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Chapter 2

Functions and Their Graphs

Section 2.1 11. True
1. (_1,3) 12. True
13. False; if the domain is not specified, we assume
5 3(_2)2 5(-2)+ 1 _ 3(4)_5(_2)_1 it s the largest set of real numbers for which the
(-2) 2 value of f is a real number.
1
=12+10-= . X2 —4 .
2 14. False; the domain of f (x)= is {x|x=0}.
_ or 213 or 21.5
2 15. Function
. Domain: {Elvis, Colleen, Kaleigh, Marissa}
3. We must not allow the denominator to be 0. Range: {Jan. 8, Mar. 15, Sept. 17}
X+4%0=> X#-4; Domain: {X|x =-4}.
16. Not a function
4, 3-2x>5
x> 17. Not a function
—-2X>2
x<-1 18. Function ) .
HP. tl t tl
Solution set: {x|x<—1} or (—e0,-1) meam. {Less than 9" grade, 9"-12" grade,
N High School Graduate, Some College, College
-bo Range: {$18,120, $23,251, $36,055, $45,810,
5. independent; dependent $67,165}
6. range 19. Not a function
20. Function
7. [0’5] Domain: {-2,-1, 3, 4}
We need the intersection of the intervals [0,7] Range: {3, 5,7, 12}
and [-2,5] . That is, domain of f ~domain of g . 21. Function
1 1, Domain: {1, 2,3, 4}
C T T T T T T 1
) 0 5 7 Range: {3}
<! | - L L L L — | ] > g .
‘ L ‘ ; 22. Function
o« 1. Domain: {0, 1, 2, 3}
——— 11> f+g Range: {-2,3,7
-2 0 5 7 ge: { }
) 23. Not a function
8. image
24. Not a function
9. (9-1)(x) or g(x)-F(x) 25. Function
L . Domain: {-2,-1,0,1
10. False; every function is a relation, but not every al. { }
D - . Range: {0, 1, 4}
relation is a function. For example, the relation
x? +y? =1 is not a function. 26. Function

Domain: {-2,-1,0, 1}
Range: {3, 4, 16}
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217.

28.

29.

30.

3L

32.

33.

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

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

/

Graph y ==. The graph passes the vertical line

test. Thus, the equation represents a function.

—

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

y =+V/4-x?
For x=0,y=%2. Thus, (0, 2) and (0, -2) are

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

y =+v1-2x%
For x=0,y=4+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.

2

X=y
Solvefor y: y=x+x
For x=1,y=41. 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.

34.

35.

36.

37.

Section 2.1: Functions

x+y%=1
Solve for y: y=+4/1-X
For x=0,y=41. Thus, (0, 1) and (0, -1) are on

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

Graph y =2x? —3x+4. The graph passes the
vertical line test. Thus, the equation represents a

function.

Graph y = 3X—_21 The graph passes the vertical
X+

line test. Thus, the equation represents a
function.

I
2x% +3y? =1
Solve fory: 2x? +3y? =1
3y? =1-2x°
2 _1—2X2
3
2
y=t 1-2x

3

For x=0,y :i\ﬁ . Thus, O,\ﬁ and
3 3
[0,—\/8 are on the graph. Thisis nota

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

38.

39.

g.
h.

X2 —4y? =1
Solve fory: x?—4y? =1
4y? =x* -1
, x2-1
4
gyt x* -1
2

For x:\/E, yzi%. Thus, (ﬁ%) and

[\/5—%] are on the graph. Thisis nota

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

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

a  f(0)=3(0)"+2(0)-4=-4

(

b. f(1)=3(1)+2(1)-4=3+2-4=1

c. f(-1)=3(-1)*+2(-1)-4=3-2-4=-3
(

—X)? +2(-x)-4=3x*—2x—4

|
>
~
Il
w
—

e. —f(x):—(3x2+2x—4):—3x2—2x+4
f. f(x+1):3(x+1)2 +2(x+1)-4
=3(x2+2x+1)+2x+2—4

=3x2 +6X+3+2x+2—4

=3x% +8x+1
f(2x)=3(2x)° +2(2x) -4 =12x* + 4x~ 4
f(x+h)=3(x+h)2+2(x+h)—4
:3(x2+2xh+h2)+2x+2h—4
=3x?+6xh+3h?+2x+2h-4

82

41.

e. —f(x)=—<—2x2+x—l)=2x2—x+1

f. f(x+1)=-2(x+1)" +(x+1)-1
=—2(x2+2x+1)+x+1—1
=—2x% —4x-2+x
=-2x*-3x-2

g f(2x)=-2(2x)" +(2x)-1=-8x% + 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

f(x):xzxﬂ

? f(o)zozoﬂzgzo

° f(1):121+1:%
R
d. f(-x)=——2 X

X -X
& _f(x):_(x2+1): X2 +1

Xx+1
(x+1)2+1
X+1

f. f(x+1)=

x4 2x+141

2X 2X

. F(2x)= =
o 1) (2x)°+1 4x*+1

Xx+h X+h

h. f(x+h)= =
(x+) (x+h)?+1 x*+2xh+h®+1
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x2 -1
42. f =
(X) X+4
2 1(0=2712 2
' 0+4 4 4
2
b. f(1)=1 1.0
1+4 5
~1)° -1
e 1(=CU0
-1+4 3
g (oot Xl
-X+4 —Xx+4
e —f(x)=- x2-1) -x®+1
' X+4 | x+4
2
foof(xen) oY
(x+1)+4
=x2+2x+1—1:x2+2x
X+5 X+5
2 2
g f(ex) )7L a1
2X+4 2X+4
h f(x+h)_(X+¢02—l_x2+2xh+h2—1

(x+h)+4 ~ x+h+4

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

a.
b.

C.

f(0)=|0|+4=0+4=4
f(1)=|1]+4=1+4=5
f(-1)=|-1|+4=1+4=5
(

)

—1 () ==(|x|+4)=-|x|-4

f |-x|+4=|x|+4
f(x+1)=|x+1|+4
f(2x)=|2x|+4=2|x|+4

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

Section 2.1: Functions

44. f(x)=vx*+x

f(0)=v0?+0=+0=0

a.
b. f(1)=vI®+1=+2
. f(-1)=y(-1)+(-1)=+1-1=+0=0
do f (%) = (%) +(=x) =vx? = x
€. —f(x)=—(Jx2+x)=—Jx2+x
f. f(x+1)= (x+32+(x+ﬂ
=VX% +2x+1+ x+1
=Vx? +3x+2
0. f(2x)=(2%)* +2x =4x? +2x
h. f(x+h)=y(x+h)’ +(x+h)
=x% +2xh+h? + x+h
45, f(x)=2H
3x—5
2
-
b f@y_%n+1_2ii_ji__§
' “3(1)-5 3-5 -2 2
. f(—l)— 2(—1)+1_—2+1_—_1_1
' “3(-1)-5 -3-5 -8 8
g f(-x)- 2(-x)+1 -2x+1 2x-1
' 3(-x)-5 -3x-5 3x+5
. _f(x):_[2x+lj:—2x—l
' 3x-5) 3x-5
f f(x+1):2(X+1)+1_2x+2+1_2x+3
' 3(x+1)-5 3x+3-5 3x-2
g f(2)()_2(2x)+1 4x+1
' 3(2x)-5 6x-5
h f(x+h)_2(x+h)+l_2x+2h+l
' ~3(x+h)-5 3x+3h-5
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Chapter 2: Functions and Their Graphs

47,

48.

49.

50.

51.
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1
f(x)=1-
(x) (x+2)2
a. f(0)=1- 12:1—3—E
(0+2) 4 4
1 1 8
b. f(1)= —(1+2)2=1—§—5
1 1
c f(—1)=1—(_l+2)2=1—1=0
d f(-x)=1- ! =1- !
(=) (—x+2)  (2-x)

f. f(x+1)=1- ! > =1- 1 5
(x+1+2) (x+3)
1 1
g. f(2x)=1- =1-
(2x) (2x+2)° 4(x+1)
1
h. f(x+h)=1-
( ) (x+h+2)2
f(x)=-5x+4

Domain: {x| x is any real number |

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

X
f(x)=
(9 X2 +1

Domain: {x| x is any real number |

X2

f(x)=
9 X% +1

Domain: {x| x is any real number |

X
x?-16
x?-16%0

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

9(x) =

84

52.

53.

54,

55.

56.

57.

2X
2

h(x) =

X2 420
X2 £ 4= X %42
Domain: {x|x¢—2, x¢2}

X—2
X3 +x

XC+x#0
x(x?+1) =0

x=0, x“=-1

F(x)=

Domain: {x| X #0

X+4
G(X):x3—4x
X3 —4x =0
X(x2—4) =0
x=0, x*#4
Xx#0, x=12

Domain: {x| X#-2,X#0, x¢2}

h(x) = v/3x—12
3x=12>0

3x>12

X>4
Domain: {x|x >4}

G(x)=1-x
1-x>0
—x>-1
x<1
Domain: {x|x<1}

4

0=

X—-9>0
X>9
Domain: {x| X > 9}
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58.

59.

60.

61.

X
f(x)—m
x—4>0

X>4
Domain: {x| x >4}

pO) =~ =
x-1 x-1
x=1>0
x>1
Domain: {x| x>1}

q() =v-x-2
-x-22>0
-X>2
X<-2

Domain: {x| X < —2}

f(x)=3x+4 g(x)=2x-3
a. (f+9)(X)=3x+4+2x-3=5x+1

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

b. (f-9)(x)=0@Bx+4)-(2x-3)
=3X+4-2Xx+3
=X+7

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

c. (f-g9)(x)=(0Bx+4)(2x-3)
=6x° —9x+8x-12
=6x2 —x—-12

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

< (o2

2x—3¢0:>2x¢3:>x¢g

)
X#E—>r.
2

e. (f+9)3)=53)+1=15+1=16
f. (f-9)4)=4+7=11

Domain: {x

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

=

[ ]()_32’(1)+4 3+4_7 _ .
DM-3 2-3 -1

62. f(x)=2x+1

Section 2.1: Functions

g(x)=3x-2

a. (f+g)(x)=2x+1+3x-2=5x-1
Domain: {x|x is any real number} .
b. (f-9)X)=2x+1)-(3x-2)
=2X+1-3x+2
=—X+3
Domain: {x|x is any real number} .
c. (f-9)(x)=(2x+1)((3x-2)
=6X2 —4X+3x—2
= 6x% —x—2
Domain: {x|x is any real number} .
2x+1
d. =
(£]oo-22
3x—2%0
2
X#E2=>X#—
3
. 2
Domain: (x| x#—".
b3
e. (f+g)3)=5@3)-1=15-1=14
. (f-g)4)=-4+3=—1
9. (f-0)(2=6(2)°-2-2
—6(4)-2-2
=24-2-2=20
h i (1)_2(1)+1 2+1 §
g -2 3-2 1
63. f(x)=x-1  g(x)=2x
a. (f+g)(x)=x-1+2x* =2x*+x-1
Domain: {x|x is any real number} .
b. (f-9)(0)=(x-1)-(2x%)
=x-1-2x°
=-2x% +x-1
Domain: {x|x is any real number} .
c. (f-g)(x)=(x-1(2x?)=2x>-2x>

85

Domain: {x|x is any real number} .
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Chapter 2: Functions and Their Graphs

64.
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f x-1
d. _ -2 -
{gj(x) 2x?
Domain: {x|x¢0}.
e. (f+9)3)=203)?%+3-1

=2(9)+3-1
=18+3-1=20

f. (f-g)4)=-24)7°+4-1
=-2(16)+4-1
=-32+4-1=-29

9. (f-9)(2=2(2°-2(2)

=2(8)-2(4)
~16-8=8
f 1-1 0 O
h [ lm=22-2 -2 g
[gj() 20° 21 2
f)=2x*+3  g(x)=4x*+1

a  (f+g)(x)=2x2+3+4x>+1
=4x3+2x* +4

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

b.  (f-g)(x)=(2x" +3)-(4x*+1)
=2x2+3-4x-1

=—4x3+2x%+2

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

¢ (F-9)(0)=(2x"+3)(4x* +1)

=8x° +12x3 +2x* +3

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

2
d {ij(x)zzx:s
g 4x° +1

43 +1#£0
ax3 = -1
3
X3 ¢—£3X¢3—£=—£
4 2
3
Domain: {x X # —%}

86

e. (f+0)B)=403)°+2(3)% +4
=4(27)+2(9)+4
=108+18+4=130

f. (f-0)4)=—4(4)°%+2(4)* +2
=—4(64) + 2(16) + 2
=-256+32+2=-222

9. (f-9)(2)=8(2)°+12(2)° +2(2)* +3

=8(32)+12(8) + 2(4) +3
=256+96+8+3=363

h [iJ(l=2(1)2+3:2(1)+3=2+3:§=1

g 40°+1 4M)+1 441 5
65. f(x)=+vx  g(x)=3x-5
a. (f+9)(x)=vx+3x-5
Domain: {x|x=0}.
b. (f-g)(X) =X —-(3x=5) =+/x—3x+5
Domain: {x|x=0}.
c. (f-g)(X)=vX(3x=5) = 3x/x —=5vx
Domain: {x|x>0}.
d. (ij(x): Jx
g 3x-5
x>0 and 3x-5=0
3x;r&5:>x;«tE
3
Domain: {x x20andx¢§}.

e. (f+9)3)=+3+3Q3)-5
=/3+9-5=+/3+4

f. (f-g)(4)=4-3(4)+5
=2-12+5=-5

9. (f-9)(2=3(N2-52

=6V2-5V2 =12
[lJ(l): i1 11
g 3)-5 3-5 -2 2
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66. f(x)=|x]|

a.

=

67. f(x)=1++
X

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently

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

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

(f-9)(9) =] x|-x
Domain: {x| x is any real number} .

(f-9)(x) =|x|-x=x|x|
Domain: {x| x is any real number} .

ot

Domain: {x|x = 0}.
(f+9)(3) =|3|+3=3+3=6
(f-9)4)=|4|-4=4-4=0
(f-0)2)=2|2|=2-2=4

AP
H‘”‘T‘H

[N

g(x)==
X

(f+g)(x):1+1+1:1+E
X X X
Domain: {x|x#0}.

()0 =1+> =1
X X

Domain: {x| x # 0}.

(fgxm=@+ﬂ3=3+%
X)X X

Domain: {x| X # 0}.

r (x)—1+;— X _XtlX_
g 11 x 1
X X
Domain: {x|x¢0}.

(f+9)3) =1+

w|N
w| o

(f-g)@)=1

87

68.

Section 2.1: Functions

1 1 1 1 3
. f-9)2)=4+—="+"==
9 (0@ =5+ 757575
f
h. [—j(1)=1+1:2
g
f(x)=+vx-1 g(x) =v4-x
a. (f+g)(xX)=+x-1++4-x
Xx-=1>0 and 4-x>0
x>1and —-x>-4
x<4
Domain: {x| lSXS4}.
b. (f-9)(X)=vx-1-v4-x
Xx—-1>0 and 4—-x=>0
x>1and —x>-4
x<4
Domain: {x| 1sxs4}.
. (f-g)(x):(\/x—l)( 4—x)
=+-x? +5x—4
Xx=1>0 and 4-x=>0
x>1and —x>-4
x<4
Domain: {x| 1£x£4}.
f Vx-1 x-1
d [—|(X)=—==,—
g NZ = 4-X
x=1>0 and 4-x>0
x>1and —x>-4
x<4
Domain: {x| 1sx<4}.
e. (f+9)B)=+v3-1++4-3
=V2+1=+2+1
f. (f-9)4)=+v4-1-J4-4
=V3-4/0=43-0=13
9. (f-9)(2=y—(2)*+5(2)-4
=J-4+10-4 =42
f 1-1 0
h, |—|@)=,—=,—=4/0=0
IR R
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Chapter 2: Functions and Their Graphs

2X+3 4x
69. f(x)= X) =
=5, 90=3—
2x+3 4x
a. f+ x—
(F+o)(0 =2 —+—
_2x+3+4x_6x+3
3x-2 3x-2
3x=-2=0
3x¢2:>x¢%
- 2
Domain: {x‘x;tg}.
2X+3 4x
b. f—g)(x)= -
( 9 3x—=2 3x-2
2x+3 4x —2X+3
3x-2 3x-2
3x-2=0
2
IX#E2=>X#E—
3
. 2
Domain: <X|X#—¢.
e}
2x+3\( 4x 8x% +12x
c. (f~g)(X)=( j( j= >
3x-2/\3x-2) (3x-2)
3x-2=0
2
IX#E2=>X#E—
3
o)
Domain: xx¢§.

2X+3
2x+3 3x— 2 2Xx+3

3x-2 _
d. =
[gj() A 3x-2 4x 4x

3x-2

3x-2=0 and x=0

3x#2

2
X #—
3

Domain: {x

x;t%andx;to}.

6(3)+3 18+3 21
3(3) - 2 9-2 7

2(4)+3 -8+3 -5

e. (f+9)®=-—

f(f-g)4)=— LA

3(4)-2 12-2 10

70.

8(2)? +12(2
o (f-g)p)=22 +122)
(3(2)-2)
_8(4)+24 _32+24 56 _7
(6-27 (4 16 2
21+3 2+3 5
h, | —|@Q=—"— )
A1) 4 4
2
f(x)=vx+1 g(x)=—
X
2
a. (f+g)(X)=+x+1+—
X
Xx+1>0 and x=0
x=>-1
Domain: {x|x2—1,andx¢0}.
2
b. (f-9)(X)=+x+ 3
Xx+1>0 and x=0
x=>-1
Domain: {x|x2—1,andx¢0}.
¢ (f-g)0=vxi1-2 2”“
Xx+1>0 and X¢0
x>-1
Domain; {x|x2—1,andx¢0}.
f VX+1 o x/x+1
I
g 2
X
Xx+1>0 and x=0
x>-1
Domain: {x|x>-1,and x =0} .
2 2 2 8
e. (f+9))=+v3+1l+—-=V4+—-=2+—=—
(f+9)©) 3 Ja 572373
2
f. (f-g)d) =4+ ——:f——
2\/2+ 2f
g (f-9)@= =3
h 1(1):11+1:£
g 2 2
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71.

72.

73.

74.

75.

f(x)=3x+1 (f+g)(x):6—%x

6—%x:3x+l+ g(x)

7
5-—x=g(x
5 g9(x)
7
X)=5—-—X
9(x) 5
f X+1
fO)== (—J(X)= 5
g X5 =X
1
x+1  x
x> —x  g(x)
X 1 x*—x
X) = =—.
9() X+1  x x+1
X2 — X
1 x(x=1) x-1
X x+1 x+1
f(X)=4x+3
f(x+h)—f(x) 4(x+h)+3-(4x+3)
h h
_ 4x+4h+3-4x-3
h
h
f(x)=-3x+1
f(x+h)—f(x) —-3(x+h)+1-(-3x+1)
h h
_ —3x-3h+1+3x-1
- h
S,
h

f(x)=x>—x+4
f(x+h) - ()

h
C(x+h)? = (x+h)+4—(x* - x+4)
- h
X2+ 2xh+h? —x—h+4-x* +x—4
- h
_2xh+h®—h
==
=2x+h-1

Section 2.1: Functions

76. f(x)=x*+5x-1
f(x+h)—f(x)

h
_ (x+h)? +5(x+h)—1—(x* +5x-1)
h
_ x?+2xh+h? +5x+5h—1-x* -5x+1
h
2
_ 2xh+L1 +5h 2%+ h45

77, f(x)=3x*-2x+6

f(x+h)-f(x)

h
2 2
[3(x+h) —2(x+h)+6}—[3x —2x+6}
- h
3(x2+2xh+h2)—2x—2h+6—3x2+2x—6
- h
_ 3x?+6xh+3h*—2h—-3x*  6xh+3h®—2h
h h
=6x+3h-2
78. f(x):4x2+5x—7
f(x+h)—f(x)
h
2 2
[4(x+h) +5(x+h)—7}—[4x +5x—7}
B h
4(x2+2xh+h2)+5x+5h—7—4x2—5x+7
- h
_4x% +8xh+4h? +5h—4x>  8xh+4h? +5h
h h
=8x+4h+5
79. f(x)=x*-2
f(x+h)— f(x)
h
(x+h)3—2—(x3—2)
- h
X3 +3x°h+3xh? +h® -2 x% +2
h
2 2 3
:3X h+3hxh +h :3X2+3Xh+h2
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Chapter 2: Functions and Their Graphs

1
80. f(x)=——
) X+3

1 1
f(x+h)—f(x) _ x+h+3 x+3
h h
Xx+3—(x+3+h)
(x+h+3)(x+3)
h

e O
(e )

1
(x+h+3)(x+3)

81. f(x)=2x>+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
A4 7
4 2

82. f(x)=3x*-Bx+4 and f(-1)=12:
f(-1) =3(-1)° - B(-1) + 4

12=3+B+4
B=5
3x+8
83. f(x)= and f(0)=2
(=2 — and f(0)
f(o)zm
2(00-A
5.8
-A
-2A=8
A=-4

2x—-B
f(X)=3x+4
f(2):2(2)—-8
3(2)+4
1 4-B
2 10
5=4-B
B=-1

1
and f(2)==
(2 5

F0=2X=A and f(4)=0
x-3

o

f isundefined when x=3.

X—B

f(x)= " f(2) =0 and f (1) is undefined

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
for the area is: A(X) = X-~ =~ = 1y
2 2 2

. Let x represent the length of one of the two equal

sides. The function for the area is:

1 1,
A(X)=—-X-X==X
(x) 5 5

. 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
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91.

92.

93.

®

P is the dependent variable; a is the
independent variable

P(20) = 0.015(20)% — 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.

P(0) = 0.015(0) —4.962(0) + 290.580
=290.580
In 2005 there are 290.580 million people.

N is the dependent variable; r is the
independent variable

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.

H (1) = 20-4.9(1)°
=20-4.9=15.1 meters
H(1.1)=20-4.9(1.1)°
=20-4.9(1.21)
=20-5.929 =14.071 meters
H(1.2) = 20-49(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
H(x)=15:
15 =20-4.9x°
—5=-49x?
x? ~1.0204
X ~1.01 seconds
H(x)=10:
10 = 20— 4.9x°
10 =-4.9x
x? ~ 2.0408
X =~ 1.43 seconds

94.

Section 2.1: Functions

H(x)=5:
5=20—4.9x>
~15=—4.9x
x? ~3.0612
X =~ 1.75 seconds

H(x)=0
0=20-4.9x?
-20=-4.9x%

x? ~ 4.0816
X ~ 2.02 seconds

H (1) =20-13(1)" = 20-13= 7 meters
H(1.1)=20-13(1.1)° =20-13(1.21)
=20-15.73=4.27 meters
H(1.2) =20-13(1.2)" = 20-13(1.44)
=20-18.72 =1.28 meters
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*
-15=-13x>
x? ~1.1538
X =1.07 seconds
H(x)=0
0=20-13x*
-20=-13x*
x? ~1.5385
X ~1.24 seconds
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Chapter 2: Functions and Their Graphs

95.

96.

97.

98.

99.

100.

c(x)=100+i+36')?00

500 36,000
500

a. C(500)=100+

=100+50+72
=$222
450 36,000

10 450
=100+45+80

=$225

C(600) =100+ 61%0 32880

b. C(450)=100+

134

=100+60+60
=$220
400 36,000

10 400
=100+40+90

=$230

A(X) = 4x1-x?

d. C(400)=100+

. 4_\/17 \F42f

:—~126ft2
2
> o330 o
2 2 2 4

=3 ~1.73 ft?
¢ _ \f §£
' 3

_—~1 99 ft?

101. a.

102. a.

103. a.

P(x) = R(x) -C(x)
- (—1.2x2 + zzox)—(o.osx3 N 65x+5oo)

=-1.2x* +220x - 0.05x> + 2x?
=-0.05x® +0.8x> +155x — 500

—65x—-500

P(15) = —0.05(15)® + 0.8(15)? +155(15) — 500
= —168.75+180 + 2325 - 500
= $1836.25
When 15 hundred cell phones are sold, the
profit is $1836.25.
P(x) = R(x) -C(x)
=30x-(0.1¢ + 7x+4oo)
=30x—0.1x*> —7x—400
=—-0.1x? + 23x— 400
P(30) = —0.1(30)? + 23(30) — 400
=-90+ 690 - 400
=$200
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)2 =a’+2ab+b?
Since
a’+2ab+b*>=a’+b’ =g(a)+g(b),
g(x) = x? does not have the property.
F(x)=5x-2
F(a+b)=5(a+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.

does not have the property.

><|H
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104.

105.

106.

107.

No. The domain of fis {x| x is any real number | ,

but the domain of g is {x| x = -1} .
Answers will vary.
f(x)=+3x+5

two less than the square of a number t.

Section 2.2

1.

X2 +4y% =16
X-intercepts:
x? +4(0)" =16
x> =16
x=+4=(-4,0),(4,0)
y-intercepts:
(0)" +4y* =16
4y? =16
y* =4
y=+2=(0,-2),(0,2)

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

vertical

(-27)

False; it would fail the vertical line test.
1
False;e.qg. y==.
g.y X

True

10.

Section 2.2: The Graph of a Function

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

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

f (3) is positive since f (3) = 3.7.
f (—4) is negative since f (-4) = —1.
f(x)=0whenx=-3, x=6, and x =10.
f(x)>0when —3<x<6, and10 < x<11.
The domain of fis {x|-6<x <11} or
[—6, 11] .
The range of fis {y|-3<y<4} or [-3,4].
The x-intercepts are —3, 6, and 10.
The y-intercept is 3.

The line y =% intersects the graph 3 times.

The line x =5 intersects the graph 1 time.
f(x)=3whenx=0andx=4.
f(x)=—2whenx=-5and x =8.

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

f (2) = -2 since (2, —2) is on the graph.
f (=2) =1since (-2, 1) is on the graph.

f (3) is negative since f (3) ~ —1.

f (=1) is positive since f (-1) = 1.0.
f(x)=0whenx=0,x=4, andx=6.
f(xX)<Owhen 0< x<4.

The domain of f is {x|—4g xg6} or
[-4,6].

The range of fis {y|-2<y<3} or [-2,3].

The x-intercepts are 0, 4, and 6.

The y-intercept is 0.
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Chapter 2: Functions and Their Graphs

k. Theline y =-1 intersects the graph 2 times. 18. Function
I.  Theline x=1 intersects the graph 1 time. a. Domain: {x|0<x<4f;
m. f(x)=3whenx=5. Range: {y|0$ y£3}
n. f(x)=-2whenx=2. b. Intercepts: (0, 0)

c. None

11. Not a function since vertical lines will intersect )
the graph in more than one point. 19. Function

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

a. Domain: {X|x is any real number} ; Range: {y|y <2}
Range: {y| y> 0} b. Intercepts: (-3, 0), (3, 0), (0,2)
c. Symmetry about y-axis.

b. Intercepts: (0,1)
20. Function
c. None .
a. Domain: {x|x2—3};

Range: {y|y >0}

b. Intercepts: (-3, 0), (2,0), (0,2)
Range: {y|-1<y<1} ¢ None

13. Function

a. Domain: {x| —mT<x< n} ;

b. Intercepts: (—g,oj, [%oj 0,1 21. Function
a. Domain: {x| x is any real number} ;

Range: {y|y>-3}
b. Intercepts: (1, 0), (3,0), (0,9)

c. Symmetry about y-axis.

14. Function

a. Domain: {x|—n£x£n};

c. None
R : -1<y<1
ange {y| y } 22. Function
b. Intercepts: (-x,0), (m,0), (0,0) a. Domain: {x| x is any real number} ;
c. Symmetry about the origin. Range: {y| y < 5}
15. Not a function since vertical lines will intersect b. Intercepts: (-1, 0), (2,0), (0,4)
the graph in more than one point.
c. None
16. Not a function since vertical lines will intersect )
the graph in more than one point. 23. f(x)=2x"-x-1
2
17. Function a. f(-1)=2(-1)"-(-1)-1=2
a Domain: {x| K> 0} : The point (~1,2) is on the graph of .
Range: {y|y is any real number} b. f(-2)= 2(—2)2 —(-2)-1=9
b. Intercepts: (1, 0) The point (-2,9) is on the graph of f.

c. None
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c. Solve for x:

—1=2x%-x-1
0=2x%-x
1
0=x(2x—l):>x:0,x:§

(0,-1) and (%,—1) are on the graph of f .

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

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

(2x+1)(x-1)=0= x=—%,x:1

(—%,Oj and (1,0)

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 .

b, f(-2)=-3(-2)* +5(-2)=-22

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

—2=-3x2+5x=3x* -5x-2=0

(3x+1)(x-2)=0= x=—%,x=2

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

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

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

x(-3x+5)=0= x=0,x:%
5
(0,0) and (3,0}

f.  y-intercept:
f (0)=-3(0)*+5(0)=0=(0,0)

25.

26.

Section 2.2: The Graph of a Function

f(x )_x+§

a f@=r2__35.1
3.6 3

The point (3,14) is not on the graph of .

4+2 i:_s
4-6 -2

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

b. f(4)=-"=2

c. Solve for x:
X+ 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}.

e. Xx-intercepts:

X+ 2
f(x)=0 —=0

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

0+2 1 1
f. intercept: f —-= 0,-=
y-intercept: (0) =g = 33[ 3)
2
+2
f(x) =
(x) = )
2
a fo-L*2_3
1+4 5
The point ( gj is on the graph of f.
b. f(0)= C+2_2_ 1
0+4 4 2

The point (O, %J is on the graph of f.

c. Solve for x:

2
N N
2 Xx+4
0=2x>-x

x(2x-1)=0=x=0 or x=1
2

[0, 1] and (llj are on the graph of f .
2 2 2
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Chapter 2: Functions and Their Graphs

d. The domain of fis {x| x = —4}. 28. f(x)= 2X
' -2
e. x-intercepts: X
2 1
f(x)=0=> *2 0o x242-0 1 2(2) 12
X+4 a f|= =T =373
This is impossible, so there are no x- 2) _ 2 — 3
intercepts. 2 2
f. y-intercept: The point [%—éj is on the graph of f.
0+2 2 1 1
f(0)= =—===|0,= 24) 8
0+4 4 2 2 b. f(4)= =2_4
5 4-2 2
27. f(x)= ix . The point (4, 4) is on the graph of .
x* +
20 2 c. Solve for x:
a. f(—1):(_1)4+1=§= 1:_X2_X2:x_2:2x:>—2:x
The point (-1,1) is on the graph of f. (=2,1) is a point on the graph of f .
b, f(2)= (gf)zlz% d. The domain of fis { x| x =2} .
+
8 e. x-intercept:
The point (2, ﬁj is on the graph of f. f (x):O N X2_x2 0= 2x=0
c. Solve for x: =x=0=(0,0)
po2¢ 0
x4 +1 f.  y-intercept: f(0)= 02" 0=(0,0)
x*+1=2x°
x*—2x2+1=0 442
(0 ~1)2 =0 29. h(x)=- v +X+6
x2-1=0=x=+1 ,
(1,1) and (-1,1) are on the graph of f . a h(8)= 44(8) (8)+6
' - 2
d. The domain of f is {x| X is any real number} . 28256
i =-""— 114
e. X-intercept: 784
2 ~
f(x)=0= ix 0 ~10.4 feet
X" +1 )
2 _ _ 44(12
2x"=0=x=0=(0.0) b, h(12)=——( 2) +(12)+6
f. y-intercept: 6 322
2(0)2 0 =———+18
f(o): " :_:03(0,0) 784
0°+1 0+1 ~9.9 feet
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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
of x (e.g. x=0, x=15,and x=20) to
obtain additional points.

h(0)= —442(82) +(0)+6=6
h(15)=- 442(25)2 +(15)+6~8.4

2
h(20)= —%420)% ~3.6
Some additional points are (0,6), (15,8.4)

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

below.
h

15

(8,10.4)

10 (15, 8.4)

(12,9.9)

(0.6)

wh

(22.6,0)

L L
5 10 15

T+
20

44(15)°
282
No; when the ball is 15 feet in front of the

foul line, it will be below the hoop.
Therefore it cannot go through the hoop.

d. h(15)=- +(15)+6 ~8.4 feet

In order for the ball to pass through the
hoop, we need to have h(15)=10.
2
44(15
10=- (15) +(15)+6

V2

44(15)°

V2

v? =4(225)
v2 =900
v =230 ft/sec
The ball must be shot with an initial velocity

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

“11=-

97

Section 2.2: The Graph of a Function

~136%°

V2

+2.7x+3.5

30. h(x)=

a. We want h(15):10.

2
136(15
—#+ 2.7(15)+3.5=10
\'
30, ezsoo _
\'
vZ =900
v =30 ft/sec

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

2
b. h(x) = —%+2.7x+3.5
302

which simplifies to

h(x)= —ﬂx2 +2.7%x+35
225

c. Using the velocity from part (b),
h(9)= -%(9)2 +2.7(9)+35=15.56 ft

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

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

results to form ordered pairs (x, h). Plot the

points and connect with a smooth curve.

h(0)= —%(0)2 +2.7(0)+35=35ft

h(5)= —%(5)2 +2.7(5)+35~132 ft

h(15) = —%(15)2 +2.7(15)+35~10 ft

Thus, some points on the graph are (0,3.5),

(5.13.2), and (15,10) . The complete graph

is given below.

h
20
(8.9,15.6)

15

(5.132)

10 (15,10)

{(0,3.5)

Tl b
0 5 10 15 20
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Chapter 2: Functions and Their Graphs

31 C(X) _1004 X 36000 b. Graphing A(X) = 4%/ 1-x?
10 X 3
a. Graphing:
500
L 0 1
0
0 1000 c. When x=0.7 feet, the cross-sectional area
0 is maximized at approximately 1.9996
b. TbiStart=0; ATbl =50 square feet. Therefore, the length of the base
N | of the beam should be 1.4 feet in order to
o EEROE maximize the cross-sectional area.
ing 471 T o
tho | 3a0 PR EwTT
En cad 4 1.4884
300 ZEN £ e
F1B106+3- 16+366. V) {55
. L K i.Egoz
c. The cost per passenger is minimized to =7
about $220 when the ground speed is
rou:x:ghl leESOO miles per hour. 33 a (f+9)@=f@2)+g(2)=2+1=3
1
HEDO c2k
N b. (f+9)@)=14)+9(4)=1+(-3)=-2
EEE cZ04E
0| fas ¢ (f-9)6)=(6)-g(6)=0-1=-1
TEQ ZEE
=eaa d. (g-)6)=g(6)-f(6)=1-0=1
32 A(X) = 4xy1-x2 e. (f-9)2=1(2)-9(2)=2(1)=2
a. Domain of A(x)=4xy/1-x* ; we know f [ij (4) = f4_1_ 1
that x must be greater than or equal to zero, g 9g(4) -3 3
since x represents a length. We also need
1-x? >0, since this expression occurs 34. a. C(0)=5000
under a square root. In fact, to avoid This represents the fixed overhead costs.
Area = 0, we require That is, the company will incur costs of
x>0 and 1-x*>>0. $5000 per day even if no computers are
Solve: 1-x2>0 manufactured.
(1+x)(1-x)>0 b. C(10)=19,000
Casel: 1+x>0 and 1-x>0 It costs the company $19,000 to produce 10
x>-1 and x<l1 computers in a day.

(i,e. -1<x<])
c. C(50)=51,000

1-x<0 It costs the company $51,000 to produce 50

Case2: 1+x<0 and .
computers in a day.

x<-1 and x>1
(which is impossible) d. Thedomainis {q|0<q<100}. This

Therefore the domain of A s {x| 0<x<1}. indicates that production capacity is limited
to 100 computers in a day.
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e. The graph is curved down and rises slowly 38.

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

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

40.

3. a. C(0)=80

This represents the monthly fee. The plan 4l
costs $80 per month even if no minutes are
used.

b. C(1000) =80

The monthly charge is $80 if 1000 minutes
are used. Since this is the same as the cost
for 0 minutes, all these minutes are included
in the base plan.

c. C(2000)=210

The monthly charge is $210 if 2000 minutes
are used.
42.
d. The domainis {m[0<m sl4,400} . The

domain implies that there are at most 14,400
anytime minutes in a month.

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

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

If an equation is given, the domain can be found

by locating any restricted values and removing 43

them from the set of real numbers. The range can
be found by using known properties of the graph
of the equation, or estimated by means of a table
of values.

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

99

39.

Section 2.2: The Graph of a Function

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

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

@ NI (b) 1IV; (c) I; (d) Vi (e) NI

(@ 11; (b) V; () IV; (d) 1I; (e) |

Distance (in blocks)

Distance (in feet)

(22,5)
5_
4_
3 -
5,2)
2_
(7, 0y
I -
(29, 0)
11 I T ) WY
6,00 10 20 30
Time (in minutes)
y
20,000 (78, 19,000)
15,000
10,000 -
— (33, 2000) (48, 9000y
5000
— (13, 4000)
— (10, 2000)
1000
O S O Y B A B B
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.
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Chapter 2: Functions and Their Graphs

44,

45,

46.

47.

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

h. The farthest distance Kevin is from home is
3 miles.

i.  Kevin returned home 2 times.

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

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

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

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

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

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

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 function is 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.

To draw a vertical line, we fix on an x-value. Ifa
vertical line drawn at that x-value hits the graph
in more than one location, this means that a
single input, x, yields more than one output, y.
Thus, the graph is not of a function.

Section 2.3
1. 2<x<5
Ay 8-3 5
2. slope=—=——""-"+-===1
TP A T3 (2) 5
3. x-axis: y —» -y

(-y)=5x*-1
—y=5x*-1
y =—5x2 +1 different

10.

11.
12.
13.
14.

15.

y-axis: X — —X
y= 5(—x)2 -1
y=5x>—1 same
origin: x—>—x and y > -y
(=y)=5(-x)" -1
—y=5x*-1
y =-5x2 +1 different
The equation has symmetry with respect to the
y-axis only.
Y=Yy =m(x-x)
y—(-2)=5(x-3)
y+2=5(x-3)

y=x>-9
x-intercepts:
0=x%-9
x2=9->x=13
y-intercept:
y=(0)-9=-9

The intercepts are (-3,0), (3,0), and (0,-9).
increasing

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,»).
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16.

17.

18.

19.

20.

21.

22.

23.

24.

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

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

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

f haslocal maximaat x=—2andx=2. The
local maxima are 6 and 10, respectively.

f has local minimaat x=-8, x=0and x=5.
The local minima are —4, 0, and 0, respectively.
a. Intercepts: (-2, 0), (2, 0), and (0, 3).

Domain: {x| —4<x< 4} or [-4,4];
Range: {y|0<y<3} or [0,3].

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

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

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

c. Increasing: (-1, 0) and (1, 3);
Decreasing: (-3, -1) and (0, 1).

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

a. Intercepts: (0, 1).

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

c. Increasing: (—oo,o0); Decreasing: never.

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

a. Intercepts: (1, 0).
b. Domain: {x|x>0} or (0,%);
Range: {y|y is any real number} .

c. Increasing: (0,00); Decreasing: never.

25.

26.

217.

28.

Section 2.3: Properties of Functions

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

Intercepts: (-m,0), (w,0), and (0,0) .
Domain: {x| —m<x< n} or [-m, n];

Range: {y|-1<y<1} or [-1,1].

Increasing: (—E E)'
- 21 2 L

ina: | —x. - n
Decreasmg.( T, 2) and (Z,nj.

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

Intercepts: (—%,Oj, (g Oj, and (0,2) .

Domain: {x|-n<x<n} or [-m, n];
Range: {y|-1<y<1} or [-1,1].
Increasing: (—m,0); Decreasing: (0, 7).

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

(1 5 1
Intercepts: [3,0),[2,0], and (O, 2].

Domain: {x|-3<x<3} or [-3,3];
Range: {y|-1<y=<2} or [-12].
Increasing: (2,3); Decreasing: (-1,1);
Constant: (-3,-1) and (1, 2)

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

Intercepts: (—2.3,0),(3,0), and (0,1).
Domain: {x|-3<x<3} or [-3,3];
Range: {y|-2<y<2} or[-2,2].
Increasing: (-3,-2) and (0, 2);
Decreasing: (2,3); Constant: (-2,0).

Since the graph is not symmetric with
respect to the y-axis or the origin, the
function is neither even nor odd.
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Chapter 2: Functions and Their Graphs

29. a. f hasalocal maximum of 3at x=0.

b. f hasalocal minimum of 0 at both

37.

F(x)=x3/§
F(-x)=J-x =—Jx =-F (x)

X=—2and x=2. Therefore, F is odd.
30. a. f hasalocal maximum of 2 at x=0. 38. G(x)= Jx
b. f hasa local minimum of 0 at both G(—X) =/—x
x=-landx=1. G is neither even nor odd.
31. a. f hasalocal maximumof 1at x ==, 39. f(x)= X+| X|
2 f(=x) =—x+| - x| =—x+| x|
b. f hasalocal minimum of -1 at x = —%. f is neither even nor odd.
32. a. f hasalocal maximum of 1 at x=0. 40. f(x)=v2x*+1

b. f hasalocal minimum of -1 both at
X=—xz and X=r.

f(-x) = J2(-x)? +1=F2x% +1= £ (x)
Therefore, f iseven.

33. f(x)=4x3+x 1
, 41 g(x) ==
f(—x) = 4(=x)° +(—x) X
3 R S
=—4x3 —x 9(—X)—(_x)2 —F—g(x)
= ‘(4)‘3 + X) Therefore, g is even.
-1 () X
Therefore, f isodd. 42, h(x)= 71
-X —X
34. f(X)=2X4—X2 h(—X)Zmz X2 _1=—h(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.

36. h(x) =3x>+5x

43.

Therefore, h is odd.

_X3
hx) = 3x2 -9
_(_x)a ~ X3
3(-x)2-9 3x*-9
Therefore, h is odd.

h(-x) =

~-n(x

h(=x) = 3(~X)° +5(-x) 44. F(X)=|27X|
=-3x%-5x 2(-x) —2x
F— = :—:—F
(a5 NE TR FII

=-n(x)

Therefore, h is odd.

Therefore, F is odd.
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45,

46.

f (x)=x®-3x+2 onthe interval (-2,2)
Use MAXIMUM and MINIMUM on the graph
of y; =x*—3x+2.

47,

Section 2.3: Properties of Functions

f (x)=x®-x* on the interval (-2, 2)
Use MAXIMUM and MINIMUM on the graph
of y, =x° —x°.

5 0.5
Y
’ 'f -“-H'\ “l e
! o / £
24 = |2 -2 Y ?
= Haxirmurm
Haximun X = -
R e Iy=y ¥=-.7rueec [v=1@conzz
5 -0.5
5 0.5
"j,--’ e R
N - . -/ ﬁa_
2 : 2 -2 ﬁ‘\," 2
— Wi
B s [y=gcep-14 BOLERrE  fv=-mcmon:
5 -0.5

local maximum: 4 when x =-1
local minimum: O when x=1

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

f (x)=x>-3x*+5 on the interval (~1,3)
Use MAXIMUM and MINIMUM on the graph
of y; =x*-3x*+5.

48.

local maximum: 0.19 when x =-0.77
local minimum: —0.19 when x=0.77

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

f (x)=x* x> on the interval (-2, 2)
Use MAXIMUM and MINIMUM on the graph
of y, =x* —x%.

2

10
T g !
s -__—_I—” 1
1 3 I'-, |
Al—5=—"—
_ . .
L —— ! 2o lv=-as
=10 -1
10 2
| !
w ¥ \
—t— »
.-""- h"‘-\-\__ L d | |I
1 o]l 3 1 I|
2 A : _’,‘I 2
Hinimurm Hﬂiiﬂ'luhﬁ x
w=1.898088077 =1 w="11BE-8 I¥=-1.ZE-1:
=10 -1
local maximum: 5 when x=0 2
local minimum: 1when x=2 v \l /
fis increasing on:(-1,0) and (2,3); \
|
. . _ p J
f is decreasing on: (0, 2) 2 , = 2
Hinirurm N x
ASA0FL080E |Y¥=- 25

-1
local maximum: 0 when x=0
local minimum: -0.25 when x=-0.71 and
x=0.71

fis increasing on: (—0.71,0) and (0.71,2);
f is decreasing on: (-2,-0.71) and (0,0.71)
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49,

50.

f (x)=-0.2x>-0.6x> + 4x—6 on the

interval (—6,4)

Use MAXIMUM and MINIMUM on the graph
of y; =-0.2x> —0.6x* +4x—-6.

r4 -" " " " z_n i " 4
[T =
- - "'\._“Ih
\\ ‘-_,x'xl h
-~
=
Hinirum n
4=-37EEER: Y=-10.8912Z
-30
2
-6 — 4
u =
-
- - -“‘-\-H\
Y 5,
N~
Haxiraura ks
w=1.76BB767 'V=-1.90878Y4
-30

local maximum: -1.91 when x=1.77
local minimum: -18.89 when x =-3.77

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

f (x)=-0.4x> +0.6x* +3x—2 on the
interval (—4,5)
Use MAXIMUM and MINIMUM on the graph

of y; =—0.4x% +0.6x* +3x-2.
5

|
vl -
1 s

4 " I"\ e I"".ll 5
vy
T \
-8
5

w1 2L
ey "-”L\'.,
a]— - 5

3
Y=-4.048287

Haximur %
W= A5B3088 Y= z4BeB7Z
8

local maximum: 3.25 when x =2.16
local minimum: —4.05 when x=-1.16

fis increasing on: (-1.16,2.16) ;
f is decreasing on: (—4,-1.16) and (2.16,5)

51.

52.

f (x)=0.25x" +0.3x* ~0.9x* +3 on the
interval (-3, 2)

Use MAXIMUM and MINIMUM on the graph
of y; =0.25x* +0.3x* —0.9x* + 3.

| ;

1
\ A

——t—

“IRinirmum "
w==1.865088 Y=.94804z288

o x
w=11B4E-8 V=3
-2

\ /

P S

1 .
“IHiniraur u 2
W= 9gE08EE: Y=Z.g4BZHZ1

2
local maximum: 3 when x=0
local minimum: 0.95 when x =-1.87 ; 2.65

when x =0.97
fis increasing on: (—1.87,0) and (0.97,2);
f is decreasing on: (-3,-1.87) and (0,0.97)

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

2
T If;(q—\\\_\_ ’
g -h"'\.
/ \
I.
Haxiraum x
w=-1.57x16l ¥=-Ezz:0B6
-10
2
<! £ 2
ﬁ__‘-_. e
.f'! T
III| '.I.II
Hinimura Y
#=-0.zelE-7 W=-i
-10
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<] B 2
-
i e e TN

il ",

| ".

! !
Haxirur X
Ww=.83E86191 Y=-1.B704B

-10
local maximum: -0.52 when x=-1.57; -1.87

when x=0.64; local minimum at: (0,-2)
fis increasing on: (—3,-1.57) and (0,0.64);
f is decreasing on: (~1.57,0) and (0.64,2)

53. f(x)=-2x*+4
a. Average rate of change of f from x=0 to

X=2
f(2)-f(0) B (—2(2)2 +4)—(—2(0)2 +4)
2-0 2
(-4 _8_,
2 2
b. Awverage rate of change of f from x=1to
x=3:
f(3)-f(1) (—2(3)2 +4)—(—2(1)2 +4)
3-1 2
(-14)-(2) _-16
i
c. Average rate of change of f fromx =1to
X=4:
f(4)-1(1) (—2(4)2 +4)—(—2(1)2 +4)
4-1 3

54, f(x)=—x>+1
a. Average rate of change of f fromx =0 to

X=2:
3 3
f(2)-1(0) (-2 +1)-(-(07+1)
2-0 B 2
-7-1_ -8
=2 2
b. Average rate of change of f fromx=1to
X=3:
3 3
@)t (- +1)-(-0+)
3-1 2
-26-(0) —26
R R

Section 2.3: Properties of Functions

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

x=1:
- f(-1) (-0 +1)-(-(-2 7+
1-(-1) 2

55. g(x)=x>-2x+1
a. Average rate of change of g from x=-3 to
X=-2:
9(-2)-9(-3)
2-(3)

i [(_2)3 - 2(—2)+1} _[(_3)3 - 2(_3)+1J
1
(-3)-(-20) 17 _
1 1

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

9(1)-9(-1)
1-(-1)
i (@) -20)+1)-| (-1 -2(-2)+1]
2
0-(2)_-2_
2 2

c. Average rate of change of g from x=1 to
x=3:

9(3)-9(1)

17

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

a. Average rate of change of h from x=-1 to

x=1:
h(1)—h(-1)
1-(-1)
:[( ) _2(1)+3J_[(_ )2_2(_1)+3}
2
_2)-(6)_4_,
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Chapter 2: Functions and Their Graphs

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

h(2)-h(0)

2-0

c. Average rate of change of h from x=2 to
x=5:
h(5)-h(2)
5-2

57. f(x)=5x-2
a. Average rate of change of f from 1 to 3:
Ay f(3)-f(1) 13-3_10_

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

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

(1, f(1)) and (3, f(3)) is5. We use the
point-slope form to find the equation of the
secant line:
Y=Yy = Mg (X=%)
y—-3=5(x-1)
y—3=5x-5
y=5x-2
58. f(x)=—4x+1

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

AX 5-2 5-2
-12
= —_—= —4
3
Therefore, the average rate of change of f
from2to5is —4.

b. From (a), the slope of the secant line joining
(2,f(2)) and (5, f(5)) is —4. We use the
point-slope form to find the equation of the
secant line:

Y=Y = Meee (X_Xl)
y—(-7)=-4(x-2)
y+7=-4x+8
y=-4x+1

59. g(x)=x*-2

a. Average rate of change of g from -2 to 1:
Ay _9()-9(-2) _ -1-2 _-3_
AX 1-(-2) 1-(-2) 3
Therefore, the average rate of change of g
from -2 tolis -1.

b. From (a), the slope of the secant line joining
(-2.9(-2)) and (1,9(1)) is —1.We use the

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

Yy-%1= msec(x_xl)
y-2=-1(x-(-2))
y—-2=-x-2
y =—X
60. g(x)=x*+1
a. Average rate of change of g from -1 to 2:
Ay _9(2)-9(-1) _ 5-2 _3_,
AX 2-(-1) 2-(-1) 3
Therefore, the average rate of change of g
from -1 to 2is 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

-1

secant line:

Y-%1= msec(x_xl)
y-2=1(x-(-1))
y—2=x+1

y=X+3

61. h(x)=x*-2x
a. Average rate of change of h from 2 to 4:
Ay _h(4)-h(2) 8-0_8_

AX 4-2  4-2 2
Therefore, the average rate of change of h
from2to 4 is 4.
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Section 2.3: Properties of Functions

b. From (a), the slope of the secant line joining c. The local minimum is approximately —3.08
(2,h(2)) and (4,h(4)) is 4. We use the at x~1.15.
point-slope form to find the equation of the /
secant line:
y_ylzmsec(x_xl) ¢
y—-0=4(x-2) [ ags [v=-zormzos
y=4x-8 d. Since the function is odd, its graph has

62. h(x)=-2x"+x origin symmetry. The local maximum is

a. Average rate of change from 0 to 3: approximately 3.08 at x ~ -1.15.
h(3)-h(0) —15—
Ay _ (3)-n( ): 15-0 64. f(x)=-x*+6x

AX 3-0 3-0
-15 3
=5 =-5 a. f(-x)=-(-x)"+6(-x)
Therefore, the average rate of change of h = x* —6x
from0to3is -5. B ( x3+6x)
b. From (a), the slope of the secant line joining _ ¢ (x)

(0,h(0)) and (3,h(3)) is —5. We use the

point-slope form to find the equation of the Since f (‘X) =-f (X) , the function is odd.

secant line:
y_yl:msec(x_xl) b. Yl =—X3+6X
y—0=-5(x-0) 15

63. a. g(x)y::x_35—>(4x - \\/{/\\ )

9(-x)=(-x)" ~4(~x)
=—x° +4x
_ (y3_ c. The local maximum is approximately 5.66
- (X 4X) at x~1.41.

=)

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

Haxiraur
b. Yl = X3 —4x |H=1fu1u21u ¥=E.BEEAEYE

d. Since the function is odd, its graph has
/ origin symmetry. The local minimum is
approximately —5.66 at x ~—1.41.

—4 4
/ r_/ 65. F(x)=-x"+8x"+8

a. F (—x) = —(—x)4 +8(—x)2 +8
=—x*+8x+8

-l

Since F (—x) =F (x) , the function is even.
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Y, = —x*+8x* +8

~J
N

—350

The local maximum is 24 at x=2.

A

Mairum
Jict

V=24

Since the function is even, its graph has
y-axis symmetry. The local maximum in
quadrant Il is 24 at 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.

66. G(x)=-x*+32x"+144

a.

G(-x)= —(—x)4 +32(—x)2 +144
=—x*+32x* +144

~6(x)

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

Y, = —x* +32x% +144
500

e
[ 1]

=700

The local maximum is 400 at x =4.

[
o b |
sz -

wipaum

108

a.

Since the function is even, its graph has
y-axis symmetry. The local maximum in
quadrant Il is 400 at 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.

67. C(x)=03¢" +21x- 251+ 20
Y, = 0.3x% + 21x-251+£xoo
2500
oL’ 30
-300

68. a.

Use MINIMUM. Rounding to the nearest
whole number, the average cost is
minimized when approximately 10

lawnmowers are produced per hour.
2500

im0y
0 H=BBEDLES?  V=zZH.REZBEE 30

=300

The minimum average cost is approximately
$239 per mowver.

C(t) =—.002t* +.039t> —.285t* + 766t +.085

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

menu.
1

Haxirum
nw=e.le0z0y8 LYY= FEBZEREL .
0 0 10

The concentration will be highest after about
2.16 hours.
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69.

b. Enter the function in Y1 and 0.5 in Y2.

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

the CALC menu.
1

Fas

Inkgkseckion ™,
W TLZZERLE LY=E

0
1

Fan

Interseckion ™
HEUHEEEYEE LY=L

10
00

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.

P(2.5)-P(0)
25-0

~0.18-0.09

~25-0

~0.09

"~ 25

=0.036 gram per hour

On overage, the population is increasing at a
rate of 0.036 gram per hour from 0 to 2.5
hours.

avg. rate of change =

P(6)-P(4.5)
6-4.5

~0.50-0.35
~ 6-45
015
15
= 0.1 gram per hour

On overage, the population is increasing at a

rate of 0.1 gram per hour from 4.5 to 6
hours.

avg. rate of change =

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

70.

71.

Section 2.3: Properties of Functions

P(2000) - P(1998)
2000 -1998

 276-207

~ 2000-1998

_69

avg. rate of change =

= 3.245 percentage points
per year
On overage, the percentage of returns that
are e-filed is increasing at a rate of 3.45
percentage points per year from 1998 to
2000.

P(2003)—P(2001)
2003-2001
~40.2-30.7
2003-2001
_95
2
= 4.75 percentage points
per year
On overage, the percentage of returns that
are e-filed is increasing at a rate of 4.75
percentage points per year from 2001 to
2003.

avg. rate of change =

P(2006)— P(2004)
2006 —2004
~57.1-46.5
2006 — 2004
_10.6
2
=5.3 percentage points
per year
On overage, the percentage of returns that
are e-filed is increasing at a rate of 5.3
percentage points per year from 2004 to
2006.

avg. rate of change =

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

f (x) =x

Average rate of change of f from x=0 to
x=1:
fO-f(0) _1*-0* _1_,

1-0 1 1
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Chapter 2: Functions and Their Graphs

b. Average rate of change of f from x=0 to
x=05:
f(05)-f(0) (0.5°-0° 025

0.5-0 0.5 05

c. Average rate of change of f from x=0 to
x=0.1:
f(0.1)-f(0) (01°-0% 001

01-0 01 01

d. Average rate of change of f from x=0 to
x=0.01:
f(0.01)- f(0) (0.01)" -0
001-0 001
_0.0001 _ 0.01

© 001

e. Average rate of change of f from x=0 to
x=0.001:

£(0.001)- f (0) _(0.002)° -0?

0.001-0 0.001
~0.000001

0.001
f.  Graphing the secant lines:

0.5

0.1

=0.001

L

v=05x

72.

™,
u

v=0.01Ly

=

e

v=0.001Ix

-1
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_

2-1 1 1

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

f(15)-f(1) (L5)°-1° 125

1.5-1 0.5 05

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

f(LY)-f(1) (@11°-1° o021

11-1 01 o1

Average rate of change of f from x=1 to
x=1.01:
f(101)-f(1) (101)°-1* 0.0201

1.01-1 0.01 0.01
Average rate of change of f from x=1 to
x=1.001:
f(1.001)- f (1) (1.001)"-12
1.001-1 0.001

_ 0.002001 _ 2001

0.001

2.5

2.1

=201
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f.  Graphing the secant lines:
5

v=2.000x-1.001

%

g. The secant lines are beginning to look more
and more like the tangent line to the graph
of f at the point where x=1.

h. The slopes of the secant lines are getting

smaller and smaller. They seem to be
approaching the number 2.

73. f(x)=2x+5

f(x+h)—f(x)
a. sec:T
_2(x+h)+5-2x-5 _2h _

h h 2

111

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently

Section 2.3: Properties of Functions

When x=1:
h=05=mg, =2
h=01l=>m,. =2

Sec

h=0.01=mg, =2
as h—0, my —?2

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

m =2, we get the secant line:
y—7=2(x-1)
y—-7=2x-2
y=2x+5
Graphing:

3
The graph and the secant line coincide.

f(X)=-3x+2
_ f(x+h)-1f(x)
sec_f
_3(x+h)+2-(-3x+2) -3h
= : ===
b. Whenx=1,
h=05=my,, =-3
h=01=my, =-3
h=0.01=my,, =-3

as h—0, mg —-3

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

y+1=-3x+3
y=-3Xx+2
Graphing:
5
" k“"h,‘_
)
...
2 o 2
-H."H._\.x

-5
The graph and the secant line coincide.
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Chapter 2: Functions and Their Graphs

75. f(x)=x*+2x
f(x+h)— ()
& My =——— ——
_ (x+h)® +2(x+h) = (x* +2x)
- h
~ x%4+2xh+h? +2x+2h —x? —2x
- h

_ 2xh+h?+2h
a h
=2X+h+2

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

h=01=>my =2-1+01+2=41
h=0.01=m,, =2-1+0.01+2=4.01
as h—-0 mg —>21+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:
6

’ /

76. f(x)=2x>+x

f(x+h)— f(x)
a' Seczf
~2(x+h)? +(x+h)—(2x* +X)
a h
_2(x* +2xh+h?) + x+h—2x* —x

h
_ 2x%+4xh+2h% + x+h—2x* —x
B h
_ 4xh+2h?+h
B h
=4x+2h+1

b. Whenx=1,
h=05=my, =41+ 2(0.5)+1: 6

h=0.1=>my, =4-1+2(0.1)+1=5.2
h=0.01=> My, =4-1+2(0.01)+1=5.02
as h—0, mg —»4.1+2(0)+1=5

c.  Using point (1, f (1)) =(13) 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:
6

v 4
: ) ,j
/A
v

T
K

-1

77. f(x)=2x?-3x+1

f(x+h)—f(x)

a' Sec =f
2(x+h)2—3(x+h)+1—(2x2—3x+1)

B h
20 +2xh+h*) —3x—3h+1-2x" +3x~1

- h
~2x% +4xh+2h® —3x—3h+1-2x" +3x -1

B h

_4xh+2h*-3h
N h
=4x+2h-3

b Whenx =1,
h=05=my, =4-1+2(05)-3=2
h=01=>my =4.1+2(0.1)-3=1.2
h=0.01=>my, =4-1+2(0.01)-3=1.02
as h—0, my, —>4-1+2(0)-3=1

c.  Using point(1, f (1))=(1,0) and
slope = 1.02, we get the secant line:
y—-0=1.02(x-1)
y=1.02x-1.02

112
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Section 2.3: Properties of Functions

d. Graphing: 1
g 79. f(0=1
e . f(x+h)— f(x
'“‘x__ _'.;’.'il"'- & Mg = %
1 — 2
_H__F._-_- 1 1 X—(X+h)
- 1) (AT
— " _(X+h X)_ (X+h)X
- T h
_| X=x=h (1): _h (1)
78. f(x)=-x?+3x-2 (x+h)x JLh) | (x+h)x JLh
a _ f(x+h)-f(x) B 1
- h ~ (x+h)x
—(x+h)2+3(x+h)—2—(—x2+3x—2) b, Whenx=1
- h 1
h=05=>m, =—-——"+—
_ —(x* +2xh+h®) +3x+3h -2+ x* —3x+2 ¥ (1+05)(1)
B h 12
_—x? —2xh—h? +3x+3h—2+ X’ —3x+2 =T15- 3~ 007
- h 1
h=01l=>m, =—-—+—"""+-—
_ —2xh—h*+3h 0 (1+0.1)(1)
B h 110
=-2Xx—h+3 =—H=—ﬁz—0.909
b. Whenx=1 1
: h=0.01 S N
h=05=mg =-21-05+3=05 ~ Mee =7 170.00) (1)
h=01=m,, =-21-01+3=09 _ 1100 oo
h=0.01= my, =-2-1-0.01+3=0.99 101~ 101"
a h—0 mg —>-2-1-0+3=1 h0 o1 :_1:_1
* BAPR M 270 0)n) 1

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

slope = 0.99, we get the secant line: c. Using point(1, f (1)) =(1,1) and

y—0=0.99(x-1) slope = —%, we get the secant line:
y = 0.99x—0.99 100
d. Graphing: y-1= _m(x_l)
2 o~ 1= —@X-i-@
. S Y= = 100" 101
. - 100 201
1 v 5 — My e
y ;f" \ Y="101" " 101
¥ ing:
. d. Graphing:
J Y ;
3 o !
: ‘._\_\_\_- ,
-h"%-t"k
T
e
1 —b
1
113
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Chapter 2: Functions and Their Graphs

80. f(x)=—
X

_ f(x+h)—f(x)
sec h
1 1
(x+h)? x?
h
xz—(x+h)2
h) x?

)2
h

a.

(x+

(x+h)2 X2 h

(|3

) xz—(x2+2xh+h2) (1J

—-2Xx-h —-2Xx-h

(x+h)2 X2 (x2 +2xh+h2)x2

b. Whenx=1,

—21-05 _
(1+0.5)°12
—2:1-01 _

h=05=mg =

h=01=>my =

(1+01)712 121

10
9

210

~-11111

~ —1.7355

h=0.01=m,, =200
(1+0.01)"1°
20,100
=20 ~1.9704
10,201
as h—0, mg, —>_2'—1;0:—2
(1+0)°1?

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

slope = —1.9704 , we get the secant line:

y—1=-1.9704(x—-1)
y—-1=-1.9704x+1.9704
y =-1.9704x +2.9704

d. Graphing:

V P\

114

81. Answers will vary. One possibility follows:

y
2_ J
||||_|,,ﬂ3’?) [
-2 | 4 x
(-1,-2)
(0, -3)
S
. 2-e)

82. Answers will vary. See solution to Problem 81
for one possibility.

83. 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.

84. An increasing function is a function whose graph
goes up as you read from left to right.

y

5

T O Y [
-3 3 x

-5

A decreasing function is a function whose graph
goes down as you read from left to right.

y

I

I | I B B |
-3 3 x
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85.

86.

Section 2.4: Library of Functions; Piecewise-defined Functions

To be an even function we need f (—x)= f(x)
and to be an odd function we need
f (—x)=—1f(x). Inorder for a function be both

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.

[ ALl FlekZ Flot: THOOLI
~N1ES Amin=-3
“Me= AMaH=3
wha= wacl=1
~Ny= Yrin=-18
~Ne= Yrmax=1A
~NE= Yeol=1
“Ne= Ares=1

The local maximum is Y =5 and it occurs at
each x-value in the interval.

Section 2.4

YA
5_

:(1, 1) @2

N A

-3 7

3.

10.
11.
12.
13.
14.
15.

16.

17.

y=x"-8
y-intercept:
Let x=0, then y:(0)3—8:—8.
x-intercept:
Let y=0,then 0=x°-8
x3=8
X=2

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

piecewise-defined
True

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

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

C

O @m O m >

e
-
1T

WL
L1111 I

-10 0,00 10
(—4; _4) [

-10—

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Chapter 2: Functions and Their Graphs

18. f(x)=x 22. f(x)=|
Vi YA
201 5
B (=2.2) B 2.2)
L LI NA L1 o
tor -5 .0 S "
2o\ [ e -
5+
-5 0,0 5
19. f(x)=x°
y
10
(2, 8)
L1l L1 |_|_’:-’f
-4 (0, 0) 4 -
(_21_8}
-10
20. f(x)=+x
YA o
5 T _(0.3)
B —df - -
:(1 1 “.2) (-23) L (2.3)
0. 0)F I
_3| " Y O _:r ] ) B 1
B i
-5+

25. a. f(-2)=(-2)%2=4
b. f(0)=2
c. f(2)=2(2)+1=5

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

116
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217.

28.

29.

Section 2.4: Library of Functions; Piecewise-defined Functions

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

f-)=(-1°=-1
f(0)=(0)° =0

f()=31)+2=5

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

f(X):{Zx ifx=0

1 ifx=0
Domain: {x| X is any real number}

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

The only intercept is (0,1).
Graph:

(1,2)

Range: {y|y=0}; (—o,0)u(0, =)

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

3 ifx=0
0. f={" "*7
4 ifx=0
a. Domain: {x| X is any real number}
b. x-intercept: none
y-intercept: f(0)=4
The only intercept is (0,4).
c. Graph:
y
5
0,4)
(1,3)
I I | I B |
-5 5 X
-1,-3)
-5
d. Range: {y|y=0}; (—o,0)u(0,)
e. The graph is not continuous. There is a jump
at x=0.
-2X+3 ifx<1
31 f(x)= X+ _| X <
3x-2 ifx>1
a. Domain: {x| x is any real number}
b. x-intercept: none
y-intercept: f (0)=-2(0)+3=3
The only intercept is (0,3).
c. Graph:
L1111 g
-5
d. Range: {y|y=1}; [1 )
e. The graph is continuous. There are no holes

or gaps.
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Chapter 2: Functions and Their Graphs

X+3 ifx<-2
32. f(x)= .
-2x-3 ifx>-2
a. Domain: {x| X is any real number}
b. x+3=0 -2x-3=0
X=-3 -2x=3
3
X=—=
2

x-intercepts: -3, 3
2
y-intercept:  f (0)=-2(0)-3=-3

The intercepts are (—3,0), (—%,o] , and

(0.-3).

c. Graph:

IVl N O O O I

IIIIV
/

d. Range: {y|y<1}; (1]

e. The graph is continuous. There are no holes

or gaps.
X+3 if —2<x<1
33. f(x)=15 ifx=1

—Xx+2 ifx>1

a. Domain: {x|x2—2}; [-2, o)

b. x+3=0 -Xx+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:
YA
5-.(] >
2p(l 4
2, ‘)/_ (1. 1)

e S N2
\

-2

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)=4-3 ifx=0
-5x ifx>0

a. Domain: {x|x2—3}; [-3, )

b. 2x+5=0 -5x=0
2x=-5 x=0

. ~ 5 (not in domain of piece)
2

X-intercept: 3
2
y-intercept: f (0)=-3
The intercepts are (—%,O) and (0,-3).

c. Graph:

d. Range: {y|y<5}; (—=,5)

e. The graph is not continuous. There is a jump
at x=0.
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Section 2.4: Library of Functions; Piecewise-defined Functions

3. f(x)= ler X _If x<0 d. Range: {y|y is any real number |
X ifx>0
. ; e. The graph is not continuous. There is a
a. Domain: {x| x is any real number} break at X = 0.
b. 1+x=0 x> =0 _
|x| if-2<x<0
x=-1 x=0 37. f(x)=
x-intercepts: —1,0 x3 if x>0
H . 2
y-intercept: £ (0)=0°=0 a. Domain: {x|-2<x<0andx>0} or
The intercepts are (~1,0) and (0,0). {x|x=-2,x#0}; [-2,0)u(0,).
c. Graph: b. x-intercept: none
YA There are no x-intercepts since there are no
2r values for x such that f (x) =0.
0.1} .
1.0 a1 y-intercept:
L ) ! | X There is no y-intercept since x =0 is not in
-2 0.0 2 the domain.
— c. Graph:
Y
d. Range: {y|y is any real number | (=2.2) L
e. The graph is not continuous. There is a jump | (1. 1)
at x=0. '
| | LY
1 ifx<o - -
36. f(x)=1 x -1
Ix ifx>0
a. Domain: {x| x is any real number} d. Range: {y|y>0}; (0,)
b. 1 =0 x=0 e. The graph is not continuous. There is a hole
X x=0 at x=0.

(no solution)
x-intercept: 0 2—X if -3<x<1

38. f(x)=
y-intercept: f(O):%:O ) {\/; ifx>1
a. Domain: {x|-3<x<landx>1} or

{x|xz=3x=1}; [-31)u(Lx).

The only intercept is (0,0).

c. Graph:

ol b. 2-x=0  x=0
L X=2 x=0
:( L1 (not in domain of piece)

L 11 @y X no x-intercepts
B (-1,-1) fU' R y-intercept: f(0)=2-0=2

- The intercept is (0,2).

sk
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Chapter 2: Functions and Their Graphs

39.

40.

C.

Graph:

Ya
(-3,9) 5:

B (4,2)
(0’2) &/‘/v

[ N
-5 L 5 X

o

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

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

f (x) = 2int(x)

a.
b.

Domain: {x| x is any real number |

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

y-intercept:  f (0)=2int(0)=0
The intercepts are all ordered pairs (x,0)
when 0 <x<1.

Graph:

YA

4 —

— &—0
L1 1 1 & 1 1 1 ;}7
— 4

—

—c il

Range: {y| y is an even integer}

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

f (X) = int(2x)

a.
b.

Domain: {x| X is any real number}

x-intercepts:

Al values for x such that 0 < x < %

y-intercept: f (0) = int(2(0)) =int(0)=0
The intercepts are all ordered pairs (x, 0)

when Osx<%.

41,

42,

43.

44,

45.

46.

120

A
b —

L1111

-0
[ o+]
-0

il

Range: {y|y is an integer}

The graph is not continuous. There is a jump

ateach x = g , where k is an integer.

Answers may vary. One possibility follows:

f00=11

—X if —1<x<0

if0<x<2

Answers may vary. One possibility follows:

f(x)={X

if —1<x<0
1 if0<x<2

Answers may vary. One possibility follows:

f(x) = {'X

ifx<0

—X+2 if0<x<2

Answers may vary. One possibility follows:

f(X):{ZXJrZ i-f -1<x<0

X ifx>0

a f@Q2)= int(2(1.2)) =int(2.4)=2

b. f(1.6)= int(2(1.6)) =int(3.2) =3

c. f(-1.8)= int(2(—1.8)) =int(-3.6)=-4
a f@l2)= int(%) =int(0.6) =0

b. f(1.6)= int(%) =int(0.8) =0

c. f(-1.8)= int(#j =int(-0.9)=-1
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Section 2.4:

o 39.99 if 0< x <450
~ 10.45x-162.51 if x> 450
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

3 if0<x<3
48. F(x)=45int(x+1)+1 if3<x<9
50 if9<x<24

a. F(2)=3

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

Parking for 7 hours costs $41.
c. F(15)=50

Parking for 15 hours costs $50.

d. 24 min- ! hr_ =04 hr
60 min

F(8.4)=5int(8.4+1)+1=5(9)+1=46
Parking for 8 hours and 24 minutes costs
$46.

49. a. Charge for 50 therms:
C =9.45+0.8738(50) + 0.36375(50)

=$71.33
b. Charge for 500 therms:
C =9.45+0.36375(50) + 0.11445(450)
+0.8738(500)
=$516.04
c. For0<x<50:
C =9.45+0.36375x +0.8738x
=1.23755x+9.45
For x>50:
C =9.45+0.36375(50) +0.11445(x - 50)
+0.8738x
=9.45+18.1875+0.11445x - 5.7225
+0.8738x
=0.98825x +21.915
The monthly charge function:
_ |1.23755x+9.45  for 0<x <50
- {0.98825x +21.915 for x > 50

121

Library of Functions; Piecewise-defined Functions

d.

50. a.

Graph:
C
- (100, 120.74)
& 100f
;Ef:; B (50,71.33)
£~ S0
:L;" -
(0.9:45) 4 I T R T T Y
50 100
Gas Usage (therms)
Charge for 40 therms:
C =8.85+0.1473(20) + 0.0579(20)
+0.67(40)
=$39.75
Charge for 202 therms:
C =8.85+0.1473(20) + 0.0579(30)
+0.0519(152)+0.67(202)
=$156.76
For 0<x<20:

C =8.85+0.1473x +0.67x
=0.8173x+8.85
For 20 <x <50:
C =8.85+0.1473(20)+0.0579(x - 20)
+0.67x
=8.85+2.946+0.0579x —1.158
+0.67x
=0.7279x+10.638
For x>50:
C =8.85+0.1473(20)+0.0579(30)
+0.0519(x—50)+0.67x
=8.85+2.946 +1.737 + 0.0519x — 2.595
+0.67x
=0.7219x+10.938
The monthly charge function:
0.8173x+8.85 if 0<x<20
C(x)=10.7279x+10.638 if 20<x <50
0.7219x+10.938 if x>50
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Chapter 2: Functions and Their Graphs

d. Graph:
¢

~

100

e
O

—
oo
o0
.
—

Monthly Charge
(dollars)
e
I

(100, 83.13)

(50.47.03)

Gas Usage (therms)

51. For schedule X:

f() =

0.10x if 0<x<7825
782.50+0.15(x — 7825) if 7825 < x < 31,850
4386.25+0.25(x —31,850) if 31,850 < x<77,100

15,698.75+0.28(x — 77,100) if 77,100 < x 160,850
39,148.75+0.33(x—160,850)  if 160,850 < x < 349,700
101,469.25+0.35(x —349,700) if x> 349,700

52. For Schedule Y -1:

f(x)=

0.10x if 0<x<15650
1565.00 +0.15(x — 15, 650) if 15,650 < x < 63,700
8772.50+0.25(x—63,700) if 63,700 < x <128,500
24,972.50 +0.28(x —128,500)  if 128,500 < x <195,850
43,830.50+0.33(x—195,850)  if 195,850 < x < 349, 700
94,601.00 +0.35(x —349,700) if x> 349,700

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

C(x) =

C(x) =

0.50x if 0< x <100
0.50(L00) + 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

0.50x if 0<x<100
10+0.40x if 100 < x <400
70+0.25x if 400 < x <800
270 if 800 < x <960

122
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Section 2.4: Library of Functions; Piecewise-defined Functions

.\I

3004 (800,270)
7 250 (960.270)
= H00k
=t 200 (400, 170)
= 150
S 100
50 {100, 50)
| | | 1 | | 1 | 11
(0,0) 200 400 600 800 960

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

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

54. Let x = number of days car is used. The cost of y
renting is given by
95 if x=7
119 if 7<x<8
C(x)=4143 if 8<x<9
167 if 9<x<10
190 if 10<x<14

70 - >
S0 . to]
30 — o

Fn,:m

Minimum Payment Due (dollars)

190 e S— L1 [ L X
500 1000 1500
o 167 F Ot Amount of Bill (dollars)
5
g 18f o—e 56. Let x = the balance of the bill in dollars. The
I ol o—e monthly interest charge is given by
© 0.015x if 0<x<1000
A 9(x)= 15+0.01(x-1000) if x >1000
| VT8 9 10 11 12 13 14
Days of Rental B {0.015X if 0<x<1000
55. Let x = the amount of the bill in dollars. The 5+001x if x>1000
minimum payment due is given by
X if 0<x<10 ”}
10 if 10<x<500 §
f(x)=1{30 if 500< x <1000 il
50 if 1000 < x <1500 E
70 if x>1500 & IsF
‘-:3 L
£
—_— 5_
I L L%
1000 2000

Balance (dollars)

123

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Chapter 2: Functions and Their Graphs

57.

58.

59.

a. W =10°C

b W33 (10.45+10V5 -5)(33-10) _ 4C
22.04

© W33 (10.45+10V15 ~15)(33-10) _ =
22.04

d. W =33-1.5958(33—-10) = —4°C

e. When 0<v<1.79, the wind speed is so
small that there is no effect on the
temperature.

f.  When the wind speed exceeds 20, the wind
chill depends only on the air temperature.

a. W =-10°C
10.45+10+/5 —5)(33—(~10
Ly gy (10:45+1045-5)(383(-10))
22.04
~-21°C
10.45+10+/15 —15)(33—(~10
C. W=33—( ’ )( ( ))

22.04
~ —-34°C

d. W =33-1.5958(33—(-10))=-36°C

Let x = the number of ounces and C (x) =the
postage due.

For 0<x<1: C(x)=$0.80
(x)
(x)
(x)

X

=0.80+0.17 = $0.97

For 2<x<3:

c

Forl<x=<2: C
C(x)=0.80+2(0.17) =$1.14
C

For 3<x<4: =0.80+3(0.17)=$1.31

For 12 <x<13: C(x)=0.80+12(0.17) = $2.84

c
2.84 o—e
267 C=—t
250+ C——

233 o——

o 216 o—e

E 1.9 o—e

é 1.82— Ot

= 165+ o—e

2 148+ o—s

S o131 o—e
.14 o—e
097 o—e
0.8(

; I T Y
] 2 4 6 8 10 12 14

Weight (ounces)

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

vertically.

If y=x%+k, k>0, theshiftisup k units; if
y =x%—k, k>0, the shift is down k units. The
graph of y = x® —4 is the same as the graph of
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.

VT
. iﬁgf 'xﬁ,a‘ /

-2
If y=(x—k)?, 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.
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62.

63.

Section 2.4: Library of Functions; Piecewise-defined Functions

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

compressed or stretched vertically.
6

’

i o
!‘I'-.\b \l‘.\l III rl..l' ..‘____.-.
'\"'-ﬂ“\ a'\l III|' . o

;oA
o

W =

)
S

LY |
e
"

X

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

vertically; if y=k| x| and 0 <k <1, the graph is
compressed vertically. The graph of y = %| x| is

the same as the graph of y =| x|, but compressed
vertically. The graph of y =5| x| is the same as
the graph of y =| x|, but stretched vertically.

The graph of y =—x? is the reflection of the
graph of y = x* about the x-axis.

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

graph of y =| x| about the x-axis.
6

- i __'__.-"
.-H"n.__ y __.{l'i-
-5 b
.
D
.-'-.- x‘-\-\._ %

=
Multiplying a function by —1 causes the graph to
be a reflection about the x-axis of the original
function's graph.

64.

65.

66.

125

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

y=v-x

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

3

W ™ :
R A
P
= 2x)+ 1% |
¥ ) \'*-f
A,
2 ra A 2
r * %
L

-1
The graph of y = f(—x) is the reflection about

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

The graph of y = (x—1)>+2 is a shifting of the
graph of y = x* one unit to the right and two
units up. Yes, the result could be predicted.

8 y=(x-1y+2
[
] |
v =5 .-"f
I r
l.l|l ....-_.l
L
2 - .,I" I _a . .8
e -
.Iﬁ.-. .Ill' A
-3

The graphs of y =x", n a positive even integer,
are all U-shaped and open upward. All go
through the points (-1,1), (0,0),and (1,1). As
n increases, the graph of the function is
narrower for | x| >1 and flatter for | x| <1.

]

=l

y=k

" ||I|| }In'll A=x
'\.“_"3 _.-f..-

) #—LS 2
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Chapter 2: Functions and Their Graphs

67.

68.

69.

The graphs of y = x", n a positive odd integer,
all have the same general shape. All go through
the points (-1,-1), (0,0),and (1,1). As n
increases, the graph of the function increases at a
greater rate for | x| >1 and is flatter around 0 for

|x|<1.
- .? 7
1 - = 1
s \
W y=x
s
ﬁ %

1 if xisrational
f(x)= e

0 if xisirrational
Yes, it is a function.
Domain = {x| X is any real number} or (—o0,0)
Range = {0, 1} or {y|y=0ory=1}
y-intercept: x=0= X isrational= y =1
So the y-interceptis y=1.

x-intercept: y=0= x is irrational
So the graph has infinitely many x-intercepts,
namely, there is an x-intercept at each irrational
value of x.

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

f (—x)=0= f(x) when x is irrational.
Thus, f is even.
The graph of f consists of 2 infinite clusters of

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

For 0 <x < 1, the graph of y =x", r rational 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. Yy
3. =5, =2, and 2 (shift left three units)

126

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

19.

20.

21.

22.

23.

24.

25.

26.

True; the graph of y =—f (x) is the reflection
about the x-axis of the graph of y = f (x) .

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.

. True; to obtain the graph of y=2f (x) we

multiply the y-coordinates of the graph of
y = f(x) by 2. Since the y-coordinate of x-

intercepts is 0 and 2-0 =0, multiplying by a
constant does not change the x-intercepts.

b
e

h
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217.

28.

29.

30.

31.

32.

33.

34.

@ y=+x+2
@ y=-(Vx+2)
@) y=—(v-x+2)=—x-2

® y=-Vx

(@ y=—/x-3
3 y=-vx-3-2
M y=-x

2) y=-Vx+2
(3) y=—-+x+3+2
@) y=+x+2
2) y=+v-x+2

(3) y=-(x+3)+2=+-x-3+2

(c); Togofrom y=f(x) to y=—f(x) we

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
become (3,-6).

(d); Togo from y = f(x) to y = f (-x), we
reflect each point on the graph of y = f (x)

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).

(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).

(c); Togo from 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).

Section 2.5: Graphing Techniques: Transformations

35.

36.

37.

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 x-intercepts are —7
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 right. Therefore, the x-intercepts are —3
and 5.

The graph of 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.

The graph of y = f (—x) is the same as the

graph of y = f (x), but reflected about the
y-axis. Therefore, the x-intercepts are 5 and

-3.
The graph of y = f (x+4) is the same as

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

the left. Therefore, the x-intercepts are —12
and -3.

The graph of y = f (x—3) is the same as
the graph of y = f (x), but shifted 3 units to

the right. Therefore, the x-intercepts are -5
and 4.

The graph of 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 graph of 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).
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Chapter 2: Functions and Their Graphs

38.

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

The graph of y =—f (x) is the same as the

graphof y=f (x) , but reflected about the

x-axis. Therefore, we can say that the graph
of y=—f(x) must be 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
of y = f (—x) must be decreasing on the

interval (-5,1) .

The graph of y = f (x+2) is the same as
the graph of y = f (x), but shifted 2 units to
the left. Therefore, the graph of f (x+2) is
decreasing on the interval (—4,5).

The graph of y = f (x—5) is the same as
the graph of y = f (x), but shifted 5 units to
the right. Therefore, the graph of f (x—5)
is decreasing on the interval (3,12).

The graph of y =—f (x) is the same as the

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

x-axis. Therefore, we can say that the graph
of y=—f (x) must be increasing on the

interval (-2,7).

The graph of y = f (—x) is the same as the

graph of y = f (x), but reflected about the
y-axis. Therefore, we can say that the graph
of y = f (—x) must be increasing on the

interval (-7,2).

39.

40.

41.

f(x)=x*-1
Using the graph of y = x?, vertically shift
downward 1 unit.

.\I
2_
(1. 0) (1,0) e
2 \/ 2
(0, -1)
2+

The domain is (—oo,oo) and the range is
[—1,00) .

f(x)=x*>+4
Using the graph of y = x?, vertically shift

upward 4 units.
.\I
8

(-1, 5)
(0, 4)

1L 11 11

2=

The domain is (o, o0) and the range is [ 4,).

g(x)=x3+1

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

YA

(1,2)

|

|
i
.
|
I
ot
¥

T T 11

The domain is (—oe,0) and the range is

(~0,).
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42,

43.

44,

90 =x"-1

Using the graph of y = x*, vertically shift

downward 1 unit.

.‘I
5

(1,0)

I I .

The domain is (—o,0) and the range is

(=o0,00).
h(x) =vx-2

Using the graph of y = Jx, horizontally shift to

the right 2 units.

Vi
5

[¥%]
—

6,2)
(‘/
T T O "l O T T Y Y

-2 (2.0

-5

The domain is [ 2,00) and the range is [ 0,0).

h(x) =+vx+1

Using the graph of y = Ix, horizontally shift to

the left 1 unit.

8

Ya
5_
(3.2
(0. H
1|||J_/|||||;-“
5 (-L,0) L 5
5
The domain is

[~Loo) and the range is [ 0,00) .

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

46.

Section 2.5: Graphing Techniques: Transformations

the right 1 unit [y = (x—l)ﬂ , then vertically

shift up 2 units [y =(x—1)3 +2]

The domain is

(<o)

(—oo, oo) and the range is

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

the left 2 units [y =(x+ 2)3} , then vertically

shift down 3 units [y = (x+2)3 —3} .

L1111

T 17T 7™

L1111
5

The domain is (—oo,oo) and the range is

(00).
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Chapter 2: Functions and Their Graphs

47. g(x) =4Jx
Using the graph of y = Jx, vertically stretch by
a factor of 4.

Y T T I e
>

) _]}(0_ 0) 8

The domain is [ 0,00) and the range is [ 0,00) .

48. g(x)= %\&
Using the graph of y = Jx, vertically compress

by a factor of % .

YA
5_

|||||_.|||[.;"
-5 (0. 0)

-5

The domain is [ 0,00) and the range is [ 0,00) .

o no-2 (13

Using the graph of y = 1 , vertically compress
X

by a factor of %

The domain is (—o,0)\(0,00) and the range is
(—o0,0)U(0,0).

130

50.

51.

52.

h(x) = ¥2x
Using the graph of y = Ix, horizontally
compress by a factor of 2.

.\I

3
5

— (4, 2)

T A T T T Y T .
-5 1 (0, 0) 5

(—4.-2)

—5F

The domain is (—oe,0) and the range is
(=o0,00).

f(x)=—3x
Using the graph of y = 3Ix , reflect the graph
about the x-axis.

Vi
10

(-8.2)

(-1, 1)

[ I T
=10

L-1) (8 2

T T 120

-10

The domain is (—o,0) and the range is
(=o0,00).

f(x)=—+/x
Using the graph of y = Jx , reflect the graph
about the x-axis.

-

T T 171

I T N T T .
-5 (1,-1)

Y.

n

4,-2)

T T T T

-5

The domain is [ 0,0) and the range is (—o,0] .
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53. g(x)=%¥—x

54.

55.

Using the graph of y = 3x , reflect the graph about
the y-axis.
.\‘
10

P

(-8.2) 1. 1)

L 11|
-10

I T

L-1) (g ~2)

T T 120

-10

The domain is (—oe,%0) and the range is (—o,).

Using the graph of y = 1 , reflect the graph
X

about the y-axis.
Vi

-y 3

T T T
o
2
|
=

The domain is (—o,0)w(0,0) and the range is

(—o0,0)U(0,00).

h(x) = —x* +2

Using the graph of y = x*, reflect the graph about
the x-axis [y = —xﬂ , then shift vertically upward
2 units [y =+ 2} .

.‘I

h
5—
(-1.3) &

0.2 N1, D

L1l L1 v

|
5

|
N =

T T 11 ) 4

-5

The domain is (—oo,oo) and the range is (—oo,oo).

131

Section 2.5: Graphing Techniques: Transformations

56.

57.

h(x)=——+2

Using the graph of y = 1 , reflect the graph
X

about the y-axis {y = i} , then shift vertically
—X

upward 2 units {y :i+2} .

h

The domain is (—o,0)w(0,0) and the range is
(—0,2)u(2,).

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

by a factor of 2 [y = 2(x+1)2} , and then
vertically shift downward 3 units
[y = 2(x+1)2 —3]

A\‘

(=3.5) 5F¢(1.5)

I I T T
©,-1) 2

The domain is (—oe,0) and the range is

|:—3,oo).
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Chapter 2: Functions and Their Graphs

58.

59.

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)2} ,and then

vertically shift upward 1 unit

|y=3(x-2)"+1].

3.4)

B
rT 111>

(2, 1)

I I T S

-

thi—

-5

The domain is (—o0,0) and the range is [1,%0).

g(x)=2+vx-2+1
Using the graph of y = Jx, horizontally shift to
the right 2 units [y =/X- 2] , vertically stretch

by a factor of 2 [y =2X— 2} , and vertically

shift upward 1 unit [y =2x-2 +1} .
."Ij

8

(6,5)

—
fad
fad

—

(2.1
I T T Y I e
-2 8

-2+

The domain is [ 2,00) and the range is [1,0).

60.

61.

g(x) =3| x+1|-3

Using the graph of y =| x|, horizontally shift to
the left 1 unit [y = |x+]” , vertically stretch by a
factor of 3 [y = 3|x+l|] , and vertically shift

downward 3 units [y = 3|x+1|—3] .

The domain is (—o0,o0) and the range is

[—3, oo) .

h(x) =v—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] .

.‘I

5

r1Tr 111 -

(-4,0)
]|
(-1.-1)
(0,-2)

[

T T T

-5

The domain is (—o,0] and the range is [ -2,0).
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62. h(x)= i+ 2
X

42)

Stretch the graph of y = 1 vertically by a factor
X

1

of 4 {y =4.== i} and vertically shift upward 2
X X

units {y :£+ 2} :
X

-5(=2,0)
(-1,-2)

-5

The domain is (—o,0)u(0,%0) and the range is

(==2)(2

oo).

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

about the x-axis [y =—(x +1)3} , and vertically

shift downward 1 unit [y = —(x+1)3 —1} .

h
I

I

B 5
(0, =2)

The domain is (—o,0) and the range is

(o).

Section 2.5: Graphing Techniques: Transformations

64.

65.

f(X)=-44x-1
Using the graph of y = Jx, horizontally shift to
the right 1 unit [y = \/x—lJ , reflect the graph

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

vertically by a factor of 4 [y = —4x —1] .
R

I O T Y N O

-9

The domain is [1,:0) and the range is (—,0] .
9(x) =2|1-x|=2|-(-1+x)|=2| x-1]

Using the graph of y =| x|, horizontally shift to
the right 1 unit [y = |x —1” , and vertically
stretch by a factor or 2 [y = 2|x—]” .

The domain is (—o,o0) and the range is | 0,0) .
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Chapter 2: Functions and Their Graphs

66. g(x)=4/2—x =4-(x-2)
Using the graph of y = Jx , reflect the graph
about the y-axis [y -J=x ] , horizontally shift

to the right 2 units[y = —(x—Z)} , and

vertically str

etch by a factor of 4

!

Vi
8_

1

(1, 4)

[ s

h

-2

The domain

67. h(x)=2int(

L (2.00 35

is (—o0,2] and the range is [ 0,).

X—=1)

Using the graph of y =int(x) , horizontally shift
to the right 1 unit [y = int(x—1)], and vertically
stretch by a factor of 2 [y = 2int(x-1)].

Vv

Y
5_
- ~—
— B0
|||||—5_5|||;-"
-5 L 5
PO
-——
-5
The domain is (—o0,0) and the range is

{yly is an even integer} .

68. h(x) =int(—x)
Reflect the graph of

y =int(x) about the y-axis.

YA
5
(e — =
1 )\ 1 [
-2 2
I—
2= (s —

The domain is (—o,0) and the range is

{yly is an integer} .

69. a. F(X)=f(x)+3

Shift up 3 units.

Al

7_

(0. 5) (2,5)
— w (4, 3)

(-4, 1
I | T Y Y
-5 = 5
SF
b. G(X)=f(x+2)
Shift left 2 units.
.\‘
5_
(-2,2) [(0.2)
=N (2,0)
111 L 11 [
-7 / 3
(=6.-2) B
_5+
c. P(X)=-1(x)
Reflect about the x-axis.
YA
5_
(-4, 2) B
\ : (4,0)
[ | I T .
-5 | 5
0,-2) (2,-2)
5L
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Section 2.5: Graphing Techniques: Transformations

d HX=f(x+)-2 70. a. F(X)=f(x)+3
Shift left 1 unit and shift down 2 units. Shift up 3 units.
YA 5
3 8
(-1,0) - (1,0
I A O A I e
-5 L 5
)
(-5, <) I
-5

1
e. Q(x)=§f(X) b. G(Xx)=f(x+2)

Shift left 2 units.

Compress vertically by a factor of %

4

h

A
- (0.2)

(0, 1) (2, 1) III[II/S\IIJ
P T T / _\

=5 5 =
{_4"1 @0 (-6.-2) (-4-2) 22
B st
5
c. PX)=-1f(x)
f. g(x)=f(-x) Reflegtaboutthex-axw.
Reflect about the y-axis. ‘
s
YA 2
S (-4,2) (2.2 (4,2)
(-2,2),  [0,2) L N
= -5 ™ 5
It T O N T T B
-S40 L 5 L (2,-2)
: (4, -2) _5:
5
d HX=f(x+1)-2
Shift left 1 unit and shift down 2 units.
9. h(x)=f(2x) :
Compress horizontally by a factor of % 5:
YA N
= (1, 0)
L I I | R I |
o -5 5
0,2)] (1.2) -
11| |1 N B
-3 / - 2.0 9 (=5, 4)(=3, ) 5~ (3,4
2,-2) L
5
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Chapter 2: Functions and Their Graphs

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

1
. == f
e. Q(x) 5 () Shift left 2 units.

y
Compress vertically by a factor of % .
Y
5_
- (—
=21
Ll [
-5 L N 5
(4, -1} (-2, - (4, -1)
sk c. P(X)=-f(x)
Reflect about the x-axis.
f.g(0=1(x) "
Reflect about the y-axis. w20
YA {_E -] ]
sk L
(-2.2) y — L4
- - = s
|1 PN X ) - .
-5 / I 5 (g i _IJ
n L 2
(-4.-2) -(2.-2) (4. -2)
-5 d HX=f(x+1)-2
Shift left 1 unit and shift down 2 units.
9. h() =129
Compress horizontally by a factor of % . '
YA
5_
I~ (1,2)
[ AW
-5 L 5
(-2,-2) - e(2,-2)
(-1, -2) 1
L Q) =3 (9
71. F(x)= f(x)+3 Compress vertically by a factor of %
Shift up 3 units. v
¥ -
sf (2.9)
— _l_ - -
- (5.4) ] .
Lt L | | N
e (32 T Nmw3) _H\i/ 2 7
- N | B
! | I X (-%.-4) ~°
- _Z | n b - 1+
2 3
2 ,L 2
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72.

g(x) = f(-x)
Reflect about the y-axis.
YA
L2
(-2-1)
1 | .
-m T il
(5.-1)
L2
h(x) = f(2x)

Compress horizontally by a factor of %

A
2_ i
(3-1)
1 . 'L [
-t _T T T
(~%-)
2k

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

oo =

G(x)=f(x+2)
Shift left 2 units.

YA

Section 2.5: Graphing Techniques: Transformations

c. PX)=-1(x)

Reflect about the x-axis.

Vi
2_
(—m. 1)

d. HX)=f(x+])-

2

Shift left 1 unit and shift down 2 units.
_\I

4

A

2w (-1, 1)

(—mw—1,=3) —4

e Q=31

Compress vertically by a factor of % .

.lll
5

N

(=)

f.g(¥)="f(=x)

Reflect about the y-axis.

.\j
2
0.1)

—
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Chapter 2: Functions and Their Graphs

73.

g.

a.

h(x) = f(2x)

Compress horizontally by a factor of % .
YA
(0. 1) |

f(x)=x3—9x, —4<x<4

25
4 / / 4
=25
0=x3-9x
0= x(x2 —9)

0=x(x-3)(x+3)
x=0,x=3 x=-3
The x-intercepts are -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
wol.Pzzonnd IY=-10.3023

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 TI1-84 Plus graphing calculator.

Haxinum
H=-i.PzE0Ee V=10 202308

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

138

74.

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—9x, —3<x<3

1
7

-15
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b.

0=x*—-4x
0=x(x2—4)
0=x(x-2)(x+2)
x=0,x=2, x=-2

The x-intercepts are -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.

Py

Ei:nji.nillgall?ﬂiﬁ ¥=-ror8e0d
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 TI1-84 Plus graphing calculator.

o

Haxinium
W=-1AE4702 |¥=2.0709z044

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:

x-intercepts: 2,4, and 6

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).

Section 2.5: Graphing Techniques: Transformations

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

local minimum: -3.08 when x = 0.575
local maximum: 3.08 when x =~ —0.575
increasing on (—%,—0.575) and (0.575,%);
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).

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.

L1 | | I
52, NS0, 0) 5

(-1, -1)

-5
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Chapter 2: Functions and Their Graphs

76. f(x)=x*-6x
f(x)=(x?—6x+9)-9
f(x)=(x-3)2-9
Using f(x) = x?, shift right 3 units and shift

down 9 units.
v

‘|||l_|1|||j|g

-9 (3.-9)

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.

Ry

(0,1 }\ ﬁé’, 1)
[, 20T O O O Y B
9

=151

(4,-15)
78. f(X)=x? +4x+2
f(x) :(x2 +4x+4)+2—4
f(x)=(x+2)" -2
Using f(x) = x?, shift left 2 units and shift

down 2 units.
.\‘
5
(-4,2) 0.2)
I Y A O .3
-5 5
(-2,-2)
-5

79. f(X)=x>+x+1

80.

OIS I
f(x)—(x +x+4J+1 2
f(x)=(x+lj2+E

2 4

Using f(x) = x?, shift left % unit and shift up

§ unit.
4

f(x)=x*—x+1

f(x) :(x2 —x+£)+1—l
4)7 2

1Y 3
f(x):[X—EJ +Z

Using f(x) = x?, shift right % unit and shift up

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Section 2.5: Graphing Techniques: Transformations

8l. f(x)= 2x% —12x +19 axis, and shift d(;lwn 5 units.
A

=2(x* -6x)+19 x

L1l
J

N
=5

=2(x2—6x+9)+19—18

=2(x-3)* +1 (a5 F
Using f (x) = x?, shift right 3 units, vertically B
stretch by a factor of 2, and then shift up 1 unit. (=3. -8) B
2.3 | I~
5_
B (—1.—8)
B (4.3)
L (. 1) 84. f(x)=-2x"-12x-13
N T Y O .
= B 5 :—2(x2+6x)—13
- = -2(x* +6x+9)-13+18
-5 :—2(x+3)2+5
, Using f (x)=x?, shift left 3 units, stretch
82. f(x)=3x"+6x+1 )
vertically by a factor of 2, reflect about the x-
= 3(x2 +2x)+1 axis, and shift up 5 units.
N
=3(x® +2x+1)+1-3 =33
—3(x+1)° -2 B
Using f(x)=x?, shift left 1 unit, vertically L ox
stretch by a factor of 3, and shift down 2 units. ~ 2
¥a B
101~ +
— _:\_
-2,1 (0.1)
{|_| l)\l/ L1011 X 85. y=(x-c)?
-5 B 5 PN
(-1. -2 [ Ifc=0y=x".
- If c =3, y = (x—23)?; shift right 3 units.
10k Ifc=-2,y=(x+2)2; shift left 2 units.

c=0
83. f(x)=-3x*-12x-17 4/c- =3
=-3(x* +4x)—17
=-3(X* +4x+4)-17+12
=-3(x+2)*-5
Using f (x)=x?, shift left 2 units, stretch
vertically by a factor of 3, reflect about the x-
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Chapter 2: Functions and Their Graphs

86. y=x’+cC

87.

Ifc=0,y=x%

If c =3, y = x* +3; shift up 3 units.

If c =—2, y = x* —2; shift down 2 units.

3

a.

-2

From the graph, the thermostat is set at 72°F
during the daytime hours. The thermostat
appears to be set at 65°F overnight.

Tograph y=T(t)-2, the graph of T(t) is

shifted down 2 units. This change will lower
the temperature in the house by 2 degrees.
;

80

T

lemperature (°F)
8 £ % o
LI U I 1 O D B I |

“r

I T T N T T N N T T T
4 8 12 16 20 24 28

Time (hours after midnight)
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

N T T T T T I
0 4 8 12 1 20 24 28

Time {hours after midnight)
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88.

a.

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

=12,212.5

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.

r(8)=170.7(8)° ~334(8) ~1517.5
=6735.3

The estimated worldwide music revenue for

2008 is $6735.3 million.

r(10)=170.7(10)° ~334(10)-1517.5

=12,212.5

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.
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Section 2.5: Graphing Techniques: Transformations

9
89. F:§C+32 d. lezﬁ\/i;Tzzzﬁ\/:g:l;E:zﬁ\/d'_T
g g g

THOT
288 §m1n=é1
256 - Na}{f
macl=1
24 |- (100,212) Ymin=-1
ZCl=
160 |- Hres=1
128 |-
2‘3 i e. Ifthe length of the pendulum is multiplied
32470.32) by k, the period is multiplied by vk .
| | | | | | | 1 1 1 B
0 10 20 30 40 50 60 70 30 90 100 ¢

91. a. p(x)=-0.05x*+100x - 2000

Y2 Y1
F= %(K -273)+32 45,000

Shift the graph 273 units to the right. /_\
.
288 0

2000
256 - tf 4,
7794 | (373.212)
el -15,000
160
128 - b. Select the 10% tax since the profits are
96 | higher.
()_1_ =
il Nl e " c. The graph of Y1 is obtained by shifting the
o Y270 200 310 330 350 370 graph of p(x) vertically down 10,000 units.
The graph of Y2 is obtained by multiplying
9. a. T= 27[\/1 the y-coordinate of the graph of p(x) by
g 0.9. Thus, Y2 is the graph of p(x)

m?ﬁﬂ -1 vertically compressed by a factor of 0.9.

Amax=3

= d. Select the 10% tax since the graph of

M ,,f-’“’_(i Y1=0.9p(x) > Y 2 = —0.05x> +100x — 6800

Ares=1 for all x in the domain.
b. T,=2x IL1; T,=27 I+—2;

g g
T, =27 13
g

AL 92. a y=|fX

AMAH=T ,

wecl=1 Y

Ymin=-1 2

i

yeel=d ! 2 DELD LD

. (2.0)
c. Asthe length of the pendulum increases, the | A X
period increases. -2 2
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Chapter 2: Functions and Their Graphs

(-1, 1) (1, 1)

(-2,0) (2,0)
X

93. a. Tograph y=| f(x)|, the part of the graph

for f that lies in quadrants Il or IV is
reflected about the x-axis.

Yi
2
(-1, 1) (1, 1)
& | \A .;'\’
-2 2
2

b. Tograph y=f(|x]), the part of the graph

for f that lies in quadrants Il or 11 is
replaced by the reflection of the part in
quadrants | and IV reflected about the y-
axis.

94. a. Thegraphof y= f(x+3)—5 is the graph
of y=f(x) but shifted left 3 units and
down 5 units. Thus, the point (1,3)
becomes the point (-2,-2).

95.

96.

97.

b. The graph of y=-2f (x—2)+1 is the graph
of 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).
c. Thegraphof y= f(2x+3) is the graph of
y = f(x) but shifted left 3 units and

horizontally compressed by a factor of 2.
Thus, the point (1,3) becomes the point

(-1.3).

a. Thegraph of y= f (x+1)-3 is the graph of
y = f(x) but shifted left 1 unit and down 3
units. Thus, the point (—3,5) becomes the
point (—4,2).

b. The graph of y=-3f (x—4)+3 is the graph

of y=f(x) but shifted right 4 units, stretched

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= f(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 =+/=x is the graph of y = /x
but reflected horizontally over the y-axis. By
symmetry, the area under y = Jx bounded

below by the x-axis, on the left by x = 0, and on
the right by x = 4 will be equal to the area under

the curve y = \/—_x bounded below by the x-
axis, on the left by x=-4, and on the right by

X =0. Thus, the area is % square units.
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Section 2.6: Mathematical Models: Building Functions

Section 2.6 e. d issmallest when x ~—2.55 or when
X~ 2.55.

1. a. Thedistance d from P to the origin is

d =+/x?+y? . Since P isapointon the

graph of y = x*> -8, we have:

.,

ura
E48C00 |V=z.COBOFER

Hinir
=-E.

d(x)= \/X2 + (X2 —8)2 = \/X4 —15%2 + 64 i ¥=z.E9B07 62
b. d(0)=+/0*—15(0)% + 64 = /64 =8 3. a. Thedistance d from P to the point (1, 0) is

d =+/(x-=1)2+y?. Since P isa pointon
c. d()=+@O)"-15(1)+64 the graph of y =+/x , we have:

=\1-15+64 =+/50 =52 ~ 7.07 40 = (x—1)2+(&)2=m

d. 40

where x>0.

b. 2

-10 10 /
-5

e. d issmallest when x =~ —2.74 or when
0 2
X~ 274 . 0

\/ c. d issmallest when x=%.

Minirmum
H=-z.7zBEiz |Y¥=z.7EZHBZZ

HinimLn
W=2.7>B6e1iC IY=z.7EZHECZ

2. a. Thedistance d from P to (0, —1) is A ban0ug = BEEUZEY _

_ [y2 2 : : :
d =yx"+(y+1)" . Since P isapointon 4. a. Thedistance d from P to the origin is
the graph of y = x? —8, we have:

d(x) =/x% +(x? —8+1)?
= b(2+(x2—7)2 =x*-13x +49
2 2
d(x) =,[x*+ lj = /x2+i:,/x 1
b. d(0)=+/0*-13(0)? +49 =~/49 =7 \ X X X2
Vx?+1

c.  d(-1)=/(-1)* —13(-1)2 + 49 = /37 ~ 6.08 =
X
d. 10

d =+/x?+y? . Since P isapointon the

graph of y = 1 , we have:
X
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Chapter 2: Functions and Their Graphs

c. d issmallestwhen x=-1or x=1.

Yo1H14ZE1ER o [HE1

5. By definition, a triangle has area

A= %b h, b = base, h = height. From the figure,

we know that b=x and h=y. Expressing the
area of the triangle as a function of x, we have:

A(x)zéxy:%x(f):%x“.

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

other is on the x-axis, we know that

b=xandh=y. Expressing the area of the

triangle as a function of x, we have:

A(X) = —xyzlx(Q x)=%x ;3

7. a A(X)=xy= x(16—x2)=—x3 +16x

b. Domain: {x|0<x< 4}

c. Theareais largest when x =~ 2.31.
30

Haximun
W=z 2004008 LY=eh. 633611 L

Yol 14136 .

A(X) = 2xy = 2x\/4—x2
P = 228) +2(y) = 4x 21X

Graphing the area equation:

4
0 |
0
Haxiraura
n=l.4i4e118 L=

The area is largest when x =~1.41.

Graphing the perimeter equation:
10
0 42

/

H 1 ?BBBSEB L'=B.8442710 .

The perimeter is largest when x ~1.79.

In Quadrant I, x> +y? =4 —» y=~/4—x?
A(X) = (2X)(2y) = 4x4— X2
p(X) = 2(2X) + 2(2y) = 4x + 44— X*

Graphing the area equation:
10

(=]
[\

Haxiriun
n=1l.4ibziyz: L¥=B

The area is largest when x ~1.41.
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d. Graphing the perimeter equation:

MaximLn
E::I..'ii'h‘:i'ﬁ a=11.21%708 o
The perimeter is largest when x ~1.41.

10. a.  A(r) = (2r)(2r) = 4r?
b. p(r)=4(2r)=8r
11. a. C = circumference, A = total area,

r = radius, x = side of square

C=2rr=10-4x = r=22

Total Area = areag , + ared g, = X> +nr’
—x2 5—2X

A(X) =x"+ ”(T) .

b. Since the lengths must be positive, we have:
10-4x>0 and x>0

—-4x>-10 and x>0
x<25 and x>0
Domain: {x|0<x<2.5}

c. The total area is smallest when x ~1.40

meters.
8
0 2.5
0
Einimum
=Ll 400zye? V=R E006E107 .

2, 25-20x+4x?
=Xt -

Section 2.6: Mathematical Models: Building Functions

147

12.

13.

a. C =circumference, A = total area,
r = radius, x = side of equilateral triangle
10-3x
T

C=2nr=10-3x=>r=

The height of the equilateral triangle is ?x .

Total Area = areazgie +aredgirge

=%x(§x]+nr2
V3, [10—3x]2

A(X) =—X"+
R

J3 , 100-60x+9x?
=X+t
an

b. Since the lengths must be positive, we have:
10-3x>0 and x>0
—-3x>-10 and x>0

x<—O and x>0
3

Domain: {x O<x<%}

c. The areais smallest when x ~ 2.08 meters.
8

0 3.33

Hiniriura
W= OFFIELF _V=E.00EY1Z6 -

a. Since the wire of length x is bentinto a
circle, the circumference is x . Therefore,
C(x)=x.

b. Since C=x=2nr, r:i.

T
2 2

A(x) = r? =n(ij =X—.
2n 47
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Chapter 2: Functions and Their Graphs

14. a. Since the wire of length x is bent into a
square, the perimeter is x . Therefore,

p(x)=X.

b. Since P =x=4s, s=%x,wehave

2
A(X) = 52 :(lxj :ix2_
4 16

15. a. A=area, r = radius; diameter = 2r
A(r) = (2r)(r) = 2r?

b. p=perimeter
p(r)=2(2r)+2r =6r

16. C =circumference, r = radius;

x = length of a side of the triangle
E

Since AABC is equilateral, EM :%.
Therefore, OM = IX -0OE = \/EX —r
2 2
In AOAM , r2 =| X +@—r
2 2
r2= X—2+ X2 —\/3rx+r?
4 4
J3rx = x2
r=>X
V3
Therefore, the circumference of the circle is
C(x)=2nr= Zn(ij :Mx
J3 3

17. Area of the equilateral triangle
BRI

2 2 4

A_

From problem 16, we have r? = =—

Avrea inside the circle, but outside the triangle:

A(X) =nr? —*f 2
:nx_z_ﬁxz:(z_ﬁ}z
3 4 3 4

18. d? =d’ +d,’
d? = (30t)° +(40t)°
— /900t? +1600t? = |/2500t? =50t

d, =40t

19. a. d?=d?+d,’
d? =(2-30t)° +(3-40t)*
d (t) =(2-30t)” +(3-40t)’
— /4120t + 900t? +9 — 240t + 160012
—/2500t? 360t + 13

d, =340t

d, =230t

b. The distance is smallest at t ~ 0.07 hours.

THOIC
Anin=g
Amax=.15
wscl=.H85
idmim= -1
“max=d4
mscl=1 Hiniraur

Aares=1 HEOFEOLZE Y=p i
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20.

21.

22.

r = radius of cylinder, h = height of cylinder,
V = volume of cylinder

2 2 2
I (L1 - € S O L
2 4 4

V =nr?h

V(h)= T{RZ——ZJh nh[RZ h:J

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
h=RH—Hr:H(R—r)
R R
_ _ 2
V:nrzh:nrz(H(R r)J:“H(R rr
R R

a. The total cost of installing the cable along
the road is 500x . If cable is installed x
miles along the road, there are 5—x miles
between the road to the house and where the
cable ends along the road.

House
<

Box

5-x X

d =4/(5-x)?+2?

=25-10x+ X% +4 =/x2 —10x+29
The total cost of installing the cable is:

C(X) = 500x + 700+ x* —10x + 29

Domain: {x|0§x§5}

b. C(L) =500(1)+ 700,12 —10(1)+29

=500+ 700+/20 = $3630.50

Section 2.6: Mathematical Models: Building Functions

23.

149

c.  C(3)=500(3)+700,/3? —10(3)+29

=1500 + 700+/8 = $3479.90

d. 4500

—

=15

0 .
3000

e. Using MINIMUM, the graph indicates that
X ~ 2.96 miles results in the least cost.

a. The time on the boat is given by d—31 The

time on land is given by 12T_X

Island

2 d,
Town

P X 12—x

d, X2 +2% =x2 +4
The total time for the trip is:

X, 4 _12-x x'+4

12—
T(x) ===
M) ==*+3=7% 3

b. Domain: {x|0sx£12}

2
¢ T()-24, VA4
5
:§+£~309hours
5
_ 2
d T(8)=12 8+ 8 +4
3
4 68

=—+—~3 55 hours
5
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Chapter 2: Functions and Their Graphs

24. Consider the diagrams shown below. 1100

Haxirmur
[k e e L |
16 0

The volume is largest when x =4 inches.

12

26. a. Let A=amount of material,
x = length of the base , h = height , and

V = volume.
4 V=x2h=1o:h=%
X
Total Area A = (Area,, )+(4)(Areagq, )
6 r = x% +4xh
2 10)
=X"+4X| =
: &
_x2 420
X
There is a pair of similar triangles in the A(X)= X2 +4_0
diagram. Since the smaller triangle is similar to
the larger triangle, we have the proportion
roa4 o 1 1 b. A@)=12+2_1,40-m1
—=—=>—=="=r==h 1
h 16 h 4 4 40
Substituting into the volume formula for the c. A(2)=2° to =4+20=24 ft?
conical portion of water gives
2 _y2 ﬂ
V(N =2zrth=2z[tn| h=Lznd. d o y=xas
3 3 \4 48 00
25. a. length = 24—-2x; width = 24-2x;

height = x
V (X) = x(24 - 2x)(24 - 2X) = x(24— 2x)?
b. V(3)=3(24-2(3))* =3(18)?
=3(324) =972 cu.in. 0

c.  V(10)=10(24-2(10))* =10(4)
=10(16) =160 cu.in.

d. y, =x(24-2x)?

Hinimurn
1100 0 W=z M4y4iee LY=22 104189 . 10
0
The amount of material is least when
X =271 ft.
0 12
0
Use MAXIMUM.
150
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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):xfil
a f(2)=(23)(2211:%=g=2
c. f(—x):%:%
)
e. f(x—2):%
_ 3%-6  _ 3(x-2)
X2 —4x+4-1 x?—4x+3
£ of2x)= (23;)2;11 _ 4X2x_1
4, f(x):x"_j1
a. f(z)zzz_jlzg
N
o o0 Bl
e ftx-2)= (ix—_z?jl - (Xx_—zl) :
R e P I

(2x)+1 T 2x+1

Chapter 2 Review Exercises

5. f(x)=vx’-4

a.

b.

134

d.

@

=-h

£(2) =2 —4=Va—4=0=0

f(-2)=(-2) ~4=Va—4=+0=0
F(x) =(-x)2 -4 =4
—tx) = -4
f(x=2)=4(x-2)" -4

— X —ax+4-4

=x? —4x

f(2x) =+/(2x)2 -4 =/ax? -4
= 4(x2 —1) =24x% -1

6. f()=|x"-4|

a  f(2)=|2*-4|=[4-4]=|0]=0
b 1(-2)=|(-2)" ~4[=|4-4=[o]=0
¢ (=) =|(x)-4|=[ -4
d. -f()=-|x*-4|
€. f(x—2):‘(x-2)2_4‘
:‘x2—4x+4—4‘
=‘x2—4x‘
fo 10 =] (297 -4|=| 4 -4]
:‘4(x2—1)‘:4‘x2—1‘
2_
7. f(x):XX24
a. f(2):222_4:4+44_%:0
2
o 1Lttt
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Chapter 2: Functions and Their Graphs

_ 2
e f(-x)= ((X)) XX24 10. f(x) =X
The denominator cannot be zero:
4 —f(x)=— X% —4 :4—x2:_x2—4 X—2%0
X2 X2 X2 X %2
ot (x—2)? x2—4x+4—4 Domain: {x| x # 2}
) 2
(x ‘2) (x=2) 11, F(x)=v2-x
_ X —4Ax x(x-4) The radicand must be non-negative:
(x=2)2  (x-2)° 2-x>0
<2
(2x)2 -4 4x2—4 X
f. f(2x)= = .
(2x) 2% i Domain: {x|x<2} or (-w,2]
_M_ x2 -1 12, f(x)=x+2
o X The radicand must be non-negative:
X+22>0
3
8. f(x)=— xz—2
x? -9 Domain: {x|x>-2} or [-2, »)
28 8 8 8
a f(Q=-pt—=-°-5_.23
22-9 4-9 5 5 13. f(x):%
3
b, f(2)= (-2) __8 _8_8 The radicand must be non-negative and the
( 2)2 g 4-9 5 5 denominator cannot be zero: x > 0
)’ o Domain: {x| x >0} or (0,)
c. f(—x)= =
=4 (-x)2-9 x*-9 | x|
14. g(x)=—
W3 3 X
d -f(x)= The denominator cannot be zero:
X —9 X -9 X0
e f(x-2)= (x-2)° Domain: {x| x = 0}
(x-2)*-9
x—2)°3 15. f(x)=———
=—2(4 )49 ()x+2x3
X - X;r - The denominator cannot be zero:
:Z(X——Z) X2 +2x—3%0
X" —4x-5 (x+3)(x-1)#0
(2 8x® x#-30rl
Boota= (2x)2-9 4x%-9 -
Domain:{x|x # -3, x 1
9. f(x)=
(x) = N
The denomlnator cannot be zero:
x2-9%0
(x+3)(x-3)=0
X#-30r3

Domain: {x| X#-3, X # 3}

152
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16.

17.

18.

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently

1
F(X)=———
() X% —3x—4

The denominator cannot be zero:
X2 —3x—4=0

(x+1)(x—-4)=0

x#=-1lor4

Domain:{x|x = -1, x = 4}

f(x)=2—-x g(x)=3x+1

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

Domain: {x| x is any real number

(f—9)(x) = f(x)-g(x)
=2-x—(3x+1)
=2-x-3x-1
=-4x+1

Domain: {x| x is any real number

(f-9)()=f(x)-9(x)
=(2-x)(3x+1)
=6x+2-3x*—X
=-3x% +5x+2

Domain: {x| x is any real number

(iJ(X): f(x)_ 2-x
g

g(x):3x+1

3x+1=0

3x¢—1:>x¢—%

x=—1
3

f(x)=2x-1 g(x)=2x+1
(f+9)(x) = f(x)+9(x)
=2Xx-1+2x+1
=4x
Domain: {x| X is any real number}

Domain: {x

(f-9)(¥) = f(x)-g(x)
=2x-1-(2x+1)
=2x-1-2x-1
-2

Domain: {x| x is any real number

153

19.

Chapter 2 Review Exercises

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

Domain: {x| x is any real number |

[ij(x): f(x)_2x-1
9

g(x):2x+l

2x+1¢0:2x¢—1:x¢—%

Domain: {x‘ X # —%}
f(x)=3x*+x+1  g(x)=3x
(f+9)(¥)=f(x)+9(x)

=3x% + X +1+3x

=3x2 +4x+1
Domain: {x| x is any real number |

(f=9)() = f (x)-9g(x)

=3x% + x+1-3x

=3x% —2x+1
Domain: {x| x is any real number |

(f-9)(x)=f(x)-9(x)
= (?:x2 +X +1)(3x)
=9x3 +3x? +3x
Domain: {x| x is any real number |
f f(x) 3x%+x+1
— |(x) = =
(o) 9(x)
X#0=x=#0
Domain: {x| x = 0}
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Chapter 2: Functions and Their Graphs

20.

21.

f(X)=3x  g(X)=1+x+x>
(f+9)(x) = f(x)+9(x)
=3x+1+ X+ x>
=x% +4x+1
Domain: {x| x is any real number
(f—9)(¥) = f(x)-g(x)
:3x—(1+x+x2)
=—x?+2x-1
Domain: {x| X is any real number}
(f-9)0=f(x)-g(x)
:(3x)(1+x+x2)
=3x+3x% +3x3
Domain: {x| x is any real number

f f(x 3
(o2
g 9(x) 1+x+x
1+x+x2#0
X2 +X+1#0

Since the discriminant is 1° - 4(1)(1) = -3<0,

x? +x+1 will never equal 0.
Domain: {x| x is any real number |

=21 9=

(f +9)(x) = f (x)+9(x)
Cx+1 1 x(x+1)+1(x-1)
Tx-1 % x(x-1)

X% ax+x-1 x*4+2x-1
Cox(x=1) o x(x-1)

Domain: {x| X # 0, X ;tl}

(f—9)(x) = f(x)-g(x)
x4l 1 x(x+1)-1(x-1)

Tx-1 x x(x-1)

_ x2+x—x+1: X2 +1
x(x-1) x(x—1)

Domain: {x| X # 0, X ;tl}

22.

(F-00= 09047 1) o

Domain: {x| X #0,X ;tl}

(-t

Domain: {x| X # 0, X ¢1}

&

=15 9=

(f+9)(x)=f(x)+9(x)
1 3 x+3(x-3)
Tx=3 %" x(x—3)
_X+3x-9 _ 4x-9
x(x=3)  x(x-3)

Domain: {x| X # 0, X # 3}

|
w

(f-0)0 =1 (x)-g() =5
_X=3(x-3) x-3x+9
— x(x=3)  x(x-3)
_ —=2X+9
~ x(x-3)

Domain: {x| X#0,X# 3}

(f-9)(0)= f(x)-g(x)=(ﬁj@= X(X3_3)

Domain: {x| X #0,X # 3}

Domain: {x| X # O,x¢3}
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23.

24,

25.

f(x) =—2x%+x+1
f (x+h)—f(x)
h
~2(x+h)* +(x+ h)+1—(—2x2 +x+1)
h
—2(x2 +2xh+h2)+ X+h+1+2x* —x-1
h
~ 2x% —4xh—2h? + x+h+1+2x% —x—1
h
_—Axh—2h*+h _ h(-4x—-2h+1)
h h
=-4x-2h+1

f(x)=3x?-2x+4
f(x+h)-f(x)
h
3(x+h)2—2(x+h)+4—(3x2—2x+4)
h
3(x* +2xh+h?)—2x—2h+4-3x" +2x— 4

- h

 3x%? +6xh+3h% —2x—2h+4-3x? +2x— 4
N h

_6xh+3h®—2h h(6x+3h-2)

N h B h

=6x+3h-2

a. Domain:{x|-4<x<3};[-4,3]
Range: {y|-3<y<3};[-33]

b. Intercept: (0,0)

c. f(-2)=-1

d. f(x)=-3 whenx=-4

®

f(x)>0 when 0<x<3
{x|0<x<3}

26.

Chapter 2 Review Exercises

To graph y = f (x—3) , shift the graph of f
horizontally 3 units to the right.
A}
6

v =f(-3)

B /(6.3‘)
(3,0
[ )|||J

-6 Z.{—l) 6

(—]._—3)'/

-6

Tograph y=f (% x) , stretch the graph of

f horizontally by a factor of 2.

Y
6 .
= v = I;-r’l_\.\
— \27)
B (6,3)
(I N A ¥ I
-8 (0, 0) [}
(-, -1)
(-8, -3) —
-6

Tograph y=—f(x) , reflect the graph of f
vertically about the y-axis.

)
6_
(-4, 3) — v=—f(x)
2,1 _ ,
|(|||)| I
-6 0,0 6
R (3,-3)
6

Domain: {x|-5<x<4};[-5,4]
Range: {y|-3<y<1};[-31]
g(-D=1

Intercepts: (0,0), (4,0)

g(x) =-3 when x=3

g(x)>0 when -5<x<0
{x|-5<x<0}
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Chapter 2: Functions and Their Graphs

217.

Tograph y=g (x—2) , shift the graph of g
horizontally 2 units to the right.
YA
’3 -
(=3, 1) — (1. 1)

I_IITT_NIII
-5 _T

- (2.0)

N

(6,0)

(5, —3)

Tograph y=g(x)+1, shift the graph of g
vertically up 1 unit.

.\j
6_

L v=g(x)+ 1
(-5,2) L2t

0,1) (4 1)

L1 11 11 L1 z 11 \;.r
s N
[ (3,2

6k

To graph y =2g(x) , stretch the graph of g
vertically by a factor of 2.

Y
6 -
(5.2) (-1.2) [ y=28@
L1 11 11 i L1 |(4‘T (l])l \;.r
©0.0) 6
6F  %3,-6)

Domain: {x|-4<x<4}; [-4,4]
Range: {y|-3<y<1};[-31]

Increasing: (—4,-1) and (3,4);
Decreasing: (-1, 3)

Local minimum is -3 when x=3;
Local maximum is 1 when x=-1.

Note that x =4 and x=-4 do not yield
local extrema because there is no open
interval that contains either value.

28.

29.

30.

31.

32.

d. The graph is not symmetric with respect to
the x-axis, the y-axis or the origin.

e. The function is neither even nor odd.
f. x-intercepts: -2,0,4

y-intercept: 0
a. Domain: {x| x is any real number}

Range: {y|y is any real number}

b. Increasing: (—o,—2)and (2,);
Decreasing: (-2,2)

c. Local minimumis -1 at x=2;
Local maximumis 1 at x=-2

d. Th.e'graph is symmetric with respect to the
origin.

e. The function is odd.

f.  x-intercepts: -3,0,3;
y-intercept: 0

f(x) = x3 —4x

f(—x) = (—x)% —4(-x) = = + 4x

= —(x3 —4x) =—f(x)
f isodd.

44 %P

S 1+xt

4+(—x)*  4+x
1+(=x)*  1+x*
g iseven.

g(x)

=9(x)

9(=x)=

1 1
h(x)=—+-—=+1
W=+

! 4+L2+1:i4+i2+1:h(x)
(=x)" (=% XX

h is even.

F(x)=v1-x3

F(=x) = 1 (-X)* =1+ %% = F(x) or — F(x)
F is neither even nor odd.

h(-x) =
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33.

34.

35.

36.

37.

-3

G(X) =1-x+x3

G(—X) =1—(-X)+(-%)°
=1+x-x3#-G(x) or G(x)

G is neither even nor odd.

H(X) =1+ X+ X°

H(=X) =1+ (=X) + (-x)?
=1-x+x2#-H(x) or H(x)

H is neither even nor odd.

X
f(x)=

) 1+ x?

-X -X
fex)=—X = X f(x
=) 1+(-x)? 1+x° )
f is odd.
1+ x?
g(x) ===
X
1+ (%)% 1+x*  1+x?

—X) = = =— =—g(x
g(-x) I 3 g(x)
g isodd.

f (x)=2x>~5x+1 on the interval (~3,3)

Use MAXIMUM and MINIMUM on the graph
of y; =2x% -5x+1.

20 20
/ﬁ‘\[ / 3 3 qf/ 3
Haxirum Hinirum
W= B1zB71E IV=H.ONZE0EL BN b ey : el il b e L el [
-20 -20

local maximum: 4.04 when x ~-0.91

local minimum: -2.04 when x=0.91

fis increasing on: (-3,-0.91) and (0.91,3);
f is decreasing on: (-0.91,0.97).

157

Chapter 2 Review Exercises

38. f(x)=-x*+3x-5 onthe interval (-3, 3)
Use MAXIMUM and MINIMUM on the graph
of y, =—x*+3x-5.

20 20
AN

\Hﬂ 3 -3 ,f—:ue\ 3
Hinimum
L v=-7 ==z

-20

20
local maximum: -3 when x=1
local minimum: -7 when x=-1
fisincreasingon: (-1,1);

fis decreasing on: (-3,-1) and (1, 3).

Haxirur
n=l

39. f(x)=2x*-5x*+2x+1 on the interval (-2,3)
Use MAXIMUM and MINIMUM on the graph
of y; =2x* =5x3 +2x +1.

20 20
2 et — (3 -2 3
Hiniraur Hairiura
H="ZF2eeH1l ¥=[E4ZL1EEDZ H=41ze0zEE  ¥=1.5318641
-10 -10
20
-2 \‘ / 3
| e
Hinirur
W=1.7876371 ¥=-:.EG4BEE
-10

local maximum: 1.53 when x =0.41

local minima: 0.54 when x =-0.34, —3.56 when
x=1.80

fis increasing on: (-0.34,0.41) and (1.80, 3);

fis decreasing on: (-2,-0.34) and (0.41,1.80).
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Chapter 2: Functions and Their Graphs

40. f(x)=-x*+3x>-4x+3 on the interval (-2,3)
Use MAXIMUM and MINIMUM on the graph

of y; =—x* +3x* —4x+3.
5 5

*2 !/\/\ AN

Hiniraura \
n=.Buz0FEel Y=.Bzozgdz

-5

Haxirum
W=-EBZ0PEY Y=4h.azzrEE4

) ﬂv‘\\ 3

ﬂgﬁimum
local maximum: 4.62 when x =-0.59, 3 when
X=2
local minimum: 0.92 when x =0.84
fis increasing on: (—2,-0.59) and (0.84, 2) ;
fis decreasing on: (-0.59,0.84) and (2, 3) .

41. f(x)=8x*—x
f(Q-f(@1) 8(2)°-2-[81)°-1
2-1 1
=32-2-(7)=23

f()- f(0) _8(1)*-1-[8(0)* -0]
1-0 1
=8-1-(0)=7

b.

f(4)-1(2) 8(4)*-4-[8(2)>-2]
4-2 2

128-4-(30) 94

e

47

42. f(x)=2x+x

fQ-fa) 2(2)° +2—(2(1)3 +1)
2-1 1
~16+2-(3)=15

f-1(0) 2(1)° +1—(2(0)3 +o)
1-0 1
=2+1-(0)=3

b.

f(4)-1(2) 2(4)°+4-(2(2)°+2)
4-2 2

_128+4-(18) 114

e

57

43.

44,

45,

46.

47.

48.

49,

50.

f(x) =2-5x

f(3)-f(2) _[2-5(3)]-[2-5(2)]
3-2 3-2

1
—-13-(-8)=-5
f(x)=2x>+7
(-1 [2(3)2 +7]—[2(2)2 +7]
3-2 3-2
B (18+7)—(8+7)
-
-25-15=10
f(x) =3x—4x>
(@)-f@) |33)-46) |-[3(2)-4(2) |
3-2 3-2
~ (9-36)—(6-16)
1
=-27+10=-17

f(x)=x>-3x+2
f@-t@ | -3(3)+2]-|(2)"-3(2)+2]
3-2 3-2
(9-9+2)-(4-6+2)
1

=2-0=2

The graph does not pass the Vertical Line Test
and is therefore not a function.

The graph passes the Vertical Line Test and is
therefore a function.

The graph passes the Vertical Line Test and is
therefore a function.

The graph passes the Vertical Line Test and is
therefore a function.
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51. f(x)=|x|
Yk
s
(2,2 2
L1 NA T
-5 0,0 5
-5+
52. f(x)=%x
YA
st
(1)
D A
s 0.0 5
1, -1) |-
5
53. f(x)=+/x
.Il...
:-_‘_
(1.1
. 4.2)
I AR .
=5 {0.0) 5
_sl
54, f(x) =t
X
Vi
S_
(11)(2,1)
I 17X
5

55.

56.

57.

Chapter 2 Review Exercises

F(x)=|x|-4. Using the graph of y =|x]|,
vertically shift the graph downward 4 units.

Intercepts: (-4,0), (4,0), (0,-4)
Domain: {x| x is any real number |

Range: {y|y=>-4} or [-4,)

f(x)=|x|+4. Using the graph of y=|x]|,
vertically shift the graph upward 4 units.

2+

Intercepts: (0, 4)
Domain: {x| x is any real number |

Range: {y|y=>4} or [4,)

9(x) =—2| x|. Reflect the graph of y =| x|

about the x-axis and vertically stretch the graph
by a factor of 2.
¥

Intercepts: (0, 0)
Domain: {x| x is any real number |

Range: {y|y <0} or (-w,0]
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Chapter 2: Functions and Their Graphs

58. g(x) :%| x|. Using the graph of y =|x|, 61. f(x)=+1-x=./—(x-1). Reflect the graph of
1 y = Jx about the y-axis and horizontally shift
vertically shrink the graph by a factor of 3 the graph to the right 1 unit.
f YA
ol s
I~ -3.2)
2 @ [ (0.1)
(2’1)_(2’1) . Ll N
L 111 L1l -5 N 5
: reo s -0
- o
=3 Intercepts: (1, 0), (0, 1)
Intercepts: (0, 0) Domain: {x| x <1} or (-0, 1]

Domain: {x| x is any real number
o Y } Range: {y|y >0} or [0, )
Range: {y|y >0} or [0, )
62. f(x)=—+/x+3. Using the graph of y=+/x ,
59. h(x)=+/x—1. Using the graph of y =+/x , horizontally shift the graph to the left 3 units,

horizontally shift the graph to the right 1 unit. and reflect on the x-axis.

.\’j‘ Al
sk T
. (5.2) B
- V 3.0 [ _
L B I L1 & 11 L1 11 I_ .;.‘
2 [0 8 B C (1,-2)
E (0BT
sl St
Intercept: (1, 0) Intercepts: (-3, 0), (0, —\/5)
Range: {y|y =0} or [0, ) Range: {y|y <0} or (-, 0]
60. h(x)=+/x—1. Using the graph of y =/x , 63. h(x)=(x-1)*+2. Using the graph of y =x,
vertically shift the graph downward 1 unit. horizontally shift the graph to the right 1 unit and
v) vertically shift the graph up 2 units.
s .

1 | I

=2 (1,0 8 g
0,-1)L
s
Intercepts: (1, 0), (0, -1) Intercepts: (0, 3)
Domain: {x| x>0} or [0, ») Domain: {x| x is any real number |
Range: {y|y=>-1} or [-1 ) Range: {y|y=>2} or [2, )
160
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Chapter 2 Review Exercises

64. h(x) = (x+2)*—3. Using the graph of y = x?, 66. g(x)=-2(x+2)°-8
horizontally shift the graph to the left 2 units and Using the graph of y = x*, horizontally shift the

vertically shift the ?raph down 3 units. graph to the left 2 units, vertically stretch the
B graph by a factor of 2, reflect about the x-axis,
. and vertically shift the graph down 8 units.

(- 1) (0, 1)
| L1l I T T

} (—2 +£.0)

(-2-+3.0]
(-2,-3)
-5
Intercepts: (0, 1), (—2+\@, 0), (—2—\@, 0)

Domain: {x| x is any real number

Range: {y|y=-3; or |[-3,
vl Jor [-8:) Intercepts: (0,-24), (—2—\3/1, 0) ~(-3.6,0)
65. g(x)=3(x—-1)%+1. Using the graph of y = x°, Domain: {x| x is any real number |
horizontally shift the graph to the right 1 unit

vertically stretch the graph by a factor of 3, and
vertically shift the graph up 1 unit.
y

Range: {y|y is any real number}

67. f(x)= 3x if —2<x<1
s 4 ' T x+1 if x>1
2.4
a. Domain: { x| x>-2} or (-2, =)
1)

b. Intercept: (0,0)

-5 5 X
0,-2) c. Graph:

Intercepts: (0,-2), [1—?, OJ ~(0.3,0)

Domain: {x| x is any real number

Range: {y|y is any real number}

(-2, -6)

d. Range: {y|y>-6} or (-6, )

e. Thereisajumpinthe graphat x=1.
Therefore, the function is not continuous.

161
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Chapter 2: Functions and Their Graphs

x—1 if -3<x<0 X if —2<x<2
68. f(x)= _
) {3x—1 if x>0 0T {2x—1 if x > 2
a. Domain: {x|x>-3} or (-3 ) a. Domain: {X|x>-2} or [-2, )

b. Intercept: (0, 0)

b. Intercepts: (1,0), 0,-1)
3 c. Graph:

c. Graph:

d. Range: {y|y=0} or [0, )
d. Range: {y|y>-4} or (-4, =)
e. Thereisajumpat x=2. Therefore, the

e. There are no holes, gaps, or jumps over the function is not continuous.
domain of the function. Therefore, the
function is continuous over its domain. 71 f(x)= AX+5 and f (1) = 4
6x—2
X if —-4<x<0 AL +5
69. f(x)=41  ifx=0 60)—2
3x ifx>0 A+S _,
. 4
a. Domain: {x|xx-4} or [-4, ) ALE_16
b. Intercept: (0, 1) A=11
c. Graph: A 8
y 72. g(X)=—+— andg(-1)=0
5 X x
A 8 0
(1, 3) __1+ (_1)2 -
NEN L SRR e -A+8=0
- S A=8

-4 _5
d. Range: {y|y>-4,y=0}

e. Thereisajumpat x=0. Therefore, the
function is not continuous.

162
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Chapter 2 Review Exercises

73. a. The printed region is a rectangle. Its area is d. Graphing:
given by 50

A= (length ) (width) = (11— 2x)(8.5 - 2x) U
A(x)=(11-2x)(8.5-2x)
b. For the domain of A(X) = (11-2x)(8.5—2x)

recall that the dimensions of a rectangle g B
must be non-negative. 0
x>0 and 11-2x>0 and 85-2x>0

_2x>-11 2x>85 \/
x<5h5

X < 4.25
The domain is givenby 0<x<4.25. L
The range of A(x) = (11-2x)(8.5—2x) s :-:':?.Tﬁu_zsu =27 BM9E3E
given by A(4.25) < A< A(0) = The area is smallest when x ~ 2.15 feet.
0<A=<935. 75. a. Consider the following diagram:
c. A(1)=(11-2(1))(85-2(1)) , P(xy)
~9.6.5=58.5 in’ y=10-x"

A(12)=(11-2(1.2))(8.5-2(1.2))

=8.6-6.1=52.46 in®
A(1.5) =(11-2(1.5))(8.5-2(L.5))

o

The area of the rectangle is A= xy . Thus,

—_ . = i 2 - -
=8-3.5=44 n the area function for the rectangle is:
_ 2y U3
d. y]_ :(11—2X)(85—2X) A(X)—X(].O—X )——X +10x
1:‘“ b. The maximum value occurs at the vertex:
v THOOW
Emin=a
BMax=0
#ecl=l
Ymin=@
Ymax=15
* Wacl=1 Haximum
0 - 4.25 ares=1 =1 BEEPYlY _Y=iz AP161E .
. The maximum area is roughly:
. Using TRACE, A(L83) = —(1.83)° +10(L.83
A= 70 when x =~ 0.643 inches (1.83) =-(1.83)"+ ('_)
A~ 50 when x ~1.28 inches ~12.17 square units
74 a x*h=10 = h=2
X
A(X) = 2x2 + 4xh
=2x? +4x(%)
X
_ox2 20

b. A(1)=2~12+4—10:2+40=42 ft2

c. A(2):2~22+4—20:8+20=28 ft2
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Chapter 2: Functions and Their Graphs

Chapter 2 Test

1.

2.

2 {(25).(46).(6.7).(89)

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 {(19),(4-2).(-35),07)]

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)=+/4-5x
The function tells us to take the square root of
4 —5x . Only nonnegative numbers have real
square roots so we need 4—-5x>0.
4-5x>0
4-5x-4>0-4
-5x=>-4
ox A
-5 -5
4
X< =
5

4 4
< _ 0. —
X_S} OI’( 00, 5:|

f(-1)=4-5(-1)=v4+5=9=3

Domain: {x

X+2
( )_|x+2|
The function tells us to divide x+2 by [x+2] .

Division by 0 is undefined, so the denominator
can never equal 0. This means that x = -2.

Domain: {x|x # -2}
9(-1)= |(_1)+2 -

164

4. h(x)=

X—4
x2 +5x—36
The function tells us to divide x—4 by

x? +5x—36. Since division by 0 is not defined,
we need to exclude any values which make the
denominator 0.

x> +5x-36=0
(x+9)(x-4)=0
Xx=-9 or x=4
Domain: {x|x# -9, x # 4}
(note: there is a common factor of x—4 but we
must determine the domain prior to simplifying)

I G ) et S T
"= (-1) +5(-1)-36 —40 8

. a. Tofind 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]
Range: {y|-3<y<3} or [-3,3]

b. The intercepts are (0,2), (-2,0), and (2,0).
x-intercepts: -2, 2
y-intercept: 2

c.  f(1) is the value of the function when
x =1. According to the graph, f(1)=3.

d. Since (-5,-3) and (3,-3) are the only
points on the graph for which
y=f(x)=-3,wehave f(x)=-3 when
x=-5and x=3.

e. Tosolve f(x)<0,wewantto find x-

values such that the graph is below the x-
axis. The graph is below the x-axis for
values in the domain that are less than -2
and greater than 2. Therefore, the solution
setis {x|-5<x<-2 or 2<x<5}.In
interval notation we would write the
solution set as [-5,-2) U (2,5].
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Chapter 2 Test

To find the intercepts, notice that the only

6. f(x)=—x*+2x3+4x*-2 b. T Inter 10t
piece that hits either axisis y=x-4.

We set Xmin = -5 and Xmax = 5. The standard

Ymin and Ymax will not be good enough to see the y=x-4 y=x-4
whole picture so some adjustment must be made. y=0-4 0=x-4
Flotl Flokz Floks ITHOOW y=-4 4=x
*2»"."1?5 G S et L §m1n=5'5 he q
- max= _
w i ks The intercepts are (0,—4) and (4,0).
s min 4o Tofind g(-5) we first note that x =5
NS s c. Tofind g(-5) w_e irs _noe at x=-5 so
MBS mres=1 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
,u'"““ 1‘ must use the second “piece” because 2 >-1.
Haxiraury . Ei_nimum .
¥=-.BE07BZ7 |v=-.@a0ZEzY | [Bz0 v=-z g (2) =2_4=-2
\ 8. The average rate of change from 3 to 4 is given by
Ay _f(4)-1(3)
AX 4-3
Eg%ugﬁsuun;él;: '|'=15.5"|.':|.'-'53

(3(4)2 —2(4)+ 4)—(3(3)2 —2(3)+ 4)
4-3
19

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

_44-25 19 _
T 4-3 1

Local maxima: f (-0.85)~ —0.86 9. a f-g= (2)‘2 +1)‘(3X‘2)
f (2.35) ~15.55 =2x* +1-3x+2=2x* -3x+3
Local minima: f(0)=-2 b f-g=(2x"+1)(3x—2) =6x*~ 4x* +3x-2

The function is increasing on the intervals

7.

(-5,-0.85) and (0,2.35) and decreasing on the C.

intervals (-0.85,0) and (2.35,5).

2x+1 Xx<-1
a f(X):{x—4 x>-1

To graph the function, we graph each
“piece”. First we graph the line y =2x+1

but only keep the part for which x <-1.
Then we plot the line y =x—-4 but only

keep the part for which x > -1.

3 y=x—-4,x=-1

lllll—lll/-"
1 L

]

7t

':.I'_

y=2Zr+1lx<—1

f(x+h)-f(x)
:(2(x+ h)? +1)—(2x2 +1)
:(z(x2 +2xh+ h2)+1)—(2x2 +1)
=2x? +4xh+2h% +1-2x* -1
= 4xh +2h?
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Chapter 2: Functions and Their Graphs

10. a. The basic function is y = x® so we start with
the graph of this function.

Next we shift this graph 1 unit to the left to
obtain the graph of y = (x +1)3.

y y=(x +l)3

Next we reflect this graph about the x-axis
to obtain the graph of y = —(x+1)3 .

Next we stretch this graph vertically by a
factor of 2 to obtain the graph of

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.

166

y :—2(x+1)3 +3

b. The basic function is y =|x| so we start
with the graph of this function.

Next we shift this graph 4 units to the left to
obtain the graph of y =|x+4|.
ypoo =4

Next we shift this graph up 2 units to obtain
the graph of y = |x+4|+2.
yi y=|x+4[+2
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11.

12.

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.

AN Flotz Flot: THOOL
SPE-L11SHE+HL L 18| Amin=A
G+, 623 Anax=12
we= nscl=]
sa= Ymin=H
~Hy= Ymax=18
wHe= Yacl=1
~NE= Ares=1
Haximur

H=E.14Z477Y LY =B.6E5ZETY 4

The highest rate during this period appears
to be 8.67%, occurring in 1997 (x ~5).
For 2010, we have x =2010-1992 =18.
r(18)= —0.115(18)2 +1.183(18)+5.623
=-10.343
1o1Es
-18.343F

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=1-w+zr?

:(2x—2o)(x)+7z(§j2

2

= 2x2 — 20 + %
We have expressed our measures in feet so
we need to convert the thickness to feet as

well.

Chapter 2 Cumulative Review

. 1ft 075 1
Now we multiply this by the area to obtain

the volume. That is,

_ 1 2 7Z'X2
V(x)_16[2x 20X + 2 J
2 2
X° 5x  mx
V=TT e
b. If the rink is 90 feet wide, then we have
x=90.
90> 5(90) z(90)°
V)= T e
The volume of ice is roughly 1297.61 ft*.

~1297.61

Chapter 2 Cumulative Review

1.

—-5x+4=0
-5x=-4
x=—2_4
5 5

The solution set is {%} .

X2 —7x+12=0
(x—4)(x-3)=0=x=4,x=3
The solution set is {3,4} .

3x? —5x-2=0

3x+1)(x-2 :02X:—1,X=2
3

The solution set is {—% 2} .

4x% +4x+1=0
1

(2x+1)(2x+1)=0= X:_E

The solution set is {—%}

4x% —2x+4=0=2x*—x+2=0
- ZCDEVED? -4
2(2)
_1441-16 _124-15

4 4
no real solution
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Chapter 2: Functions and Their Graphs

6. N-—x=2 11. -3x+4y=12=4y=3x+12
3 5 _ 53 _3
( 1—X) =2 y_4x+3
1ox :3 This is a line with slope % and y-intercept (0, 3).
—X =
v
X=-=7 '

The solution setis {-7}.

7. A-x=2
5
(Ya-x) =2°
1-x=32
x=-31
The solution set is {-31} . 12. y=3x+12
This is a line with slope 3 and y-intercept (0, 12).
8. |2—3X|=1 YA
2-3x=1 or 2-3x=-1 '“{
(0,12)
-3x=-1 or -3x=-3 —
1 (-3.3)4 |
X=3 O x=1 L1 1/ I I
—12 | 12
The solution set is {%1} . -
9. 4x*—2x+4=0=>2x2—x+2=0 N
2
(=1 +. /(= _
X = (-)=(-1) -4(2)(2) 13. x*+y*+2x—-4y+4=0
2(2) ) 2 4o
X“+2X+y —4y=-4
+1- +/- +/15i
_1E 411 16:1_4 15:1_\4/5 (P +2x+1) +(y2 -4y +4)=—4+1+4

1 JI5i 1+@i} (x+)%+(y-2)?=1
4 4 [ (x+1)? +(y-2)? =12
This is a circle with center (-1,2) and radius 1.
10. —2<3x-5<7 V)

The solution set is {

3<3x<12 - T

312 TN

3 3 I

l<x<4 I Y Y Y
-2 J

{X|1<x<4} or (1,4)

A

Y

X

1 4 -5
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14. y =(x+1)2 -3

15.

Using the graph of y = x?, horizontally shift to
the left 1 unit, and vertically shift down 3 units.
v

-

I
|
M

Domain: {x|-4<x<4}
Range: {y|-1<y<3}

Intercepts: (-1,0), (0,-1), (1,0)
x-intercepts: —1,1
y-intercept: -1

The graph is symmetric with respect to the
y-axis.

When x = 2, the function takes on a value
of 1. Therefore, f(2)=1.

The function takes on the value 3 at x =-4
and x=4.

f (x) <0 means that the graph lies below

the x-axis. This happens for x values
between —1 and 1. Thus, the solution set is

{x|-1<x<1}.

The graph of y = f (x)+2 is the graph of
y = f(x) but shifted up 2 units.
YA

Chapter 2 Cumulative Review

h. The graph of y= f (—x) is the graph of

y = f(x) but reflected about the y-axis.

}

(4.3)
il
[

11
/(1L0) 5

The graph of y =2f (x) is the graph of
y = f(x) but stretched vertically by a
factor of 2. That is, the coordinate of each
point is multiplied by 2.

.\. 3

10

(—4,6) F (4,6)
L1 11 i L1

L1
-5 (=1L0)N\Y (1,0) 5

(0, =2)

=10

Since the graph is symmetric about the
y-axis, the function is even.

The function is increasing on the open
interval (0,4).

The function is decreasing on the open
interval (—4,0).

There is a local minimum of -1 at x=0.
There are no local maxima.

f(4)-f@1)_3-0_3_

4-1 3 3

The average rate of change of the function
from1lto4is1.

1

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Chapter 2: Functions and Their Graphs

17.

18.

19.

y=x>-3x+1

(@ (-2,-1)
(-2)°-(3)(-2)+1=-8+6+1=-1
(=2,—1) is on the graph.

(b) (2.3)
(2)-(3)(2)+1=8-6+1=3
(2,3) is on the graph.

() (31)
(3)° —(3)(3)+1=27-9+1=19 =1
(3,1) is not on the graph.

y =3x% +14x-5

x-intercept(s): solve 3x? +14x-5=0
(3x-1)(x+5)=0= x:%,x:—5
y-intercept: let x=0
y=0?+14(0)-5=-5

Use ZERO (or ROQOT) on the graph of
y, = x* —3x3 +4x 1.

5
1
o !
| I
I — |I
3 L a1 k!
a -
o
3
#=-1.085z8y [y=i

5
\ |
u I
| !
'| ~ )
Rl 1
-3 (A
oRF O
M= gzzEoEd [v=u
5
5
! |
» ‘\ |
3 [ Y 'JI 3
Voo —
o
cxk x
HEiuprze  [v=n
s
5
" 1 |
| !
3 I. - - ﬁ 3
Yo -~
»
-] ] <
Mz zEcEryz [v=n

The solution set is {—1.10,0.26,1.48,2.36} .

20. Perpendicularto y =2x+1;
Slope of perpendicular = —%; Containing (3,5)

Y=Yy =m(X—x)
1
—5=-Z(x-3
y 2(>< )

1 3
y—5——§x+5
21,8
y==3%*3
y
\g\\\\\\\ /
/

(¢
JTTYTTI
~
~
~

—

w

Ul
~

]

|||||/ I R
—5 ,—l_ 5

21. Yes, each x corresponds to exactly 1.
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Chapter 2 Cumulative Review

22. f(x)=x*—4x+1 __X
2. f()=17

a. f(2=(2)"-4(2)+1=4-8+1=-3 1
a f=—:

b f(x)+ f(2)=x2—4x+1+(2)° —4(2)+1

1).
Cx% A 4144-841 (l,zj is not on the graph of f
=x% —4x-2 2 -
b 1(=2)= 2i4=72:_1
— =(— 2_ — = 2 -
c. f(=x)=(-x)"—4(-x)+1=x"+4x+1 (~2,-1) is on the graph of
d. —f(x):—(x2—4x+1):—x2+4x—1 c. Solve for x:
X
e f(x+2)=(x+2)" —4(x+2)+1 a2
=x2 +4x+4-4x-8+1 x=2(x+4)
=x2_3 X=2X+8
-8=x
¢ f(x+ht)]—f(X)’h¢O (-8,2) is on the graph of f .
f(x+h)—f(x) 0l o U2 , 302
— 26. 6x°(x +1) +2(x’+1)
(x+h)2—4(x+h)+1—(x2—4x+1) =2(x2 +1)1/2[3x2+(x2 +1)1)
- h
_ X2 +2xh+h® —4x—4h+1-x* +4x-1 = 2(x2 +1)1/2 (3x2 +x2 +1)
h 2 1/2 2
_2xh+h?—4h _h(2x+h-4) =2(x +1) " (4x*+1)
B h B h
=2x+h-4 27. 2(x+5)"" +x(x+5)"?
23. h(z):z?’z—_1 :(x+5)_1/2(2(x+5)1+x)
z°-6z-7
The denominator cannot be zero: - (x+5)71/2 (2x+10+ x)
72 -62-7#0 172
(241)(2-7) %0 =(x+5) " (3x+10)
z+-lor7 3x+10 _(3x+10)(x+5)l/2
Domain: {z|z#-1,2=7} _(x+5)l/2 B X+5

24. Yes, since the graph passes the Vertical Line
Test.
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Chapter 2: Functions and Their Graphs

Chapter 2 Projects 3. For 850 minutes,
AL: $39.99 + 0.45(400) = $219.99
Project | A2: $59.99
: _ _ B1: $39.99 + 0.40(250) = $139.99
1. Plan Al: Total cost = $39.99 x 24 = $959.76 B2: $49.99

Plan A2: Total cost = $59.99 x 24 = $1439.76
Plan B1: Total cost = $39.99 x 24 = $959.76

Plan B2: Total cost = $49.99 x 24 = $ 1199.76
Plan C1: Total cost = $59.99 x 24 = $1439.76
Plan C2: Total cost = $69.99 x 24 = $1679.76

. 400 Anytime; 200 MTM; 4500 NW

All plans allow for 4500 night and weekend
minutes free and at least 400 Anytime minutes.
Although company B does not offer MTM
minutes, the combined Anytime and MTM
minutes does not exceed the base amount. Thus,
the cost of usage is just the monthly fee.

C1: $59.99 + 5(300/50) = $89.99
C2: $69.99 + 5(50/50) = $74.99
The best priced plan is B2 at $49.99.

For 1050 minutes:

Al: $39.99 + 0.45(600) = $309.99
A2: $59.99 + 0.40(150) = $119.99
B1: $39.99 + 0.40(450) = $219.99
B2: $49.99 + 0.40(50) = $69.99

C1: $59.99 + 5(500/50) = $109.99
C2: $69.99 + 5(250/50) = $94.99
The best priced plan is B2 at $69.99.

) 4. Monthly _Base , (charge per\(# of min. over
':;', :gggg cost ~ Price +( minute )(those included)
B1: $39.99 39.99 0<x<450

. Al: C(x) =
E}i; ggg-gg ) {O.45x—162.51 X > 450
C2: $69.99 59.99 0<x<900
;23 ggst plan here is either plan Al or B1 at A2: C(x) = 0.40%—300.01 x> 900
400 Anytime; 200 MTM; 5500 NW Bl C(x)= 39.99  0<x<600
The only plan that changes price from above 0.40x-200.01 x>600
when the night and weekend minutes increase to
5500 is Al. It only has 5000 free night and B2: C(x) = 49.99  0<x<1000
weekend minutes. 0.40x-350.01 x>1000
Al: $39.99 + 0.45(450) = $242.49
Ihe4t;)%st plan is El. (Noter; plan Al or)IIIysc(:]arges 59.99 0< x<550

or minutes because there were sti .

Anytime minutes remaining) C(x) =459.99+5(int[ (x—550)/50 | +1} 550 < x <1050

500 Anytime; 1000MTM: 2000 NW 010x+499  x=1050

All plans allow for at least 2000 night and C2:

weekend minutes free and at least 400 Anytime

minutes. Company B does not offer MTM 69.99 0= x <800

minutes C(x) =469.99+5{int[ (x~800)/50 | +1} 800 < x <1300
0.10x-10.01 X >1300

Al: $39.99 + $0.45(50) = $62.49

A2: $59.99

B1: $39.99 + $0.40(900) = $399.99

B2: $49.99 + $0.40(500) = $249.99

C1: $59.99

C2: $69.99

The best plan here is either plan A2 or C1 at
$59.99.
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5. Graph for plan Al:

O
~—~~

>
[

Cost (dollars)
N
\ 8

1600

0 Minutes Used

Graph for plan A2:

400

O
—~
>
=

Cost (dollars)

1600

0 Minutes Used

Graph for plan B1:

400

) O
=

Cost (dollars

1600

0 Minutes Used

Graph for plan B2:

400

O
o)
>
=

Cost (dollars)

Minutes Used
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Chapter 2 Projects

Graph for plan C1:
400

T

0 1600
0 Minutes Used

Cost (Dollars)

Close-up of middle portion to show steps:
125

4.:”':':’:’_/

0 1200
0 Minutes Used

& Cost (Dollars)

Graph for plan C2:
400

Cost (Dollars)

0 1600
0 Minutes Used

Close-up of middle portion to show steps:

150

S Cost (Dollars)

0 1600
0 Minutes Used
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Chapter 2: Functions and Their Graphs

6. Al: $39'9_9 =$0.089/min
450 min
: $59'9_9 =$0.067 /min
900 min

AZ2 is the better plan.

$39.99
600 min
_$49.99
" 1000min
B2 is the better plan.
$59.99
550 min
co: $69.99

* 800min
C2 is the better plan.

B1: =$0.067/min

=$0.050/ min

C1: =$0.109/ min

=$0.087 / min

7. Outof A2, B2, and C2, the best plan to choose is
B2 since its $/min rate is best.

8. Answers will vary.

Project 11

1. Silver: C(x)=20+0.16(x—200)=0.16x ~12
20 0<x<200
C(x)=
0.16x-12 x> 200
Gold: C(x)=50+0.08(x~1000)=0.08x 30

50.00 0<x<1000
C(x)=
0.08x-30 x>1000

Platinum: C(x)=100+0.04(x—3000)
=0.04x-20
C(x) = (100.00  0< x <3000
{0.04X —-20 x>3000

C(x)

Cost (dollars)

Silver
3007 Gold
200+
] Platinum
100
0 " " 1000 = 2000 = 3000 4000 X
K-Bytes

3. Lety = #K-bytes of service over the plan

minimum.
Silver; 20+0.16y <50

0.16y <30

y <187.5
Silver is the best up to 187.5+200 = 387.5
K-bytes of service.
Gold: 50+0.08y <100
0.08y <50
y <625

Gold is the best from 387.5 K-bytes to
625+1000 =1625 K-bytes of service.

Platinum: Platinum will be the best if more than
1625 K-bytes is needed.

4. Answers will vary.

Project 111
1.
Driveway Possible route 1
2 miles
Cable box
< 5 miles >
Possible route 2
Highway
2. HOL:SG
.
*,_ $140/mile
" L=y4+(6-x)
2 miles S,
M
.
.
-,
>, . Cable box

[

5 miles $100/mile

C(x) =100x +140L
C(X) =100 +140/4+ (5 X)?
c(x)

100(0)+140v/4 + 25 ~ $753.92
100(1) +140/4+16 ~ $726.10
100(2)+140:/4+9 ~ $704.78
100(3)+140v/4+ 4 ~ $695.98
100(4)+140:/4+1 ~ $713.05

5 | 100(5)+140v/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.

Alwinpv| P |lO]|Xx
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4. Since all of the costs are less than $800, there

would be a profit made with any of the plans.
C(x) dollars

800

600 0 5 xmiles

Using the MINIMUM function on a graphing
calculator, the minimum occurs at x ~ 2.96 .

C(x) dallars
Hinirau

800
ASHEhrrEs vegos.9coiE
600 - .
0

5 xmiles

The minimum cost occurs when the cable runs
for 2.96 mile along the road.

6. C(4.5) = 100(4.5) + 140/4 + (5 4.5)?
~ $738.62

The cost for the Steven’s cable would be
$738.62.

7. 5000(738.62) = $3,693,100 State legislated
5000(695.96) = $3,479,800 cheapest cost
It will cost the company $213,300 more.

Project 1V
1. A=nxr?
2. r=22t

3. r=22(2)=44ft
r=22(25)=55ft

4. A=r(4.4)" =60.82 ft2
A= 7(5.5)* = 95.03 ft
5. A=7x(2.2t)? =4.84xt?

6. A=4.84r(2)° =60.82 ft?
A=4.847(25) =95.03 ft?

A(25)- A(2) _95.03—60.82

7 =68.42 ft/hr
25-2 0.5
A(3.5) - A@3) _186.27-136.85 _ o o) o
35-3 0.5
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10.

11.

Chapter 2 Projects

The average rate of change is increasing.

150 yds = 450 ft
r=2.2t

= i;) =204.5 hours

t
6 miles = 31680 ft
Therefore, we need a radius of 15,840 ft.

_ 15,840

t = 7200 hours
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