Chapter 1

Functions and Their Graphs

Section 1.1
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(-1.3)

—12+10-1
2

_B or 21% or 21.5
2

We must not allow the denominator to be 0.
x+4# 0= x#—4; Domain: {x|x¢—4}.

3-2x>5

—2x>2

x<-1
Solution set: {x|x<—1} or (—o0,~1)

I
-1 0
independent; dependent
range
[0.5]

We need the intersection of the intervals [0,7]
and [-2,5].

-< L | 1. -
| 1 1 C 7 T T T T T J'f
-2 0 5 7
>
-2 0 5 7
——+—f———t—t——+—> r+g
-2 0 5 7

=3/ g

(g=/)()

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

or g(x)-f(x)

x* +y? =1 is not a function.
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22,

23.
24,
25.

26.

True
True

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

2
x° =

False; the domain of f(x)= 4 is {x|x=0}.

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

Not a function
Not a function

Function

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

High School Graduate, Some College, College

Graduate}

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

Not a function

Function
Domain: {-2,-1, 3, 4}
Range: {3,5,7,12}

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

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

Not a function
Not a function

Function
Domain: {-2,-1,0, 1}
Range: {0, 1, 4}

Function
Domain: {-2,-1,0, 1}
Range: {3, 4, 16}
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27.

28.

29.

30.

31.

32.
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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 = 1 . The graph passes the vertical line
X

test. Thus, the equation represents a function.

—

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

test. Thus, the equation represents a function.

LI
Solve for y: y=+y4—x?
For x=0, y=42. 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.

x:y2
Solve for y: y:i\/;
For x=1, y=+1. Thus, (1, 1) and (1, -1) are on

the graph. This is not a function, since a distinct
x-value corresponds to two different y-values.
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34.

3s.

36.

37.

x+y2 =1
Solve for y: y=%£+1-x
For x=0, y=+1. Thus, (0, 1) and (0, —1) are on

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

Graph y =2x* —3x+4 . The graph passes the

vertical line test. Thus, the equation represents a
function.

3 .
Graph y = x_2 The graph passes the vertical
X+

line test. Thus, the equation represents a
function.

L
2x% +3y% =1
Solve for y: 2x* +3y* =1
3y? =1-2x7
) 1-2x7
7 3
2
yot 1-2x
3

For x=0, y :i\/z . Thus, 0,\/I and
3 3
[0, —\EJ are on the graph. This is not a

function, since a distinct x-value corresponds to
two different y-values.
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Section 1.1: Functions

38 12 -4y* =1 e —f(x)=—(-2x" +x-1)=2x" ~x+1
Solve for y: x* —4y* =1 )
eSS £ f(x+1)==2(x+1) +(x+1)-1
yi=x-
R ==2(x" +2x+1)+x+1-1
2:X -1
Y 4 =-2x* —4x—2+x
+x? —1 =—2x"-3x-2
YT

g f(2x)=-2(2x)" +(2x)-1=-8x> +2x -1
For x:\/E,sz_rl. Thus, [ﬁ,l) and
2 2 h.  f(x+h)==2(x+h)*+(x+h)-1

[ﬁ,—%}are on the graph. This is not a :—2(x2+2xh+h2)+x+h—1
function, since a distinct x-value corresponds to =-2x> —4xh—2h" +x+h-1
two different y-values.
x
39. f(x)=3x"+2x—4 A f(x)=5
2
a. f(0)=3(0)"+2(0)-4=-4 a. f(0)= 20 :%:0
07 +1

b. f(1)=3(1)7+2(1)-4=3+2-4=1 o

2 b. f( ): 2 :5
c. f(-1)=3(-1)"+2(-1)-4=3-2-4=-3 " +1
d. f(-x)=3(-x)" +2(-x)-4=3x"—2x—4 ¢ f(-1)= ! LI

e —f(x)=—(3x"+2x-4)=-3x" - 2x+4

d f(x)=—a—=—"0"
£ f(xr1)=3(x+1) +2(x+1)-4 (—x)*+1 x*+1
— 2 _
=3(x” +2x+1)+2x+2-4 . _f(x):_( E ): x
=3x2+6x+3+2x+2-4 X+l x4l
=3x> +8x+1 £ f(x+1)= x+1
2 2 (x+l)2+l
g. f(2x)=3(2x) +2(2x)—4=12x +4x—4 .
X+
he f(x+h)=3(x+h) +2(x+h)-4 x4+ 2x+1+1
:3(x2+2xh+h2)+2x+2h—4 :235;1
X" +2x+2
=3x" +6xh+3h” +2x+2h—4
2x 2x
g f(2x)= —=—
40. f(x)=-2x"+x-1 (2x)"+1 4x"+1
a. f(0)=-2(0)+0-1=-1 h, f(x+h)e—th __ xth
b f(1)=-2(1) +1-1=-2 G
. =— +1-1=-
e f(-1)==2(-1)+(-1)-1=-4
d. f(=x)==2(=x)" +(-x)-1=-2x* —x—1
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. r(n)-27) 4. f(x) = e
+4
’ ot 1 a. f(0)=v0*+0=+0=0
a fO)=3 7% b. f(1)=v1P+1=42
b. f(1)=112+_41=g=0 e. f(-1)=y(-1)]+(-1)=+1-1=40=0
e = a S5 =l () =
C —1)= =—=
—-1+4 3 e. —f(x)z—(\/x2+x)=—\/x2+x
~ C(=x) -1 2
d (=)= —x+4 —x+4 f.  f(x+1)= (x+1)2+(x+1)
e —f(x)=- L A A =Vt +2x+1+x+1
x+4 x+4 _ /x2+3x+2
f. f(x+1):M g f(2x)= (2x)2+2x:\/4x2+2x
(x+1)+4
o 2erl-1_xPe2x he  f(x+h)=y(x+h) +(x+4h)
X+3 x+5 =N 2xh B x4
C(2x)" -1 ax? -
& )= T 45. f(X)=§:;
(xR -1 P 2xhe R’ -1 2(0)+1 0+1 1
G o o e S » J0=305"0-5"3
3. f(x)=|x|+4 b. f(l)zz(l)“:ﬂ:i:_%

a. f(0)=]0]+4=0+4=4
1_2(-1)+1 -2+1 -1 1
b. f(1)=[1]+4=1+4=5 ¢ /- )_3(—1)—5_—3—5_—__§
c. f(—1)=|—1|+4=1+4=5 d f(_x)_Z(—x)+l_—2x+l_2x—l
d f(— _ _ ) _3(—x)—5_—3x—5_3x+5
. x)—|—x|+4—|x|+4
2x+1 —2x-1
e —f(x)=—(x|+4)=—| x|-4 e. —f(x)=- 3x_5j=3x_5
f. f(x+1)=|x+1|+4 £ f(er) 2(x+1)+1 2x+42+41 2x+3
. X = = =
_ _ 3(x+1)—5 3x+3-5 3x-2
g.  [f(2x)=|2x|+4=2|x|+4
2(2x)+1 4x+1
h. f(x+h)=|x+h|+4 g 2x)= =
(x+h)=|x+h| & S (%)=300955 " 6xs
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f(X)=1—(x+12)2

NP TRE—

SPTREE

N ERE
T

1 1
f )=1- =1-
A
1 1
2x)=1- =1-
& S (2x+2)’ 4(x+1)°
1
h h)=1-
S (xxh) (x-i—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
x2+1

Domain: {x| X is any real number}

fx) =

2
X

x2+1

Domain: {x| x is any real number}

Jf(x) =

X
x> —16
x> —16%0
¥ £16=>x#+4
Domain: {x| x#—4,x# 4}

glx)=

51

52.

53.

54.

5S.

56.

57.

Section 1.1: Functions

2x
h(x)=
==
X420

2l x£+2
Domain: {x|x¢—2, X # 2}

x=2

3
X +Xx

F(x)=

X H+x#0
x(x* +1)#0
x#0, X #-1

x;tO}

Domain: {x

x+4

x° —4x
X —4x#0

x(x*—4)#0

x#0, x2#4

G(x) =

x#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 24}

G(x)=+1-x
1-x2>0
-x=>-1
x<1

Domain: {x| x < 1}

4

N

x—-9>0
x>9

Domain: {x| x> 9}
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58. f(x)= J;ﬁ

x—4>0
x>4
Domain: {x| x> 4}

59.

x—1>0
x>1

Domain: {x| x> 1}

60. g(x)=+-x-2
—-x—-220
-x>2

x<=-2

Domain: {x| x < —2}

61. f(x)=3x+4 g(x)=2x-3
a. (f+2)(x)=3x+4+2x-3=5x+1
Domain: {x| x is any real number} .
b. (f=2)(x)=(x+4)-(2x-3)
=3x+4-2x+3
=x+7

Domain: {x| x is any real number} .
c. (frox)=0Cx+4)(2x-3)
=6x7 —9x+8x—12
=6x7 —x-12
Domain: {x| x is any real number} .

f 3x+4
a [ jm_ -

2x—3¢0:>2x¢3:>x¢%

A

X#E=}.

2

e. (f+2)3)=53)+1=15+1=16
f. (f-g)d)=4+7=11

Domain: {x

g. (f-2)2)=6(2)%*-2-12=24-2-12=10
[fj()_3(l)+4 3+44_ 7

=

2)-3 2-3 -1
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62.

63.

f(x)=2x+1 g(x)=3x-2
a. (f+2)x)=2x+1+3x-2=5x-1
Domain: {x| x is any real number} .
b. (f-g)(x)=2x+1)-(3x-2)
=2x+1-3x+2
=—x+3
Domain: {x| X is any real number} .
c. (f-2x)=02x+DBx-2)
=6x" —4x+3x-2
=6x*—x-2
Domain: {x| x is any real number} .
f 2x+1
d. =
( )= 3x 2
3x-2=0
2
IAx#2=>x#—
3
. 2
Domain: {x x¢§}'
e. (f+2)(B3)=53)-1=15-1=14
f. (f-g29)4)=-4+3=-1
g (f9)2)=6(2)"-2-2
=6(4)-2-2
=24-2-2=20
he f ()_2(1)+1 2+1 223
3()-2 3-2 1
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-g)(x)=(x-D-(x")
=x—1-2x7
=-2x%+x-1
Domain: {x| x is any real number} .
¢ (fgx)=(x-D2x")=2x" -2x"

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

© 2007 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.



ol

L)y oxt
[gj( ) 2x°

Domain: {x| X# O} .

e. (f+2)3)=203)"+3-1
=2(9)+3-1
=18+3-1=20

L (f-9#)=-2(4)"+4-1
=-2(16)+4-1
=-32+4-1=-29

g. (f-2)2)=2(2)] -2(2)°

=2(8)-2(4)
=16-8=8
f -1 0 0
h. —_— l: =—:—:0
[gj() 21 2(h) 2
64. f(x)=2x"+3  g(x)=4x’+1

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

=4x> +2x +4

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

b. (f-g)x)= <2x2 +3)—(4x3 +1)
=2x2+3-4x° -1

=—4x’ +2x7 +2

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

¢ (@) =(20"+3)(4x +1)

=8x° +12x° +2x% +3

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

i (fj(x): 2x2 43

g 4% +1
45 +120
4x* £ -1
;1 1 2
X EF——DXE——=——
4 4 2
| { ‘%/5}
Domain: xx:t—T.
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e. (f+2)(3)=403)+2(3)*+4
=4(27)+2(9) + 4
=108+18+4 =130

. (f-9)#)=-4(4) +2(4)" +2
= —4(64)+2(16)+2
=-256+32+2=-222

g. (f-2)2)=812) +12(2)° +2(2)* +3
=8(32)+12(8) +2(4) +3
=256+96+8+3 =363

[f} 2002 +3 2()+3 243 5
he |[=|()="F5—= = ===
g 417 +1  4D+1 441 5
65. f(x)=~+x  g(x)=3x-5
a. (f+g)x)=+x+3x-5
Domain: {x|x20}.
b. (f-g)x)=vx—-(Bx=5)=+/x-3x+5
Domain: {x|x20}.
e. (f-2)(x)=vx(Bx-5)=3x/x-5Vx
Domain: {x|x20}.
d. (ij(x): Jx
g 3x-5
x>0 and 3x-5#0
3x¢5:>x¢§
3
Domain: {x xZOandx;t%}.

e. (f+g)3)=+3+3(3)-5
=V3+9-5=3+4

f. (f-g)4)=4-34)+5
=2-12+5=-5

g (f-2)2)=32n2-5V2
=6v2-5V2 =12

h. [i}(l): V1 :L:L:_l

g (-5 3-5 -2 2
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66.

67.

f(x)=]x|

a. (f+g)(x):|x|+x

glx)=x

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

b. (f-g)x)=]x|-x

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

c. (f~g)(x):|x|~x:x|x|

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

d. (ij (x)= m
g X

Domain: {x|x¢0}.
e. (f+2)@3)=|3]+3=3+3=6
f. (f-g)@4)=|4]|-4=4-4=0

g (f9@)=2[2|=22=4

AL
(o-ti-t-

=14+
X

=

)=

=

a. (f+g)(x):1+l+l:1+E
X X X

Domain: {x| X # O}.
b (- =l+—t=1
X X

Domain: {x|x¢0}.
c.(fgxm=@+%l=l+%
x)x x

X

Domain: {x| X # 0} .

Domain: {x| X # 0}.
2
e. (f+g)(3):1+§:§

. (f-9@=1

54

68.

1 1 1 1 3
g (f'g)(z)—EJrE—EJrz—Z
h. (ij(l):1+1:2
8
f(x)=+x-1 g(x)=+v4-x
a (f+2)x)=+x—-1++4—x
x—=1>20 and 4—-x>0
x>1 and —x>-4
x<4
Domain: {x| 1£x£4}.
b. (f—-g2)(x)=+vx—-1-+4—-x
x—1>20 and 4-x>0
x>1 and —x>-4
x<4
Domain: {x| 1Sx£4}.
c. (f-g)(x):(\/x—l)( 4—x)
=—x* +5x—4
x—1>0 and 4—-x>0
x>1 and —x>-4
x<4
Domain: {x| 1£x£4}.
f Vx-1 x—1
d |- = =, |—
(gJ(x) Jad—-x 4—x
x—=1>0 and 4—-x>0
x>1 and —x>-4
x<4
Domain: {x| 1Sx<4}.
e. (f+2)(3)=~3-1+~4-3
=V2+1=+2+1
f. (f-29)4)=+d4-1-/4-4
3 i=\3-0=13
g (/8)2)=y-(2)’ +52)-4
JAT10-3 -2
h. (1j(1)=,/5=\ﬁ:ﬁ:0
g 4-1 3
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2x+3 4x 8(2)* +12(2)
69. X)= X)=—— ) _
W55 W55, g (/22 —(3(2)_2)2
2x+3 4x
a. (f+g)()— _8(#)+24 32424 56 7
-2 3x 2 (6 2) (4)2 16 2
2x+3+4x 6x+3
3x—2  3x-2 " f ()_2(1)+3 243 _5
3x—2#0 ) 4(1) 4 4
3x¢2:>x¢% ,
Domain: {x‘x;«t;} 70. f(x)=+x+1 g(x):;
: 50
2
2043 4x a (S0 =il
b. (f-g)x )— - E ¥
. x+1>20 and x#0
2x+3 4x —2x+3
x=>-1
3x-2 3x-2 ]
3x-2%#0 Domain: {x|x2—1,andx¢0},
2 — 2
3x¢2:>x¢§ b, (f-g)x)=Vrtl-2
x
Domain: <x xi% . x+1>0 and x=#0
3 x=>-1
c. (f: )(x)_(2x+3j( 4x j_8x2+12x Domain: {x|x2—1,andx¢0},
CUs 30-2\3x-2) " (3x-2) 2 2
3x—2#0 . (frg)x)=+x+ .
3x¢2:>x¢z x+1>0 and x¢0
3 x=>-1
Domain: {x x;t%}. Domain: {x|x2—1,andx¢0}.
\/ +1  xvx+1
2x+3 d. (fJ( )_ X )2C
S 3y—2  2x+3 3x-2 2x+3
d. —_— (x): 4x :3 _2. 4 — 4 X
s, * ¥ x+120 and x#0
3x-2
3x=2#0 and x=#0 xz-1
3x#2 Domain: {x|x2—1,andx¢0},
2
Y*3 e (f+e)3)=rl+2=a+2=24+28
3 3 3 3 3
. 2
Domain: {x x;tg andx;tO}. £ (f-g)d)= ,_4+1_%:\/__%
6(3)+3 18+3 21 \/— \/7
e. 3= =3 242+1 2
(/+8)0)= 33)-2 9-2 7 g (f-2Q2)= =3
. -2(4)+3 -8+43 -5 1
(fogy= 2 83 =5 1 (L (1):1\/—1“:@
3(4)-2 12-2 10 2 S T
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=52 _
71. f(x)=3x+1 (f+g)(x):6—lx 76. f(x)=x"+5x-1
| 2 S+ h) = ()
6——x=3x+1+g(x) h
: (x+h)? +5(x+h)—1—(x* +5x—1)
7 =
S_Ex:g(x) h
7 _x2+2xh+h2+5x+5h—1—x2—5x+1
g(x)zS—Ex Y
2
1 f x+1 =2xh+hﬂ=2x+h+5
2. f(x)=— (—J(x): 5
X g X —x
1 77. f(x)=x"-2
ol x SG+h)=f(x)
P-x gk N
3 3
1 (x+h) —2—(x —2)
X 1 x*—x —
g(x): = h
x+1  x x+1 \ , L .
X —x X 43X h+3xhT+ b -2-x" +2
1 xe-) _x-1 i 2 3h
x  x+1 x+1 :3x h+3xh”+h 32 4 3k
h
73. f(x)=4x+3
S+ = f(x) _4x+h)+3-(4x+3) 78 f(x)= 1
h h x+3
_4x+4h+3-4x-3 IR
- h SO+ () _ x+h+3 x+3
_4h A h
T x43-(r+3+1)
x+h+3)(x+3
74 f(x)=-3x+1 _( h)( )
f(X-l-hz—f(X):—3(x+h)+;—(—3x+l) _( A ][_
 3x—3h+1+3x-1 (x+ht3)(x+3)
= ; ) . (
—ﬂ__3 (x+h+3)(x+3)
h -1
75. f(x)=x*—x+4 (x+h+3)(x+3)
—f(Hh})l_f(x) 79. f(x)=2x"+Ax* +4x-5 and f(2)=5
_ 3 2 _
(x+h)’ —(x+h)+4-(" -x+4) f() =22 + 42" +4(2)-5
- 7 5=16+44+8-5
_x2+2xh+h2—x—h+4—x2+x—4 5=44+19
- h ~14=44
_2xh+h’—h yoa_ 7
h 4 2
=2x+h-1
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80.

81.

82.

83.

84.

f(x)=3x>—Bx+4 and f(-1)=12:
(=) =3(=1)-=B(-1)+4
12=3+B+4
B=5

3x+8

2x—A4
~3(0)+8

fw)_zan—A

-8

—24=8
A=-4

Jf(x) = and f(0) =2

2x—B
3x+4

_22)-B
ﬂa_am+4

_4-B

Jf(x) =

and f(2) =%

_2x-A4

and f(4)=0

f is undefined when x=3.

x_jhﬂD:OMMfmimmwmmd

f(x) =
1-4=0 = 4=1
2-B
=22
f@="=
0:2__3

1
0=2-B
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85.

86.

87.

88.

89.

90.

Section 1.1: Functions

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

since the length is twice the width. The function
2
. 1
for the area is: A(x)=x-==>"=—x
2 2 2

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

1 1,
Ax)==-x-x==x
x)=3 3

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

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

a. P isthe dependent variable; a is the
independent variable
b. P(20)=0.015(20)* —4.962(20) +290.580
=6-99.24+290.580
=197.34
In 2005 there are 197.34 million people who
are 20 years of age or older.
c.  P(0)=0.015(0)> —4.962(0) +290.580

=290.580
In 2005 there are 290.580 million people.

a. N is the dependent variable; 7 is the
independent variable
b. N@3)=-1.44(3)* +14.52(3)-14.96
=-12.96+43.56-14.96
=15.64
In 2005, there are 15.64 million housing
units with 3 rooms.
c. Itis unreasonable to evaluate N(0) because
a housing unit cannot have 0 rooms
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Chapter 1: Functions and Their Graphs

91. a. H(1)=20-49(1)
=20-4.9=15.1 meters
H(1.1)=20-4.9(1.1)’
=20-4.9(1.21)
=20-5.929 =14.071 meters
H(12)=20-4.9(1.2)°
=20-4.9(1.44)
=20-7.056 =12.944 meters
H(13)=20-49(1.3)’
=20-4.9(1.69)
=20-8.281=11.719 meters
b. H(x)=15:
15=20-4.9x"
—5=-49x"
x* ~1.0204
x ~1.01 seconds
H(x) =10:
10 =20—-4.9x7
—-10 = —4.9x*
x? ~2.0408
x ~1.43 seconds
H(x)=5:
5=20-4.9x
—15=—-4.9x
x* = 3.0612
x =~ 1.75 seconds
c. H(x) =0
0=20-4.9x
20 =—4.9x
x* ~4.0816

x =~ 2.02 seconds

92. a. 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
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93.

C(x) =100+
(x)=100+5

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=—-13x7
x* ~1.1538
x ~1.07 seconds

H(x)=0
0=20-13x"

—-20=—13x"

x* ~1.5385
x ~1.24 seconds

x 36,000
+—
X

C(500) =100 +%+ 365’(())(?0

=100+50+72
=$222

C(450)=100 +%+—364’2(())O

=100+45+80
=$225

C(600) = 100+%+ 366’(())(?0

=100+60+60
=$220

C(400) = IOO+%+ 33’(())(())0

=100+40+90
=$230
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94.

95.

96.

97.

98.

99.

100.

A(x)=4xy 1-x*

N 4_\/17 (42f

=—~126ft

=3 ~1.73

RO

:—~199ft
9

H(x)=(P-1)(x)=P(x)1()
N(x)=(1=T)(x)=1(x)=T(x)

a. P(x)=R(x)-C(x)
= (1247 +220x) - (0.05x* - 2x> + 65x+500)
=-1.2x" +220x-0.05x" +2x> —65x — 500
=-0.05x> +0.8x" +155x — 500
b. P(15)=-0.05(15)’ +0.8(15)" +155(15) - 500
= —168.75 +180 + 2325500

=$1836.25

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

a. P(x)=R(x)-C(x)
=30x- (o. 1% +7x + 400)
=30x-0.1x* —7x—400
=—0.1x% +23x—400
b.  P(30)=—-0.1(30)* +23(30)— 400
=-90+ 690 — 400
=$200
c¢.  When 30 clocks are sold, the profit is $200.
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Section 1.2: The Graph of a Function

101. a. h(x):2x
h(a+b):2(a+b):2a+2b
= h(a)+h(b)

h(x)=2x has the property.

b. g(x)=x2
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.

c. F(x)=5x-2
F(a+b)=5(a+b)—2=5a+5b—2

Since
Sa+5b-2#5a—-2+5b-2=F(a)+F(b),

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

G(x) :i does not have the property.

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

but the domain of g is {x| X # —1} .

103. Answers will vary.

Section 1.2

1. x*+4y°=16
x-intercepts:
x*+4(0)" =16
x* =16
x=14=>(-4,0),(4,0)
y-intercepts:
(0 +4y* =16
4y* =16
V=4
y=+2=(0,-2),(0,2)
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Chapter 1: Functions and Their Graphs

2. False; x=2y-2

—2=2y-2
0=2y
0=y

The point (—2,0) is on the graph.
3. vertical
4. f(5)=-3

5. f(x):ax2+4
a(-1y +4=22a=-2

6. False; it would fail the vertical line test.
1

7. False;e.g. y=—.
x

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

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

c. f(3) is positive since f(3) = 3.7.
d. f(—4) is negative since f(—4) = —1.
e. f(x)=0whenx=-3,x=06, and x =10.

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

g. The domain of fis {x|—6£x£ll} or
[-6,11].

h. The range of fis {y|—3£y£4} or
[-3.4].

i.  The x-intercepts are (-3, 0), (6, 0), and
(10, 0).

j  The y-intercept is (0, 3).

. 1. .
k. Theline y= 5 intersects the graph 3 times.

I.  Theline x =35 intersects the graph 1 time.
m. f(x)=3whenx=0andx=4.

n. f(x)=-2whenx=-5andx=_8.

0. f(x)=0 whenx=-3,x=6,andx=10.
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10. a.

n.

0.

£(0) =0 since (0,0) is on the graph.
£(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 £ (3) = —1.

f(=1) is positive since f(—1) = 1.0.
f(x)=0whenx=0,x=4, and x =6.

f(x) <0 when 0<x<4.

The domain of f'is {x| —-4<x< 6} or
[-4.6].

The range of fis {y| -2<y< 3} or [-2,3].
The x-intercepts are (0, 0), (4, 0), and (6, 0).
The y-intercept is (0, 0).

The line y =—1 intersects the graph 2
times.

The line x =1 intersects the graph 1 time.
f(x)=3 whenx=5.
f(x)=—-2whenx=2.

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

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

12. Function

a.

b.

C.

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

None

13. Function

a.

Domain: {x| —n<x< n} ;

Range: {y|—l£y£l}

i T
Intercepts: | ——,01{, | —,0], (0,1
P (2 j (2 j( )

Symmetry about y-axis.
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14.

15.

16.

17.

18.

19.

20.

21.
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Function

a. Domain: {x|—n£x£n};
Range: {y| -1<y< 1}

b. Intercepts: (=, 0), (m,0), (0,0)

¢. Symmetry about the origin.

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

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

Function

a. Domain: {x| x> 0} ;
Range: { y| y is any real number}

b. Intercepts: (1, 0)

c¢. None

Function

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

b. Intercepts: (0, 0)

c¢. None

Function

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

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

c. Symmetry about y-axis.

Function

a. Domain: {x| x> —3} ;
Range: {y| y2 0}

b. Intercepts: (-3, 0), (2,0), (0,2)
None

Function

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

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

None
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Section 1.2: The Graph of a Function

22. Function

a.

b.

C.

Domain: {x| X is any real number} ;
Range: {y| y< 5}
Intercepts: (-1, 0), (2,0), (0,4)

None

23. f(x)=2x"-x-1

a.

f=)=2(=1)* =(-1)-1=2

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

(_
(_

f(2)=2(-2) ~(-2)-1=9
(_

The point 2,9) is on the graph of f.
Solve for x:
—1=2x*—x-1
0=2x"-x
O:x(2x—1)2x:O,x:%

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

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

x-intercepts:
f(x)=0=2x* —x-1=0

2x+1)(x—-1 :0:x=—l,x=1
2

(—%,Oj and (1,0)
y-intercept:
£(0)=2(0)* =0-1=-1=(0,-1)

ZCros:
f(x)=0
252 —x-1=0

Cx+)(x-1)=0 Dx:—%,x:l

24. f(x)=-3x>+5x

a.

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

The point (—1,2) is not on the graph of /.
S =-3(=2) +5(-2)=-22

The point (—2,—22) is on the graph of /.
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Chapter 1: Functions and Their Graphs

Solve for x: g. Zeros:
~2=-3x +5x=3x" = 5x-2=0 f(x)=0="2_0
_92)= -1 . _ x—6
(3x+l)(x 2)—0:)6— 3>¥ 2 420y =2
(2,-2) and (—g,—Z) on the graph of f . )
x“+2
26. f(x)=
The domain of f'is {x| x is any real number} . x+4
x-intercepts: a. f()= 42 = E
f(x)=0=-3x" +5x=0 I+4 5
x(—3x+5):O:>x:O,x:% The point ( J is on the graph of /.
5
(0,0) and (3,0) a2 2 1
. b. f(0)= =—=—
y-intercept: 0+4 4 2
2
f(O) = _3(0) +5(O) =0= (0»0) The point (0, %J is on the graph of f.
Zeros: lve £
S(x)=0 ¢. Solve orx,2
3x +5x=0 l:x +2:>x+4:2xz+4
5 2 x+4
-x(3x-5)=0 :x:o,5 0=2x>-x
5 x(2x—1):0:>x:0 or x:%
25, f(x)=22 | oy
x=6 [0 j and (— —j are on the graph of f .
3+2 5 2 22
J@) = =224 ,
3-6 3 d. The domain of £'1S {x| X # —4} .
The pomt (3,14) is not on the graph of f.
e. x-intercepts:
4+2 6 2
4) = — —-_3 . X +2 _ 2 _
J®= 4-6 -—2 f(x)—0:> 2 =0=x"+2=0
The point (4, —3) is on the graph of f. This is impossible, so there are no x-
intercepts.
Solve for x: £ . ]
- Y42 . y—1ntercep2t.
x—6 7(0)="2 +2:E:l:>(o,lJ
2x—12=x+2 0+4 4 2 2
x=14 g. zeros:

(14, 2) is a point on the graph of f .
The domain of f'is {x| X # 6} .
x-intercepts:
x+2
x)=0=
S ( ) x—6

x+2:0:x:—2:>(—2,0)

=0

0+2 1

y-intercept: f(0)= e —E:

27. f(x)= xzf

a.

)

B X
f(x)—0:> x+4

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

=0=>x2+2=0

2

+1

2-1° 2 _
f(= )—(1) 5 1

The point (—1,1) is on the graph of 1.
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2(2) _8

@) +1 17

/2=
. 8.
The point (2, EJ is on the graph of f.

Solve for x:
2x?
xt+1

xt+1=2x7
X =2x2+1=0
(x*-1)%* =0
X -1=0=x=+#I
(1,1) and (-1,1) are on the graph of f .

1=

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

x-intercept:

2
=0= =0
f(x) xt+1

2x* =0=x=0=(0,0)

y-intercept:

2008 o
FO=501 "o 0= (00

ZEeros:

2
£(x)=0=2 9
x+1

2x>=0=>x=0

The point (%,—%j is on the graph of f.

24 _8_

4= _°_y4
T®=4373
The point (4, 4) is on the graph of 1.
Solve for x:
2x

1= Sx-2=2x=-2=x

x=2

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

63

29.

Section 1.2: The

d. The domain of f'is { x|
e. x-intercept:
=0
f()-0= 2
=x=0=(0,0)

2x

Graph of a Function

x¢2}.

=0=2x=0
2

f. y-intercept: f(0)= 0—02 =0=(0,0)

g. Zeros:

£ (x)=0= 2

xX—

—32x?

h(x) =
*) 130°

+Xx

—32(100)?
30?

~~320,000

®

h(100) =

2:0:>2x:03x:0

+100

=—————+100~81.07 feet

16,900

_ 2
b, h(300)= 200",
_ ~2,880,000

16,900

-32(500)*

¢ h(500)=
(500) 307

~ 8,000,000
16,900

300

+300 ~129.59 feet

+500

+500 = 26.63 feet

—324?

d. Solving A(x) =
g h(x) 1307

-32x%
ez
130

x[_3zf+lj=0
130

x=0 or — f+l=
30

130% =

+x=0

0

32x
130°
32x

2
13(2) =528.125 feet

Therefore, the golf ball travels 528.125 feet.
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Chapter 1: Functions and Their Graphs

e. = 2L
L1307
150
0 600
=5
f. Use INTERSECT on the graphs of
-32x7
Y = +x and y, =90.
L1307 ?
150
0 ﬂﬁ?ﬁ%@sﬁw:sul— 600
-5
150

N

Inkerseckinn
H=yix 0Eiad +¥=90 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.

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

(=}

znn 1426
oy 1z8.44

1:1.68

1.8

00 1z8.£9
Fek 15
ZE0 1iB.0%
=275

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

* Nl * 'y
26D 132 260 132
= = | niy
EE; % o .
264 13203 ZEH
Z6E 13203 ZEE 13203
Z6h 1320z 26 13202
1=132. 8291 12426| WM1=132. 0831242664

13202
1=132. BAA5E5FI9

30. A(x)=4xy/1-x*

a.

a.

Domain of A(x) = 4x+/ 1-x* ; we know

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

1-x? >0, since this expression occurs
under a square root. In fact, to avoid
Area = 0, we require
x>0 and 1-x*>0.
Solve: 1-x*>0
(1+x)(1—x) >0

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

x>-1 and x<l1

(ie. —1<x<])

Case2: 1+x<0 and 1-x<0
x<-1 and x>1
(which is impossible)

Therefore the domain of 4 is {x| O<x< 1} .

Graphing A(x) = 4x/ 1-x%

3

0

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

A W4

. 1.1447

4 1.4664

.5 1.7z2z1

K| © 35

N:| i.82

g 1.5692

=. 7

0
3. C(x) =100+ + 38000
10 X

Graphing:

400

| 600

200
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b. TblStart =0; ATbl=50

B
] ERROF
Ep HEE
io | urn
L
oo | 2
£o | zgo
o |z
18166+x-168+364..,

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

roughly 600 miles per hour.
# W

IR
T
ZE0.NE
22

BED Zz0.20
oo | EELN:
FED

]
=155

2
32. W(h):m( 4000 j

4000+ A
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
ol 15
119.5
c. Create a TABLE:
ol # okl
cn 2 119.88
.E 1i8.87 c.k 1i9.85
1 1109y e 119.8z
it 11891 2.5 1i8.78
£ 1i0.88 Y 1i8.78
e | 357
=H =

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 0.8 miles

(4224 feet).
A |

i iuim.i.n
e
[
o
oo
w o

Il |""in
-
-
n
o
iy

A 11883
.2

e. Yes, 4224 feet is reasonable.
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33.

34.

35.

36.

37.

38.

39.

Section 1.2: The Graph of a Function

a. (f+2)2)=/(2)+g(2)=2+1=3

b. (f+g)4)=/f(4+g)=1+(-3)=-2
¢ (f-g)6)=/(6)-g(6)=0-1=-1

d. (g-f)N6)=g(6)-f(6)=1-0=1

e. (/-92)=f(2)g2)=2(1)=2

(1](4):&;:_1
g g4 -3 3

lael

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

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

The graph of a function can have any number of
x-intercepts. The graph of a function can have at
most one y-intercept.

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

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

x=7.
(@ 1L (b) IV; (©) I (d) V; (e) I

(@) II; (b) V; (c) IV; (d) III; (e) T

y
22,5)
— 5_
=
S 4
=
& 3t
g (5,2)
§ 2r
k. .0
Ak
29,0
| 1 |||||||(||)||x
6,0) 10 20 30

Time (in minutes)
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Chapter 1: Functions and Their Graphs

40. YA
20,000 |- (78, 19,000)
15,000
3 -
8 B
& L
'3 10,000~
2 L (33, 9000) (48, 9000)
2 -
&) -
5000
- (13, 4000)
- #(10, 2000)
1000 =
I T T N T T T Y O A
5 20 40 60 30

Time (in minutes)

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

b. 0.5 hours elapsed; Kevin was 3 miles from
home.

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

d. 0.2 hours elapsed; Kevin was at home.

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

f. 0.3 hours elapsed; Kevin was 2.8 miles from
home.

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

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

i. Kevin returned home 2 times.

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

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

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

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

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

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

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

44. The only such function is f(x)=0 because it is
the only function for which f(x)=—7(x). Any

other such graph would fail the vertical line test.

Section 1.3

1. 2<x<5

2. slope:ﬂ: :§:1
Ax 5

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
(~3)=5(=x) -1
—y=5x"-1
y =-5x*+1 different
The equation has symmetry with respect to the
y-axis only.
4. y—ylzm(x—xl)
y=(-2)=5(x-3)
y+2=5 (x - 3)

5. y= x> -9
x-intercepts:
0=x"-9
=95 x=43
y-intercept:

y=(0)-9=-9

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

6. increasing
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

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.%0).

f is decreasing on the intervals:
(—o0,-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 haslocal minimaat x=-8 x=0andx=5.

The local minima are —4, 0, and 0, respectively.

a. Intercepts: (-2, 0), (2, 0), and (0, 3).

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

¢. 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).

b. 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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23.

24,

25.

26.

27.

Section 1.3: Properties of Functions

Intercepts: (0, 1).

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

Increasing: (—o0,%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: (1, 0).

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

Range: { y| y is any real number} .
Increasing: (0,00); 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| —t<x< n} or [-m, m];

Range: {y|—1£y£1} or [-1,1].
Increasing: | —=, 2 |;
g' 2 b 2 b

. T i
D e - d|= .
ecreasing ( T, 2j an (2 , nj

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

Intercepts: (—%,Oj,(g, O), and (0,1).

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

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

(1 5 1
Intercepts: (Z,Oj,(z,oj, and (O, 2].

Domain: {x|—3£x£3} or [-3,3];
Range: {y| -1<y< 2} or [—1, 2] .
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28.

29.

30.

31.

32.

33.

34.

3s.
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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 3 at x = 0.

b. f has alocal minimum of 0 at both
x=-2andx=2.

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

b. f has alocal minimum of 0 at both

x=—landx=1.
a. f hasalocal maximumof 1 at x= %
b. f hasalocal minimum of —1 at x = —%.

a. f hasalocal maximum of 1 at x =0.

b. f has a local minimum of —1 both at
x=-x and x=r.

[0 =4x
[(x)=4(x)" = —4x* =~ [ (x)
Therefore, f is odd.

f(x)=2x*-x*
f(=x0)=2(-x)" = (~x)* =2x* —=x* = f(x)

Therefore, f is even.

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==3x>+5
h is neither even nor odd.

F(x)=x
F(—x)zé/gz—é/iz—F(x)
Therefore, F is odd.

G(x) = Jx

G(—x) =/-x

G is neither even nor odd.

f(x)=x+|x|
f(=x) = x| =x| = —x+| x|

f is neither even nor odd.

) =2x7 +1
S0 =J2(x) +1=322 +1= £ (x)

Therefore, f is even.

g0)=5
X
1
o e

Therefore, g is even.

g(=x)=

X

x2-1

h(x) =

S S —
S

Therefore, 4 is odd.

3
—X

3x* -9

—(=x)’ -
3(-x)2-9 3x*-9
Therefore, 4 is odd.

h(x) =

h(-x) =

~h(x)

F(x):2—x
| x|
2(—x) —2x
F(—x)= =—=—-F(x
] e

Therefore, F is odd.



45. f(x)=x’—3x+2 on the interval (-2,2)
Use MAXIMUM and MINIMUM on the graph
of y=x —3x+2.

5
- A . I."
F - :
I." . .-'/II
20 e 2
Mo x
H=-.9898827 [Y=y
-5
5
! .-I.-'-_'_\_-'H.__ |
J =)
|"ll e o !

2 oy 2
Hiniriur x
W=.9998877 I'Y=1,E5E-11

-5

local maximum at: (~1,4) ;
local minimum at: (1,0)
/s increasing on: (-2,-1) and (1,2);

/fis decreasing on: (—1,1)

46. f(x)=x’-3x>+5 on the interval (—1,3)

Use MAXIMUM and MINIMUM on the graph

of y,=x>=3x" +5.

10
; L
.-'"'.-— " __-__--\'——\_:—-'i
1 3
Hazimur x

WoZ. 27EHEE  V=F
-10

10
u
_—t
l__a- .__\-\--\_ B ~ -

1 —l 3
Himiraur x
w=1.9808072 Y=

-10

local maximum at: (0, 5) ;

local minimum at: (2,1)

fis increasing on: (~1,0) and (2,3);
fis decreasing on: (0,2)
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47.

Section 1.3: Properties of Functions

f(x)=x"—x on the interval (-2,2)

Use MAXIMUM and MINIMUM on the graph

of yy=x"—x".

0.5

5 ff"x WJ ,

Hax
W==APYEREE [y= 1EER0zE

-0.5
0.5

5 N 2

Hinirura
W=.APHERPE  [v=-1BEBOEE
-0.5

local maximum at: (-0.77,0.19) ;

local minimum at: (0.77,-0.19) ;

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

48. f(x)=x"-x" onthe interval (-2,2)

Use MAXIMUM and MINIMUM on the graph

of y, =x*—x*.

l, !
2 h——r =+ 2
A= —
Hinirur *
W= ATy Y= -2k
-1
2
|II IIV
\ /
I
L i !
2 R pou— 2
Haxinum

"
w=-1.1*BE-6 I¥=-1.ZE-iz

. |'

! !

0 — o
- e

Hiniraurm
W= /0Ri0nans |Y=- gk

=)
local maximum at: (0,0);

local minimum at: (-0.71,-0.25), (0.71,—0.25)
/s increasing on: (—0.71,0) and (0.71,2);
fis decreasing on: (—2,—0.71) and (0,0.71)
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49. f(x)=-0.2x"-0.6x* +4x—6 on the
interval (—6,4)
Use MAXIMUM and MINIMUM on the graph
of y, =—0.2x" —0.6x> +4x—6.

2
-6 4
» -
- ",
"t __.-" I'il
"._ s Y
‘-\. __..-’
e ol
Hinirmur u“
w=-3.76BB7: W=-1B.B91z%
-30
2
ol ="y 4
_.-'-' .,
", K
", -
., -
Haxiraurm o
w=1.76BB767 ''=-1.90878Y4
-30

local maximum at: (1.77,-1.91) ;

local minimum at: (—3.77,—18.89)

/s increasing on: (-3.77,1.77) ;

/s decreasing on: (—6,-3.77) and (1.77,4)

50. f(x)=-0.4x>+0.6x> +3x—2 onthe

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

Hinirur 1w
W="1.18B215 ¥=-4.048Z287

damun
WeE ACEENAE Y=Z EHBZBTZ

=
local maximum at: (2.16,3.25) ;

local minimum at: (—1.16, —4.05)
fis increasing on: (-1.16,2.16) ;
fis decreasing on: (—4,-1.16) and (2.16,5)
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51. f(x)=025x"+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.

8
i .
1 d
Y _."
lII ——_ _--.
l.' - _
"

2 EL .
I Hinirurn <P
w=-1.BE5088 Y= 94804208

-2
i
'.I !
" A
% — -
hs -
N
3 .
Maxiriun <
w=1l.1ZA4E-8 =3
-2
i .
! N
IIlII _lll
., ___a-"___—){-""
e
P .
“IHinirurm G
w=.9eE08EBE: Y=z.a4BzBzl
-2

local maximum at: (0,3);

local minimum at: (—l .87,0.95) s (0.97,2.65)
/s increasing on: (—1.87,0) and (0.97,2);
fis 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.

2
N —== 2
Iy T—
|'r .\'"u

I|' !

! )
Haxirum s
#=-1.E7xiel 'Y=-.Ezx:0HE

-10
2
<] B — 2
S

I|' !

a )
Hinirum s
W=-B.eziE-7 'Y=-%

-10
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———

I
Haaxirura x
n=.6:5aa101 V=-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);
/s decreasing on: (—1.57,0) and (0.64,2)

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

x=2
F(2)-7(0) (—2(2)2 +4)—(—2(o)2 +4)
2-0 2
(@ _s
2 2
b. Average rate of change of ffromx =1 to
x=3:
F3)-7(1) (-203)° +4)-(-201" +4)
3-1 2
_(9)-() _-16_
2 2
c. Average rate of change of ffrom x =1 to
x=4:
F@)-£(1) (—2(4)2 +4)—(—2(1)2 +4)
4-1 3
(-28)-(2) -
R

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

x=2:
r@)-r0) [+
2-0 2
-7-1_ -8
2 2
b. Average rate of change of ffrom x = 1 to
x=3:
r@)-r0)_ (O 1))
3-1 2
:—262—(0):%:_13

Section 1.3: Properties of Functions

¢. Average rate of change of f'from x =—1 to

x=1:
FO=re) (0 +1)(-1'+
1-(-1) 2
_0-2_2__,
2 2

55. g(x):x3—2x+1

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

g(-2)-g(-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:

g()-g(-1)

1-(-1)
) [(1)3 —2(1)+1J—[(—1)3 —2(—1)+1J
2
0-)_—2__
2 2

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

56. h(x)=x"—2x+3

a. Average rate of change of 4 from x =-1 to

x=1:
h(1)-h(-1)
1=(=1)
) (1) =2(1)+3]-[ (-1 ~2(-1)+3]
2
_2)-(6) _4_,
22
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Chapter 1: Functions and Their Graphs

b. Average rate of change of 4 from x =0 to
x=2:

h(2)-1(0)

2-0

c. Average rate of change of 4 from x =2 to
x=5:

h(5)-h(2)

(57 -2(5)+3]-| (2" ~2(2)+3] 59.

57. ‘f(x):5x—2
a. Average rate of change of f from 1 to x:
f(x)=1() _(5:-2)-(5(1)-2)
x—1 B x-1
_5x-2-3
o ox-1
_se=s_5(x-1)
===

x-1
b. The average rate of change of ffrom 1 tox is a

constant 5. Thus, the average rate of change of
ffrom 1 to 3 is 5. The slope of the secant line

joining (1, /(1)) and (3,f(3)) is 5.

c¢. We use the point-slope form to find the
equation of the secant line:
Y=V = Mg (x_xl)

y-3=5(x-1)
y=3=5x-5 60.
y=5x-2

58. f(x) =—4x+1

a. Average rate of change of f from 2 to x:
f(x)-£(2) _ (—4x+1)—(—4(2)+1)
x=2 x=2
—4x+1-(-7)
-
ey A(-2)

= =—4
x—2 x=2

72
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b. The average rate of change of f from 2 to x
is given by —4 . Therefore, the average rate
of change of ffrom 2 to 5 is —4 . The slope

of the secant line joining (2, /'(2)) and
(5.7(5)) is —4.

c. We use the point-slope form to find the
equation of the secant line:
Y=V = Mg, ()C—)Cl)
y=(-)=4(x-2)

y+7=-4x+8
y=—4x+1
g(x):x2—2

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

e()-g(-2) [¥-2]-[(2 2]

x—(—2) x+2
_ (x2 _2)_(2) _ Xt -4
x+2 x+2

x+2)(x-2
ey

b. The average rate of change of g from -2 to
x is given by x —2 . Therefore, the average
rate of change of g from -2 to 1 is
1-2=-1. The slope of the secant line

joining (-2,g(-2)) and (1,g(1)) is —1.
c. We use the point-slope form to find the
equation of the secant line:
Y=V = Mg (x_xl)
y=2=-1(x-(-2))

y=—2=—x-2
y=—x
g(x):x2+l

a. Average rate of change of g from —1 tox:

g(x)-g(-1) [xz +1]—[(—1)2 +1]

x—(—l) x+1
_(x2+1)—(2):x2_1
x+1 x+1
x=1)(x+1
:( x)fl ):x—l
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b. The average rate of change of g from —1 to

x is given by x —1. Therefore, the average

rate of change of g from —1 to2is 2—-1=1.

The slope of the secant line joining
(-Lg(-1)) and (2,g(2)) is 1.
We use the point-slope form to find the
equation of the secant line:
V= = Mg, (x_xl)

y=2=1(x=(-1))

y—2=x+1

y=x+3

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

a.

b.

Average rate of change of / from 2 to x:

n(x)-n(2) [¥=2x]-[(2)-2(2)]

x=2 x=2
<x2 —2x)—(0)
T ox-2
B X2 —2x B x(x—2)
x-2 x=2
The average rate of change of 4 from 2 to x

is given by x. Therefore, the average rate of
change of / from 2 to 4 is 4. The slope of

the secant line joining (Z,h(Z)) and
(4.h(4)) is 4.

=X

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

Yy=n" :msec(x_xl)
y—O:4(x—2)
y=4x-8

62. h(x) =-2x*+x

a.

Average rate of change from 0 to x:

h(x)-h(0) [—Zx2 +x:|—[—2(0)2 +0J

x—=0 X
(—2x2 +x)—(0) “2x% +x
- X N X
:M:—2x+l
X

The average rate of change of /# from 0 to x
is given by —2x+1. Therefore, the average
rate of change of / from 0 to 3 is

—2(3)+1=-5. The slope of the secant line

joining (0,4(0)) and (3,(3)) is 5.

73

63.

64.

Section 1.3: Properties of Functions

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

Y=V = Mg (x_xl)
y—0=-5 (x - 0)
y=-5x
length = 24 -2x; width = 24-2x;
height = x
V(x) = x(24—2x)(24 - 2x) = x(24 - 2x)*
V(3) =3(24-2(3))* = 3(18)*
=3(324) =972 cu.in.
V(10) =10(24—2(10))* =10(4)*
=10(16) = 160 cu.in.

y =x(24- 2x)*
1100

0 12
0

Use MAXIMUM.
1100

ﬂuximum

= P—— L Y1 |

12

0
The volume is largest when x =4 inches.

Let A =amount of material ,
x = length of the base , /# = height , and

V = volume.

V=x*h=10=h=2
X

Total Area A = (Area,,, )+(4)(Areagq, )

=x* +4xh

A(1)=12+$:1+40=41 ft”
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c. A(2)=22+%:4+20=24 ft”

d. » :x2+ﬂ
x

00

0 410

Hinirun
0 n=z. /14166 LY=22 1041E9 . 10

0
The amount of material is least when
x=2.71 ft.

65. a. s(t)=-16t>+801+6
110

0

b. Use MAXIMUM. The maximum height
occurs when ¢ =2.5 seconds.

110
Haximurm
0 LR — 1] 6
0
c¢. From the graph, the maximum height is 106
feet.

66. a. y=s(t)=-17.28+100¢
200

=25

74
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a.

Use the Maximum option on the CALC

menu.
200

0 Eg?g‘BﬂEﬂS"i?? Y=144.6750F 8
-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)=-16> +100¢
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.

67. C(x)=03x? +21x—251+ 2%
X
y, = 0.3x7 12152514+ 2%
X
2500
olt 30
-300

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

lawnmowers are produced per hour.
2500

0 Hinimum—— e v+ 2 . . .
n=0.aER1EFT V=zFB.BEZEE

-300

The minimum average cost is approximately
$239.
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Section 1.3: Properties of Functions

For each additional bicycle sold between 0

and 25, the total revenue increases by (an

average of) $1120.

64835-62360 2475
223-190 33

68. a. C(t)=-.002r" +.0397 —.285¢% +.766¢ + .085 d.

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

menu. f
1 .

Average rate =
of change

=75 dollars per bicycle

g. For each additional bicycle sold between
190 and 223, the total revenue increases by
(an average of) $75.

Haximur
A=z 1E0zE0NE L= PERREREL L

0 10
0 h. The avera, fch f i
. . . . ge rate of change of revenue is
3"116:6 c}i)ncentratlon will be highest after about decreasing as the number of bicycles
) ours. increases.
b. Enter the function in Y1 and 0.5 in Y2.
Graph the two equations in the same 70. (a), (b), (¢) .
window and use the Intersect option from - i
the CALC menu. & 60,000
1 2 50,000 .
£ 7 40,000~ . ~
5% 3000000 ¢
J/_H\\ EEN ol
V O 20000}
&
5@;{;;;@@&_ = oo T Y Y Y Y
05— — 10 %6~ 50 100 150 200 250~

1 Number of Bicycles

Fan :

Interseckion ™
HEUHEEEYEE LY=L

10
00

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

27750 — 24000
25-0

= g =150 dollars/bicycle

Average rate =
of change

d. For each additional bicycle made between 0
and 25, the total production cost increases
by (an average of) $150.

46500—-42750 3750

223-190 33

~113.64 dollars/bicycle

f.  Average rate =

69. (a), (b), (e) . of change

c. Average rate =

of change
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28000—-0 28000

25-0

25

=1120 dollars/bicycle

75

% 70,000 |-
éj 60,000 |- . ~—° For each additional bicycle made between
S 50,000 - ¢ 190 and 223, the total production cost
§ w000}  ° increases by (an average of) $113.64.
§ ig’ggg i h. The average rate of change of cost is
ke 10:000 fiecreasing as the number of bicycles
TN Y I I I Y I N B mcereasces.
S0 100 150 200 250
Number of Bicycles 1. f(x) — x2

a. Average rate of change of ffrom x =0 to

x=1:

f@)-£(0) 120 1

= —=1

1-0

1 1
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Chapter 1: Functions and Their Graphs

b. Average rate of change of ffrom x=0 to : ]

x=0.5: ;k y= XZ.-"..-I
. —
7(0.5)-7(0) (0.57-0> 025 05 e |
0.5-0 0.5 05 =0 !
¢. Average rate of change of ffrom x=0 to "
x=0.1:
-1
£(0.1)-7(0) (0.1)° -0 _001_ |
0.1-0 0.1 0.1 , s
¥, y=x.
d. Average rate of change of f from x =0 to ot -~
x=0.01: -1 e =t |
2 y=0.00Lx
£(0.01)- £(0) (0.01) -0
001-0 0.0l g
_ 0.0001 ~001 -1
0.01 g. The secant lines are beginning to look more
e. Average rate of change of ffrom x=0 to and more like the tangent line to the graph
x=0.001: of fat the point where x =0.
£(0.001)—- £(0) (0,001)2 —0? h. The slopes of the secant lines are getting
= smaller and smaller. They seem to be
0.001-0 0.001 .
0.000001 approaching the number zero.
=———=0.001
0.001 72. f(x) :x2
f.  Graphing the secant lines: a. Average rate of change of ffrom x=1 to
. x=2:
i o F()-r(1) 21 3
k-."\-\._. ._.-"-::.-" a = _ = —=
| I e 2-1 11
= 1
.__.--"" b. Average rate of change of ffrom x =1 to
._J_.-"'_;r; X W x=15:
- - F5)-£(1) (157 -17 125 )5
| 1.5-1 0.5 0.5
; v c. Average rate of change of ffrom x=1 to
. s - x=11:
"*-.___ ‘F,.rﬂ-'
. e A FL)-r(1) (L1 -1 021,
05 11-1 0.1 01
* d. Average rate of change of ffrom x=1 to
=il x=1.01:
1 1.01)-£(1) (1.01)* =12
- - fon-r@) _ (L0 -1° _0.0201_, .
" y= ,:j_; 1.01-1 0.01 0.01
» S T ] e. Average rate of change of ffrom x =1 to
v =0.1x x=1.001:
. £(1.001)- (1) (1.001)° ~12
- 1.001-1 0.001
_ 0.002001 _ 5001
0.001
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Section 1.3: Properties of Functions

f.  Graphing the secant lines: b. When x=1:
: — h=05=m, =2
f e S h=01=mg, =2
v h=001=m,, =2
. as h—>0, my, =2
oy Yy
o= 3 ¢.  Using the point (1, /(1)) =(1,7) and slope,
5 m =2, we get the secant line:
r.. y=x_ ,-"I . -7=2(x-1
7 . ..-':_.-'"f y , 2( ) )
Ly —_ = j—
N y=T7=2x
__.-"{:2.3.(—1.3 y=2x+5
d. Graphing:
3 10
-5 - rl 5
. 5
g The graph and the secant line coincide.

74. f(x)=-3x+2
_ S+l - f(x)

S€C h
_3(x+h)+2-(3x+2) 3h
= - ===

a.

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

h=0.1=m, =3
h=0.01= mg, =-3
._/J:Et=2.0()lx—].00] as h—>0, my, = -3

r

i = * s c. Using point(l,f(l)):(l,—l) and

slope = -3, we get the secant line:

g. The secant lines are beginning to look more y—(-1)=-3(x-1)
and more like the tangent line to the graph

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

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

smaller and smaller. They seem to be d. Graphing:

approaching the number 2. -
73. f(x)=2x+5 ' I
a _ G- 2 = |
. sec -
h H.-H.-'\‘...
_2x+mh)+5-2x-5_2h _, )
B h T h 5

The graph and the secant line coincide.
77
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Chapter 1: Functions and Their Graphs

75. f(x)=x"+2x
_SG+h) - f(x)
sec h
_ ()’ +2(x+ )= (57 +2x)
h

X2 4 2xh R+ 2x+2h—x" —2x
- h

:2xh+h2+2h
h
=2x+h+2

b. Whenx=1,
h=05=>my =2-1+405+2=45

h=01=>m, =2-1+0.1+2=4.1
h=001=mg,, =2-1+0.01+2=4.01
as h—>0, my,, >2-1+0+2=4

¢. Using point (L, (1)) =(1,3) and
slope =4.01, we get the secant line:
y=3 :4.01(x—1)
y—3=4.01x-4.01
y=4.01x-1.01

d. Graphing:

76. f()c)=2x2 +Xx
_SG+h) - ()
sec h
_2(x+h)’ +(x+h)—(2x° +x)
h
_ 2(x% +2xh+ )+ x+h—=2x" —x

h
_ 2x% +4xh+ 207 + x+h—2x" —x
B h
_Axh+2h% +h
B h
=4x+2h+1

Whenx=1,
h=05=my =4-1+2(0.5)+1=6

h=0.1=>my, =4-1+2(0.1)+1=52
h=0.01=mg, =4-1+2(0.01)+1=5.02
as h—0, my, >4-1+2(0)+1=5

Using point (1, £ (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
Graphing:
6
w ‘I!!::!J
."l-l
/
. A
1—= 2

f(x) =2x% —3x+1

S~ f()

2(x+h)2—3(x+h)+1—(2x2—3x+1)

- h

207 + 2xh+ h) = 3x=3h+1-2x" +3x -1
h

2% 4 dxh+ 2k =3x-3h+1-2x" +3x -1
h

_ 4xh+2h* —3h

h
=4x+2h-3
Whenx =1,

h=05=mg =4-1+2(0.5)-3=2
h=0.1=>m, =4-1+2(0.1)-3=12
h=0.01=mg, =4-1+2(0.01)-3=1.02
as h—>0, my, —>4-1+2(0)-3=1

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

y=1.02x-1.02
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Section 1.3: Properties of Functions

d. Graphing: 1
2 . f)=-
1 1'\-\. — _.‘.-_'.v-' 2 sec h
i 11y [x-(x+h)
- _(x+h_xj_ (x+h)x
B h - h
3
_|xX=x—h (l): _—h (lj
78. f(x)=-x"+3x-2 (x+h)x \h) | (x+h)x )\ h
a _ S+l - f(x) B 1
¢ sec h (—
x+h)x
—(x+h)2+3(x+h)—2—(—x2+3x—2) b. Whenx=1
- h 1
h=05=>m, =-
(" +2xh+h’)+3x+3h—-2+x" —3x+2 o (1+0.5)(1)
h 1 2
C—x? = 2xh— R +3x4+3h—2+x" —3x+2 T15 3 0667
h 1
h=01=>m_ =-
_ 2xh—h"+3h < (1+0.1)(1)
- h 110
=-2x—h+3 =-11= 1~ 090
b. Whenx=1 1
’ h=0.01= =——
h=0.5=my, =-2-1-0.5+43=0.5 Msee =1+ 0.01)(1)
h=0.1 =-2:1-0.1+3=09
= Msec =1 _ 100 5990
h=0.01=m, =-2-1-0.01+3=0.99 1.01 101
as h—>0, mg, —>-2-1-0+3=1 as hs0. m. ——— L 1_
T (1+0)(1) 1
¢. Usingpoint(1, £(1))=(1,0) and
slope = 0.99, we get the secant line: ¢. Using pomt(l,f (1))=(1’1) and
y—-0=0.99(x-1) slope = —%, we get the secant line:
¥ =0.99x-0.99
~ 100
d. Graphing: - ——m(x—)
i Ly _100 100
¥ - S TITRARTO
A= s o100 201
P ™, 1017 101
- ¥ "'.I X d. Graphing:
! | 3
-3 .-"h._\_ II
L o | I"-.
Er&k%“ﬂ:m_
-1 - _'- ol
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Chapter 1: Functions and Their Graphs

1 81. Answers will vary. One possibility follows:
80. /()= - nep Y

y
WS- - J
* sec h 2
||||_|||(|3’(|))||
[1 : R ‘o
2 2 -1,-2
LAy ) 0.3
h L
X2 - (x + h)2 -5 -
(x+h) - @
S — B
x? —(x2 +2xh + hz) 1 82. Answers will vary. See solution to Problem 81
- (x+ h)z 2 W for one possibility.
5 83. A function that is increasing on an interval can
= —2xh—h" (l) have at most one x-intercept on the interval. The
(x+ h)2 X2 J\h graph of f'could not "turn" and cross it again or it
vk oy would start to decrease.
B (x + h)2 x? B <x2 +2xh+h )x2 84. An increasing function is a function whose graph
goes up as you read from left to right.
b. Whenx=1, y
h=05=my =—21=93 oy 11 N
(1+0.5)°1° Sr
h=01=m, =—21"0L o1 7355 -
(1+0.1)" 17 -
5.1-0.01 L1110 Ll
h=0.01=mg =————"—~-19704 - - 3
(1+0.01)"1? -
as h—0, mscc—>_2'—1;0:—2 5:
(1+0)"1? ~L
c.  Using point(1, £ (1)) =(1,1) and A decreasing function is a function whose graph
slope = —1.9704 , we get the secant line: goes down as you read from left to right.
y—1=-19704(x~1) y
y—1=—-1.9704x +1.9704 \ L

y=-1.9704x+2.9704 B
d. Graphing:
3

80
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Section 1.4: Library of Functions; Piecewise-defined Functions

85. To be an even function we need f(—x)= f(x)

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

86. The graph of y =5 is a horizontal line.

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

The local maximum is y =35 and it occurs at
each x-value in the interval.

Section 1.4

81
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3.

10.

11.

12.

13.

14.

15.

16.

17.

y=x"-8
y-intercept:
Let x=0, then y=(0)’ -8=-8.
x-intercept:
Let y=0,then 0=x’-8
X =8
x=2
The intercepts are (0,—-8) and (2,0).
less
piecewise-defined

True

False; the cube root function is odd and
increasing on the interval (—o0,).

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

o w o a o » O

1

an)

(4 -4 |

-10—
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Chapter 1: Functions and Their Graphs

18. f(x)=x 22. f(x)=|
YA YA
20 51
N 22N L #C2
B LI NA L L1 x
101~ 35 (0 0] s
2o\ [ few -
L asN A ]
-5 (0, 0) 5
19, 23. f(x)=3x
YA
5_
L)
J_LJ_I_IH_ ’f
= " 00 4 - ﬁ o3
284 L -
-10- -5
2. f(x)=x 2. f(x)=3
YA YA
= S _(0.3)
:(1, 1)(4’ 2) - (*2:3) — (2-3)
0, 0) I
I " A R I N R
-3 _ 7 - 4
- o
5

25. a.  f(-2)=(-2)"=4
b. f(0)=2
¢ f(2)=202)+1=5

21.

26. a. f(-)=(-1)=-1
b. f(0)=3(0)+2=2

. f()=31)+2=5

27. a.  f(12)=int(2(1.2)) = int(2.4) =2

b. f(1.6) =int(2(1.6)) = int(3.2) = 3
¢.  f(-1.8)=int(2(~1.8)) = int(-3.6) = —4
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Section 1.4: Library of Functions; Piecewise-defined Functions

2 —-2x+3 ifx<l1
28. a. (1.2) =int (—] int(0.6) =0 31. =
/ 2 TO=1522 ifxs1
1.6 a. Domain: {x| x is any real number}
b. f(1.6)=int| — |=int(0.8) =0
2 .
b. x-intercept: none

~18 y-intercept: (0,3)
c. f(-1.8)=int| — |=int(-0.9)=-1
2 c. Graph:

¥

1) 2x ifx=#0 &
X)=

1 ifx=0 0,3)

a. Domain: {x| x is any real number} L1 &
b. x-intercept: none B
y-intercept: (0,1) B
c. Graph: =5
y
3 d. Range: {y| y= 1} ; [1, )
1,2)
©.1 2. fmo T3 ifx<—2
X . X)=
I — ——— “2x-3  ifx>-2
a. Domain: {x| x is any real number}
-1,-2)
3 . 3
b. x-intercepts: (-3, 0), Y 0
d. Range: {y| y# 0} ; (=0, 0) or (0, ) y-intercept: (0, -3)
c¢. Graph:
. ¥
3x ifx#0
30. f(x)= {4 0 o 832, 1 2%
= [Vt N O I O
a. Domain: {x| x is any real number} -5 5
b. x-intercept: none ©,-3)
y-intercept: (0, 4)
c. Graph:
y -8
d. Range: {y| y< 1} 5 (—o0,1]
x+3 if —2<x<1
Ll 11 .
s - s x 33. f(x)=45 ifx=1
L -x+2 ifx>1
L3¢ |
B . D in: >-2¢; |2
L a omain {x|x }, [-2, )

B b. x-intercept: (2, 0)
d. Range: {y|y=0}; (-o0,0) or (0,) y-intercept: (0, 3)
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Chapter 1: Functions and Their Graphs

c¢. Graph:
i
L5 36.
2’(1,4)
(-2, 1) (1, 1)
LT PN =
-5 5

-5

d. Range: {y|y<4andy=>5}; (-»,4) or {5}

2x+5 if —3<x<0
34, f(x)=<-3 ifx=0
—5x ifx>0

a. Domain: {x| x> —3} ; [-3,0)

b. x-intercept: (-2.5, 0)
y-intercept: (0, —3)

L <o
f(x)=9 x
I ifx=0

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

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

¢. Graph:

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

¢. Graph:
¥y | x| if —2<x<0
(, 5)6 37. f(x)=41 ifx=0
X ifx>0
| l’ Lo 111111 G
(—;‘—1) 0 a. Domain: {x|x2—2}; [-2, )
©0,-3)
(1,-5) b. x-intercept: none
0 y-intercept: (0, 1)
c. Graph:
d. Range: {y| y<5}; (-, 5) VA
3 | —
1+x ifx<0 (-2,2)
35. = L
S {f ifx>0
0,1
a. Domain: {x| x is any real number} g R
b. x-intercepts: (—1,0), (0,0) - — >
y-intercept:  (0,0)
c. Graph: -1
¥
5 d. Range: {y|y>0}; (0,)
3+x if -3<x<0
38. f(x)=43 ifx=0
Jxo ifx>0
a. Domain: {x| x> —3} ; [-3, )
2+
b. x-intercept: (-3, 0)

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

84

y-intercept: (0, 3)
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Section 1.4: Library of Functions; Piecewise-defined Functions

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

f(x)=11

—X if0<x<2
2

> 42. Answers may vary. One possibility follows:

) X if -1<x<0
x:
1 if0<x<2

43. Answers may vary. One possibility follows:

d. Range: {y|y20}; [0, 0) —x ifx<0
S(x)= .
—x+2 if0<x<2
39. f(x)=2int(x)
a. Domain: { x| x is any real number} 44. Answers may vary. One possibility follows:
) ) ) 2x+2 if —1<x<0
_ : xX)=
b. x-intercepts: all ordered pairs (x,0) when . x>0
0<x<l.
y-intercept: - (0,0) 35 i 0.< x <300
c. Graph: 45. C= .
i 0.40x—-85 ifx>300
o a.  C(200)=$35.00
- &—o
n b. C(365)=0.40(365)—85=$61.00
L 11 U .
—4 n 4 c. C(301)=0.40(301)—85=935.40
B 3 if0<x<3
—o
46. F(x): Sint(x+1)+1 if3<x<9
d. Range: {y| y is an even integer} 50 ifo9<x<24
40. f(x)=int(2x) a. F(2)=3

a. Domain: {x| x is any real number} Parking for 2 hours costs $3.

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

b. x-intercepts: all ordered pairs (x, 0) when

1
0<x<—.
2 c. F(15)=50
y-intercept: (0,0) Parking for 15 hours costs $50.
c. Graph: b
y d. 24min-— =04 hr
5 *0 60 min
1 - F(8.4)=>5int(8.4+1)+1=5(9)+1=46
(5’ 1) *o Parking for 8 hours and 24 minutes costs
I I O I $46.
- 5
..0.0
[ o
o 5

d. Range: {y| yisan integer}
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Chapter 1: Functions and Their Graphs

47. a. Charge for 50 therms: ¢. For 0<x<20:
C =9.45+0.7958(50) +0.36375(50) C=6.45+0.2012x+0.7727x
=$67.43 =6.45+0.9739x
b. Charge for 500 therms: For 20<x<50:
C=9.45+0.36375(50) +0.11445(450) C=6.45+0.2012(20)+0.1117 (x-20)
+0.7958(500) +0.7727x
=$477.04 =6.45+4.024+0.1117x—-2.234
¢c. For 0<x<50: +0.7727x
C=9.45+0.36375x+0.7958x =8.24 +0.8844x
=1.15955x+9.45 For x> 50
For x>50: C =6.45+0.2012(20)+0.1117(30)
C =9.45+0.36375(50) +0.11445 (x - 50) +0.0374(x~50)+0.7727x
+0.7958x = 6.45+4.024+3.3514+0.0374x —1.87
=9.45+18.1875+0.11445x—5.7225 07727
+0.7958x

=11.955+0.8101x

= 0.91025x+21.915 The monthly charge function:

The monthly charge function: 09739x+6.45 if 0<x<20
_JL15955x 4945 for 0<x<50 C(x)=10.8844x+8.24 if 20<x<50
0.91025x+21.915 forx > 50 0.8101x+11.955 if x>50
d. Graph:c d. Graph:
(100, 112.94) ¢
100 |- 100 B (100, 92.97)
~ 50, 67.43 B
sof ( ) C
B 501 (50, 52.46)
0,945 € | / (20.2599)

N Y O O
50 100 X

50 100 X (0, 6.45) ¢

48. a. Charge for 40 therms:
C=6.45+0.2012(20)+0.1117(20)

+0.7727(40)
=$43.62

b. Charge for 202 therms:
C=6.45+0.2012(20)+0.1117(30)

+0.0374(152) +0.7727(202)
=$175.60
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49. For schedule X:
0.10x

730+0.15(x — 7300)

4090 +0.25(x —29,700)
14,652.50 +0.28(x — 71,950)
36,548.50 +0.33(x —150,150)
92,727.50+0.35(x —326,450)

Jf(x) =

50. For Schedule Y —1:
0.10x

1460 +0.15(x — 14, 600)
8180+ 0.25(x — 59,400)

Section 1.4: Library of Functions; Piecewise-defined Functions

if 0<x<7300

if 7300 < x <29,700

if 29,700 < x <71,950

if 71,950 < x <150,150
if 150,150 < x £326,450
if x>326,450

if 0<x<14,600
if 14,600 < x < 59,400
if 59,400 < x<119,950

X)=
S 23,317.50+0.28(x—119,950)  if 119,950 < x <182,800
40,915.50+0.33(x—182,800) if 182,800 < x <326,450
88,320+ 0.35(x—326,450) if x>326,450
51. a. Let x represent the number of miles and C be the cost of transportation.
0.50x if 0<x <100
o) 0.50(100) + 0.40(x —100) if 100 < x < 400
X)=
0.50(100) + 0.40(300) + 0.25(x — 400) if 400 < x <800
0.50(100) + 0.40(300) + 0.25(400) + 0(x —800) if 800 < x <960
0.50x if 0<x <100
10+0.40x if 100 < x <400
Clx)= .
70+0.25x if 400 < x <800
270 if 800 < x <960
y
300 (800,270)
T 2501 (960,270)
Z 20 (400,170)
= 150f
& 100
sof- (100, 50)
1 | 1 | 1 | 1 1 1 1
(0,0) 200 400 600 800 960

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

¢. For hauls between 400 and 800 miles the costis: C(x)=70+0.25x.
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Chapter 1: Functions and Their Graphs

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

[
)
!

Interest Charged (dollars)
+

57
c
[ R N R N B
190 - Oo—e 1000 2000
Balance (dollars)
z 167 - o—e
\‘:% sl e 55. a. W =10°C
E 1ol o—e b. W:33—(10'45“0\/5_5)(33_10)z4°C
22.04
95 e
4?«,; L . W:33_(10.45+10JE—15)(33—10)z_3oc
Days of Rental 22.04
53. Let x = the amount of the bill in dollars. The d. W =33-15958(33-10) =-4°C
minimum payment due is given by e. When 0<v<1.79, the wind speed is so
x if x<10 small that there is no effect on the
10 if 10<x <500 temperature.
f(x)=1430 if 500<x <1000 f.  When the wind speed exceeds 20, the wind
50 if 1000 < x <1500 chill depends only on the temperature.
70 if x>1500 56. a. W =-10°C
y 10.45+104/5 -5)(33-(~10
7 b. W=33- ( )( ( ))
= 70r - > 22.04
s L ~-21°C
o
8 sor — (10.45+10315 -15)(33-(-10))
s - c. W=33-
E 22.04
g 3o o ~ -34°C
E —
2 oo d. W =33-1.5958(33—(-10))=-36°C
Amount of Bill (dollars) 57. Each graph is that of y = x~, but shifted
vertically.
54. Let x = the balance of the bill in dollars. The e 6 R
. . . TR ) I||'|
monthly interest charge is given by " L RN
) 0.015x if 0<x<1000 ,"-.x'x.t A
&)= 15+0.01(x-1000) if x>1000 I'l,l '1:"- a"'l.l'll
P s Lol :
~ [0.015x if 0<x<1000 W "
~|5+0.01x if x >1000 2

If y=x*+k, k>0, the shift is up & units; if
y=x"+k, k<0, the shift is down | k| units.
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58.

59.

Section 1.4: Library of Functions; Piecewise-defined Functions

The graph of y = x* —4 is the same as the graph
of y=x?, but shifted down 4 units. The graph
of y=x*+5 is the graph of y = x?, but shifted

up 5 units.

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

horizontally.
6
T u:’lr 7]
\\ VAN
Jo b E'\ L )

-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
"I\.I ] ! .-"

!'I-\. ) IIII lll II.l o
., ", o a
SR
e I"ull fi s -
S e
5 = 5

X
2

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.

60.

61.

89

The graph of y = —x? is the reflection of the
2

graph of y =x~ about the x-axis.
6
N !
I"-. ,-'ry =x2
\, A
-\._... ..‘_.-'
5 = S
y=-x% u,
II." n X
-6

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

y=-ple” .

-~ ==X

=
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 .

V==

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

I, o

L E
5 r

-

I“"'-. _Ilj; — 9%t
y=2 TN [

A,
-2 L - 2

,"'"' ", X
I-.I .l.'h

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

the y-axis of the graph of y = f(x).
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Chapter 1: Functions and Their Graphs

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

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

8 y=(x-1)+2

63. 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.

8
: T
u II|I|| y:x6|||' 1.
) | [
., II||| |II|I|I P =x
N
o 1Jl\'c::. 2 P

|

64. 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

| b | <l1.
* i
y=x T X
1 o = -‘-4:: 1
Il.:‘i: el y 245
o
i '

1 if x is rational

65. f(x)= {0

Yes, it is a function.

if x is irrational

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).

920

66.

x-intercept: y =0 = x is irrational So the graph

has infinitely many x-intercepts, namely, there is
an x-intercept at each irrational value of x.

f(=x)=1= f(x) when x is rational;
f(=x)=0= f(x) when x is irrational.
Thus, 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", rrational and
r >0, flattens down toward the x-axis as r gets
bigger. For x> I, the graph of y =x" increases
at a greater rate as r gets bigger.

Section 1.5

1.
2.

10.
11.

horizontal; right

y
-5, —2,and 2

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 =21 (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

p—

12. A

13. L
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14.
15.
16.
17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
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C
F
J
G
K
y=(x-4)
y=(x+4)
y=x"+4
y X —4
y=(-x) ==+
y=-x’
y—4x3
(1Y 1,
y_(ij 64
) y=x+2
@) y=—(Vx+2)
(3) y=-(V=x+2)=—=x-2
M y=-vx
(2) y=—Jx
3) y=—JT 2
M y=—+x
(2) y=-+x+2
() y=-+x+3+2
) y=x+2
2) y=+-x+2
() y=J-(x+3)+2=-x-3+2
(c); To go from 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.

91

Section 1.5: Graphing Techniques: Transformations

32.

33.

34.

3s.

36.

(d); To go from y = f(x) to y=f(-
reflect each point on the graph of y = f(x)

x), we

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); To go from 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); To go 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.
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Chapter 1: Functions and Their Graphs

37. g(x)=x"+1 YA
Using the graph of y = x°, vertically shift -

upward 1 unit. - G2
» ) (0, i ) /

41. f(x)=(x-17+2
Using the graph of y = x°, horizontally shift to

the right 1 unit, then vertically shift up 2 units.

38. g(x)=x"-1 \S

Using the graph of y = x3, vertically shift
downward 1 unit.
-"
5

2. f(x)=(x+2)°-3

_5 Using the graph of y = x*, horizontally shift to
the left 2 units, then vertically shift down 3 units.
39, h(x)=x-2 V)

\

44—
Using the graph of y = Jx, horizontally shift to -
the right 2 units.

YA [

5K B >
~ (6,2) B
- 3,1 :
B X L

-2 L (2,0) 8
- 43. g(x)=4/x
-5 Using the graph of y = Jx, vertically stretch by

a factor of 4.

40. h(x)=+/x+1 y
9
Using the graph of y = Jx, horizontally shift to

the left 1 unit.

| N N Y
2 71%(0, 0) 8
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Section 1.5: Graphing Techniques: Transformations

44. g(x):%\/; 47. () =-x

Reflect the graph of y = Jx , about the x-axis.
Using the graph of y = Jx , vertically compress .

)
by a factor of % 1o
s 82
5 B X
B A O T
N =10 10
=(1,1) 4, 1 KD
1 X B
S .ol 5 _10k
B 48. f(x)=—/x
5+
Reflect the graph of y = Jx , about the x-axis.

45. h(x)= i - Gj Gj 5

. 1 .
Using the graph of y =—, vertically compress
X

A
B X
1 -5 N (1,=1) 5
by a factor of 5 B

49. g(x)=+—x

Reflect the graph of y = Jx about the y-axis.

46.h(x):33/; T Y Y
5
Using the graph of y = Ix , vertically stretch by

a factor of 3.
y -

10~
- (8.6
N i 50. g(x)= I
4]0_1_1_1_|ﬁ 3 Reflect the graph of y = 3x , about the y-axis.
(-8,-0) - B
-10 B
B2, yr
X
10 ~— 10’
(L =1) (8 ~2)
-10 :
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Chapter 1: Functions and Their Graphs

51. h(x)=—-x>+2

Reflect the graph of y = x*

about the x-axis,

then shift vertically upward 2 units.
,\.

52, h(x)=——+2

—X
1 .

Reflect the graph of y =— aboutthe y-axis,
x

then shift vertically upward 2 units.
y

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

the left 1 unit, vertically stretch by a factor of 2,
and vertically shift downward 3 units.

94
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54

5S.

56.

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

the right 2 units, vertically stretch by a factor of
3, and vertically shift upward 1 unit.

y
5_
(1,4 3,4
- Ve
L1111 I I I
=5 | 5
sl
gx)=+vx-2+1

Using the graph of y = Jx , horizontally shift to
the right 2 units and vertically shift upward 1

unit.

Ya

5._

G263

Jl_ll(zl’l?llllg
-2 L 8

5
g(x):|x+l|—3

Using the graph of y = | x | , horizontally shift to

the left 1 unit and vertically shift downward 3
units.
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Section 1.5: Graphing Techniques: Transformations

57. h(x)=+-x-2 60. f(x)=—-4Vx-1
Reflect the graph of y = Jx about the y-axis and Using the graph of y = Jx, horizontally shift to
vertically shift downward 2 units. the right 1 unit, reflect the graph about the x-axis,
YA and stretch vertically by a factor of 4.
5 YA
- - X
40 [ e
X =
= | 5 —
(_1 3 _1) - —
0.-2)L ~
sl -
Je )

58. h(x):£+2:4(lJ+2
X X 61. g(x)=2[1-x|=2|-(-1+x)|=2|x—1]

Stretch the graph of y = 1 vertically by a factor Using the graph of y =| x|, horizontally shift to
x

. . . the right 1 unit, and vertically stretch by a factor
of 4 and vertically shift upward 2 units. or 2.

-5
3
59. f(x)=—(x+1) -1 62. g(x)=42—x =4J~(x-2)
Using the graph of y = x*, horizontally shift to Reflect the graph of y = Jx about the y-axis,
the left 1 unit, reflect the graph about the x-axis, horizontally shift to the right 2 units, and
and vertically shift downward 1 unit. vertically stretch by a factor of 4. ’
YA y
B :
C (-2.8)
(-2,0) - .
-5 L 5
1= "N (0,-2)
L1111 -
- -5
-5 i,
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Chapter 1: Functions and Their Graphs

63. h(x)=2int(x—1) c.
Using the graph of y = int(x) , horizontally shift

P(x) ==f(x)

Reflect about the x-axis.

to the right 1 unit, and vertically stretch by a YA
factor of 2. ST
YA (-4, 2) L
5 f— —
= — - 4,0
| X
L e—o -5 | /5
! ! . 2 0,-2L 2.-2
. o
;F d. Hx)=f(x+D)-2
Shift left 1 unit and shift down 2 units.
64. h(x)=int(—x) YA
Reflect the graph of y =int(x) about the y-axis. 3
A R U B ANE:
2F -5 B \ 5
SO M)
5,4 I
I n | X ( ) s
-2 2
. 1.
e. 0= E'f (x)
2 O

Compress vertically by a factor of %
65. a. F(x)=/f(x)+3

YA
Shift up 3 units. sl
YA I~
Uy B
L 0. 1) (2, 1)
0,5 >—&,5) T D x
I -5 | 4.0) 5
- (4.3) cacy [ *?
(4. 1) N =
T Y =
s - 5 -5F
3k
gx)=f(=x)
i Reflect about the y-axis.
b. Gx)=f(x+2) N
Shift left 2 units. sl
YA B
5 (-2,2) 1 (0,2)

(-2,2) [(0,2)

(=6, ~2)

-5 (4,0
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Section 1.5: Graphing Techniques: Transformations

g.  h(x)= f(2x) d. H)=f(x+1)-2

) 1 Shift left 1 unit and shift down 2 units.
Compress horizontally by a factor of 5 ,

y

A
5 —
0,2 .(1,2)
L 111 / A <
e - (2.0 5
2D (-5, ~4)(-3, ) 5
5K 1
e 0=/
66. a. F(x)=f(x)+3
Shift up 3 units. Compress vertically by a factor of %
3
8 YA
- 5 —
29 -
% 21
X
» (4, 1) -5 ﬁ L < 5
L1111y -4,-D(2-DL  @-D
5 L
sk
b. G(x)=f(x+2)
Shift left 2 units. L. 2=/
y Reflect about the y-axis.
5 YA
L sk
0,2 =
-2,2) [
=7 AR e
-5 A
(-6,-2) (-4,-2) / L
I~ (-4,-2) -(2,-2) (4,-2)
5+ -
-5+
¢ P@=-f() |
Reflect about the x-axis. g h(x)=f(2x)
‘;‘7 Compress horizontally by a factor of %
42 (2D (4,2 ol

(-2,-2)

-1,-2)
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Chapter 1: Functions and Their Graphs

67. a. F(x)=f(x)+3

I
Shift up 3 units. ¢ W=7/

Compress vertically by a factor of %

YA

19 [—

T
A
=
=T
1=
N,
] >
v
—
A
(98]
R
10 |—
I
118

' ' ' 4 | I Y
-t _a L = = -\ _=x x s
2 b 2 2 a 2
(-3 -3) ~
b. G(x)=f(x+2) 1k
Shift left 2 units. i

- £ g(x)=/(-x)
2 Reflect about the y-axis.

(2-2,1)

X
5-2-) SN
i,y L

(5.-1)
2=
¢ Px)=-f(x)
Reflect about the x-axis. g.  h(x)= f(2x)
YA
5 1) 2 Compress horizontally by a factor of %

(S]]
|

(-3

d Hx)=f(x+1)-2 oy

Shift left 1 unit and shift down 2 units.

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

l | | L X )

(3-1-1)
(~m—1,-2) j\(:nl,Z)

(-3-1.9 =3
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Section 1.5: Graphing Techniques: Transformations

b. G(x)=f(x+2) f. g(x)=/f(-x)
Shift left 2 units. Reflect about the y-axis.
YA YA
2+ 2r-
X 1 / \ L
-2n i b4 27 - AL clt o
(ci-2.-1) | Gr—2,-1) (-m, 1) B (, 1)
2 2
¢. P(x)=-f(x) g h(x)=f(2x)
Reflect about the x-axis. Compress horizontally by a factor of % .
»"
Sk )

1

d Hx=f(x+1)-2

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

YA the graph of y = f(x), but shifted 2 units to
4r the left. Therefore, the x-intercepts are —7
B and 1.
L T L b. The graph of y = f(x—2) is the same as
s B the graph of y = f(x), but shifted 2 units to
f \ the right. Therefore, the x-intercepts are —3
(n-1,-3) | (-1,-3) and 5.
c. The graphof y=4f (x) is the same as the
e. O(x)= % () graph of y = f(x), but stretched vertically

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

Compress vertically by a factor of l !
2 each is 0.

d. The graphof y=f (—x) is the same as the
graph of y = f (x) , but reflected about the

y-axis. Therefore, the x-intercepts are 5 and

YA
2 f—
A _3
- AT b1 i ’
) 2 2

929
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Chapter 1: Functions and Their Graphs

70. a. The graph of y = f(x+4) is the same as 72. a. 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).
b. The graph of y = f(x—3) is the same as

the graph of y = f(x), but shifted 3 units to

the right. Therefore, the x-intercepts are —5

b. The graph of y = f(x—S) is the same as
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=2f(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 =—f(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
each is 0.

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

d. The graph of y = f(—x) is the same as the
£rap y=1(=) interval (-2,7).

graph of y = f(x), but reflected about the
y-axis. Therefore, the x-intercepts are 8 and d. The graphof y = f (—x ) is the same as the
-1 graph of y = f(x), but reflected about the

71. a. The graphof y = f ( x4 2) is the same as y-axis. Therefore, we can 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. 8. y=|f(0)]

b. The graph of y = f(x—35) is the same as

the graph of y = f(x), but shifted 5 units to
the right. Therefore, the graph of f(x—5)

2. (L1

is increasing on the interval (4,10).

c. The graph of y=—f(x) is the same as the
graph of y = f(x), but reflected about the

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

b =
interval (—1,5). Y f(| x|)
YA
d. The graph of y = f(—x) is the same as the 2+
graph of y = f(x), but reflected about the LD | (@D
y-axis. Therefore, we can say that the graph (_MA i E (2,0)
of y = f(—x) must be decreasing on the i . 4

interval (-5,1).
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Section 1.5: Graphing Techniques: Transformations

74. a. y=|f()| )
YA
e -3(0,0)
(-1, 1) (1, 1)
v W .
-2 2
i -9 (3,-9)
2+
77. f(x)=x*—8x+1
b. y=r(|x]) S()=(x? =8x+16)+1-16
’;', f(x)=(x—4)*-15
(-1, 1) (1,1) Using f(x) = x*, shift right 4 units and shift
B down 15 units.
v LN K
Y \ /
0, 1) (8, 1)
| N Y Y [
S
2 L
75. f(x):x2+2x B
. _ 2 _ _ |
fx)=(x"+2x+1)-1 15 @05
fO) =+ -1
Using f(x) = x?, shift left 1 unit and shift down 78. f(x)=x+4x+2
1 unit. ‘f(x):(x2+4x+4)+2—4

f(x) :(x+2)2 -2
Using f(x) = x?, shift left 2 units and shift

down 2 units.
YA

s ~ 5 Z
- (4. 2) (0, 2)
| |

o,
*\JE

76. f(x)=x"—6x (-2.-2)
f(x)=(x*—6x+9)-9 s
f(x)=(x=3)" -9
Using f(x) = x?, shift right 3 units and shift
down 9 units.
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Chapter 1: Functions and Their Graphs

79. f(x)=x"+x+1

f(x)z(x2+x+ij+l—i

1Y 3
f(x)=(x+5j +Z

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

3 .
— unit.
4

80. f(x)=x"-x+1

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

3 .
— unit.
4

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

Using f(x)=x7, shift right 3 units, vertically
stretch by a factor of 2, and then shift up 1 unit.

82.

83.

@3
st
il 4,3)
il 3, 1)
_|5 T T T T :: T T T T |5 X
sl

f(x)=3x2+6x+1
=3(x2+2x)+1
=3<x2+2x+1)+1—3

=3(x+1)° -2

Using f(x)=x7, shift left 1 unit, vertically

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

y
10 f
-2, 1) 0, 1)
_|5| 1 |v UL |5 X
(=1,-2)
-10

f(x)=-3x>-12x-17
= -3(x* +4x)-17
=-3(x7 +4x+4)-17+12
= 3(x+2)* -5

Using f(x)=x7, shift left 2 units, stretch

vertically by a factor of 3, reflect about the x-
axis, and shift down 5 units.

y
_é T |::| T |5 %
(2.-5), T
(-3,-8) F
4 (_15_8)
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84.

8s.

86.
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f(x)=-2x"-12x-13
= -2(x* +6x)-13
=-2(x* +6x+9)-13+18
=2(x+3)° +5

Using f (x) = x?, shift left 3 units, stretch

vertically by a factor of 2, reflect about the x-
axis, and shift up 5 units.

(=3.5)

5__

(43¢ §_1

T~(-2.3)

T+
X

4\ s
At

y=(x=cy’

Ifc=0,y= X2

If ¢ =3, y = (x—3)?; shift right 3 units.
Ifc=-2, y = (x+2)%; shift left 2 units.

c=0
4/6::3

6

y=x’+c

Ifc=0,y=x"

If ¢ =3, y = x* +3; shift up 3 units.
Hc=—1y:x2—ASMﬁmmm2umm

N

2

Section 1.5: Graphing Techniques: Transformations

87. F:§C+32

288 —
256
224
192
160 —
128 -

(100, 212)

324270, 32)
| | | | I | | | | |
0| 10 20 30 40 50 60 70 80 90 100

F= %(K -273)+32
Shift the graph 273 units to the right.
F

288 —
256
224
192
160 —
128
96
64 —
32

(373, 212)

(273,32)
|

AL | 1 | |
o[ Y270 200 310 330 350 370

88. a. T=27z\/z
g

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

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

c. As the length of the pendulum increases, the
period increases.
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Chapter 1: Functions and Their Graphs

71227[\/2; T2=27z\/3—7;7"3=27z\/§
g g g

THOOLT
Amin=-1
Amax="
wacl=1
Ymin=-1
“rax=

9
Yeol=1
wres=1

If the length of the pendulum is multiplied
by &, the period is multiplied by Vi .

Section 1.6

1. V=xr*h, h=2r= V(r)= 7r? (2r)= 27r
|
2. V:§7rr h, h=2r
V(r)=%7r~r2-(2r)=§7zr3

1x2+100x

el
®

R(x)= x(—%x+ IOOJ

89. p(x)=-0.05x> +100x — 2000 1
45,000 Y2 Yl b. R(200) = _3(200)2 +100(200)

A -2

o - = =20:000, 55,000
v RN
0 t':'f S 12000 _ 20999 §13,333.33
! L
—15,000 e 16000

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.

90. The graph of y =4 f(x) is a vertical stretch of

d. x=300 maximizes revenue
R(300) = —%(300)2 +100(300)

=-15,000+30,000
=$15,000
The maximum revenue is $15,000.

Haxiry \
H=z 5 5 it ]

e. p= —%(300)+100 =-50+100 = $50

maximizes revenue

the graph of /by a factor of 4, while the graph of
y = f(4x) is a horizontal compression of the

graph of by a factor of % .
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Section 1.6: Mathematical Models: Constructing Functions

1 d. x =50 maximizes revenue
4. a. R(x)=x —§x+ 100

R(50) = —%(50)2 +20(50)

1 5
=—3% +100x — —500-+1000 = $500
The maximum revenue is $500.

b. R(100)= —%(100)2 +100(100)

_Z10.000 14 009 /

3 H-:l:-:m'.um -
- 20’3000 ~ $6666.67
100-50 50
.. 8000 €. p= 5 =?=$10
maximizes revenue.
6. a. Ifx=—20p+500, thenpzSO(z)—O_x.
0 300 ~
0 R(x)=x 200-x = —ix2 +25x
20 20

d. x =150 maximizes revenue

1
R(150)=—§(150)2+100(150) b. R(20)=—$(20)2 +2520)

=~7500+15,000 = ~20+500 = $480
=$7500
The maximum revenue is $7500. c.
/\ 4000
Maximun
Y=rEag
0 500
0

e. p :—§(150)+100 =-50+100 = $50

. d. x =250 maximizes revenue
maximizes revenue

R(250) = -2—10(250)2 +25(250)

100 —x
5. a. Ifx=-5p+100, thenp = . 312546250 = $3125
_ The maximum revenue is $3125.
R(x) = (100 xj L 2 20x
5
b. R(5)= —1(15)2 +20(15)
5 Haxirum
— _45 + 300 — $255 w=249.999895 LY=31z2E
600 . p=500_250=@=$12.50
20 20
maximizes revenue.
0 100
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Chapter 1: Functions and Their Graphs

7. a. Let x =width and y = length of the

rectangular area.
P=2x+2y=400

_400-2x 0
2
Then
A(x) =(200—-x)x
=200x — x?
=—x% +200x

b. Weneed x>0 and y > 0. This means
200—x>0=200>x.

Thus, the domain of A4 is {x|0 <x< 200} .

c. x=100 yards maximizes area
10000

0 200

Haxiriura
H=100

T=10000

8. a. Let x =length and y = width of the

rectangular field.
P=x+2y=3000

_3000=x 5001,
2
Then,
1 1,
A(x): ISOO—Ex leSOOx—Ex

b. x=1500 feet maximizes area
1,250,000

0 3000

H 1'155 555! oy ok B Rl

10.

The distance d from P to the origin is

d =+x*+y* . Since P isa point on the

graph of y =x? -8, we have:
d(x) =Jx* +(x* =8) =+/x* —15x> + 64

d(0) = J0* —15(0)* + 64 = /64 =8

d(1) =(D)* =15(1)* + 64
=J1-15+64 =~/50 = 572 ~ 7.07

40

-10 10
-5

d 1is smallest when x =~ —2.74 and when
x~2.74.

A/

HiniriLr
#="z.F3BE1Z

¥=Z.rEBBZZ Y=Z.7AZEEZZ

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

d =+/x* +(y+1)* . Since P is a point on

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

d(x) =y + (2 -8 +17
d(0) = 0" ~13(0)? +49 = /49 =7

d(=1) =(=1)* —13(=1)* +49 =37 ~ 6.08
10

-4 4
0

d 1is smallest when x =~ —2.55 and when
x~2.55.

=

Y=2.COR07EZ

¥=z.EOBO7E:
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Section 1.6: Mathematical Models: Constructing Functions

11. a. The distance d from P to the point (1, 0) is 14. By definition, a triangle has area
. . . 1
d= \/(X—l)2 +y” . Since P isa point on A= Eb h, b=base, h = height. Because one

the graph of y =+/x , we have: vertex of the triangle is at the origin and the

~ 5 E other is on the x-axis, we know that
d(x)= \ (r=1) +(\/;) =vx©-x+l b=x and h=y. Expressing the area of the

where x>0. triangle as a function of x, we have:
b. 2 A(x):%xy:%x(9—x2):§x—%x3.
15. a. A(x)=xy :x(16—x2) = x> +16x
0 2 b. Domain: {x|0<x<4}

0

¢. The area is largest when x ~2.31.
c. d issmallest when x:%. 30 gestw o

48 Y= BEGOEEY 0 114

12. a. The distance d from P to the origin is

d=+x>+)* . Since P isa point on the

X Haxirmur
HEE. 094008 LYY BEEELL L

2 4
1 1 x"+1
d(x)=‘/x2+ —] = ¥+ =
x x? x° 16. a. A()c):2xy:2xx/4—x2

b. 3 b, p(x) = 202x)+2(y) = dx+ 24— 2
¢. Graphing the area equation:
-5 ls5
0
c. d issmallest when x=—1 or x=1.
0 |2
0
YW=1.4142136 4 |#=1 Y=1.4142136 .
13. By definition, a triangle has area Aol ey
1 i ~

A=—bh, b=base, h = height. From the figure, The area is largest when x =1.41.

2
we know that b= x and h = y. Expressing the

area of the triangle as a function of x, we have:

A(x) =%xy =%x(x3)=%x4 .
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Chapter 1: Functions and Their Graphs

d. Graphing the perimeter equation:
10

0
Haxirium
H=1.7HEAEEA .Y=B.9442710 .

The perimeter is largest when x =~1.79 .

17. a. InQuadrantl, x* +y* =4 — y= m
A() = (20)(2) = dxif4—
b, p(x)=2(2x)+2(2y) = 4x+ 44— x*

c. Graphing the area equation:
10

etttz yen |
The area is largest when x =1.41.

d. Graphing the perimeter equation:
2

)

0 ]2
0

Ty

Euximum
H=LMi4E14E V=14 313708 .
The perimeter is largest when x ~1.41.
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18.

19.

20.

A(r) = (2r)(2r) = 4r*

p(r)=4Q2r)=8r

C = circumference, 4 = total area,

r =radius, x = side of square

C=2mr=10-4x = r=>2%

2 2
Total Area = area g, .+ area g, . =X~ +nr
_ox ) 25-20x +4x°
A(x) = x* +n(%) =P
T

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

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

The total area is smallest when x =1.40

meters.
8

e

H 1'1002'15? “Y=rCoeEior .

C = circumference, 4 = total area,
r = radius, x = side of equilateral triangle
10-3x
2n

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

The height of the equilateral triangle is gx .

Total Area = area ;g +area e

1 (3 2
=—x| —x |+nr
2 2

3 2 [10—3xj2
+n| ——

A = 4 2

V3, 100-60x+9x
. T ot
4 47
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Since the lengths must be positive, we have:

10-3x>0 and x>0
—3x>-10 and x>0

x<% and x>0

Section 1.6: Mathematical Models: Constructing Functions

24. C =circumference, r = radius;

= length of a side of the triangle
E

Domain: {x O0<x< Q} o
3
.
The area is smallest when x ~ 2.08 meters. A X T B
8 2 2
Since AABC is equilateral, EM = % .
J3x J3x
0 333 Therefore, OM :——OE———r
0 2
In AOAM , #* = (Xj [ﬂ—r]
2 2
xr 3
I"2 =T+Zx2 —\/§FX+I"2
E‘:“é."&??‘mr _Y=z.99841E6 . )
\/5 X=x
21. Since the wire of length x is bent into a X

22,

23.

circle, the circumference is x . Therefore,
Cx)=x.

. X
Since C=x=2nr, r=—
2n
2

2
A(x)=nr* = n(ij =—.
2n 4n

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

Since P=x=4s, s :%x, we have

2

1 1
AX)=s*=| =x | =—x2.
x)=s (4x) 16x

A = area, r = radius; diameter = 2r
A(r) = 2r)(r) = 2r°

p = perimeter

N
Therefore, the circumference of the circle is
x ) 2m3
ﬁj B

C(x)=2nr :27{

25. Area of the equilateral triangle

26.

A = lx . ﬁx = ﬁxz
2 2 4
2
From problem 24, we have r* = 3

Area inside the circle, but outside the triangle:

3
A(x)=mr? 2242
(x) p

Ttx2 \/gxz :[n \/g}cz

3 4

d*=d? +d,
d* = (301) +(40¢)°

p(r)=2(2r)+ 2r = 6r = /90072 +16007% =25007> =501
d, =40t
3 d;=30t
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Chapter 1: Functions and Their Graphs

27. a. d*=d’+d,’

d* =(2-30¢)" +(3-40r)’

d(t) =230 +(3-400)?
=~4-120¢ +900¢> +9 — 240¢ + 160072
=/25002 ~360 +13

dy =3—40:

d, =2-30t

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

THOID
Amin=H
Amax=.15
Ascl=.85
Ymin=-1
“max=d
wscl=1 Himiru

M
Ares=1 AS.0FE001ZE Yo.E 1

28. r =radius of cylinder, / = height of cylinder,
V' = volume of cylinder

2 2 2
r2+(§J :R2:>r2+hT=R2:>r2=R2—h—

V=nr’h

2 2
V(h)= T{RZ _h_]h = nh[Rz _h_J
4 4

29. r =radius of cylinder, / = height of cylinder,
V' = volume of cylinder

By similar triangles: a = H—_h
R r
Hr:R(H—h)
Hr =RH —Rh
Rh=RH — Hr
h:RH—Hr:H(R—r)
R R
_ N2
V:Tcrzh:nrz(H(R r)J:nH(R r)r
R R

30.

e

The total cost of installing the cable along
the road is 10x . 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
Py

- —
5—x x

d=+(-x)+2?

=N25-10x+x7 +4 = /x> —10x +29
The total cost of installing the cable is:

C(x) =10x +14vx* —=10x+29

Domain: {x|0£x£5}

C(1) =10(1) + 1441 ~10(1)+29

=10+14+/20 ~ $72.61

C(3)=10(3)+14,/32 ~10(3)+29

=30+14/8 ~ $69.60

78

H

R

.

0 5 . 5 . -1s
69

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

u
SZ.9EHPEEE  Y=RO.EQEQ1H .

© 2007 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 1 Review Exercises

There is a pair of similar triangles in the
diagram. Since the smaller triangle is similar to

. L d
31. a. The time on the boat is given by ?1 The
the larger triangle, we have the proportion

. L 12—
time on land is given by ol r 4 r 1 1
—=—=—-—=—=r=—h
Island h 16 h 4 4
slan Substituting into the volume formula for the
conical portion of water gives
2l \& Lo, 1 (1Y 1,
Vih)=—ar‘h=—z|—h| h=—xh".
Town ( ) 3 3 (4 j 48
P X 12—x

dy =\x>+2% =x"+4

The total time for the trip is:

2—x d 12—x /xz 4 1. This relation represents a function.
T+?1=T+ 3 Domain = {-1, 2, 4}; Range = {0, 3}.

Chapter 1 Review Exercises

T(x)=

2. This relation does not represent a function, since

b. Domain: { x| O<x<I2 } 4 is paired with two different values.

12-4 4% +4 3x
c. TA)=—"—"—+ 3. fx)=
@=t S =5
—§+@z3.09hours a. f(2)= 3(2) zizézz
3 2%*-1 4-1 3

12-8 /8% +4 3(-2) 6 -6
d. T(8)= b, (=)= _ 6 _6_ ,
® =+ fD= S TS
=£+@z3_55 hours ¢ f(=x)= 3(=x) _ 3x
3 (—x)* -1 x*-1
32. Consider the diagrams shown below. 3x —3x
d. —f(x):—( > j: .
-1 x =1
3(x-2)
e. x—2)=——"—
f(x=2) G271
16 _ 3x-6  _ 3(x-2)
X —4x+4-1 x*—4x+3
3(2x) 6x
f. 2x) = =
f(2) 2x)* -1 4x*-1

2

4 4 f@=T
2
16 ! (2f

= 4
i b. f(—2)2_2+1:_—1:—4

_(_x)Z_ x2
A e |
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Chapter 1: Functions and Their Graphs

= x* —4

& SW=-Ta T S0=T
-2)? —2) _2°-4 4-4 0_
& f(x—2)=(§cx_2§)+1=(xx_l) A

2
_ Qo 4 b. f(—2)=—(_2) —4_4-4_0_,
L= ™ e (2f 4 4
)2 _ 2

a. f(Q)=V2-4=a-4=0=0
b. f(=2)=(-2) —4=v4-4=40=0

d. _f(x):_[xzx;4J:4—x2 x* —4

(x—2)2—4:x2—4x+4—4

e. f(x-2)=

¢ f0)=y(x) 4= -4 (x-2) (x—2)°
A —f(0)=—/x*—4 _ X’ —4x _x(x-4)
(x-2°  (x-2)’
e [f(x-2)=\(x-2)"-4 o pm - @4 a4
N Qx4
=+x? —4x _4(x2—1)_x2_1
- 2 T2
£ f(2x)=(2x) —4 =J4x* —4 e *
:\/4(x2—1):2\/x2—1 8. f(x)= 2x3
x“=9
2} 8 8 8
a. f(2)=|2"-4|=|4-4=|o|]=0 o o () s s
2 (_2)2_9 -9 -5 5
b. f(—2):‘(—2) —4‘:|4—4|=|0|=0
B (_x)3 B _x3
c. f(—x)z‘(—x)2—4‘:‘x2—4‘ ¢ f(_X)_(—x)2—9_x2—9
d. —f(x)=—|x*-4 B __ x° _ —x’
\‘ | ‘ O e er
e. f(x=2)=|(x-2)*-4 (x—2)°
. )=
:‘x2—4x+4—4‘ & J-2 (x-2)> -9
:‘x2—4x‘ :—(x—2)3
x*—4x+4-9
£ f20=|@0-4|=|4x?-4] _ (x=2)
2_ a—
:‘4(x2—1)‘:4‘x2—1‘ s
L )= Q2xy 8

(2x)*-9 4x*-9

112

© 2007 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.



10.

11.

12.

13.

14.

15.
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X

S =
The denominator cannot be zero:
x*=9%£0
(x+3)(x—-3)=0
x#-3or3

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

3x?
2

S(x)=
X—
The denominator cannot be zero:
x—2#0
x#2
Domain: {x| X # 2}

f)=v2-x
The radicand must be non-negative:
2-x20

x<2
Domain: {x| x< 2} or (—o0,2]

f(x)=+x+2
The radicand must be non-negative:
x+22>0

x=>-2
Domain: {x| x> —2} or [-2, )

Jx
SxX)=r=

x|
The radicand must be non-negative and the
denominator cannot be zero: x > 0

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

| x|
gx)="—

x
The denominator cannot be zero:
x#0

Domain: {x| X # 0}

X

T =5

The denominator cannot be zero:
X +2x-320

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

x#-3orl

Domain:{x|x -3, x# 1}

113

16.

17.

18.

Chapter 1 Review Exercises

1
F - -
(x) x?-3x-4

The denominator cannot be zero:
x*—3x—4%0

(x+1)(x—4) #0

x#—lor4

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

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

Domain: {x| x is any real number}

(f-&)x)=f(x)-gx)
= 2—x—(3x+1)
=2—-x—-3x-1
=—4x+1

Domain: {x| X is any real number}

(f @)% = f(x)-g(x)
:(2—x)(3x+l)
=6x+2-3x"—x
=3x? +5x+2

Domain: {x| X is any real number}

R

3x+1#0

3x¢—l:x¢—%

Domain: {x X # —%}

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

(f+2)x) = f(x)+gx)
=2x—-1+2x+1
=4x

Domain: {x| X is any real number}

(f-&)x)=f(x)-gx)
=2x—l—(2x+l)
=2x-1-2x-1
=-2

Domain: {x| X is any real number}
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Chapter 1: Functions and Their Graphs

(/&)= f(x)-g(x)
= (2x—1)(2x+1)
=4x* -1
Domain: {x| x is any real number}

(o555

2x+1¢0:>2x¢—1:>x¢—%

Domain: {x‘ X # —%}
19. f(x)=3x"+x+1  g(x)=3x
(f +&)x) = f(x)+g(x)
=3x2 4+ x+1+3x

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

(f-g)x) =f(x)-g(x)
=3x?+x+1-3x
=3x2 —2x+1

Domain: {x| x is any real number}

(f-@)x) = f(x)-g(x)
= (3x2 +x+ l)(3x)
=9x° +3x% +3x
Domain: {x| x is any real number}
S _f(x)_3x2+x+l
(g)(x)_g(x)_ 3x
3xz0=>x=#0
Domain: {x| X # O}

20. f(x)=3x g(x)=l+x+x’
(f +)(x) = f(x)+g(x)
=3x+1+x+x2
=x’ +4x+1

Domain: {x| x is any real number}
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21.

(f-&)x) = f(x)-gx)
:3x—(1+x+x2)
=—x+2x-1

Domain: {x| x is any real number}

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

= (3x)(l+x+x2)

=3x+3x> +3x°

Domain: {x| X is any real number}
(ij(x) - M X :
g g(x) I+x+x
l+x+x2#0
X +x+12£0
Since the discriminant is 17 — 4(1)(1)=-3<0,

x* +x+1 will never equal 0.

Domain: {x| x is any real number}

f=2 =

x—1 X

(f+)@0) = £ (x) +g()
_x+l 1 x(x+1)+1(x—1)

x—-1 x x(x—l)

_ X +x+x—1 _ x2+2x-1
x(x—l) x(x—l)

Domain: {x| x#0,x# 1}

(f—&)x)=f(x)-g)
_x+l 1 x(x+1)-1(x-1)

x—-1 x x(x—l)

_ X +x—x+1 _ x2+1
x(x-1) x(x-1)

(/ 9)x)=f(x) g(x)

Domain: {x|x¢0,x¢1}
Gl
x=1\x _x(x—l)
Domain: {x|x#0,x =1
x+1
! (x)_f(x)_x—l_(x+1jE£j_x(x+l)
g) 7 T elx) 1 \x-)\T)7 X

X

Domain: {x| x#0,x# 1}
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2. f(x):ﬁ g(x):% 24,
(f +)(x) = f(x)+g(x)
1 3_x+3(x—3)
_x—3+;_ x(x—3)
_x+3x-9  4x-9
B x(x—3) _x(x—3)
Domain: {x|x¢0,x¢3}
(f -0 = £ (x) - g =—5 -2
_X—3(X—3)_x—3x+9
a x(x—3) _x(x—3)
_ —2x+9 25,
_x(x—3)

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

(f-2)(x) = f(x)-g(x) =[xi3)@ = x(f_g)

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

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

23. f(x)=-2x"+x+1
f(x+h)—f(x)
h
—2(x+h)2 +(x+h)+1—(—2x2 +x+1)
h
—2(x2+2xh+h2)+x+h+l+2x2—x—l
h
2x% —4xh-2h* +x+h+1+2x* —x—1
h
—4xh—2h% +h _ h(—4x—2h+1)
h - h
=—4x-2h+1

115
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f(x)=3x" —2x+4
f(x+h)—f(x)
h
3(x+h)’ =2(x+h)+4-(3x" —2x+4)
h
3(x2+2xh+h2)—2x—2h+4—3x2+2x—4
h
_ 3x2 +6xh+3h* —2x—2h+4-3x*+2x—4
h
_ 6xh+3h* =2h _ h(6x+3h-2)
- h B h
=6x+3h-2

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

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

¢ f(=2)=-1

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

e. f(x)>0 when 0<x<3

f.  To graph y= f(x-3), shift the graph of /
horizontally 3 units to the right.

Y

6

y=[(=3)

/(6,3)
|(3|”0)| L1 X
6

(1, -1)

s
(-1, —3)/

-6

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

fhorizontally by a factor of 2.
y
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26.

To graph y=—f (x) , reflect the graph of f

vertically about the y-axis.

Domain: {x| —5£x£4} ; [-5.4]
Range: {y|-3<y<1};[-3,1]
g(-H=1

x-intercepts: (0,0), (4,0);
y-intercept: (0,0)

g(x)=-3 when x=3

g(x)>0 when -5<x<0

To graph y = g(x—2) , shift the graph of g

horizontally 2 units to the right.
Y

L y=gx-2)
(1, 1)

(5,-3)

To graph y = g(x)+1, shift the graph of g

vertically up 1 unit.
.\.

-6

27.

28.

To graph y =2g(x) , stretch the graph of g

vertically by a factor of 2.
,\.

(75: 2) s y= 2},’(.&‘)

Domain: {x|—4£x£4}; [—4,4]
Range: {y|—3$y$1}; [-3,1]

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.

The graph is not symmetric with respect to
the x-axis, the y-axis or the origin.

The function is neither even nor odd.
x-intercepts: (—2,0), (0,0), (4,0) S
y-intercept: (0,0)

The zeros are x=-2, x=0and x =4.

Domain: {x| x is any real number}
Range: { y| y is any real number}
Increasing: (—o0,—2)and (2,90);
Decreasing: (-2,2)

Local minimum is —1 at x=2;
Local maximum is 1 at x = -2

The graph is symmetric with respect to the
origin.

The function is odd.

x-intercepts: (-3,0), (0,0), (3,0);
y-intercept: (0,0)

The zeros are x=-3,x=0, and x =3.
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29. f(x)=x"—4x 37. f(x)=2x"-5x+1 on the interval (-3,3)
F(=x)=(=x)* —4(-x) = —x° +4x Use MAXIMUM and MINIMUM on the graph

— 943 _
:_(x3_4x):_f(x) 0fy1—2x 5x+l. 0

20
f is odd. J / /
-3 3 -3 / 3

L
30 4+ x° / =
: g(x) - 1 4 Hazirurm Hiniraura
+Xx n=".01izEPLE [V=4.0420021 n=hizBfoze IV=-zoyzaoz
44 (—x)*  4+x° —20 -20
g(—x)= T T =8() local maximum at: (-0.91,4.04) ;
1+(—x) 1+x o
. local minimum at: (0.91,-2.04) ;
g iseven.

fis increasing on: (—3,—0.91) and (0.91,3);
31 h(x) :%JFLZJFI fis decreasing on: (=0.91,0.91).
: 1 : 1 11 38. f(x)=-x’+3x-5 on the interval (-3, 3)
A= AN =g t=he Use MAXIMUM and MINIMUM on the graph
h is even. of y, =—x"+3x-5.
20 20

32. F(x)=+1-x° \ \ 3

F(=x)=y1-(-x)’ =1+ x* = F(x) or — F(x) Sl >0 ,-n\
F' is neither even nor odd. Himigwes L fagirwe L

=20 =20
33. G(x)=1-x+x° local maximum at: (1,-3) ;
G(—x) =1—(=x)+(-x)’ local minimum at: (-1,-7) ;

fis increasing on: (=1, 1);
fis decreasing on: (-3,—1) and (1, 3).

=l+x—x" #-G(x) or G(x)
G is neither even nor odd.
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.

34. H(x)=1+x+x*
H(=x) =1+ (-x)+ (-x)*

:1—x+x2¢—H(x) OrH(x) 20 20
H is neither even nor odd. \ / \‘ /
X
35. X) = -2 ~ 3 =2 S 3
f( ) 1+ xz Hinirur - Haximur e
—x X W= kZEEN11 Y=.E4ELIEELZ W=41za0zBE ¥=1.5319641
(=== () 0 10
4 1+(-x)* 1+ 4 20
f isodd. \‘ /
1+x° -2 = |’
36. g(x)= ) LS
2 2 2 -10
g(-x)= 1+ (—x3) = 1+)§ =— 1 +3x =—g(x) local maximum at: (0.41,1.53);
. (=) - X local minima at: (—0.34, 0.54) and (1.80,-3.56) ;
g isodd. 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 1: Functions and Their Graphs

40. f(x) = —x* +3x* —4x+3 on the interval (—2,3)
Use MAXIMUM and MINIMUM on the graph

of y, =—x*+3x’ —4x+3.
5 5

*2 !/\/\ AR

Hiniraura \
n=.Buz0FEel Y=.Bzozgdz

Haxirum
W=-EBZ0PEY Y=4h.azzrEE4

-5

) ﬂv‘\\ 3

Ragimum
local maxima at: (—0.59,4.62) and (2, 3);
local minimum at: (0.84, 0.92) ;
f1s increasing on: (-2,—0.59) and (0.84, 2) ;
fis decreasing on: (—0.59,0.84) and (2,3).

41. f(x)=8x*—x
f@-f1) _8(2)” —2-[8(1)* ~1]
2-1 1
=32-2-(71)=23

S -£(0) _8(1)° —1-[8(0)* 0]
1-0 1
=8-1-(0)=7

SBH-/2 _ 8(4)° —4-[8(2)° -2]
4-2 2

128-4-(30) 94

- 2 T2

a.

b.

C.

47

2. f(x)=2x"+x
2(2) +2-(2(1)" +1)

. @10 _
2-1 1

~16+2-(3)=15

0-sO) 201y’ +1—(2(0)3 +0)

’ -0 1
=2+1-(0)=3

c SBH-/2 _ 2(4)° +4-(2(2)’ +2)

' 4-2 2
128+4-(18) 114 _
- 2 _2_57

43.

44.

45.

46.

47.

48.

50.

f(x)=2-5x
S)-f(2) _2-5x-(=9%)
x—2 x—2
_—5x+10_—5()c—2)__5
Tox=2 0 x=2
f(x)=2x*+7
f)-fQ2) 2x*+7-15 2x* -8
x—2 B x—2 T ox=2
_ 2(x—2)(x+2)
- x—2
=2(x+2) or 2x+4
(x) =3x—4x*
f()-f(2)  3x—4x* —(~10)
x—2 B x—2
_ —4x? +3x+10
- x—2
_ —(4x? -3x-10)
- x—2
_ —(4x+5)(x-2)
- x—2
=—4x-5
f(x)=x-3x+2

f()-f(2) x*-3x+2-0
x—2 a x=2
_ x* —3x+42
T x=2
C(x=2)(x-1)
B x—2
=x-1

The graph does not pass the Vertical Line Test
and is therefore not a function.

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

. The graph passes the Vertical Line Test and is

therefore a function.

The graph passes the Vertical Line Test and is
therefore a function.
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51, f(x)=|x|
Yi
5_
(2, 2) )
LI NA L1101 &
-5 0,0l 5
<L

52. f(x)=%x

-L-D|
_5F
53. f(x)=+x
.1...
:-"_
(1.1}
- (4.2)
[ T " T Y .
-5 (0.0} 5
[
1
54. f(x)=—
X
_1'|l
S_
_{].]](3_%']
[ T [
-5 B 5
(—L -1\
_5_

55.

56.

57.

Chapter 1 Review Exercises

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

Intercepts: (—4,0), (4,0), (0,—4)
Domain: {x| x is any real number}

Range: {y|y2—4} or [—4, )

f(x):|x|+4. Using the graph of y:|x|’
vertically shift the graph upward 4 units.

-2

Intercepts: (0, 4)
Domain: {x| x is any real number}

Range: {y| y= 4} or [4, )

g(x) :—2| x|. Reflect the graph of y =|x|

about the x-axis and vertically stretch the graph
by a factor of 2.

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

Range: {y| y< 0} or (—,0]
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Chapter 1: Functions and Their Graphs

58. g(x):%|x|. Using the graph ofy:|x|,

vertically shrink the graph by a factor of %

A
5 —
(-2, 1):(2, 1)
P x
-5 | (0, 0) 5
o

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

Range: {y| y= O} 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)
Sop
[ __I T Y I .1
-2 L (1, 0) 8
sk

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

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

60. h(x)=+/x—1. Using the graph of y =+/x
vertically shift the graph downward 1 unit.

YA
5_
B “, 1)
[ _M;ﬁc
2 £1,0) 8
O, -
o

Intercepts: (1, 0), (0,-1)
Domain: {x|x2 0} or [0, )

Range: {y| y= —1} or [-1, )

120

61.

62.

63.

f(x)=+1-x =4/-1(x—1) . Reflect the graph of

y= Jx about the y-axis and horizontally shift

the graph to the right 1 unit.
YA
5

(=3.2)

|||||\_||||g

-5
Intercepts: (1, 0), (0, 1)
Domain: {x|x£1} or (—oo, 1]

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

f(x)=—+/x+3. Using the graph of y = Jx ,
horizontally shift the graph to the left 3 units,
and reflect on the x-axis.

N O

(1,2 >

4
T /

Intercepts: (-3, 0), (0,~3)

Domain: {x|x2—3} or [-3,0)

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.

<
©.3)

-5
Intercepts: (0, 3)

Domain: {x| X is any real number}

Range: {y| y= 2} or [2, )
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64. h(x)=(x+2)*-3. Using the graph of y =x*, Intercepts: (0,-24), (_2_\3/1, 0) ~(-3.6,0)
horizontally shift the graph to the left 2 units and
vertically shift the graph down 3 units.

v

Domain: {x| x is any real number}

Range: { y| y is any real number}

3x if —2<x<1

x+1 ifx>1

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

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

Intercepts: (0, 1), (—2+\/§, 0), (_2 -3, 0) c. Graph:

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

Range: {y| y= —3} or [-3,) 5

65. g(x)=3(x—1)*+1. Using the graph of y =x°, WAES
horizontally shift the graph to the right 1 unit =) l 3
vertically stretch the graph by a factor of 3, and
vertically shift the graph up 1 unit.

y

(-2,-6)
6

d. Range: {y>—-6} or (—6,x)

x—1 if —3<x<0

8- f(x)={3x—l ifx>0

Jo a. Domain: { x| x> —3} or (=3, )

Intercepts: (0,-2), [l B Oj ~ (0.3, 0)

b. x-intercept: (%, 0)

y-intercept: (0,—1)

Domain: {x| x is any real number}

Range: { y| y is any real number}

¢. Graph:
66. g(x)=-2(x+2)’-8 )
5
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, D
and vertically sh}1}ft the graph down 8 units. T
9o T -3, —4)/
I -5
-5+
(-3,-6) T d. Range: {y>-4} or (-4, »)
2,-8)\ &
~L-10%T
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Chapter 1: Functions and Their Graphs

X if —4<x<0
69. f(x)=+1 ifx=0
3x  ifx>0

a. Domain: {x|x2—4} or [-4, )

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

c. Graph:
¥
5
,3)
0,1
L ®P L1111 X
-5 5
- 5
d. Range: {y|y2—4,y¢0}
2 .
x if —2<x<2
70. X)=
/) {Zx—l ifx>2

a. Domain: {x| x> —2} or [-2, )
b. x-intercept: (0, 0)
y-intercept: (0, 0)

c¢. Graph:
¥
9

2.4

T T T 17T T 17T

3 10,0 7

d. Range: {y|y20} or [0, )

Ax+5
71. =
S(x) 6x_2
A(1)+5_4
6()-2
A+5
=4
4
A+5=16

A=11

and f(1)=4

122

72. g(x):£+£2 and g(-1)=0
X ox

A 8
-+ 3 =
LN C)
-A+8=0
A=8

S=4nr; V=§7zr3
Let R=2r, S,=new surface area , and
V, = new volume .
S, =4zR?
=4z(2r) = 47r(4r2 ) = 4(47rr2) =48

4
v, = — 7R’
3

:%ﬂ(er =%ﬂ'(81”3) = 8(%7[}”3) =8V

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.

. 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)

b. 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 8.5-2x>0

—2x>-11 —2x>8.5
x<55 x<4.25
The domain is given by 0<x<4.25.
The range of A(x) =(11-2x)(8.5-2x)1is
given by A4(4.25)< A< A(0) =
0<A4<935.

c. A(1)=(11-2(1))(8:5-2(1))
=9.6.5="58.5in’
A(1.2)=(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(1.5))

=8-5.5=44 in’
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Chapter 1 Review Exercises

d :(11—2x)(8.5—2x) 76. a. The area function is:
100 A(x) = x(10-x) = —x* +10x
1
px\ b. The maximum value occurs at the vertex:
. IO
-\, min=
~
¥ zcl=
0 S 4.25 Ymin=8
° (e
e. Using TRACE, Srea=1 N
A =70 when x = 0.643 inches The maximum area is:
A =50 when x ~1.28 inches A(5) =—(5)* +10(5)
75. a. We are given that the volume is 100 cubic ==25+50=25 square units
feet, so we have 10
V:mzhzmo:h:%
r
The amount of material needed to construct 0100 ¢ 10-0)
the drum is the surface area of the barrel. The
cylindrical body of the barrel can be viewed as i
a rectangle whose dimensions are given by (x0) 10
2nr
77. C(x)=4.9x% —617.40x+19,600;
A a=4.9,b=-617.40, c =19,600.
Since a =4.9 >0, the graph opens up, so the
vertex is a minimum point.
A = area,, +area, , +area, a. The minimum marginal cost occurs at
=71’ +7r? + 27rh = 270t + 27rh xg‘gé“a
min=
A(r) =271 +27rr(—10(2)j: 27r* +2_(r)0 EEET;%SE
nr Ymin=8
2, 200 veeitiaa” i
b. A(3) = 2”(3) +T Ares=1 L ¥=1519 .
1874 % ~123.22 fi2 b. The _n;inimum marginal cost is
c(z_) _c(63)
a
c. A(4)=27Z’(4)2+@:32ﬂ'+50=150.53 ft* 5
4 =4.9(63)" —(617.40)(63)+19600
d. A(S)ZZIZ(S)Z+¥=507I+402197.08 ft =$151.90
e. Graphing: 78. Let P=(3,1) and O =(x,y)=(x,x).

200

! \\_uj,/ \, // d(P,0)=(x=3)" +(x-1)°

d? (x)=(x—3)2 +(x—1)2

=x?—6x+9+x*—2x+1

x Hiri o
0 5 D= . P o s g e

g dz(x)=2x2—8x+10
The surface area is smallest when r = 2.52 ft.

Since d”(x)=2x"—8x+10 is a quadratic

function with @ = 2 > 0, the vertex corresponds
to the minimum value for the function.
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Chapter 1: Functions and Their Graphs

}Iﬂ:E?EE = 80. The area function is:
= 2 3
dney e A(x) = x(10- ") = 2 +10x
Ymin=-1@ .3
ﬁma:i;%la y=—x +10x.
=cl= ini
Hres=1 MO ey wiuzave 15

The vertex occurs at x =2 . Therefore the point
Q on the line y = x will be closest to the point

P=(3,1) when 0=(2,2).

Haxirmur
0 n=l.BeErhel JY=izdri6is . 5
Qlx, x) 0
d The maximum area is:
PG.1) A(1.83) = —(1.83)* +10(1.83) ~ 12.17 sq. units.
P(xp)
y
y=10—x’
o
79. Let P= (4,1) and Q= (x,y) = (x,x+l) .
2, 10
d(P,Q):\/(x—4)2+(x+l—l)2 81. a. xh=10 = h_x_2
—>d2(x):(x—4)2+x2 A(x) =2x% +4xh
=x?—8x+16+x” =2x2+4x(¥)
d?(x)=2x> —8x+16 40 *
—9,2 . TV
Since d”(x)=2x" —8x+16 is a quadratic =2x"+ X
function with a = 2 > 0, the vertex corresponds 40
to the minimum value for the function. b. A(l)=2-1? +T =2+40=42 ft°
THOIC]
Amin=-2 |
i e e. 42)=2-22+20_g120-28
Ymin=-16@ 2
Ymax=14 .
Yecl=1 Miniraurm d. Graphing:
Ares=1 E:z t v=z.BzBYz7L 50

The vertex occurs at x = 2. Therefore the point
Q on the line y = x+1 will be closest to the v

point P =(4,1) when 0=(2,3).

Hiniraun
W= AENYEEY _Yers AYAESE

The area is smallest when x ~ 2.15 feet.
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82.

We are given that the volume is 500
centimeters, so we have

V:m%:SOO:h:ﬂ
r

Total Cost = cost,y, +COSt,om + COSty,qy

top
=2 (cos‘[lop ) +COStyogy
=2 (areawp )(cost per area,,, )
+ (areaboGly ) (cost per areay, g, )

=2(7r7)(0.06) +(277h)(0.04)
=0.12727> +0.087rh

=0.127r2 +0.087r (gj
r
—0.12772 + 30
p

C(r)=0.127r +%

- 2,40
C(4)=0.122(4) +7
=1.927+10~$16.03
C(8)=0.127(8) +%
=7.687+5~829.13
Graphing:
50

|

\__~

£

Hinirurm x
W=3.PEPE0ED LY=15. 06H0Y

The minimum cost occurs when 7 = 3.76
centimeters.
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Chapter 1 Test

Chapter 1 Test

1.

a {(2:5).(46).(6.7).(88)]

This relation is a function because there are
no ordered pairs that have the same first
element and different second elements.

Domain: {2,4,6,8}
Range: {5,6,7,8}

b {(13).(4.-2).(3.5).(1.7)

This relation is not a function because there
are two ordered pairs that have the same
first element but different second elements.

c¢. This relation is not a function because the
graph fails the vertical line test.

d. This relation is a function because it passes
the vertical line test.

Domain: {x| x is any real number}

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

2. f(x) =+/4-5x

The function tells us to take the square root of
4 —5x . Only nonnegative numbers have real
square roots so we need 4—5x>0.

4-5x20

4-5x-4>0-4
—Sx=>-4
x4
-5 =5

xsi or —oo,i
5 5

F(-1)=\f4-5(-1)=v4+5=10=3

x <

[N

Domain: {x

_x+2
e =17

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}
(-)+2 1

R EEE T
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Chapter 1: Functions and Their Graphs

x—4
x* +5x-36
The function tells us to divide x—4 by

4. h(x) =

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
x=-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)

o (H-4 s
hCJ)_(—02+5(—U—36_-40_8

To find the domain, note that all the points
on the graph will have an x-coordinate
between —5 and 5, inclusive. To find the
range, note that all the points on the graph
will have a y-coordinate between —3 and 3,
inclusive.

Domain: {x |[-5<x< 5} or [—5, 5]
Range: {y |-3<y< 3} or [—3, 3]

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

x-intercepts: —2, 2
y-intercept: 2

c.  f(1) is the value of the function when
x=1. According to the graph, ' (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,wewant to 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].

f. The zeros are at x =-2 and x = 2.

6. 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 Flotz Flats THOO
SABCEA 2R3 | Amin=-5
g2 Amax=3
wMe= necl=1
wMar= Wmin=-1@
wMy= “max=2H
wMe= Weol=2
wME= Ares=1

AL AN

Illl.um
Haxiraur Hiniraun Ill
n=".BE07B27 I¥=-.BE0ZEZ8 W= W=z

Haxiraur
"

SZ.ZE0FBEE IVS1EENFPER

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
£(235)~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).
f(x):{2x+l x<-1

7. a.
a x>-1

x—4
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

3 y=x—-4, x2>2-1

x<-1

y=2x+1,
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Chapter 1 Test

b. To find the intercepts, notice that the only Next we shift this graph 1 unit to the left to
piece that hits either axisis y=x—4. obtain the graph of y = ( Y+ 1)3 )
y=x—-4 y=x-4 ,
v y=(x+1)
y=0-4 0=x-4
y=-4 4=x

The intercepts are (0,—4) and (4,0).

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

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

Next we reflect this graph about the x-axis
d. Tofind g(2) we first note that x =2 so we

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

to obtain the graph of y = —(x+ 1)3 .

8. The average rate of change from 3 to x is given by

Ay _f(x)-/(0)

A 3 x#3
(352 —2x+4)-(3(3)" -2(3)+4]
- x=3
_ 3x? —2x+4-25 _ 3x? —2x-21 Next we stretch this graph vertically by a
- x-3 - x—3 factor of 2 to obtain the graph of
=(x—3)(3x+7)=3x+7’ s y=-2(x+1)".

x=3
9. a. f-g=(2x"+1)-(3x-2)
=2x7 +1-3x+2=2x"—3x+3
b frg=(20"+1)(3x-2)=6x’ —4x’ +3x-2

c. f(x+h)—f(x) 221y
= (Z(x + h)2 + 1) —(2x2 + 1) The last step is to shift this graph up 3 units

:(2(x2 +2xh+h2)+1)—(2x2 +1) to obtain the graph of y=—2(x+1)3 3.

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

10. a. The basic function is y = x° so we start with

the graph of this function.
) ;

y:72(x+1)3+3
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Chapter 1: Functions and Their Graphs

b. The basic function is y = |x| S0 we start

with the graph of this function.

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

y y:‘x+4‘

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

y y:‘x+4‘+2

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

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

12.

For 2010, we have x =2010-1992=18.
r(18) = -0.115(18)° +1.183(18) +5.623

=-10.343
101ED

-18, 343

The model predicts that the interest rate will
be —10.343% . This is not a reasonable
value since it implies that the bank would be
paying interest to the borrower.

Let x = width of the rink in feet. Then the
length of the rectangular portion is given by
2x—20 . The radius of the semicircular

portions is half the width, or » = %

To find the volume, we first find the area of
the surface and multiply by the thickness of
the ice. The two semicircles can be
combined to form a complete circle, so the
area is given by

A=1-w+zr?

- (zx-zo)(x)m@2

2
= 2x? —20x+ %

We have expressed our measures in feet so
we need to convert the thickness to feet as
well.

.1t 075 1
075in-——=—= ft=— ft

"2 12 16
Now we multiply this by the area to obtain

the volume. That is,

2
V(x) = %(sz —20x+%]

[HEE Flotz Flot: THOOL] 2 2
E T S R e o V(x)=2 - 2X EX
. Max= =
\,,32: ﬁSi:_l:é 8 4 64
Wy RS Mln= . . .
“My= Ymax=18 If the rink is 90 feet wide, then we have
wHe= Yacl=1 -90
“NE= Hres=1 x=4.
2
90> 5(90) 7(90)

V(90)=—-—-+ ~1297.61
/H (0) =53 *"&

The volume of ice is roughly 1297.61 ft* .
Haxinaur
E:s.nzu??u JV=B.BE5367Y 4

The highest rate during this period appears
to be 8.67%, occurring in 1997 (x = 5).
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Chapter 1 Projects

Chapter 1 Projects Bl: C(x)=39.99+0.45(x—450)

39.99 0<x<450
0.45x-162.01 x>450

Project 1

C(x) = {
a. Plan Al: Total cost = $49.99 x 24 = $1199.76

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 = $45.00 x 24 = $1080.00
Plan C2: Total cost = $60.00 x 24 = $1440.00

. All plans allow for 2500 night and weekend
minutes free, so the only minutes that will be

129

B2: C(x)=49.99+0.40(x - 600)
49.99  0<x<600

Clx) =
0.40x-190.01 x> 600

Cl: C(x)=45.00+0.40(x—300)

45.00 0<x<300
C(x) =

considered here are 600: 0.40x—75 x>300
ﬁ;_ g‘s‘g'gg C2: C(x)=60.00+0.40(x—700)
B1: $39.99 + 0.45(150) = $107.49 C(x) = 60.00  0<x<700
B2: $49.99 0.40x-220 x>700
C1: $45.00 + 0.40(300) = $165.00
C2: $60.00 . Graph for plan Al:
The best plan here is either plan Al or B2 at C)
$49.99. 3004
The only plan that changes price from above = 200:
when the night and weekend minutes increase to g
3500 is B1. It only has 3000 free night and Z 100
weekend minutes. © |
B1:$39.99 +0.45(150) + 0.45(500) = $332.49 0
The best plan is still either Al or B2. Minutes Used
. For 425 minutes, all of them have a fixed price ]
except C1: $45.00 + 0.40(125) = $95. Graph for plan A2:
The best priced plan is B1 at $39.99. cw
For 750 minutes: 300
Al:$49.99 +0.45(150) = $117.49 /g T
A2:$59.99 = 200
B1: $39.99 + 0.45(300) = $174.99 S
B2: $49.99 + 0.40(150) = $109.99 é 100
C1: $45.00 + 0.40(450) = $247.50 T
C2: $60.00 + 0.40(50) = $80.00 0 " " T40 "800 1200 %
Monthly _ Base + charge per\(# of min. over Minutes Used
cost ~ Price minute /\those included
Al: C(x)=49.99+0.45(x—600) Graph for plan B1:
) 49.99 0<x<600 C(x)
X) = 4
0.45x—220.01 x> 600 _ 300
Z 4
A2: C(x)=59.99+0.35(x—900) ] 2007
59.99 0<x<900 2 4
C) = . g 100
0.35x—-255.01 x>900 b
O " " T400 800 1200%
Minutes Used
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Chapter 1: Functions and Their Graphs

Graph for plan B2:
C(x)
300
g —
= 200+
s 4
Z 100+
O
0" " T400 800 1200 %
Minutes Used
Graph for plan C1:
C(x)
300+
g 4
= 200
3
Z 1001
o -
0 T T T 4|00 T T T 86()' |12|()0 x
Minutes Used
Graph for plan C2:
C(x)
300
g —+
= 200t
= 4
Z 100+
U -
0" " T400 800 1200 %
Minutes Used
f. Al: $49'9? =$0.083/min
600 min
A2: $59'9? =$0.067 / min
900 min
A2 is the better plan.
BI: $39'9_9 =$0.089/ min
450 min
B2: $49—99 =$0.083/min
600 min
B2 is the better plan.
Cl: $45'0_0 =$0.15/min
300 min
2. 30090 _ ¢ 086/ min
700 min
C2 is the better plan.
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g. Out of A2, B2, and C2, the best plan to choose is
A2 since its $/min rate is best.

h. Answers will vary.

Project 2 (IRC)

Cost (dollars)

a. 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

Clx) =
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) Silver
3007 Gold
2001
] Platinum
100
O " " 1000 2000 3000 4000 x
K-Bytes
c. Lety=#K-bytes of service over the plan
minimum.
Silver: 20+0.16y <50
0.16y <30
y<187.5

Silver is the best up to 187.5+ 200 =387.5
K-bytes of service.
Gold: 50+0.08y <100
0.08y <50
y <625
Gold is the best from 387.5 K-bytes to
625+1000 =1625 K-bytes of service.

Platinum: Platinum will be the best if more than
1625 K-bytes is needed.

d. Answers will vary.
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Project 3 IRC)

a.

Driveway Possible route 1
2 miles
Cable box
< 5 miles >
Possible route 2
Highway
House
LN
", $140/mile
Mo L=yf4+(5—x)
2 miles S
.,
.,
w
Y
hd Cable box
[

5 miles $100/mile

C(x) =100x +140L
C(x) =100x +1404/4 + (5 - x)?

X C(x)

0 | 100(0)+140v/4 +25 ~ $753.92
1 100(1)+140/4+16 = $726.10
2| 100(2)+140v/4 +9 ~ $704.78
3 [100(3)+140v4+4 ~ $695.98
41 100(4)+1404 +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.

. Since all of the costs are less than $800, there

would be a profit made with any of the plans.

C(x) dollars
800

600

0 5 xmiles

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

C(x) dollars
800

Hinirau

H=z.BEBFEEE Y=EOE.HEDLE .
0 5 xmiles

600

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

131

Chapter 1 Projects

C(4.5) = 100(4.5) + 1404/4 + (5 4.5)
~ $738.62

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

. 5000(738.62) = $3,693,100 State legislated

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

Project 4 IRC)

A=’

r=22t

r=22(2)=441t
r=22(25)=55ft
A=71(4.4)" = 60.82 ft*
A=7(5.5)* =95.03 ft?
A=r(2.2t)* = 4.84xt
A=4847(2)* =60.82 ft*
A=4847(2.5% =95.03 ft
A(2.5) - A(2) _ 95.03-60.82

= 68.42 ft/hr
2.5-2 0.5

AG.5) = AB) _18627-136.85 _ o0 oo
3.5-3 0.5

. The average rate of change is increasing.
j. 150 yds =450 ft

r=22t

t= ﬂ =204.5 hours
2.2

. 6 miles =31680 ft

Therefore, we need a radius of 15,840 ft.

t= 15,840 = 7200 hours
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