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Chapter 2

Functions and Their Graphs

Section 2.1
1. (-13)
1 1
2. 3(-2)*-5(-2)+ 2 =3(4)-5(-2)-,
12410~ 2
2
=% o 211 or 215
2 2

3. We must not allow the denominator to be 0.
X+4 % 0= X # -4 ; Domain: {xlx:t —4}.

4, 3-2x>5
-2X>2
x<-1

Solution set: {x|x < -1} or (-o,-1)

-

!
T
0

[EN

5. independent; dependent

6. range

7. [05]
We need the intersection of the intervals [0,7]
and [-2,5] . That is, domain of f N domain of g .

< | | | | | | | T |
Bl I I | T T T T L |
-2 0 5 7
> ¢
-2 0 5 7
—t—+— 1+ f+g
-2 0 5 7
8. #:fg

9. (g9-f)(x) or g(x)-f(x)

10. False; every function is a relation, but not every

2 75

11.
12.
13.

14,

15.

16.
17.

18.

19.
20.

21.

22.

23.
24.
25.

True
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.

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

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

Range: {3}

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

Not a function
Not a function
Function

Domain: {-2,-1,0, 1}
relation is a function. For example, the relation

Cop{aphtighb @ 3L Rear RjuEsisatipm. Inc.



x2 +y? =1 is not a function. Range: {0, 1, 4}

26. Function
Domain: {-2,-1,0, 1}
Range: {3, 4, 16}

3 75
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Chapter 2: Functions and Their Graphs

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

test. Thus, the equation represents a function.

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

test. Thus, the equation represents a function.

[

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

test. Thus, the equation represents a function.

—

30. Graph y =|x|. The graph passes the vertical line
test. Thus, the equation represents a function.

31 y?=4-x°
Solvefor y: y=#y4-x2

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.

32. y=+1-2x

34.

35.

36.

37.

Section 2.1: Functions

x+y? =1

Solvefor y: y=#1-X

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.

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

vertical line test. Thus, the equation represents a

function. J

-1 .
3 . The graph passes the vertical
X+2

Graph y =

line test. Thus, the equation represents a

Unctio

—

2x% +3y? =1
Solve for y: 2x? +3y? =1
3y? =1-2x?

For x =0, y=¢\F. Thus, (0, 1) and
b5

3|

( \/I\
LO’_ 3Jare on the graph. Thisis nota

For x=0,y==1. Thus, (0, 1) and (0, -1)
are on the graph. This is not a function,

Cop{aphtighb @ 3L Rear RjuEsisatipm. Inc.



Section 2.1: Functions

Chapter 2: Functions and Their Graphs
since a distinct x- value corresponds to two function, since a distinct x-value corresponds to
different y-values. two different y-values.

33. x=y?
Solvefor y: y==Jx
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.

5 75
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Chapter 2: Functions and Their Graphs

38. x?-4y? =1
Solve fory: x? -4y =1
4y* =x? -1
2
2 _ X -1
y'= 4
% x? -1
Y=
For x:ﬁ, y:tl. Thus, (\/Z,l\ and
2 ZJ
1 .
(\/5, - }are on the graph. This is not a
2
\ J

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

39. f(x)=3x*+2x-4

d. f(-x)=3(-x)*+2(-x)-4=3x* -2x -4
e. -f (x)=—(3x2 +2x—4]=—3x2—2x+4

f. f(x+l) =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

7T

41.

Section 2.1: Functions

e -f(x)=-(-2¢ +x-1)=2x® -x+1

f. f(x+1)=—2(x+1]2+[x+1)—1
= -z[x2 +2x+1]+x+1-1

= -2x% - 4x-2+x

=-2x*-3x-2

9. f(2x)=-2(2x)* +(2x)-1=-8x2 +2x~1

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

=-2(x2+2xh+h2)+x+h-1

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

X
[X)_x2+1
-0 _0_
a f(0)_02+1_1_
1 1
b. f(1)= ==
) +1 2
¢ f()=—2—==1-1
(_1)2+1 1+1 2
=X =X
d. f(-x)= ==
( X) (—X)2+1 X2+1
(x ) _=x

Coftrutiel) 2 293 fearsea FdHhiancInc.



Chapter 2: Functions and Their Graphs Section 2.1: Functions

_ X+1
h. f(x+h)=3(x+h)* +2(x+h)-4 X +2x+1+1
=3(x* +2xh +h®] + 2x+2h -4 =ﬁ+j+2
=3x? +6xh +3h? +2x+2h -4 . f(2x)= 2x 2
40. f(x)=-2x*+x-1 (2x)° +1 4x2+1
a. f(0)=-2(0°+0-1=-1 h. f(x+h)= x+h _ x+h

(X+h]2 +1 x2+2xh+h%+1

78 78

Coftrutiel) 2 293 fearsea FdHhiancInc.



Chapter 2: Functions and Their Graphs Section 2.1: Functions

42 f(x)=X=1 4. t(x)= X +x
X+ 4 S
, a. f(0)= 0°+0= 0=0
0°-1 -1 1 / J
. f Ol=—=—=—-—
@ 0= 77 2 b, f(1)=vIZ+1=+2
°-1_0 T ErE—
b. f(1]=m=§=0 C. f(—l): (_1)2+(—1): —1:\/6=0
c f[_l]_L—llz-l_Q_O d. f(—x)=\/(—x)2+(—x)=\,x2—x
| s VO
e —f(x]z—[ x2+x]=— x% +x
—x2-1 2.
0 (o= —ox :
-X+4  -x+4 f. f(x+1)=4/(x+1)" +(x+1)
(x2-1) =x*+1 = X2+ 2x+1+x+1
& _f(x):_kx+4j= X+4
=Vx% +3x+2
2
f. f(x+1]=[x—+l];l 9. f(2x)=4/(2%)% +2x = V4x2 + 2x
(x+1)+4
X7+ 2x+1-1 X% +2x h. f(x+h)=V(x+h)?+(x+h)
X*S X+3 =Jx? +2xh +h? + x+h

2x P12

I R Y S
9 1225000 7 ke 5. 1(x)= 2
x+h?-1 y24 yh+h?-
h f(x+h):[ | 1 . [0:2L91+1 0+1 _ 1
(X+h]+4 Xx+h+4 3(0)_5 0-5 5
43. f(x)=|x|+4 b. f(l):Z[llLl _2+1 _3 _ 3

a. f(O]:|o|+4:o+4:4

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

79 79

Coftrutiel) 2 293 fearsea FdHhiancInc.



Chapter 2: Functions and Their Graphs Section 2.1: Functions
2 -x +1

4 f (oo =2x+1 2x-1
()= T 3x-5 3x+5
d. f(-x)=|-x|+4=|x|+4 3(-x)-5 X
e. —f[x]=—(|x|+4]=_|x|-4 o -f(x)=_(2X+1)=‘2X‘1
|3x—5| 3x-5

f. f[x+1]=|x+1|+4

f. f(x_,_]_): M_ 2x+2+1 2x+3

9. f(2x)=|2x|+4=2|x|+4 3(x+1)-5 3x+3-5 3x-2

NIRRT b o=t

_2[x+h)+1_ 2x+2h+1

h. f(x+h) Sbeh) 5" axaan-s

80 80
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Chapter 2: Functions and Their Graphs

L1
46. f(x)=1 [x+2]2
a. f(0)=1- L, 1.3
(0+2) 4 4
b, f()=1-—15=1-1-8
(1+2) 9 9
¢ f(-=1-——=1-10
(-1+2) 1
df(-x)=1-—t—=1-—1
(-x+2)>  (2-x)
( \
1 1

1 1
f(2x)=1- =1-
o f&) (2x+2)° ~ 4(x+1)?
h. f(x+h)=1-—2
(X+h+2)2

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

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

Domain: {x| X is any real number}

49.

52.

53.

54,

55.

56.

o o

Section 2.1: Functions

2X
h(x) =
(x) 24
x2-4%0

X2 #4=>X#+2

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

X-2
X3 + X

F(x)=
X +x#0

X(x>+1) 0

x#0, x%#-1

Domain: {x X # O}

X+4
G(x) = 3
X —4x
3
X —-4x %0
x(x? -4)#0
x#0, xX°>#4
X#0, X#z*2
Domain: {x x¢—2,x¢0,x¢2}
h(x) = 3x-12
3x-12=0
3x =12
X=4

Domain: {x| X 24}

G(x) =4/1-x

1-x=0

Coftrutiel) 2 293 fearsea FdHhiancInc.



Chapter 2: Functions and Their Graphs

51.

X
f(x) =
() X% +1

Domain: {x| X is any real number}

2

X
f(xX)=—
) x2 +1
Domain: {x| X is any real number}
X

x? =16
X2 -16#0

9(x) =

X2 #£16 = x # +4
Domain: {x|x # -4, x # 4}

82 82

-x=-1
x<l
Domain: {x|xs1}
57, 10)= s
x-9>0
X>9
Domain: {x|x > 9}

Coftrutiel) 2 293 fearsea FdHhiancInc.
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Chapter 2: Functions and Their Graphs

58. f(x)=\/%

X-4>0
X>4

Domain: {x| X > 4}

59, p(x)=ﬁ_4@
x-1 Jx-1

x-1>0

x>1
Domain: {x|x>1}

60. g(x)=+-x-2

-x-2=0

-X=2
X<-2

Domain: {x|x < -2}

iz

61. P(t) =
® 3t-21

t-4=0

Also 3t-21%0

3gt-21+0
3t221
t#7

Domain: {tft >4t #7}

AJZ+3

2. h(z)=
6 (2) o

z+320
z2=2-3

Also z-2%0
72#2

83 83

64.

=

Section 2.1: Functions

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

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

(f-9)(x) =(3x+4)(2x-3)

=6x% -9X +8x-12
2
=(Tx -x-12

Domain: {x X is any real number} .

() 3x+4
Lg% 53

2x—3¢0:>2x¢3:>x¢§

xSl
4

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

Domain: {x

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

flp-30es 34 7
g 2()-3 2-3 -1

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

(f +g)(x) =2x+1+3x-2=5x-1
Domain: {x| x is any real number} .
(f-9)(x) =(2x+1) - (3x-2)

=2X+1-3x+2

=-X+3
Domain: {x| X is any real number} .
(f-g)(x) =(2x+1)(3x-2)

=6x% —4x+3x-2

=6x% -x-2

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

(L\(x) _ 2x+1

Coftrutiel) 2 293 fearsea FdHhiancInc.



Chapter 2: Functions and Their Graphs

Domain: {z|z > -3,z # 2} 3x-2%0
3x#2 2
63. f(x)=3x+4  g(x)=2x-3 XEL=XE o
a. (f+g)(x)=3x+4+2x-3=5x+1 Domain: Jx x;tﬁ}.
Domain: {x| X is any real number} . L 3)
84 84

Coftrutiel) 2 293 fearsea FdHhiancInc.
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Chapter 2: Functions and Their Graphs Section 2.1: Functions

e. (f+0)3)=5@1)-1=15-1=14 66. f(x)=2x>+3  g(x)=4x®+1

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

9. (f-9)(2)=6(2)?2-2-2 =4x3 +2x% + 4
=6(4)-2-2 Domain: {x|xis any real number}.
=24-2-2=20

‘6 b. (f-g)(x)=[2x2+3)—[4x3+1)

h [ Hlg-20el 221 3 _, 2 3

ng 3W-2 3-2 1 =2X +3-4x -1
=-4x3 +2x% +2
— 2
65 T =x=1 " g(x)=2x Domain: {x| x is any real number} .

a (f+g)(x)=x-1+2x2=2x2+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: {xl X is any real number} .
= x-1-2x?
f 2x% +3
=-2x% +x-1 d. (—\(XF 3 v
L9) 4x +1
Domain: {x| x is any real number} . 453 4120
c. (f-g)(%)=(x-1)(2x%)=2x> -2x2 45 % -1
Domain: {x| x is any real number} . NI S B 22
¢ 1 4 4 2
X_
d |~ |xX)="_ 3
[g)( ) 2x2 Domain: &
Lixs-—1.
2

Domain: {x| x # 0}. 9. (f-9)(2)=2(2)°-2(2)?

e (f+0)@=2(3)7+3-1 flzés_)gf(:)
- 2(9)+3-1 =10-e=
=18+3-1=20

f. (f-g)4)=-2(4) +4-1
=-2(16)+4-1
=-32+4-1=-29

85 85

Coftrutiel) 2 293 fearsea FdHhiancInc.



Chapter 2: Functions and Their Graphs Section 2.1: Functions
= -4(64) + 2(16) + 2

= -256+32+2=-222
e. (f+0)B)=4(3)°+2(3)° +4

= 4(27) +2(9) + 4 g. (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-9)4)=-44)° +2(4)° +2

( 2()°+3 2(1)+3 2+3 5

h (g1l _0 _0_g

g 2% 200 2

1)
g)|(1)= P 1 AL+l 4el 5

|
\
67. f(x)=x  g(x)=3x-5

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

Domain: {x| X > O} .

86 86

Coftrutiel) 2 293 fearsea FdHhiancInc.



Chapter 2: Functions and Their Graphs Section 2.1: Functions

b. (f-g)(x)=vx-(3x-5)=vx-3x+5

Domain: {x| X = O}.

c.  (f-g)(x)=/x(3x-5) =3xy/x -5/x 69. f(x)=1+1 Q(X)=1

Domain: {x|x20}. X X
1 1 2
d (1\()(): Jx a (fro)(0=1+"+>=1+>
LQJ x5 Domain: {x| x # 0}.
x=0 and 3x-5%0
5 _ L1l
3X¢5:>X¢3 b. (f-9)(x)=1 < x =1
ry
Domain: [x szandx;tg]. Domain: {x x #0}.
i 3f (1)1 1 1
c. (f-g)(x):U1+ o=t e
e. (f+9)3)=+/3+3(3)-5 x)x x x
- 3+9_5:\/§+4 Domain: {x x¢0}.
1+= X+l
f. (f-0)4)=4-3(4)+5 (1) x _x_ Xx#lx
=2-1245=-5 Glg)¥= T T T
X X
g (f-9)(2)=32nW2-5V2 Domain: {x|x # 0}.
=62 -5V2 =42 -
e. (f+9)3) =1+ § 5
n [ Ho- R _L 1_.1
' 3)-5 3-5 -2 2 f. (f-g9)4-=1
11 3
8. f(0=|x| g()=x o (1 T

a. (f+9)(x)=|x|+x (\
h. 1)=1+1=2
o071

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

b. (f-g)x) =|x|-x 70. f(x)=Vx-1  g(x)=+4-x
|
| |

87 87
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Chapter 2: Functions and Their Graphs Section 2.1: Functions

Domain: {x| X is any real number} .
a. (f+g)(x)=vx-1+4-x

c. (f-@)(x)=]x|-x=xx x-120 and 4-x=0
Domain: {x| x is any real number} . x=1and -x=-4
Xx<4
' g X Domaln.{ 1sxs4}.
e
Domain: {x|x¢0}. b. (f-g)(X)= x-1- 4-x

x-1=0 and 4-x=0
e. (f+g)(d)=[3|+3=3+3=6

x=1and -x=>-4
f. (f-0)4)=|4|-4=4-4=0 x<4

g (f-9)(2)=2[2[=2-2=4 Domain: {x 1=<x<4}.

88 88
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Chapter 2: Functions and Their Graphs

. (f-g)(x):[m)( 4-x] b.

=v-x? +5x -4

Xx-120 and 4-x=0

x=>1and -x=-4
X<4
Domain: {x| 1st4}.

(L\(X)z Vx=1 = pe=d

L) i s

x-120 and 4-x>0 C.

x=1and -x>-4
X<4

Domain: {><| 1<x< 4}.

e. (f+9)B)=v3-1+ 4-3
=\/§+\/i—1\/§+1

f. (f-g)4)=a-1-4-4

- 0=\3-0=13 d

0. (f-9)2=y-(2?+52)-4

=J-4+10-4=2
f -
h (- /uz\ng:o
ng 4-1 3
71 f(x)=2X+3 9(x) = 4x
3x-2 3x-2
_2x+3  _4x e.
a (f+o)0=73 ,*3
3x-2%#0

89 89

Section 2.1: Functions

2X+3 4x
(T =5 5" 3x-2

_ 2x+3-4x _ -2x+3

© 3x-2 3x-2
3x-2%0

3X¢2:>X¢2
3

Domain: (x X # 2| . 2
3%
L J
2
(f-g)(x)=[2X+3V 4x )=8x +12x
LBX—ZJL:%x— | (3x-2)°
3x-2%0

3x;t2:>x;tZ
3

Domain: Jx x:tglg.

L 3)

2x+3
() yoo3X-2 _ 2x+3 3x-2 _2x+3
LgJ() 4 3x-2 4x 4x

3x-2
3x-220 and x=z0

3x#2
2
X #
3
. 2
Domain: {x x¢§ andx:to}.
6(3)+3 18+3 21
(f+0)3) = ===

33)-2 9-2 7

_ 2x+3+4x 6x+3

Coftrutiel) 2 293 fearsea FdHhiancInc.



Chapter 2: Functions and Their Graphs Section 2.1: Functions

3x-2 3X - -
2 f. (f-9)@)-=
2(4)+3_—8+3_:
51
T 3
4
3,
2
10
2
2 8(2) +12(2)
3X#E2=> X # 2 g (f-9)(2)= )
3 (3(2)-2)
Domain: {x‘x;t%}. :8(4)+24:32+24:@:Z

-2 (4 16 2

90 90
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Chapter 2: Functions and Their Graphs

2
72. f(X):«[X+1 g(x)z_ 74. f(x)zl (i\\(x):—x-"l
X X LgJ x% - x
2 1
a (f+g)(X)=+x+1+°
X X—"'l_i
=
x+120 and x#0 X -x  g(x)
x=-1 1 2
Domain: {x|xz—1,andx¢0}. g(x) =—X 1 x-=x
X+1 x x+1
2
b, (f-g)(x)=vx+i-2 X =X
X _l_x(x—l)_x—l
x+120 and x#0 Tx x+1  x+1
x=-1

75. f(x)=4x+3
Domain: {x| x = -1 and x # 0}.

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

2 2Wx+1
(F-)(x) =Vx+1-0 =" _4x+4h+3-4x-3
Xx+1=0 and x=#0 h
XZ_l =@=4
Domain: {x|x = -1,and x # 0}. h
(i\(x)— :x+1_x K+l 76. f(x)=-3x+1
L) 2 ) f(x+h)= f(x) _ =3(x+h)+1-(-3x+1)
X h h
x+1=20 and x#0 :—3X—3h+1+3x—1
x=-1 h
: -3h
Domain: {x|x=-1,andx#0¢. =— =-3
e } .
(f+0)@) =371+2= 4+2-9,2.8 2
3 v 3 3 3 77. f(X)=x -x+4
) L f(x+h) - f(x)
(f-g)@)=va+1-=5-" h
4 2

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

91 91
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g (f-g)(z)=2§@=§=ﬁ 2 . 2
_ x4+ 2xh+h“=x-h+4-x~+x-4
h (L\(l)zlgm:_[ ) h
ng 2 2 _ 2xh+h? -h
- h
73. () =3x+1 (f+g)(x)=6—%x =2x+h-1

6—%X=3x+1+g(x)
7

5—_ =
,¥=9(%)

g(x)=5—§x

92 92
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78. f(x])=3x"-2x+6

f‘x+h - f|x

h

) [3(x+ h]2 —2(x+ h) —J|_|_r3x2 —2x+9—|

- h

§[_x2+2xh+h2]_—2x—2h+6—3x2+2x—6

h

_ 3x%+6xh +3h%-2h-3x* _ 6xh+3h” - 2h

h h
= 6x+3h-2
el
79. f[x)=X2
1 1

x = [x? + 2xh + h? )

TS

h
_ (1) =2xh-h?

thx?‘(x+h]2

_(l)h1—2x—h[

“Lh xz(x+h)2

-2x-h _ =[2x+h)

x2(x+h)®  x?(x+h)’

Section 2.1: Functions

80. f(x)=
X +
1
f§X+h)—le)=x+h+3
h h
x+3-[(x+3+h
_x+hs3)(x+3)
h
[ x+3-x-3-h (1)
=L[x+h+3)[x+3)%h4
(_-h
_L(x+h+3 X+3 JLhJ
=(x+h+_3)(x+3)
8l. f(x)= x
J
f x+h]—f|x|
h
=\/x+h—\/;
h
=w/x+h—\/;.1/x+h+\/§
h “x+h-N“_‘X
__Johex[ h
h( x+h+ x] h( x+h+ﬁ]
1
BTN

82. f(x)= x+1

f x+h]—f|x|

h
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x+h+1- x+1 XFN+l- XFLI XF¥h+l+ XF1

= h =V v B v
h "x+h+1+Vx+1
X+h+1-(x+1) h

) h[m+m) ) h(m+m]

1
_\/x+h+1+\/x+l

94 94
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83. f(x)=2x3+Ax?*+4x-5 and f(2) =5

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

5=4A+19
~14 = 4A

84. f(x)=3x*-Bx+4 and f(-1)=12:
f(-1) =3(-1)% -B(-1) + 4
12=3+B+4
B=5

3x+8
2x-A

85. f(x)= and f(0)=2

3(0)+8
2(0)- A
8
2'—A
-2A=8

A=-4

f(0) =

2Xx-B 1
ge. f(x)= and f(2) =~

3x+4 2
2(2)-B

3(2)+4

1 4-B

2 10
5=4-B

f(2) =

B=-1

87. f(x)=

2X‘3A and f(4) =0

X_
_2H-A
="
8-A
0=
0=8-A

88.

89.

90.

9L

92.

93.

Section 2.1: Functions

0) Klﬁw(a 0and (1 is undefined
X = =

1-A=0 = A=1

Let x represent the length of the rectangle.
Then, g represents the width of the rectangle

since the length is twice the width. The function
2

X2

N |-

X X
is: A =X-_ ="_ =
for the areais: A(X) = X 5= 9

Let x represent the length of one of the two equal

sides. The function for the area is:
1,

X

A(x)=%-x-x )

Let x represent the number of hours worked.
The function for the gross salary is:
G(x) =10x

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

b. P(20) =0.015(20)2 - 4.962(20) + 290.580
= 6-99.24 + 290.580

=197.34
In 2005 there are 197.34 million people who
are 20 years of age or older.

c.  P(0) =0.015(0)? - 4.962(0) + 290.580

=290.580
In 2005 there are 290.580 million people.

Coftrutiel) 2 293 fearsea FdHhiancInc.



Chapter 2: Functions and Their Graphs

A=8
f isundefined when x=3.

96 96

Section 2.1: Functions

94. a. Nisthe dependent variable; r is the
independent variable

b. N(3) = -1.44(3)* +14.52(3) -14.96
= -12.96 + 43.56 -14.96

=15.64
In 2005, there are 15.64 million housing
units with 3 rooms.
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95. a. H(1)=20-49(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(1.2) = 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=-49x2
x? ~1.0204
X =1.01 seconds

H(x)=10:
10 = 20 - 4.9%°

-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°

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=20-13x>
2
-15=-13x
2
X =~1.1538

X = 1.07 seconds

c. H(x)=0
0=20-13x°
2

-20=-13x
2

~1.5385
X = 1.24 seconds

97. C(x)=100+% 438000

10 X

500 N 36,000
10 500
=100+50+72

=$222
450 36,000

a. C(500) =100+

b. C(450)=100+ _ +
10 450
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Chapter 2: Functions and Their Graphs Section 2.1: Functions

96. a. -20=-4.9x2 =100+ 45+80
x* ~ 4.0816 =$225
X = 2.02 seconds ¢. C(600)=100+ 600 N 36,000
10~ 600
H (1) = 20-13(1)* = 20-13 = 7 meters =100 + 60 + 60
H (1.1) = 20-13(1.1)° = 20-13(1.21) =$220
= 20-15.73 = 4.27 meters d. C(400) =100+ 3%, 36.000
2 10~ 400
H(1.2) = 20-13(1.2)" = 20-13(1.44) ~100 + 40 + 90
=20-18.72 =1.28 meters = $230
98 98
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2
a. A(l\=4.l 1_(1\ =4 §=42JQ
L3)| 3 LSJ 39 3 3
=ﬂzl.26ﬁ2
9
NG AN WA =2\F=2 NE)
LZJ 2 LZJ 4 2
=/3 ~1.73 ft?
2
C. A(Z\:4 2 1_(2\ _8 §:§3@
|\3)| 3 L3)| 39 33
=&Ezl.99ft2
9
09. R(X):(L\(x :L[_Xl
LP) P(x)

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

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

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

103. a.

b.

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

= (-1.2x% +220x) - (0.05x" - 2x* + 65x + 500
= -1.2x* +220x - 0.05x° + 2x* - 65x - 500

= -0.05x® +0.8x* +155x - 500

P(15) = -0.05(15)% + 0.8(15) +155(15) - 500

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

105. a.

Section 2.1: Functions

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

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
2 2 2 2

a +2ab+b #a +b =g(a)+g(b),
2

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

F(x)=5x-2
F[a+b):5(a+b)—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) = i does not have the property.

106. No. The domain of f is {x| X is any real number} ,

but the domain of g is {x| X # —1}.

107. Answers will vary.

99 99

3x-x°
c

When 15 hundred cell phones are
sold, the profit is $1836.25.
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108.
(

104. a. P(x) =R(x)-C(x)
= 30x - (o.lx2 +7x+ 400)
=30x-0.1x% - 7x - 400
= -0.1x> + 23x - 400
b.  P(30) = -0.1(30)? + 23(30) - 400
= -90 + 690 - 400
= $200

10 100
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Chapter 2: Functions and Their Graphs Section 2.2: The Graph of a Function

Section 2.2 g. Thedomainoffis {x -6<x<11} or
|
1 2 +4y? =16 [-6,11].
x-intercepts: h. Therange of fis {y|-3<y =<4} or
x2 +4(0)° =16 [-3,4].
x* =16

i. The x-interceptsare -3, 6, and 10.

J. They-intercept is 3.
y-intercepts: 1

X = +4= (-4,0),(4,0)

(0)2 +4y? =16 k. Theline y= 5 intersects the graph 3 times.

4y? =16 I.  Theline x =5 intersects the graph 1 time.
y’ =4 m. f(x)=3whenx=0andx = 4.
y=+2=(0,-2),(0,2) n. f(x)=-2whenx=-5andx =8.
2. False; x=2y-2 10. a. f(0) =0 since (0,0) is on the graph.
—2=2y-2 f (6) = 0 since (6,0) is on the graph.
0=2y
0=y b. f(2) =-2since (2, - 2) is on the graph.

The point (_210) is on the graph. f (-2) =1since (-2,1) is on the graph.

c. f(3) is negative since f (3) ~ -1.

3. wvertical ) o
d. f(-1) is positive since f (-1) = 1.0.
4. f(5)=-3 e. f(x)=0whenx=0, x=4, and x = 6.
5 f(x)=ax®+4 f. f(x)<Owhen0<x<4.
a(-1)°+4=2=a=-2 g. The domain of f is {x|—4sx36} or

. . . . -4,6].
6. False; it would fail the vertical line test. [ ’6]

1 h. Therangeoffis {y -2<y <3} or [-2,3].
7. False;e.g. y=".
X i. The x-intercepts are 0, 4, and 6.

8. True j.  They-intercept is O.

k. Theline y=-1 intersects the graph 2

9. a. f(0)=3since (0,3) is on the graph. times.

f(-6)=-3si -6,-3) i th h. . . .
(-6 since ( ) is on the grap . Theline x =1 intersects the graph 1 time.

10 101
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Chapter 2: Functions and Their Graphs Section 2.2: The Graph of a Function
b. f(6) =0 since (6, 0) is on the graph.
f (12) =1since (11,1) is on the graph.

m. f(x) =3 whenx=5.

. e n. f(x)=-2whenx=2.
c. f(3)is positive since f (3) ~ 3.7.

11. Not a function since vertical lines will intersect

d. f(-4) is negative since f (-4) = -1. ’ !
the graph in more than one point.

e. f(x)=0whenx=-3, x=6, and x =10.
f. f(xX)>0when -3<x<6, and10 < x <11.

12. Function

10 102
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Chapter 2: Functions and Their Graphs Section 2.2: The Graph of a Function

a. Domain: {|x is any real number} ; c.  Symmetry about y-axis.
Range: {y|y >0} 20. Function
b. Intercepts: (0,1) a. Domain: {x|x=-3};
c. None Range: {y|y=0}
13. Function b. Intercepts: (-3, 0), (2,0), (0,2)
None

a. Domain: {x| —m<Xx< n} :

Range: {y|—1< y<1} 21. Function
a. Domain: {>|<| X is any real number} :

b. Intercepts: ( = O\ (11 (0,1
L, | Range: {y y=-3}
\ ) U )
c. Symmetry about y-axis. b. Intercepts: (1, 0), (3,0), (0,9)
. c. None
14. Function
22. Function

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

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

Range: {y|-1=y=1} Range: {y|y <5}

b. Intercepts: (-m, 0), (m, 0), (0,0)
b. Intercepts: (-1, 0), (2,0), (0,4)
c. Symmetry about the origin.

c. None

15. Not a function since vertical lines will intersect

the graph in more than one point. 23. f(x)=2x*-x-1
16. Not a function since vertical lines will intersect a. f(-1)=2(-1 ]2 (-1)-1=2

the graph in more than one point. The point ( 72) is on the graph of f.
17. Function

_ b. f(-2)=2(-2)"-(-2)-1=9
a. Domain: {X|0 X< 3} ’ The point (-2,9) is on the graph of f.
Range: {y| y< 2} c. Solve for x:

b. Intercepts: (1, 0) -1=2x?-x-1

c. None 0=2x%-x
18. Function O:x[2x—1]:>x:0,x:%

a. Domain: {x|0<x<4¢t; 1

& ) (0.-1)and (E,—l) are on the graph of f .

Range: {y|0<y<3} |

10 103
Copyrlght © 20133Pearson Educatlon Inc.

- e S
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d. The domain of f is {x X is any real number} .
b. Intercepts: (0, 0) 6. xintercepts:

c. None f(x)=0=2x*-x-1=0
19. Function 1
2x+1)(x-1]=0=>x=-_,x=1
a. Domain: {x| X is any real number} ; ( )( ) 2
Range: {y|y =2} . l,O\ and (1,0)

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

10 104
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f.

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

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

a.

f(-1) = -3(-1)° +5(-1) = -8 # 2

The point (~1,2) is not on the graph of f.

f(-2) = -3(-2)* +5(-2)=-22
The point (-2,-22) is on the graph of f.

Solve for x:
-2=-3x* +5x = 3x* -5x-2=0
(3x+1)(x-2)=0=>x=-1 x=2

3
(2,-2) and [—:13,—2) on the graph of f .

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

X-intercepts:
f(x)=0=-3x" +5x =0
x(—3x+5]=0:>x=0,x:%

(0,0) and (3.0]

f.  y-intercept:
f (0) = -3(0)* +5(0) = 0= (0,0)
25, f(x)= 22
X-6
a f@=2__3,q
3-6 3
The point (3,14) is not on the graph of f.
b, f@)=22-L_3
4-6 -2
The point (4,-3) is on the graph of f.
c. Solve for x:

10 105

26.

Section 2.2: The Graph of a Function

e. Xx-intercepts:
X+2
f(x)=0 =0
(X) :>x—6
x+2=0=x=-2=(-2,0)
0+2 1 ( 1)
f.  y-intercept: f (0)= =- =]0,- |
0-6 3 U 3)
2
X +2
f(x)=
() X+4
2
a fo=it2.3
1+4 5
The point (1, 3) is on the graph of f.
L s
2
b, fo)=2*2-2_1
0+4 4 2
. 1) .
The point (0, 5) is on the graph of f.
c. Solvefor x:
2
1_x +—2:>x+4=2x2+4
2 Xx+4
0=2x%-x
1
x(2x-1)=0=x=0 or x=>
(0, 1 and [l, L are on the graph of f .
L,
. ) U )
d.  The domain of fis{x| x # -4} .
e. Xx-intercepts:
x2+2 2
f(x)=0= =0=>x+2=0
X+4
This is impossible, so there are no x-
intercepts.
f.  y-intercept:

0%+2 2 1 ( 1)

Copyright © 2013*Pearson Education, Inc.
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X+2
2="_
X-6
2X-12=x+2

x=14

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

d. The domain of f is {x| X # 6}.

10 106

Section 2.2: The Graph of a Function
= = = 0’
HO)= 4,4 7472210

2
27, f(x)= 2

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

Copyright © 2013Pearson Education, Inc.
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The point (2, 1—87) is on the graph of f.
\

c. Solvefor x:
x5
1=
x* +1
x* +1=2x2
x*-2x2 +1=0
(x*-1)%=0
X2 -1=0=x=+1
(1,1) and (-1,1) are on the graph of f .
d. The domain of f is {x| x is any real number} .

e. Xx-intercept:

2
f(x):Oj% =0

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

(=20 L0 o (0

2 2
(1 2.
The point (2 = 3] is on the graph of f.
b. f(4)=M =§=4
4-2 2
The point (4, 4) is on the graph of f.

Section 2.2: The Graph of a Function

e. Xx-intercept:
f(x)=0= ) =0=2x=0

3x=03(0,0)

f. y-intercept: f(0)= & =0=(0,0)

h(x):——2 +X+6

_ %Eil +(8)+6

__ %816 14
784

~10.4 feet

aa12)" |

b. h(12)=- (12) +6

28°

6336
-+

784
~9.9 feet

18

h(12) 9.9 represents the height of the

ball, in feet, after it has traveled 12 feet in
front of the foul line.

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
44(0)
h{0)=-"""7 +(0)|+6=6

44(15)°

Copyright © 2013/Pearson Education, Inc.
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c. Solvefor x:

1=-2% Ly 9=2x—-2=x

X-2

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

d. The domainof fis { x| x #2}.

10 108

Section 2.2: The Graph of a Function

h(15) = - g (15)+6~8.4
44(20)°
h(20)=- g2 +(20)+6~3.6

Some additional points are (0,6), (15,8.4)
and (20,3.6). The complete graph is given

Copyright © 2013%Pearson Education, Inc.
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below. 126X2
b. h(x]=———+27x+35
(0=—,

which simplifies to
(8,10.4)

34
h(x)=-7__x*+27x+35
15, 8.4
(12, 9.9) ( ) 225

¢. Using the velocity from part (b),

(0, 6)

n

(263 h(9) = -2 (9) +27(9) +35=1556 f
LLLLLLL Ll L TN L Y 225
v 2 10 20 The ball will be 15.56 feet above the floor
) when it has traveled 9 feet in front of the
44(15 i
0. n(1s)=- 205 154654 fee foulline.

28? d. Select several values for x and use these to
No; when the ball is 15 feet in front of the find the corresponding values for h. Use the
foul line, it will be below the hoop. results to form ordered pairs (x,h). Plot the

Therefore it cannot go through the hoop. . .
points and connect with a smooth curve.

In order for the ball to pass through the _ 342 _
hoop, we need to have h(15) =10. h(0)= 225[0) +27(0)+35=351
2 hs o 2 %, .0 +35~1321t
44(15)
10=- +(15)+6 () () ()
) 225
Vv 24 2
44(15) h(15) = —E(ls] +2.7(15) +35~10 ft
s (0,35),
V2 Thus, some points on the graph are
v? = 4(225) (5.13.2), and (15,10) . The complete graph
v2 =900 is given below.
v =30 ft/sec "

The ball must be shot with an initial velocity 20

of 30 feet per second in order to go through

(8.9,15.6)

15

the hoop. ;
r (5.13.2)
136x 0 (15,10)
30. h(x)=- , +27x+35 517
v £ (0,3.5)

a. We want h(lS] =10. 0 5 10 13 20
- m[zgf +2.7(15)+3.5=10 )
! 31, h(9) = =2 .y

_30.600 _ ,,

10 109
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2

Y 130
2
v -32(100)2
v = 30 ft/sec a. h(l00) = (—2) +100
The ball needs to be thrown with an initial 390,000
velocity of 30 feet per second. _=320,000 ;00 01 07 feet
16,900
_ 2
b.  h(300) = 22820 , 399
130
_ =2.880.000 55 199 50 feet
16,900
11 110
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_ 2
—32(500)° , 59

c. h(500) =

- =8.000.000 o5 o6 63 feet

16,900
h(500) ~ 26.63 feet represents the height of
the golf ball, in feet, after it has traveled a
horizontal distance of 500 feet.

) -32x°
d. Solving h(x) = +x=0
g h(x) 1302
2
—32X +x=0
1302
X(]_-2022X+1\W=0
\ )
-32X
x=0 or +1=0
1302
_ 32x
130°
130% = 32x
130°

X ? = 52813 feet
Therefore, the golf ball travels 528.13 feet.

-32x°
= +

e. = X
T
150
0 600
-5
f. Use INTERSECT on the graphs of
-32x2

= +X and =90.
yl 1302 y2

150

Section 2.2: The Graph of a Function

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.

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

7

Il
Z00 124,26
Z2E 1781y

13158

i
=00 17aco
g izt
= 11805
=273

h. The ball travels approximately 264 feet

before it reaches its maximum height of

Ao +alh 109 NI £o o4
PRFOXHRgtETY 1oz Up fe8r—T11;
kra 1z

Zh 1zl z 1zz.0d
ZBZ ZBZ 1zz.0z
b2 b2
2Bl 1ze.0z 2Bl
chE 1203 chE 1203
ZBE 1zz.0z ZBE 1zz.0z
1=132. B2 12406 [M1=132, 831242004

A
cal 1x2
bl 1z2.01
che 1zz2.0z
chx 1zz.0%
a4

13202
1=132. B29585799

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

a. Domainof A(x) =4xy1-x? ; we know

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

1-x2 >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

(i,e. -1<x<1]
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o

nkarseckion

AN

T
0 |#=11E.07328 «y=90

-5

150

Interseckion
n=41z.05161 +¥=30

AN

-5

Graphs Section 2.2: The Graph of a Function

600
Case2: 1+x<0 and 1-x<0

x<-1 and x>1
(which is impossible)

Therefore the domain of Ais {x| 0<x <1}.

600

11 112
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Chapter 2: Functions and Their Graphs

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

b.
0 1
0
c. When x =0.7 feet, the cross-sectional area
is maximized at approximately 1.9996 c.
square feet. Therefore, the length of the base
of the beam should be 1.4 feet in order to
maximize the cross-sectional area.
# W
3 11447
4 1.4664
.5 1.73e1
| §850:
.H 1.8z
g 1.E682
=.7
d.
33. C(x) =100+ % . 36000
10 X
a. Graphing:
500
0 1000 €.
0 35. a.
b. ThbIStart=0; ATbl =50 b.
AT 1|
0 ERKOR
£ HE C
100 Y70
1tn IEE
2o =00 d
2En -1}
300 25N
18186+ 1 B+3EH.. e.
c. The cost per passenger is minimized to
about $220 when the ground speed is f
roughly 600 miles per hour.
& Ik
yeg ek
g cic
EEo | 220.B 36. a.
s 2el.yz
2EE
=E6H
4000 Y
4. Wh)y=m| ——
3 " (4000 + h] b

11 113

Section 2.2: The Graph of a Function

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

Graphing:
120
0 5
95
Create a TABLE:
# W # W
120 z 119.88
B 119897 Z.5 118085
i 1188y 5 iia@:
ic 11881 X 11a7g
o |l i
£l 113,82 lk 1137
=R =

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 {eet) R
I 114,87 A 119,85
B 11398 B iiaac
ﬁ- 1i@ac B
] 118788 N 119,85
i 118784 NI ii88E
i1 11883 BG 11888
=.3 1=113. 3958215436

Yes, 4382 feet is reasonable.
(f+9)(2)=f(2)+g(2)=2+1=3

(f+9)4)=f(4)+g(4)=1+(-3)=-2
(f-9g)6)=1(6)-9g(6)=0-1=-1
(g-f)6)=9(6)-f(6)=1-0=1
(f-9)2=1(2-9(2)=21)=2

(1) f4a 1 1

()= -
M e s s

C(0) =5000

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

Copyright © 20133Pearson Education, Inc.
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Chapter 2: Functions and Their Graphs Section 2.2: The Graph of a Function

a. h=14110feet = 2.67 miles; It costs the company $19,000 to produce 10
(4000 Y computers in a day.

W(267)=120( 400 o 67| ¥11984

11 114
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Chapter 2: Functions and Their Graphs Section 2.2: The Graph of a Function

o

C (50) = 51,000 38. Answers will vary. Froma gra_ph, 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

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

d. Thedomainis {q|0<q<100}. This

indicates that production capacity is limited by locating any restricted values and removing
to 100 computers in a day. them from the set of real numbers. The range can
be found by using known properties of the graph
e. The graph is curved down and rises slowly of the equation, or estimated by means of a table
at first. As production increases, the graph of values.
becomes rises more quickly and changes to
being curved up. 39. The graph of a function can have any number of

x-intercepts. The graph of a function can have at

f. The inflection point is where the graph most one y-intercept (otherwise the graph would
changes from being curved down to being fail the vertical line test).

curved up.
40. Yes, the graph of a single point is the graph of a
37. a. C [o] =80 function since it would pass the vertical line test.

This represents the monthly fee. The plan The equation of such a function would be

costs $80 per month even if no minutes are something like the following: f (x]) =2, where
used. X=7.
b. C(1000) =80 41. (@) 15 (b) 1V; (©) I; (d) Vi (&) N
The monthly charge is $80 if 1000 minutes 42. () 11; (b) V; () IV; (d) 1I; (e) |
are used. Since this is the same as the cost
for 0 minutes, all these minutes are included 43. y
in the base plan. sk 22,5)

c. C(2000) =210
The monthly charge is $210 if 2000 minutes

Distance (in blocks)
w
T

are used. Sl 5,2)
7,0
1_
d. Thedomainis {m|0<m <14,400}. The L L BN
domain implies that there are at most 14,400 6,0) 10 20 30
anytime minutes in a month. Time (in minutes)

e. The graph starts off flat (horizontal line),
then increases at a constant rate (straight line
with positive slope) after m =1000.

11 115
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44,

45,

46.

Distance (in feet)

v
20,000 |- (78, 19,000)
15,000
10,000 |-
L (33, 9000) (48, 9000)
5000 |-
- (13, 4000)
- A(10, 2000)
1000 |-
NN I T Y T T T .
5 20 40 60 80

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 O 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,

11 116

47,

48.

Section 2.3: Properties of Functions

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.

Section 2.3
1. 2<x<5
_Ay _8-3 _5_
2. slope = Ax 3_(_2) = 5_1
3. x-axis: y - -y

(-y)=5%x"-1
~y=5x2-1
y = -5x% +1 different
y-axis: x = -X
y=5(-x)* -1
2
y=5x -1 same

origin: x> -x and y - -y
(-¥) =5(-)" -1
-y =5x*-1
y = -5x% +1 different

The equation has symmetry with respect to the
y-axis only.

y=y =m(x-x)
y-(-2)=5(x-3]
y+2:5(x—3]
y=x*-9
x-intercepts:
0=x*-9

x> =95 x=1+3

y-intercept:
2
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Chapter 2: Functions and Their Graphs Section 2.3: Properties of Functions
between 7 and 7.4 minutes, and between 7.6 y=(0) -9=-9

and 8 minutes. That is, on the intervals

(2. 4). (4.2, 6). (7. 7.4), and (7.6, 8). The intercepts are (-3,0), (3,0),and (0,-9).

6. increasing

11 117
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10.

11.
12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

even; odd

True

True

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

Yes

No, it is increasing.

No, it only increases on (5, 10).

Yes

f is increasing on the intervals

(-8,-2), (0,2), (5,=).

f is decreasing on the intervals:

(-,-8), (-2,0), (2,5).

Yes. The local maximumat 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 haslocal minimaat x=-8,x=0andx=5.
The local minima are —4, 0, and 0, respectively.

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

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

Decreasing: (-4, —2) and (0, 2).

23.

24.

25.

26.

Section 2.3: Properties of Functions

Intercepts: (0, 1).

Domain: {x| X is any real number} ;
Range: {y| y > 0} or (0, ).
Increasing: (-oo,); 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,c); 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: (-m,0), (m,0), and (0,0) .
Domain: {x|-m<x <} or [-m m];

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

=]

(@ m)
Increasing: k—z, ;

2)

o my_ (m
Decreasing: ( T, ZJ and b'n)'

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

(

I
Intercepts: | 2,

.

V(o )
| 2,0, and (0,1)
N

Domain: {‘x -mM<X< T[} or [-m, m|;

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

Copyright © 2013%Pearson Education, Inc.
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Chapter 2: Functions and Their Graphs Section 2.3: Properties of Functions

d. Since the graph is symmetric with respect to Increasing: (-, 0); Decreasing: (0, 7).
the y-axis, the function is even.

134

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

22. a. Intercepts: (-1, 0), (1, 0), and (0, 2). (1 V(5 ) (1)

b. Domain: {x| C3ex 53} or [-3.3]; 27. a. Intercepts: \\3, 0), \\2, OJ, and |\0’ 2}.

|
Range: {y|0<y=3}or|[0,3]. b. Domain: {{x ~3sx<3}or [-33];

c. Increasing: (-1, 0) and (1, 3); Range: 1<v<or[-12
Decreasing: (-3, -1) and (0, 1). ge: {y =y= } [ : ]

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

11 119
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28.

29.

30.

31.

32.

Increasing: (2, 3); Decreasing: (-11);
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: {x|-3<x<3}or [-3 3];
Range: {y|-2<y=<2}or[-22].

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.

f has a local maximumof 3 at x = 0.
f has a local minimum of 0 at both
Xx=-2andx = 2.

f has alocal maximumof2 at x = 0.

f has a local minimum of 0 at both
x=-landx =1.

. T
f has alocal maximumoflat x="".

2

.. TT
f hasalocal minimumof—-lat x=-"/.

2

f has alocal maximumof1at x =0.

f has a local minimum of —1 both at

X=-m and X=Tt.

33, f(x)=4x°

f(-x) = 4(-x)° = -4x* = - f (x)

12 120

36.

37.

38.

39.

40.

41.

42,

43.

Section 2.3: Properties of Functions

h(x) =3x3 +5
h(-x) =3(-x)* +5=-3x> +5
h is neither even nor odd.

F(x)mﬁ
F(-x)=J-x=-JIx =-F(x)

Therefore, F is odd.

-
6= ¥

G(-x)= -x
G is neither even nor odd.

f(x)=x+ X
f(=X) = -x+|-x]| | |
f is neither even nor odd.

f(x)=v2x2 +1
f(-x) =J2(-x)7 +1=72x2 +1= £ (x)

Therefore, f iseven.

x? +3
X)=",—"
909=", "
(_X]2+3 X2+3 ( )
(%=1 42 _1
9(=x) = = =g X
Therefore, g is even.
X
h(x) =
(x) 21
=X _=X
h(-x) = = =-h
%) (-x)?-1 x®-1 ()

Therefore, h is odd.

h(X) - ;X3_

3x2 -9
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3
~(~#erefore, X is odd.

34, f(x)=2x* -x?
f(-x) =2(-x)* = (-x)? = 2x* - x* = f (x)
Therefore, f iseven.

35. g(x)=-3x*-5

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

12 121

Section 2.3: Properties of Functions

h(-x) = =-h(x)

3(-x)2-9 3x°-9

Therefore, h is odd.

2%
44 F(X)=m
F(-x) = 2=x) _=2x -F(x)

[=x| x|
Therefore, F is odd.
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45,

46.

47,

48.

49.

50.

51.
52.

53.

54.

f has an absolute maximum of 4 at x =1.
f has an absolute minimumof 1 at x = 5.

f has an absolute maximum of 4 at x = 4.
f has an absolute minimum of 0 at x =5.

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

f has an absolute minimumof 1 at x =0.
f has no absolute maximum.

f has an absolute minimumof O at x =0.
f has no absolute maximum.

f has an absolute maximumof 4 at x = 2.
f has no absolute minimum.

f has no absolute maximum or minimum.

f has no absolute maximum or minimum.

f (x) = x> -3x+2 onthe interval (-2, 2)

Use MAXIMUM and MINIMUM on the graph

of y; = x> -3x+2.

RN !
! T o
e &
-2 K = 2
Haimur x

W= -.9933377 Iv=sYy

u -~ o y
.-"I. . o

2L oy 2
Hiniraurm 4
#=.8888877 |Y=1.EFE-11

-5
local maximumat: (-1,4) ;

local minimum at: (1,0)
fis increasing on: (-2,-1) and (1,2);
f is decreasing on: (-1,1)

f (x) =x3-3x* +5 on the interval (-1,3)
Use MAXIMUM and MINIMUM on the graph
of 82

12 122

55.

56.

Section 2.3: Properties of Functions

"
.4-'—;-';——__ A
A _"'\-\___\_‘__.- -

1 3
Hazimur X
HW=Z.276HE-E Y=E

-10
10
u
_u'a-'—_l__h-"-\-_\_ r
r S—

B | 3
Hiniraur *
n=1.8888877 Y=1

-10
local maximumat: (0,5);

local minimum at: (2,1)
fis 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 y; =x° -3,

0.5

i J 2

¥=1B580zE

-0.5
0.5

Y

Hinirun
W= 7P4EarE-0 8= - 1859022
local maximum at: (-0.77,0.19) ;

local minimum at: (0.77,-0.19) ;

fis increasing on: (-2,-0.77) and (0.77,2) ;

f is decreasing on: (-0.77,0.77)

f (x)=x* - x* onthe interval (-2, 2)

Use MAXIMUM and MINIMUM on the graph

of y; =x* - x2.

Copyright © 2013?Pearson Education, Inc.

- e S
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Yy =X - 3x +5.

12 123
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57.

\ !

2 s o —— 2
Hazximum x
h=-1.13BE-6 |¥=-1.ZE-1Z

-1
2

Hinimury - x
A FOF10a0E Y=gk

o]
local maximumat: (0,0) ;

local minimumat: (-0.71,-0.25), (0.71,-0.25)
f is increasing on: (-0.71,0) and (0.71,2);
f is decreasing on: (-2,-0.71) and (0,0.71)

f (x) =-0.2x* - 0.6x* + 4x - 6 on the
interval (-6,4)

Use MAXIMUM and MINIMUM on the graph

of ’ 2
yp =-0.2x -0.6x +4x-6.

12 124

58.

59.

Section 2.3: Properties of Functions

f (x) =-0.4x> +0.6x* +3x -2 on the

interval (-4,5)
Use MAXIMUM and MINIMUM on the graph
of y; =-0.4x3 +0.6x%+3x-2.

Hinimur I| S
H="1.15831%

", _..I" |

Haximur x
W2 ATEZ0AL V=3 Z4BZBVZ

-8
local maximum at: (2.16,3.25) ;

local minimum at: (-1.16, -4.05)
f is increasing on: (-1.16,2.16) ;
f is decreasing on: (-4,-1.16) and (2.16,5)

f (x) =0.25x* +0.3x> -0.9x* + 3 on the

interval (-3, 2)

Use MAXIMUM and MINIMUM on the graph
4 3 2

of y, =0.25x +0.3x -0.9x +3.
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", e
e
Haxirum w
W=1.76BEFE7 'V=-1.9087BY
-30

local maximumat: (1.77,-1.91) ;
local minimum at: (-3.77,-18.89)

-aphs

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

12 125

-3 -
Haxiriur x
H=11ZE4E-5 V=3
-2
8 . .
Jpertles of Functions
! !
\ ¢
\ d__——__H__-"
N
-3 Hiniraura |2

H=.9650888: Y=.e4BzAZ1
-2

local maximum at: (0,3) ;
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local minimum at: (-1.87,0.95), (0.97,2.65)
fis increasing on: (-1.87,0) and (0.97,2);

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

60. f(x)=-0.4x"-0.5x>+0.8x* -2 onthe
interval (-3,2)
Use MAXIMUM and MINIMUM on the graph

of 4 3 2
y, =-0.4x -0.5x +0.8x -2.

3|
== 2
|'... __\--H"
3
f 5,
! '
Haxiraum
w=-1E7z161 Y=-Ezz:0Be
-10
2
&1 B — 2
e
|ll \\.
! h
LI
!
Hinirur X

n=-8EgiE-y Y=g

;
{ '

HJ
H=

xirmu X
EB‘-hhiBi ¥=-1.87048 '
-10

local maxima at: (-1.57,-0.52), (0.64,-1.87);
local minimumat: (0,-2)

f is increasing on: (-3,-1.57) and (0,0.64) ;
f is decreasing on: (-1.57,0) and (0.64,2)

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

a. Average rate of change of f from x =0 to
X=2

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

Section 2.3: Properties of Functions

c. Average rate of change of f fromx =1to

X=4:
f4)-1(1) [—2(4)2 +4)—(—2(1)2+4)
4-1 3
_[(=28 28l (2) _=30__4
3

62. f(x)=-x3+1

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

1(2)- 1(0) [P +1)=[-(0P +1]
2-0 2

-7-1_-=8_
T2 T2 4
b. Average rate of change of f fromx =1 to

Xx=3:

1(3)- 100 (P10 )
3-1 2

_ =26=(0)_ 26 _

2 p =713
c. Average rate of change of f fromx =-1to
x=1:
1 1(y [0’ )
1-(-1) 2
_0-2 -2
2 2 !

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

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

X=-2:
9(-2)-9(-3)
2-(-3)

(-2 r2(-2) +1]-T(-3)} - 2(-3) +1]

1

(=3)=(-20)
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Chapter 2: Functions and Their Graphs Section 2.3: Properties of Functions

2-0 2 - 1 =, =Y
_(4-4)_s_,
2 2
b. Average rate of change of f fromx=1to
X=3:

1(a)- 1) (2200 +4)=(-20° 4]
3-1 -

2

2

(24-(2) -1,
1o

12 127
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b. Average rate of change of g from x = -1 to

x=1:
g(1)-g(-1
1-(-1)
") -2 +11-I (1)} -3(-y 1!
) ]
2
(0)-(2) -2
= = =-1
2 2
c. Average rate of change of g from x =1 to
x=3:
a(3]-g(1
3-1
F(s):’ r2(8)+11-T[0)}-2(1)+1]
2
_(22)-(0) 22 _
=T e

64. h(x)=x"-2x+3
a. Average rate of change of h from x = -1 to
x=1:
h(1)-h(-1)
1-(-1)
[0 -2 +31-I(-1)3-2(-1)+3]
B ]

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

12 128

Section 2.3: Properties of Functions

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

X=5:
h(5)-h(2)
5-2
5)* =2(5) +3)-h(2)" ~2(2) +3]
) 3
i [18)_:L§]_15_
3 3

65. 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

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

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

Y=Y = Mg (X =)
y-3=5(x-1)
y-3=5x-5
y=5x-2
66. f(x)=-4x+1
a. Average rate of change of f from 2 to 5:

ay_f(5)-1(2) _-19-[-1)

AX 5-2 5-2

67.
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Chapter 2: Functions and Their Graphs

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= Y1 = Mg [X_Xl]

12 129

Section 2.3: Properties of Functions

Yy  -4(x-2)

- y+7=-4x+8

(_ y=-4x+1

G(x)=x2 -2

A. Average rate of change of g from -2 to 1:

Ay 9fl)-a(-2) -1-2 -3
AT 1-(-2) T1-(-2) 3

Copyright © 2013?Pearson Education, Inc.
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Chapter 2: Functions and Their Graphs

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= VY1 = Mg (X_Xl]
y=2=-1(x-(-2))
y-2=-x-2

y=-X
68. g(x)=x"+1
a. Average rate of change of g from -1 to 2:

by _ g(2)-g(-1) _5-2 3

Ax 2-(-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= VY1 = Mg (X_Xl]
y-2=1(x-(-1)
y-2=x+1
y=x+3

69. h(x)=x*-2x

a. Average rate of change of h from 2 to 4:

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

AX 4-2 Ta4-2727h

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

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

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

71.

Section 2.3: Properties of Functions

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= VY1 = Mg (X_Xl)
y-0=-5(x-0)
y = -5x

a. g(x)=x>-27x
g(-x)= ()" -27(-x)

= -x3 +27x

= —[x3 —27x)

=-3(

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
maximumat x =-3.

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

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

= —(—X3 +12X]

-1 (4

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

b. Since f(x) isodd then it is symmetric

Copyright © 2013Pearson Education, Inc.
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Chapter 2: Functions and Their Graphs Section 2.3: Properties of Functions

Y= Yp = My (X=%) about the origin so there exist a local
y—0=4(x—2] maximum at x3=—3.
y = dx-8 f(-2)=-(-2)° +12(-2)=8-24=-16
) So there is a local maximum of -16 at
70. h(x)=-2x*+x X=-2
a. Average rate of change from 0 to 3:
ay _N0B31=h{0)_-15-0 73. F(x)=-x*+8x +8
Ax 3-0 3-0
_=15 _ _
=3 = 5

13 131
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—[—X)4+8(—X)2+8

-x*+8x+8

£

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

Since the function is even, its graph has
y-axis symmetry. The second local
maximum is in quadrant Il and is 24 and
occursat x=-2.

Because the graph has y-axis symmetry, the
area under the graph between x =0 and

X =3 bounded below by the x-axis is the

same as the area under the graph between
x=-3 and x =0 bounded below the
x-axis. Thus, the area is 47.4 square units.

74. G(x)=-x*+32x* +144

—(—X]4+32(—X)2+144

-x* +32x% +144
= G(x]

Since G (—x) =G [x) , the function is even.

Since the function is even, its graph has y-
axis symmetry. The second local
maximumi is in quadrant Il and is 400 and
occursat x =-4.

Because the graph has y-axis symmetry, the
area under the graph between x =0 and

X =6 bounded below by the x-axis is the
same as the area under the graph between

X =-6 and x =0 bounded below the

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

75. E(X] = 0_3)(2 +21x - 251+ 2500
YJ_=0-3X2+21X—251+2£—-;(QQ

2500

~N mma~A -~

Section 2.3: Properties of Functions

Use MINIMUM. Rounding to the nearest

whole number, the average cost is
minimized when approximately 10
lawnmowers are produced per hour.

2500

0 Hinirur

[Ty
W=BLREDLER? ¥=zZH.REZEE

-300

30

c. The minimum average cost is approximately

$239 per mower.

76.

C (t) = -.002t* +.039t° - 285t + .766t +.085

Graph the function on a graphing utility and
use the Maximum option from the CALC

menu.
1

Haxiraum
W= 1B0F0HE LY=FERZEREL L

0

10

The concentration will be highest after about

2.16 hours.

Enter the functionin Y1 and 0.5 in Y2.

Graph the two equations in the same
window and use the Intersect option from

the CALC menu.

[N

13 132
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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.

-300

13 133
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77. a.
- D
b
_8 14 ®
s 12
2 10 *®
:é 8 .o°..
£ 6¢e®
‘g 4k
o 2000 2005 2010 Y

Year

b. The slope represents the average rate of
change of the debt from 2000 to 2002.

P(2002) - P(2000)
2002 - 2000
_ 6228-5674
B 2
554
)
=$ 277 billion

c. avg. rate of change =

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

_ 8507 - 7379

- 2

128

d. avg. rate of change =

[EEN

a1 N

=$ 564 billion

P(2010) - P(2008)
2010 - 2008

_ 1356210025

- 2

_ 3537

T2

=$ 1768.5 billion

e. avg. rate of change =

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

78. a.

Section 2.3: Properties of Functions

P
0.6
0.5 °
04
0.3

0.2

011/

0
0123456t

Time (hours)

b. The slope represents the average rate of
change of the population from 0 to 2.5
hours.

L ]

Population (grams)

c. avg. rate of change = P(25)-P(0)
25-0
_0.18-0.09
©25-0
_0.09
T 25
=0.036 gram per hour

c. avg. rate of change = P(6)-P[45)
6-4.5

~0.50-0.35

© 6-45

_0.15

T 15

= 0.1 gram per hour

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

79. f(x)=x°
a. Auverage rate of change of f from x =0 to
x=1:
f)-f(0) 12-0* _1
1-0 1 1
b. Average rate of change of f from x =0 to
x=05:

f(0.5)- (0) (05)*-0% 0.25

05-0 05 05

c. Average rate of change of f from x =0 to
x=0.1:

f(0.1)-f(0) (0.4)*-0% 0.1

=1

0.5
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= = = 01
0.1-0 0.1 0.1

13 135
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d. Average 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 _
= 001 00
e. Average rate of change of f from x =0 to
x=0.001:
£(0.001) - £(0) (0.001)%-0?
0001-0 0.001
0.000001 _
= ooy 0001
f.  Graphing the secant lines:
1
‘-"
w
\ V=X
-1 1
A i
-1
1
- =
e, y= xz.-""
" T
. [ :..-F"'d--
-1 g 1

13 136

80.

Section 2.3: Properties of Functions

%. f*};;a\h{/

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?

a.

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(L5)-f(1) (1L5)*-12 1.25
15-1 05 05

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

f)-f(1) (11)*-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)*-1% 0.0201
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)- f (1) (1.001)*-1

1001-1 0.001

_ 0.002001

0001 2001

13 137
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f.  Graphing the secant lines: b. When x=1:
5r h=05=my, =2
H
0l I

h=01=mg =2
h=001l=>mg =2
as h—0, my. — 2

c.  Using the point (1, f (1)) = (,7) and slope,

m = 2, we get the secant line:
y-7=2(x-1)
y-7=2x-2
y=2Xx+5
d. Graphing:
10
o -___-"'-
~
-'"l.-.-.-
-5 - 5

-5
The graph and the secant line coincide.
82. f(x)=-3x+2

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

h=05=mg, =-3
h=01=mg, =-3
h=0.01=mg, =-3
as h— 0, my, — -3

V= 2.001% - 1.001

X

c. Using point (L, 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

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

. . y=-3x+2
h. The slopes of the secant lines are getting

smaller and smaller. They seem to be d. Graphing:
approaching the number 2.

81. f(x)=2x+5

sec

13 138
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_f(xeh) - £( 5 = 5

=
=
o
-
-
-

2(x+h)+5-2 =
The graph and the secant line
2 coincide.

>l
|
&3]
|l\.)
=
>l

13 139
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83. f(x)=x%+2x

_f(x+h) - £(x)

a Mg =
h

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

2xh+h%+2h
h

=2x+h+2

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

h=01l=my =2-1+01+2=41
h=0.01=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:

84. f(x)=2x>+x
_f(x+h)-f(x)

a Mg = .

2(x+h)&+ (x+h) - (2x%+x)

h

_ 2(x*+2xh +h®) + x+h - 2x* - x

h

Section 2.3: Properties of Functions

h=0l=mg =41+2(0.1)+1=52

h=0.01=mg, =4-1+2(0.01)+1=5.02

()

as h-0, mg —41+2 0 +1=5

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:

85. f(x)=2x*>-3x+1
f(x+h) - f(x)

a. Mg, =
sec h

i} 2(x+ hlz -3(x+ h]_+1—4[_2x2 -3x +11
h

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

_2x% +4xh+2h?* -3x-3h +1-2x% +3x -1
h

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

b. Whenx =1,
h=05=mg, :4-1+2(0.5)—3=2
h=0.1= my :4-1+2[O.1)—3:1.2

h=0.01=>mg, =4-1+2(0.01)-3=1.02
as h— 0, my - 4-1+2(0)-3=1

Copyright © 2013Pearson Education, Inc.
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o2t dxh + 2h2s x o B 25Pm x c.  Using point (1 f (1)) = (1,0) and
- h slope = 1.02, we get the secant line:
_4xh+2h*+h y-0=1.02(x-1)
h y =1.02x-1.02
=4x+2h+1
b. Whenx=1,

h=05=>my, =4-1+2(05)+1=6

14 141
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d. Graphing: f(x+h)-f(x)
2 a. Mg = h
. '*«* i
1 S — <" | (1 1 (—'L’th
j - |—x+h_X_— —[x+h]x -
" . _\ ) _\ )
} h h
: (x=x-h)1) (_-h (1)
ﬂ x+h)xJLhJ=L(x+h)xJLh)
_ 1
86. f(x)=-x*+3x-2 T (x+h)x
f(x+h)-f(x)
A Mg = h b. Whenx=1,
1
_ 2 —o_[—y2 _ h=05=m,.
=_(_X+hl +3£_X+hl 2 L X° +3X 2] sec (1_'_0.5)[1)
h
1 2
=—x2*+2xh+h2*)+3x+3h—2+XL—3x+2 715”737 0.667
h 1
=jL—ZXh—hL+3X+3h—2+XL—3X+2 h=0.1= my = [1+0.1)[1)
h 1 10
_ =2xh-h%+3h =gt ot
h 1
= -2x-h+3 N=001= Mo = =1 4 0.01) (1)

b. Whenx=1, 1 100
h=05=my, =-2-1-05+3=05 1ol 101 099
h=01=mg =-2-1-0.1+3=0.9 2 ho 0 == =- a-

1 1
My = - =-2=-1
h=0.01= my, = -2-1-0.01+3 = 0.99 e 7 T 1e0)(1) T 1

as h—= 0, Mg > -2-1-0+3=1 c.  Using point (1, f (1)) = (11) and

c.  Using point (1, f (1)) = (,0) and 100

slope = -=—, we get the secant line:
slope = 0.99, we get the secant line: 101
y-0=0.99(x-1) y-1= 100 (x-1)
y =0.99x -0.99 100 100
1= == =
d. Graphing: y 101* " 101
2
; e _ 100 201
» o s Y="101%" 101
AN d. Graphing:
_.-“'IF Y I"", . phing:

14 142 _{“‘“--..,:_____
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87, f(x)=%

14 143
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88. f(x)=—
X
f(x+h)- £(x)
a msec_ h
N
[x+h]2 X2
_\ )
h
xz—(x+h|2) 89.
I pxenpe
- h
[ x2—(x2+2xh + h2))
(1)
| (x+h]2 X ILh)
\ )
_| =2xh-h* (1)
(x+h)?x? J\h
_ -2x-h _ -2x-h
(x+h)2x2 (X2+2xh+h2)x2
90.
b. Whenx=1,
h=05=m :M=—ﬂz—l.llll
sec [l+ 0.5)2 12 9 91.
h=01mm =—21=01_ 210 7555
¥ (+01)%12 121
¥ (1+0.01)%12
_ 20100
© 10,201 1.9704
as h- 0, m L —=21-0__,
sec (1+O)212

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

14 144

Section 2.3: Properties of Functions

d. Graphing:

(Zv _6)

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

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.

. Anincreasing function is a function whose graph

goes up as you read from left to right.

T/
ya

~1.9704(x -1)
= ~1.9704x +1.9704
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y =-1.9704x +2.9704
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93.

94.

95.

96.

A decreasing function is a function whose graph

goes down as you read from left to right.

I
w
[T 17 T 177 ) T T T 171

To be an even function we need f (-x)

and to be an odd function we need
f (-x) =-f (x). Inorder for a function be both

= 1)

even and odd, we would need f (x)=-f (x).

This is only possible if f (x)=0.

The graph of y =5 is a horizontal line.

AL Flotz Flaks THOOL]
<Y1 ES Amin=-3
~Ne= Amax=3
s #ecl=1
Ny = Wmin=-18
~NYe= “Wmax=1@
= Yecl=1
Y= Ares=1

Tha-l |
T T T

Aetocartmaxtmuint

y =5 and it occurs at

each x-value in the interval.

Not necessarily. It just means f (5)> f(2).

The function could have both increasing and

decreasing intervals.

f(x) = f(%) __b-b

X; =X

=0

Xp =Xy

~N mma~A -~

Section 2.3: Properties of Functions

Section 2.4
1. y=+/x
Y
5_
ey 1)(4,2)
0, 0) =
P I
= i 7
o
1
2.

3. y=x’-8

y-intercept:

Let x =0, then y:[0)3—8=—8.

x-intercept:

Let y=0,then 0=x%-8

The intercepts are (0,-8) and (2,0).

4. (-o,0)

5. piecewise-defined

14 146
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f(2)-f(—2)=0—0=0 6. True

2- [—2] 4 L
97 — 98, Interactive Exercises 7. False; the cube root function is odd and

increasing on the interval (-, o).

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

14 147
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9. C
10. A
11. E
12. G
13. B
14. D
15. F
16. H
17. f(x)=x
Yi
10~
B 4.4
L1111 N T P
-10 [ 0,00 10
(-4, -4) —
-10-
18. f(x)=x°
YA
20
10~
2o\  few
L1 11 A1 =
-5 0, 0) 5
19. f(x)=x°

Section 2.4: Library of Functions; Piecewise-defined Functions

20. f(x)=+x
YA
S_
Ca %2
0, 0
L1 1 | A T T T | -
3 - 7
<L
1
. f ==
21 [x) y

-1.-D

22. f(x)=|x|
i
5_
2,2 L A2
|||||_|||||r
-5 0.0 3
5
23. f(x)=¥x
YA
S5+
L1, 1)
Z: X
5 0, 0) 5
5L

14 148
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-4 (0, 0) 4

(_21 _8)
-10

14 149
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24,

25.

26.

217.

29. f(x)=J2X

f(x)=3

YA
5 03)

(-23) | @23

-
f(-2)=(-2)?%=4
f(0)=2

f(2)=2(2)+1=5

f(3)=(3)-2=25

f(-)=(-1°=-1
f(0)=(0)°=0
f(1)=31)+2=5

f(3)=3(3)+2=11
ifx#0

1 ifx=0

The only intercept is (0,1) .

c. Graph:

1,2)

Y.

|
w
[y -

d. Range: {y|y#0}; (-0,0)U(0, )

e. The graphis not continuous. There is a jJump
at x=0.

(3x  ifx#0
30. f(x) =

4 ifx=0
a.  Domain: {x| x is any real number}

b. x-intercept: none
y-intercept: (0] =4

The only interceptis (0,4).

c. Graph:
y

5
(0, 4)
(1,3)
I I | I T S |
-5 5 X

(_11 _3)

-5

d. Range: {yly;tO}; (-0, 0) U (0, @)

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

15 150
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e. The graph is not continuous. There is a jump

b. x-intercept: none at x=0.
y-intercept:
f(0)=1 -2x+3  ifx<1
. f(x) = .
s 1) {3x—2 ifx=1

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

15 151
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b. x-intercept: none
y-intercept: f (0] =-2(0)+3=3
The only intercept is (0,3).
c. Graph:
by
N
(0,3)
[ g
-5
d. Range: {y|y=z1}; [1 )
e. The graph is continuous. There are no holes
or gaps.
X+3 ifx<-2
s2. 1) _{—2x—3 if x> -2
a. Domain: {x| X is any real number}
b. x+3=0 -2x-3=0
X=-3 -2x=3
X = 3
2
x-intercepts: -3,-
2
y-intercept:  f (0) =-2(0)-3=-3
)
_ (3
The intercepts are (-3,0), N 0 |,and
2
L)
(0,-3).
c. Graph:
YA
(_2! 1) 2_
(-3, L
LLJ/NT L1
-5 \_
©, -3) g\‘
8 |

Section 2.4: Library of Functions; Piecewise-defined Functions

e. The graph is continuous. There are no holes

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

a. Domain: {Xx=-2}; [-2, o)

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:

)

5e(1,5)

?(1,4)

2.0/ [

Ll INC L1 gX

-5 |
sF

d. Range: {y|y<4, y=5}; (-« 4)u{5}

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

at x=1.
(2x+5  if -3<x<0
|
34. f(x)={-3 ifx =0
-5x | ifx>0
a. Domain: {x X = —3}; [-3, )
b. 2x+5=0
2x = -5 X ="
15 152
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Chapter 2: Functions and Their Graphs Section 2.4: Library of Functions; Piecewise-defined Functions
-5x=0 (not in domain of piece)
x=0

. 5

x-intercept: -3

P2
y-intercept: f(0)=-3

(5 )
The intercepts are  -~,0 and (0,-3].

| 2

d. Range: {y|y=<1}; (-o,1]

15 153
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Chapter 2: Functions and Their Graphs

c. Graph:
y

6
(0, 5)

[ | T I I
—4 4 6
(-3,-1)

0. -3)

1,-5)

-9

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

e. The graphis not continuous. There is a jump

at x=0.
1+X ifx<0
35. f(x)={xz itx>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: ¥
2

©.1)

2+

36.

Section 2.4:

Library of Functions; Piecewise-defined Functions

%:0 Yx =0

(no solution) x=0

x-intercept: O
y-intercept: f (0)=30=0

The only interceptis (0,0).

Graph:

YA

5_

:(1.1)
1rr||_rr1||g
-5 ’\LQU) 5

-1,-D\ L
S

Range: {y| y is any real number}

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

X if —2<x<0

37. f =
() {XS ifx>0

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

{xIx=-2,x#0}; [-2,0)u(0,).
x-intercept: none

There are no x-intercepts since there are no
values for x such that f (x]=0.

y-intercept:

Range: {y y is any real number}

Copyright © 2013*Pearson Education, Inc.



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

e. There is no y-intercept since x =0 is notin
the domain.

T .

he © Graph: ;

gr 3
is
n - (1. 1)
ot
co _
nt =
in ik
u
0
us

Y=

T

=
@D

N+ —
O XBTIETPFF

)

3% ifx=0

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

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

15 155
Copyright © 2013*Pearson Education, Inc.

- e S



Chapter 2: Functions and Their Graphs

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

if -3<x<1
ifx>1

2-X

38. f(x)={\/§

a. Domain: {x|-3<x<landx>1} or

{xIxz-3,x21}; [-31)u(L).

Jx=0

x=0

(not in domain of piece)
no x-intercepts

b. 2-x=0
X=2

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

The intercept is (0,2).

c. Graph:

y

(-3.5) B
5

IIII\Iil\{AD\II

0.2) -

-5 B 5 X

-5

d. Range: {y|y>1}; (L)

e. The graph is not continuous. There is a hole
at x=1.

39. f(x)=2int(x)
a. Domain: {x| X is any real number}

b. x-intercepts:
All values for x such that 0 < x <1.

15 156

Section 2.4: Library of Functions; Piecewise-defined Functions

c. Graph:

YA

4+ —

— &0
I O N N 4
—4 i 4

*~—0—

—o 4

d. Range: {y|y is an even integer}

e. The graphis not continuous. There is a jJump
at each integer value of x.

40. f(x) =int(2x)

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

x-intercepts:
Al values for x such that 0< x < 3.

y-intercept: f (0) = int(z[o]] =int(0)=0

The intercepts are all ordered pairs (x, 0)

when Osx<%.

c. Graph:
y
5 -0
*Q
1 *0
(201 e
T T Y .
-5 5
*-0
*0
*0
0 5

d. Range: {y| y is an integer}

e. The graphis not continuous. There is a jump
k

Copyright © 2013Pearson Education, Inc.
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Chapter 2: Functions and Their Graphs Section 2.4: Library of Functions; Piecewise-defined Functions
y-intercept:  f [O] _ 2int(0) -0 ateach x = 5 where k is an integer.

The intercepts are all ordered pairs (x,0) 41. Answers may vary. One possibility follows:

when 0< x <1, -X if -1<x<0
f(X)J

1
X if0<x<2

2

42. Answers may vary. One possibility follows:
X if -1<x<0
f(x) =

1 if0<x<2

15 157
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43.

44,

45,

46.

47.

48.

Answers may vary. One possibility follows:

-X ifx<0
f(x)=
[-x+2 if0<x<2
Answers may vary. One possibility follows:
F(X) = 2X+2 if -1<x<0
Cx ifx>0

a. f(L2)=int(2(L2))=int(2.4) =2
b. f(.6)=int(2(L6))=int(3.2) =3

c. f(-18)=int(2(-18))=int(-3.6) = -4

a f@2)-= int(g\ =int(0.6) =0
(2)
(16)
[

b. f(L6)=int =int(0.8) =0

o
-
T
=
)
N—r
1l
=]
=

if 0 <x<450
if x > 450

39.99
0.45x -162.51
a. C(200)=$39.99
b. C(465)=0.45(465)-162.51 = $46.74

c. C(451)=0.45(451)-162.51= $40.44

2 ifO<x<1

4 ifl<x<3

10 if3<x<4
F(x)= Sint(x+1)+2 if4<x<9

51 if9<x<24
a. F(2)=4

Parking for 2 hours costs $4.
b. F(7)=5int(7+1)+2=42
Parking for 7 hours costs $42.

Section 2.4: Library of Functions; Piecewise-defined Functions

49,

15 158

1hr

24 min - =04 hr
60

min

F(8.4)=5int(8.4+1)+2=5(9)+2=47
Parking for 8 hours and 24 minutes costs
$47.

Charge for 50 therms:
C =18.95+0.5038(50) + 0.33372(50)

=$60.83

Charge for 500 therms:
C =18.95+0.5038(500) +0.12360(450)
+0.33372(50)
=$343.16

For 0<x<50:

C =18.95+0.33372x + 0.5038x
=0.83752x +18.95

For x>50:
C =18.95+0.33372 [50) +0.12360 (x - 50)

+0.5038x

=18.95+16.686 +0.12360x - 6.18
+0.5038x
=0.6274x + 29.456

The monthly charge function:
_ {0.83752x +18.95 for0<x=<50

0.6274x +29.456 for x >50

d. Graph:
Ca
100[1(100, 92.20)
>0 (50, 60.83)

c. F[18P=388.95) R
Karking for $¥hours dod9 $5X
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Chapter 2: Functions and Their Graphs Section 2.4: Library of Functions; Piecewise-defined Functions

50. a. Charge for
40 therms:
C =13.55+0.1473(20) +
0.0579(20)

+0.51(40)

0w &l

o -

15 159
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Chapter 2: Functions and Their Graphs Section 2.4: Library of Functions; Piecewise-defined Functions

b. Charge for 100 therms: The monthly charge function:
C =13.55+0.1473(20) +0.0579(30) j 0.6573x+13.55 if 0<x<20
+0.0519(100) + 0.51(150) C(x)=40.5679x +15.388 if 20<x<50
_ $99.92 0.5619x +15.638 if x> 50
c. For0=<x<20: d. Graph:
C =13.55+0.1473x + 0.51x C A
=0.6573x +13.55
For 20 < x <50: 100} (100, 99.92)
C =13.55+0.1473(20) +0.0579(x - 20)
+0.51x
=13.55+2.946 + 0.0579x -1.158
<051x 30 (40,380
=0.5679x +15.388
For x>50: 1(0’13'55) >
C =13.55+0.1473(20) +0.0579(30) 0 40 100 X

+0.0519(x -50) +0.51x
=13.55+2.946 +1.737 +0.0519x - 2.595
+0.51x
=0.5619x +15.638

51. For schedule X:

(0.10x if 0<x=<8500
850.00 + 0.15(x - 8500) if 8500 < x < 34,500
4750.00 + 0.25(x - 34,500) if 34,500 < x < 83,600

f(x) = .
) 17,025.00 + 0.28(x - 83,600) if 83,600 < x <174,400

42,449.00 +0.33(x —174,400)  if 174,400 < x < 379,150
110,016.50 +0.35(x - 379,150) if x > 379,150

52. For Schedule Y -1:

(0.10x if 0<x=<17,000
1700.00 +0.15(x -17,000) if 17,000 < x < 69,000
9500.00 + 0.25(x - 69, 000) if 69,000 < x <139,350

F09=127,087.50 + 0.28(x ~139,350)  if 139,350 < x < 212,300

47,513.50+0.33(x - 212,300) if 212,300 < x < 379,150
102,574.00 + 0.35(x - 379,150) if x> 379,150

16 160
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Chapter 2: Functions and Their Graphs Section 2.4: Library of Functions; Piecewise-defined Functions

53. a. Let x represent the number of milesand C be the cost of transportation.
(0.50x if 0<x<100

J 0.50(100) +0.40(x —100) if 100 < x < 400

| 0.50(100) +0.40(300) + 0.25(x ~ 400) if 400 < x <800

0.50(100) +0.40(300) + 0.25(400) + 0(x - 800) if 800 < x < 960
Jo.sox if 0 < x <100

C(x) =

C(x) =

10 +0.40x if 100 < x < 400
| 70+0.25x if 400 < x <800

270 if 800 < x <960

Yi

275((800, 270) 4Ly ||
(960, 270)
||
| |
0

,’2400, 170)

J
—
—

ok
—
—]

}f
(100, 50)
0, 0) 500 1000 x

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

Cost (dollars)

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

54. Letx = number of days car is used. The cost of

renting is given by ¢
(95 if x=7 190 - — o
| . % 167 o—e
119 if 7<x<8 <=Cr)s sl .
C(x)=4143 if 8<x<9 s
167 if 9<x<10 8§ 19| o—e
190 if 10<x<14 95

I N N N N
8 9 10 11 12 13 14
Days of Rental
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Chapter 2: Functions and Their Graphs Section 2.4: Library of Functions; Piecewise-defined Functions

55. a. Lets = the credit score of an individual who
wishes to borrow $300,000 with an 80% LTV
ratio. The adverse market delivery charge is

given by
(9750 if s <659

||8250 if 660<s<679
|4500 if 680 <s<699

Cls)=
( ) 3000 if 700<s<719
1500 if 720<s<739

750 if s=740

b. 725 is between 720 and 739 so the charge
would be $1500.

c. 670 is between 660 and 679 so the charge
would be $8250.

56. Let x = the amount of the bill in dollars. The
minimum payment due is given by

[x if 0<x<10
10 if 10 <x <500
f(x) :430 if 500 < x <1000

!50 if 1000 < x <1500

70 if x=1500

- yi

=

a 100

0 I

3 —o

ES 40 5

E 20 1T

=~ A hd -
20 500 1500 x
Bill (dollars)

57. a.
b v
C.

i (10.45+1015 - 5) (33~ -10))

b. W=33
22.04
~ -21°C
=
(10.45+10 15-15)(33-(-10))
c. W=33-7 i
22.04
~ =34°C

d. W =33-15958(33-(-10)) =-36°C

59. Let x = the number of ounces and C (x] =the

postage due.
For 0<x=1: C(x]=%0.88

For1<x<2: C(x)=0.88+0.17 =$1.05
For 2<x<3: C(x)=0.88+2(0.17) =$1.22

For 3<xs<4: C(x)=0.88+3(0.17) =$1.39

For 12<x<13: C(x)=0.88+12(0.17) = $2.92

yﬂ.l o {52.
o 92| iet
gg_sg-oo,,oo_(}.+_
o —oo——o-omo.q,_
w224 L radun
a T T - 1
B, 190 02-! T
T 120
=] O
- 0.58Q08 ||
246 81012 x
Weight (ounces)
W =10°C 2
d.
(10.45+10 5- (1045+10 15-
w =33 1045410 5= . (10.45+10 15
5)(33-10) _ o 15)33-10) | ..o
: ~3
2 2
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Chapter 2: Functions and Their Graphs Section 2.4: Library of Functions; Piecewise-defined Functions

60. Each%raph is that of vertically. y = x*, but shifted
W =33 6
_15958 [ g
RN T
(33 I'.:'lllll'-.' | -"I'I ,'IIIIJ
-10) = 1 _.-":Ifn' |'I
-4°C Wl
e. When 0<v <179, the wind speed is so N *
small that there is no effect on the Z

temperature. If y=x%+k, k>0, the shiftis up k units; if
f. When the wind speed excegds 20, the wind y=x2—k, k>0, the shift is down k units. The
chill depends only on the air temperature.

graph of y = x? -4 is the same as the graph of
58. a. W =-10°C

16 163
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61.

62.

y = X, 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.

Ify= (x—k)z, k >0, the shift is to the right k

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.

Each graph is that of y =| x|, but either

compressed or stretched vertically.

)
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 graprh of y= Zl x| is

the same as the graph of y = | x , but compressed

64.

16 164

Section 2.4: Library of Functions; Piecewise-defined Functions

'
Ln

5
The graph of y = —|x| is the reflection of the

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

Multiplying a function by —1 causes the graph to

be a reflection about the x-axis of the original

function's graph.

The graph of y = v/-x is the reflection about the

N

y-axis of the graphof y= x.

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

3

~, .
u b 0l
b2
y= 2T
LS
.l"I ."1
- L -
2 K " 2
& ', X
v -,
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Chapter 2: Functions and Their Graphs Section 2.4: Library of Functions; Piecewise-defined Functions

vertically. The graph of y =5| x| is the same as

the graph of y = | x|, but stretched vertically.
The graph of y = f(-x) is the reflection about

63. The graphof y = -x? is the reflection of the the y-axis of the graph of y = f(x).

graph of y = x? about the x-axis. . -
65. The graphof y = (x-1)" + 2 is a shifting of the

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

16 165
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units up. Yes, the result could be predicted.

8 y=(x-1y+2
]
v y-s) ! /
,d—.-!'f'
2 - .Il'-‘ -— M 8
fff *

66. 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

n increases, the graph of the function is

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

h \\, J'ZIII'I e
. __’.,
2 z|2

67. Thegraphsof y = x", n a positive odd integer,

HHHH y:xﬁff ]+
L

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.
» p ,
_ 3 80 L v=x
y—xsﬁ
; e
J":-"J-f X 5
ol y=x
x

-1

68. f(x)= 1 if xisrational
' " 1o if xis irrational
Yes, it is a function.

16 166

Section 2.5: Graphing Techniques: Transformations

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

f (-x) =1= f (x) whenx is rational;

f (-x) =0= f (x) whenx 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.
69. For0<x<1,the graphof y=x", rrational and

r >0, flattens down toward the x-axis as r gets

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

at a greater rate as r gets bigger.

Section 2.5

1. horizontal; right
2.y

3. vertical; up

4. True; the graph of y = - f (x] is the reflection

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

5. False; to obtain the graph of y = f [x + 2) -3

you shift the graph of y = f (x) to the left 2

units and down 3 units.
6. True
7. B

8. E
Domain = {x x is any real number} or (-oo, )

Range = {0, 1} or {y|y=0ory=1}
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Chapter 2: Functions and Their Graphs Section 2.5: Graphing Techniques: Transformations

9 1 11. 1
0

12. A

H D 13. L

y-intercept: x=0= x isrational= y =1

So the y-interceptis y =1. 14. C

x-intercept: y = 0= x is irrational 15. F

So the graph has infinitely many x-intercepts, 16. J
16 167
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17.

18. K

19.

20.

21.

22.

23.

25.

26.

217.

28.

29.

30.

y=(x-4)°

y=(x+4)’

y=x>+4

()
©)

@y
(2
(©)
y=-x

y=-Vx+2
y=-JX+3+2

@

(2)
©)

y=+x+2
v @

@

~N mma~A -~
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Section 2.5: Graphing Techniques: Transformations

about the y-axis. This means we change the sign of
the x-coordinate for each point on the graph of y

= f (x). Thus, the point (3,6) would become
(-3.6).

33. (c); Togofrom y=f(x) to y=2f(x), we

stretch vertically by a factor of 2. Multiply the
y-coordinate of each point on the graph of

y = f (x) by 2. Thus, the point (1,3) would
become (1,6).

34. (c);Togofrom y=f(x) to y=f(2x]),we

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.

c. Thegraphof y=4f(x) is the same as the

graph of y = f (x), but stretched vertically

by a factor of 4. Therefore, the x-intercepts
are still -5 and 3 since the y-coordinate of
each is 0.

d. Thegraphof y = f (-x] is the same as the

y= -X+2
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graph of y=f (x) ,

but
reflected
about the
@ y= \/—(x T3 +2= X342 y_-§>l<|s. Therefore, the x-intercepts are 5 and
31. (c);Togofrom y = f(x) to y=-f(x] we 36. a. Thegraphof y = f (x+4) isthe same as

reflect about the x-axis. This means we change
the sign of the y-coordinate for each point on the

graph of y = f(x). Thus, the point (3, 6) would the left. Therefore, the x-intercepts are -12

the graph of y = f (x), but shifted 4 units to

become (3,-6) . and 3.

b. Thegraphof y = f (x-3) is the same as

32. (d); Togofrom y=f(x)to y="f(-x),we the graph of y = f (x), but shifted 3 units to
reflect each point on the graph of y = f (x) the right. Therefore, the x-intercepts are -5
and 4.
16 169
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37.

The graphof y = 2f (x) is the same as the

graph of y = f (x), but stretched vertically

by a factor of 2. Therefore, the x-intercepts
are still -8 and 1 since the y-coordinate of

each is 0.

The graphof y = f (-x) is the same as the

graph of y = f (x), but reflected about the

y-axis. Therefore, the x-intercepts are 8 and

-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

increasing on the interval (-3,3).

The graph of y = f (x-5) is the same as
the graphof y = f (x) , but shifted 5 units to
the right. Therefore, the graph of f (x-5)
is increasing on the interval (4,10) .

The graphof 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 (-1,5).

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

17 170
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39.

40.

C.

The graphof 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 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

y-axis. Therefore, we can say that the graph

of y = f (-x) mustbe increasing on the
interval (-7,2).

f(x)=x*-1

Using the graph of y = x?, vertically shift
downward 1 unit.

(—Jl, 0) (1,0 | x

N

(0,-1)
2+

The domain is (-c0,c0] and the range is

[—1, 00) .

2

f(x)=x +4

Using the graph of y = x?, vertically shift

Copyright © 2013Pearson Education, Inc.
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of y = f (-x) must be decreasing on the upward 4 units.

interval (-5,1) .
38. 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 graph of f (x + 2) is

decreasing on the interval (-4,5).

b. Thegraphof y = f(x-5) is the same as
the graph of y = f (x), but shifted 5 units to The domainis (-c0,e0) and the range is [ 4,c0) .

the right. Therefore, the graph of f (x-5)

is decreasing on the interval (3,12).
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41, g(x)=x3+1

Using the graph of y = x®, vertically shift
upward 1 unit.

.‘ !
5

A
=
=

ol
=

The domain is (-oo, 0] and the range is
(<o),

42. g(x)=x*-1
Using the graph of y = X3, vertically shift

downward 1 unit.

The domain is (-0, ) and the range is
(2.
43. h(x) =+x-2

Using the graph of y = JX, horizontally shift to
the right 2 units.

17 172
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44. h(x)= x+1

Using the graph of y = +/x , horizontally shift to
the left 1 unit.

YA
= (3,2)
(0’])/
L 111 L1111
-5 (-1,0) L 5
5+

The domainis [ -1,c0] and the range is [ 0,c0] .

45. f(x)=(x-1)°+2
Using the graph of y = x3, horizontally shift to

the right 1 unit ry =(x —1]3T , then vertically

shift up 2 units ry = (x—1)3 v2l,

57
C J23)
(1,2)

The domain is (-co,00] and the range is

(-.9).

46. f(x)=(x+2)°-3
Using the graph of y = x*, horizontally shift to

the left 2 units |—y =(x+ 2)3—| , then vertically

Copyright © 2013?Pearson Education, Inc.
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shift down 3 units |—y = (x+ 2)3 _3l,

The domainis [ 2,») and the range is [ 0,0 .

17 173
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Y

47.

48.

[

The domain is (-co,00] and the range is
(o).
g(x) = 4yx

Using the graph of y = +/x , vertically stretch by
a factor of 4.
y
9

L1 N T T O T
2 71%(0,0) 8

The domain is [ 0,) and the range is [0, 0] .

900 = ;X

Using the graph of y = Jx, vertically compress

by a factor of 1 .
2

h =
T T 177

g
)

1‘%_) 4, 1)

49.

17 174
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by a factor of % .

The domain is (-0,0) U (0,) and the range is
(—O0,0)U(0,00].

50. h(x) = ¥2x
Using the graph of y = Yx, horizontally

compress by'a factor of 2.

S5

_ (4,2)

I T I .3
-5 | (0,0) 5

—a.-2) |

—-J

The domain is (-co,00] and the range is

(o).

51. f(x)=-x

Using the graph of y = 3/x , reflect the graph
about the x-axis.

The domain is [ 0,0) and the range is [0, ) .

Copyright © 2013*Pearson Education, Inc.
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(x -101-
_i The domain is (-c0,00] and the range is

2 2 )lx) ).

Using the graph of y = i , vertically compress

17 175
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52. f(x)=- x 55. h(x) = -x*+2
Using the\é;aph of y = /x , reflect the graph Using the graph of

about the x-axis. the x-axis [y = —xs} , then shift vertically upward
2 units [y =-x3+ 2].

¥

\5<
(-1,3)
“,-2)

0.2

|
Lh
17T TT T T T 7

f—~

|
=

h

=

The domain is [ 0,0 and the range is (-c0,0].

— 3 _
53 900 =" ~x The domain is (-0, ) and the range is (-co, ).
Using the graph of y = x| reflect the graph about
the y-axis. 1
56. h(x)=—+2
10~ 1
B Using the graph of y = ; , reflect the graph
8.2) 1,y
TN 111 _ 1] _ _
-10 e 0 about the y-axis |y =" J then shift vertically
(1, -D (g 22 -X
- : 1 ]
- upward 2 units |y =—""_+2 J
10+ =X

The domain is (-o0,0) and the range is (-c0, ).

4. gx)= 7 ;J

Using the graph of y = i , reflect the graph

(30) 7
about the y-axis. 3
Y
S+ -
@94 e
(-. 120 - The domain is (—oo,O)u(o,oo] and the range is
-5 l _l — (-00,2]U(2,oo).

D
(1, -1) 57. f(x)=2(x+1)?%-3
Using the graph of y = x? , horizontally shift to

the left 1 unit |_y = (x+1]2_| , vertically stretch

17 176
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The domain is (-0,0) U (0,0] and the range is
(~e0,0) U (0,0). by a factor of 2 |—y =2(x +1)ﬂ , and then
L ]

vertically shift downward 3 units
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58.

59.

-1,-3)
-5

The domain is (-co,00] and the range is

[—3,00).

f(x)=3(x-2)* +1
Using the graph of y = x?, horizontally shift to

the right 2 units |—y =(x- 2]2—| , vertically

stretch by a factor of 3 {y =3(x- 2)2T , and then
vertically shift upward 1 unit
|—y = 3(X—2)2 +11.

¥

5_
(1, HH+ 3,4
IAW/E)
L1111 I T I
- L 5
sk

The domain is (-o0,c0) and the range is [1,00).

g(x) =2Jx-2+1

Using the graph of y = Jx, horizontally shift to
the right 2 units |—y =X~ 21 , vertically stretch

L ]
by a factor of 2 ry =2x - 2| , and vertically
L ]

17 178
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60.

61.

(o's]

(6.5)

—_
-
(%)

o

A T T T Y I
8

_2_

The domain is [ 2,0) and the range is [1,) .
9(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 vertically shift

downward 3 units [y =3[x+1- 3] .

Y
5_
(=2,0)
L 11 1 I I Y I
=5 L (0,0) 5
(—l, _3) —
_5_
The domain is —oo,oo] and the range is
[—3,00).
h(x) = /-x -2

Using the graph of y = Jx , reflect the graph
about the y-axis [y = \/3] and vertically shift

downward 2 units [y = J-x - 2].

Copyright © 2013%Pearson Education, Inc.
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shift upward 1 unit [y = 2%~ 2 +1l.
L ]

17 179
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YA

57

40 [
~=g | | I I 2

-5 L 5

-1,-D

0.-2)

5+

The domain is (-0,0] and the range is [ -2, ).

62. h(x)=2+2-4/1)42

Y

Stretch the graph of y = 1 vertically by a factor

X

|-l>

F 2. ]
of 4 =
T

units ry = 4+21.

and vertically shift upward 2

The domain is (-0,0) U (0,) and the range is
(020 (2.

63. f(x)=-(x+1)°%-1
Using the graph of y = x3, horizontally shift to

the left 1 unit |—y = (x +1]3—| , reflect the graph

Section 2.5: Graphing Techniques: Transformations

y

—2.0
( ) ] I T L
—% 5

(=L =1 " (0, -2)

=5

The domain is (-c0,00] and the range is
(<),
x-1

64. f(x)=-4
Using the graph of y = JX, horizontally shift to
the right 1 unit [y = /X —1} , reflect the graph

about the x-axis [y = - /X —1} , and stretch

vertically by a factor of 4 |—y = —4x- 11,
y L ]

The domainis [1,c0) and the range is (-0,0].

65. g(x)=2|1-x|=2|-(-1+x)|=2|x-1]

Using the graphLof y|= XIJ' horizontally shift to

the right 1 unit |—y =x-11 , and vertically

stretch by a factoror 2 [ y = 2|x —1ﬂ .

18 180
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J

about the x-axis ry =-(x +1)3—| , and vertically

shift downward 1 unit ry = -(x +1)3 1l
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68. h(x) =int(-x)

Reflect the graph of y =int(x) about the y-axis.
YA
2_
-5 L(1,0 5 ' o—s
B | & [
~ ) 2
5+ L .
The domain is (-eo,0) and the range is [ 0,c0] . L
66. g(x)=4 2-x=4 -(x-2) The domain is (-co,c0) and the range is
Using the graph of y = /x , reflect the graph {y |y isan integer} .
about the y-axis | y =+/-x |, horizontally shift

y [F/ r] ] Y 69. a. F(X)=f(x)+3

to the right 2 units' y = /-(x-2) !, and Shift up 3 units.

L

vertically stretch by a factor of 4 T

(0, 5) (2.5)
- ™ (4,3)
4.1 L
T Y T
-5 B 5
3k

b. G(x)= f(x+2)

[

-5 L (2.0 5 Shift left 2 units.
o+ YA
The domain is (-,2] and the range is [ 0,c0] . C
¥ (-2.2) [0.2)
N (2,0
67. @ O
=7 3
(—6,-2) B
sk

The domain is (-c0,00] and the range is

{y!y is an even integer} .
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c. PX)=-f(x)
Reflect about the x-axis.

(-4,2)

40

0,2 (2,-2)
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d HX)=f(x+1)-2 70. a. F(xX)=f(x)+3
Shift left 1 unit and shift down 2 units. Shift up 3 units.
YA ¥
3 8
W e WL T
-5 B 5
- 3,-2
B 3.-2) 1) ;
(75,ﬁ4)75:: (74’})\ [ 11 X
L
e QM= (X
' 2 b. G(x)= f(x+2)
Compress vertically by a factor of i . Shift left 2 units.
,\.
.\.\ 5_
5k L
= 0.2
oD @1
X =7
-5 SERCAUE _
(-4, -1) L (=6,-2) (-4,-2)
- o
5+
c. PX)=-1f(x)
f. g(x)=f(-x) Reflect about the x-axis.
Reflect about the y-axis. Y
YA il
L 4.2 (2.2 (4.2
(-2,2) B L
-5
S (4,0 L C o 9
- St
5+
g HO=fx+1)-2
g h(x) = f(2x) Shift left 1 unit gnd shift down 2 units.

)
Compress horizontally by a factor of i .

YA

(1,2)

5
L (2,0 (=5, —4)(-3,-4) _5
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71.

e QM)=5 ()

Compress vertically by a factor of i .

-5
(-4, -1) (-2, -1)

-5

9(x) = f(=x)

Reflect about the y-axis.
y
5

(-2.2)

-5 5

(-4,-2) -(2,-2)(4,-2)

5+

h(x) = f(2x)

Compress horizontally by a factor of % .

-5 /
(-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.

(—m—2.0), (‘—2‘|0)/. (m - 2, (1I) N
72“\77 m 2w

c. P(X)=-f(x)
Reflect about the x-axis.
YA
2 —

d HX=f(x+)-2
Shift left 1 unit and shift down 2 units.

V

e QW=7 1)

Compress vertically by a factor of % .

YA
1 —

(

19 | —
S1E
1 [—

\ =

|

)
(ST o
s =

a4
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(5-4)

T
2
W

=
T
218

N.
(L >

—

Aa
W

=

=

(ST
|

|
¥}
T
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72.

Section 2.5: Graphing Techniques: Transformations

9(x) = f(-x) c. P(x)=-f(x)
Reflect about the y-axis. Reflect about the x-axis.
YA ¥
2 2
n
(3-1) (—m.1) (m. 1)
1 1 s T\ l/l X
-7 _n T 1 —ar ™
2 2 2 /
0, —1
(51 o
2 -2
h(x) = f(2x)

Compress horizo

d. HE) = f(x+1)-2

1
ntally by a factor of Ps Shift left 1 unit and shift down 2 units.
.\.

YA 4
2r - -
(31 -
] 1 ] [
| Iy [ =2 (—1.—-1) ™ 2w
-n _T T T .
2 2
(_%,_1) (—m—1.-3) 4L (m—1-3)
2+

F(x)=f(x)+3
Shift up 3 units.

."’
8

1
e. Q=7 f(x)
Compress vertically by a factor of i .

YA
2.—

5\1‘2’ G

-7 AT ™G
| | ] X (_Tr. _l) 2 | 2 ( 71)
- w | 7 2 ™72
2 2
2 L 2 L
G(x) = f(x+2) £ g(x)=f(-x)
Shift left 2 units. Reflect about the y-axis.
YA
2_
(=2.1)
] /\ ] Lt
—Zﬂj':r T 2w
(—m—2-1) |m=2.-1)
72_
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AN
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h(x) = f(2x)

Compress horizontally by a factor of 3 .
)

(0.1) 4l

=

:‘_

g Bl
|
SNe—

g

) /.
/

0=x%-9x

ox(e -

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

x=0,x=3 x=-3

The x-interceptsare -3, 0, and 3.

The local minimum can be found by using

the Minimum feature from the CALC menu

on a T1-84 Plus graphing calculator.

/

Hininum
h:i.?BEIIIHBi W=-10.z0z2
The local minimum is approximately
-10.39 when x=1.73.

The local maximum can be found by using
the Maximum feature from the CALC menu
on a T1-84 Plus graphing calculator.

Haxiralra
Frichee Wl Vs U a1

~N mma~A -~
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74,

a.

From the graph above, we see that f is
initially increasing, decreasing between the
two extrema, and increasing again at the
end. Thus, f is increasing on the interval

(-4,-1.73) and on the interval (1.73,4). It
is decreasing on the interval (-1.73,1.73) .

y = f(x+2] involves a shift to the left 2

units so we subtract 2 from each x-value.
Therefore, we have the following:
x-intercepts: -5, -2,and 1

local minimum: -10.39 when x = -0.27

local maximum: 10.39 when x = -3.73
increasing on (-6,-3.73) and (-0.27,2);
decreasing on (-3.73,-0.27) .

y = 2f (x] involves a vertical stretch by a

factor of 2 so we multiply each y-value by 2.
Therefore, we have the following:

x-intercepts: -3, 0, and 3
local minimum: -20.78 when x ~1.73

local maximum: 20.78 when x = -1.73
increasing on (-4,-1.73) and (1.73,4) ;

decreasing on (-1.73,1.73) .

y = f(-x] involves a reflection about the
y-axis. Therefore, we have the following:
X-intercepts: -3,0,and 3

local minimum: -10.39 when x = -1.73

local maximum: 10.39 when x ~1.73
increasing on (-1.73,1.73) ;

decreasing on (-4,-1.73) and (1.73,4).

f[x):x3—4x, -3<x<3
15



nsformations

e

Chapter 2: Functions and Their Graphs Section 2.5: Grf

_3 /
—15

The local maximum is approximately 10.39
when x = -1.73.

19 190
Copyright © 2013Pearson Education, Inc.

- e S



Chapter 2: Functions and Their Graphs

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

Xx=0,x=2, x=-2
The x-interceptsare -2, 0, and 2.
The local minimum can be found by using

the Minimum feature from the CALC menu

on a T1-84 Plus graphing calculator.

ey

Hinirilra
H=1.1847016 |7V= -5.079z01

The local minimum is approximately -3.08

when x=1.15.
The local maximum can be found by using

the Maximum feature from the CALC menu

on a T1-84 Plus graphing calculator.

o

Haxiraura
H=-1.AE470E IV=Z 0792014

The local maximum is approximately 3.08
when x = -1.15.

From the graph above, we see that f is
initially increasing, decreasing between the
two extrema, and increasing again at the
end. Thus, f is increasing on the interval

(-3,-1.15) and on the interval (1.15,3) . It
is decreasing on the interval (-1.15,1.15).

y = f(x-4) involves a shift to the right 4

units so we add 4 to each x-value. Therefore,

we have the following:

Section 2.5: Graphing Techniques: Transformations

local minimum: -3.08 when x = 0.575
local maximum: 3.08 when x = -0.575
increasing on [—%,—0.575J and [0.575, %J :
decreasing on (-0.575,0.575) .

g. y=-f(x] involves a reflection about the
x-axis. Therefore, we have the following:
X-intercepts: -2, 0, and 2
local minimum: -3.08 when x = -1.15

local maximum; 3.08 when x =1.15
increasing on (-1.15,1.15) ;

decreasing on (-3,-1.15) and (1.15,3).

2
75. f(x)=x +2x
f(x)=(x* +2x+1) -1

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

Using f(x) = x?, shift left 1 unit and shift down
1 unit.

76. f(x)=x*-6x
2
f(x)=(x -6x+9)-9

2
f(x)=(x-3) -9

Using f(x) = x2, shift right 3 units and shift
¥
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down 9 units.
local minimum: -3.08 when x ~5.15

local maximum: 3.08 when x = 2.85
increasing on (1,2.85) and (5.15,7);

decreasing on (2.85,5.15).

f. y=f(2x] involves a horizontal

compression by a factor of 2 so we divide
each x-value by 2. Therefore, we have the
following:

x-intercepts: -1,0, and 1

19 192
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77. f(x)=x*-8x+1
f(x) =(x2 —8x+16]+1-16
f(x) = (x-4)° -15
Using f(x) = x®, shift right 4 units and shift

down 15 units.
¥

(0, 1)\
—1 9

-15

(4,-15)
78. 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.

(-2,-2)
=5
79. f(x)=2x*-12x+19

=2[x2 -6x]+19

2[x2 —6x+9)+19—18
(

2(x-3)* +1

Using f (x) = x?, shift right 3 units, vertically
stretch by a factor of 2, and then shift up 1 unit.

19 193

Copyright © 20133Pearson Edu J

- e S

Section 2.5: Graphing Techniques: Transformations

.-—«
[
H
5]

—

.y
11

80. f(x)=3x"+6x+1
=3(x* +2x)+1
=3(x* +2x+1)+1-3
=3(x+1)2 -2
Using f (x) = x?, shift left 1 unit, vertically

stretch by a fagtor of 3, and shift down 2 units.
104+

(0.1)
|

Yo

|
v
ol

81. f(x)=-3x"-12x-17
=-3(x* +4x)-17
- _3(x2 +4x+4]—17+12

2
()
=-3 x+2 -5
2
Using f (x)=x , shiftleft 2 units, stretch

vertically by a factor of 3, reflect about the x-
axis, and shift ddwn 5 units.

l_
I e T Y O . 5
-5 5

(=2, -5)

(=3.-8)

(—1.—8)
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82. f(x)=-2x"-12x-13 84. y=x2+c

= -2(x* +6x)-13 Ifc=0,y=x%
2

_ —2(x2 +6x+9]—13+18 Ifc=3 y=x +3; shiftup 3 units.

= —2[x+3]2 +5
Using f (x) = x?, shift left 3 units, stretch

vertically by a factor of 2, reflect about the x-
axis, and shift up 5 units.

Y

(—3.5)

85. a. Fromthe graph, the thermostat is set at 72°F
during the daytime hours. The thermostat
appears to be set at 65°F overnight.

b. Tograph y =T (t]-2, the graphof T (t) is

shifted down 2 units. This change will lower
the teTpfrature in the house by 2 degrees.
3

83. y=(x-c)° —~
Ifc=0,y=x2 &76
If c =3, y = (x-3)?; shift right 3 units. k)
If c = -2,y =(x+2)%; shift left 2 units. *E 68 |
¥ c=0 =P |
(,:—2* o 4/::3 E‘gg J o
\\\ l’ a >
\ :'[ 0 510152025 ¢
WAV Time (hours after
) B midnight)

-6 ()

c. Tograph y =T (t+1), the graph of T (t)

should be shifted left one unit. This change
will cause the program to switch between
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
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86.

a.

o

=h

(]
=]

=)

[

=N
|
L
r
I

(=]

Temperature (°F)
22233

Y

0 510152025
Time (hours after
midnight)

R(0) =170.7(0)" +1373(0) +1080 = 1080

The estimated worldwide music revenue for
2005 is $1080 million.

R(3)=170.7(3)" +1373(3) +1080
= 6735.3

The estimated worldwide music revenue for
2008 is $6735.3 million.

R(5) =170.7(5)° +1373(5) + 1080
=12,2125

The estimated worldwide music revenue for
2010 is $12,212.5 million.

r(x)=R(x-5)
=170.7(x -5)° +1373(x - 5) +1080
=170.7(x ~10x+ 25) +1373(x - 5)
+1080

=170.7x% -1707x + 4267.5 +1373x
- 6865 +1080

=170.7x% -334x -1517.5

The graph of r(x) is the graph of R(x)

shifted 5 units to the left. Thus, r(x)

represents the estimated worldwide music
revenue, x years after 2000.

r(5)=170.7(5)° -334(5) ~1517.5 = 1080

The estimated worldwide music revenue for
2005 is $1080 million.
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r(8) =170.7(8)° - 334(8) 15175
=6735.3
The estimated worldwide music revenue for
2008 is $6735.3 million.
r(10) =170.7(10)° - 334(10) - 15175
=12,2125

The estimated worldwide music revenue for
2010 is $12,212.5 million.

In r(x), x represents the number of years
after 2000 (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.

87. F :gC +32

(100, 212)

{0,32)
| | | | | | | | I |

10 20 30 40 50 60 70 80 90100

F =§(K—273)+32

Shift the graph 273 units to the right.
F

288
256
224
192
160
128
% —
64 —

3

2
0

(373, 212)

(273,32)
AL 1 | | | 1
V270 200 310 330 350 370
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88. a. T=2m !
s

THOO
Amin=-1
Amax=1
Ascl=1
Wmin=-1
“max=2
Yeol=1
Ares=1

—

l+1

b. Tl=21T—;T2=2T[\/ ;

g

w

| +

T, =21
: g

1+2

g

THOC
Amin=-3
AMax=r
#ecl=1
Wmin=-1
Yax=1
Yecl=1
Ares=1

c. Asthe length of the pendulum increases, the

period increases.

d. T1=2T[\/2§7I;T2:2Tr\/§;-r3:2ﬂ;\/§
g g

THOC
Amin=-1
Amax=1
#ecl=1
Wmin=-1
Yax=1
Yecl=1
Ares=1

%

e. Ifthe length of the pendulum is multiplied
by k , the period is multiplied by k .

= 12000

89. a. p(x)=-0.05x*+100x - 2000
45.000 Y2 vl
=T
i AN
(] ';:'lll I'I.II;.
t' Y
—15.000

b. Select the 10% tax since the profits are

higher.

c. The graph of Y1 is obtained by shifting the

graph of p(x) vertically down 10,000 units.

Section 2.5: Graphing Techniques: Transformations

90.

9L

a.

0.9. Thus, Y2 is the graph of p(X)

vertically compressed by a factor of 0.9.

Select the 10% tax since the graph of
Y1=0.9p(x) 2 Y2 = -0.05x* +100x - 6800
for all x inthe domain.

y=|f(x)|
YA
2 —
(-2, D(-1,1) (1, 1)
(2, 0)
| | ] 5
-2 2
2+
y=f(lx])
YA
2 —
(-1, 1) (1, 1)

Tograph y =| f(x)|, the part of the graph

for f that lies in quadrants Il or IV is

reflected abay
2
L1

Copyright © 2013Pearson Education, Inc.
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Chapter 2: Functions and Their Graphs Section 2.5: Graphing Techniques: Transformations

The graph of Y2 is obtained by multiplying
the y-coordinate of the graph of p(x) by
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Copyright © 2013/Pearson Education, Inc.

- e S



Chapter 2: Functions and Their Graphs

92.

93.

Tograph y = f (| x|}, the part of the graph
for f that lies in quadrants Il or 111 is
replaced by the reflection of the part in
quadrants | and 1V reflected about the y-

axis.

-1. 1)

The graph of y = f (x +3) -5 is the graph
of y = f(x) butshifted left 3 units and
down 5 units. Thus, the point (1,3) becomes
the point (-2,-2).

The graph of y = -2f (x-2)+1 isthe
graphof y = f (x] but shifted right 2 units,

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) .

The graph of y = f (2x+3] is the graph of

y = f (x) but shifted left 3 units and
horizontally compressed by a factor of 2.

Thus, the point (1,3) becomes the point

(-13).

The graph of y = g(x+1) -3 is the graph

Section 2.6: Mathematical Models: Building Functions

94.

95.

96.

97 - 98.

99 — 104.

vertically by a factor of 3, reflected about the
x-axis, and shifted up 3 units. Thus, the point

(-3,5) becomes the point (1,-12] .

c. Thegraphof y=g (3x + 9) is the graph of

y = f(x] but shifted left 9 units and

horizontally compressed by a factor of 3.
Thus, the point (-3,5) becomes the point

(-4.5).

The graph of y =4f(x) is a vertical stretch of

the graph of f by a factor of 4, while the graph of
y = f(4x) is a horizontal compression of the

graph of f by a factor of % .

The graph of y = f (x) - 2 will shift the graph of

y = f(x) down by 2 units. The graph of
y = f(x-2) will shift the graph of y = f(x) to
the right by 2 units.

The graph of y =+/-x is the graph of y = \/x

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
16

the second region would also be 3 square

units.

Answers will vary.

Interactive Exercises.

Section 2.6
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Chapter 2: Functions and Their Graphs Section 2.6: Mathematical Models: Building Functions

of y = g(x) but shifted left 1 unit and down 1. a. Thedistance d from P to the origin is

3 units. Thus, the point (-3,5) d =+/x2 +y? . Since P isa pointon the

becomes the point (-4,2) . graph of y = x> -8 we haye:
_ 2 2 2 _ 4 2
b. The graphof y = -3g(x-4]+3 is the graph d(x)= x"+(x"-8)" = x"-15x" +64
of y = g(x) but shifted right 4 units, stretched b. d(0)=+0* -15(0)2 +64 =~/64 =8

c. d()=+@)*-15Q)? +64
=1-15+64 = /50 =52 ~ 7.07
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d 40 b 2
-10 10 0 2
-5 0
e. d issmallest when x ~ -2.74 or when c. d issmallest when x = ;2 .
X=x2.74.

_

Hinirum
W=k

Py,

Hiniraun
W=-z.rxBEie |V=z.FEZBEBRZE

W,

Y=z.7B:BE22

19 LY BEBNZEY

) ) 4. a. Thedistance d from P to the origin is
2. a. Thedistance d fromP to (0,-1) is

d =+/x? +y? . Since P isa pointon the
d =x*>+(y+1)? . Since P isa pointon

1
the graph of y = x?> -8, we have: graph of y =, we have:

X
d(X) = /%2 +(x% -8 +1)2 1)? 1 x*+1
d(x) = x%(—ﬁ = e 2
\x) X2 X2

= |[%? +(x2—7]2 =/x* -13x% + 49
Vx%+1
- |
b. d(0)=4/0*-13(0)2 +49 = 49 =7 X

J
c. d(-1) =/(-1)* -13(-1)? +49 =/37 ~6.08 b. 8
d. 10
5 5
4 A
0 C. =-1or x=1.

e. d issmallest when x ~ -2.55 or when
X~ 255,

kW b K o N

.

Y=2.COB07EZ

5. By definition, a triangle has area

Y=2.COB07EZ

A= %bh, b = base, h = height. From the figure,
3. a. Thedistance d from P to the point (1, 0) is

we know that b = x and h = y. Expressing the
d =4/(x-1)%+y? . Since P isa pointon Yo =P g

20 200
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Chapter 2: Functions and Their Graphs Section 2.6: Mathematical Models: Building Functions
area of the triangle as a function of x, we have:

A(x)=lxy=lx[x3J=lx4.

d(x) = (x-2% +[vx) =V 2 2 2

the graph of y = v/x , we have:

X2 - x+1

where x>0. 6. By definition, a triangle has area

A= %b h, b=base, h = height. Because one

vertex of the triangle is at the origin and the

v

W=ibi42iz6 .

20 201
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Chapter 2: Functions and Their Graphs Section 2.6: Mathematical Models: Building Functions

other is on the x-axis, we know that
b =xand h=y. Expressing the area of the

triangle as a function of x, we have:

1 1 9 1 .
A(x) = Exy = E X(g - Xz) = 2_X - 2_ X N i cn Lv=n.ayuzria .
The perimeter is largest when x =1.79.
7. a A(x)=xy=x[16—x2)=—x3+16x 2 3 J 2
9. a. InQuadrantl, x +y =4-> y= 4-x
b. Domain: {x|0<x<4} A(X) = (2X)(2Y) = 4x4 - X?
c. Theareais largest when x = 2.31. b.  p(x)=2(2x)+2(2y) = 4x +4V4 - x2
30
¢. Graphing the area equation:
10
0 4
0 2
0
K lj
Eggg"ﬂuﬂr‘qﬂtm SV=EH.BEEE11 L
8. a. A(X)=2xy =2xv4-x2 e X ~1.41.

d. Graphing the perimeter equation:
12

b.  p(x)=2(2x)+2(y) = 4x + 2N4 - X2

c. Graphing the area equation: ﬂ
e —
0

4

/\ O
ok |- P
Haxiraur
E:i.'li'lzi'ﬂ aT=11.313708 &
The perimeter is largest when x ~1.41.
T W ~141 10. a.  A(r) =(2r)(r) = 4r*

b. p(r)=4(2r)=8r

d. Graphing the perimeter equation:
10
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Chapter 2: Functions and Their Graphs Section 2.6: Mathematical Models: Building Functions
11. a. C = circumference, A = total area,

/ r = radius, x = side of square
C=2mr=10-4x = r=3-2X

20 203
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Chapter 2: Functions and Their Graphs Section 2.6: Mathematical Models: Building Functions

Total Area = areaygq + aredgg, = % +rr c. Theareais smallest when x ~ 2.08 meters.
8

2 2

2, 25-20x+4x
T

A(X) = x? +n(5;12)(] = X

b. Since the lengths must be positive, we have:
10-4x>0 and x>0 0 3.33

-4x>-10 and x>0 0
x<25 and x>0

Domain: {x| 0<x< 2.5}

c. The total area is smallest when x ~1.40 L
meters.
8
13. a. Since the wire of length x is bentinto a
circle, the circumference is x . Therefore,
C(x)=x.
0 25 b. Since C=x=2mr, r=—-.
0 ' ! 2
T

2 2

X)) _X

/ A(x)=nr2:n(2nJ =

NifiniLn
u=ib00eya7 Y= Cogsiar o

14. a. Since the wire of length x is bent into a
square, the perimeter is x . Therefore,

12. a. C =circumference, A = total area, p(x) =x.
r = radius, x = side of equilateral triangle 1
b. Since P=x=4s, s= x, we have
C=2nr=10-3x = r = 0= , 4
2n
A(x)=s? = (lx) Ly
The height of the equilateral triangle is Azgx . \4 ) 16
Total Area = area izgie +ared e 15. a. A-=area, r = radius; diameter = 2r
2
( \ A(r) =(2r)(r)=2r
= l X| )E X | + T[r2
2 2 ) b. p = perimeter
2 p(r) =2(2r)+2r =6r
A =3 2 +T{MJ 2
4 2n 16. C = circumference,

20 204
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Chapter 2: Functions and Their Graphs Section 2.6: Mathematical Models: Building Functions

r = radius;
= NE] X2 + 100 - 60x + 9x x = length of a side of the triangle

4 41

b. Since the lengths must be positive, we have:
10-3x>0 and x>0
-3x>-10 and x>0

x<@ and x>0
3
Domain: {x 0<X<EW
3

~Bx

Since AABC is equilateral, EM = 5
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Copyright © 2013*Pearson Education, Inc.

- e S
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Therefore, OM = gx -OE = A% -r

(xV¥ (e Y

r

2} 2 )

2 X 3.,
o=, x ~J3rx+r?

In AOAM , r?

4
J3rx = x?
r= X
J3
Therefore, the circumference of the circle is
C(x) =2mnr = Zn(\/)(—g) = 2“3 3 X
L)
17. Area of the equilateral triangle
Azl x-ﬁ ‘= A3 W2

2 2 4
2

From problem 16, we have r? =X? .

Area inside the circle, but outside the triangle:

A(x):nr2—3§x2
lz AB__ 2 (E JB_\ 2

=mo- X = - X
3 4 (3 4

18. d? =dy® +dy?
d? = (30t)° + (40t)*

d (t) = \/900t? +1600t? =4/2500t? =50t

d2 =40t

d =30t

Section 2.6: Mathematical Models: Building Functions

d, =3-40t

d, = 2-30t

b. The distance is smallest at t = 0.07 hours.

THOO
Anin=A
Anax=.19
wacl=.85
Ymin=-1
“rmax=4
Wscl=1 Hiniraur

Ares=1 FER D e 1

20. r =radius of cylinder, h = height of cylinder,

V = volume of cylinder

2 2 2
rz+(hj =R2:>r2+h_=R2:>r2 =R2_ﬂ
2 4 4
V =nrh
2 2
V(h)=1{R2—h4Jh=nh{R2—n4J
21. r =radius of cylinder, h = height of cylinder,
V = volume of cylinder
By similar triangles: H_H-h
R r
Hr =R(H -h)
Hr = RH - Rh
Rh=RH - Hr
o RH=Hr _H(R-r1)
R R
2
V = r2h =nr2(i['un _ mH(R-r)r’
. R R
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22. a. The total cost of installing the cable along
2 _ 42 2 the road is 500x . If cable is installed x
198 d%=d”+d, miles along the road, there are 5- x miles
d? = (2- 30t)2 +(3- 40t)2 between the road to the house and where the
5 5 cable ends along the road.
d (1) = /(2-30t)° + (3-40t)

= 4 =120t + 900t2 +9 - 240t +1600t°
- V250012 - 360t +13
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House d
9 23. a. Thetime on the boat is given by 51 . The
time on land is given by 12-x .
2 d 5
Island
B_ox 2 d;
——— ——
5oy X Town
12—x
d=./(5-x)%+22
d = +22 =2 +4
- 2,4 = Jy2
=/25-10x+ X2 +4 = x® -10x+29 The total time for the trip is:
The total cost of installing the cable is: \/2—
> 12-x d; 12-x _x +4
C(x) = 500x + 700v/x? ~10x + 29 T(x) = 5 37 5 T 3

Domain: {x|0 <Xx< 5}

b. C(1) =500(1) +700,/1* ~10(1) + 29

b. Domain: {x|0<x=<12}

_ 2
= 500 + 7004/20 = $3630.50 ¢ T@)= 125 4. 43* 4
_ 2 _
c. C(3)=500(3)+700,/3% ~10(3) +29 =§+@ ~3.00 hours
=1500 + 7008 = $3479.90
12-8 8 +4
d. 500 T8 =
d (8) 5 + 3

‘_\w/ = g + ~ 3.55 hours

24. Consider the diagrams shown below.

03000

e. Using MINIMUM, the graph indicates that
X = 2.96 miles results in the least cost.

Hiniraurn
W= 95A7ERHE  V=3479.78E50 |
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25.

26.

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
lnrzh :lﬂ(lh\ heTps
3 L4

3 J 48
a. length= 24-2x; width= 24 -2x;
height = x

V(X) = X(24 - 2X)(24 - 2x) = x(24 - 2x)?

v (h)=

b. V(3)=3(24-2(3))? = 3(18)?
=3(324) =972 in®.
c.  V(10) =10(24 - 2(10))* =10(4)?
=10(16) =160 in®.
d. y, = x(24-2x)?

1100

0 12
0

Use MAXIMUM.
1100

Haxiraum
n=4 =104

12

0

The volume is largest when x =4 inches.

a. Let A=amount of material,

x = length of the base, h = height , and
V = volume.

- e S
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Al =1 +@=1+40=41ﬂ

[) 2 . 2

A(2)=22+42—0=4+20=24ft2

24 40
Y1 X
100
o] N —— 0]
0
100
Hi_nimun'l .
0 W=E.Fi4hiee JY=2E. 104109 . 10
0

The amount of material is least when

x =271 ft.

Chapter 2 Review Exercises

1. This relation represents a function.
Domain = {-1, 2, 4}; Range = {0, 3}.

2. This relation does not represent a function, since
4 is paired with two different values.

3. f(x)=

a.

b.

3X
x? -1

£(2) = 3(2) 6 6

= = :2
(2?-1 4-1 3
f(-2) = 82 _6_6_,
(-2)>-1 4-1 3
3(=x) -3X

Copyright © 2013?Pearson Education, Inc.



Chapter 2: Functions and Their Graphs Chapter 2 Review Exercises

C. f(-x)= =
V=x*h=10=h=12 (0= 217 x2-1
X
Total Area A = (Area,, ., ) +(4) (Areagq, ) d f(x)——( 3x ) _ _=3x
kX2_14 2 _q
= x% +4xh
3(x-2
- +ax/10) e. f(x-2)=
LFJ (x-2)% -1
2,40 _ 3x-6__3[x=2
= X"+ = =
X X2 —4x+4-1 x> -4x+3
_ .2 40
A[X)—X + <
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3(2x)  6x
b= e 1 a1

6. f(x)=
(x) 29
The denominator cannot be zero:

4, F(X)=x2-4 x2-9%0

(x+3)(x-3) 20

a. f(2)=\/22—4=\/4=4=\/9=0 ﬁ;t—SorS
b f(-2) = '7(-2)2-4=\/H=J6=0 Domain: {x x¢—3,x¢3}

e T =y(-x0?-4=\x-4 7. () =v2-x

The radicand must be non-negative:

d —f(0)=-x2-4 2-x20

X<2
e. f(x-2)=\(x-2)?-4 Domain: {x x <2} or (-, 2]
=Jx? - ax+4-4 N
=x? - 4x

| X|

X)=—

g(x) X
The denominator cannot be zero:

£ f(20)=(20% -4 =Vax? -4 X #0
Domain: {x|x¢0}
=4[ -1) = 2%t -1
X
9. f(X)=—"—
XZ,__ () x> +2x-3
5 f(x)= 2 The denominator cannot be zero:
2 —
_2___ 4-4 0 X“+2x-3%0
a. f(2)= 2 4 =4=0 (x+3)(x-1)#0
24 x#z-3orl
—Z)] =4 -4 .
b f(—2)-L ) -4=4_0_g Domain:{}x # -3, x # 1}
(_2]2 4 4
2 _
c. f(x=HT=Axoa 10, 1(9=3x1
(-x? X x -4
The denominator cannot be zero:
(x2=4) 4-x* x2-4 X2 —-4%0
d -f(x)=- = =-
) ( X2 J X2 x? X2 £ 4
(x- )L_ 2 _ _ X% +2
e. f(x-2)= X 222—4=7X 4X+‘2" 4
(x-2) (x-2) The radicand in the numerator must be non-
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_xP-4x _ x(x-4)

S (x-2?% (x-2)?

2 2 _
£ f(ax)= B4 _4xT=4

(2x)2 4%*
2
_ 4[_x - ] ) X2 -1
4X2 x2

~N mma~A -~

21 212

Chapter 2 Review Exercises
negative:
x+120

x=-1

Domain: {x| X>-1X# 2}
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Chapter 2: Functions and Their Graphs Chapter 2 Review Exercises

(f-g)(x) = f(x)-9(x)
= (3X2 + x+1) (3x)

X

11. f(x) 8

The denominator cannot be zero and the radicand
must be non-negative:

Xx+8>0

x> -8

= 9x3 +3x? +3x
Domain: {x| x is any real number}

(1) f(x) 3xZ+x+1
Domain: {x| x > -8} hg A0 = g(x) 3x
X#0=x=%0
12, f(x)=2-x g(x)=3x+1

Domain: {xl x %0}
(f +9)(x) = f (x)+9(x)

=2-X+3X+1=2Xx+3
Domain: {x| X is any real number}

=

14. f(x)=§j g(x) =

x

(f+9)(x) = f(x)+9(x)
(f-9)(x) = f(x)-9(x) E )

x+l 1 _x[x+1)+1(x-1]
= 2-x-(3x+1) “x-1"xT x(x-1)
=2-x-3x-1 xErxex-1_ 5P a2x-1
=-4x+1 X(X—l) (X—l)
Domain: {x| X is any real number}
Domain: {X|X¢0,X¢1}
(f-9)(9) = (x)-g(x)
= (2-x)(3x+1) (f-9)x) =f(x)-g(x
x4+ 2-3 - x _x#1 1 _ x(x+1]—1|x—1|
x-1 x X(x-1
= -3x% +5x+2 (=)

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

(f) f—[ll 2-X Domain: {X|X¢O,X¢1}
LgJ(X): g(x) T 3x+1

3x+120

(f-9)(x) = f(x)-g(x)=(x+1vl\= x+1

1 LX-lJLXJ x(x-1)
IX£t-1=>xz-7
3 Domain: {x x #0,x #1}
Domain: [xx 1]
£- 4 x+1
L 3 (£) fx) x-1 (x+1)(x) X(x+1)
[g100= = 1 =hhallg =
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13. f(x):3x2+x+1 g(x) = 3x L) () \ AN,
X
(f+9)0) = () +9(x) Domain: {x|x¢0,x¢1}
=3x% + x+1+3x
=3x2 +4x+1

Domain: {x| X is any real number}

(f-9)(x) = f(x)-g(x)
= 3x% + X +1-3X
=3x% -2x+1
Domain: {x| X is any real number}
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_ 2
15. f(x)=-2x"+x+1 g. Tograph y=f (% xj , stretch the graph of
f(x+h)-f(x)
h f horizontally by a factor of 2.
2 2
:i(_x+hl_+[_x+h]_+1—[_—2x +x+1] \,
h .
—2(x? +2xh+h? |+ x+h+1+2x* —x-1 oL _ L)
- _-L ]— ) ‘[\2.1(/
h B (6.3)
_ =2x%—4xh-2h*+ x+h+1+2x* - x-1 B .
h -8 (0, 0) 6
(4, -1
_ —=4xh - 2h2*+_h _ h(=4x-2h +1) (-8, 3) L
6
h h
=-4x-2h+l h. Tograph y=-f(x) , reflect the graph of f

16. a. Domain:{x|-4<x=<3}; [-4,3] vertically ahz;ft the y-axis.
Range: {y|-3<y=<3};[-33] (4.3) E V=)
(-2, 1 - .
b. Intercept: (0,0) s oK L
c. f(-2)=-1 E (3.-3)
d. f(x)=-3 whenx=-4 6k

e. f(x)>0when O0<x<3

{x]0<x<3}
f Tograph y = f (x-3) , shiftthe graph o 17. a.  Domain: {x| x is any real number}

horizontally 3 units to the right. 18 |
Vi '

21 215
Copyright © 2013*Pearson Education, Inc.

- e S



Chapter 2: Functions and Their Graphs

Range: {y y is any real number}

b. Increasing: (-,-2)and
(2,0) ; Decreasing: (-2,2)
c. Local minimumis -1 at x
= 2; Local maximumis 1
at x=-2
d. Absolute minimumis -3 at x
= -4 ; Absolute maximum s 3
at x=4
e. The graph is symmetric with respect
to the origin.
f.  The function is odd.
g. x-intercepts: -3,0,3;
y-intercept: 0
f(x) = x® - 4x
f(-x) = (-x)° = 4(~-x) = - x* + 4x
= —(x3 - 4x) =-
f(x)

f is odd.

~N mma~A -~

21 216
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4+ X2 local minima: 0.54 when x = -0.34, -3.56 when
19. g(x) = 1—4 x=1.80
+X L .
Ar(ox)2  daxl fis increasing on: (-0.34,0.41) and (1.80, 3);
9(-x) = = =9(x) f is decreasing on: (-2,-0.34) and (0.41,1.80).
1+(-x)*  1+x*
g iseven.

24. f(x)=8x*-x
f(2)- (1) 8(2)°-2-[8(1)° -1]
2-1 1
=32-2-(7)=23

f(1)- f(0) 8(1)%-1-[8(0)°-0]

20. G(x)=1-x+x3
G(-X) =1-(-X) + (-x)°
=1+ x-x% % -G(x) or G(x)

G is neither even nor odd. b. =

1-0 1
=8-1-(0)=7
21 f(x)=—"5 ()
1+X f(4)- f(2) _8(4)*-4-[8(2)*-2]
X =X ¢ 42 ° 2
f(-x) = 2 = 2 =-F(x)
1+(-x)" 1+x 128 4 (30) -
f isodd. 2 2
f(x)=2-
22. f(x)=2x®-5x+1 onthe interval (-3,3) 25 1 >X
Use MAXIMUM and MINIMUM on the graph t(3)-f(2) _[2-5(3)}[2-5(2)
of y; =2x% -5x+1. 3-2 3-2
20 2 (2-15) -(2-10)
A/ / s (5
-3 /ﬁ‘* 3 -3 =3 =-13-(-8)=-5
e "r:u.nuzsun REithrazz [v=-z.0uz0z 26. f (x) =3x- ax?
—20 =20
local maximum: 4.04 when x ~ -0.91 f(3)= f(2) [3(3) - 4(3)21{3{2) - 4[2)2T |
local minimum: -2.04 when x =0.91 3-2 3-2
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 the Vertical Line Test

of 4 3 and is therefore not a function.
y; =2X —5X +2x+1.

20 20

\|_/ -

R 13’Pearson Education, Inc.
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Chapter 2: Functions and Their Graphs

28. The p sses the
graph a  Vertical
-2 3 -2
-10 -10
20
. T
—2 |t ez sanmes | O

-10
local maximum: 1.53 when x = 0.41

21 218
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29. f(x)=|x
YA
5 L1 I T O
— -5 5
(=2, 2) T A2 B
Ll L NA L 2.9 - 3@
-5 0,0 B
B -8~
-5+ Intercepts: (0, 0)
Domain: {x| X is any real number}
30. f(0=vx Range: {y|y <0} or (-,0]
."'\
S [
— 33. h(x) = "x-1. Using the graph of y:\/;,
(1.1)
L i4,2) horizontally shift the graph to the right 1 unit.
[ R O
-5 (0.0 5 )
— 5_
B ~ 5,2)
[ _%‘/r
—5 |
[ o O I I I
-2 L (1, 0) 8
31. F(x)= x|—4. Using the graphof y = x , B
| | s
vertically shift the graph downward 4 units. Intercept: (L, 0)

Domain: {x|x 21} or [1, «)
Range: {y| y 20} or [0, )
34, f(x)=+1-x=4/-(x-1). Reflect the graph of

y =+/x about the y-axis and horizontally shift
the graph to the right 1 unit.

Intercepts: (—4,0), (4,0), (0,—4)
Domain: {x| X is any real number}

Range: {y| y > —4} or [-4, )

32. g(x)=-2 x . Reflectthe graphof y = x

21 219
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about the x-axis and vertically stretch the graph
by a factor of 2. Intercepts: (1, 0), (0, 1)

Domain: {x| X < 1} or (-w,1]
Range: {y| y 20} or [0, «)

22 220
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35. h(x) = (x-1)? +2. Using the graph of y = x?, c. Graph:

horizontally shift the graph to the right 1 unit and
vertically ghift the graph up 2 units.

E:
(-2,-6)
s
d. Range: >-6 or (-6,
Intercepts: (0, 3) ge: {yly>-6} or (-6, )
Domain: {x| x is any real number} e. Thereisajumpinthe graphat x =1.

Range: {y| y> 2} or [2, ) Therefore, the function is not continuous.

[x if —4<x<0
36. g(x)=-2(x+2)°-8

38. f()={L ifx=0

Using the graph of y = x, horizontally shift the |3x ifx>0

graph to the left 2 units, vertically stretch the
graph by a factor of 2, reflect about the x-axis, a. Domain: {X x> -4} or [-4, )

and vertically shift the graph down 8 units.
y b. Intercept: (0, 1)

| | ] I Il |§| | ] ] M C' Graph:
1 =+ y
-9 Gz-éﬁﬁ)i T p
l —_
| + a,3)
=1 0,1
(-3,-6) T L1 |ﬁ’|) L1111 X
4 -5 5
(-2,-8"\ I
(-1,-10% T
= s
Intercepts: (0,-24), (-2-34,0)~(-3.6,0)
Domain: {x| x is any real number} d. Range: {y|y=z-4,y#0}
Range: {y| y is any real number} e. Thereisajumpat x = 0. Therefore, the
function is not continuous.
3X if —-2<x<1
37. f(x)=i AX+5
X+1 ifx>1 = =
l 39. f()= , andf(®)=4
a. Domain: {x|x>-2} or (-2, «) b. Intercept: (0,0)

22 221
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AQ)+5 4

Chapter 2 Review Exercises
6(1) -2

A+5
4 =4

A+5=16
A=11

22 222
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Chapter 2: Functions and Their Graphs

40.

41.

X
=2x% + 40
X

A(1)=2-12+%=2+40=42 ft2
A(2)=2-22+%=8+20=28ﬁ2
Graphing:
50
0 5

MinimLn
=2 AC4hE0Y V=2l BYO53E

The area is smallest when x =~ 2.15 feet.

Consider the following diagram:
P(x.y)

y =10-x

<

y

The area of the rectangle is A= xy . Thus,

the area function for the rectangle is:
A(X) = x(10 - x%) = -x* +10x

The maximum value occurs at the vertex:

7

Haxiraurn
n=1l.Bz5741y _v=izirielic .

THOIL
“wrin=a
ARaxE=0
nscl=l
Ymin=A
Wmax=15
Vecl=1
mres=1

Chapter 2 Review Exercises

Chapter 2 Test

22 223

Ca {(259).(46).(67).(88)

This relation is a function because there are
no ordered pairs that have the same first
element and different second elements.

Domain: {2,4,6,8}
Range: {5,6,7,8}

b. {(2.3).(4-2),(-35), (1. 7)}
This relation is not a function because there
are two ordered pairs that have the same
first element but different second elements.

c. Thisrelation is not a function because the
graph fails the vertical line test.

d. Thisrelation is a function because it passes
the vertical line test.

Domain: {x| x is any real number}
Range: {y|y =2} or [2, «)

f[x]:m

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.
4-5x=20

4-5x-4>=0-4
-5x > -4
-5x -4

<

Domain: {x

X < g—l or (—oo,g]

l )\
f(-1) =4-5(-1) =V4+5=9=3

X+2
( )_|x+2|

The function tells us to divide x +2 by |x + 2| .

Copyright © 20133Pearson Education, Inc.
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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.
~12.17 square units Domain: {x|x # -2}
-1)+2
(-
(=D+2 [
22 224
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4 hlx)=—X -4 Ymin and Ymax will not be good enough to see the
- h(x)=7 whole picture so some adj ade.
X +5X-36 ¥min= -5
The function tells us to divide x -4 Flatd FIotz FIifs =
2e unction te . S us .0 d de ' by . e §2§}f=?
x“ +5x-36. Since division by 0 is not defined, T ynin="10
we need to exclude any values which make the = N
denominator 0. N Hres=l
x? +5x-36=0 RYE=

(x+9)(x-4)=0

x=-9 or x=4
Domain: {x|x # -9,x # 4}

- ]
(note: there is a common facto_r of x - 4 t_)ut_we Mimumf I| s 1‘
must determine the domain prior to simplifying) H="BS07B27 1= BE02E2d | [#=0 Lk

(-1)-4 =5 1 :
h(-)= (-1)2+5(-1)-36 40 8 /\

LE R 1]
=2 2CO0rEZE 1Y=15. 04770

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

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,

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 interceptsare (0,2), (~2,0), and (2,0). The function is increasing on the intervals

x-intercepts: -2, 2 (-5,-0.85) and (0,2.35) and decreasing on the

y-intercept: 2 )
intervals (-0.85,0) and (2.35,5).
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

- L
d SII’-ICE (-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

7. a  f(x)

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 ljne y = x -4 but only

3F y=x—4x=-1

keep th t f lich x = -7.
eep the Ragt oy Weh XS %
-

e. Tosolve f(x)<0,we wantto find x-

values such that the graph is below the x-
axis. The graph is below the x-axis for /]

_?7

yv=2x+ Lx<—1

22 225
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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

b. To find the intercepts, notice that the only
piece that hits either axisis y = x-4.

22 226
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y=x-4 y=x-4
y=0-4 0=x-4
y=-4 4=x

The intercepts are (0,-4) and (4,0).

c. Tofind g(-5) we firstnote that x = -5 so

we must use the first “piece” because -5<-1.

g(-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
T 4-3 71 =19

9. a f-g=(2x*+1)-(3x-2)
=2x%? +1-3x+2=2x* -3x+3
b. f'9=(2x2+1](3x—2]=6x3_4x2+3X_2

6 f(x+h)-f(x)
- [2(x+h)2 +1]-[2x2 +1)

= (Z[XZ +2xh +h2)+1]—(2x2 +1)
= 2x% +4xh +2h% +1-2x° -1

= 4xh + 2h?

10. a. The basic functionis y = x3 so we start with

the graph of this function.

y y:x3

22 227

Chapter 2 Chapter Test

y y= (x+1)3
10+

(-2

-10

Next we reflect this graph about the x-axis
to obtain the graph of y = - (x +1)3 :

y= —(x+1)3

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)

-10

y=-2(x +1)3
The last step is to shift this graph up 3 units

to obtain the graph of y = -2(x +1)3 +3.

Copyright © 2013'Pearson Education, Inc.
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10 > , X

(-1,-1) (1,1) -10
y=-2 x+1°+3

X ()
b. The basic functionis y = |x| so we start

-10 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 .

22 228
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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 graphof y = |x + 4| +2.
yp oy =|x+4]+2

11. a. r(x)=-0.115x" +1.183x +5.623

For the years 1992 to 2004, we have values
of x between 0 and 12. Therefore, we can let
Xmin =0 and Xmax = 12. Since r is the
interest rate as a percent, we can try letting
Ymin =0 and Ymax = 10.

Flotz Flots THOCW
SMiB-L115EE+1, 18| Bmin=8
At3.623 Amax=12
~e= nscl=1
M= “Ymin=A
M= Ymax=1@
wMe= Yecl=1
ME= Ares=1

22 229

12.

Chapter 2 Chapter Test

b. For 2010, we have x =2010-1992 =18.

2
r(18) = -0.115(18) +1.183(18) +5.623

=-10.343

10IED
-18. 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 =—§ .

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=1l-w+mr?

—9y2 _ X
=2x° -20x + 4

We have expressed our measures in feet so
we need to convert the thickness to feet as
well.

075in. 12 005

12in= 12 T
Now we multiply this by the area to obtain

the volume. That is,

2
V(x) =l(2x2 —20x+&)

16 4
% b5x mX
V(X)=é———4—-+éz—

If the rink is 90 feet wide, then we have
x=90.
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Haxiraura

WEE.ANZYPTY LYEB.BREEEMY o
The highest rate during this period appears
to be 8.67%, occurringin 1997 (x = 5).
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) 5. |2x+3 =4
2 5(90) m(90) - i
V(90]=&— + ~1297.61 2x+3=-4 or 2x+3=4
° : o4 2x =-7 2x =1
The volume of ice is roughly 1297.61 ft*. ; )
X =— X =—
2 2

Chapter 2 Cumulative Review

1. 3x-8=10
3x-8+8=10+8

3x =18

X=6
The solution set is {6} .

2. 3x*-x=0
x(3x-1)=0

x=0 or 3x-1=0

3x=1
1
X =
3
The solution set is [0, l] .
| 3

,_

3. x2-8x-9=0
(x—9)(x+1) =0

Xx-9=0 or x+1=0
Xx=9 x=-1

The solution set is {—l, 9} .

4, 6x% -5x+1=0

?
V1+3=2

?
Va=2

2=2T

The solution set is [l]

Solution set: x| X

Interval notation:

w

23 231
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(3x-1)(2x-1) =0
3x-1=0 or 2x-1=0

3x=1 2x =1
x—l x—l
3 2

The solution set is {l l}.

23 232

Chapter 2 Chapter Test

8. Px—ﬂ<3

-3<2x-5<3
2<2x<8
l<x<4
Solution set: {x|1< x <4}
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Interval notation: (1,4) y-intercept:
, 3(0)-2y=12
n i =
1 4 x -2y =12
y=-6
9. |ax+1=7 The point (0,-6) is on the graph.

AX+1<-7 or 4x+1=>7

4x < -8 41X =6
X< -2 X (4.(/
Ll i1y x

31

N W

Solution set: [xl X<-2 or x=

1 ZT -5
Interval notation: [—oo,—Z]UB,Oo\J /_(0. o
—i é X 12. X=y2
10. a. d=\/(x —XJ2+(y -y]2 y x=y? (x.y)
L 2| x=(-2)" =4 (4,-2)
2 2 et ) B
- J3-(2) +(5-(-2) I P
0| x=0%=0 | (0,0
=\/(3+2]2+(-5+3)2 1| x=12=1 | (L)
) /752+(_2)z _J25+4 2| x=22=4 | (42)
=29
b. M ={X_+_g _Y_"'_Yg]
2 2 vi (1,1)
(=243 =3+[-8)) F/
= L/ (4,2)
2 2 _
&1 ) Ll rri 1
= -4 - o B >
Lz ) .0 S\ @)
—5—{1.\—1)

2 2
13. X *(y-3) =16

This is the equation of a circle with radius

-

23 233
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11. 3x-2y=12
x-intercept:
3x-2(0)=12
3x=12
x=4

The point (4,0) is on the graph.

23 234

Chapter 2 Cumulative Review
r= 16 =4 and centerat (0,3). Starting at the

center we can obtain some points on the graph by
moving 4 units up, down, left, and right. The

corresponding points are (0,7), (0,-1),
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e S



Chapter 2: Functions and Their Graphs Chapter 2 Cumulative Review

(-4,3), and (4,3), respectively. Check x-axis symmetry:
3x* -4(-y)=12

3x? +4y =12 different
Check y-axis symmetry:
3(-x)" -4y =12

y‘{u. 7)

3x%? -4y =12 same

Check origin symmetry:
3(-x)* -4(-y)=12
3x% +4y =12 different
The graph of the equation has y-axis symmetry.

14, =
d \/; 16. First we find the slope:
x| y=vx |(xy) . 8-4 41
- - [0,0] 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:

SN | o
<< < <
1
SRS
1
N = o
i
ol
[EEN
=

=J4=2](42
42 Y=y =m(x-x]
1
y—8=£(x—6)
y
sl y—S:%x—S
B ) 1
_“.1}(4.2) y-2x+5
R ,
=5 - 5 17. F(x)=(x+2)" -3
B Starting with the graph of y = x?, shift the graph
15. 3x2 -4y =13} g grapnot y =x grap
x-intercepts: 2 units to the left |—y =(x+ 2]2T and down 3
2 _
> _4(0)_12 units[ = x+22—31
3% =12 y=(x+2) |
X2:4 yk
X = +2 5:
y-intercept:
2
3(0)" -4y =12 (=4.1) L(0.1)

-4y =12 =5 L 5
y=-3 B

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

23 235
Copyright © 2013*Pearson Education, Inc.

- e S



Chapter 2: Functions and Their Graphs Chapter 2 Projects

18. f[x)zl 2-x if x<2
19. f(x]=
X (x) 1|x| if x>2
X y= i (xy) Graphthe line y =2-x for x <2. Two points
1ly= 1_ (-1-1) on the graph are (0,2) and (2,0).
-1 Graph the line y = x for x > 2. There is a hole
1 y=%=1 (11) in the graphat x = 2.
1 1 :
2 y= 5 (2, Zj

Chapter 2 Projects C(x)
: : : 3007 / . Gold
Project | — Internet Based Project — Answers will . / /
e 2] / /
Project I ] _—

Pl tinum
1007 =
1. Silver: C(x] :20+0.16[x—200) =0.16x-12 4

Cost

1000 2000 3000 4000 X
C(x) = J 20 0<x<200 K-Bytes

0.16x-12 x> 200 .
3. Lety=#K-bytes of service over the plan

Gold: C(x) =50+ 0.08(x -1000) = 0.08x - 30 minimum.
50.00 0<x<1000 Silver: 20+0.16y <50
c=] y
[0.08X -30 x>1000 0.16y <30

y <1875

Silver is the best up to 187.5+200 = 387.5
K-bytes of service.

Platinum: C(x) =100+ 0.04(x -3000)
=0.04x-20
C(x) = [100.00 0= x <3000

Gold: 50+0.08y <100

10.04x -20 x>3000 0.08y <50
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Gold is the best from 387.5 K-
bytes to
625+1000 =1625 K-hytes of
service.

Platinum: Platinum will be the
best if more than
1625 K-bytes is needed.

4. Answers will vary.
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Project 111
1.
Driveway Possible route 1
2 mlles
< ;‘ Cable box
5 mile
Possible route 2
Highway
2 House
™. $140/mile
.
"\, L= \/4+(5 -x)?
2 miles 5
RN
r\-.
N
Ay
L Cable box

5 miles $100/mile

C(x) =100x +140L
C(x) =100x +140y/4 + (5 - x)?

c(x)

100(0) +140+/4 + 25 ~ $753.92

100(1) +140v4 +16 ~ $726.10
mn(')] +140/4+9 ~ $704.78

N

100(3) +140 " 4 + 4 ~ $695.98
100(4) +140v/4 +1 ~ $713.05
100(5)+140 4+0 =$780.00

—

The choice where the cable goes 3 miles down
the road then cutting up to the house seems to
yield the lowest cost.

g AN |lW NP |O|Xx

4. Since all of the costs are less than $800, there
would be a profit made with any of the plans.

C(x) dollars
80

600

0 5 xmiles

Using the MINIMUM function on a graphing
calculator, the minimum occurs at x = 2.96 .

C(x) dadllars
800

Chapter 2 Projects

C(4.5) = 100(4.5) + 140+/4 + (5 - 4.5)?
~ $738.62
The cost for the Steven’s cable would be

5000(738.62) = $3,693,100 State legislated
5000(695.96) = $3,479,800 cheapest cost

Project IV

10.

11.
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A=mr?

r=22t
r=22(2)=441ft
r=22(25)=55ft

A=m(4.4)% = 60.82 ft*
A=1(55)% = 95.03 ft2
A=T(2.2t)% = 4.84nt?

A = 4.84m (2)* = 60.82 ft*
A = 4841 (2.5) = 95.03 ft?

A(2.5) - A(2) _95.03-60.82
2.5-2 0.5

=68.42 ft/hr

A(3.5)- A3) _186.27-136.85 oo o, i
35-3 0.5

The average rate of change is increasing.

150 yds = 450 ft
r=22t

t= 450 = 204.5 hours
2.2
6 miles = 31680 ft

Therefore, we need a radius of 15,840 ft.

t= 15.840 = 7200 hours
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600 W=z.BEBFEEE Y=G9E.0ED1H .

0 5 xmiles

The minimum cost occurs when the cable runs
for 2.96 mile along the road.
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