16,x=-8
(-16,0),(-8,0)
y-intercept (x=0):
(0+12)% +y? =16
12)% +y? =16

y? =16-144 = -128

There are no real solutions so there are no y-
intercepts.

Symmetry: (x+12)% +(-y)? =16
(x+12)* +y* =16
This shows x-axis symmetry.

y = 3x? -8Jx

y=3(-1)%-8J-1

There is no solution so (-1,-5) is NOT a solution.

y =3x? -8Jx

y =3(4)? -84
=48-16 =32
So (4,32) is a solution.
y = 3x° -8x
y =3(9)2 -89
=243-24 =219 #171
So (9,171) is NOT a solution.

R=(3-4)P, = (-6.0)
The formula for midpoint is:

+X Bty
2 2

Section 2.2: The Graph of a Function

121. (h,k)=(4,-)andr =3

The general form of a circle is:
2 2 2

(X—h) +(y—k) =r
(x-4)+(y-(-1)* = (3)?

(X—4]2 +[y+1)2 =9

Section 2.2

1.

X2 +4y° =16
x-intercepts:
X +4(0)° =16
x* =16
x = +4=(-4,0),(4,0)

y-intercepts:
2 2

(0) +4y =16
4y* =16
y* =4

y =+2=(0,-2),(0,2)

False; x=2y-2
—2=2y-2
0=2y
O=y
The point (-2,0) is on the graph.

vertical
f(5)=-3
f(x)=ax*+4
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3 (6] -4+0
2 2
-3 -4
22
3
_—,_2
2

89 89

Section 2.2: The Graph of a Function
a(-1)°+4=2=a=-2

. False. The graph must pass the vertical line test

in order to be the graph of a function.

1

. False;e.g. y= ; .

. True

. C
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10.

11.

12.

2

f (0) = 3 since (0,3) is on the graph.
f (-6) = -3 since (-6, -3) is on the graph.

f (6) = 0 since (6, 0) is on the graph.
f(11) =1since (11,1) is on the graph.

f (3) is positive since f (3) = 3.7.
f (-4) is negative since f (-4) = -1.
f(x) =0 when x = -3, x =6, and x =10.

f(x)>0when -3<x<6, and10<x<11.

The domain of fis {x| -6 < x <11} or
[-6,11].

The range of fis {y| -3<y <4} or
[-3 4].

The x-intercepts are -3, 6, and 10.

The y-intercept is 3.

The line y = 1 intersects the graph 3 times.

2

The line x =5 intersects the graph 1 time.
f(x)=3whenx=0andx =4.

f(x)=-2whenx=-5and x =8.

f (0) = 0 since (0,0) is on the graph.
f (6) = 0 since (6,0) is on the graph.

f(2) = -2 since (2, - 2) is on the graph.

f (-2) =1since (-2,1) is on the graph.
f (3) is negative since f (3) = -1.
f (-1) is positive since f (-1) = 1.0.
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13.

14.

15.

16.

Section 2.2: The Graph of a Function

k. Theline y =-1 intersects the graph 2

m.

n.

times.

The line x =1 intersects the graph 1 time.

f(x)=

3 when x =5.

f(x)=-2whenx=2.

Not a function since vertical lines will intersect
the graph in more than one point.

Function

a.

b.

C.

Domain: {x| x is any real number} ;

|
Range: {y y >0}
Intercepts: (0,1)

None

Function

a. Domain: {‘x —T[SXST[};

Range: {y -1=y=1}

(= ) (m )

b. Intercepts: | - _,0], | 2,O |, (0,1)
.U )

c. Symmetry about y-axis.

Function

a. Domain: {x-m<x<m};

Range: {y|—1s y<i}
b. Intercepts: (-m, 0), (m,0), (0,0)

e.

f.

f(x)=0whenx=0,x=4, and x = 6.

f(x)<Owhen0<x<4.



Chapter 2: Functions and Their Graphs Section 2.2: The Graph of a Function

c. Symmetry about the origin. 18. Not a function since vertical lines will intersect
. . . . . the graph in more than one point.
17. Not a function since vertical lines will

intersect the graph in more than one point. 19. Function
g. The domain of fis {x| -4 <x <6} or a. Domain: §x|0< x<3};
[-4,6]. Range: {y'y <2}

b. Intercepts: (1, 0)

h. Therange of fis {y|-2<y <3} or [-23].
None

i. The x-intercepts are 0, 4, and 6.
j. The y-intercept is 0.

91 91
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20.

21,

22,

23.

24,

Function

a. Domain: {x|05 x<4};
Range: {y|0<y<3}

b. Intercepts: (0, 0)

c. None

Function

a.  Domain: {x| x is any real number} ;
Range: {y| y=2}

b. Intercepts: (-3, 0), (3, 0), (0,2)

c. Symmetry about y-axis.

Function

a. Domain: {x|x>-3};
Range: {y|y =0}

b. Intercepts: (-3, 0), (2,0), (0,2)

c. None

Function

a.  Domain: {x| x is any real number} ;
Range: {y|y=-3}

b. Intercepts: (1, 0), (3,0), (0,9)

c. None

Function

a.  Domain: {x| x is any real number} ;
Range: {y| y< 5}

b. Intercepts: (-1, 0), (2,0), (0,4)

c. None

25. f(x)=2x*-x-1

a.

f(-1)=2(-1)" -(-1)-1=2
The point (-1,2) is on the graph of f.

92 92

26.

Section 2.2: The Graph of a Function

c. Solve for x:
2
-1=2x -x-1
2
0=2x -x

0=x(2x—1]:>x=0,x=%
(0,-1) and (%,—1] are on the graph of f .

d.  The domain of fis {x| x is any real number} .

e. Xx-intercepts:
f(x)=0=2x*-x-1=0

(—1,0\ and (1,0)

L2 )

f.  y-intercept:
f (0)=2(0)*-0-1=-1=(0,-1)

f(x) = -3x% +5x

a  f(-1)=-3(-1)*+5(-1)=-8%2

The point (-1,2) is not on the graph of f.
b. f(-2)=-3(-2)*+5(-2)=-22

The point (-2,-22) is on the graph of f.
c. Solve for x:

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

(3x+1)(x-2)=0=x= —%,x= 2

(2,-2) and (—%,—2] on the graph of f .

d. The domain of f is{x| X is any real number} :

e. X-intercepts:
f (x)=0= -3x* +5x =0

X(-3x+5)=0=>x=0,x=

w o1

(0,0) and (3,0]
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) f.  y-intercept:
b. (-2)=2(-2)" -(-2)-1=9 £(0) =-3(0)? +5(0) =0 = (0,0)
The point (-2,9) is on the graph of f.

93 93
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27, f(x)= X*2
X-6
a f@)=2-_3,14
3-6 3
The point (3,14) is not on the graph of f.
b, fa)="2-8 __3
4-6 -2

The point (4,-3) is on the graph of f.

c. Solve for x:

x=14
(14, 2) is a point on the graph of f .

d. The domain of fis {x| x # 6}.

e. X-intercepts:

x+2=0=>x=-2=(-2,0)

f. y-intercept: f(0)= B2 1, (0,— L)
0-6 3 | 3|
v )
X2 +2
28. f(x)=
X+4
2
a f@=1*2.3
144 5
(. 3)
The point "1, ™ " is on the graph of .
-
5
L)
0®+2_2_1
b. f(0)= =£=2
© 0+4 4 2

29. f(x)=

a.

Section 2.2: The Graph of a Function

The domain of iS{x| X # —4}.
X-intercepts:

X2+ 2

f(x)=0== "% =0=x"+2=0
X+4

This is impossible, so there are no x-
intercepts.

y-intercept:
02+2 2 1 ( 1)

2X
x4 +1
2(-12 2

f(-D="_ ==
=1 (-D*+1 2 !

The point (-1,1) is on the graph of f.

2° _ 8
2)*+1 17

f(2) =

The point (2, fﬂ is on the graph of f.
L)

Solve for x:

x*+1=2x°
x*-2x%+1=0

(x*-1)% =0

x?-1=0=x=21
(1,2) and (-1,1) are on the graph of f .

The domain of fis {x x is any real number} .

X-intercept:

2
f(x)=0= ix =0
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(1) x +1
The point * 0, = ' is on the graph of f. 2
| 2| 2x =0=>x=0=(0,0)
L)
c. Solve for x: f. y-intercept:
2 2
210
l:X +22X+4:2X2+4 f(o)z—['_J_z_O =O:>{0,0)
2 x+4 0*+1 0+1
0=2x>-x

_ _0 or x= 1+
x(2x-1)=0=x=0 or x=

(O, l) and (l, l) are on the graph of f .
2 2 2

95 95
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30. f(x)=%

2 2
The point (l _Z\| is on the graph of f
2 3
L)
b f(4)_ﬂ=§_
4-2 2

The point (4, 4) is on the graph of f.

c. Solve for x:

1=2—X:>x 2=2X=-2=X

X-2
(-2,1) is a point on the graph of f .

d. Thedomainof fis {x|x#2}.
e. X-intercept:
f(x)= 0:2 =0=2x=0
X-2
= x=0=(0,0)

f. y-intercept: f (0) =OL2:0:>(0,0]

3. a. (f+g)(2)=f(2)+g(2)=2+1=3
b. (f+g)@)=f(4)+g(4) =1+(-3)=-2
c. (f-g)®6)=f(6)-g(6)=0-1=-1
d. (g9-f)6)=9(6)-f(6)=1-0=1
e. (f-9)(2=1(2)-9(2)=2(1)=2

Section 2.2: The Graph of a Function

The ball needs to be thrown with an initial
velocity of 30 feet per second.

2

h( ) 126x

X)=- , +27x+35
30

which simplifies to

h(X] =- 23;45 X2 +2.7x+3.5

Using the velocity from part (b),

ho —->t 974079 +35=1556f

0 () O

The ball will be 15.56 feet above the floor
when it has traveled 9 feet in front of the
foul line.

Select several values for x and use these to
find the corresponding values for h. Use the

results to form ordered pairs (x,h}. Plot the
points and connect with a smooth curve.

n(0)=-32 (0f +27(0)+35-351
h(5]=—— (5] +2.7(5)+35~132ft
h(15) = - 2225(15) +2.7(15)+35~10 ft

Thus, some points on the graph are (0,35,

(5,13.2), and (15,10) . The complete graph

is given below.
h

20
(8.9,15.6)

(5,13.2)

(15.10)

f. ( j() f&_1_1 S:(n.3.5)
(4) _3 3 _\\I\\_II\II\II\I_I\I\ X
0 3 10 15 20
136x?
32. h{x|=- 2.7x+3.5 2
(x) 2o * 33. h(x) 44—;( +X+6

96 96
EBPBYFight © 3816 PearsaA Edueatian; IRe:
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a. Wewant h(15)=10.

136[1512 we’
-7 ¥ 7 +27(15)+3.5=10
( ) a. h[8)=—_[_21 +(8)+6
v2 28
2816
_30,(2300=_34 =~ +14
v ~10.4 feet
v2 =900
v = 30 ft/sec
97 97

EBPBYFight © 3816 PearsaA Edueatian; IRe:
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b. h(12)= ——42[;—2212 +(12)+6

6336
- +

18

784
~ 9.9 feet

c.  From part (a) we know the point (8,10.4) is
on the graph and from part (b) we know the
point (12,9.9] is on the graph. We could

evaluate the function at several more values
ofx (e.g. x=0, x=15,and x=20) to

obtain additional points.
2

h(o)=—MLQJ +(0)+6=6

28°
2
h(15) = - 4alts) | (15)+6=~8.4
282
2
h(20)=- 44(20) +(20)+6~36
282

Some additional points are (0,6), (15,8.4)

and (20,3.6). The complete graph is given

below.
h

15

(8,10.4)

10

(12,9.9)

(0, 6)

h

(22.6,0)

LU L LTk
5 10 15 20 25

2

d. h(15)=-ﬂ[El +(15) +6 ~ 8.4 feet

282

Section 2.2: The Graph of a Function

10=- ﬂ\gjj +(15]+6

aafusf

~11=-
V2

V2 =4(225)
vZ =900
v =30 ft/sec
The ball must be shot with an initial velocity

of 30 feet per second in order to go through
the hoop.

34. A(X)=4x 1-x?

\/72

a. Domainof A(x)=4x 1-x ;weknow

that x must be greater than or equal to zero,
since x represents a length. We also need

1-x% =0, since this expression occurs
under a square root. In fact, to avoid

Area = 0, we require

x>0 and 1-x*>>0.

Solve: 1-x%>>0
(1+x)(1-x)>0

Casel: 1+x>0 and 1-x>0

x>-1 and x<1

(ie. -1<x<]

Case2: 1+x<0 and 1-x<0
x<-1 and x>1

(which is impossible)
Therefore the domain of A is {x| O<x< 1} :

b. Graphing A(x) = 4x/1-x?

EBPBYFight © 3816 PearsaA Edueatian; IRe:
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Noj; when the ball is 15 feet in front of the
foul line, it will be below the hoop.
Therefore it cannot go through the hoop.

In order for the ball to pass through the
hoop, we need to have h(15)=10.

99 99

Section 2.2: The Graph of a Function

0 1
0

When x = 0.7 feet, the cross-sectional area

is maximized at approximately 1.9996

square feet. Therefore, the length of the base

of the beam should be 1.4 feet in order to

EBPBYFight © 3816 PearsaA Edueatian; IRe:
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maximize the cross-sectional area.

-32(100)?
h(100)= —_ +100
(100) 1302
-320,000

= +100 ~ 81.07 feet
16,900

_ 2
b. h(300)= =329, 359

o

_ 2880000 505 159 59 feet

16,900

500

_ 2
¢. h00)= 32500,

_ =6.0U0.000 +500 ~ 26.63 feet
16,900

-32x°2

1302 ¢7

d. Solving h(x) =

-32x?
+
1302

X( _322)( +1) =0
130
-32x

x=0 or 2+1=0
130

x=0

_ 32x
1302
130% = 32x

2
X = % = 528.13 feet

Therefore, the golf ball travels 528.13 feet.

-32x2
T

150

+ X

36. W(h)= m(

Section 2.2: The Graph of a Function

Use INTERSECT on the graphs of

Y = >-+x and Yy, =90.
130
Q
0 ﬁgi'i”sfﬁﬁtzié’é‘av:ml— 600
-5
150

N

Inksrseckion
0 | #2415 05161 ~=80 l— 600

-5

The ball reaches a height of 90 feet twice.
The first time is when the ball has traveled
approximately 115.07 feet, and the second
time is when the ball has traveled about
413.05 feet.

The ball travels approximately 275 feet
before it reaches its maximum height of
approximately 131.8 feet.

B

4
Z00 124.26
ZiE 1z8.14

17166

I
=00 izace
32E izE
350 iif.05
=275

The ball travels approximately 264 feet

before it reaches its maximu LrIheia ht of
approximately 132.03 fgég. o
PRl | 13zl
T g6 |13z
260 13z ZEY
H1l 13201 265 izz.n0z
ZEZ -’Ea EE 268 1zz.02
%EE 1a% s 1=132. 631242684
265 1zz.0z
266 1zz.02
1=132. 629112426
A Yy
260 12
ZEL | 13zl
g6z | 13202
cBE 1x20%
ZB4
2Bk
2Bh 1z2.02

1=132. B29585799

4000 \?
4000+hJ
a. h=14110 feet
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2
~ 2.67 milegf; (4000
W(267)=120[ 4000 o co | <11984

0 600
-5

10 10
1 1
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e.

On Pike's Peak, Amy will weigh about
119.84 pounds.

Graphing:
120
ol J5
1195
Create a TABLE:
# W
Z 1i9.88
2.5 119.8E
k] 119.82
3B iia.r78
e 1272
1187
= =5

The weight W will vary from 120 pounds to

about 119.7 pounds.

By refining the table, Amy will weigh
119.95 Ibs at a height of about 0.83 miles

(4382 feet).
i 1 # W

T 11997 [ 1190

i HEEE g% 1188

l;- iig.ac e}

g 118.8E Ay 118.8c

i 1188y 3E 11888

14 1188z : 1188

=, 5 1=119.956021549&

Yes, 4382 feet is reasonable.

37. C(x)=100+—+

X 36000
10 X
480 36000
C(480) =100 + 10 " 480
= $223
600 36000
C(600) =100 + 10" 600
=$220
{X|x>0}
Graphing:

500

N

0 1000

10 10

2

2

38.

39.

Section 2.2: The Graph of a Function

FhtStargg 0:7ATbt5 50
1] ERKOFR
ek
100 yr0
150 JEE
200 00
25N 269
=00 2E0
18166+ 1 A+ 364,

The cost per passenger is minimized to
about $220 when the ground speed is
roughly 600 miles per hour.

This represents the fixed overhead costs.
That is, the company will incur costs of
$5000 per day even if no computers are
manufactured.

C (10) =19,000

It costs the company $19,000 to produce 10
computers in a day.

C(50) =51,000

It costs the company $51,000 to produce 50
computers in a day.

The domain is {q|0 < ¢ <100}. This

indicates that production capacity is limited
to 100 computers in a day.

The graph is curved down and rises slowly
at first. As production increases, the graph
becomes rises more quickly and changes to
being curved up.

The inflection point is where the graph
changes from being curved down to being
curved up.

a.  C(0)=$30

It costs $30 if you use 0 gigabytes.

C(5)=$30
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It costs $30 if you use 5 gigabytes.

c. C(15)=%90
It costs $90 if you use 15 gigabytes.
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40.

41.

42.

43.
44,

45.

d. The domainis {g|0< g <60}. This

indicates that there are at most 60 gigabytes
in a month.

e. The graph is flat at first and then rises in a
straight line.

Answers will vary. From a graph, the domain
can be found by visually locating the x-
values for which the graph is defined. The
range can be found in a similar fashion by
visually locating the y-values for which the
function is defined.

If an equation is given, the domain can be found
by locating any restricted values and removing
them from the set of real numbers. The range can
be found by using known properties of the graph
of the equation, or estimated by means of a table
of values.

The graph of a function can have any number of
x-intercepts. The graph of a function can have at
most one y-intercept (otherwise the graph would
fail the vertical line test).

Yes, the graph of a single point is the graph of a
function since it would pass the vertical line test.
The equation of such a function would be

something like the following: f (x) = 2, where
X=7.

(@ NI (b) 1V; (c) I; (d) V; (e) Il
@ II; (b) V; (c) IVv; (d) I 11

¥
(22, 5)
~ 5_
2
g 4
=
£ 3+
3 5,2)
§ 2
g (7.0
A L
29,0
(| IIIIIII(I’I)le
6,0y 10 20 30

Time (in minutes)

10 10
4 4

46.

47.

48.

Distance (in feet)

Section 2.2: The Graph of a Function

¥
20,000 |- (78, 19,000)
15,000 -
10,000
L (33, 9000) (48, 9000)
5000 |-
- (13, 4000)
810, 2000)
1000 5
T T T T T A IO I
5 20 40 60 30

Time (in minutes)

2 hours elapsed; Kevin was between 0 and 3
miles from home.

0.5 hours elapsed; Kevin was 3 miles from
home.

0.3 hours elapsed; Kevin was between 0 and
3 miles from home.
0.2 hours elapsed; Kevin was at home.

0.9 hours elapsed; Kevin was between 0 and
2.8 miles from home.

0.3 hours elapsed; Kevin was 2.8 miles from
home.

1.1 hours elapsed; Kevin was between 0 and
2.8 miles from home.

The farthest distance Kevin is from home is
3 miles.
Kevin returned home 2 times.

Michael travels fastest between 7 and 7.4
minutes. That is, (7,7.4).

Michael's speed is zero between 4.2 and 6
minutes. That is, (4.2,6).

Between 0 and 2 minutes, Michael's speed
increased from 0 to 30 miles/hour.

Between 4.2 and 6 minutes, Michael was
stopped (i.e, his speed was 0 miles/hour).

Between 7 and 7.4 minutes, Michael was
traveling at a steady rate of 50 miles/hour.

Michael's speed is constant between 2 and 4
minutes, between 4.2 and 6 minutes,
between 7 and 7.4 minutes, and between 7.6
and 8 minutes. That is, on the intervals
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(2,4),(4.2,6),(7,7.4), and (7.6, 8).
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49.

50.

Sl

52.

53.

54.

55.

Answers (graphs) will vary. Points of the form
(5, y) and of the form (x, 0) cannot be on the
graph of the function.

The only such functionis f (x) =0 because it is
the only function for which f (x) = -f (x]. Any

other such graph would fail the vertical line test.

Answers may vary.

f(x-2)=-(x-2)%>+(x-2)-3
= —(X® -4x+4)+x-2-3
= -x? +4x-44+x-5

= -x?+5x-9

d =/1-3)2 + (0~ (-6))?

=(-2)" +(-6)*
= 4 +36 = /40 = 2,/10

y-4=2(x-(-6))

Since the function can be evaluated for any real
number, the domain is: (-, ©)

Section 2.3

1.

2.

3.

2<x<5b

_Ay _8-3 5
sIope-AX- 1

3-(-2) 5
X-axis: y - -y
(-y)=5x*-1
-y=5x*-1
y = -5x% +1 different

10 10

6

6

Section 2.2: The Graph of a Function

origin: x— -x and y - -y
(-¥)=5(x)" -1
-y =5x*-1
y = -5x? +1 different
The equation has symmetry with respect to the

y-axis only.
y=yp=m(x=x)

y-(-2)=5(x-3)
y+2=5[x—3)

y= x2 -9
x-intercepts:
0=x*-9

x> =95 X =13

y-intercept:
y=(0)°-9=-9
y-axis: x —
-X
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The intercepts are (-3,0), (3,0),and (0,-9).

6. increasing
7. even; odd
8. True
9. True

10. False; odd functions are symmetric with respect to
the origin. Even functions are symmetric with
respect to the y-axis.

y=5(-x)* -1

y =5x? -1 same

10 10

7

7

11.
12.
13.
14.
15.
16.

17.

18.

Section 2.2: The Graph of a Function

c

d

Yes

No, it is increasing.
No

Yes

f is increasing on the intervals
(-8,-2), (0,2), (5.7).

f is decreasing on the intervals:
(-10,-8), (-2,0), (2,5).
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19.

20.

21.

22,

23.

24,

25,

26.

27.

Yes. The local maximum at x = 2 is 10.

No. There is a local minimum at x =5 ; the local
minimum is 0.

f has local maximaat x=-2andx=2. The

local maxima are 6 and 10, respectively.

f has local minimaat x=-8, x=0andx=5.
The local minima are —4, 0, and 0, respectively.

f has absolute minimum of -4 at x = -8.

f has absolute maximum of 10 at x = 2.

a.

Intercepts: (-2, 0), (2, 0), and (0, 3).
Domain: {x|-4<x<4} or [-4,4];

Range: {y|0<y=3}or|0,3].

Increasing: (-2, 0) and (2, 4);
Decreasing: (—4,-2) and (0, 2).

Since the graph is symmetric with respect to
the y-axis, the function is even.

Intercepts: (-1, 0), (1, 0), and (0, 2).
Domain: {x|-3<x=<3} or [-3,3];
Range: {y|0<y=3}or|[0,3].

Increasing: (-1, 0) and (1, 3);

Decreasing: (-3, -1) and (0, 1).
Since the graph is symmetric with respect to

the y-axis, the function is even.

Intercepts: do, 1).

29.

30.

31.

Section 2.3: Properties of Functions

Since the graph is not symmetric with
respect to the y-axis or the origin, the
function is neither even nor odd.

Intercepts: (-m,0), (m,0), and (0,0) .
Domain: {‘x -m<x<m}or [-mn;

Range: {y -1<y=1}or[-11].

: T oo
Increasing: ' -—, " ';

L2 2)
—g) and (gn)

Since the graph is symmetric with respect to
the origin, the function is odd.

Decreasing: (—1‘[

,Ow, and (0,1) .
)

Intercepts: (—E,Owl(ﬂ
k| 2 )2

Domain: ﬂx -msxsm}or [-mn;
Range: {y -1<y=<1}or[-11].

Increasing: (-m, 0); Decreasing: (0, 7).
Since the graph is symmetric with respect to

the y-axis, the function is even.

Intercepts: (

,O,( \ and| \.
\3 J\2

J K2)

W =

Domain: {lx -3<x<3}or[-33];

Range: {y -1=sy=<2}or[-12].

b. Domain: {x X is any real number} ;

Range: {y y>0} or (0,).
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C.
d.

28. a.

Increasing: (-o0,); Decreasing: never.

Since the graph is not symmetric with
respect to the y-axis or the origin, the

function is neither even nor odd.

Intercepts: (1, 0).

Domain: {x|x >0} or (0, ®);
Range: {y|y is any real number} .

Increasing: (0,o0); Decreasing: never.

o

Section 2.3: Properties of Functions

Increasing: (2,3); Decreasing: (-1,1);
Constant: (-3,-1) and (1, 2)

Since the graph is not symmetric with
respect to the y-axis or the origin, the
function is neither even nor odd.

Intercepts: (-2.3,0),(3,0), and (0,1).
Domain: {Xl -3<x<3}or[-33];

Range: {y| -2<y< 2} or [-2,2].

Increasing: (-3, -2) and (0, 2);
Decreasing: (2, 3); Constant: (-2,0).

Since the graph is not symmetric with
respect to the y-axis or the origin, the
function is neither even nor odd.
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33. a. f hasalocal maximum of 3 at x =0.

b. f hasalocal minimum of 0 at both
X=-2and x=2.

34. f has a local maximum of 2 at x = 0.

I

b. f hasalocal minimum of 0 at both
x=-landx =1.

i

35. a. f hasalocal maximumof1lat x = 5

b. f hasalocal minimumof-1at x= I

2
36. a. f hasalocal maximumof1at x =0.
b. f hasalocal minimum of —1 both at
X=-m and X=T.
37. f(x)=4x°

f(-x) = 4(-x)° = -4x> = - f (x)
Therefore, f isodd.

38. f(x)=2x*-x*
f(-x)=2(-x)* - (-x)? =2x* - x* = f (x)

Therefore, f iseven.

39. g(x)=-3x*-5
g(-x) =-3(-x)* -5=-3x*-5=g(x)
Therefore, g is even.

40. h(x)=3x3+5
h(-x) =3(-x)® +5=-3x> +5

h is neither even nor odd.

41. F(x)=x
F(-x)=J-x = -Jx = -F ()

Therefore, F is odd.

43.

44,

45.

46.

47.

48.

49.

50.

Section 2.3: Properties of Functions

f(X)=x+ X

f(=X) = -x+|-x|=-x+| x|
f is neither even nor odd.
f(x)=J2x% +1

f(-x) = J2(-x)2 +1=J2x% 1= (x)
Therefore, f iseven.

o(x) =1

X2

g(-x)=—— =% =g(x)
(=x)? 2

Therefore, g is even.

X

=2y

h(-x) =——=—2- = _h(x)

(-x)?-1 x*-1
Therefore, h is odd.

3
— X
h(x)=——>"
) 3x% -9
(xR

h(-x) = -h X

3(-x)2-9 3x2-9
Therefore, h is odd.

F(x)=|27x|

2(=x) =2x
F(-x) = = =-F(x)
|-x] ]
Therefore, F is odd.

f has an absolute maximum of 4 at x =1.
f has an absolute minimum of 1 at x =5.
f has an local maximum of 3 at x = 3.
f has an local minimumof2at x = 2.

f has an absolute maximum of 4 at x = 4.
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2. G) =X f has an absolute minimum of 0 at x =5.
- G =X f has an local maximum of 4 at x = 4.
G(-x) =+/-x

G is neither even nor odd. f has an local minimum of 1 at x =1.

11 11
1 1
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51.

52.

53.

54,

55.

56.

57.

f has an absolute minimum of 1 at x =1.
f has an absolute maximum of 4 at x = 3.
f has an local minimum of 1 at x =1.

—

has an local maximum of 4 at x = 3.

has an absolute minimum of 1 at x = 0.
has no absolute maximum.

has no local minimum.

has no local maximum.

has an absolute minimum of 0 at x = 0.
has no absolute maximum.

has an local minimum of 0 at x = 0.
has an local minimum of 2 at x = 3.
has an local maximum of 3at x = 2.

has an absolute maximum of 4 at x = 2.
has no absolute minimum.

has an local maximum of 4 at x = 2.
has an local minimum of 2 at x = 0.

—+ = —h —h

—

has no absolute maximum or minimum.
f has no local maximum or minimum.

f has no absolute maximum or minimum.

f has no local maximum or minimum.

f(x)= x3 —3x+ 2 on the interval (-2,2)
Use MAXIMUM and MINIMUM on the graph

of y, =x3-3x+2.

A .
4 . !
¥ ¥
2L R A
Mamxinun x
#=-.9933377 |Y=Yy
-5
5
L e |
/ -,
& -
2 i ", " 2
HirimaLm w
7= 8988877 |Y=1.EEE-11

-5
local maximum: f(-1) = 4

58.

59.

Section 2.3: Properties of Functions

f (x) =x3-3x? +5 on the interval (-1,3)
Use MAXIMUM and MINIMUM on the graph

3 2
of
yl X -3x +5.
"
o
1 — .5
Hazirmur X
W=z.27eBE-B Y=E
-10
10
w
.-"---_ = m— .__-'
1 B~ 3
Hiniraura
n=1.8988877 Y=1

-10

local maximum: f(0) =5

local minimum: f(2) =1

f is increasing on: (-1,0) and (2,3);
f is decreasing on: (0, 2)

f (x)=x>-x on the interval (-2, 2)
Use MAXIMUM and MINIMUM on the graph
of 5 3

Vi =X —X .

0.5

AN /
-2 2
LY
Haxirur
H= "7 PYED5E

VY= ABEI0EE

-0.5
0.5

Y

¥=-.1B580%z
-0.5
local maximum: f (-0.77) = 0.19

local minimum: f (0.77) = -0.19
f is increasing on: (-2,-0.77) and (0.77,2) ;
f is decreasing on: (-0.77,0.77)
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local minimum: f(1) =0

fis increasing on: (-2,-1) and (1,2);

f is decreasing on: (-1,1)

Section 2.3: Properties of Functions

60. f(x)= x* = x2 on the interval (-2,2)

Use MAXIMUM and MINIMUM on the graph

of 4 2
Yyi=X —X .
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62. f(x)=-0.4x°+0.6x"+3x-2 onthe

6)
.u '|I ,’ interval (-4,5)
'.|. ||| Use MAXIMUM and MINIMUM on the graph
oA | of y;, = -0.4x% +0.6x% +3x-2.
Hinimum- .
W= 707 10EY Y= ek 5
-1 . ) -
2 4 |II lf.-*' -»,_".
[ .
\ /{ -4 "',' l'. 5
| || \.'?F III
1 [} PR "
2 e 2 T n-:-u.-maale'l?"
Heaxiraura W -8
w=-1.1zBE-6 I¥=-1.ZE-ic 5
-1 [
-~ E I'| -
« N
R II | 4 '|' .‘_.r ! 5
. i
LR |III
| HATG
2 — __.”__,"I 2 Mot Btee v=zzumzEr:
Hinimure kS ) 8
Lt '~'-'1"5*'5_1'='-='-‘ local maximum: f (2.16) = 3.25
local maximum: f (0) =0 local minimum: f (-1.16) = -4.05
local minimum: f is increasing on: (-1.16,2.16) ;
7(-0.71)=-0.25; 1(0.71) = -0.25 f is decreasing on: (-4,-1.16) and (2.16,5)
f is increasing on: (-0.71,0) and (0.71,2);
_ 4 3 2
f is decreasing on: (-2,-0.71) and (0,0.71) 63. f(x)=025x"+0.3x"-0.9x" +3 on the
interval (-3,2)
61. f(x)=-0.2x*-0.6x> +4x-6 onthe Use MAXIMUM and MINIMUM on the graph
) of 4 3 2
interval (-6,4)
8
Use MAXIMUM and MINIMUM on the graph #y; =0.25x $0.3x -0.9x +3.
of 3 2 '|IlI __,-"Il.
y, = -0.2X_20.6X_+4X-6. Rl B
P A P el L
i Pt Hinimur <
: A ™, %=-1,BEE088 Y=, 94B04zEE
I"-..k L~ ' -2
e
Himiraun x i ’
w=-z.7eEE7: YW=-1B.B91:z: III _I."
-3;) I'H__ = o
NE e - N T “f?
I g ", HoiAZAME-E V=X
%, o , =
Haximum_ . B 1| K
#=1.788B767 YW= -1.90878Y 1 !
730 IIIIL .-'__‘__\__:":_J‘-'.
A
| Fmmurdocat maxirom:: f(1.77) = -1.91
W= 9850888 Y=g.a4BcBE1

focat rmimuam: 1 (-3.77) =

11 11
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-18.89 f is increasing on:
(-3.77,1.77);
f is decreasing on: (-6,-3.77) and (1.77,4)

local maximum: f (0) =3
local minimum:
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64.

f(-1.87)=0.95, f(0.97) = 2.65
f is increasing on: (-1.87,0) and (0.97,2);

f is decreasing on: (-3,-1.87) and (0,0.97)

f (x) =-0.4x* -0.5x° +0.8x* -2 on the

interval (-3,2)

Use MAXIMUM and MINIMUM on the graph
of 4 3 2

yp==04x —05x +0.8x -2.

J1
3w - 3

Haxiraum
W=-1.E57z161

Y=- 5230905

Hinimur X
bt o o =
n= J.LL " = <

Haximum ®
w=.635pR191 Y=-1.B7048

-10

local maxima: f(-1.57)=-0.52,

f(0.64) = -1.87

local minimum: (0,-2) f(0) = -2

f is increasing on: (-3,-1.57) and (0,0.64) ;

11 11
6 6

Section 2.3: Properties of Functions

Average rate of change of f fromx =1to

x=3:

0o Lo )lo)
f3-f1 _23%+4--21%4+4
3-1

2
(-14)-(2) -16
_ , =, =
Average rate of change of f fromx=1to
X=4:

f(a)-f(1) (-2(4)" +4)-(-2(2)" +4)

4-1 3

(-28)-(2) -30

3 3 =-10

66. f(x)=-x>+1

a.

Average rate of change of f fromx =0 to
X=2:

f(2)-f(0) [-f2]3+1l;£—[0]3+1l
2

2-0

_1-1_8_,

2 2

Average rate of change of f fromx =1 to
Xx=3:

f(3)-f(1) [-f3]3+1l;[_—(113+11
2

3-1

-26-(0) -26
= 2 :2:—13

Average rate of change of f fromx =-1to
x=1

f1-f -1 -1%41 - - 1°%41

o oa]
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f is decreasing on: (-1.57,0) and (0.64,2)

65. f(x)=-2x>+4

a. Average rate of change of f from x =0 to

X =2

1{2)-1(0) £—2(2]2+ 4]_
2-0

(=4)-(4] -8

T2 T2

:L—z( 0)%+ 41
2

-4

11 11

7

7

Section 2.3: Properties of Functions
1-(-1) 2

67. g(x)=x>-2x+1

a. Average rate of change of g from x=-3 to
X==-2:

-2)-g(-3
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b. Average rate of change of g from x = -1 to

x=1:
a(l)-g(-1)
1-(-1)
' -2 +1]-T(-1)-2(-y 1l
) ]
2
(0-2) -2
= = =-1
2 2
c. Average rate of change of g from x =1 to
x=3:
a(3]-gf1
3-1
(@) p2(3)+11-T(0)7- 3 +1]
2
_(22)=[0) _22 _
= 5 =5 =11

68. h(x)=x"-2x+3

a. Average rate of change of h from x =-1 to
x=1:
h{1)-h({-1
1-(-1)
) -2()+31-1(-1)* ~2(-)+3]
_L 11
]
2

_[2)=[6) _-a_

2 2

b. Average rate of change of h from x =0 to
X=2:

h(2)-h(0)

2-0

[(2)?-2(2)+31-T(0)? -2(0) +3]

Section 2.3: Properties of Functions

c. Average rate of change of h from x =2 to

69. f(x)=5x-2
a. Average rate of change of f from 1 to 3:
ay _f(8)-f(1) 13-3 10 _

5
Ax 3-1 3-1 2
Thus, the average rate of change of f from 1
to 3is5.

b. From (a), the slope of the secant line joining

(1 (1)) and (3, f (3)) is 5. We use the

point-slope form to find the equation of the
secant line:

Y=Yy =M (X=x)
y-3=5(x-1)
y-3=5x-5
y=5x-2
70. f(x)=-4x+1

a. Average rate of change of f from 2 to 5:
Ay f(5)-f(2) ~ -19-(-7)

AX 5-2 5-2

Therefore, the average rate of change of f
from2to5is -4.

b. From (a), the slope of the secant line joining
[2, f (2)] and (5, f [5]] is —4. We use the

point-slope form to find the equation of the
secant line:

y-y =m (x-x)
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L 1 L 1 sec 1
] y-(-7)=-4(x-2)
2 y+7=-4x+8
:Lgl:['glzgzo y=—4X+1
2 2
11 11
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71 g(x)=x*-2
a. Average rate of change of g from -2 to 1:

Ax o 1-(-2)

Therefore, the average rate of change of g
from -2 to1lis -1.

b. From (a), the slope of the secant line joining
(-2.9(-2)) and (1,g(1)) is -1.We use the

point-slope form to find the equation of the
secant line:

Y= Y1 = Mg (X_Xl)
y-2=-1{x-(-2))
y-2=-Xx-2

y =-X

72. g(x] =x%+1
a. Average rate of change of g from -1 to 2:
sy _ga(2)-a(-1) 5-2 _3_

Ax 2-(-1) 2-(-1) 3

1

Therefore, the average rate of change of g
from -1 to 2 is 1.

b. From (a), the slope of the secant line joining
(-19(-1)) and (2,9(2)) is 1. We use the
point-slope form to find the equation of the

secant line:
Y=Y = Mg [X_Xl)
y-2=1(x-(-1))
y-2=x+1
y=x+3

73. h(x)=x*-2x
a. Average rate of change of h from 2 to 4:

Ay h(4)-h(2) 8-0 8

- T4-2727

A~ 4-2 4

Therefore, the average rate of change of h
from2to4is 4.

Section 2.3: Properties of Functions

74. h(x)=-2x" +x
a. Average rate of change from O to 3:

Ay h(3)-h(0) _=15-0

AX 3-0 3-0

_-15
=7 =5

Therefore, the average rate of change of h
fromOto 3is -5.

b. From (a), the slope of the secant line joining
(0,h(0)) and (3,h(3)) is -5. We use the
point-slope form to find the equation of the
secant line:

Y= Y1 = Mgy (X_Xl)
y-0=-5(x-0)
y = -5X

75. a. g(x)=x*-27x

9(~x)=(-x)" -27(~4)
= —x3 +27X

= —(x3 —27x]

=-g(x]

Since g(-x) =-g(x), the function is odd.

b. Since g(x) is odd then it is symmetric

about the origin so there exist a local
maximum at x = -3.

g(-3) =(-3)*-27(-3) = -27+81=54

So there is a local maximum of 54 at
x=-3.

76. f (X) = -x3 +12x

a. f(-x)= —[—x)3 +12(-x)

b. m (a), the slope of the secant line
Fro joining
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(2.n(2)) and (4,h(4)) is 4. We use the

point-slope form to find the equation of the
secant line:

Y=Y = Mg [X_Xl)
y-0=4(x-2)

y=4x-8

12 12

1

1

Section 2.3: Properties of Functions
= x3 -12x
= —(—x3 +12x]

-1 (4

Since f(-x)=-f(x], the function is odd.

Since f(x] isodd then it is symmetric

about the origin so there exist a local
maximum at x = -3.
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f(-2)=-(-2)* +12(-2) =8-24 = -16 79. C(x)=03x% +21x-251+ 2500
So there is a local maximum of -16 at X
x=-2. a. y;=03% +21x-251+@
77, F(x)=-x* +8x +8 2500
4 2
a. F(-x)=-(-x) +8(-x)"+8
_ _y4
=-X"+8x+8 olt 30
=F(x) -300
Since F [—X] =F [X) , the function is even. b. Use MINIMUM. Rounding to the nearest
whole number, the average cost is
b. Since the function is even, its graph has minimized when approximately 10
y_axis symmetry. The second local lawnmowers are produced per hour.
maximum is in quadrant 11 and is 24 and 2500
occursat x =-2.
c. Because the graph has y-axis symmetry, the ._
area under the graph between x =0 and e 20
x =3 bounded below by the x-axis is the 0
same as the area under the graph between -300

x =-3 and x =0 bounded below the

x-axis. Thus, the area is 47.4 square units. c. The minimum average cost is approximately

$239 per mowver.
78. G(x)=-x*+32x* +144

80. a. C(t)=-.002t" +.039t° - 285t +.766t +.085

() 2 Graph the function on a graphing utility and
a G( X]' ( X] +32( X) +144 use the Maximum option from the CALC

= -x* +32x% +144 meFu.
= G(x)

Since G(-x) =G (x], the function is even.

b. Since the function is even, its graph has Hazitury .
y-axis symmetry. The second local 0 0"'2'15030"5 MR-l 10
maximum is in quadrant II and is 400 and The concentration will be highest after about
occursat x =-4. 216 hours.

c. Because the graph has y-axis symmetry, the b. Enter the function in Y1 and 0.5 in Y2.
area under the graph between x =0 and Graph the two equations in the same
X = 6 bounded below by the x-axis is the window and use the Intersect option from
same as the area under the graph between the CALC menu.

X =-6 and x =0 bounded below the 1

x-axis. Thus, the area is 1612.8 square units.
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1

FaN

Inkerseckioh ™
AEHHBEFNEE LY=E 10

After taking the medication, the woman can
feed her child within the first 0.71 hours
(about 42 minutes) or after 4.47 hours (about
4hours 28 minutes) have elapsed.

o

81. a.andb.
YA
Z 400 &
= 320 ®
< 240 »
z 160 &
S 80fe
| >
0 1020304050 <~

Gigabytes

The slope represents the average rate of change

C.

d.

of the cost of the plan from 10 to 30

gigabytes.
C(10)-C(4)
avg. rate of change =
10-4
_100-70
6
_ %0
6
= $5 per gigabyte

On average, the cost per gigabyte is
increasing at a rate of $5 gram per gigabyte
from 4 to 10 gigabytes.

C(30)-C(10)
30-10

_ 225-100

T 20

125

avg. rate of change =

12 12

82.

Section 2.3: Properties of Functions

avg. rate of change = €[50]-C[30
50-30
_ 375-225
20

= $7.50 per gigabyte
On average, the cost per gigabyte is
increasing at a rate of $7.50 gram per
gigabyte from 30 to 50 gigabytes.

The average rate of change is increasing as
the gigabyte use goes up. This indicates that
the cost is increasing at an increasing rate.

[]®
14 =
12

6
ak

2000 2005 2010 Y
Year

Debt (trillions of dollars)
=

The slope represents the average rate of
change of the debt from 2001 to 2006.

P(2004) - P(2002)

2004 - 2002

avg. rate of change

_ 7379-6228
JE—

1151

S22

=$ 575.5 billion/yr

_P(2008) - P(2006)
2008 - 2006

_ 10025~ 8507

B 2

_1518

avg. rate of change =
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© 20

= $6.25 per gigabyte
On average, the cost per gigabyte is
increasing at a rate of $6.25 gram per
gigabyte from 10 to 30 gigabytes.

Section 2.3: Properties of Functions

2
= $ 759 billion/yr
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P(2012) - P(2010)
2012 - 2010

e. avg. rate of change =

_ 16066-13562
- 2

_ 2504

T2

=$ 1252 billion

f.  The average rate of change is increasing as
time passes.

83. a. avg. rate of change = Mli['o“l

- 25-0
_0.18-0.09
©25-0
_0.09
25
= 0.036 gram per hour

On average, the population is increasing at a

rate of 0.036 gram per hour from 0 to 2.5
hours.

b. avg. rate of change = P(6)-P(45]
6-4.5

_ 0.50-0.35
"~ 6-45
0.15

15
= 0.1 gram per hour
On average, the population is increasing at a
rate of 0.1 gram per hour from 4.5 to 6
hours.

c. The average rate of change is increasing as
time passes. This indicates that the
population is increasing at an increasing
rate.

P(2006) - P(2004)
2006 - 2004

84. a. avg. rate of change =

_ 53.8-465
T2

7.3
2

Section 2.3: Properties of Functions

P(2009) - P(2007)
2009 - 2007

b. avg. rate of change =

_ 67.2-57.1
" 2009 - 2007
101
T2

= 5.05 percentage points
per year

On average, the percentage of returns that
are e-filed is increasing at a rate of 5.05
percentage points per year from 2007 to
20009.

P(2012) - P(2010)
2012 - 2010
_ 82.7-69.8
 2012-2010

avg. rate of change =

129
T2

= 6.45 percentage points
per year

On average, the percentage of returns that
are e-filed is increasing at a rate of 6.45
percentage points per year from 2010 to
2012.

d. The average rate of change is increasing as
time passes. This indicates that the
percentage of e-filers is increasing at an
increasing rate.

85. f(x)=x?
a. Average rate of change of f from x =0 to
x=1:
f2)-1(0) 122-0* 1
= = = 1
1-0 1 1

b. Average rate of change of f from x =0 to

x=05:
f(0.5)-f(0) (05)%-0* 0.5
= = = 05
05-0 05 05

12 12

6
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= 3.65 percentage points c. Average rate of change of f from x =0 to
per year x=0.1:

On average, the percentage of returns that f01-f0 012-02

are e-filed is increasing at a rate of 3.65 = =—==01
percentage points per year from 2004 to 0.1-0 01 01
2006.

12 12
7 7
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d. Awverage rate of change of f from x =0 to
x=0.01:

1(0.01)-1(0) _(0.01)*-0°
001-0 001

0.0001
~ o 0.01 =001

e. Average rate of change of f from x =0 to
x =0.001:
£(0.001) - f(0) _ (0.001)*- 0
0001-0  0.001
_0.000001
~0.001

f.  Graphing the secant lines:

=0.001

Section 2.3: Properties of Functions

The secant lines are beginning to look more
and more like the tangent line to the graph
of f at the point where x=0.

The slopes of the secant lines are getting
smaller and smaller. They seem to be
approaching the number zero.

f(x) =x?

Average rate of change of f from x =1 to
X=2:

f(2)-f(1) 22-12 3

= = =3
2-1 1 1

Average rate of change of f from x =1 to
x=15:

f(1.5)-f(1) (15)%-12 1.5
15-1 05 05

Average rate of change of f from x =1 to
x=11:

fLa)-f(1) (L1)?-12 o021
11-1 01 01

Average rate of change of f from x =1 to
x=1.01:

f(1.01)- f(1) (1.01)%-12 0.0201
- - =201
1.01-1 0.01 0.01

Average rate of change of f from x =1 to
x =1.001:

2.5

21
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£(1.001) - (1) (1.001)%-12
1.001-1  0.001
_ 0.002001

0001 - 2.001
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f.  Graphing the secant lines: b. When x=1:

= h=05=my, =2
h=01=>mg, =2
h=001=>mg =2
as h—- 0, mg — 2

c.  Using the point (1, f (1]) =(1,7) and slope,
m =2, we get the secant line:
y-7=2(x-1)
y-7=2x-2

y=2x+5

d. Graphing:

-5
The graph and the secant line coincide.

88. f(x)=-3x+2

r
"'
)
5
)
'p
0
5
r
'}l
0
5
T
'9
0

f(x+h)- f(x)
a. Mg = h
-3(x+h)+2-(-3x+2) -=3h
= = =—3
0 h h
b. Whenx=1,
h=05=>m,. =

sec 3
h=01=mg =-3
h=0.01=mg, =-3
as h-0 mg — -3

y=2.001x-1.001
x

0)

5
)
'y
0
c. Using point (1, f (1)) =(1,-1) and
slope = -3, we get the secant line:
g. The secant lines are beginning to look more y- (_1) = _3()( _1)
and more like the tangent line to the graph

of f at the point where x =1. y+1=-3x+3

=-3X+2
h. The slopes of the secant lines are getting y ¥
smaller and smaller. They seem to be d. Graphing:

approaching the number 2.

87. f(x)=2x+5

sec
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X

f(x+h)-f

h
2(x+h)+5-2x
h

TR
h

The graph and the secant line
coincide.

13 13
1 1

2

irties of Functions
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89. f(x)=x%+2x
f (x+h)- f(x)

a My = "
(x+h)2 +2(x+h) - (x? +2x)

h
5;+ 2xh + h2+ 2x + 2h - x2- 2x

h

2xh + h%+ 2h
h

=2X+h+2

b. Whenx=1,
h=05=mg, =2-1+05+2=45

h=01l=>m, =2-1+0.1+2=41
h=001=mg, =2-1+0.01+2=4.01
as h—-0 mg - 2-1+0+2=4
c.  Using point (1, f (1)) = (1,3) and

slope = 4.01, we get the secant line:
y-3=4.01(x-1)
y-3=4.01x-4.01

y =4.01x-1.01

d. Graphing:

90. f(x)=2x?+x

f(x+h)-f(x)

a. Mg, = h

2(x+h)? + (x+h) - (2x + x)

h

2(x%+ 2xh +h?)+ x +h - 2x3-x
h

Section 2.3: Properties of Functions

b. Whenx =1,
h=05=>my, =4-1+2(0.5)+1=6
h=01=my =4-1+2(0.1)+1=5.2
h=0.01=my, =4-1+2(0.01) +1=5.02

ash-0 m. — 4.1+2(0]+1=5

sec

c.  Using point(1, f (1)) = (1,3) and
slope = 5.02, we get the secant line:
y-3=5.02(x-1)

y-3=5.02x-5.02
y =5.02x - 2.02

d. Graphing:

91. f(x)=2x*-3x+1

f(x+h)-f(x)

a Mg = h

2(x+h)*-3(x+h)+1-[2x°~3x+1)
— > e B3

h
_2(x* +2xh+h%)-3x-3h +1-2x" +3x -1
h h

2x% +4xh +2h? =3x -3h +1-2x% +3x -1
h

4xh + 2h?-3h
h

=4x+2h-3
b. When x =1,

h=05=mg, =4-1+2(0.5)-3=2

h=01=my =4-1+2(0.1)-3=1.2

h=0.01= my, =4-1+2(0.01)-3=1.02

13 13

2
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_ 2x%+ 4xh +2h%+ x+h - 2x3-x as h— 0, Mg - 4.1+42(0)-3=1
h
Axh + 2h2+ h c.  Using point(, f (1)) = (1,0) and
- h slope = 1.02, we get the secant line:
=4x+2h+1 y-0=1.02(x-1)

y =1.02x-1.02
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d. Graphing:

92. f(x)=-x*+3x-2
f(x+h)-f(x)

A Mg = o

) :[_X + h12+ 3[_x + h]_— 2- [_‘XZ*' 3x - 21
h
_ =(x*+2xh+h?)+3x+3h -2+ x*~3x+2
h
j;— 2xh = h%+3x +3h = 2+ x*=3x+2

h
—2xh —h%+3h
h
=-2x-h+3

b. Whenx=1,
h=05=>m,, =-2-1-05+3=05

h=01=my =-2-1-0.1+3=0.9

h=0.01=>mg,, =-2-1-0.01+3=0.99
ash-0 mg - -2-1-0+3=1

c.  Using point [1, f (l)] =(1,0) and
slope = 0.99, we get the secant line:
y-0=0.99(x-1)
y =0.99x-0.99
d. Graphing:
2

a. sec

Section 2.3: Properties of Functions

h=001=> Msee = _W

1 100

1.01 101 0.990

as h—- 0,

c. Using point [1, f (1)) =(11) and

_ _100 -
slope = 101 we get the secant line:

100
—ﬁ(x—l)

100 100

y-1=

Y=1==101% 101

100, , 201

101 101
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d. Graphing:
3
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1

94 f(x)=x—2
a mseczf(x+hh)—f(x)
‘((x+1h)2 _l;‘
_\ )

h
|(X2—1x+h|2\|
RVCEDES.
h
(xgle3+ 2xh + hgl\(l\

I
(x+h)? x? ILh)

-

|

\ )
et
-2x-h

N

-2x-h

(x+h]2 N (xz +2xh+h2)x2

b. Whenx=1,
h=05=m :M =_ﬂz_1_1111
o (v05)P22 9
h=0lmm =—21=01 _ 210, q0p

* (1+01)%2 121

h=00l—m =—21-001

sec

(1+0.01)%12

_ 20,100
10,201

ash—-0 m aﬁ =-2

~-1.9704
o (1+0)12

c.  Using point(1, f (1)) = (11) and
slope = -1.9704, we get the secant line:

13 13
6 6

Section 2.3: Properties of Functions

d. Graphing:

(2,-6)

96. Answers will vary. See solution to Problem 89
for one possibility.

97. A function that is increasing on an interval can
have at most one x-intercept on the interval. The

graph of f could not "turn” and cross it again or it
would start to decrease.
98. An increasing function is a function whose graph

goes up as you read from left to right.

9704
-1.9704x +2.9704
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10 10
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A decreasing function is a function whose graph 104. Let x be the number of miles driven. Then 0.80
goes down as you read from left to right. represents the mileage charge. Let 40 be the
v, fixed charge. Then the cost C to rent the truck is

given by: C(x) = 0.80x+40

\ L 105. The slope of the perpendicular line would be
- 1 1_.5
B m % 3
LI [ I |
| X
_3 - 3 Y=Y =m(X-x)
B 5
- y-(-D=-3(x-3)
-5 y+l=- g X+5
__2,, 4
99. To be an even function we need f (-x) = f (x) y="3gX
and to be an odd function we need _ 106 f(x+h)- £(X) _ 3(x+h)? =5(x+h) - (3x* ~5%)
f (-x) =-f(x). Inorder for a function be both ' h h
even and odd, we would need f (x)=-f(x). _ 3(x*+2xh + h*)-5x - 5h - 3x*+ bx
This is only possible if f(x)=0. h
_ 3% +6xh +3h” - 5x - 5h - 3x° +5x
100. The graph of y =5 isa horizontal line. h
AT Fletz Flets THOO _6xh+ 3h? -5h _ h(6x+3h-5)
~NBS BMin=-3
wie= AMaE=3 h h
N/ (mine 10
whE= Yax=18 =6x+3h-5
“NE= Yeol=1
W= Hres=1
Section 2.4
1. y=+/x
- - . hJ
The local maximum is y =5 and it occurs at 5\_
each x-value in the interval. T 1) “2)
i i 0,0)
101. Not necessarily. It just means f (5)> f(2). (O OP~ R
-3 L 7
The function could have both increasing and L
decreasing intervals. —
f(x,)-f(x) _b-b -Sr
102, —%—L=—"""=0
X2 =% X =X
100 100
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Chapter 2: Functions and Their Graphs
f(2)- f(-2) 0-0
= = 0
2-(-2) 4
(-3)°
2(-3)+5

9.8 _

-6+5 -1
So the corresponding point is: (-3, -9)

103. f(-3)=

EBPBYFight © 3816 PearsaA Edueatian; IRe:
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16. D
2.
17. F
18. H
19. f(x)=x
YA
10
W)
L1111 A 1111
-10 L (0,00 10
(_41_4) —
-10F
3. y=x*-8
y-intercept: 20. f(x)=x°
Let x=0, then y =(0)°-8=-8. A
- 20_
x-intercept: L
Let y=0,then 0=x°-8 B
=8 101
X=2 -
2,4 - 2,4
The intercepts are (0,-8) and (2,0). i 9 L e p
_ R (0, 0) 5
4. (-o,0) 5
5. piecewise-defined 1 o
¢ 2L
6. True .
B

7. False; the cube root function is odd and
increasing on the interval (-, ).

8. False; the domain and range of the reciprocal
function are both the set of real numbers except
for 0.

9. b
10. a
11.

12.

m >» O

13.

102 102
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-4 0,0 4

103 103
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22. f(x)= x 26. f(x)=3
A
YA YA
5 5 _03)
- ~ ® ® >
—(1, 1)(4’ 2 (-23) L 23)
(0,0) - -
[ N T T . [ I I
-3 L 7 —4 B 4 x
- o
5+

27. a. f(-2)=(-2°=4
b. f(0)=2
c. f(2)=2(2)+1=5

28. a. f(-2)=-3(-2)=6

29. a. f(0)=2(0)-4=-4

A b. f(1)=2(1)-4=-2
5_
2N L S c. f(2)=2(2)-4=0
(1) A d ft(3)=(3)-2=25
5L 30. a. f(-D=(-)%=-1
b. £0)=(0)*=0
25. f(x)=%x c. f(M)=30+2=5

f(3)=3(3)+2=11

¥
T T
o

_ﬁ ., a1 f _JZX ifx#0
5 ‘_/,/' (0, 0) 5 - f0=
-L-D| 1 ifx=0
5L a. Domain: {x| X is any real number}

104 104
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b. x-intercept: none
y-intercept:
f(0)=1

105 105
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The only intercept is (0,1).

Section 2.4: Library of Functions; Piecewise-defined Functions

b. x-intercept: none

y-intercept: (0] =-2(0)+3=3

c. Graph:
y The only intercept is (0,3).
3
(1,2) c. Graph:
©, 1) y
| | | | | [
> 2.4
3 3 @5
1,1
1,2 ||||||||)||,2f
3 = 5
d. Range: {y|y#0}; (-, 0)u (0, ) s
e. The graph is not continuous. There is a jump d. Range: {y|y=1}; [1 )
at x=0.
e. The graph is continuous. There are no holes
3x ifx=0 or gaps.
32 f (X) = J
4 ifx=0 X+3 ifx<-2
L ITX 34. f(x) = { ) it )
a.  Domain: {x| x is any real number} -2x-3  ifxz-

b. x-intercept: none

y-intercept: (0] =4

The only intercept is (0,4).

c. Graph:
y
5|
.-
0,4 [

(1, 3)
(Y T G T T B
-5 B 5

-L-3 L[
-5

a. Domain: {x| X is any real number}

b. x+3=0 -2x-3=0
x=-3 -2X=3

3
X = —

2

. 3
x-intercepts: —3,- 5

y-intercept:  f(0) =-2(0)-3=-3

3
The intercepts are (-3,0],| - §,O |, and
L2 )
(0,-3).
c. Graph:
y
.07 2%
Ll TN Y Y Y T
-5 5
0,-3)

106 106
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Chapter 2: Functions and Their Graphs Section 2.4: Library of Functions; Piecewise-defined Functions
d. Range: {y|y#0}; (-, 0)u(0, )

e. The graph is not continuous. There is a jump

at x=0.
-2X+3 ifx<1
3. f(x)‘{?sx—z ifx 21

a.  Domain: {x| x is any real number}
d. Range: {y|y=<1}; (-o,1]

107 107
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e. The graph is continuous. There are no holes
or gaps.

X+3 if —-2<x<1
35. f(x)=45 ifx=1
-x+2 ifx>1

a. Domain: {x|xz—2}; [-2, )

b. x+3=0 -X+2=0
X=-3 -X=-2
(not in domain) X=2

x-intercept: 2

y-intercept: f(0)=0+3=3

The intercepts are (2,0) and (0,3).

c. Graph:

by

she(1,5)

29(1,4)

(-2, 1)/: 1,1

I BN =
-5 | 5

S

d. Range: {y|y<4, y=5}; (-», 4)u{5}

e. The graph is not continuous. There is a jJump

at x=1.
2x+5 if —-3<x<0
36. f(x)=¢-3 ifx=0

-5x ifx>0

a. Domain: {xx=-3}; [-3, )
b. 2x+5=0 -5x=0
2x=-5 x=0

« = _5  (notin domain of piece)
2

Section 2.4: Library of Functions; Piecewise-defined Functions

c. Graph:

©, 5

L1 I I T T O
—~ o 6
(3,-1)

(0, -3)

(1,-5)

-9
d. Range: {y|y<5}; (-=,5)

e. The graph is not continuous. There is a jump

at x=0.
1+X ifx<0
37 f(x):{xz ifx=0

a.  Domain: {x| x is any real number}

b. 1+x=0 x? =0
x=-1 x=0
x-intercepts: -1,0

y-intercept:  f (0)=0% =0

The intercepts are (-1,0) and (0,0].

c. Graph:
vl
2_

.1

Do Ja
(—LV

| | [
i

d. Range: {y y is any real number}

e. The graph is not continuous. There is a jump
at x=0.

[1
x-intercept:

108 108
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5 ifx<0
. -2 38 f(x)=1 x
y-intercept: 2 Ix ifx >0
f(0)=-3 B
a. Domain: {x| X is any real number }
The intercepts are (—5,0\ and (0,-3).

L2 )

109 109
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1 e. The graph is not continuous. There is a hole
b. X=0 Q/;:O at x=0.
(no solution) x=0
x-intercept: 0 40, f(x)= 2-x if -3=sx<1
J
X ifx>1

y-intercept: f (0)=30=0
a. Domain: {x| -3<x<landx>1} or

The only intercept is (0,0 . fxIxz-ax 21 [-31)ufLe).

c. Graph:

) b. 2-x=0  /x=0
: X = 2 X = O
B (not in domain of piece)

T no x-intercepts

S 0.0 5
-1L,-D\ | y-intercept: f(0)=2-0=2

= The intercept is (0,2).
c. Graph:
d. Range: {y| y is any real number} Yy
(-3,5) B
5

e. The graph is not continuous. There is a -
break at x=0. B 4,2)

©.2) S/o/'

AN N I L1 |
|x| if-2sx<0 -

39 f X) = -5 — 5 X
) {x3 ifx>0 -

a. Domain: {x| -2<x<0and x> 0} or 5

>-2,x#0}; |-2,0/U(0,].
{X I X2 X# } [ ] ( OO) d. Range: {y| y >]_} ; (1,00]
b. x-intercept: none

There are no x-intercepts since there are no e. The graph is not continuous. There is a hole
values for x such that f (x)=0. at x=1.

y-intercept: 41. f(x) =2int(x)

There is no y-intercept since x =0 isnotin c. Graph:

the domain.

3 110 110
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Chapter 2: Functions and Their Graphs Section 2.4: Library of Functions; Piecewise-defined Functions

a.  Domain: {x X is any real number} All values for x such that 0 < x <1.
b. x-intercepts:
y-intercept: (0] = 2int(0) =0

The intercepts are all ordered pairs (x,0)
when 0<x <1

d. Range: {y|y>0}; (0 )

111 111
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c. Graph: 45. Answers may vary. One possibility follows:
YA
4= o -X ifx<0
— f(x) =
- I-x+2  if0<xs2
I I &1 1 1 >x
— = + 46. Answers may vary. One possibility follows:
C== 2X+2 if -1<x<0
n f(x)= .
X ifx>0
—o
47. a. f(@.2)=int(2(1.2)) =int(2.4) =2
d. Range: {y| y is an even integer } b. f(1.6)=int(2(1.6)) =int(3.2) =3
e. The graph is not continuous. There is a jump c. f(-1.8)=int(2(-1.8)) =int(-3.6) = -4
at each integer value of x.
(12 .
42, f(x) =int(2x) 48. a. f(L.2)= lnt(_\ =int(0.6) =0

L2)

a. Domain: {x| x is any real number} L6
b. x-intercepts: b. f@1.6)= int('?) =int(0.8) =0
Al values for x such that 0< x < 3.

. (-18) .
y-intercept: f (0) = int(z(o)) =int(0)=0 c. f(-18)= mt(T\ =int(-0.9) =-1
L)
The intercepts are all ordered pairs (x, 0) ]
1 49 _34.99 if0<x<3
when 0 <x<3. 7T 15x-10.01 ifx>3
c. Graph:
v a. C(2)=$34.99
5 [ o]
*o b. C(5)=15(5)-10.01=$64.99
19 .:o
(3.1 c. C(13)=15(13)-10.01= $184.99
L1111 T I T .
[ 3 ifO<x<3
Y 50. F(x)={5int(x+1)+1 if3<x<9

0 _5 i
d. Range: {y y isan integer} W F (252 3 if9<x=<24

Parking for 2 hours costs $3.
b. F(7)=5int(7+1)+1=41
Parking for 7 hours costs $41.

e. The araph is not continuous. There is a iumo

K . .
ateach x = 5 , where k is an integer.

43. Answers may vary. One possibility follows: c. F(15)=50
j—x if -1<x<0 Parking for 15 hours costs $50.
f(x)=
() =11 X if0<x<2 dhr

112 112
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2

44, Answers may vary. One possibility follows:

X if -1<x<0
f(x)=

1 ifo<x=<2

Section 2.4: Library of Functions; Piecewise-defined Functions

d. 24 min- . =04hr
60 min

F(8.4) =5int(8.4+1)+1=5(9)+1=46

Parking for 8 hours and 24 minutes costs
$46.

113 113
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51.

52.

Charge for 20 therms:
C =19.50 + 0.91686(20) + 0.3313(20)

= $44.46
Charge for 150 therms:
C =19.50 + 0.91686(30) + 0.3313(30)
+0.5757(120)
= $126.03
For 0<x<30:
C =19.50 +0.91686x + 0.3313x
=1.24816x+19.50
For x>30:
C =19.50 + 0.91686(30) + 0.5757 (x - 30)
+0.3313(30)
=19.50+ 27.5058 + 0.5757x -17.271
+9.939
=0.5757x+39.6738
The monthly charge function:
1.24816x+19.50 for 0 <x <30
" 0.5757x+39.6738 for x> 30

Graph:

C

TTT T T

150 HHHHHHHHH
g (150, 126.03) L/
g 100 >
)
=
-]
Q

50114 (30,56.94)
[
[
[

W

1

11
0 50 100 150 x
Usage (therms)

Charge for 1000 therms:
C =72.60 +0.1201(150) + 0.0549(850)

+0.68(1000)
= $817.28

114 114

Section 2.4: Library of Functions; Piecewise-defined Functions

b. Charge for 6000 therms:
C =72.60 +0.1201(150) + 0.0549(4850)

+0.0482(1000) + 0.68(6000)
= $4485.08

c. For 0<x<150:

C =72.60 +0.1201x + 0.68x
= 0.8001x + 72.60
For 150 < x <5000
C = 72.60 +0.1201(150) + 0.0549 x - 150)
+0.68x
= 72.60 +18.015 + 0.0549x - 8.235
+0.68x
= 0.7349x + 82.38
For x >5000:
C =72.60 +0.1201(150) + 0.0549(4850)
+0.0482(x - 5000) + 0.68x
= 72.60 +18.015 + 266.265 + 0.0482x - 241
+0.68x

= 0.7282x +115.88
The monthly charge function:
0.8001x+72.60 if 0<x<150
C(x)= 0.7349x+82.38 if 150 < x <5000

0.7282x+115.88 if x >5000

d. Graph:
%
Z 5000 (6000, 4485.02)
= 4000 L
c v
= 3000 —A71(5000, 3756.88)
0 2000 P
& 100021000, 817.28)
(0,72.60) \ 2000 4000 6000 X

(150, 192.62) Usage (therms)
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53. For schedule X:

f(x)=

0.10x

907.50 + 0.15(x — 9075)
5081.25 + 0.25(x - 36,900)
18,193.75 + 0.28(x - 89, 350)
45,353.75 + 0.33(x - 186, 350)
117,541.25 + 0.35(x - 405,100)

118,188.75 + 0.396(x - 406, 750)

54. For Schedule Y -1:

f(x)=

55. a.

C(x) =

0.10x

1815.00 + 0.15(x - 18,150)
10,162.50 + 0.25(x - 73,800)
28,925.00 + 0.28(x — 148, 850)

50, 765.00 + 0.33(x - 226,850)

109,587.50 + 0.35(x — 405,100)
127,962.50 + 0.396(x - 457, 600)

(0.50x

J 0.50(100) + 0.40(x —100)

| 0.50(100) +0.40(300) +0.25(x - 400)
0.50(100) + 0.40(300) + 0.25(400) + 0(x - 800)

Section 2.4: Library of Functions; Piecewise-defined Functions

if 0<x<9075

if 9075 < x < 36,900

if 36,900 < x < 89,350

if 89,350 < x <186,350
if 186,350 < x < 405,100
if 405,100 < x < 406,750

if x> 406,750

if 0<x<18,150

if 18,150 < x < 73,800
if 73,800 < x <148,850
if 148,850 < x < 226,850

if 226,850 < x < 405,100

if 405,100 < x < 457,600
if x>457,600

Let x represent the number of miles and C be the cost of transportation.

if 0<x<100

if 100 < x < 400
if 400 < x <800
if 800 < x <960

0.50x if 0 <x<100
00 = 10 +0.40x if 100 < x < 400
- | 70+0.25% if 400 < x <800
270 if 800 < x < 960

115 115
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YA

275 [-(800, 270)-":;‘31
6|0, 270)
[

Section 2.4: Library of Functions; Piecewise-defined Functions

[\»)
—
—/

’f400, 170)

-y
—
—]

}f
}g(loo, 50)

I o~

(0, 0) 500 1000 x

Distance (miles)
b. For hauls between 100 and 400 miles the cost is: C(x) =10+0.40x .

Cost (dollars)

116 116
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c. For hauls between 400 and 800 miles the cost is: C(x) = 70+ 0.25x .

56. Let x = number of days car is used. The cost of

-

renting is given by =
185 if x=7 i 100
_—
=z 80
222 if 7T<x<8 A~ 5 60 >
259 if 8<x<9 E.g o
c(x)= S 40 5
296 if 9<x<10 .E 20 *- r
333 if 10<x<11 = N 0 N
370 if 11<x<14 20 500 1500 x
Bill (dollars)
Y
' 59. a. W =10°C
-~ 370 o -
5 ¢ _ -
S 3 b W o33 (1045+106-5)33-10) ..
< 296 < 22.04
= 25911¢
2ol . w =33 (1045 10/15-15)(33-10) | .
185L 22.04
N T 9111315 x d. W =33-1.5958(33-10) =-4°C
Days
. oo e. When 0<v<1.79, the wind speed is so
57. a. Lets = the credit score of an individual who small that there is no effect on the
wishes to borrow $300,000 with an 80% LTV temperature.
rail;[/IOﬁ 'Ehe adverse market delivery charge is f. When the wind speed exceeds 20, the wind
given by chill depends only on the air temperature.
9000 if s<659
7500 if 660 <s<679 60. a. W =-10°C
o(s)- 520 if 68055608 (10.45+10 6-5)(33-(-10))
3000 if 700 <s<719 b. W =33- 2204
1500 if 720<s<739 x -21°C
750 if s=740
(10.45+10 {5:15]_[33- (-10))
b. 725 is between 720 and 739 so the charge c. W=33- 2204

would be $1500.
c. 670 is between 660 and 679 so the charge

would be $7500. 58. Le_zt X = the amount of th_e b!ll in dollars. The
minimum payment due is given by

x~ -34°C

117 117
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d Ww=33 _1'5958(33 - (‘10” =-36°C 61. Letx = the number of ounces and C(x) = the

postage due.
[x if 0sx<10 For 0<x=<1: C(x)=$0.98

10 if 10<x<500
f(x)=130 if 500 < x <1000 _
50 if 1000 < x <1500 For 2<x<3: C(x]=0.98+2(0.21) = $1.40

For1<x<2: C(x]=098+021=$1.19

70 if x=1500 For 3<x<4: C(x]=0.98+3(0.21) = $1.61

118 118
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62.

63.

For 12 < x<13: C(x) = 0.98+12(0.21) = $3.50
Ci

Postage (dollars)

[ o
246 81012 x
Weight (ounces)

Each graph is that of y = x?, but shifted

vertically.
6
T TR
AR Y ___u" 1
|IIIIII '.ll" 2 I II|II IIIJI Ill
hon N
1 LA B |
A
[ A
e ll'\. P '.'I 5
L %
L
-2

If y=x2+k, k>0, the shiftis up k units; if

y = x? -k, k >0, the shift is down k units. The
graph of y = x2 -4 is the same as the graph of
y = X2, but shifted down 4 units. The graph of
y = x> +5 is the graph of y = x*, but shifted up
5 units.

Each graph is that of y = x, but shifted
horizontally.

o)}

Section 2.4: Library of Functions; Piecewise-defined Functions

64. Each graph is that of y = x , but either

65.

119 119

'
W

cally.

i

2

If y=k|x| and k >1, the graph is stretched

vertically; if y =k|x| and 0 <k <1, the graph is

. 1 .
compressed vertically. The graph of y = 4—| x| is

the same as the graph of y =

>|< | but compressed

vertically. The graph of y =5 x isthe same as

the graph of y =| x|, but stretched vertically.

The graph of y = -x? is the reflection of the

graph of y = x? about the x-axis.

6
h !
".,I I."l y=x?
h K
-\._... '-._.-'
=5 ,.-"" o
y= len'r Il"..
II." '||I X
-6

The graph of y =- x is the reflection of the

graph of y = x¢ about the x-axis.

-'--F
y= kL~
-
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If y=(x-k)?, k>0, the shift is to the right k Multiplying a function by —1 causes the graph to
be a reflection about the x-axis of the original

function's graph.
units; if y = (x+k)?, k >0, the shift is to the
left k units. The graph of y = (x +4)? is the
same as the graph of y = x?, but shifted to the

left 4 units. The graph of y = (x-5)? is the

graph of y = x?, but shifted to the right 5 units.

120 120
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66. The graph of y =+/-x is the reflection about the

67.

68.

y-axis of the graph of y = v/x .

3
N
V= X
-5 5
-1

The same type of reflection occurs when
graphing y =2x+landy =2(-x)+1.

The graph of y = f(-x) is the reflection about

the y-axis of the graph of y = f(x).

The graph of y = (x —1)3 +2 is ashifting of the

graph of y = x* one unit to the right and two

units up. Yes, the result could be predicted.

8 y=(x-1+2
|I !
_a)
y=x Ill III
II| A

=3
The graphs of y = x", n a positive even integer,
are all U-shaped and open upward. All go

through the points (-1,1), (0,0),and (1,1). As

121 121

69.

70.

71.

Section 2.4: Library of Functions; Piecewise-defined Functions

The graphs of y = x", n a positive odd integer,
all have the same general shape. All go through
the points (-1,-1), (0,0),and (1,1). As n

increases, the graph of the function increases at a

greater rate for | x| >1 and is flatter around 0 for

| X| <1.
.-"?‘l 7
y=xod7
1 = = 1
Vs
.:.::-" y=x
I ‘

1 if xisrational
f(x)= e
0 if xisirrational
Yes, it is a function.
Domain = {x| X is any real number} or (-0, )
Range = {0, 1} or {y|y=0ory =1}
y-intercept: x=0= x isrational = y =1
So the y-interceptis y =1.
x-intercept: y =0= x is irrational

So the graph has infinitely many x-intercepts,

namely, there is an x-intercept at each irrational
value of x.

f (-x) =1= f (x) when x is rational;
f (-x) =0= f(x) when x is irrational.
Thus, f is even.

The graph of f consists of 2 infinite clusters of

distinct points, extending horizontally in both
directions. One cluster is located 1 unit above the
x-axis, and the other is located along the x-axis.

For 0 < x < 1, the graph of y =", rrational and
r > 0, flattens down toward the x-axis as r gets

bigger. For x > 1, the graph of y = x" increases

EBPBYFight © 3816 PearsaA Edueatian; IRe:
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n increases, the graph of the function is

narrower for | x| >1 and flatter for | x| <1.

Section 2.4: Library of Functions; Piecewise-defined Functions

122 122

at a greater rate as r gets bigger.

72. VX2 -4+7=10
Xt -4=3

X2 -4=9

x? =13

V13

X

1
I+

EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs Section 2.4: Library of Functions; Piecewise-defined Functions

73. x> +y?=6y+16 7. B
x2+y2—6y=16 8. E
X2 +(y* -6y+9)=16+9
2 2 _p2 9. H
x*+(y-3)° =5
Center (h,k): (0, 3); Radius = 5 10. D
74. 3x-4y =12 11. 1
-4y = :—33x+12 o A
y=4%-3 13. L
The lines would have equal slope so the slope 14. C
3
would be 4 15. F
75. f(x)=2x* -5x% -3x on the interval (-1,3) 16. J
Use MAXIMUM and MINIMUM on the graph 17. G
of 82
-{; =12X_-5x -3X. \ 18. K
19. y=(x-4)*
- 3
ﬂ':r'f?g%3u3 ¥=-10.03648 20. y=(x+4)
s , 21, y=x3+4
/ N
. ¥ 3
N iers  v=u0sBNz 23. y=(-xJ7 =-x
-12
24, y= -x3
local maximum: f (-0.26) =~ 0.41
‘o . - 25. y=4x3
local minimum: f (1.93) = -10.04
3
26. y=(lx\ _l X3
la ) 4
J
Section 2.5 21. (1) y=+x+2
\F 2
1. horizontal; right © y——( X+ )
2y @ y=-(V-x+2)=--x-2

123 123
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3. False 28. () y=- X
4. True; the graph of y = —f (x) is the reflection (2) y=-vx-3
about the x-axis of the graph of y = f (x] ) (3 y=-"x-3-2
5d
6. a
124 124
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Section 2.5: Graphing Techniques: Transformations

29. () y=-x c. Thegraphof y=4f(x) isthe same as the

(2) y=-+/x+2 graph of y = f (x), but stretched vertically
3 =—Jx+3+2 by a factor of 4. Therefore, the x-intercepts
® y e are still -5 and 3 since the y-coordinate of

30. 1) y=+x+2 each is 0.

(2) y=+-x+2 d. Thegraphof y= f(-x) isthe same as the
(B) y=-(x+3)+2=-x-3+2 graph of y = f (x), but reflected about the
y-axis. Therefore, the x-intercepts are 5 and

31. (c); Togofrom y=f(x) to y=-f(x) we -3.
reflect about the x-axis. This means we change )
the sign of the y-coordinate for each point on the 36. a. Thegraphof y= f(x+4) isthe same as
graph of y = f(x). Thus, the point (3, 6) would the graph of y = f (), but shifted 4 units to
become (3,-6) . the left. Therefore, the x-intercepts are —12

and -3.

32. (d); Togofrom y=f(x) to y=f(-x],we b. The graph of y = f (x-3) is the same as
reflect each point on the graph of y = f (x) the graph of y = f (x), but shifted 3 units to
about the y-axis. This means we change the sign the right. Therefore, the x-intercepts are -5
of the x-coordinate for each point on the graph of and 4
y = f (). Thus, the point (3,6) would become '

(-3.6] c. Thegraphof y=2f(x) isthe same as the
graph of y = f (x) , but stretched vertically

33. (c); Togofrom y=f(x) to y=2f(x), we by a factor of 2. Therefore, the x-intercepts
stretch vertically by a factor of 2. Multiply the are St.'” -8 and 1 since the y-coordinate of

. . each is 0.
y-coordinate of each point on the graph of
y = f (x) by 2. Thus, the point (1,3) would d. Thegraphof y= f(-x) isthe same as the
become (1,6) . graph of y = f (x), but reflected about the
y-axis. Therefore, the x-intercepts are 8 and
34. (c); Togo from y=f(x) to y=f(2x), we -1.

125 125
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compress horizontally by a factor of 2. Divide
the x-coordinate of each point on the graph of

y = f (x) by 2. Thus, the point (4,2) would

become (2,2).

35. a. Thegraphof y= f(x+2) is the same as
the graph of y = f (x), but shifted 2 units to

the left. Therefore, the x-intercepts are -7

and 1.

b. Thegraphof y=f (x - 2] is the same as
the graph of y = f (x), but shifted 2 units to

the right. Therefore, the x-intercepts are -3
and 5.

126 126

Section 2.5: Graphing Techniques: Transformations

37. a. Thegraphof y _ f (y+2) is the same as

the graph of y — (x), but shifted 2 units to

the left. Therefore, the graph of f (x+2) is
increasing on the interval (-3,3).

The graph of y = f (x-5) is the same as
the graph of y = f (x), but shifted 5 units to
the right. Therefore, the graph of f (x-5)

is increasing on the interval (4,10).
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38.

The graph of y = —f (x) is the same as the

graph of y = f (x], but reflected about the

x-axis. Therefore, we can say that the graph
of y=-f(x) mustbe decreasing on the

interval (-15).
The graph of y = f (-x) is the same as the
graph of y = f (x), but reflected about the

y-axis. Therefore, we can say that the graph
of y = f (-x) must be decreasing on the

interval (-5,1).

The graph of y = f (x+2) is the same as
the graph of y = f (x), but shifted 2 units to
the left. Therefore, the graph of f (x+2) is

decreasing on the interval (-4,5).

The graph of y = f (x-5) is the same as
the graph of y = f (x), but shifted 5 units to

the right. Therefore, the graph of f [x - 5)

is decreasing on the interval (3,12).

The graph of y =-f (x) is the same as the
graph of y = f (x), but reflected about the

x-axis. Therefore, we can say that the graph
of y = -f (x) must be increasing on the
interval (-2,7).

The graph of y = f (-x) is the same as the

graph of y = f (x), but reflected about the

Section 2.5: Graphing Techniques: Transformations

yi
\‘--5 I
(=1, 0)\ "(lt, 0)
AR
(oafl}
HHH

The domain is (-c0,c0) and the range is

[—1,00) .

40. f(x)=x*+4

Using the graph of y = x?, vertically shift
upward 4 units.
y

P

—
—
|

—EF:
15

The domain is (-0, 0] and the range is [ 4, ).

3

41, g(x)=x +1
3

Using the graph of y = x , vertically shift

upward 1 unit.

127 127

EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs x1iques: Transformations

y-axis. Therefore, we can say that the graph 5
of y = f (-x) must be increasing on the
interval (-7,2).
39, f(x)=x2-1 The domain is (-co,00) and the range is

Using the graph of y = X2, vertically shift (-00,00) .
downward 1 unit.

128 128
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42. g(x)=x>-1
Using the graph of y = x®, vertically shift
downward 1 unit.

YA
5_
_ [a,0
|||||J(||)||J
- 5
1,2 FO&D
sk

The domain is (-o0,00] and the range is
)
—

43. h(x)= x+2

Using the graph of y = Jx, horizontally shift to
the left 2 units.

Yi
[ [ ]
1(2,2)
(-1, 1) 5
VadRERENEN
:(_27 0) ¥

The domain is 2,0 and the range is [ 0,c0] .

y

5
44, h(x)= x+

(s
Using,the
the left-1 Uhit:

hof y =, xx horizontally shift to
5

-5

129 129

Section 2.5: Graphing Techniques: Transformations

45. f(x)=(x-1)>+2
Using the graph of y = x3, horizontally shift to

the right 1 unit |—y =(x —1]31 , then vertically
shift up 2 units |—y = (x—l)3 w2,

YA

5_

- ,i(z,ﬁs)
©. ng 12
|

The domain is (-co,00) and the range is

(0.0).

46. f(x)=(x+2)°%-3
Using the graph of y = x3, horizontally shift to

the left 2 units ry = (x+ 2]31 , then vertically

shift down 3 units ry =(x+ 2]3 _3l,

The domain is [ -1,c0) and the range is [0,

oo)_
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The domain is (-o0,c0) and the range is

().

130 130
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The domain is (-c0,c0] and the range is

47. g(x) = 4\/x

Using the graph of y =+/x , vertically stretch by (_oo, oo] .
a factor of 4.

50. f(x)=-/x

Using the graph of y = Jx , reflect the graph
about the x-\axis.

5

IS SR NI B A B ﬂ
2 %(o‘ 0) ] —

Nell,-1) 5 :

-

The domain is [ 0,e0) and the range is [ 0,c) . 4,-2)

1
48. g(x) = 5 \/x
Using the graph of y = Jx, vertically compress

-5

The domain is [ 0,0) and the range is (-c0,0].

by a factor of i 51. f(x)=2(x+1)*-3
y Using the graph of y = x?, horizontally shift to
5

the left 1 unit ry = (x +1)21 , vertically stretch

L4 @ n

12 =

}

by a factor of 2 ry =2(x +1]21 ,and then

Js_l_l_l_l_.
=5 0,0
vertically shift downward 3 units

-5

The domain is [ 0,) and the range is [ 0, ).

49. f(x)=-x
Using the graph of y = Ix , reflect the graph
about the x-axis.

The domain is (-0, 0] and the range is

y
10\ [—3,00) .
B2, L 52. f(x)=3(x-2)2+1
X . . .

T h*_& Using the graph of y = x*, horizontally shift to

L =1 (8, —2)

N the right 2 units |—y =(x- 2)2—| , vertically

-10f-
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stretch by a factor of 3 {y =3(x- 2)2T , and then

vertically shift upward 1 unit

132 132
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53.

54,

[y = 3[x—2)2 +1].

.\‘
5_
(1,4~ 3,4
Ve
[ L1111 F
- L 5
sk

The domain is (-o0,) and the range is [l,oo) .
g(x)=2Jx-2+1

Using the graph of y = Jx, horizontally shift to

the right 2 units ry =x- 2| , vertically stretch
L ]

by a factor of 2 ry =2X- 21 , and vertically

shift upward 1 unit ry =2x-2 +1l,
L ]

y
8

N N T T T T O Y
8

The domain is [2,00] and the range is [1,00) .

g(x)=3 x+1 -3

Using the graph of y =| x|, horizontally shift to

the left 1 unit [y = |x +1|] , vertically stretch by a

factor of 3 [y = 3|x +1|],|and T/ertically shift

133 133

Section 2.5: Graphing Techniques: Transformations

55.

56.

[
I

(_210)
L 11 1 I T T I
=5 (0,0) 5

(_l, _3)

=5

The domain is (-c0,00]) and the range is
[—3,00) .

h(x) =+/-x-2

Using the graph of y = Jx , reflect the graph

about the y-axis [y = \/—_x} and vertically shift

downward 2 units [y =J-x- 2} .

,\.
5

-4,0)

T
(-1.-1)

0,-2)

X

|

-5

The domain is (-,0] and the range is [ -2,c0).

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

h(x) =

1

Stretch the graph of y = y vertically by a factor

[ 1 4]
of 4|y =4-—=—and vertically shift upward 2

downward 3 units |_y =3x+1-31.
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L X x] L ] units {y=;+2]

134 134
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I
4

L [ ¢ 1 1 1 [ 1 | |1

D \O
ST T TTTTTTI

The domain is (-,0) U (0,) and the range is The

omain is |[1,oo] and the range is (-c0,0] .
(—00,2] U(2,00].

59. g(x)=21-x =2 —(-1+x) =2 x-1

57. f(x)=-(x+1)°*-1 Using th(i graphof y = x| : horizoLtaIIy'shift to
Using the graph of y = X3’ horizontally shift to the r|ght 1 unit [y = |X _1|:| , and Vertica“y
. 3
the left 1 unit ry =(x+1) 1 , reflect the graph stretch by a factor or 2 [y _ 2|x ]ﬂ
y L= 1
about the x-axis ry =-(x +l)31 , and vertically 5
shift downward 1 unit ry =-(x +1]3 1l ©0.2)
| |
-5
y
5
-5
-2,0 inis (- i .
( 2 I) CE i The domain is (-, 0] and the range is [ 0, )
) 5
(=L =D "N (0, -2) 60. g(x)=4V2-x = 4/-(x-2)
-5 Using the graph of y =+/x , reflect the graph
The domain is (-, ) and the range is about the y-axis [y = \/3] , horizontally shift
(~oo). to the right 2 units| y = l—[x—zﬂ,and
58. f(x)=-4/x-1 vertically stretch by a factor of 4
Using the graph of y = v/x , horizontally shift to [y =4/-(x- 2)-‘ :

the right 1 unit ry = /X 1l , reflect the graph

135 135
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L ]
about the x-axis ry =-y 1l , and stretch
L ]
vertically by a factor of 4 ry =-4,/x —1l.
L ]

136 136

Section 2.5: Graphing Techniques: Transformations

,\.
‘y
(2,8

L1111 |
-5 - 2,00 3
2

(1,4

[

The domain is (-, 2] and the range is [ 0,c0] .
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6L h(x)=; 63. 2 F()=f()+3
2% Shift up 3 units.
Using the graph of y = )%,vertically compress )7“_
by a factor of % ©.5 __K’S)
- 4.3)
(-4, 1) N
y_“ T T O O O
SHHM | = F
i Ea sk
! 2y b. G(x)= f(x+2)
1 .\ Shift left 2 units.
~5>~1) y
/ SL
The domain is (-0,0) U (0,00) and the range is (-2.2) [(0.2)
[-OO,O)U[O,OO)- L1111 XL(ZFO)J
=5 / . 3
— 3y _ -
62. f(x)=x/x-1+3 6. -2) B
Using the graph of f(x) = * x, horizontally shift -5
J
to the right 1 unit y =3/x -1 , then vertically
shift up 3 units y=3x-1+3 . ¢ PO)=-1(x) _
Reflect about the x-axis.
Yi .
- I YA
) et 5r
(-7,1) 5 42 T
’ ;;J \1 @0
+ (092)__‘_ LN g X
£ 0% E W
0,-2L (2,-2
= oF

L)

d HX=f(kx+1)-2

Shift left 1 unit and shift down 2 units.
[—oo,oo]. YA
3

The domain is (-o0,0) and the range is

L

=5 5
B (3.-2)
(_5’ _4) _ 5

137 137
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e Q=210

Compress vertically by a factor of i .

YA
5_
o n-  @n
L1 L1 [
S+ L 405
(-4, -1) -
L
f.og(x)=1(-x)
Reflect about the y-axis.
YA
5_
(-2,2) 17(0, 2)
LY 1 \I L1l X
=5 (4, 0) L 5
L @2
sk

g. h(x)=1f(2x)
Compress horizontally by a factor of i .

Yy

T 1T

0.2)

—
—
3]

~

<

I I
=5

2

—_~
N
(=]
Z |-
i

(=2.-2)

138 138

Section 2.5: Graphing Techniques: Transformations

64. a. F(X)=f(x)+3
Shift up 3 units.
YA

b. G(x)=f(x+2)
Shift left 2 units.
¥y

5

0,2)

=

II/TIII'
T

(-6,-2) (-4,-2)

T
L
S
L
N

-5

c. PMX)=-f(x)
Reflect about the x-axis.

YA
5_
(-4,2) (-2,2)[ (4,2)
Lrr e N/
—55) N 5
C (2,-2)
sk

H(x)=f(x+1)-2
Shift left 1 unit and shift down 2 units.
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(=3, -h(3, 4 -5

139 139
EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs

65.

Q)= 10

Compress vertically by a factor of % .

y
5_
@2
Ll N F
-5 B N S
(=4, -1) (-2, -D | (4,-1)
of
g(x) = f(-x)
Reflect about the y-axis.
YA
5—
(-2,2) -
! |/ INC o
-5 1 5
(-4, -2) : 2,-2)(4,-2)
5k
h(x) = f(2X)

Compress horizontally by a factor of % .

YA
5_
C(L2)
[ | L T T
- L 5
-2,-2) - \(2, -2)
(-1, -2)
5

F(x)=f(x)+3
Shift up 3 units.

Section 2.5: Graphing Techniques: Transformations

b. G(X)=f(x+2)

Shift left 2 units.
y

m
To2)

(3-21)
(—m—=2,0), (—2,|0)/.\(7r - 2, 0|)

X
ZTr\.T/ T w2
- =
(5-)

-2+

c. PX)=-f(x)
Reflect about the x-axis.

YA
2_
(-3-1)
| | R
—T _K pig T
2 2
(51

2

d. HX) = f(x+1)-2

Shift left 1 unit and shift down 2 units.
)7

e Q=3 (0

Compress vertically by a factor of % .
y
l —

,-—\
[SIE

12—
==

[

|
=
<
wia —
|
|
wla =
a

|
[SIE]
|
tol=
Pkl
12—
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YA
87
- (5.4)
(-7, 3) @/‘\. . 3)
! | L L X
B L n T
2 [ 2

141 141

Section 2.5: Graphing Techniques: Transformations
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f. g(x)=f(-x) c. P(X)=-f(X)
Reflect about the y-axis. Reflect about the x-axis.
YA Y
n 2r 2r
(_5’1) (=m, 1) (m 1)
l l JRRY T\ /: X
-n  _K n T -T . m () T
2 NG ';\ >
0, -1
(3:-1) o
2 —a)|5

9. hx)=f(2x)
d. H(X)=f(x+1)-2

. 1
Compress horizontally by a factor of = . Shift left 1 unit and shift down 2 units.
}7
YA 41
2 L
(51) L
| | L | [
] L [ 2w (-1, -1 = 2=
-n _I T I
2 2
. (-m=1.-3) _ [ (w-1.-3)
2
1
66. a. F(x)=Tf(x)+3 e Q=31
Shift up 3 units. 1
Y Compress vertically by a factor of E .
8L y
- 2 —
—(O, 4) _(0 1
2
(_TLM‘Nz) : /\ w
- —m_“m ™ by
] ] l L X 2 2
= ¢ L & = (=) - ()
2 L, 2
72 -
b. G(x)=f(x+2) f.og(x)="f(-x)
Shift left 2 units. Reflect about the y-axis.
YA
2 —
(=2,1)

] [\ ] |
—Zﬂjﬂ ™ 2
\
(—m—2,-1) (m—2,—-1)
_2_

142 142
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SN

- 0y ™
2

(—m, —1) B (m, —1)

143 143
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g. h(x)=f(2x)

Compress horizontally by a factor of % :

69. f(x)=x?-8x+1

f(x) = (X" -8x+16)+1-16

y
(0,1) 4 )
f(x)=(x-4)"-15
B Using f(x) = x*, shift right 4 units and shift
1 X
_g g down 15 units.

- .\.J

(5-1) G-
-1 0, 1)

—1 9

67. f(x)=x%+2x
f(x)=(x?+2x+1)-1
f()=(x+1)?-1 15

) 4,-15
Using f(x) = x*, shift left 1 unit and shift down , (4.=13)
1 unit. 70. f(x)=x"+4x+2

f(X):(X2+4X+4]+2—4
f(x):(x+2]2—2
Using f(x) = x, shift left 2 units and shift

down 2 units.
YA

Z(o, 2)

68. f(x)=x*-6x
f(x)=(x*-6x+9)-9
f(x)=(x-3)2-9

T T T
9,1

Using f(x) = x?, shift right 3 units and shift =
down 9 units. 71. f (X) = 2X2 -12x+19
0 =2(x* -6x)+19

L | 2

33 (0,0) =2(x —6x+9]+19—18
=2(x-3) +1
B Using f (x) = x?, shift right 3 units, vertically
: stretch by a factor of 2, and then shift up 1 unit.
-9 3,-9)
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7 74. f(x)=-2x"-12x-13
= = —2(x2 +6x) -13
I~ (4. 3) )
- (3.1) =-2(x +6x+9] 13+18
Y I 4
=5 » 5 2(x+3)
B Using f (x)=x", shift left 3 units, stretch
-5 vertically by a factor of 2, reflect about the x-

axis, and shift up 5 units.
72. f(x)=3x"+6x+1 (-3,5)
= 3(X2 + ZX] +1

3(X2 +2X +1)+1—3

-3x+1)’ -
Using f (x) = x2 , shift left 1 unit, vertically

stretch by a factor of 3, and shift down 2 units.

o
e

10 75. a. y=|f(x]

- _)‘
2
(=2,1) (0. 1) _ (-2, D LD
[ [ O e
-5 VL 5
(—1.-2) |
_1”:
73. f(x)=-3x*-12x-17
= -3(x” +4x)-17 b, y=f(x|)
= -3(x? +4x+4)-17+12 N
2»
= -3(x+2)° -5 LD | @
Using f (x) = x?, shift left 2 units, stretch (mm
-2 2
vertically by a factor of 3, reflect about the x- L
axis, and shift down 5 units.
2+
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>

[ I I
5 5

146 146
EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs Section 2.5: Graphing Techniques: Transformations

76. a. Tograph y =| f(x)|, the part of the graph Thus, the point (1,3) becomes the point
for f that lies in quadrants Il or IV is (_1 3)
reflected about the x-axis. e
;“_ 78. a. Thegraphof y=g(x+1)-3 isthe graph
L 1) (1, 1) of y = g(x) but shifted left 1 unit and down
/| \/\ N 3 units. Thus, the point (-3,5) becomes the
-2 2 point (-4,2).
i b. The graphof y=-3g (x - 4] +3 is the graph
2 of y = g(x) but shifted right 4 units, stretched
vertically by a factor of 3, reflected about the
b. Tograph y = f (| x|), the part of the graph x-axis, and shifted up 3 units. Thus, the point

for f that lies in quadrants 11 or Il is (_3* 5) becomes the point (1' _12) :

replaced by the reflection of the part in

quadrants | and IV reflected about the y- c. Thegraphof y=g (SX * 9] Is the graph of

axis. y = f(x) but shifted left 9 units and
;“_ horizontally compressed by a factor of 3.
L1 (.1 Thus, the point (-3,5) becomes the point
ANVAN )
| l 2 .
i \/ 5 79. a. f(x) =int(-x)
Reflect the graph of y =int(x) about the y-
axis.
i) YA

77. a. Thegraphof y=f [x +3) -5 isthe graph

of y = f(x] but shifted left 3 units and

wY

down 5 units. Thus, the point (1,3) becomes

the point (-2,-2]. u u
b. Thegraphof y=-2f(x-2)+1 isthe b

o
- g(x) = -ini(x)

graph of y = f (x) but shifted right 2 units, Reflect the graph of y = int(x) about the x-
Yi

L

stretched vertically by a factor of 2, reflected
about the x-axis, and shifted up 1 unit. Thus,

the point (1,3) becomes the point (3,-5) .

aY

=Y
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c. Thegraphof y = f(2x+3) is the graph of

y = f (x) but shifted left 3 units and
horizontally compressed by a factor of 2.

148 148
EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs Section 2.5: Graphing Techniques: Transformations

80. a. f(x) =int(x-1) 1
. . . . b. A==bh
Shift the graph of y =int(x) right 1 unit. 2
YA 1
- ] = 5(6)(3) =9

Ly

The area is 9 square units.
82. a. f(X)=-2 x-4 +4

wY

Using the graph of y =| x|, horizontally shift to

the right 4 units y = |x-4| , vertically stretch

by a factr)r of F and flip on the x-axis

y = =2!x -4, and vertically shift upward 4
b. g(x) = int(L-x) = int(-(x -1)) | |

units y=-2x-4+4 .

Using the graph of y = int(x), reflect the V A
54,4
graph about the y-axis y =int(-x) , A
horizontally shift to the right 1
unit y =int(-(x-1) . x (6; Ol
YA I\ $ X
5 (2,0)
X
1
b. A= 2 bh
1 _
=5 @@ =8

8L a. f(x)=[x-3|-3 The area is 8 square units.

Using the graph of y =| x|, horizontally shift

83. a. From the graph, the thermostat is set at 72°F
during the daytime hours. The thermostat

shift downward 3 units y =[x - -3 . appears to be set at 65°F overnight.

to the right 3 units y =|x-3 and vertically

‘{“ b. Tograph y =T (t)-2, the graph of T (t) is

shifted down 2 units. This change will lower

0,0 X
149 149
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the temperature in the house by 2 degrees. b. r (x) =R (x - 2]

T

= 1 = 28.6(x - 2)° +300(x - 2) + 4843
= 76 = 28.6(x* - 4x+ 4]+ 300(x - 2)
o

= T2 +4843

= 68 2

i l = 28.6x% ~114.4x +114.4 + 300x
2 644 = - 600 + 4843

% 60 = 28.6x” +185.6x + 4357.4
= 0 5 10152025 7 c. The graph of r(x] is the graph of R(x)

Time (hours after shifted 2 units to the left. Thus, r(x)
midni ght) represents the estimated worldwide music

revenue, x years after 2010.

c. Tograph y =T (t+1], the graph of T t) r(2) = 28.6(2)" +185.6(2) + 4357.4 = 4843

should be shifted left one unit. This change The estimated worldwide music revenue for
will cause the program to switch between 2017 is $7058 million.

the daytime temperature and overnight
temperature one hour sooner. The home will
begin warming up at 5am instead of 6am

and will begin cooling down at 8pm instead
of 9pm.

Ty

=)

[

=Y
|
L
r
1

—]

Temperature (°F)
29233

L

0 510152025 ¢
Time (hours after
midnight)

84. a. R(0)=286(0)" +300(0)+4843= 4843

The estimated worldwide music revenue for
2012 is $4843 million.

R(3) = 28.6(3)" +300(3) + 4843
= 6000.4

The estimated worldwide music revenue for
2015 is $6000.4 million.

R(5) = 28.6(5)" +300(5) + 4843
= 7058
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music revenue for
2015 is $6000.4 million.

r(7) = 28.6(7)° +185.6(7) + 4357.4

= 7058
The estimated worldwide music
revenue for
2017 is $7058 million.

In r(x), x represents the number of
years after 2010 (see the previous
part).

Answers will vary. One advantage
might be that it is easier to determine
what value should be substituted for x
when using r (x] instead of R(x) to
estimate worldwide

music revenue.

151 151
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9 énunm :
== Mmlin="—"
8. F=gCr2 ey %
) wacl=1
F Ymin=-1
“Ymax=9
288 Yacl=1
256 Ares=1
4 L (100, 212)
192 |- e. If the length of the pendulum is multiplied
}gg i by k , the period is multiplied by vk .
9 |- 5
64 |- 87. y=(x-c¢)
324270, 32
“ (I |)| T T N S N B e Ifc=0,y=x2.
0] 10 20 30 40 50 60 70 80 90 100 o ]
Ifc =3,y =(x-3)7; shiftright 3 units.
F = Q(K - 273)+32 Ifc=-2,y=(x+2)?%; shiftleft 2 units.
5 . c=0
. 3
Shh:t the graph 273 units to the right. ¢==2 4/(, _3
I
288 - I
256 !
224 (373, 212)
192 -
160 |~
128 -
96 |-
64
32 - (273, 32)
AV 1 1 | 1 | | K 2
o Y270 290 310 330 350 370 88. y=x“+c
2
| Ifc=0,y=x.
86. a. T=2m |~ 2 . .
g Ifc =3,y =x°+3; shift up 3 units.
e Ifc=-2,y=x?-2; shift down 2 units.
Anax=2
Ascl=1
Ymin=-1
WrEm=" /_F——‘__’_P—F
Yazl=1
Ares=1
l+2
b. T,=2n I;:L;Tz =2mn L;
g g
X
g .
TR _ .
ﬁﬁéﬁf?ﬁ 89. The graph of y =41 (x) is a vertical stretch of
pecl=1
ymin=_1 the graph of f by a factor of 4, while the graph of
UeEloy ! y = f(4x) is a horizontal compression of the

graph of f by a factor of % .
c. As the length of the pendulum increases, the

period increases. 90. The graph of y = f(x) -2 will shift the graph of

152 152
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y = f(x) down by 2 units. The graph of

i T :ZH\P; T, ﬂﬂF' . =2n\/§ y = £ (x - 2) will shift the graph of y = f (X) to
g g g the right by 2 units.
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91. Thegraphof y = \/TX is the graph of y = \/§
but reflected about the y-axis. Therefore, our

region is simply rotated about the y-axis and
does not change shape. Instead of the region
being bounded on the right by x =4, itis
bounded on the left by x = -4 . Thus, the area of

the second region would also be % square

units.
92. Therange of f(x)=x*is 0,). The graph of

g(x) = f(x) +k isthe graph of f shifted up k

units if k > 0 and shifted down |k| units if k <0,

so the range of g is k, ).
93. The domain of g(x) = \/§ is 0,oo]. The graph
of g(x-Xk) isthe graph of g shifted k units to

the right, so the domaine of g is k,oo).

94. 3x-5y=30
-5y = -3x+30

y= 3x—6

5

The slope is § and the y-intercept is -6.

(-x)2+2 _ x%+2

A e R
x*+2
=T T TTW

Since f(-x)=-f(x) then f(x) isodd.

96. f(2) = (2)* -7(2)* +3(2) +9

Section 2.6: Mathematical Models: Building Functions

97. y?=x+4

X-intercepts: y-intercepts:

(0> =x+4 y2=0+4
0=x+4 y2=4
x=-4 y =22

The intercepts are (-4,0), (0,-2) and (0,2).
Testx-axissymmetry: Let y = -y

(—y]2 =x+4

y? = x+4 same

Testy-axissymmetry: Let x = -x
y? = -x+4 different

Testoriginsymmetry: Let x=-x and y=-y.
(-y) = -x+4
y? = —x+4 different

Therefore, the graph will have x-axis symmetry.

Section 2.6

1. a. Thedistance d from P to the origin is

d =+/x?>+y? . Since P isa point on the

graph of y = x* -8, we have:

d(x) =Vx? +(x* -8)* = x*-15x* + 64
b. d(0)=+/0* -15(0)? +64 =+/64 =8
c. d(@)=@*-151)2 +64
=1-15+64 =50 =52 ~ 7.07

d. 40

=1p-28+6+H9=3
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f

(-2)

Y -10

-2 1

7(-2 -

e ’

3(-2)

+9
1 ./ \/
: |
Hiniraur
- W= e.rzBELE 1V=e PAZEESE Yo FHZEBEE
2
8
6
+
9
9
f(x)= f(x) 3-(=9) e. d issmallest when x = -2.74 or when
Xo = X 2-(-2) X=274.
12 _
= = 3
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2. a. Thedistance d fromP to (0,-1) is 4. a. Thedistance d from P to the origin is

2

d =+/x2 +(y+1)? . Since P isa pointon d =H. Since P is a point on the

the graph of y = x? -8, we have:

graphof y = 1 , We have:
d(x) = \/x? +(x* -8+1)?

X
2 \/47
\l 1 \j 1 X +1
2 _ 2 L _ 2, = _ A TL
=,[x2+[x2—7] =x* -13x% +49 d(x) = 'x +[xj =X +x2_ 2

b. d(0) =40 -13(0)2 +49 =/49 =7 _Ix* 1

X
¢ d(-1) =/(-1)* -13(-1)? + 49 = /37 ~ 6.08 ] .
d. 10 '
-5 5
-4 4 U
. C. =-1or x=1.
e. d issmallest when x ~ -2.55 or when
X=x2.55.
=1 4142136
W=z COROPEE y=r COROPEE 5. By definition, a triangle has area

1 . .
3. a. Thedistance d from P to the point (1, 0) is A=, bh,b=base, h = height. From the figure,

d =/(x-1)? +y* . Since P isa pointon we know that b = x and h ='y. Expressing the
the graph of y = /x , we have: area of the triangle as a function of x, we have:
1 1 r3y_ 14
A = = - == i
d(x) = (X—1)2+ Iy =Vx? —x+1 (x) Xy x(x ] X
) 2 2 2
vinere x=0. 6. By definition, a triangle has area

b. 2 A= %bh, b=base, h = height. Because one

vertex of the triangle is at the origin and the
other is on the x-axis, we know that
b =xandh=y. Expressing the area of the

156 156
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0 2 triangle as a function of x, we have:
° A(x)—lx —lx(g—xz]—gx—lxe'
c. d issmallestwhen x=3. 2 y 2 27 97

/ 7. a A(x)=xy=x(16—x2)

Hiniraurn
W= E00000ya Y= BEENZEY

b. Domain: {x/0<x<4}

Tl HiNELYE .
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Section 2.6: Mathematical Models: Building Functions

c. Theareais largest when x =~ 2.31. c. Graphing the area equation:
30 10
4 0 2
0 0 0
EE'?&"BTMB L¥zEN.EEEELL L ﬁrﬂa:i-s A x=1.41.
- Covda_ 2 d. Graphing the perimeter equation:
8. a. A(X)=2xy=2xy4-x 12
b.  p(x) = 2(2x) +2(y) = 4x + 2V/4 - x* ,-/’f_\l'n
c. Graphing the area equation:
4

0 2
0
0 2
Haxiraur
E:i.‘ii‘izi‘ﬁ =11.515708 o
The perimeter is largest when x ~1.41.
10. a.  A(r) = (2r)(2r) = 4r?
Haxirur
T

X~1.41. b.  p(r)=4(2r)=8r

d. Graphing the perimeter equation:

11. a. C = circumference, A = total area,

10 r = radius, x = side of square

C=2mr=10-4x = r=222X

T

2 2
Total Area = areaygyae + arédgige = X +1r

| 2
) 2 AX) = X +T[[S?sz =24 w
b. Since the lengths must be positive, we have:
10-4x>0 and x >0
-4x>-10 and x>0
Haxirumn
H=1.7EEBCEE .'Y=H.9442718 o
The perimeter is largest when x ~1.79 .

x<25 and x>0
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Domain: {x 0<x <25}

9. a. InQuadrantl, x> +y? =4 y=+4-x?

A(X) = (2X)(2y) = 4x4 - X2

b.  p(x)=2(2x) +2(2y) = 4x + 44 - X2

159 159
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C.

12. a.

The total area is smallest when x ~1.40

meters.
8

e

Hininium
n=l.yonzye? V=3 E00E187 .

C = circumference, A = total area,

r = radius, x = side of equilateral triangle
10-3x
2n

C=2nr=10-3x=r=
The height of the equilateral triangle is

Total Area = aredange + aredgircie

1.8 )
_Zxk . XJ+1T|2
325 (10 3x)
Al = 4 L 2T )
T
3 W2+ 100—60x+9x
= 4" 4t

Since the lengths must be positive, we have:

10-3x>0 and x>0
-3x>-10 and x>0

x<% and x>0

[ 10)

Domain: 'x|0<x<—

3

The area is smallest when x ~ 2.08 meters.

8

Section 2.6: Mathematical Models: Building Functions

160 160

13.

14,

15.

16.

Hiniraur
W=e. OFFEELF V=2 . 99841E6 -

Since the wire of length x is bent into a
circle, the circumference is x . Therefore,
C(x)=x.

. X
Since C=x=2nr, r=7_".
21T

2 2
A(X) = nr? = T[(L) :X_ .
21 4

Since the wire of length x is bent into a
square, the perimeter is x . Therefore,

p(x) =Xx.

Since P = x =4s, s=%x,we have

A(x) =s% = (1\ L1y
4J 16

A = area, r = radius; diameter = 2r
A(r) = (2r)(r) = 2r?

p = perimeter

p(r) =2(2r) +2r = 6r

C =circumference, r = radius;

= length of a side of the triangle

Since AABC is equilateral, EM =

A& .
2
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Therefore, OM =ﬂ -OE = x_ r \/; \fz
0 3.33
0
161 161
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2 2 b. The distance is smallest at t ~ 0.07 hours.
n a0AM , 2=/ X", (ﬁ_r\
L ) L\/_ J :;E:HDDHE
Miln=
2 2 AmaxE=.13
2 3 ﬁSi;-l:._?S
rf= e X -3’ Oniasi=d
Wacl=] Hiniraur
\/g X = x2 Ares=1 BE.OTE0OLZE Y= 1
r==X 20. r =radius of cylinder, h = height of cylinder,
3 V = volume of cylinder
Therefore, the circumference of the circle is 2 h? h?
2 u 2 2 LI 2 2 2 U
r(}=R:>r+ =R =>r° °=R" -
() = 2mr = onl X2 2m03, 1 A A
\ )
3 3
kIJ V =1rh
17. Area of the equilateral triangle 2 2))
1 \Bq N3 J V(h)=1'{R2—n Jh=nh(R2—n4J
A=2—x-2 X = 4x2 4

2

21. r =radius of cylinder, h = height of cylinder,

From problem 16, we have r? = X .
V = volume of cylinder

Avrea inside the circle, but outside the triangle:

I . H H-h
B By similar triangles: =
A(X) = tr? === x? R
‘ Hr=R(H -h)
2
=m* ——‘{& =(|E —_&NTX Hr = RH - Rh
3o 34 Rh=RH - Hr
RH-Hr H(R-r)
18. d2:d12+d22 h= R = R

d? = (30t)" + (40t)° [ V=nr2h=nr2|[H R-r ) mH(R-r)r?

d(t) = \/900t? +1600t? = 2500t? =50t . R R

d, =40t 22. a. The total cost of installing the cable along
the road is 500x . If cable is installed x
miles along the road, there are 5-x miles
between the road to the house and where the
cable ends along the road.

d,=30t

19. a. d2 = d12 + d22 House
d? = (2-30t)* +(3-40t)*

d(t)= - -
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(2-30t) +(3- \/2 a

40t)*

4-120t +900t% +/ .
9 - 240t +1600t> o

C X

2500t2 -360t o

+13 d= (5-x)7%+22

T O~ | W v

dy =2-30t

d =/25-10x+ X2 + 4 =/x? —10x + 29

The total cost of installing the cable is:

163 163
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C(x) = 500 + 700/ x% -10x + 29

Domain: {x|0 <x< 5}

b. C(1) =500(1)+700y1? -10(1) + 29

=500 + 700/20 = $3630.50

c. C(3)=500(3)+700,/3* -10(3) +29

=1500 + 700+/8 = $3479.90

d. 4500

—

-5

0 .
3000

e. Using MINIMUM, the graph indicates that
X = 2.96 miles results in the least cost.

Hinirur
H=c.9EA7EEE  Y=z470.7850

d
1 The

23. a. The time on the boat is given by 3

time on land is given by 12-x .

5

Island

Town

p X 12—x

2 2 2
1:\/X +2 \/

d = X +4

The total time for the trip is:
2

X O 12—x+\& +4

T(x)=12_ T g

Section 2.6: Mathematical Models: Building Functions

2
d. T(8)=12_8+ 8° +4

5 3
4 68
5

+ ~ 3.55 hours

w

24. Consider the diagrams shown below.

There is a pair of similar triangles in the
diagram. Since the smaller triangle is similar to
the larger triangle, we have the proportion

Substituting into the volume formula for the

conical portion of water gives
2

1, 1(1) It 3
V(h)=3nr h=3nk4hj h=48h )

=

25. a. length= 24-2x;width= 24 -2x;
height = x
V (X) = X(24 - 2x)(24 - 2x) = x(24 - 2x)?

5
3

164 164
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b. V(3)=3(24-2(3))% =

3(18)2
=3(324) =972 in°.
b. Domain: {x| 0<x 512}
c.  V(10) =10(24 - 2(10))* =10(4)*
12-4 %44 =10(16) =160 in.
c. T@4)= +
4 : 3
= gﬁgz 3.09 hours
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d.

26. a.

d.

y; = (24 - 2x)°

1100

0 12

Use MAXIMUM.
1100

Haxirum
0 Hn=y

0
The volume is largest when x =4 inches.

=iz

12

Let A =amount of material,

x = length of the base , h = height , and
V = volume.

V=x2h:10:>h:1—g
X
Total Area A = (Area,,, ) +(4) (Areagg, )
= x? +4xh
=x2+4x(ﬂ\
| 5|
)
2. 40
X
_.2,40
A(x)=x+ y
A(1)=12+%=1+40=41ft2
A(z]:22+%=4+20=24ﬁ2
40

y =x2+ 2

217.

28.

29.

Chapter 2 Review Exercises

L
0 144168 JY¥=zz. 104188 . 10

The amount of material is least when
X =2.71 ft.

The center would be the midpoint

4+(-6) -5+3
2 2

(h.k) =

222 ..
=27 =1y

The distance from the midpoint to one of the
point would be the radius.

r=(-1-4)° + (-1-(-5) = {(-5) + (4)°
- \25+16 = A1

In order for the 16-foot long Ford Fusion to pass
the 50-foot truck, the Ford Fusion must travel the
length of the truck and the length of itself in the
time frame of 5 seconds. Thus the Fusion must
travel an additional 66 feet in 5 seconds.

Convert this to miles-per-hour.

5 5 A

5sec = min = hr = hr.
60 3600 720
66 .

66 ft = 5280m|

: 66
speed= distance _ gpgy 1 =9 mph
time -5

Since the truck is traveling 55 mph, the Fusion
must travel 55 + 9 = 64 mph.

Start with y = x*. To shift the graph left 4 units

would change the functionto y = (x +4)?. To
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1

100

X

0 410

167 167

Chapter 2 Review Exercises

shift the graph down 2 units would change the
functionto y = (x+4)2 -2.

30. (-0,-2)Ju(-2,5]

Chapter 2 Review Exercises

1. This relation represents a function.
Domain = {-1, 2, 4}; Range = {0, 3}.
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Chapter 2: Functions and Their Graphs

2. This relation does not represent a function, since
4 is paired with two different values.

23X
3 f(x)—Xz_1
a f@-2_8_6_,
(2)2_1 4-1 3
b f(_2)=_3(__2)_=_6 :__:_2
(-2)>-1 4-1 3
TR
(-x)?-1 x*-1

e, f(x-2)=—X=2)
(x-2)--1
__3x-6 _ 3(x-2
X2 —Ax+4-1 42 _ay 43
Fof(an = 22X 6X

a f(2)=V2"-4=4-4=\0=0

b. f(-2)=(-2)*-4="4-4=30=0

c. f(=X)=y(-x)?-4= x*-4

d -1 =-x-4

e. f(x-2)=(x-2)?-4

=Vx? -4x+4-4

168 168

Chapter 2 Review Exercises

(_X)Z XZ
(x2-4) 4-x*2  x*-4
d —f = - = = -
) LXZJ x? x?
2_ 2
e f(X—Z) _(_)_X_Z _4=X—4X+4—4
(x-2)° (x-2)°
_x%-4x  x(x-4)

S (x-2)? (x-2)?

2_ 2_
f f(ZX):@—4:4—X—

(2x)2 4x?
2
_ i[_u] _ x2-1
4x? X2

f(x) =

(x) 29

The denominator cannot be zero:
x> -9#0
(x+3)(x-3) %0

x#-30r3
Domain: {x| X# -3, X # 3}

f(x)=v2-x

The radicand must be non-negative:
2-x20

X<2
Domain: {x| X < 2} or (-0, 2]

8. 9=
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= x?-4x

. f(20)=V@0%-4=ax? -4

= 4 -1) =2Jx? -1

169 169

Chapter 2 Review Exercises

The denominator cannot be zero:
xz0

Domain: {x| x # 0}
f(x) s —X——
() X% +2x-3
The denominator cannot be zero:
X2 +2x-3%0
(X+3)(x—1) #0

x#-3orl
Domain:{xx # -3, x # 1}
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Jx+1 13. f(x)=3x>+x+1  g(x)=3x
10. f(x)= ,
x“-4 (f+9)(X)_f(X]+9(X)
The denominator cannot be zero: )

=3X +X+1+3X

X2 -4 %0
=3x% +4x+1

(x+2)[x—2)¢0

Domain: {x X is any real number}

X#-20r2
Also, the radicand must be non-negative: _ _ _
o, Ine (1-909= () -9
x> -1 =3X +Xx+1-3x
Domain: [—1, 2)u(2,») =3x% - 2x+1
Domain: {x| X is any real number}
X
f(x) =
W t0="rrs (f-9)(x) = f(x)-g(x)
The radicand must be non-negative and not zero: _ (sz +x +1) (3x)
X+8>0
3 2
x> -8 =Px +3X +3X
Domain: {X| X > —8} Domain: {x X is any real number}
(1) 10 3xPexs1
X) = =
(09707 3
12, f(x)=2-x g(x)=3x+1 3x¢0:x¢|0
(f+9)(0) = f (x)+9(x) Domain: {x x # 0}
=2-X+3x+1=2x+3
Domain: {x| x is any real number} 14, fo0=1 g - 1
' x-1 X
(f-9)(x) = f(x)-9g(x) (f+0)(%) = T (x)+9(x)
=2-x-(3x+1) _x+1 1 _X x+1)+1(x-1)
=2-x-3x-1 Cx-1ox o x(x-1)
Domain: {>j| ;4|;( ;nly real number} = Krxexol = K26l
. (1) T x(x-1)
(f-9)(x) = £()-9(x) Domain: {x|x¢0,x¢1}

170 170
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= (2-x)(3x+1)

=6x+2-3x% - X

= -3x% +5x+2

Domain: {x| x is any real number}

(1) f{x) 2-x
ng(x)z g(x) T 3x+1
3x+120

3x;t—1:>x:t—E

Chapter 2 Review Exercises

(f-9)(x) =f(x)-g(x)

x+1 1 x[x+1)-1[x-1)

(1900 =109-909 =

-1 x x(x-1)

Domain: {xl X#0,X# 1}

X+1\(l\: X+1

’ I BT
Domain: {x X # -%} Domain: {x x¢0,x¢1}

171 171
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15.

16.

Domain: {x| X#0, X # 1}

f(x) = -2x% +x+1
f(x+h)-f(x)
h
2 2
) -2(x+h) i[_x+h]_+1—[_ﬁ +x+ll
h

i[_x2+ 2xh +h2]_+x+h +1+2x°-x-1

h

_ =2x*-4xh-2h%+ x+h+1+2x*-x-1
h

_ —4xh-2h*+h _h{-4x-2h+1)

- h - h

=-4x-2h+1

a. Domain:{x|-4<x<3}; [-4,3]
Range: {y|-3<y=<3};[-33]

b. Intercept: (0,0)
c. f(-2)=-1
d. f(x)=-3 whenx=-4
e. f(x)>0whenO0<x<3
{x|0<x<3}
f. Tograph y = f (x-3) , shift the graph of f

horizontally 3 units to the right.
Y)

g.

17. a.

18.

172 172

Chapter 2 Review Exercises

I~

Tograph y=f' =x ', stretch the graph of

N

(1)
P
.

f horizontally by a factor of 2.
¥y

To graph y = - f (x] , reflect the graph of f

vertically ab\,out the y-axis.

Domain: [—oo,4]

Range: (-o,3]
Increasing: (-o,-2)and (2,4);
Decreasing: (-2,2)

Local minimumis -1 at x =2;
Local maximumis1at x = -2
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Chapter 2: Functions and Their Graphs Chapter 2 Review Exercises
d. No absolute minimum;
Absolute maximumis 3 at x =4
e. The graph has no symmetry.
f.  The function is neither.
g. Xx-intercepts: -3,0,3;
y-intercept: 0
f(x) = x> -4x
f(-x) = (-x)% - 4(-x) = - x® + 4x
= —(x?’ - 4x] =-
f(x)
f isodd.

173 173
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2 local minima: 0.54 when x =-0.34, -3.56 when
_4+xe
19. g(x)—1+X4 x=1.80
A (=x)2 4o fis increasing on: (-0.34,0.41) and (1.80, 3);
9(-x) = T g(x) f is decreasing on: (-2,-0.34) and (0.41,1.80).
1+(-x) 1+X
g iseven.

24, f(x)=8x%-x

20. G(x)=1-x+x’ L 1@-10 _8@°-2-BO°-1
2-1 1
=32-2-(7)=23

f()-f(0) 8(1)?-1-[8(0)>-0]

G(-x) =1-(-X)+ (-x)°
=1+x-x3 # -G(x) or G(x)

G is neither even nor odd. b. 1-0 ° 1
0 = —X =8-1-(0)=7
21. X) =
1+ x? f(4)-f(2) 8(4)*-4-[8(2)*-2]
= S © 4-2 T 2
f(-x)= = =10
1+(-x)% 1+x? 1286=4—=36) 94
f is odd. - 2 =0 =4
22. f(x)=2x®-5x+1 onthe interval (-3,3) 25. T(x)=2-5x
Use MAXIMUM and MINIMUM on the graph 13- (2) _F2-5(3)F[2-5(2)
of y; =2x* -5x+1. 3-2 3-2
20 20 (2-15)-(2-10)
J_/ / e
-3 )/"J‘ 3 -3 e 3 =-13-(-8)=-5
VL S Y rnze fr=-z.ovzae: 26. f(x)=3x- 4x?
—20 20
local maximum: 4.04 when x = -0.91 f@)-1(2) [3(3)‘4(3)2% F?’L(z)‘df(z]z1 |
local minimum: -2.04 when x =0.91 ) )
fis increasing on: (-3,-0.91) and (0.91,3); _ (9-36) - (6-16)
fis decreasing on: (-0.91,0.91). - 1
. _ =-27+10=-17
23. f(x)=2x*-5x"+2x+1 onthe interval (-2,3)
Use MAXIMUM and MINIMUM on the graph 27. The _graph does not pass thg Vertical Line Test
of 4 3 and is therefore not a function.
y; =2Xx =5X +2x+1.
20 20
\J / 174 174
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Chapter 2: Functions and Their Graphs Chapter 2 Review Exercises

28. The p sses the Line Test and is therefore a function.
graph a  Vertical
-2 3 =2 3
-10 -10
20
iy T
—2 |Hiniraum 3
n=lrarazrl Y=-:.Ee4B66

-10
local maximum: 1.53 when x = 0.41

175 175
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29. f(x)=|x]
Yi
5_
-2, 2) L 2.2
LI L NA T
-5 (0, 0y 5
5+
30. f(x)=+/x
.I"II._
-_1_
[ (1.1)
L (4,2)
I I [ T I .
-5 (0.0)[_ 5
S

31. F(x)=]|x|-4. Using the graph of y = x|,

vertically shift the graph downward 4 units.

h

Intercepts: (—4,0), (4,0), (0,-4)
Domain: {x| X is any real number}

Range: {y| y=-4} or [-4, o)

33.

34.

Chapter 2 Review Exercises

-2,

-8
Intercepts: (0, 0)
Domain: {x| x is any real number }

Range: {y| y <0} or (-, 0]

r

h(x) = "x-1. Using the graph of y = "x,

horizontally shift the graph to the right 1 unit.

YA
5_
~ (5,2)
_M
I < I B AR
2 [0 8
sk

Intercept: (1, 0)
Domain: {x|x =1} or [1, »)

Range: {y| y 20} or [0, o)

—

f(x)= 1-x= -(x-1). Reflect the graph of

y = Jx about the y-axis and horizontally shift
the graph t(i he right 1 unit.

Intercepts: (1, 0), (0, 1)
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32, 9(X)=-2 x . Reflect the graph of y = x Domain: {x x <1} or (-co,1]
about the x-axis and vertically stretch the graph Range: {y y 2 0} or [0, )
by a factor of 2.
177 177
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35.

36.

37.

h(x) = (x-1)> +2. Using the graph of y = x°,

horizontally shift the graph to the right 1 unit and

vertically ﬁij\ft the graph up 2 units.
~3
3)

(©,

T Y .
-5 5

-5
Intercepts: (0, 3)
Domain: {x| X is any real number}

Range: {y|y=2} or [2 )
g(x) =-2(x+2)° -8

Using the graph of y = x%, horizontally shift the

graph to the left 2 units, vertically stretch the
graph by a factor of 2, reflect about the x-axis,
and vertically shift the graph down 8 units.

y

-9 (—2—\771,0)1
i

-5
(=3,-6)

(_2' _8)

(-1,-10)%
Intercepts: (0,-24), (-2- 34, 0) ~(-3.6,0)
Domain: {x| X is any real number}

Range: {y| y is any real number}

(=1
[x+1 ifx>1

if —-2<x<1

a. Domain: {x|x>-2} or (-2, w)

178 178

Chapter 2 Review Exercises

c. Graph:

2.3)

I T ' T T N T .
-5 5

(_21 _6)

d. Range: {y|y>-6} or (-6, )

e. Thereisajump inthe graphat x =1.
Therefore, the function is not continuous.

[x if —4<x<0
38. f(x)=<{1 ifx=0

|3x ifk>0

a. Domain: {x x -4} or [-4, =)
b. Intercept: (0, 1)

c. Graph:
y
5
{1,3)
|||(?’|1) L1
-5 5
= 5

d. Range: {y|y=-4,y=0}

e. Thereisajumpat x =0. Therefore, the
function is not continuous.

Ax+5
. f = f=4
39 (%) bx -2 and f (1)

b. Intercept: (0,0)
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Chapter 2 Review Exercises
AQ+5 4 6(1)-2
A+5
4 -
A+5=16
A=11
179 179
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20 a x®h=10 — h= 0 Chapter 2 Test
A = 26 + 4 1o {(25),(46).(67).(88))
10 This relation is a function because there are
=2x% + 4x(x—zj no ordered pairs that have the same first

element and different second elements.
=2x% + == Domain: {2,4,6,8}

Range: {5,6,7,8}

b. AQ)=2-12+ 410 = 24+40 =42 ft?
b {(£3).(4.-2),(-35).(1.7)}
c. AQ)=2 22 4 40 _ =8+ 20 = 28 ft2 This relation is not a function because there
2 are two ordered pairs that have the same

. first element but different second elements.
d. Graphing:
50 c. This relation is not a function because the

v graph fails the vertical line test.
d. This relation is a function because it passes
the vertical line test.

Domain: {x| X is any real number}

0 Range: {y|y =2} or [2, )

2. f(x)=+4-5x

The function tells us to take the square root of
4 -5x . Only nonnegative numbers have real
square roots so we need 4-5x=0.

Hinirilra
e R Lol O ol : o - L

The area is smallest when x = 2.15 feet. 4-5x20
4-5x-4>0-4
-5x 2 -4
41. a. Consider the following diagram: 5x -4
y= 5 =5
y=10_y2 4
X< =
5
)
4]
Domain: { XX o ork J
The area of the rectangle is A = xy . Thus, f (_1) _ \/4 5(_1) =J4+5=/9=3
the area function for the rectangle is:
A(X) = x(10 - x?) X+2
- 0=y
b. The maximum value occurs at the vertex:
THLIT
e / The function tells us to divide x +2 by [x+2|.
wacl=1
Ymin=8
Ymax=15
rscl=l Hairaur
Ares=1 =1 BEEFYLY W=z AP1G1E o

180 180
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The maximum area is roughly: Division by 0 is undefined, so the denominator
A(1.83) = -(1.83)° +10(1.83) can never equal 0. This means that x # -2.
Domain: {x|x # -2}
-1]+2 1
g (—1) = =~ = 1
~12.17 square units |(_1) * 2| [
181 181
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hix) = —X= 4 Ymin and Ymax will not be good enough to see the
4 (X] =2 whole picture so some adj ade.
X +5x-36
i VI - Flakl Flaktz Flakz

Tr21e function teI.Is us t.o .d!wde X '4 by ' D e 4

X“ +5x -36. Since division by 0 is not defined, i;§=

we need to exclude any values which make the W=

denominator 0. Nt

x? +5x-36=0 RYE=

(x+9)(x-4)=0

Xx=-9 or x=4 /\ /\

Domain: {x|x # -9, x # 4} 7
(note: there is a common factor of x -4 but we R Beheher [r=-meozsen | [ I|I
must determine the domain prior to simplifying) s NS

o) o—=t s 1 /\

(-1)* +5(-1)-36 40 8

Haxinal
nEC FENPAZE IV=1E EYFAER

5. a. To find the domain, note that all the points
on the graph will have an x-coordinate
between -5 and 5, inclusive. To find the
range, note that all the points on the graph
will have a y-coordinate between -3 and 3,

We see that the graph has a local maximum of
-0.86 (rounded to two places) when x = -0.85
and another local maximum of 15.55 when

x = 2.35. There is a local minimum of -2 when
x =0. Thus, we have

inclusive.
Domain: {x|-5< x <5} or [-5, 5] Local maxima: f (-0.85) =~ -0.86
Range: {y|-3<y <3} or [-3,3] f (2.35) ~15.55

Local minima: f (0) = -2

b The intercepts are (0,2), (-2,0), and (2,0). The function is increasing on the intervals

(-5,-0.85) and (0,2.35) and decreasing on the
intervals (-0.85,0) and (2.35,5).

x-intercepts: -2,2

y-intercept: 2
c. (1) isthe value of the function when

x =1. According to the graph, f(1)=3. 2x+1  x<-1
X —4 x=-1

7. a f[x)=l

i L
d Slr_lce (-5.-3) and (3 _3]_ are the only To graph the function, we graph each
points on the graph for which “piece”. First we graph the line y = 2x+1

y=f(x)=-3, wehave f(x)=-3 when but only keep the part for which x < -1.

x=-5and x=3. Then we plot the Ijne y =x-4 butonly
3 y=x—4x=-1
e. Tosolve f(x)<0,wewanttofind x- keep the part for which x 2 2%
=% N 5
7t
182 182 -7
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values such that the graph is below the x-
axis. The graph is below the x-axis for

values in the domain that are less than -2
and greater than 2. Therefore, the solution

setis {x|-5<x<-2 or 2<x<5}.In
interval notation we would write the
solution set as [-5,-2) U (2,5].

6. f (X) =-x*+2x3 +4x% -2
We set Xmin = -5 and Xmax = 5. The standard

183 183
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b. To find the intercepts, notice that the only piece

that hits either axisis y =x-4.

y=x-4 y
y=0-4 0
y=-4 4

-4
4

X
X_
X

The intercepts are (0,-4) and (4,0).

c. Tofind g(-5) we first note that x = -5 so
we must use the first “piece” because -5 < -1.

9(-5)=2(-5)+1=-10+1= -9
d. Tofind g(2) we first note that x = 2 so we

must use the second “piece” because 2 = -1.
g [2] =2-4=-2

8. The average rate of change from 3 to 4 is given by

Ay f‘4 -f(3
Ax~ 4-3
(3(4)°-2(4) + 4] -[3(3)°-2(3) + 4]
- 4-3
_44-25 19
4-3 71 =19

9. a (f-g)(x=(2x%+1)-(3x-2)
=2x% +1-3x+2=2x%> -3x+3

b. (f-g)(x) =(2x* +1)(3x - 2)
= 6x° - 4x% +3x -2
¢ f(x+h)-f(x)
_ (2(x+ h)? +1) - (2x +1)
- [2(x2 +2xh+h2)+1)-(2x2 +1]
= 2x2 +4xh+2h? +1-2x% -1
= 4xh + 2h?

10.

Chapter 2 Test

The basic function is y = x3 so we start with

the graph of this function.

Next we shift this graph 1 unit to the left to
obtain the graph of y = (x +1)3.

y y= (><+l]3
10
(2, L
-2 2 X
-10

Next we reflect this graph about the x-axis

to obtain the graph of y = —(x+1)°.
y
104

\en !

y=-(x+1)
Next we stretch this graph vertically by a
factor of 2 to obtain the graph of

y=-2(x+1)°.

y
10

(-2,2)+ (0,-2)
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-10
y=-2(x+1)
The last step is to shift this graph up 3 units
to obtain the graph of y = -2(x +1)3 +3.

185 185
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yz—2(x+1)3+3

b. The basic function is y =|x| so we start

with the graph of this function.

Next we shift this graph 4 units to the left to
obtain the graph of y =[x +4].

y y=[x+4|

Next we shift this graph up 2 units to obtain

the graph of y = |x + 4| +2.

yp oy =|x+4]+2

11. a. r(x)=-0.115x" +1.183x +5.623

12.

Chapter 2 Test

o g e i
823

.

Hazxinaum

W=EAYENAMY LY=H.BEEZETY o
The highest rate during this period appears
to be 8.67%, occurring in 1997 (x = 5).

For 2010, we have x = 2010-1992 =18.

r(18) = -0.115(18)° +1.183(18) +5.623
= -10.343

10IED
-168. 343

The model predicts that the interest rate will
be -10.343% . This is not a reasonable
value since it implies that the bank would be
paying interest to the borrower.

Let x = width of the rink in feet. Then the
length of the rectangular portion is given by
2x - 20. The radius of the semicircular
portions is half the width, or r = g .
To find the volume, we first find the area of
the surface and multiply by the thickness of

the ice. The two semicircles can be
combined to form a complete circle, so the

area is given by
A=l-w+mr?

= (2x—20)(x)+n(§jz

2 MZ

=X—X+
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For the
years
1992 to
2004,
we have
values
of x
between
0 and
12.
Therefo
re, we
can let
Xmin =
0and
Xmax =
12.
Since r
is the

2 20 4

We have expressed our measures in feet so
we need to convert the thickness to feet
as well.

interest rate as a percent, we can try letting

187 187

Chapter 2 Test

1

i _0Bg 14

0.75in-=—

12in 12 16
Now we multiply this by the area to obtain
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the volume. That is,

b. If the rink is 90 feet wide, then we have
x=90.

2 2
v (s0) = & - 3080 TN 159761

8 4 64
The volume of ice is roughly 1297.61 ft*.

Chapter 2 Cumulative Review

1. 3x-8=10
3x-8+8=10+8
3x =18

3x _18

3 3
X=6

The solution set is {6} .

2. 3x%-x=0
x(3x-1)=0
x=0 or 3x-1=0

3x =

X =

— W |~

. . 1
The solution setis 0, 1] .

1t
3
3. x>-8x-9=0

(x-9)(x+1)=0

4. 6x°> -5x+1=0

(3x-1)(2x-1)=0

3x-1=0 or 2x-1=0

3x=1 2x =1
1 1
X=— X=—
3 2

(1 1]

The solution set is = r.
la2f

5. [2x+3=4
2x+3=-4 or 2x+3=4
2x = -7 2x =1
N !
2 2

The solution set is {—:,1} .

2

6. V2X+3=2

N

(m) - 22

2x+3=4
2x =1

>

N~

Check:

1+3

a
4
2

2

o I~

=2
=2 T
(1]
The solution set is .
{2f
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Chapter 2: Functions and Their Graphs Chapter 2 Test

- = X+l=0
x=9=0 or -1 7. 2-3x>6
x=9 -3x>4
The solution set is {—1, 9} . 4
X < -
3

Solution set: [x [ X < _i]
U s

189 189
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Chapter 2 Cumulative Review

Interval notation: _00_4\ b. M _(x2% ,—Vf—Yz\
——> 3. o
4 U x ) \ J
’ [ z2x3 =3+(=5))
L2 2
1 )
I
8. |2x-5/<3 )
v
-3<2x-5<3
2<2x<8 Y-y, 5=(=8] -2 2
C. m= = = =
l<x<4 X,-% 3-(2) 5 5
Solution set: {x|1<x <4}
Interval notation: (1,4) 11. 3)_(—2y=12
. x-intercept:
. A 3x-2(0) =12
1 4 X
3x=12
x=4

|4x+1|z7

AXx+1<-7 or 4x+1=7

The point (4,0) is on the graph.

4x<-8 4x=6 y-intercept:
X< -2 ng 3(0)-2y=12
-2y =12
Solution set: Jx [X<-2 or x= il y=-6
2
l J NRC

3 ) The point (Q;-6) is on the graph.

Interval notation: (-o0,-2]U" =, 00 B
i  (4,0)
LZJ Ll [ X
] - —3 3

190 190

EBPBYFight © 3816 PearsaA Edueatian; IRe:




Chapter 2: Functions and Their Graphs Chapter 2 Cumulative Review

191 191
EBPBYFight © 3816 PearsaA Edueatian; IRe:



Chapter 2: Functions and Their Graphs Chapter 2 Cumulative Review

12. x=y? 14. vz\/;
x| y=x ()
y X:y2 (ny) 0 y=\/6:0 (O’O)
2| x=(-2)*=4|(4-2) 1]y =\/l =1 (11
1| x=(-1)" =1 (1-1) 1ly= A2 (4.2)
0| x=02=0 | (0,0 VA
1] x=1=1 | (13 B
2 — 4.2
2 x=2y=4“‘1[§1,2] T &2
SE L O
-/ (4.2) -5 - 5
NN 2NN B
-5 e 5 -5
0,0) [ _
(0,0) B \ 4.-2) 15. 3x? -4y =12
=5 1‘\_ 1) x-intercepts:
3x? -4(0) =12
13. 2 +(y-3)° =16 3x2 =12
This is the equation of a circle with radius X2 =4
r=+/16 =4 and center at (0,3). Starting at the X = +2
center we can obtain some points on the graph by y-intercept:
moving 4 units up, down, left, and right. The 3(0]2 —4y =12
corresponding points are (0,7}, (0,-1), 4y =12

(-4.3) ., and (4,3), respectively. y=-3

The intercepts are (-2,0), (2,0, and (0,-3).

Check x-axis symmetry:
3x° -4(-y) =12

3x% +4y =12 different
Check y-axis symmetry:
?:(—x]2 -4y =12

3x% -4y =12 same
Check origin symmetry:
3(—x]2 -4(-y)=12
3x% +4y =12 different
The graph of the equation has y-axis symmetry.

192 192
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16. First we find the slope:
ne3=4_4_1

6-(-2) 8 2
Next we use the slope and the given point (6,8)
in the point-slope form of the equation of a line:
Y-y =m(x-x)
1

y—8=£(x—6]

-

y-8=7"x-3

= N

y=_Xx+5

N

17. f (X] = [X+2]2 -3
Starting with the graph of y = x2 , shift the graph

2 units to the left ry =(x+ 2)2—| and down 3

]

units ry = (x+2]2 _3l,

18.

19.

Chapter 2 Projects

05

oy ] )
1 y=l=-1 (1)
L] y=ret |
|t )

[ T T I |
(-1,-1)

if x<2
|X| if x>2

f(X]:{z—x

Graph the line y =2-x for x < 2. Two points

on the graph are (0,2) and (2,0).
Graph the line y = x for x > 2. There is a hole
inthe graphat x=2.

y

L1
=35

Chapter 2 Projects
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Project | — Internet Based Project — Answers will
vary

194 194
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Chapter 2: Functions and Their Graphs

Project 11
( 20 0<x<200
0.16x-12 x>200
Gold: C(x)=50+0.08(x-1000) = 0.08x - 30
50.00 0=<x=<1000

ct=
10.08x-30 x>1000

Platinum: C(x) =100+ 0.04(x -3000)

=0.04x-20
C(x) = [100.00 0 < x <3000
*0.04x -20 x>3000
Ck) Silver
3007 / Id
| Y . GO
] yd 1/
200 _~
- 7 /// _— pjatinum
3 100
O -+
—~
0 1000 2000 3000 4000
X
K-Bytes
3. Lety = #K-bytes of service over the plan
minimum.
Silver: 20+0.16y <50
0.16y <30
y <187.5

Silver is the best up to 187.5+ 200 = 387.5
K-bytes of service.

Gold: 50+0.08y <100
0.08y <50
y <625
Gold is the best from 387.5 K-bytes to
625+1000 =1625 K-bytes of service.

Chapter 2 Projects

f

Driveway Possible route 1
2 mfles
5 miles
Possible route 2
Highway
House
", $140/mile
. L=J4+G-x)
.
\‘n
2 miles .,

.
.

Cable box

5 miles $100/mile

C(x) =100x +140L
C(x) = 100x +1404/4 + (5 - x)?

C(x)

w Nk O]| X%
[N
o
o
[N
—
+
[EEN
N
o
I
+
IR
(op]
124
&~
~
N
©
[N
o

q
H

The choice where the cable goes 3 miles down
the road then cutting up to the house seems to
yield the lowest cost.

. Since all of the costs are less than $800, there

would be a profit made with any of the plans.

C(x) dollars
800

6000 5 Xxmiles

Platinum: Platinum will be the best if
more than
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1625 K-bytes is needed. Using the MINIMUM function on a graphing
. calculator, the minimum occurs at x = 2.96 .
4. Answers will vary.
Q(x) ddllars
Project 111 800

N eibees vesoc ocain
600 — - -
0

5 xmiles

The minimum cost occurs when the cable runs
for 2.96 mile along the road.

196 196
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6.

C(4.5) = 100(4.5) + 140,/4 + (5 - 4.5)°

~ $738.62
The cost for the Steven’s cable would be
$738.62.

5000(738.62) = $3,693,100 State legislated
5000(695.96) = $3,479,800 cheapest cost
It will cost the company $213,300 more.

Project IV

10.

11.

A=mr?

r=22t

r=22(2)=44ft
r=22(25)=55ft
A=1(4.4)% = 60.82 ft?
A=(5.5)° = 95.03 ft?
A=m(2.2t)% = 4.84nt?

A= 4841 (2)% = 60.82 ft?

A = 4841 (2.5)% = 95.03 ft?
A(2.5)- A(2) _ 95.03-60.82

= 68.42 ft/hr
25-2 05

A(35)-A(3) 186.27-13685 oo, e
35-3 0.5

The average rate of change is increasing.

150 yds = 450 ft
r=2.2t

t= 450 = 204.5 hours
2.2
6 miles = 31680 ft

Therefore, we need a radius of 15,840 ft.
15,840

t= = 7200 hours
2.2

197 197
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roject at Motorola
the past decade the avallapility and usage
Internet services have increased. The in-
dustry has developed a number of pricing proposals
for such services. Marketing data have indicated that
subscribers of wireless Internet services have tended
to desire flat fee rate structures as compared with
rates based totally on usage. The Computer Resource
Department of Indigo Media (hypothetical) has en-
tered into a contractual agreement for wireless
Internet services. As a part of the contractual agree-
ment, employees are able to sign up for their own
wireless services. Three pricing options are available:

Silver Plan: $20/month for up to 200 K-bytes of
service plus $0.16 for each addi-
tional K-byte of service

Gold Plan: $50/month for up to 1000 K-bytes

of service plus $0.08 for each addi-
tional K-byte of service

of service plus $0.04 for each addi-
tional K-byte of service

You have been requested to write a report that
answers the following questions in order to aid em-
ployees in choosing the appropriate pricing plan.

(a) If Cisthe monthly charge for x K-bytes of serv-
ice, express C as a function of x for each of the
three plans.

(b) Graph each of the three functions found in
part (a).

(c) For how many K-bytes of service is the Silver
Plan the best pricing option? When is the Gold

Plan best? When is the Platinum Plan best?
Explain your reasoning.

(d) Write a report that summarizes your findings.

Copyright © 2013 Pearson Education, Inc.




3. Cost of Cable You work for the Silver Satellite &
Cable TV Company in the Research & Development
Department. You have been asked to come up with a
formula to determine the cost of running cable from a
connection box to a new cable household. The first ex-
ample that you are working with involves the Steven
family, who own a rural home with a driveway 2 miles
long extending to the house from a nearby highway. The
nearest connection box is along the highway but 5 miles
from the driveway.

It costs the company $100 per mile to install cable
along the highway and $140 per mile to install cable off
the highway. Because the Steven’s house is surrounded by
farmland that they own, it would be possible to run the
cable overland to the house directly from the connection
box or from any point between the connection box to the
driveway.
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(a)

(b)

(c)

(d)

(e)

(f)

Draw a sketch of this problem situation, assuming that
the highway is a straight road and the driveway is also
a straight road perpendicular to the highway. Include
two or more possible routes for the cable.

Let x represent the distance in miles that the cable
runs along the highway from the connection box be-
fore turning off toward the house. Express the total
cost of installation as a function of x. (You may
choose to answer part (c) before part (b) if you would
like to examine concrete instances before creating
the equation.)

Make a table of the possible integral values of x and
the corresponding cost in each instance. Does one
choice appear to cost the least?

If you charge the Stevens $800 for installation, would
you be willing to let them choose which way the cable
would go? Explain.

Using a graphing calculator, graph the function from
part (b) and determine the value of x that would make
the installation cost minimum.

Before proceeding further with the installation, you
check the local regulations for cable companies and
find that there is pending state legislation that says
that the cable cannot turn off the highway more than
0.5 mile from the Steven’s driveway. If this legislation
passes, what will be the ultimate cost of installing the
Steven’s cable?

(g) If the cable company wishes to install cable in 5000

homes in this area, and assuming that the figures for
the Steven’s installation are typical, how much will
the new legislation cost the company overall if they
cannot use the cheapest installation cost, but instead
have to follow the new state regulations?

Copyright © 2013 Pearson Education, Inc.



4. Oil Spill  An oil tanker strikes a sand bar that rips a hole
In the hull of the ship. Oil begins leaking out of the tanker
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with the spilled oil forming a circle around the tanker. The
radius of the circle isincreasing at the rate of 2.2 feet per hour.
(a) Write the area of the circle as a function of the

(b)

radius r.
Write the radius of the circle as a function of time t.

(c) What isthe radius of the circle after 2 hours? What is

(d)
(e)
()
(9)
(h)
(1)

the radius of the circle after 2.5 hours?

Use the result of part (c) to determine the area of the
circle after 2 hours and 2.5 hours.

Determine a function that represents area as a func-
tion of time t.

Use the result of part (e) to determine the area of the
circle after 2 hours and 2.5 hours.

Compute the average rate of change of the area of
the circle from 2 hours to 2.5 hours.

Compute the average rate of change of the area of
the circle from 3 hours to 3.5 hours.

Based on the results obtained in parts (g) and (h),
what Is happening to the average rate of change of

the area of the circle as time passes?
Copyright © 2013 Pearson Education, Inc.



(J) If the oil tanker is 150 yards from shore, when will
the oil spill first reach the shoreline? (1 yard = 3 feet)

(k) How long will it be until 6 miles of shoreline is cont-
aminated with oil? (1 mile = 5280 feet) .. @ o
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