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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 is 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}.
_8 or 21} or 215
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 ) -
Ho tl t t
Solution set: {x|x<—1} or (—oo,—l) mealn. {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
<] [ R S S S S— ] > f Domain: {1, 2,3, 4}
-2 0 5 7 Range: {3}
-« | - I I I I [ | | > g )
_2L ‘ (‘) o J5 7 22. Function
. T 1, . Domain: {0, 1, 2, 3}
—t——t—t—+—t—+—1—t+1> f+g Range: {-2,3,7
-2 0 5 7 ge: { ¥
23. Not a function
8. =#;fg
24. Not a function
9. (g-1)(x) or g(x)-F(x) 25. Function
. . Domain: {-2,-1,0,1
10. False; every function is a relation, but not every I. { ¥
o . . 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.

31.

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.

y2=4-x?

Solve for y: y=+yJ4—-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 =+J1-2x
For x=0,y==1. Thus, (0, 1) and (0, 1) are on

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

2

X=y
Solve for 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=+/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

=3%2 +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

66

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

9. 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
o 1=ttt
' 0+4 4 4
2
b. f(1)=1 “1_ 0y
1+4 5
1% _
e (YL 0,
-1+4 3
g (oot Xl
-X+4 —Xx+4
e —f(x)=- x2-1) -x®+1
' X+4 | x+4
2
£ (xar)o Y
(x+1)+4
=x2+2x+1—1:x2+2x
X+5 X+5
2_ 2
0 f(2x):(2X) 1::4x 1
2X+4 2X+4
h f(XJrh)_(XwL-h)z—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
(

X)

—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)=vIZ+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+QZ+(X+Q
=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
o
b fay—%n+l—gii—ji__§
' “3(1)-5 3-5 -2 2
. f(—l)— 2(—1)+1_—2+1_—_l_1
' “3(-1)-5 -3-5 -8 8
4 f(ox)— 2(-x)+1 -2x+1 2x-1
' 3(-x)-5 -3x-5 3x+5
. _f(x):_[2x+lj:—2x—l
' 3x-5) 3x-5
i f(x+1):2(X+1)+1_2x+2+1_2x+3
' 3(x+1)-5 3x+3-5 3x-2
g f(2X)__2(2x)+1 4x+1
' 3(2x)-5 6x-5
h f(x+h)_2(x+h)+l_2x+2h+1
' ~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) =

68

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) =/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>

69

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} .

d {ij(x)_zx%s

g Caxds1
43 +1#£0
ax3 = -1
3
X3¢—£:>X¢3—£=—£
4 2
3
Domain: {x x:«t—%}.

70

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
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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

71

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 9(x)
7
X)=5-—X
9(x) 5
f X+1
f(x)== (—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

© 2008 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

95. C(x)=100+—+ 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

96. A(X)=4xy1-x?

. 4_\/17 \F42f

:—~126ft2

=3 ~1.73 ft?

e

_—~1 99 ft?

97, R(x):(%j(x): L(x)
98. T (x)=(V+P)(x)=V (x)+P(x)

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

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

d. C(400)=100+

101. a.

102. a.

103. a.

P(x) = R(x)-C(x)
- (—1.2x2 + 220x) —(o.osx3 —2x2 + 65X+ 500)
=-1.2x% +220x — 0.05%% + 2x* — 65x — 500
=-0.05x® +0.8x> +155x — 500
P(15) = —0.05(15)® + 0.8(15)? +155(15) — 500

= -168.75+180 + 2325500

=$1836.25

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

P(x) = R(x)-C(x)
- 30x—(0.1x2 + 7x+4oo)
=30x—0.1x2 —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.

© 2008 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.



104.

105.

G(x)= 1 does not have the property.
X

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

but the domain of g is {x| x = -1} .

Answers will vary.

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=12=(0,-2),(0,2)

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

vertical
f (5) =-3

f(x)=ax’+4

a(—1)2+4:2:>a:—2

False; it would fail the vertical line test.
1
False; e.q. 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) =0 when x=-3, x =6, and x =10.
f(x)>0when —3<x<6, and10 < x <11.
The domain of fis {x|-6<x <11} or
[-6,11].
The range of fis {y|-3<y <4} or
[-3,4].
The x-intercepts are —3, 6, and 10.
The y-intercept is 3.

The line y :% intersects the graph 3 times.

The line x =5 intersects the graph 1 time.
f(x) =3 when x=0and x =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, and x=6.
f(x)<0when0<x<4.
The domain of fis {x|-4<x<6} 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.

The line y = -1 intersects the graph 2
times.
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Chapter 2: Functions and Their Graphs

. Theline x =1 intersects the graph 1 time. 18. Function
m. f(x)=3whenx="5. a. Domain: {x|0<x<4};
n. f(x)=—2whenx=2. Range: {y|0<y<3}
11. Not a function since vertical lines will intersect b. Intercepts: (0, 0)
the graph in more than one point. c. None
12. Function 19. Function
a.  Domain: {x| x is any real number} ; a.  Domain: {x| x is any real number} ;
Range: {y|y >0} Range: {y|y<2]
b. Intercepts: (0,1) b. Intercepts: (-3, 0), (3, 0), (0,2)
c. Symmetry about y-axis.
c. None y Y y
. 20. Function
13. Function

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

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

b. Intercepts: (—%,0), (goj (0,2 c. None

21. Function

a. Domain: {x| —r<x< n} ;

Range: {y|-1<y<1]

c. Symmetry about y-axis.
a.  Domain: {x| x is any real number} ;

Range: {y|y>-3}

b. Intercepts: (1, 0), (3,0), (0,9)
c. None

14. Function
a. Domain: {x| —mT<x< rc} :

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

b. Intercepts: (-x,0), (=, 0), (0,0) 22 Function

c. Symmetry about the origin. a. Domain: {x| x is any real number} ;

15. Nota func_tion since vertical Ii_nes will intersect Range: {y| y< 5}
the graph in more than one point.

] ] . . o b. Intercepts: (-1, 0), (2,0), (0,4)
16. Not a function since vertical lines will intersect

the graph in more than one point. ¢.  None
17. Function 23. f(x)=2x"-x-1
a. Domain: {x|x>0}; a.  f(-1)=2(-1)*-(-1)-1=2
Range: {y|y is any real number} The point (-1,2) is on the graph of f.
b. Intercepts: (1, 0) b. f(=2)= 2(_2)2 ~(-2)-1=9
c. None The point (~2,9) is on the graph of .

78
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c. Solve for x:

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

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

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

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

(2x+1)(x-1)=0= x:—%,x:l

(—%,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 f.

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

80
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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=-

81

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

—32x?
31. h(x)= +X
(x) 1307
_ 2
a.  h(L00) = &020)_”_00
= Muoo ~81.07 feet
16,900
_ 2
30
_ 72880000 | 335 . 129,50 feet
16,900
. 2
c.  h(500) :ﬂgo)—i—a)o
30
_ 28,000,000 545 96,63 feet
16,900
d. Solving h(x) = mis tX=
: 1302
_ 2
i);'f' x=0
130
x[_32;( +1j =0
130
x=0 or _322)(+1=0
30
_ 32x
1302
1302 = 32x
1302
X =

5 =528.13 feet

Therefore, the golf ball travels 528.13 feet.

-32x?
+ X

1302
150

Y1

0 600

Use INTERSECT on the graphs of
2
—32x
=———+X and =90.
yl 1302 y2

150

N

Inksrseckion
0 |#=41E 07528 .-,-=5.;X,_ 600

-5
150

N

Inkerseckion
0 |#=4iz.0Eig1 ~v=on0 X— 600

-5
The ball reaches a height of 90 feet twice.
The first time is when the ball has traveled
approximately 115.07 feet, and the second
time is when the ball has traveled about
413.05 feet.

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

4
z0i 124.26
ziE izE 4y

17166

|

=00 izaca
3zE 1zE
350 iif.05
=275

The ball travels approximately 264 feet
before it reaches its maximum height of
approximately 132.03 feet.

# 4 # W4
it iz z
a1 13801 261 13201
B2 T 1zE0z
6 263
4 13203 FE4
E 1ZE03 ZEE 13203
[ 1302 266 1z20F
1=132. 6829112426 M1=132.6831242684

OO LB R B
mALwraE = |
[ryeyey
LA
FAFAFS
==
It =

1202 ]_
132.029505793

1
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32. A(X)=4xy1-x2

a. Domain of A(x)=4xy1-x* ; we know
that x must be greater than or equal to zero,
since x represents a length. We also need

1-x2 >0, since this expression occurs
under a square root. In fact, to avoid

Area = 0, we require
x>0 and 1-x*>>0.
Solve: 1-x>>0

(1+x)(1-x)>0

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

and

1-x>0
x<1

(i,e. -1<x<]

Case2: 1+x<0 and

x<-1 and

1-x<0
x>1

(which is impossible)

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

b. Graphing A(X) = 4xy/1—x?

3

0

0

1

c. When x =0.7 feet, the cross-sectional area
is maximized at approximately 1.9996
square feet. Therefore, the length of the base
of the beam should be 1.4 feet in order to
maximize the cross-sectional area.

i
=
o T o
iniginin gk
[ T
[l
m

33, C(x) :100+%+ 36000

a. Graphing:

500

1000

83

Section 2.2: The Graph of a Function

b. TbliStart =0; ATbl=50

AN ||

0 ERROFR

] BzE

100 Y70

1E0 JEE

con 20N

cEn

el

1B 1868+A-1B+36H..

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

“ 4
HE o
g0 2id
2elLyE
B 2L
BED e |
fon cel.yz
FEN 2EE
=155}
2
34. W(h)=m _4000
4000+h
a. h=14110 feet ~ 2.67 miles;
2
W (2.67) =120 __4000 ~119.84
4000+ 2.67
On Pike's Peak, Amy will weigh about
119.84 pounds.
b. Graphing:
120
o__ 15
119.5
c. Createa TABLE:
# W
20 c 119.88
B 118.87 .k 1i8.8%
1 118.9y z 118.8z
i1k 1i8.81 3B 1ig.79
Z 1i8.88 Y 1i8.78
|k | 557
=H =5
The weight W will vary from 120 pounds to
about 119.7 pounds.

d. By refining the table, Amy will weigh
119.95 Ibs at a height of about 0.83 miles
(4382 feet).

i i i Nk

B 1i8.87 | 1i8.8c
B 119.895 A1 11885
Ao 11350 &

g 119,85 B4 118,85
1 119.9y BE 119,95
1.1 119.9= .Ha 118.89E

=a 2 1=119. 958215495
e. Yes, 4382 feet is reasonable.
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Chapter 2: Functions and Their Graphs

35. a.
b.
c.
d.

e.

f.

(f+9)2)=f(2)+9(2)=2+1=3 42.

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

[1j(4):w:i:_1
g g4 -3 3

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
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).

38. 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 =

39. (@) NI (b) IV; (©) I; (d) V; (e) Il

7.

40. (@) II; (b) V; (c) 1V; (d) HI; (e) |

41.

Distance (in blocks)

(22, 5)

(5,2)
(7, 0)

(29, 0)

[ NN T 0 Y
6,0) 10 20 30

Time (in minutes)

84

43.

44,

Distance (in feet)

y
20,000 — (78, 19,000)
15,000
10,000
— (33, 9000) (48, 9000)
5000+
- (13, 4000)
— (10, 2000)
1000 -,
IIIIIIIIIIIIIIII;:"
5 20 40 60 80

Time (in minutes)

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

0.5 hours elapsed; Kevin was 3 miles from
home.

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

0.2 hours elapsed; Kevin was at home.

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

0.3 hours elapsed; Kevin was 2.8 miles from
home.

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

The farthest distance Kevin is from home is
3 miles.

Kevin returned home 2 times.

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

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

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

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

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

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

© 2008 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.



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

46. 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.

Section 2.3
1. 2<x<5
Ay 8-3 5
2. slope=—2= ===1
oA T3(2) 75

3. x-axis: y > -y
(-y)=5x*-1
—y=5x*-1
y =-5x* +1 different
y-axis: X — —X
y= 5(—x)2 -1
y=5x?-1 same
origin: X > —-x and y —» -y
(-9)=5(-x" -1
—y=5x*-1
y =—5x2 +1 different
The equation has symmetry with respect to the
y-axis only.
4. y-y,=m(x—-x)
y-(-2)=5(x-3)
y+2=5(x-3)

5. y=x*-9
X-intercepts:
0=x"-9
x? =9 > x=13
y-intercept:
y=(0)°-9=-9
The intercepts are (-3,0), (3,0), and (0,-9).

6. increasing

85

11.
12.
13.
14.

15.

16.

17.

18.

19.

20.

21. a

22.

Section 2.3: Properties of Functions

. even; odd
. True

. True

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

Yes

No, it is increasing.

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

f is increasing on the intervals
(-8,-2), (0,2), (5,»).

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

Yes. The local 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=0andx=5.
The local minima are —4, 0, and 0, respectively.

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.
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Chapter 2: Functions and Their Graphs

23. a.

b.

24, a.

25. a.

26. a.

27. a.

Intercepts: (0, 1).

Domain: {x| x is any real number} ;
Range: {y|y>0} or (0,).
Increasing: (—oo,); Decreasing: never.

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

Intercepts: (1, 0).

Domain: {x| x>0} or (0,);

Range: {y|y is any real number} .
Increasing: (0,); Decreasing: never.

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

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

Range: {y|-1<y<1} or [-1,1].
Increasing: | =, X |;
g' 21 2 H

ing: | - — r
Decreasmg.( T, 2) and (Z,n).

Since the graph is symmetric with respect to

the origin, the function is odd.

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

Domain: {x|-m<x<n} or [-m, n];
Range: {y|-1<y<1} or [-11].

Increasing: (-m, 0); Decreasing: (O, 7).

Since the graph is symmetric with respect to

the y-axis, the function is even.

(1 5 1
Intercepts: (3,0j,(2,0j, and (0, 2).

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

86

28.

29.

30.

31.

32.

33.

34.

35.

c. Increasing: (2,3); Decreasing: (-1,1);
Constant: (-3,-1) and (1, 2)
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: (-2.3,0),(3,0), and (0,1).

b. Domain: {x|-3<x<3} or [-3,3];
Range: {y|-2<y<2} or[-2,2].

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

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

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

b. f hasa local minimum of 0 at both
Xx=-2and x=2.

a. f hasalocal maximum of 2 at x=0.

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

a. f hasalocal maximum of 1 at x :%.
b. f hasalocal minimumof-1at x= —%.

a. f hasalocal maximumoflat x=0.

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

f(x)=4x3
f(-x)=4(-x)® =-4x3 = -1 (x)
Therefore, f isodd.

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

g(x)=-3x* -5
g(-x) =—-3(-x)* -5=-3x" -5=g(x)
Therefore, g is even.
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36.

37.

38.

39.

40.

41.

42.

43.

44,

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

F(x)=Jx

F(-x) =%’—_:—$F=—F(x)
Therefore, F is odd.

G(x) =+/x

G(=X) =+—x

G is neither even nor odd.

f () =x+|x|

f(=Xx) =—x+| = x| =—x+| x|
f is neither even nor odd.

f(x)=d2x2 +1
f(=X) = J2(-x)2 +1=¥2x% +1= £ (x)
Therefore, f iseven.

1
X)=—
g(x) 2
1 1

—==9(x)

(_X)Z - XZ
Therefore, g is even.

9(-x) =

X
x? -1

—X —X
h(-X) =————=—"-=—-h(x
=) (-x)°-1 x*-1 (x)
Therefore, h is odd.

h(x) =

_x3

3x2-9
()3 3
h(=x) = —¢ ’2‘) -
3(-x)"-9 3x“-9
Therefore, h is odd.

h(x) =

=-n(x)

2X
F(x)=+—
||
2(-x) —2x
F(-x) = =—>=-F(x
BT

Therefore, F is odd.

Section 2.3: Properties of Functions

45. f(x)=x>-3x+2 on the interval (-2, 2)

46.

Use MAXIMUM and MINIMUM on the graph
of y, =x®-3x+2.
5

' A
» - -"'H,\ )
£ o ,,,r'/
2|+ 2
Haxirunm X

n=-.9333877 I¥=4

Yo £

}z‘f T S

o

Hinimur x
1=.9999877: |¥=1,C5E-11

S
local maximum at: (—1,4) ;

local minimum at: (1,0)
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.
10

S
,-"'-'H -H"“'__ ,"'"-I
s L —

1 3
Haxirmur x
#=2,276BE"6 Y=5

10
10
W
—— A
e e

1 s 3
Hinimumm
#=1,8808877 y=i

-10
local maximum at: (0,5);

local minimum at: (2,1)
fis increasing on:(-1,0) and (2,3);
f is decreasing on: (0,2)
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Chapter 2: Functions and Their Graphs

47,

48.

f (x)=x® x> on the interval (-2, 2)
Use MAXIMUM and MINIMUM on the graph
of y; =x°—x3.

0.5

Ll J :

Ko
W=-2PYEBEE [y= 1BER0zZ

05
0.5

-’ mw ‘

=.??H55?B Y¥=-.1BEBOZZ
-05
local maximum at: (—0.77,0.19) ;

local minimum at: (0.77,-0.19) ;
fis increasing on: (-2,-0.77) and (0.77,2);
f is decreasing on: (-0.77,0.77)

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

2

\ /

2 y ! 2

' R
Hiniraum %
W= A0r10EY Y=gk

-1
2
| III
"
.[ {
L !

-2 A= : + 2
H-J):in'uunr_f’T\ x
w=-11=BE-8 I¥Y=-1.ZE-1z

-1
2
.
\
I |
2 l"' "I 2
R e
Hiniraurn x
W= A071080E |Y=- 2B

local maximum at: (0,0) ;

local minimum at: (-0.71,-0.25), (0.71,-0.25)

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

49,

50.

f (x)=-0.2x* - 0.6x* + 4x—6 on the
interval (—6,4)
Use MAXIMUM and MINIMUM on the graph
of y, =-0.2x3 —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 at: (1.77,-1.91) ;

local minimum at: (-3.77,-18.89)

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
o]
Ay A Eheas \
-8
S

T =L
¢ "'”L\'.,
4 ) 2

Haximur %
W= A5B3088 Y= z4BeB7Z
-8

local maximum at: (2.16,3.25) ;
local minimum at: (~1.16,—4.05)

3
Y=-4.048287

W

fis increasing on:(-1.16,2.16) ;
f is decreasing on: (—4,-1.16) and (2.16,5)
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51. 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.

s

1
\ A

N T

“IRinirmum "
w==1.865088 Y=.94804288

“|Haximum x
w=11B4E-8 V=3
-2

\ /

P S

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

local maximum at: (0,3);

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

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

52. 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.

-3

i i

/ \

Haxiraum x
H=-1.07F16L Y=-E23:086

Section 2.3: Properties of Functions

<] B 2
e
i e e L
il N,
1 ".

! !
Haximur X
W=.83566191 Y=-1.87048

-10

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

fis increasing on: (-3,-1.57) and (0,0.64);
fis 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) ) (—2(2)2 +4)—(—2(0)2 +4)
2-0 2
(- s,
2 2
b. Average rate of change of f fromx =1 to
x=3:
f(3)-1(1) (—2(3)2 +4)—(—2(1)2 +4)
3-1 2
(1)-()_6_
= 5 ==
c. Average rate of change of f fromx=1to
X =4:
f(4)- (1) (—2(4)2 +4)—(—2(1)2 +4)
4-1 3
_ (—28)3—(2) :_TBOZ 10

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)-(-(0)"+1)
2-0 B 2
-7-1 -8
=2 2
b. Average rate of change of f fromx=1to
x=3:
fa)-t) (@ +1)-(-0'+)
3-1 2
-26-(0) -26
7 2 B8
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Chapter 2: Functions and Their Graphs

c. Average rate of change of f from x = -1 to

x=1:
r)-1(1) (-0 +1)-(-(-2)+1)
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)
[(_2)3 _2(_2)+1J _[(_3)3 - 2(—3)+1}

1
(-3)-(-20) 17 _
1 1

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

17

©-@_-2__
2 2

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

9(3)-9(1)

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()+3]-[ (-2 -2(-1)+3]
2
_@2)-(6)_-4_,
2 2

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 (1)) and (3, f(3)) is5. We use the

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

Y= Y1 = My (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) ~ -19-(-7)
AX  5-2  5-2
==
Therefore, the average rate of change of f
from2to5is —4.

-4

© 2008 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.



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 = msec(x_xl)
y—(=7)=-4(x-2)
y+7=-4Xx+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:

Y=Y = Mg (X_ Xl)
y=2=-1x-(-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 2 is 1.

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

Y= Y1 = Mg (X_ Xl)
y-2=1(x-(-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
from 2 to 4 is 4.

-1

Section 2.3: Properties of Functions

b. From (a), the slope of the secant line joining
(2,h(2)) and (4,h(4)) is 4. We use the
point-slope form to find the equation of the
secant line:
y-y1= msec(x_xl)

y—0=4(x-2)
y=4x-8
62. h(x)=-2x"+x
a. Average rate of change from 0 to 3:

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

Ax  3-0  3-0
_Tih_
==

Therefore, the average rate of change of h
from0to3is -5.

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

-5

secant line:
Y=Y = Mg (X=%)
y—0=-5(x-0)
y =-5X
63. 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.
c. V(10)=10(24-2(10))* =10(4)?
=10(16) =160 cu.in.

d. y, =x(24-2x)?
1100

0 12
0

Use MAXIMUM.
1100

Haxirmur
0 [k re—— R

0
The volume is largest when x =4 inches.

12
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Chapter 2: Functions and Their Graphs

64. a. Let A=amount of material,
x = length of the base , h = height , and
V = volume.
v :xzhzlozh:%
X
Total Area A= (Areay,, )+ (4)(Areagq, )
=x? +4xh
=X +4x(12j
X
_x2 440
X
A(x) = x? L4
X
40
b. A(1)=1%+-===1+40=411t?
()=2+ D=1+
c. A(2)=2°+ 420 =4+20=24ft°
40
d.y=x2 t
100
0 410
0
100
IH i MU n
0 nw=e. Fiyyies LV=z2 104189 . 10
0
The amount of material is least when
x=2.71 ft.
65. a. s(t)=-16t>+80t+6
110
0 6
0

92

66.

Use MAXIMUM. The maximum height

occurs when t = 2.5 seconds.
110

L\

0 6

From the graph, the maximum height is 106
feet.

y =s(t)=-17.28t* +100t

200

0|l T 8

-25

Use the Maximum option on the CALC
menu.

200

|/

W=z B9ZE1FT W=1i4Y.EFEDZ

-25
The object reaches its maximum height after
about 2.89 seconds.

From the graph in part (b), the maximum
height is about 144.68 feet.

s(t) =-16t* +100t

200

Haxirurm
0 | #2sze V=1EB.ZE 8

-25

On Earth, the object would reach a
maximum height of 156.25 feet after 3.125
seconds. The maximum height is slightly
higher than on Saturn.
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67. C(x)=0.3x* +21x— 251+

a.

68. a.

y; =0.3x% +21x— 251+
2500

|

=300

2500

2500

30

Use MINIMUM. Rounding to the nearest

whole number, the average cost is

minimized when approximately 10
lawnmowers are produced per hour.

2500
0 Hinimupi<———» « + .
w=B.eEB1EF? V=zZB.BEZEE

=300

The minimum average cost is approximately

$239 per mower.

C(t)=-.002t" +.039t° -

Graph the function on a

285t + 766t +.085
graphing utility and

use the Maximum option from the CALC

menu.
1

Haxirur
W=z ie0nz048 LYY= FEOZEEEL L

0%

The concentration will be highest after about

2.16 hours.

10

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

N

Inkgkseckion ™,
W TLZZERLE LY=E

0

10

69.

70.

Section 2.3: Properties of Functions

0 : . 10

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

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

~0.18-0.09

-~ 25-0

~0.09

T 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(45)
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.

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.
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Chapter 2: Functions and Their Graphs

P(2003) - P(2001)
20032001

_ 402-307

~ 2003-2001

95

T2

b. avg. rate of change =

= 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.

P(2006)— P(2004)
2006 — 2004
_ 57.1-465
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.

c. avg. rate of change =

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

71 f(x)=x*
a. Average rate of change of f from x=0 to
x=1:
fO-fO)_r-0® 1_,
1-0 1 1
b. Average rate of change of f from x=0 to
x=0.5:
£(05)-f(0) (05)°-0° 025 05
05-0 0.5 0.5
c. Average rate of change of f from x=0 to
x=0.1:
f(0.1)-f(0) (0.1)°-0° 001 o1
0.1-0 0.1 0.1

Average rate of change of f from x =0 to
x=0.01:

f(0.02)-f(0) _(001)° -0

0.01-0 0.01
~0.0001

001

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

f(0.002)- f(0) _(0.001)"-0?

0.001-0 0.001
~0.000001

0.001

Graphing the secant lines:
1

=0.01

=0.001

™,

y=x x

o
o
u
-1k i |

oy .
!-'\\ y= x
N =

v =0.1x

94
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Section 2.3: Properties of Functions

! f.  Graphing the secant lines:
. 5
u

v=0.01Ly

=

L

v=0.001Ix

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=0.

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

72, F(x)=x2 r
L
a. Average rate of change of f from x=1 to
X=2:
f(2)-f(1) 22-12 3
2-1 1 1 o 3
b. Average rate of change of f from x=1 to ‘i
x=15: 3 _
f(15)-f(1) (1L5)°-1° 125 - i '
15-1 05 05
v=2.000x-1.001
c. Average rate of change of f from x=1 to
x=1.1: i “1;
f(L1)-f(1) (1L1)°-1° 021 ’
11-1 01 o1 21 g. The secant lines are beginning to look more
and more like the tangent line to the graph
d. Average rate of change of f from x=1 to of f at the point where x =1.
x=1.01: . .
2 . h. The slopes of the secant lines are getting
f(1.01)-f(1) (1.01)°-1° 0.0201 201 smaller and smaller. They seem to be
1.01-1 001 001 approaching the number 2.
e. Average rate of change of f from x=1 to 73. f(X)=2x+5
x=1.001: fceh)— ()
x+h)—f(x
f (1.001)- f (1) (1.001)" -12 & Mg =——— ———
1.001-1 0.001 C2(x+ h)+5—2x—5_2_h_2
_ 0.002001 _ 2 001 h h
0.001

95
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Chapter 2: Functions and Their Graphs

b. When x=1: 75. f(x)=x"+2x
h=05=>m, =2
. f(x+h)—f(x)
h=01=m, =2 & My =
h=001= My =2 (x+h)2 +2(x+ h) - (x? + 2x)
as h—0, my —2 = h
c.  Using the point (1, f (1)) =(1,7) and slope, _ X2 +2xh+h? +2x+2h— x* - 2x
m =2, we get the secant line: ) h
y-7=2(x-1) :M
y—7=2x=2 =2x+h+2
y=2x+5 b. Whenx=1,
d. Graphing: h=05=m, =2-1+05+2=45
10
v h=01=m, =2-1+01+2=4.1
’ > h=0.01=>m, =2-1+0.01+2=4.01
1 as h—0, my, >2-1+0+2=4
I .-"'.-. “' E — :; : c.  Using point(1, f (1)) =(1,3) and
Ll 5 slope = 4.01, we get the secant line:
The graph and the secant line coincide. y-3=401(x-1)
y—-3=4.01x-4.01
74 f (X) = —3X+ 2 y — 401)(_101
a Mg _xh)- 1) hr)]_ e d. Graphing: )
-3(x+h)+2—-(-3x+2) -3h i
= :—:—3 M
h h _j,r"F
b. Whenx=1, ,,/f
h=05=mg =-3 o
h=0.1=my, =-3 R g *12
h=0.01= mg, =-3 =
as h—>0, My >3 76.  f(x)=2x2+x
c. Using point (1, f (1)) =(1-1) and F(x+h)— £ (x)
slope = -3, we get the secant line: & Mee = h
y—(-1)=-3(x-1) _2(x+h)? +(x+h) ~ (2% +X)
y+1=-3x+3 h
y =-3x+2 _2(x* +2xh+h?) + x+h—2x% —x
. B h
d. Graphing:
e _ 2x* +4xh+2h? + x+h—2x* —x
" k.-""h,‘_ a h
" _4xh+2h?+h
2 = = 2 h
e =4x+2h+1
'\_x

-5
The graph and the secant line coincide.

96
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b. Whenx=1,
h=05=>m, = 4-1+2(0.5)+1: 6

h=0.1=my, =4-1+2(0.1)+1=5.2
h=0.01= mg, =4-1+2(0.01)+1=5.02
as h—0, mg —»>4.1+2(0)+1=5
c.  Using point (1, f (1))=(1,3) and

slope = 5.02, we get the secant line:
y—3=5.02(x-1)
y—-3=5.02x-5.02

y =5.02x —2.02

d. Graphing:
6
L ’jiﬁ,

S/
e
o

T
K

-1

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

a' Sec h
2(x+h)2 —3(x+h)+1—(2x2 —3x+1)
B h
_2(x* +2xh+h?*)—3x—3h+1-2x" +3x -1
- h
_ 2x° +4xh+2h® —=3x—3h+1-2x" +3x -1
B h
_ 4xh+2h? —3h
B h
=4x+2h-3
b. When x =1,

h=05=m,, =4-1+2(05)-3=2
h=01=mg =4.1+2(0.1)-3=1.2
h=0.01= mg, =4-1+2(0.01)-3=1.02
as h—0, m, —»>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

Section 2.3: Properties of Functions

d. Graphing:
2
L J
W s, A
.. ,.-'"I_.—-“
1 S Sl 2
. —
a-"-._-_-
-
--'d-
w

-3

f(x)=—x*+3x-2
_ fix+h)-1(x)

a. Sec h
—(x+h)2+3(x+h)—2—(—x2+3x—2)

- h
_—(x* +2xh+h?) +3x+3h -2+ x" —3x+2
- h
~ —x*—2xh—h® +3x+3h-2+x* —3x+2
- h
_ —2xh—h? +3h
S
=-2Xx-h+3

b. Whenx=1,

h=05=m, =-2-1-05+3=05
h=01=m, =-2-1-0.1+3=0.9

h=0.01=my, =-2-1-0.01+3=0.99
as h—0 mg, —>-21-0+3=1

c.  Using point (1, f (1)) =(10) and
slope = 0.99, we get the secant line:
y—0=0.99(x-1)
y =0.99x—0.99

d. Graphing:
2
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Chapter 2: Functions and Their Graphs

1
79 f(0=
f(x+h)— f (%)
a' SECZT
1 1) [x=(x+h)
_(x+h_xj_ (x+h)x
T h h
_[x=x=h (1): _-h (1]
(x+h)x JUh (x+h)x JLh
1
~ (x+h)x
b. Whenx=1,
1
h=05
— Mee =7 1505)(1)
1 2
g =5 ~ 0667
1
h=0.1 _
= Mee =13 0.0)(1)
110
= —17 =77 ~—0.909
1
h=0.01 S S
= Mee =7 1170.00) (1)
1 100
=i~ 101 = 0990
1 1

e |

as h—0, my, ERON

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

100 .
slope = —=——, we get the s :
p 101 g ecant line

100
y—1= —m(x—l)
100,100
101 101
100 201

“1017 7101
d. Graphing:
3

=]

80. f(x)=—
X
f(x+h) = f(x)
a. sec :f
1 1
(x+h)? x°
- h
x? —(x+h)2
(x+h)2 X2
h h
xz—(x2+2xh+h2)
- +)
(x+ h)2 X2 h
_| —2xh—h? (1)
(x+h)2 x2 J\h
_ —-2Xx—h _ —-2Xx—h
(x+ h)2 x? (x2 +2xh+h2)x2
b. Whenx=1,
h=05=mg, = L‘(P -0 1
(1+05)°22 9
-2-1-0.1 210
h=0.1 = =———~-1.7355
= Mgy, (1+0.l)2 12 121
h=0.01=m,, =200
2
(1+0.01)°1
20,100
=292 19704
10,201
as h—0, m, —>_2'—1_20:—2
(1+0)°1?

c.  Using point (1, 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\

© 2008 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 2.4: Library of Functions; Piecewise-defined Functions

81. Answers will vary. One possibility follows: 85. To be an even function we need f (—x) =f (x)

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

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

4.7 This is only possible if f(x)=0.
86. The graph of y =5 is a horizontal line.
AR Flotz Flots THOCT
~N1ES Amin= -3
(2,-6) we= Hmax=3F
wNa= mecl=1
Ny = Wmin=-1A
~Ne= Ymax=1H
x?sf ?55131
82. Answers will vary. See solution to Problem 81 o= “res=1

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.

The local maximum is y =5 and it occurs at
84. An increasing function is a function whose graph each x-value in the interval.

goes up as you read from left to right.

y
- Section 2.4
5 |
B 1. y=+/x
B YA
(T O L1 1] 5r
-3 | 3 x —
~ 4,2
B (1, l)( )
B 0,0y
- 1(|'|)|[|||1|,{C
-5 -3 L 7
A decreasing function is a function whose graph B
goes down as you read from left to right. S+

y

99

© 2008 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

3. y=x*-8 18. f(x)=x2
y-intercept: y)
Let x=0, then y=(0)3—8:—8. 20
x-intercept:

Let y=0,then 0=x°-8
=8 10
X=2

The intercepts are (0,—-8) and (2,0).

rrrrrr1r 1=

T

)
A

S’
]

2,49

-5 (0, 0) 5

4. (—»,0)

_ 3
5. piecewise-defined 19. f(x)=x

6. True 10

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

8. False; the domain and range of the reciprocal
function are both the set of real numbers except
for 0. (-2,-8)

9. C
20. f(x)=+/x

YA
sk

10.

11.

12. L, “.2)
11 T T B

-3 7

13.

U W O m >

14.

15. F -5

16. H

21.
17. f(x)=x

-
-
L

WX

L1111 I
-10 (0,00 10

4,94

-10

100
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22. f(x)=|x
YA
5_
(=2.2) B 2.2)
L NA T ox
-5 (0, 0)[_ 5
5+
23. f(x)=%x
.\I
5

Lh
]
—
—
=
|5
—

—f - -
(-2.3) L (2,3)

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

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

Section 2.4: Library of Functions; Piecewise-defined Functions

217.

28.

29.

101

f00 {Zx

(3 -2=25

—
—_
w
~—
Il

f(-D)=(-1°=-1
f(0)=(0)°=0
f(=31)+2=5
f(3)=3(3)+2=11
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:

Range: {y|y=0}; (—o,0) or (0,o)
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Chapter 2: Functions and Their Graphs

3x ifx=0 X+3 ifx<-2
30. f(x)= _ 32. f(x)= .
4 ifx=0 -2x-3 ifx>-2
a. Domain: {x| x is any real number} a. Domain: {x| x is any real number}
b. x-intercept: none b. x+3=0 -2x-3=0
y-intercept: f (0)=4 x=-3 -2x=3
The only i is (0,4 x=—
e only intercept is (0,4). =3
c. Graph: x-intercepts: 33
y 2
5l y-intercept:  f(0)=-2(0)-3=-3
04T 3
1,3) The intercepts are (-3,0), [_E'Oj , and
I S
5 i 5 (0,-3).
(-1,-3) B c. Graph:
B YA
-5 (-2, 1) 2
L (-3.0) L
IVl N O Y Y
d. Range: {y|y=0}; (—o,0) or (0,) -5 \— 5
0,-3)
—-2X+3 ifx<1
31 (0= X+ ifx < N
3x-2 ifx>1 -
a. Domain: {x| X is any real number} _g:

b. x-intercept: none

y-intercept: f (0)=-2(0)+3=3 d. Range: {y|y<1}; (—o,1]

The only intercept is (0,3). x+3 if -2<x<1
33. f(x)=45 ifx=1

. Graph:
¢ rap —X+2 ifx>1

a. Domain: {x|x>=-2};[-2 )
( b. x+3=0 -Xx+2=0
Lt R x=-3 —x=-2
-5
(not in domain) X=2
x-intercept: 2
y-intercept: f(0)=0+3=3
d. Range: {y|y=>1}; [1 =) The intercepts are (2,0) and (0,3).

102
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c. Graph:
YA
she(1.5)
29(1 4
2, ‘)/_ (1. 1)

s|||||_c|"\.|.|\|‘|5gC

-2

d. Range: {y|y<4andy=5};

(—00,4) ] {5}
2X+5 if —3<x<0
34. f(x)=9-3 ifx=0
-5x ifx>0

a. Domain: {x|x>-3};[-3 )

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

X=-
2

x-intercept: 3
2

y-intercept: f (0)=-3

The intercepts are (—;OJ and (0,-3).

c. Graph:

d. Range: {y|y<5}; (-»,5)

5 (not in domain of piece)

Section 2.4: Library of Functions; Piecewise-defined Functions

1+x ifx<0
35. f(x)=
(9 {xz ifx>0
a. Domain: {x| x is any real number}
b. 1+x=0 X2 =0
x=-1 x=0
X-intercepts: —1,0
y-intercept:  f(0)=0° =0
The intercepts are (~1,0) and (0,0).
c. Graph:
YA
2_
O.Dgs  Ja,
-1, V
I L L
7 (0, 0) 2
2
d. Range: {y| y is any real number}
1 ifx<0
36. f(x)=9 X
Ix  ifx=0
a. Domain: {x| x is any real number}
1 3
b. ==0 Yx=0
X
(no solution) x=0
x-intercept: 0
y-intercept: f (0)= 3o=0
The only intercept is (0,0).
c. Graph:
RV
5_
:{l- 1)
| 11 1 | I O
-5 0,00 5
1, -D\ L
sk
d. Range: {y|y is any real number|
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Chapter 2: Functions and Their Graphs

|x| if —2<x<0

37. f(x):{ )

X ifx>0
a. Domain: {x|—2§x<0andx>0} or
{x]x2-2,x=0}; [-2,0)0(0,).

b. x-intercept: none
There are no x-intercepts since there are no

values for x such that f (x) =0.

y-intercept:
There is no y-intercept since x =0 is not in
the domain.
c. Graph:
Y
3
(=2.2)
— (1, 1)
l I L ¢
-2 2
_1 —

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

- f(X):{Z—x if —3<x<1
Jx ifx>1
a. Domain: {x|-3<x<landx>1} or
{x|x2-3x=1}; [-31)u(Lx).
b. 2-x=0 Jx=0
X=2 x=0

(not in domain of piece)
no x-intercepts

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

The intercept is (0,2).

39.

40.

C.

d.

Graph:

y
(3.9 5:

N 4.2)
(0,2) TN

I I | I I I |
-5 | 5 X

oL

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

f(x) = 2int(x)

a.
b.

C.

d.

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 |

f (x) = int(2x)

a.
b.

Domain: {x| x is any real number |
x-intercepts:

All values for x such that 0 < x < %
y-intercept: f (0)= int(Z(O)) =int(0)=0
The intercepts are all ordered pairs (X, 0)

when Osx<%.
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41.

42.

43.

44,

45.

46.

Section 2.4: Library of Functions; Piecewise-defined Functions

-0
[ o+]
-0

il

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

Answers may vary. One possibility follows:
—X if -1<x<0

f(x)=
9 %x if0<x<2

Answers may vary. One possibility follows:

if —1<x<0
fo=1" X
1 ifO<x<2

Answers may vary. One possibility follows:

- ifx<0
Fx)={ "X
—X+2 ifO<x<2

Answers may vary. One possibility follows:

2X+2 if -1<x<0
f(x)= .
X ifx>0

a.  f(L2)=int(2(1.2))=int(2.4) =2
b. f(L6)=int(2(1.6))=int(3.2) =3

¢ f(-18)=int(2(-18))=int(-3.6)=—4
a  f(L2)-= int[%) —int(0.6) = 0
b. f(L6)= int(%) —int(0.8) = 0

c. f(-18)=int (%) =int(-0.9)=-1

47,

48.

49,

[35 if 0 < x <300
~ 10.40x-85 ifx>300

a. C(200)=$35.00

b. C(365)=0.40(365)-85=$61.00

c. C(301)=0.40(301)-85=$35.40

3 if0<x<3
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- 1hr_ =0.4 hr
60 min

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

a. Charge for 50 therms:
C =9.45+0.7958(50) + 0.36375(50)

=$67.43
b. Charge for 500 therms:
C =9.45+0.36375(50) + 0.11445(450)
+0.7958(500)
=$477.04
c. For 0<x<50:
C =9.45+0.36375x +0.7958x
=1.15955x +9.45
For x>50:
C =9.45+0.36375(50) +0.11445(x—50)
+0.7958x
=9.45+18.1875+0.11445x - 5.7225
+0.7958x
=0.91025x + 21.915
The monthly charge function:
|1.15955x+9.45  for 0<x <50
- {0.91025x +21.915 for x > 50
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Chapter 2: Functions and Their Graphs

For 20<x<50:
C :8.85+0.1557(20)+0.0663(x—20)
+0.66x
=8.85+3.114+0.0663x —1.326
+0.66x
=10.638+0.7263x
For x >50:
C :8.85+0.1557(20)+0.0663(30)
TR +0.0519(x—50)+0.66x

50 100 X =8.85+3.114+1.989 + 0.0519x — 2.595
Therms
+0.66x

d.

o
0
S
=
O

(100, 112.94)

100

(50, 67.43)

a1
o
T

Monthly Charge ($)

—~
o
©
~
a1
N

&

50. a. Charge for 40 therms: =11.358+0.7119x

C =8.85+0.1557(20) +0.0663(20) The monthly charge function:
0.8157x+8.85 if 0<x<20

+0.66(40) )
_ $39.69 C(x): 0.7263x+10.638 if 20<x<50
B ' 0.7119x+11.358 if x>50
b. Charge for 202 therms: d. Graph:
C =8.85+0.1557(20) + 0.0663(30) ' o
+0.0519 (152) +0.66(202)
& 100 |-
=$155.16 PO (100, 82.55)
E —
c. For0<x<20: S -
—8.85+0.8157x E T
=
L (20, 25.16)
(0, 8.85)
[ R [ X

|
0 50
Therms

51. For schedule X:
0.10x if 0<x<7550

755.00 + 0.15(x — 7550) if 7550 < x <30,650
4220.00+0.25(x —30,650) if 30,650 < x <74,200
15,107.50+ 0.28(x — 74,200) if 74,200 < x 154,800
37,675.50+0.33(x—154,800) if 154,800 < x < 336,550
97,653.00 +0.35(x —336,550) if x> 336,550

f(x) =

52. For Schedule Y -1:
0.10x if 0<x<15,100

1510.00+ 0.15(x —15,100) if 15,100 < x < 61,300
8440.00 + 0.25(x — 61, 300) if 61,300 < x <123,700
24,040.00+0.28(x~123,700)  if 123,700 < x <188, 450
42,176.00+0.33(x —188,450)  if 188,450 < x < 336,550
91,043.00 +0.35(x —336,550)  if x > 336,550

f(x)=

106

© 2008 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 2.4: Library of Functions; Piecewise-defined Functions

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

0.50x if 0<x<100
- 0.50(100) +0.40(x —100) if 100 < x < 400
0.50(L00) + 0.40(300) + 0.25(x — 400) if 400 < x <800
0.50(100) +0.40(300) + 0.25(400) + 0(x —800) i 800 < x < 960
0.50x if 0<x<100
C(x) = 10+0.40x if 100 < x <400
70+0.25x if 400 < x <800
270 if 800 < x <960
.\I
300f (800,270)
7 250 (960.270)
fﬁ 200 (400, 170)
= 150
E 100k
501 {100, 50)
| | | 1 | | 1 | 1 1
(0,0) 2000 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 55. Let x = the amount of the bill in dollars. The
renting is given by minimum payment due is given by
95 if x=7 x if x<10
119 if 7<x<8 10 if 10<x <500
C(x)=4143 if 8<x<9 f(x)=<30 if 500< x <1000
167 if 9<x<10 50 if 1000 < x <1500
190 if 10<x<14 70 if x>1500
C y
190 | — o g ol
© 167 O—= §, -
< @
S 13t o—e a Sor . o
s 1=
8§ 19} o—e e
2 30 ——0
95 e o
% 1 1 1 1 1 1 1 1 v g B .
| V78 9 10 11 12 13 14 £ F""“’
Days of Rental = s L | X
= 500 1000 1500

Amount of Bill (dollars)

107
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Chapter 2: Functions and Their Graphs

monthly interest charge is given by taqe d
0.015x if 0<x <1000 postage due.
9(x)= 15+0.01(x—~1000) if x>1000 For 0<x<1: C(x)=$0.39
{0_015)( if 0<x<1000 For 1<x<2: C(x)=0.39+0.24 =$0.63
5+0.01x It x>1000 For 2<x<3: C(x)=039+2(0.24)=$0.87
s For 3<x<4: C(x)=0.39+3(0.24)=$1.11
897 For 12 < x<13: C(x)=0.39+12(0.24) = $3.27
8 -
& G
& 15 3271 o—e
p 303 o—e
2 [ 279+ o—e
£ . 2551 o—e
= 5 2231 o—e
L I L 2 207 o—e
1000 2000 o183 o—e
Balance (dollars) qE 150 o—e
53 135 o—e
57. a. W =10°C L11F= o—e
087 o—e
— — 063~ o—e
b W_33_ (10.45+10V5 -5)(33-10) _ soc 0_3?:.
22.04
S LI 2
c. W=33- (10.45 +10\£12_50:115)(33_10) ~-3°C Weight (ounces)
d. W =33-1.5958(33-10)=-4°C 60. Each graph is that of y = x?, but shifted
e. When 0<v<1.79, the wind speed is so vertically. .
small that there is no effect on the T T
temperature. ¥ I'I,I"."'- L i
f. When the wind speed exceeds 20, the wind W I,."Il.II
chill depends only on the temperature. ".,N\ ,.-'II.-
-5 - 1 5
58. a. W =-10°C N X
)
b, W :33_(10'45”0*@_5)(33_(_10)) If y=x*+k, k>0, theshiftis up k units; if
ot 22.04 y =x2—k, k>0, the shift is down k units. The
graph of y = x* —4 is the same as the graph of
(10.45-+1015 -15)(33- (~10)) 2 : .
c. W=33- y = X, but shifted down 4 units. The graph of
22.04 . .
300 y =x* +5 is the graph of y = x?, but shifted up

5 units.
d. W =33-1.5958(33—(-10))=-36°C

108
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61.

62.

Section 2.4: Library of Functions; Piecewise-defined Functions

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

" II'.I '|l f] i\ IIII| 7
!'1 o/
Y

-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.

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

compressed or stretched vertically.
6

’

[/ -
", N, -
&ﬂ"\ .'\'\l\ "Ilr _.-""-r
- - £ -
e Pt

-

LY |

i | 2 [
== =

X

5
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.

63.

64.

109

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

'-, |
(1] '5_ /-;Jr‘ —_ XZ
b
l‘l"-\. .
5 o 5
} = x2""" '\\
,."I. ' %
3

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

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

- i -~
- k = =
V=X
-\.__\__. - ___l-"
-5 b
m,
y=dde b
- ..,
-~ S, %
~~ =

=3
Multiplying a function by —1 causes the graph to
be a reflection about the x-axis of the original
function's graph.

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

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

3

N,

N
y=2(x)+ 1\._1. t.,-f
i
2 A 2
A
-1
The graph of y = f(—x) is the reflection about

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

w
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Chapter 2: Functions and Their Graphs

65. The graph of y = (x—1)>+2 is a shifting of the

66.

67.

68.

graph of y = x* one unit to the right and two
units up. Yes, the result could be predicted.

8 y=(x-1)+2
(A
Il |
} ot
I r
.-"I '
| S
22| - ‘,I" -— . .8
.
)
-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.

]

T
=1l

. }a‘l v_ =
x“_"i ﬁ J_,.«""
2 #_Lx 2

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

|x|<1.
l‘. .f 7
1 — e L
e \
b y=x
o
} .

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

69.

x-intercept: y=0= x isirrational 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, fis 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.y
3. -5, =2, and 2 (shift left three units)

10.
11.
12.
13.

110

. 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
D

> -
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14. C
15. F
16. J
17. G
18. K
19. y=(x-4)
20. y=(x+4)®
21, y=x2+4
22. y=x-4
23. y:(—x)sz—x3
24, y=-x°
25. y=4x3
1.V 1.,
26. y (ij ~%a
27. (1) y=+/x+2
@ y=-(Vx+2)
() y=-(v-x+2)=—v=x-2
28. (1) y=-+x
(@) y=-Vx-3
3) y=—-x-3-2
20. ) y=-Vx
2) y=-/x+2
(3) y=—-+vx+3+2
30. 1) y=+vx+2
(2) y=v-x+2
() y=-(x+3)+2=+/-x-3+2
31. (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, 0) would
remain the same.

Section 2.5: Graphing Techniques: Transformations

32.

33.

34.

35.

36.

(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 (3,0) would become
(-3,0).
(c); Togofrom y=f(x) to y=2f(x), we

multiply the y-coordinate of each point on the
graph of y = f(x) by 2. Thus, the point (0,3)

would become (0,6).

(a); Togo from y= f(x) to y:% f(x),we
multiply the y-coordinate of each point on the
graph of y = f (x) by % Thus, the point (3,0)
would remain (3,0).

f(x)=x*-1

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

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

© 2008 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

37.

38.

39.

g(x)=x>+1

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

YA

(1,2)

0, 1)
[ [
-5 -L0f L 5
-5k
g(x)=x>-1

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

5
(1,0)
I I I
-5
(-1. -2 (0.-1)
-5
h(x) =4/x-2

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

YA
5_
B (6,2)
I (‘VV
I T " T T T Y
2 L0 8
-5+

40. h(x)=+/x+1
Using the graph of y = Jx, horizontally shift to
the left 1 unit.

(3,2)

0.
L 3
1 5

rr1rr-

T T T T

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

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

shift up 2 units [y :(x—l)3 +2]

42. 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} :

.\‘

4

1 1111

-5
(-1,-2)
(-2.-3)

I I .3
5

(-3,

© 2008 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.



43.

44,

45,

g(x) = 4Jx

Using the graph of y = Jx, vertically stretch by

a factor of 4.

g1 gr

-2 _]I_(U. 0) 8

1
g(x) = E\/;
Using the graph of y = Jx, vertically compress

by a factor of %

-\‘
5

-5 (0.0)

-5

h(x) = 2_1X ) GJGJ

Using the graph of y = 1 , vertically compress
X

by a factor of %

Section 2.5: Graphing Techniques: Transformations

46.

47.

48.

h(x) =3 ¥/x
Using the graph of y = Ix, vertically stretch by

a factor of 3.
Y

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

YA

101~

{—8.2)(_1‘”:
[ I T

-10 e
(1.1 (g 22)

-101—

f(x) = —~/x

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

YA
5_
(0, 0) .
I I I
-5 Mol =1) 5
L @D
5
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Chapter 2: Functions and Their Graphs

49. g(x)=3-x 52 h(x)=—+2
Using the graph of y = 3x , reflect the graph -
about the y-axis. Using the graph of y = 1 , reflect the graph
Y X
101~ . 1 . .
= about the y-axis {y = —} , then shift vertically
» —X
(8.2) ;b _ L
L Lo 1 X upward 2 units | y=—+21.
-10 e - -
(1. -D (8. 22) ¥
_10F (J:
1 L AR o
50. X)=-= — >
g( ) X 5 £ 5
Using the graph of y = 1 , reflect the graph B
X sk
about the x-axis. 7

Vi

L 53. f(x)=2(x+1)>-3

B (2. —%) Using the graph of y = x?, horizontally shift to

e the left 1 unit [y =(x+1)2} , vertically stretch

R 5

(1, -1) by a factor of 2 [yzz(x+1)2},and then
-5 vertically shift downward 3 units
[y = 2(x+1)° —3]
51. h(x)=-x3+2 i
Using the graph of y = x, reflect the graph (-3.5) s (1.5)

about the x-axis [y = —xﬂ , then shift vertically

upward 2 units [y=—x3+2] Lo o
- ©.-1 5

YA
5—
(=1.3) -

(0.2)’_\(1,1}
L1l L1 3

|
5

|
=

T T 1T

-5

114
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54.

55.

56.

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].

B 3
5
(1,4 (3.4
e
I T T T T Y .
-5 N 5
-5
g(x)=+x-2+1

Using the graph of y = Jx, horizontally shift to
the right 2 units [y =~/X— 2] and vertically

shift upward 1 unit [y =4X-2 +1} .

YA
5
- G263
IJ_ll(zl’l)IJJll._:F
2 L 8
o
g(x)=|x+1|-3

Using the graph of y =| x|, horizontally shift to
the left 1 unit [y = |x+]ﬂ and vertically shift

downward 3 units [y :|x+11—3] .

Section 2.5: Graphing Techniques: Transformations

57.

58.

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 =—x- 2] .

i

r1T 111 -

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

I

T T T

-5

h(x):§+2:4(§j+2

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

of 4 [y = 4-1 = i} and vertically shift upward 2
X

X
. 4

units | y=—+2].

X

YA

SER s

B (4, 3)
m| I X
-5(-2,0) 5

(-1.-2)

-5
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Chapter 2: Functions and Their Graphs

59. f(x)=—(x+1)°*-1
Using the graph of y = x*, 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} .

.\‘
5

(-2,0)
L 11 ] I
-5 5

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

60. f(x)=-4vx-1
Using the graph of y = Jx, horizontally shift to

the right 1 unit [y =4/X —1] , reflect the graph
about the x-axis [y =—/X —1} , and stretch
vertically by a factor of 4 [y =—4x —1} .

Ay

I T T T T O
9

-9
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61.

62.

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 —].H , and vertically
stretch by a factor or 2 [y = 2|x—]” .

9(x) =4V2-x = 4,/-(x-2)
Using the graph of y = Jx , reflect the graph

about the y-axis [y = \/—_XJ , horizontally shift

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

vertically stretch by a factor of 4

i)

.‘I
8

rTrT -
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Section 2.5: Graphing Techniques: Transformations

63. h(x) = 2int(x—1) c. P(X)=-f(x)
Using the graph of y =int(x) , horizontally shift Reflect about the x-axis.
to the right 1 unit [y = int(x—1)], and vertically A
sk
stretch by a factor of 2 [y = 2int(x-1)]. -
(-4,2) -
YA -
B, L (4, 0)
2 |N\||||1|g‘
- -5 N /5
r = o.-2F 2 -2
[ O I . -
-5 _'_" 5 -5
o d. HX) = f(x+1)-2
=ln Shift left 1 unit and shift down 2 units.
v
64. h(x) = int(~x) N
Reflect the graph of y =int(x) about the y-axis. -1 oL (1.0)
VA I T O D S I
] 5 B 5
Sk
C 3.2
L — — -5. 4
_:)»—
1 )\ 1 [
-2 2 1
. e. Q(x):Ef(x)
2r e/ Compress vertically by a factor of %
65. a. F(X)=f(x)+3 YA
Shift up 3 units. S
YA -
m tw” (2, 1)
(0. 5) (2,5) L1 LT~y L e
AN S L @405
- 4.3) (=, 1) -
(=4, 1) ~ C
I I I 5
-5 B 5
3 f. g(x)=f(-x)

Reflect about the y-axis.

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

YA
Shift left 2 units. 51
¥ -
5 2,2, 0,2
(-2.2) [10.2) LA 1| ENLL 11 X
aun S0 L 5
LA (2|'0)-‘ . =
= / T3 L (42
(-6,-2) N 5
-5+
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Chapter 2: Functions and Their Graphs

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

Compress horizontally by a factor of % \

ol
I

th =
1L

(-2,-2) | (-5, 4)(-3,4) 5 3.4
5
1
e. Q(x):Ef(x)
66. a. F(X)=f(x)+3
Shift up 3 units. Compress vertically by a factor of %
YA
] Y
f— 5_
(2, 1)
Ll [
-5 L N 5
(-4, - (-2,-DHl- 4,1
Sf

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

Shift left 2 units. foo()="1(=x) _
N Reflect about the y-axis.

.\‘
sk A

-

[~ ]

(0.2)[ ‘

_7._/ _\3 _5||/.| .

(=6,-2) (-4,-2) (@2, -2)

T T T

B (-4, -2) :{2.—2}{4.—2)
-5t n
5
c. PX)=-f(x)
Reflect about the x-axis. 9. h(x)=f(2x)
iy B
sl Compress horizontally by a factor of % .
-4.2) (2.DF (4.2 *}
n 5
n . i
_:1’ I _I | I:I_) :“.2)
[ (2,-2) T 0 W Y T 3
B -5 - 5
sk (-2.-2)ed |- 3(2,-2)
(-1, -2)
-5+
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Section 2.5: Graphing Techniques: Transformations

67. a. F(X)=f(Xx)+3

1
Shift up 3 units. e Q=51

Y . 1

ql- Compress vertically by a factor of >
B _ ¥
- (5.4) 1+

Vv (m 1)

r3e 32 T N3 | 5:2)
I | - L L | X
DA T R B —H\i/ 3 7
2 ,L 2 2 /L2

(-3, -4)
b. G(X)=f(x+2) R
Shift left 2 units.
A f.og()="f(-x)
2 Reflect about the y-axis.
(2-2,1) i
2 o
(-7~ 2,0) \(.—:—2.0) (-3-1)
| | | [ .
2a\ -=n b 2n
| | | s
F5-21) RN
- -
(3--1)
c. P(X)=—f(x) 2T

Reflect about the x-axis.

YA
) 2k
(-3.1)
4 | 1 Iy
- _T n
(5.-1)
2+ -

d Hx=f(x+)-2

Shift left 1 unit and shift down 2 units.

Vi

g h(x)=f(2x)

Compress horizontally by a factor of % .

YA
2_ i
(3"'
1 . 'L [
-T _=&; T T
S
2k

ca F)=f(x)+3

Shift up 3 units.

Yy
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Chapter 2: Functions and Their Graphs

b. G(x)=f(x+2) £ g()="f(-x)
Shift left 2 units. Reflect about the y-axis.
YA y
2F 2

(n-2,-1)  |(x-2.-1) (=, ~1) (. -1)
). Y.
c. P(X)=-1(x) g. h(x)=f(2x)
Reflect about the x-axis. Compress horizontally by a factor of 1.
-\‘
2“— AFY |
(-m, 1) (m, 1)

1= =

1al=
|

d Hx=f(x+)-2

Shift left 1 unit and shift down 2 units. 69. a. Thegraphof y=f(x+2) is the same as

Yo the graph of y = f (x), but shifted 2 units to
4r the left. Therefore, the x-intercepts are —7
i and 1.
| | o | x b. The graphof y = f (x—2) is the same as
-2n L = 2= the graph of y = f (x), but shifted 2 units to
the right. Therefore, the x-intercepts are —3
(a-1.3) [ (u-1.-3) and 5.
c. Thegraphof y=4f(x) is the same as the
e. QX = 1; (x) graph of y = f (x), but stretched vertically
2 by a factor of 4. Therefore, the x-intercepts
Compress vertically by a factor of 1 are still =5 and 3 since the y-coordinate of
each is 0.
.\I
2“_ d. Thegraphof 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.

120
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Section 2.5: Graphing Techniques: Transformations

70. The graph of y = f (x+4) is the same as 72. The graph of y = f (x+2) is the same as
the graph of y = f (x), but shifted 4 units to the graph of y = f (x), but shifted 2 units to
the left. Therefore, the x-intercepts are —12 the left. Therefore, the graph of f (x+ 2) is
and -3.

decreasing on the interval (-4,5).
The graph of y = f (x—3) is the same as
. . Th hof y=f(x-5) isth
the graph of y = f (x), but shifted 3 units to e graph of y = f (x-5) is _ € same z?s
the right. Therefore, the x-intercepts are -5 the graph of y = f (X) » but shifted 5 units to
and 4. the right. Therefore, the graph of f (x-5)
The graph of y =2 (x) is the same as the is decreasing on the interval (3,12).
graph of y = f (x), but stretched vertically The graph of y =— (x) is the same as the
by a factor of 2. Therefore, the x-intercepts _
are still —8 and 1 since the y-coordinate of graph of y=f(x), butreflected about the
each is 0. x-axis. Therefore, we can say that the graph
) of y =—f(x) must be increasing on the
The graph of y = f (—x) is the same as the )
interval (-2,7).
graph of y = f (x), but reflected about the
y-axis. Therefore, the x-intercepts are 8 and The graph of y = f (—x) is the same as the
-1. graph of y = f (x), but reflected about the
71 The graph of y = f (x+ 2) is the same as y-axis. Therefore, we c§n say that the graph
] ) of y=f (—x) must be increasing on the
the graph of y = f (x), but shifted 2 units to )
) interval (-7,2).
the left. Therefore, the graph of f (x+2) is
increasing on the interval (-3,3). 73. y=|f(x)|
The graph of y = f (x—5) is the same as -‘2“
the graph of y = f (x), but shifted 5 units to 2. 1) (-1, 1) (1)
the right. Therefore, the graph of f (x-5) B 2.0
is increasing on the interval (4,10). 2| | . X
- 2
The graph of y =—f (x) is the same as the B
graph of y = f(x), but reflected about the
. b
x-axis. Therefore, we can say that the graph -
of y=—f(x) must be decreasing on the
=f
interval (-1,5). y (| X |)
Y
The graph of y = f (—x) is the same as the 21
graph of y = f (x), but reflected about the CLh | 4D
y-axis. Therefore, we can say that the graph (2. 0) (2.0)
of y = f (—x) must be decreasing on the s ' 3 =
interval (-5,1) . i
2k
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Chapter 2: Functions and Their Graphs

74 a. y=|f(x)|

76.

f(x) = x* —6x

i f(x)=(x*—6x+9)-9
(-1, 1) il (1.1 f(x)=(x-3)*-9
/ FN Using f(x) = x?, shift right 3 units and shift
l \A x down 9 units.
-2 2 ¥
— |||_|1|||1‘|:-\’
-3 (0,0 (6,0)
2
by =f(|x])
YA
T = (3,-9

)

75. f(x)=x?+2x
f(x)=(x*+2x+1) -1
f(x)=(x+1)2-1

Using f(x) = x2, shift left 1 unit and shift down

1 unit.
Vi
5

11

L1 | | I
52, NS0, 0) 5

(-1, -1)

-5

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, I)\ ﬁé’, 1
[, 2 T T Y | Gt
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.

(—4.2) 0.2)

I W A O T T .
-5 5

(-2,-2)
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79.

80.

81.

f(X)=x2+x+1

f(X) :(x2 +x+£}+1—1
4 4

1 3
f(X):(X'FEj +Z

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

E unit.
4

f(x)=x>—x+1
f(X):(XZ—X-i-lj-i-l—l
4 4
2
1 3
f(X)=| x—-=1| +=
00=[x-5] +3
Using f(x) = x?, shift right % unit and shift up

E unit.
4

|
=

f(x)=2x"-12x+19
=2(x* -6x)+19
= 2(x* ~6x+9)+19-18
=2(x-3)*+1

Using f (x)=x?, shift right 3 units, vertically
stretch by a factor of 2, and then shift up 1 unit.

82.

83.

Section 2.5: Graphing Techniques: Transformations

23

s

B (4.3)

B (3. 1)
T Y B .2
=3 5

|
L
I

f(x)=3x*+6x+1
=3(x2 +2x)+1
=3(x* +2x+1)+1-3
=3(x+1)* -2
Using f (x)=x?, shift left 1 unit, vertically

stretch by a factor of 3, and shift down 2 units.

10

f(x)=-3x*-12x-17
= =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-
axis, and shift down 5 units.
Y

X

oy

Y Y
5 5
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Chapter 2: Functions and Their Graphs

84. f(x)= —2%x% _12x-13 87. a. From the graph, the thermostat is set at
) 72°F during the daytime hours. The
= —Z(X +6X)—13 thermostat appears to be set at 65°F
=-2(x? +6x+9)-13+18 overnight.
= 2(x+3)° +5 b. Tograph y=T(t)-2, the graph of T (t)
. U2 i ; should be shifted down 2 units. This change
U5|r?g F(x)=x", shift left 3 units, stretch will lower the temperature in the house by 2
vertically by a factor of 2, reflect about the x- degrees.
axis, and shift up 5 units. T,

T Y I 3
5

Temperature (“F)

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

85. y= (X — C)Z Time (hours after midnight)

1 1 1
4

Ifc=0,y=x% c. Tograph y=T(t+1), the graph of T t)

Ifc =3,y =(x-3)% shift right 3 units. should be shifted left one unit. This change
Ifc=-2y=(x+ 2)2; shift left 2 units. 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
of 9pm.

T

R0

76

Temperature (°F)
L=21
== [
T 11 j T 11

86. y=x>+cC o
Ifc=0,y=x%
y 60
If c =3, y = x* +3; shift up 3 units.
56
If c = -2, y = x? —2; shift down 2 units. = I
| I [ N I [N NN N A N N NN N |
0 4 8 12 16 20 24 28

Time (hours after midnight)

\\
N

N
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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
Mmusic revenue.

Section 2.5: Graphing Techniques: Transformations

89. F=

gC +32
5

F

(100, 212)

(0, 32)
| L1111 1 °C

F:

| | |
10 20 30 40 50 60 70 80 90 100

%(K—273)+32

Shift the graph 273 units to the right.
.

288

256
224
192
160

lad
(]
!

2
oo
T T T 1

(373, 212)

(273, 32)
1 I
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A
V270 200 310 330 350 370

T::ZEJI:
g

THOO
Amin=-1
Amax=2
nacl=1
Wmin=-1
YWmax=2
Weaol=1
Hres=1

. I+1 1+2

L

1+3
g

+
w

T;=27n

THOON
Amin=-3
Amax=r
mscl=1
Wmin=-1
YWmax=2
Waol=1
Ares=1 [

As the length of the pendulum increases, the
period increases.
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Chapter 2: Functions and Their Graphs

91.

92.

Tl:27z\/§;T2=27z\/3—T;T3=27z\/§
g g g

necl=1
Ymin=-1
“rax=

LML

9
Yeol=1
wres=1

Amin=-1
AMax=1

If the length of the pendulum is multiplied

by k , the period is multiplied by vk .

p(x) =-0.05x* +100x — 2000

45.000 Y2 Yl
| tf /—\\M N
~15.000

Select the 10% tax since the profits are
higher.

The graph of Y1 is obtained by shifting the

graph of p(x) vertically down 10,000 units.

The graph of Y2 is obtained by multiplying
the y-coordinate of the graph of p(x) by

0.9. Thus, Y2 is the graph of p(x)
vertically compressed by a factor of 0.9.

Select the 10% tax since the graph of
Y1=0.9p(x) > Y2 =-0.05x* +100x — 6800
for all x in the domain.

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 .

Section 2.6

1. a

126

The distance d from P to the origin is

d =+/x*+y? . Since P isapoint on the

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

d(x) = X% + (2 =8)? =/x* —15x* + 64

d(0) = \0* —15(0)2 + 64 = /64 = 8
d@) =+(@0)*-15@1)% +64
=1-15+64 =+/50 =52 ~ 7.07

40

-10 10
-5

d is smallest when x = —2.74 or when

X~ 2.74.

Y=z.7B:EE2Z

Hinimun
H=-z.7zBeiz IY=z.7EZEHZZ

The distance d from P to (0, -1) is

d =+/x?+(y+1)? . Since P isapointon

the graph of y = x? —8, we have:

d(x) = /X% + (x> —8+1)
=./x2+(x2—7)2 =x* —13x? +49
d(0) = \0* —13(0)? +49 =~/49 = 7

d(=1) = /(1) —13(-1)? + 49 =+/37 ~6.08
10
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Section 2.6: Mathematical Models: Building Functions

e. d issmallest when x =~ —2.55 or when c. d issmallestwhen x=-1or x=1.
X~ 255.

.,

Hiniralra
W=E.S4E0ET |Y=E E9R0FEE

Yol H1YE13E . |HE1 Lk B B ey

ur
T48C09 Y=z COBOPEE

Hinir
H="E.

5. By definition, a triangle has area
3. a. Thedistance d from P to the point (1, 0) is

d =+/(x=1)%+y?. Since P isa pointon
we know that b =x and h=y. Expressing the

the graph of y = V., we have: area of the triangle as a function of x, we have:

d(x)=,/(x-1)2+(\/;)2 =Vx?—x+1 A(x):%xy:%x(ﬁ):%x“.

where x>0.

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

6. By definition, a triangle has area

b. 2
A= %b h, b=base, h = height. Because one

J vertex of the triangle is at the origin and the

other is on the x-axis, we know that
b=xand h=y. Expressing the area of the

0 ] 2

0 triangle as a function of x, we have:
c. d issmallestwhen x=%. A(X) zlxyzlx(g_xz) =2X—1x3,
2 2 2
_/ 7. a A(x)=xy=x(16—x2)=—x3+16x
ﬂi:'fir”"” 49 Y= BEENZEY b. Domain: {X| O<x< 4}
4. a. Thedistance d from P to the origin is c. Theareais largest when x ~ 2.31.

30

d =+/x*+y? . Since P isapoint on the

graph of y = 1 , We have:
X

’ 2 ’ ’ 4

2 1 2 1 X +1

d(x): X +[;j =,/X +X—2: XZ 00 4
1

N

X

b- 8 MaximLn
H=2. 2004008 JY=ch.6336E11 L
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Chapter 2: Functions and Their Graphs

8. a. A(X)=2xy=2xV4-x°
b.  p(x)=2(2x)+2(y) = 4x+ 2y 4 — x*

c. Graphing the area equation:
4

o

Haxiraur
w=1.4i4z118 .¥=Y

The area is largest when x ~1.41.

d. Graphing the perimeter equation:

Y

Haxirium
H=1.7HEAEEA .Y=B.9442710 .

The perimeter is largest when x ~1.79.

9. a. InQuadrantl, x2+y?=4— y=+4-x°

A(X) = (2X)(2y) = 4xv/4— X2

b.  p(x)=2(2X)+2(2y) = 4x + 44— x?

c. Graphing the area equation:
10

H :I. '11'121'13 L''=H
The area is largest when x ~1.41.

10.

11.

Graphing the perimeter equation:
12

Hazirmun
E:i.'ii‘iz:l'ﬁ L'=11.24%008 o
The perimeter is largest when x ~1.41.

A(r) = (2r)(2r) = 4r?
p(r) =4(2r)=8r

C = circumference, A = total area,
r = radius, x = side of square

C=2nr=10-4x = r=5—_ﬂ2x

Total Area = areag,,, + area g, = x> +nr’

2

AX) = X2 +7t(5 ZX) X2+25 20X + 4x
T

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

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

The total area is smallest when x =1.40

meters.
8
0 25
0
Hininiun
WL 4002487 Y= E00E107 o
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12.

13.
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C = circumference, A = total area,
r =radius, x = side of equilateral triangle
10-3x
T

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

3

The height of the equilateral triangle is 7x .

Total Area = area;izgie +aredgce

=1x[§xj+nr2

2

A(X) =—X"+
(0 =" X +m =5,

V3, (10-3xY
: %)

, 100-60x+9x?

dr

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

and x>0

O<x<£}
3

The area is smallest when x ~ 2.08 meters.
8

10
X<—
3

Domain: {x

0 3.33

Hiniraun
W=e. 07 P 3617 _V=r. 9984126 -

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

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

T
2 2

A(X)=nr? = n(ij =X—.
21 47

Section 2.6: Mathematical Models: Building Functions

14.

15.

16.

129

a. Since the wire of length x is bentinto a
square, the perimeter is x . Therefore,
P(x)=x.

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

2
A(x):szz(lx :iXZ_
4 16

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

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

C =circumference, r = radius;

x = length of a side of the triangle
E

A X AN X

2 2
Since AABC is equilateral, EM =@,
Therefore, OM :@_OE :@_r

2 2

2
In AOAM , r? = 12+ N3
' 2 2

x? 3
r2 :—+Zx2—J§rx+r2

4
J3rx = x?
Pl X
3
Therefore, the circumference of the circle is
C(X)=2nr= 2n(ij = 2mJ3 X
J3 3
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Chapter 2: Functions and Their Graphs

17. Area of the equilateral triangle

18.

19.

Azlx.ﬁxzﬁxz
2 2 4

2
From problem 16, we have r? :X?.

Avrea inside the circle, but outside the triangle:

3
AX)=mr? —22x2
(x) 1

X VB, {z-ﬁ)xz

3 4 3 4

d?=d?+d,?

d2 =(30t)* +(40t)’

d (t) = /900t? +1600t> =/2500t* =50t
d, =40t

d d;=30t

a. d*=d?+d,’?

d? =(2-30t)" +(3-40t)*
d(t) = /(2-30t)" +(3-40t)’

=J4-120t +900t? + 9 — 240t +1600t
— /2500t — 360t + 13

d, =340t

dy =2-30t

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

THOIDI
Amin=A
AmaxE=. 15
Ascl=.85
Ymin=-1
“Yrax=4

Yacl=1
Ares=1

Hiniralra
W=.OFE00LZE Ys.E 1

20.

21.

22.

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

2 2 2
IR (L1 - LS N T L
2 4 4

V =nr2h
2 2
V(h) = T{RZ —h—Jh =nh[R2 —h—j
4 4

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
ho RH-Hr _ H(R-r)
R R
v :nrzh:rcrz(H(R_r)]:“H(R_r)r2
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
q

Box

5-x X

d=y(5-x)?+2°

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

C(x) =500x + 700y x> 10X + 29

Domain: {X|0SXS5}
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C(1) = 500(1) +700,/1% ~10(1) + 29

=500+ 700+/20 = $3630.50

C(3) =500(3) +700,/32 ~10(3) + 29

=1500+ 700~/8 = $3479.90

o

134

d. 4500

—

=5

0 .
3000

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

—

Hiniraurm
W= 95B75EH  Y=3479.7950

23. a. Thetime on the boat is given by % The

time on land is given by 12T—x

Island

2 d;
Town
P X 12—x
d, =VxZ +2% =~/x* +4
The total time for the trip is:

12—x+ﬂ_12—x+\/x2+4

T(X)=——
() 5 3 5 3

b. Domain: { x|0< xsl2}

_ 2
c. T(4)=12T4+ 43+4

8 20
5773

~ 3.09 hours

Chapter 2 Review Exercises

12-8 +/8%+4
+
3

d. T@)=
4 /68

= —+T ~ 3.55 hours

24. Consider the diagrams shown below.

There is a pair of similar triangles in the
diagram. Since the smaller triangle is similar to
the larger triangle, we have the proportion

r 4 r 1 1
—=—=—=—=r==h

h 16 h 4 4

Substituting into the volume formula for the
conical portion of water gives

2
v (h)=2arn zlﬁ(lhj h=" b3,
3 3 \4 48

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.

3X
x? -1

32) 6 _6_,
T4-1 3

3. f(x)=

a. f(2)= o1

131

© 2008 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

b. f(—2)=(3;)_22)1=4_—_61=%6=—2 e, f(x-2)=y(x-2)?-4
- — X —ax+4-4

3(—x) -3X

3x -3x f. (20 =207 -4 =+4x* -4
d. —f(x):—( j:
x2-1) x*-1 :\/4(x2—1):2\/xz—1
3(x-2)
e. f(x-2)=—32_2
2 (x-2)*-1 6. f(x)=‘x2—4‘
_ 3Xx—-6 _ 3(X—2) f ,
X2 —4x+4-1 x>—4x+3 a (2):‘2 _4‘:|4_4|:|0|:0
3(2x) 6x N (o _al=la_al=lol =
f. f(2x)= - b. f(-2)=[(-2)"-4|=]4-4=|0]=0
@)= 2 e |(-2)" -4 |=j4-4/=[q
, ¢ (=] (-7 -4| =] -4]
4. f(x)=2—
x+1 d. —f()=-|x-4|
2 f)=2 -4
“2+1 3 e. f(x—2)=‘(x—2)2—4‘
—2)? =|x?—4x+4-14
b. f(_2):ﬂ:i2_4 ‘ ‘
-2+1 -1 :‘x2—4x‘
~ _(_X)Z_ XZ
¢ =53 55 fof(20=]@0)-4|=|4¢ -4]
= =|4(x?-1)|=4|x* -
d. —f(0=-T7="x ‘( )‘ ‘ 4
2
o (x=2*  (x=2) 7. fpo=X4
& Tx-=5571" x1 x?
22-4 4-4 0
2 2 . Q)= =22_2-0
TR T P O M a @)= =774

(2x)+1  2x+1 )
(-2) -4 _4-4 0
b- . = = = — =
5. f(x)=vx:—4 f(=2) C2F 7 =270

a. f(2=V2’-4=\a-4=\0=0

(-x)°-4_x*-4

134

f(—x) =

(_X)Z - X2
b. f(-2)=y(-2)° ~4=a-4=10=0 2 2
d. —f(x):_{x ‘4}4‘)‘ __x -4
¢ H(x)=v(x?-4=x*-4 2 2 2z

(x-2)? -4 x> —4x+4-4
(x-2*  (x-2)?
_x2-4x _x(x-4)

S (x-2? (x-2)

d. —f(x)=—Vx"-4

@

f(x—2) =

132
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10.

(2x)2 -4 4x* -4

f. f(2x) =
(2x) (2x)? 4x?
i 4(x* -1) _x-1
4x? X2
3
X
f(x)=
(0 =——
23 8 8
a. f(2 2 9 4.9 5
3
_2 _ _
b, f@)-2) _ 8 _8
(-2)' -9 4-9
c. f(=x)= (0 _ ¥
(-x)?-9 x*-9
3 3
X —X
d —-f(x)=- =
) x>-9 x*-9
_ 23
e f(x-2=—*=2
(x-2)"-9
_ (=2
X2 —4x+4-9
. (x=2)°
x? —4x-5
f(20) = 2x° _ 8
(2x)2 -9  4x*-9
X
f(x)=
(x) 7 9
The denominator cannot be zero:
x2-9%0
(x+3)(x-3)=0
X#-30r3

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

3x?
f(x)= 3
The denominator cannot be zero:
x—2#0

X#2
Domain: {x|x = 2}

11.

12.

13.

14.

15.

16.

Chapter 2 Review Exercises

f(x)=+2-x
The radicand must be non-negative:
2-x20

X<2
Domain: {x| xsz} or (—»,2]

f(X)=+vx+2
The radicand must be non-negative:
X+2>0

X>-2
Domain: {x|x>-2} or [-2, =)
Jx
f(X)=—
(X) x|
The radicand must be non-negative and the
denominator cannot be zero: x > 0

Domain: {x| x>0} or (0,)

900 =12

X
The denominator cannot be zero:
Xx=0

Domain; {x| X # O}

X

X2 +2x-3

The denominator cannot be zero:
x?+2x-3%0

(x+3)(x-1)=0

x#=-3o0rl

f(x)=

Domain:{x| X#—3, X# 1}

1
F(x)= X2 —3x—4
The denominator cannot be zero:
X2 —3x—4%0
(x+1)(x—-4)=0
x=-1lor4
Domain:{x|x # -1, x = 4}
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Chapter 2: Functions and Their Graphs

17.

18.

© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently

f(X)=2—-x g(x)=3x+1

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

(f=9)(x) = f (x)-9(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 |

f Cf(x)  2-x
3x+1=0

3x¢—1:>x¢—%

x#-%
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 |

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

Domain: {x| X is any real number}

134

19.

(ij(x)= f(x) _2x-1
g

g(x)=2x+1
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

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

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

Domain: {x| x is any real number |

(f-9)(x)=f(x)-9(x)
= (Sx2 +X +1)(3x)
=9x2 +3x% +3x
Domain: {x| x is any real number |
f f(x) 3x®+x+1
— (x) = —
(o) 9(x) " o
X#0=x=0
Domain: {x| x = 0}
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Chapter 2 Review Exercises

20. f(x)=3x  g(X)=1+x+x° (f-g)(x):f(x)-g(x):(x—ﬂj(lj= x+1
(f+9)(x) = f (x)+9(x) x=LA\x) " x(x=1)
= 31t X4 X Domain: {x|x=0,x =1}
=x% +4x+1 X +1
Domain: {x| x is any real number | (ij(x) _ f(x) _x-1 :(X+1)(§J: X(X+1)
g g(x) 1 x-1)\ 1 x—-1
(f=9)(¥) = f(x)-g(x) X
:3x—(1+x+x2) Domain: {x|x=0,x =1}
=—x?+2x-1 1 3
Domain: {x| x is any real number | 22. 1(x) “x-3 9(x) X
(f-@)(¥) = f(x)-g(x) (f+9)(x) = f(x)+9(x)
:(3x)(1+x+x2) = xi3+§: XI(BX(i;)S)
=3x+3x% +3x3 X+3%—9  4x—9
Domain: {x| x is any real number B x(x-3) - x(x-3)
(ij(x):mz 3x Domain: {x|x¢0,x¢3}
g g(x) 1+x+x2 13
1+ x+%2 %0 (f—g)(X)Zf(X)—g(X)=m—;
X2 +Xx+12£0 _ X=3(x=3) _x-3x+9
Since the discriminant is 1° - 4(1)(1) = -3<0, x(x-3) x(x-3)
x? + x+1 will never equal 0. _ Z2X+9
Domain: {x| x is any real number | _ X(x-3)
Domain: {x|x=0,x =3}
21, f(x):i—j g ==

X
(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}

(f-9)(0=f(0-9(x) =(Xi3j@= x(x3_3)

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

Domain: {x| X # O,x¢3}
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Chapter 2: Functions and Their Graphs

23. f(x)=-2x*+x+1 f. Tograph y= f(x—3), shift the graph of f
f(x+h)—f(x) horizontally 3 units to the right.
—— "
~2(x+h)* +(x+ h)+1-(-2x% + x+1) ° E = fe3)

h

(6,3)
—2(x2+2xh+h2)+x+h+1+2x2—x—1 TEEEE ‘ﬁ‘% X

h /4{—1)
_2x% —4xh—2h? + x+h+1+2x* —x-1 1.3
= : -
6
:—4xh_2h2+h:h(—4x—2h+1)
=—4x—2hh+1 h g. Tograph y=f (%x) , stretch the graph of
f horizontally by a factor of 2.
24, f(x)=3x*-2x+4 ¥)
f(x+h)-f(x) 6:\_{(1\-'\
h T \27)
3(x+h)2—2(x+h)+4—(3x2—2x+4) B ©3)
= h Ll Ty X
-8 (0, 0) 6
3(x +2xh+h?)—2x—2h+4-3x" +2x— 4 4 -D
= h (-8,-3) —
 3x? +6xh+3h% —2x—2h+4-3x? +2x— 4 adn
B h
6xh+3h2—2h h(6x+3h—2) h. Tograph y=—f(x) , reflect the graph of f
= h = h vertically about the y-axis.
=6x+3n-2 Y
or
25. a. Domain:{x|-4<x<3};[-4,3] (-4, 3) Ly =—f(x)
Range: {y|-3<y<3};[-3,3] (2,1) B .
L1 | L Ll 5
-6 (0.0) 6

b. x-intercept: (0,0) ; y-intercept: (0,0)

c. f(-2)=-1 3,-3)

-6
d. f(x)=-3 whenx=-4

f(x)>0 when 0<x<3 26. a. Domain: {x|-5<x<4};[-5,4]
Range: {y|-3<y<1};[-31]

®

b. g(-1)=1

c. x-intercepts: 0,4;
y-intercept: 0
d. g(x)=-3 when x=3

e. g(x)>0 when -5<x<0
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217.

Tograph y=g(x—2) , shift the graph of g
horizontally 2 units to the right.

YA
6 =
Foy=gl=2)
_ HL, 1)
(I -?, |1 )I [ _.I‘\A(zi‘ {I))I X
-6 = 5
i (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) (-1.2) i

0,1) o4 1)

| [ . | L1 z 1_1 \;.r
-6 5
L (3.2

of

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

Yy
6F
(-5, 2) (-1.2) : _\':2§(A‘]
IIIIII-III(4AT(I])I <&
(0,0) 6
-6 (3,-0)

Domain: {x|—4gxg4}; [-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.

Chapter 2 Review Exercises

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 (2,90);
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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Chapter 2: Functions and Their Graphs

33. G(X)=1-x+x°
G(—X) =1—(-X)+(-%)°
=1+x-x%#-G(x) or G(x)
G is neither even nor odd.

34, 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
35, f(x)=
) 1+x2
-X -X
f(-X)=——=—"—"=-1(X
=) 1+(-x)? 1+x° )
f is odd.
2
36. g(x):l;x
1+ (%)% 1+x*  1+x?
()
g isodd.

37. f(x)=2x>-5x+1 on the interval (-3,3)
Use MAXIMUM and MINIMUM on the graph
of y; =2x% -5x+1.

20 20
Haxirum Hinimum
W=-B1zE7LE IY=4.04ZE0E1 LER-E et B ) L -1
-20 -20

local maximum at: (-0.91,4.04) ;

local minimum at:; (0.91,-2.04) ;

fis increasing on: (-3,-0.91) and (0.91,3);
fis decreasing on: (-0.91,0.91).

38. f(x)=-x*+3x-5 onthe interval (-3, 3)
Use MAXIMUM and MINIMUM on the graph
of y, =—x*+3x-5.

20 20
-3 \‘ 3 -3 \‘ 3

\\.._\_\_\_) 3
HiniraL Haxirur
="l Y=-7 n=1 Y==2

—20 —20
local maximum at: (1,-3) ;

local minimum at: (-1,-7) ;
fis increasing on: (-1,1);
fis decreasing on: (-3,-1) and (1, 3).

39. f(x)=2x*-5x*+2x+1 on the interval (-2,3)
Use MAXIMUM and MINIMUM on the graph
of y, =2x* —5x* +2x+1.

20 20
-2 =3 2 3
Hiniraurn Haxirmur
H=-3Zachil W= E4Z1EELZ H=41ze0zB% Y=1.5319641
~10 -10
20
-2 \— / 3
- T
Hinirmurm
W=1.7976371 V=" E64BE6
-10

local maximum at: (0.41,1.53) ;

local minima at: (—0.34, 0.54) and (1.80,-3.56) ;
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 Review Exercises

40. f(x)=-x*+3x>-4x+3 on the interval (-2,3) 43. f(x)=2-5x
Use MAXIMUM and MINIMUM on the graph f3)-f(2 [2-5(3)]-[2-5(2)]
of y; =—x* +3x* —4x+3. 3-2 3-2
‘\5 5 _(2-15)-(2-10)
B 1
72 !/ AN !f\/\ 3 (s
ﬂgﬁ's“suﬂnu ¥=h.6z27EEY génlﬂn':g??ZEB '|'=.52I.'I2lil53\ 44 f (X) — 2X2 + 7
-5 -5 , ,
5 (@-12) 2(3)°+7)-|2(2) +7]
W‘\ 3.2 3-2
-2 3 (18+7)-(8+7)
Hu:-:l:'mum \ - 1
= =25-15=10
local m?\x.lma at: (-0.59,4.62) and (2,3); 45 f(x)=3x—4x2
local minimum at: (0.84, 0.92) ; ) )
fis increasing on: (-2,-0.59) and (0.84, 2) ; fR-1(2) _ [3(3)_4(3) J_[3(2)_4(2) }
f is decreasing on: (-0.59,0.84) and (2, 3). 3-2 3-2
~(9-36)—(6-16)
41. f(x)=8x*—x 1
f(2)- 1) _8(2)° -2-[8(1)° -1] =-27+10=-17
2-1 1 ,
:32_2_(7):23 46. f(X)ZX —3X+2
2 2
b -1 _81)°-1-[8(0)°~0] 13- (2) _ [(3) —3(3)+2}[(2) —3(2)+2]
' 1-0 1 3-2 3-2
=8-1-(0)=7 _(9-9+2)-(4-6+2)
1
f(4H)-f(2) _8(4)°-4-[8(2)*-2] =2-0=2
4-2 2
128-4-(30) 94 47. The graph does not pass the Vertical Line Test
== =5 =4 and is therefore not a function.

42. f(x)=2x3+x
(@1 2(2)° +2—(2(1)3 +1)

48.

49,

The graph passes the Vertical Line Test and is
therefore a function.

The graph passes the Vertical Line Test and is

2-1 1 therefore a function.
=16+2-(3)=15
50. The graph passes the Vertical Line Test and is
3 3 H
. 010 2(1) +1_(2(0) +o) therefore a function.
' 1-0 1
=2+1-(0)=3
o f@-1(Q2) _24)°+4-(22)° +2)
‘ 4-2 2
128+4—(18) 114
e AL et At Y -
2 2 °
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Chapter 2: Functions and Their Graphs

51. f(x)=|x| 55. F(x)=|x|-4. Using the graph of y =|x|,
YA vertically shift the graph downward 4 units.
5+

(2,2 2
L1 NA T
-5 (0, 0] 5
s
52. f(x)=%x Intercepts: (-4,0), (4,0), (0,-4)
A Domain: {x| x is any real number |
S Range: {y|y>-4} or [-4, )
LD _ 56. f(x)=|x|+4. Using the graph of y=|x|,
111 m ' J_) > vertically shift the graph upward 4 units.
-1, -1 |-
o
53. f(x)=+/x B
Yy AR A IR A A .
51 =5 5
B 2r
| (1.1) i Intercepts: (0, 4)
L1 1 |m|j X Domain: {x| x is any real number |
=5 {0.0) 5
B Range: {y|y=>4} or [4,)
_s[ 57. g(x)=-2|x|. Reflect the graph of y =| x|
about the x-axis and vertically stretch the graph
by a factor of 2.
54. f(x):1 Y
X 2
."'L ‘F_x
S_
(L 0(2,1)
I L2
-5 B 5
:;—1.:‘%_
B Intercepts: (0, 0)
-5 Domain: {x| x is any real number |

Range: {y|y <0} or (-w,0]
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58. g(x) :%| x| . Using the graph of y =|x|,
vertically shrink the graph by a factor of % .

\
5_
(-2, 1):(2, 1)

L1 11
-5 L (0,0 5

Y

Intercepts: (0, 0)
Domain: {x| X is any real number}

Range: {y|y >0} or [0, )

59. h(x)=+/x—1. Using the graph of y =+/x ,
horizontally shift the graph to the right 1 unit.

YA
5—
B 5,2)
_EZ/'I)//'
T A
-2 (1,0 8
5+

Intercept: (1, 0)
Domain: {x|x=1} or [1, =)

Range: {y|y =0} or [0, )

60. h(x)= Jx-1. Using the graph of y = JX,
vertically shift the graph downward 1 unit.
v
5

1 | I

2 £1,0 8
0,-1)

-5
Intercepts: (1, 0), (0, -1)
Domain: {x| x>0} or [0, )

Range: {y|y=>-1} or [-1 «)

61.

62.

63.

Chapter 2 Review Exercises

f (x) =v1-x =./—(x-1) . Reflect the graph of
y = Jx about the y-axis and horizontally shift

the graph to the right 1 unit.
y

Intercepts: (1,0), (0, 1)
Domain: {x|x<1} or (-o,1]

Range: {y|y >0} or [0, )
f (x) = —/x+3. Using the graph of y=~/x ,

horizontally shift the graph to the left 3 units,
and reflect on the x-axis.

Ll L1 1

-5 s
: = (1,-2)

-5

Intercepts: (-3, 0), (0, —\/5)

Domain: {x|x>-3} or [-3, »)

Range: {y|y <0} or (-, 0]

h(x) = (x—1)?+2 . Using the graph of y=x?,

horizontally shift the graph to the right 1 unit and
vertically shift the graph up 2 units.

Intercepts: (0, 3)
Domain: {x| x is any real number |

Range: {y|y=>2} or [2, )

© 2008 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

64. h(x) = (x+2)*—3. Using the graph of y = x?,
horizontally shift the graph to the left 2 units and
vertically shift the graph down 3 units.

-‘I
5

(—, 1)
| 1 1
5

(-2 - 3.0
(-2,-3)
-5

Intercepts: (0, 1), (—2+\@, 0), (—2—\@, 0)

0, 1)
I T T

(-2++5.0)

Domain: {x| x is any real number

Range: {y|y=>-3} or [-3,)

65. g(x)=3(x—-1)%+1. Using the graph of y = x°,
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

A
T {24
1, 1)
———— ———+— X
- (0, -2) \5
¥
4 b

K

Intercepts: (0,-2), [1—%, OJ ~(0.3,0)

Domain: {x| x is any real number

Range: {y|y is any real number}

142

66. g(x)=-2(x+2)°-8
Using the graph of y = x*, horizontally shift the

graph to the left 2 units, vertically stretch the
graph by a factor of 2, reflect about the x-axis,
and vertically shift the graph down 8 units.

Intercepts: (0,—24), (—2—\3/1, O)z(—3.6, 0)
Domain: {x| x is any real number |

Range: {y|y is any real number}

3x if —2<x<1

x+1 ifx>1

67. f(x):{
a. Domain: { x| x>-2} or (-2, =)

b. x-intercept: (0,0)
y-intercept: (0,0)

c. Graph:
i
5»—
T3
B (2,3)
1%,2)
] 1 ] I X
=2 B 3
(-2,-6) B

d. Range: {y|y>-6} or (-6, )

if —3<x<0
ifx>0

x—1

68. f(x) ={3x_1

a. Domain: {x|x>-3} or (-3, )

b. x-intercept: (% O)

y-intercept: (0, -1)
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-

©,-A
(-3, 4)/ B

d. Range: {y>-4} or (-4, )

X if —4<x<0
69. f(x)=141 ifx=0
3x ifx>0

a. Domain: {x|x>-4} or [-4, )

b. x-intercept: none
y-intercept: (0, 1)

c. Graph:

d. Range: {y|y>-4,y=0}

2 1 —
70, F(x)= X |-f 2<x<2
2x-1 ifx>2

a. Domain: {x|x=-2} or [-2, )

b. x-intercept: (0, 0)
y-intercept: (0, 0)

71.

73.

Chapter 2 Review Exercises

d. Range: {y|y=0} or [0, )

AX+5
6x—2
AD+5
6()-2
A+5
4
A+5=16
A=11

f(x)= and f (1) = 4

=4

8

A
g(x) :;+ 2 andg(-1) =0

A8
-1 (_1)2
~A+8=0
A=8

S=dnr?; Vv =%7rr3
Let R=2r, S,=new surface area , and
V, = new volume.
S, = 47R?
:4n(2rf::4ﬂ(4r2):4(4nr2)=4s
vzzfnw
3
:fﬂQQ3=fﬁ@ﬁ)=8iﬂﬁ =Y
3 3 3

Thus, if the radius of the sphere doubles, the
surface area is 4 times as large and the volume is
8 times as large as for the original sphere.
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Chapter 2: Functions and Their Graphs

74.

75.

a.

The printed region is a rectangle. Its area is
given by
A= (length)(width) = (11-2x)(8.5—2x)

A(x) =(11-2x)(8.5—2x)

For the domain of A(x) = (11-2x)(8.5—2x)

recall that the dimensions of a rectangle
must be non-negative.

x>0 and 11-2x>0 and 85-2x>0
-2x>-11 -2x>8.5
Xx<5.5 X < 4.25

The domain is given by 0<x<4.25.
The range of A(x) = (11-2x)(8.5—2x)is
given by A(4.25) < A< A(0) =
0<A<935.

A(1)=(11-2(1))(8.5-2(1))
=9-6.5=58.5 in’
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))

=8-55=44 in?

y; =(11-2x)(8.5-2x)

100

o

(1} 4.25
[i]

Using TRACE,
A= 70 when x ~ 0.643 inches
A =50 when x ~1.28 inches

We are given that the volume is 100 cubic
feet, so we have
V = zr?h=100= h =19

xr?

The amount of material needed to construct
the drum is the surface area of the barrel.
The cylindrical body of the barrel can be
viewed as a rectangle whose dimensions are
given by

2nr

76.

A=area,, +areayyom +aredp.g,

=2r% + 7r? + 2xrh = 27r% + 27rh

A(r)=2zr?+2zr [@) _onr2 4+ 200
zr r

A@3)=27(3) + 23

=187z+%0 ~123.22 ft?
200

A(4) =27 (4 +5£2
(4)=27(4) + 5

=327 +50 ~150.53 ft?
A(5) =2z (5) + 22

=507 + 40 ~197.08 ft?
Graphing:
t‘[ : 5 ninai???zs? __"¥=119 2542 .

The surface area is smallest when r = 2.52
feet.

Consider the following diagram:
P(xy)

y=10-x°

o

The area of the rectangle is A= xy . Thus,
the area function for the rectangle is:
A(X) = X(10 - x?) = —x +10x

The maximum value occurs at the vertex:

THLO0

Amin=8

AMax=a

#ecl=1

Yrin=8a ffﬁfA

wacl=l Haxirurm

Ares=1 =1 BEEPYlY V=12 AP161E .
The maximum area is roughly:
A(1.83) = —(1.83)° +10(1.83)
~12.17 square units

Ymax=15
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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. This relation 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>20-4
-5x=>-4
X 4
5 -5
4
X<—=
5

4 4
< _ 00 —
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 1

4. h(x)=

Chapter 2 Test

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) isthe 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: Functions and Their Graphs

6.

7.

f(x)=-x*+2x°+4x* -2
We set Xmin = -5 and Xmax = 5. The standard

Ymin and Ymax will not be good enough to see the

whole picture so some adjustment must be made.

Flotl Flokz Floks JITHOIOL
YRR 2ZE 34N | Bmin= -5
&2 AMax=0
~Me= necl=1
wMr= Ymin=-18
M y= “Ymax=26
~Me= Vecl=2
~ME= Ares=1

AL AN

s |

Ill,un_
Haxiriur Hiniraura
W= -.BE07AEF |Y=-.BA0ZEZS n=n

/
—

2.3E0FAZE 1¥=1E ENPPER

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

Local maxima: f (-0.85)~ —0.86

f (2.35) ~15.55
Local minima: f (0)=-2
The function is increasing on the intervals
(-5,-0.85) and (0,2.35) and decreasing on the
intervals (-0.85,0) and (2.35,5).

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.
y

y=2x+1 x<-1

8.

9.

b. To find the intercepts, notice that the only

piece that hits either axisis y=x-4.

y=Xx-4 y=x-4
y=0-4 0=x-4
y=-4 4=x

The intercepts are (0,—4) and (4,0).

c. Tofind g(-5) we first note that x=-5 so

we must use the first “piece” because -5< 1.
9(-5)=2(-5)+1=-10+1=-9

d. Tofind g(2) we first note that x =2 so we

must use the second “piece” because 2 >-1.
9(2)=2-4=-2

The average rate of change from 3 to 4 is given by

ay_f(4)-1(3)

AX 4-3
(3(4)2 —2(4)+4)—(3(3)2 —2(3)+4)
B 4-3
o,

a. f-g =(2x2 +l)—(3x—2)

=2x% +1-3x+2=2x>-3x+3

b. f-g =(2x2+1)(3x—2)=6x3—4x2+3x—2

c. f(x+h)-f(x)

:(2(x+ h)2 +1)—(2x2 +1)
=(2(x2 +2xh+ h2)+1)—(2x2 +1)
=2x% +4xh+2h? +1-2x° -1

= 4xh + 2h?
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Chapter 2 Test

10. a. The basic function is y = x® so we start with
the graph of this function.

y :—2(x+1)3 +3

b. The basic function is y =|x| so we start

obtain the graph of y = (x +1)3.

y y=(x +l)3

Next we shift this graph 4 units to the left to
obtain the graph of y =|x+4|.

Next we reflect this graph about the x-axis

to obtain the graph of y:—(x+1)3. yp o y=[x+4

Next we shift this graph up 2 units to obtain
the graph of y = |x+4|+2.

Next we stretch this graph vertically by a yi Y =|x+4[+2
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.

147
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Chapter 2: Functions and Their Graphs

11. a r(x)=-0.115x? +1.183x+5.623

For the years 1992 to 2004, we have values
of x between 0 and 12. Therefore, we can let
Xmin =0 and Xmax = 12. Since r is the
interest rate as a percent, we can try letting
Ymin =0 and Ymax = 10.

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).
b. 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.

12. a. Letx =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+rzr?

=(2x—20)(x)+7z(§j2

2

= 2x2 — 20 + %
We have expressed our measures in feet so
we need to convert the thickness to feet as

well.

. 1ft 075 1
Now we multiply this by the area to obtain

the volume. That is,

2
V (x) :%[2x2 —20x+%}

2 2
V(x)—x S5X | 7X

B8 2 ea
b. If the rink is 90 feet wide, then we have
Xx=90.
2 5(90 90)?
v(9o)=ﬂ—Q+M=1297.61

8 4 64
The volume of ice is roughly 1297.61 ft*.

Chapter 2 Cumulative Review

1. 3x—-8=10
3x-8+8=10+8
3x=18
3x 18
3 3
X=6
The solution set is {6} .

2. 3x*-x=0

x(3x-1)=0
x=0 or 3x-1=0
3x=1

X =

The solution set is <0,

—— W

Wl

3. x*-8x-9=0
(x—9)(x+1):0
Xx—9=0 or x+1=0

Xx=9 x=-1
The solution set is {—1,9} .
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Chapter 2 Cumulative Review

4. 6x% —5x+1=0 7. 2-3x>6
(3x-1)(2x-1)=0 —3x>4
3x-1=0 or 2x-1=0 w< 3
3x -1 2x =1 3
1 1 Solution set: {x|x<—i}
3 2
. 4
The solution set is {%%} Interval notation: [_w’_gj
5. [2x+3=4 _4 X
2X+3=-4 or 2x+3=4 ?
2x=~T 2x=1 8. [2x-5/<3
x:—Z x:l -3<2x-5<3
2 2
2<2x<8
The solution set is {—%% . l<x<4
Solution set: {x|1< x <4}
6. J2x+3=2 Interval notation: (1,4)
2 .
(\/2x+3) =2? ¢ >
1 4 x
2x+3=4
2x =1 9. |ax+1=7
w1l AX+1<-7 or 4x+1>7
2 4x < -8 4x>6
Check: K<-2 3
1 ? X=>—
2| = |+3=2 2
2 3
’ Solution set: {x|xs—2 or xz—}
J1+3=2 2
" 3
_ Interval notation: (—o0,-2 |U| —, 0
Ja=2 (o= -2] [2 J
2=2T : .
. .1 . s
The solution set is {5} -2 2 X

—_—
>
N
|
H><
~—
N
+
—_
<
)
|
=<
~—
N

10. a.

o
I

—_
w
+
N

~—

N
+
|
(&)}
+
w
~—
[N

Il
—_—
w
|
|
N
S—"
S—
N
+
|
(6)]
|
|
w
N—
S—
N

!
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Chapter 2: Functions and Their Graphs

X, + X, y1+y2 12. x=y2

=
[ 243 -3+ ( 5)} 2| x=(-2) =4 |(4-2)
L

1y
2’

M =

;/
|
[EEN
>
Il
|
[EEN
~—
N
Il
[EEN
—~
-
|
[EEN
~—

11. 3x-2y=12 L/
x-intercept: B “# (4.2)
3x-2(0)=12 |

3x=12 -5 5

X=4

The point (4,0) is on the graph. ) B \ “.-2)
2 (1.-1)

y-intercept:

3(0)-2y =12 13. x*+(y-3)" =16

—2y=12 This is the equation of a circle with radius

y=-6 r=+/16 =4 and center at (0,3). Starting at the

The point (0,-6) is on the graph. center we can obtain some points on the graph by

moving 4 units up, down, left, and right. The
corresponding points are (0,7), (0,-1),

_4 3 . '
(4, (/ ( , ),and (4,3), respectively
I | L1 1 | X y

e 10, 7)

5

/_(0. —6) (—4.3)% (0.3)¢ (4.3)
| L X
=5 \\__‘ 5
L (0, —1)
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14. y=4x

>
<
I
=
—
x

A
O | <

N~ B O
< < <
Il
SR
Il
N PO

15. 3x* -4y =12
X-intercepts:
3x* -4(0)=12
3x* =12
x> =4
X==2
y-intercept:
3(0)" —4y =12
-4y =12
y=-3

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

Check x-axis symmetry:
3x? —4(-y)=12

3x% +4y =12 different
Check y-axis symmetry:
3(—x)2 —4y =12

3x* —4y =12 same
Check origin symmetry:
3(—x)* —4(-y)=12

3x% +4y =12 different

The graph of the equation has y-axis symmetry.

Chapter 2 Cumulative Review

16. First we find the slo
8-4

pe:
4_1
8 2
Next we use the slope and the given point (6,8)
in the point-slope form of the equation of a line:

Y=Y :m(x—xl)

1
~8=2(x-6
y-8=2(x-6)
1
~8=2x-3
Y783
1
=—X+5
=3

17. f(x)= (x+2)2 -3
Starting with the graph of y = x? , shift the graph
2 units to the left [y =(x+ 2)2} and down 3

units [y=(x+2)2 —3]

=
I
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Chapter 2: Functions and Their Graphs

Chapter 2 Projects

Project |

1. Plan Al: Total cost = $39.99 x 24 = $959.76
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

2. 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.

Al: $39.99
A2: $59.99
B1: $39.99
B2: $49.99
C1: $59.99
C2: $69.99
5% if x<2 The best plan here is either plan Al or B1 at

19. f (X) - $39.99.
' |x| if x>2 .
400 Anytime; 200 MTM; 5500 NW

The only plan that changes price from above
when the night and weekend minutes increase to

Graph the line y =2-x for x< 2. Two points

on the graph are (0,2) and (2,0).
Graph the line y =x for x> 2. There is a hole
in the graph at x=2.

5500 is Al. It only has 5000 free night and
weekend minutes.

Al: $39.99 + 0.45(450) = $242.49

The best plan is B1. (Note: plan Al only charges
for 450 minutes because there were still 50
Anytime minutes remaining)

500 Anytime; 1000MTM; 2000 NW

All plans allow for at least 2000 night and
weekend minutes free and at least 400 Anytime
minutes. Company B does not offer MTM
minutes

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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3.

4.

C(x)=

C(x)=

For 850 minutes,

Al: $39.99 + 0.45(400) = $219.99
A2: $59.99

B1: $39.99 + 0.40(250) = $139.99
B2: $49.99

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.

Monthly _ Base +(charge per)(# of min. over)

cost ~ Price minute J\those included
39.99 0<x<450
Al: C(x) =
0.45x-162.51 x> 450
59.99 0<x<900
A2: C(x) =
0.40x-300.01 x>900
39.99 0<x<600
Bl: C(x) =
0.40x—-200.01 x>600
49.99 0< x <1000
B2: C(x) =
0.40x-350.01 x>1000

ClL:

59.99 0<x<550

59.99 +5{int[ (x—550)/50 | +1} 550 < X <1050
0.10x+4.99  x>1050

C2:

69.99 0<x<800

69.99+5{int[ (x—800)/50]+1} 800 < x <1300
0.10x-10.01  x>1300

Chapter 2 Projects

5. Graph for plan A1:

O
—~

>
[

D
(e)
\o

Cost (dollars)

1600

0 Minutes Used

Graph for plan A2:

400

O
~—~

>
[&3

\

Cost (dollars)

0 Minutes Used

Graph for plan B1:

400

Q

X)

N

Cost (dollars)

0 Minutes Used

Graph for plan B2:

400

O
~—~

>
f&3

Cost (dollars)

§

Minutes Used
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Chapter 2: Functions and Their Graphs

Graph for plan C1:
400

Cost (Dollars)

T

0 Minutes Used

[e)

1600

Close-up of middle portion to show steps:

125

& Cost (Dollars)

0

1200

0 Minutes Used

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

L $39.99

450 min

 $59.99

" 900min

A2 is the better plan.

=$0.089/ min

=$0.067/min

B1: $39—'9_9:$0.067/min
600 min

o $49.99

" 1000 min

B2 is the better plan.

$59.99
550 min
Co: $69.99

* 800min
C2 is the better plan.

=$0.050/ min

Cl: =$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) Silver
- 3007 Gold
g -
S 200+
? ] Platinum
& 100
O -
O " " "10000 2000 3000 4000 X
K-Bytes
3. Lety = #K-hytes 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.
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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. Mo
", $140/mile

M L=yJa4(Gx)?

“u.
.,
.,
~

~ Cable box

2 miles

[

5 miles $100/mile

C(x) =100x +140L
C(x) =100x +1404/4 + (5—X)?
C(%)

100(0)+140v/4+ 25 ~ $753.92
100(1) +140+/4+16 ~$726.10

(
(
100(2)+140/4+9 ~$704.78
100(3)+1407/4 + 4 ~ $695.98
(4)

AlWIN| P |O|Xx

100(4)+140v4+1 ~ $713.05
5 100(5) +140+/4+0 = $780.00

The choice where the cable goes 3 miles down
the road then cutting up to the house seems to
yield the lowest cost.

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

Chapter 2 Projects

Using the MINIMUM function on a graphing
calculator, the minimum occurs at x ~ 2.96 .

C(x) dollars
Hinirura
W

800
600 : =z HEAFEEE Y=GHE.OSOLA

5 xmiles

The minimum cost occurs when the cable runs
for 2.96 mile along the road.

C(4.5) = 100(4.5) + 140y/4 + (5 4.5)2
~ $738.62

The cost for the Steven’s cable would be
$738.62.

5000(738.62) = $3,693,100 State legislated
5000(695.96) = $3,479,800 cheapest cost
It will cost the company $213,300 more.

Project IV
1. A=zr?
2. r=22t

10.

11.

r=22(2)=44ft
r=22(25)=55ft

A= 7(4.4) = 60.82 ft*

A= 7(5.5)* = 95.03 ft
A=7(2.2t)° = 4.84xt2
A=4.847(2)% =60.82 ft?
A=4.847(2.5)° =95.03 ft?
A(2.5) - A(2) _ 95.03-60.82

— 68.42 ft/hr
25-2 0.5

A@B.5) - A@) _186.27-136.85 _ g5 o/ imy
35-3 0.5

The average rate of change is increasing.
150 yds = 450 ft
r=2.2t

450

t 5 =204.5 hours

6 miles = 31680 ft
Therefore, we need a radius of 15,840 ft.

t= M = 7200 hours
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