Chapter 2

Functions and Their Graphs

Section 2.1 12. True

1. (_1 3) 13. False; if the domain is not specified, we assume
’ it is the largest set of real numbers for which the
value of f is a real number.

2 3(—2)2—5(—2)+%=3(4)—5(—2)—% ,
L 14. False; the domain of f (x)= X =% s
=12+10-= X
2 {x|x=0}.
B or 211 _
2 2 15. Function
Domain: {Elvis, Colleen, Kaleigh, Marissa}
3. We must not allow the denominator to be 0. Range: {Jan. 8, Mar. 15, Sept. 17}

X+4#0= X —4: Domain: {x|x¢—4}. 16, Not a function

4, 3-2x>5 17. Not a function
—2X > 2
18. Function
x<-1

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

Solution set: {x|x <1} or (~e,~1) High School Graduate, Some College,
ittt College Graduate}
-0 Range: {$18,120, $23,251, $36,055, $45,810,
$67,165}

5. independent; dependent
19. Not a function

6. range
20. Function
7. [0,5] Domain: {-2,-1, 3, 4}
We need the intersection of the intervals [0,7] Range: {3, 5,7, 12}
and [-2,5]. 21. Function
<! | | | ! ! ! | [ f Domain: {1, 21 3, 4}
Bl I I C ! ! ! ! ! ! 17 .
) 0 5 7 Range: {3}
3¢ 22. Function
-2 0 5 7 Domain: {0, 1, 2, 3}
—————+—+———+—+ f+g Range: {-2,3,7}
) 0 5 7 .
23. Not a function
8. #; T(x): 9(x) 24. Not a function
9. g(x)-f(x),or (g—f)(x) 25. Function

Domain: {-2,-1,0, 1}
10. False; every function is a relation, but not every Range: {0, 1, 4}
relation is a function. For example, the relation 26. Function
x? +y? =1 is not a function. Domain: {-2, -1, 0, 1}
Range: {3, 4, 16}
11. True
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27. Graph y = x?. The graph passes the vertical line 34, x+y?=1
test. Thus, the equation represents a function. Solvefor y: y=+1—x
For x=0,y=%1. Thus, (0, 1) and (0, 1) are

on the graph. This is not a function, since a
distinct x corresponds to two different y 's.

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

1 3x-1
X

29. Graph y==. The graph passes the vertical line 36. Graph y= TR The graph passes the vertical
X+

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

n i

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

test. Thus, the equation represents a function. 37. 2x®+3y? =1
Solve fory: 2x? +3y? =1
3y? =1-2x°
, 1-2x°
3
31 y?=4-x° 1-2x2
y==+
Solve for y: y=+yJ4—-x? 3
= =+ -—
For x=0,y _2_. _Thus, 0, 2) ?.nd (9, 2) are For x=0, y:i\/I. Thus, Ol\ﬁ and
on the graph. This is not a function, since a 3 3
distinct x corresponds to two different y 's. T
{0,—\/:] are on the graph. Thisis nota
32, y=+1-2x 3
For x=0, y=+1. Thus, (0, 1) and (0, -1) are function, since a distinct x corresponds to two

on the graph. This is not a function, since a different y 's.

distinct x corresponds to two different y's.

33. x=y?
Solve for y: y= +X
For x=1, y=41. Thus, (1, 1) and (1, -1) are on

the graph. This is not a function, since a distinct
X corresponds to two different y 's.
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38. x2-4y?=1 e —f(x)=-[(2¢+x-1)]-2¢¢-x+1
Solve fory: x?—4y? =1 ,
4y =x2 1 f. f(x+1)=-2(x+1)" +(x+1)-1
, %1 :—2(x2+2x+1)+x+1—1
4 =—2x% —4X—2+X
+x% -1 =-2x%-3x-2
=7

g f(2x)=-2(2x)" +(2x)-1=—8x% +2x—1
For x:\/i,yzirl. Thus, (ﬁlj and (2) (2)"+(20)
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 corresponds to two =-2x* —4xh—2h? +x+h-1
different y 's.
X
30. f(x)=3x*+2x—4 o=
a 1(0)=3(0f +2(0)-4 -4 A 1(0)=—2 -9
0°+1 1
b. f(1)=3(1)+2(1)-4=3+2-4=1 L1
b. f(1)= ==
c. f(-1)=3(-1)°+2(-1)-4=3-2-4=-3 41 2
2 2 _ _l _—1_ 1
d. f(—x)=3(—x)" +2(-x)-4=3x* —2x—4 c. f(-1) (o 12
e —f(x)=—(3x"+2x-4)=-3x" ~2x+4 L y
d f(-x)= =
f. f(x+1)= ? ) (—x)*+1 x*+1
. +1)=3(x+1)" +2(x+1)-4
=3(x®+2x+1)+2x+2-4 X —X
( ) ® _f(x):_[x2+1):x2+1
=3x% +6X+3+2x+2—4
=3x% +8x+1 f. f(x+1)= X+;L
X+1)" +1
9. f(2x)=3(2x)* +2(2x)-4=12x> + 4x—4 ( X)+1
h. f(x+h):3(x+h)2+2(x+h)—4 T X2 2x+1+1
1
=3(x2+2xh+h2)+2x+2h—4 Zm
=3x? +6xh+3h* +2x+2h -4 2% 9%
9. f(2x)= C—=—
40. f(x)=-2x*+x-1 (2x)"+1 4x°+1
2 X+h X+h
> 10)=-2(0) +0-1= " f(x+h):(x+h)2+1:X2+2xh+h2+1
b. f()=-2(1)°+1-1=-2
s, 1(x)- Xt
c. f(-1)=-2(-1)°+(-1)-1=-4 T x+4
d. f(—x)==2(=x)" +(-x)-1=-2x® —x-1 a ():02_1:__1:_3
' 0+4 4 4
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b f(l)zlz_lzgzo e —f(x)=—(\/x2+x)=—«/x2+x
1+4 5
17— f(x+1) =/(x+1) +(x+1
—1+4 3 =UXZ +2x+1+x+1
d f(—x):(_x) 1 x-1 =x? +3x+2
-X+4 -x+4
) , g. f(2x):\[(2x)z+2x:\/4x2+2x
Xx“=1} 1-x
e. —f(x)=- =
") (X+4J X+4 h.  f(x+h)=(x+h)* +(x+h)
; f(x+1)_(x+1)2—1_x2+2x+1—1 = X2 +2xh+h? + x+h
' _(x+1)+4_ X+5 -~
X+
2 45, f =
_X +2X (X) 3x_5
X+5 2(0) . . .
+1 0+
2 . f 0 = = —
g f(ax)- )t 4l & 1) 3(0)-5 0-5 5
2x+4 2x+4 2(1) L, 5 5
+ +1
2 b. f(1)= =— —=—_=__
TP ) G YRS B35 55 2 2
(x+h)+4 X+h+4
o f(y-2CYrt cawl 11
43. f(x)=|x|+4 3(-1)-5 -3-5 -8 8
a. f(0)=|0|+4=0+4=4 d. f(_X):Z(—X)+1:—2x+1:2x—1
3(-x)-5 -3x-5 3x+5
b. f(1)=|1|+4=1+4=5
e —f(x)=- 2x+1) -2x-1
c. f(-1)=|-1+4=1+4=5 - =135 35
d. f(-x)=|-x|+4=]x|+4 ; f(x+1)—2(x+1)+1—zx+2+l—2X+3
e. —f(x)=—(x|+4)=-|x|-4 3(x+1)-5 3x+3-5 3x-2
2(2x)+1  4x+1
f. f(x+1l)=|x+1|+4 . f(2x)=
()= | g (2%) 3(2x)-5 6x-5
g f(2x)=|2x|+4=2|x|+4
h f(x+h)_2(x+h)+l_2x+2h+l
h. f(x+h)=|x+h|+4 ' ~3(x+h)-5 3x+3h-5
|2
44, f(x)=Vx*+x 1. f(x)=1- 1 :
a  £(0)=v0?+0=40=0 (x+2)
1 1 3
b. f(l): 12+1:\/§ a ( ) (O+2)2 4 4
— — 2 _ — 1= —
c. f(-1)=y(-)*+(-1) =v1-1=+0=0 b, f(1)-1- 1 2:1—1=§
(1+2) 9 9

. 1(x) = (X +( =
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47.

48.

49,

50.

51

52.
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c f(—1)=1—(_1+2)2 = _I:O
o :1_(—x12f::1_(2jxf

e _f(x):{l_(sz)zlz(sz)z_1
f f(x+1)=1_(x+11+2)2 21_(x+13)2
o T :l_(2XJ1r2)2 :1_4(x1+1)2

h. f(x+h :1-()(+hl+2)2
f(X) = —5x+4

Domain: {x| X is any real number}

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

X

f(x)=
(9 X% +1

Domain: {x| x is any real number |

XZ

f(x)=
(9 X% +1

Domain: {x| X is any real number}

X
x? -16
x?-16%0

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

g(x) =

2X
h(x) =
) X2 —4
X2 —4%0

X2 £ 4= X %42
Domain: {x| X#—2, X # 2}
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53.

54,

55.

56.

57.

58.

X—2
X + X

F(x)=

X +x#0
x(x2 +1) 0
x£0, x2#-1

Domain: {x| X # O}

X+4
X3 —4x
X2 —4x#0
x(x* —4) #0
x#0, x>=4
x#0, x==+2

G(x)=

ISM: Precalculus EGU

Domain: {x| X#0,X#2, x¢—2}

h(x) =+3x-12
3x-12>0
3x>12
X>4
Domain: {x|x >4}

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

4
f(x)= s

Xx-9>0
Xx>9
Domain: {x| X > 9}

X
(0=
x=4>0

X>4
Domain: {x| x> 4}
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Xx-1>0
Xx>1
Domain: {x| X >1}

60. q(x)=+-x-2
-x=220
-X>2

Xx<-2

Domain: {x| X < —2}

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

g(x)=2x-3

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

b. (f-g)(xX)=0Bx+4)-(2x-3)
=3X+4-2x+3
=X+7

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

c. (f-g)(x)=Bx+4)(2x-3)
=6X% —9X+8x—12
=6x%—x-12

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

f 3x+4
¢ [EJ(X): 2x-3

2x—3¢0:>2x¢3:>x¢g

)
X#E—>r.
2

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

The domain is {x

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

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

The domain is {x| x is any real number} .
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c. (f-9)(x)=(2x+1)((3x-2)
= 6X2 —4X+3x—2
=6Xx2—x—2
The domain is {x| x is any real number} .

f 2x+1

3x—2#0

3x¢2:>x¢§

The domain is {x

2
X#E—r.
3}

63. f(x)=x-1  g(x)=2x
a (f+g)(x)=x-1+2x*=2x*+x-1
The domain is {x| x is any real number} .
b. (f-9)(x)=(x-1)-(2x%)
=x-1-2x*
=-2x®+x-1
The domain is {x| X is any real number} .
c.  (f-9)(x)=(x-1)(2x%) =2x>-2x*
The domain is {x| x is any real number} .

f x—1
¢ (EJ(X)‘?

The domain is {x| X # 0}.

64. f(x)=2x2+3  g(x)=4x>+1
a (f+g)(x)=2x*+3+4x3+1
=4x3+2x* +4
The domain is {x| x is any real number} .
b. (f—g)(x)=(2x2+3)—(4x3+1)
=2x% +3-4x° -1
=—4x3+2x% 42

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

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

=8x° +12x% +2x* +3
The domain is {x| x is any real number} .
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2
d {ij(x)zzx:s
g 4x° +1
4x3+120
453 # -1
s 1 1 2
X #t——=2>X#3——=——
4 4 2
3
The domain is {x x¢—g}.
65. f(X)=+Xx  g(X)=3x-5
a. (f+9)(X)=+/x+3x-5
The domain is {x| x>0}
b. (f—g)(x)=vX-(3x-5)=/x-3x+5
The domain is {x| x>0}
c.  (f-g)(x)=+Xx(3x-5)=3xJx —5Vx
The domain is {x| x> 0}.
(-2
g 3x-5
x>0 and 3x-5#0
3x;«t5:x;«t§
3
The domain is {x x>0 andx:t%}.
66. f(x)=[x|] g(x)=x
a. (f+9)(x)=|x|+x
The domain is {x| x is any real number} .
b. (f-9)(x)=|x|-x
The domain is {x| x is any real number} .
c. (f-g)(x)=]x|-x
The domain is {x| x is any real number} .
d. [LJ(X):M
g X

The domain is {x| X # O}.

80

67. f(x):1+l g(x):1
X X
a. (f+g)(x):l+1+1=1+E
X X X
The domain is {x| x¢0}.
b. (f—g)(x):1+£—£:1
X X
The domain is {x| x;tO}.
c. (f~g)(x)=[1+1j1:1+i2
X)X X X
The domain is {x| x;tO}.
1+1 X+1
f X  x X+l x
d |—|(X)= = .
(QJ 11
X X
The domain is {x| X # 0}.

68. f(x)=+vx-2 g(x)=+v4-x
a (f+g)(X)=+vx—-2++4-x
Xx—2>0 and 4—x=>0
Xx>2 and —x>-4

Xx<4

The domain is {x| 2£x£4}.

b. (f-9)(X)=+vx-2-4-x
x—2>0 and 4—x=>0
Xx=2 and —x>-4
Xx<4

The domain is {x| 23xs4}.

C. (f~g)(x)=(\/x—2)( 4—x)

ISM: Precalculus EGU

Xx—220and 4-x=>0
x=2 and —x>-4
x<4

The domain is {x| 2<x<4}.
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d {fj(X)— x-2 f 2xeS 2x+3 3x—2 2x+3
.= = _ X X— X
x—2>0 and 4—x>0 g e
x=2 and —x>-4 3x—2#0 and x=0
x<4 3x#2
The domain is {x| 2£x<4}.
X#=
2X+3 4 3
X + X
69. f(x)=3x_2 g(x):3x_2 The domain is {x x;«t%andx;to}.
2x+3 4x
a. (f+g)(x)=3x 2+3x 5 2
- - 70. f(X)=+x+1 X) ==
_2x+3+4x ) 909 X
3x-2 2
_ 6x+3 a. (f+9)x)= X+1+;
3x-2 X+1>0 and x=0
3x—2#0 o> 1
3X¢23X¢% The domain is {x|x2—1,andx¢0}.
The domain is {x x¢2}.
‘ 3 b. (f-g)(X)=+x+ —%
b. (f—g)(x)=2X+3_ ax x+1>0 and x=0
3x—2 3x-2 x>_1
_2x+3-4x The domain is {x| x>-1 and X # 0}.
3x—2
_ —2x+3 2 24x+1
= v c. (f-9)(x)=+x+1-—=
3x-2 X X
3x-2#0 Xx+1>0 and x#0
3X;r&2:>x;tz x>-1
3 The domain is {x| x> -1, and X = 0}.
.. 2
The domain is {x x¢—}.
3 d (ij(x):\/x;l:x\/)zul
2x+3)( 4x ) 8x®+12x : Y
c. (f-9)x= = >
3x-2)\3x-2) (3x-2) x+1>0 and x=0
3x-2=0 x>-1
3x¢2:>x¢§ The domain is {x|x2—1,andx¢0}.
L. 2
The domain is {x x¢§}. 71. f(x)=3x+1 (f+g)(x):6—%x

6—%x:3x+1+g(x)
7
5——x=0g(x
S X=9()
7
X)=5-=X
9(x) 5
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— y2 _
72. f(x):l (iJ(X)z );+1 76. f(x)=x"+5x-1
X g XS =X f(x+h)—f(x)
1 h
X411 x  (x+h)2 +5(x+h)—1— (x* +5x 1)
x> —x  g(x) = .
1 , x2 +2xh+h? +5x+5h—1—x? —5x+1
g(x) = —X _1 XX = h
x+1 1
2 o 2xh+h? +5h
X" =X = @ =
1 x(x-1) x-1 h
=7 =74 =2X+h+5
X X+1 x+1
3
73. f(x)=4x+3 7. f(x)=x"-2
f(x+h)—f(x) 4(x+h)+3-4x-3 f(x+h)-f(x)
- h
h h
_4x+4h+3-4x-3 (x+h) -2-(x*-2)
h = h
:4—h:4 X3 +3x%h+3xh? +h®—2-x*+2
h = n
2 2 3
74, f(x)=-3x+1 _3x"h+3xh" +h
f(x+h)— f(x) —3(x+h)+1—(-3x+1) h
h = h =3x% +3xh +h?
_ —3x-3h+1+3x-1 1
- h 78. f(X)=——
_3h X+3
=—=-3 11
h PO+ —f() _ x+h+3 x+3
h h
75. f(X)=x*—x+4 x+3-(x+3+h)
M _(x+h+3)(x+3)
-
(x+h)2 —(x+h)+4—(x* —x+4) fe3ox_doh V1
= + — f— f—
h (sl
h+3)(x+3) JLh
X2 +2xh+h? —x—h+4—x*+x-4 (x+h+3)(x+3)

e (Fraie)i)
h - 1

_ox+h-1 ST xeh3)(xe9)
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_9y3 2 _ _ _
79 1) =2x"+Ax"+4x-5 and 1(2) =5 84, f(x)=2=B £(2)=0andf () is undefined
£(2)=2(2)° + AQ2)2 +4(2) -5 X=A

5=16+4A+8-5 1-A=0 = A=1

5=4A+19 t@=2-2
14=4A 2-1
T 0_2-B
__! 1
2 0=2-B
2 . B=2
80. f(x)=3x"-Bx+4 and f(-1)=12:
f(-1) = 3(_1)2 -B(-1)+4 85. Let x represent the length of the rectangle.
12=3+B+4 Then, g represents the width of the rectangle
B=5 since the length is twice the width.
348 The function for the area is:
8l. f(x)=—— and f(0)=2 x X2 1
2X—A A(X)ZX'—:—Z— 2
()= 20)+8 2 2 2
2(0)-A 86. Let x represent the length of one of the two equal
,_8 sides.
T_A The function for the area is:
—-2A=8 A(x)=1~x-x=1x2
A=—-4 2 2
% —B 1 87. Let x represent the number of hours worked.
82. f(x)= X and f(2)== The function for the gross salary is: G(x) =10x
3x+4 2
£(2) = 2(2)-B 88. Let x represent the number of items sold.
3(2)+4 The function for the gross salary is:
1 4-B G(X)=10X+100
2 10 )
5-4-B 89. a. H (1)= 20—4.9(1)
B=-1 =20-4.9
=15.1 meters
83. £()=2"2 and f(4)=0 H(1.1)=20-4.9(1.1)" =20-4.9(1.21)
X_
=20-5.929
fay- 204 =14.071 meters
4-3 '
0_8-A H(12)=20-4.9(12)
1 =20-4.9(1.44)
0=8-A
=20-7.056
A=8

=12.944 meters
H(1.3)=20-4.9(1.3)
=20-4.9(1.69)
=20-8.281
=11.719 meters

f is undefined when x=3.
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b. H(x)=15: H(x)=5
15=20-4.9x° 5=20-13x°
—-5=—4.9x? ~15=-13x?
x? ~1.0204 x? ~1.1538
X ~1.01 seconds X ~1.07 seconds
H(x)=10: c. H(x)=0
10 = 20-4.9x° 0=20-13x°
10 = —-4.9x? —20=-13%?
x% ~ 2.0408 x? ~1.5385
X =1.43 seconds X =1.24 seconds
H(x)=5:
) ; oL C(x)=100+% 1 36:000
5=20-4.9x X
_ 2
—15=-4.9x a C(500)=100+ 500 , 36,000
x? ~3.0612 500
X ~1.75 seconds =100+50+72
=$222
c. H(x)=0
450 , 36,000
— 20— 4.9%2 b. C(450)=100+
0=20 4.29x (450) =100+==+=c "
—-20=-49x =100+45+80
x? ~ 4.0816 =$225
X = 2.02 seconds
c. C(600)=100+— 600 , 36,000
) 0 600
90. a. H(1)=20-13(1)" =20-13=7 meters 100+ 60+ 60
H(1.1)= 20—13(1.1)2 =20-13(1.21) =$220
=20-15.73=4.27 meters
) d. C(400)=100+ 400 , 36,000
H(1.2)=20-13(1.2)" = 20-13(1.44) 10 400
= 20-18.72 =1.28 meters =100+40+90
=$230
b. H(x)=15
15=20-13x 92. A(X)=4xyJ1-%
-5=-13x°
x? ~ 0.3846 a. / _
X ~ 0.62 seconds
2
H (X) -10 ~1.26 ft
10 = 20-13x? 3
~10=-13x? b. :4 z / _ _
2 ~
x? ~0.7692 :f 3173 ﬂ2

x = 0.88 seconds
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2 Section 2.2
c. A[Z):Lﬁ 1{3} _85_85

3 3 3 319 33 1. x*+4y*=16

= % ~1.99 ft2 X-intercepts:
o X2 +4(0)° =16
(LY, L(x) x? =16

* R(X)_(Ej(x)_P(x) x=+4=(-4,0),(4,0)

9. T(x)=(V+P)(x)=V(x)+P(x) y-intercepts:
(0)* +4y? =16
95. H (x)=(P-1)(x)=P(x)-1(x) 4y 16
y: =4

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

97. a. h(x)=2x

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

2. False; x=2y-2

h(a+b)=2(a+b)=2a+2b 2-2y-2
=h(a)+h(b) 0=2y
h(x) =2x has the property. 0=y
b. g(x)=x The point (-2,0) is on the graph.
g(a+b)=(a+b)* =a%+2ab+b? 3. vertical
Since
a®+2ab+b* =a’+b”=g(a)+g(b), 4. 1(5)=-3
g(x) = x? does not have the property. 5 f (x) —al 44
c. F(x)=5x-2 a(—1)2+4:2:>a:—2
F(a+b)=5(a+b)-2=5a+5b—2
Since 6. False; it would fail the vertical line test.

5a+5b-2#5a-2+5b-2= F(a)+F(b),

_ 1
F(x) =5x—2 does not have the property. 7. False;e.g. y= X

1
d G(x)== 8. True
(x)=3
1 1 1 9. a. f(0)=3since (0,3) is on the graph.
G(a+h)= atb a b G(a)+G(b) f (—6) = —3 since (—6,—3) is on the graph.
G(x)= 1 Goes not have the property. b.  f(6)=0since (6, 0) is on the graph.
X f (11) =1since (11,1) is on the graph.
98. No, x=-1 isnotinthe domain of g, butitis c.  f(3)is positive since f (3) ~3.7.

in the domain of f . ) o
d. f(-4) is negative since f (-4) ~ -1.

99. Answers will vary. e. f(x)=0whenx=-3 x=6, and x =10.

f. f(xX)>0when —3<x<6, and10<x<11.
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g. The domain of fis 12. Function

{x|-6<x<11} or [-6,11]. a. Domain: {x| x is any real number} ;
h. Therange of fis Range: {y|y >0}

_2<y< _

{y| 3_y_4} or [-3.4]. b. Intercepts: (0,1)
i. The x-intercepts are (-3, 0), (6, 0), and c. None

(10, 0).
j.  They-intercept s (0, 3). 13. Function

a. Domain: {x|—n£x§n};

k. Theline y= 1 intersects the graph 3 times.
2 Range: {y|-1<y<1}

b. Intercepts: | -=.0], [Z.0], (0,1
rps( 2 j (2 J( )

I.  Theline x=5 intersects the graph 1 time.

m. f(x)=3whenx=0andx=4.

n. f(x)=—2whenx=-5andx=8. c. Symmetry about y-axis.
10. a.  f(0) =0 since (0,0) is on the graph. 14. Function
f (6) = 0 since (6,0) is on the graph. a. Domain: {x|-m<x<n};
b. f(2)=-2since (2, —2) is on the graph. Range: {y|_1S ysl}
f(-2) =1since (-2,1) is on the graph, b. Intercepts: (-, 0), (w,0), (0,0)
c. f(3)isnegative since f (3) ~ -1. c. Symmetry about the origin.
d. f(=1) is positive since f (-1) ~1.0. 15. Not a function since vertical lines will intersect

the graph in more than one point.
e. f(xX)=0whenx=0,x=4, and x =6.
16. Not a function since vertical lines will intersect
f. f(x)<Owhen0<x<4. the graph in more than one point.

g. The domain of fis 17. Function
{x[-4<x<6} or [-4,6]. a. Domain: {x|x>0};
h. The range of f is Range: {y|y is any real number}
{y|-2<y<3} or [-2,3].
b. Intercepts: (1, 0)

i.  The x-intercepts are (0, 0), (4, 0), and (6, 0). None

j. The y-intercept is (0O, 0). 18. Function

k. The line y =-1 intersects the graph 2 4 Domain: {x|0§ x§4};
times.
. Theline x =1 intersects the graph 1 time. Range: {y| O<y< 3}

m. f(x)=3whenx=5. b. Intercepts: (0, 0)

c. None
n. f(x)=-2whenx=2.
19. Function
11. Not a function since vertical lines will intersect a. Domain: {X| X is any real number} :

the graph in more than one point.
Range: {y|y<2]

b. Intercepts: (=3, 0), (3, 0), (0,2)
c. Symmetry about y-axis.
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20.

21.

22.

23.

Function
a. Domain: {x| X > —3} :
Range: {y|y >0}

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

Function

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

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

c. None

Function

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

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

c. None
f(x)=2x>-x-1
a  f(-)=2(-1)°-(-1)-1=2
The point (-1, 2) is on the graph of f.
b. f(-2)=2(-2)*-(-2)-1=9
The point (-2,9) is on the graph of f.
c. Solve for x
—1=2x*-x-1
0=2x%—x
O=x(2x—1):x=0,x=%

(0, -1) and (%

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

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

(2x+1)(x-1)=0= x=—%,x=1

(—%,Oj and (1,0)

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

,—1) are on the graph of f .
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24.

25.

Chapter 2: Functions and Their Graphs

f (x) = —3x% +5x
a.  f(-1)=-3(-1)*+5(-1)=2
The point (~1,2) is not on the graph of f.
b.  f(-2)=-3(-2)*+5(-2)=-22
The point (-2,-22) is on the graph of .
c. Solve for x:
—2=-3x" +5x=3x* -5x-2=0
(3x+1)(x-2)=0=x _—§,x 2
(2,-2) and (—— —2) on the graph of f .
d. The domain of fis
{X| x is any real number} .
e. Xx-intercepts:
f(x)=0= -3x*+5x=0
X(-3x+5)=0= x:O,x=%
(0.0) and (3.0}
f.  y-intercept:
f (0)=-3(0)* +5(0) = 0= (0,0)
f(x )_ X+2
a f@=r2__ 3.1
3-6 3
The point (3,14) is not on the graph of .
b, fa)=2t2_6 _ 4
4-6 -2
The point (4,-3) is on the graph of f.
c. Solve for x:
_X+2
" X-6
2X—-12=x+2
x=14
(14, 2) is a point on the graph of f .
d. The domain of fis {x|x =6}.
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e. x-intercepts: 22> 8
xi2 b, f@=28 2
f(x):O:>—6=0 @*+1 17
X_
X+2=0=>x=-2=(-2,0) The point (2, %j is on the graph of f.
f.  y-intercept: f(O):Ez—lj(O,—lj c. Solve for x:
0-6 3 3 ,
1= 2X
x4l
2 X
X +2
26. f(x)= x* +1=2x?
X+4
Pip 3 x*—2x2+1=0
+
a f@= == 2_1)2 =
@ 1+4 5 (x*-1)7=0
_ 3\ x*-1=0=x==1
The point (ng is on the graph of f. (1,1) and (~1,1) are on the graph of f .
P2 2 1 d. The domain of fis
+
b. f(0)= =—== X| x is any real number .
O=0r2"272 g y }
e. Xx-intercept:
The point (Oij is on the graph of f. P 2
2 2X
f(x)=0=>——=0
c. Solve for x: , X +1
2 2x°=0=>x=0=(0,0
S N R . (0.0
2 Xx+4 f.  y-intercept:
0=2x2-x 2(0)°
. f(0)=29 0 400
x(2x-1)=0=x=0 or x=5 07+1 0+1
2X
(0, lj and [llj are on the graph of f . 28. f(x)=—-H
2 2'2 x—2
d. The domain of fis {x| x = —4}. i
a f(i)2\2/_1_ 2
e. x-intercepts: ' 2) 1 2_ 3 3
, 1., 2
2
F(x)=0= X720 x242=0 L s
L X+ The point (—,——j is on the graph of f.
This is impossible, so there are no x- 2 3
intercepts. 204) 8
f.  y-intercept: b. f(4):E:§:4
2
f(0)= 0" +2 zgzlj[oylj The point (4, 4) is on the graph of f.
0+4 4 2 2
c. Solve for x:
2x° 1= 2X L x 2-2x= 2=
27. f(x)= = =X =-2=X
R (2)1()_'2 int on the graph of f
-2,1) is a point on the graph of f .
o flpo 2D 2 i o
' T d. The domain of fis { x| x = 2}.

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

88

© 2006 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.



ISM: Precalculus EGU Chapter 2: Functions and Their Graphs

e. Xx-intercept: e y_ _32%2 .
f(0)=0=-2% —0=2x=0 T
X—2 150
=x=0=(0,0)
. 0
f. y-intercept: f(0)= o 0=(0,0)
Ofr 600
—32x? -5
29. h()=—o07+X f.  Use INTERSECT on the graphs of
B 2 -32x?
a. h(100) :&OZO)JJOO Y, = 1307 +x and y, =90.
30
150
~—320,000

+100 ~ 81.07 feet

16,900 N

_ 2
b, h(300) = —23%0) , 309 m/ . \
130 0 | #3115 67378 v=ma 600

_ 22,880,000 55 . 199,59 feet o
16,900 150
_ 2
¢ h(s00) = 2500 509 N
130
- %* 500 ~26.63 feet o | PRS2 vese — 600
’ -5
d. Solving h(x)= -32x° X=0 The ball reaches a height of 90 feet twice.
' g 1302 - The first time is when the ball has traveled
3952 approximately 115 feet, and the second time
%+ x=0 is when the ball has traveled about 413 feet.
130 g. The ball travels approximately 275 feet
X[_32X +1j -0 before it reaches its maximum height of
302 approximately 131.8 feet.
_39x “ N
X=0 or ——+1=0 e |
130 L
32x g |
= ZE0 11B.0F
130? =Zrs
1302 = 32x h. The ball travels approximately 264 feet
1302 before it reaches its maximum height of
X = =528.125 feet approximately 132.03 feet.
2 AT AT
Therefore, the golf ball travels 528.125 feet. S [ 0 [EeEn
B2 2h2 1zz.02
b ch2
B4 1203 chY
1 13203 cht 13203
(1] 13202 Zhh 1zz.02
1=132. BZ911242€| =132, 031242604

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

1z2.02
132, 829525733

1
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30. A(X) = 4x [1-y2 b. Tb:xI:StarE 0; ATbl=50
a. Domain of A(x) = 4xy/1-x* ; we know %gu EEEM
that x must be greater than or equal to zero, %EE EEE
since x represents a length. We also need GUON 1250
2 . . . b1 B188+5- 1B+ 360. .
1-x“ >0, since this expression occurs
under a square root. In fact, to avoid c. The cost per passenger is minimized to
Area = 0, we require about $220 when the ground speed is
x>0 and 1-x*>>0. roughly 600 miles per hour.
i 4
Solve: 1-x*>0 yeEa | zzt
Eqn e
(1+x)(1-x)>0 | 50"
BEQ ] |
Casel: 1+x>0 and 1-x>0 e | EET
x>-1 and x<1 =eae
(ie. -1<x<) 2
32. W(h)=m 4000
4000+ h
Case2: 1+x<0 and 1-x<0 a. h=14110 feet ~2.67 miles;
x<-1 and x>1 2
4000
(which is impossible) W (2.67) = 120[m) ~119.84
Therefore the domain of Ais {x| 0<x <1} . On Pike's Peak, Amy will weigh about
119.84 pounds.
: 2
b. Graphing A(X) = 4x41-x b. Graphing:
3 120
0 .
0 ; 1 1195
c. When x = 0.7 feet, the cross-sectional area is ¢ Cre;ate av'I;ABLE:
maximized at approximately 1.9996 square T— 120
feet. Therefore, the length of the base of the i |
beam should be 1.4 feet in order to £ [H3me
maximize the cross-sectional area. = 119,82
T T =8
(b E 1
h ’iggsﬁ %.5 ﬂgigg
B 182 i EEERL
] 1.560¢ Yy 118.76
e T A 1117
=5
B x 36000 The weight W will vary from 120 pounds to
81 C(x) =100+ 10 * about 119.7 pounds.
a. Graphing:
400
o 600
200
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33.

34.

35.

36.

37.

38.

39.

d. By refining the table, Amy will weigh
119.95 Ibs at a height of about 0.8 miles
(4224 feet).
B

iuinin
-
-

i
2

e. Yes, 4224 feet is reasonable.

| ™ in

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.

@ N5 (b) 1V; (©) I; (d) V; (e) Il
@@ 11, (b) V: (c) IV; (d) 1I; (e) |

¥
(22, 5)
— 5_
=]
£ 3|
& (5,2)
2_
g a0
a8 1L
L1 |||1|||(2|9'10)l|x
6.0y 10 20 30
Time (in minutes)

40.

41,

42,

Distance {in feet)

Chapter 2: Functions and Their Graphs

Yi
20,000~ (78, 19,000)
15,000
10,000
L (33, 9000) (48, S000)
5000~
- (13, 4000)
~ (10, 2000)
1000} »
IIIIIIIIIIIIIIII.;
) 20 40

Time (in minutes)
2 hours elapsed; Kevin was between 0 and 3
miles from home.

0.5 hours elapsed; Kevin was 3 miles from
home.

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

0.2 hours elapsed; Kevin was at home.

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

0.3 hours elapsed; Kevin was 2.8 miles from
home.

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

The farthest distance Kevin is from home is
3 miles.

Kevin returned home 2 times.

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

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

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

Between 4.2 and 6 minutes, Michael was
stopped.
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e. Between 7 and 7.4 minutes, Michael was 5. y=x*-9
traveling at a steady rate of 50 miles/hour. x-intercepts:

f.  Michael's speed is constant between 2 and 4 0=x%>-9
minutes, between 4.2 and 6 minutes, )
between 7 and 7.4 minutes, and between 7.6 XT=9—>x=43
and 8 minutes. That is, on the intervals y-intercept:
(2,4), (42,6), (7,7.4),and (7.6,8). y= (0)2 —9--9

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

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

graph of the function. 6. increasing
44. The only such functionis f (x)=0 because it is 7. even;odd
the only function for which f (x)=—f(x). Any 8. True
other such graph would fail the vertical line test.
9. True
10. False; odd functions are symmetric with respect
Section 2.3 to the origin. Even functions are symmetric with
respect to the y-axis.
1. 2<x<5
11. Yes
Ay 8-3 5 L .
2. slope=—= ===1 . .
slope Ax 3_(_2) 5 12. No, it is increasing
13. No, it only increases on (5, 10).
3. x-axis: y —» -y
(—y) _5y?_1 14. Yes
—y=5x2-1 15. f isincreasing on the intervals

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

16.

17.

18.

19.

20.

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

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

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

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

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

f has local minimaat x=-8,x=0andx=5.

The local minima are -4, 0, and 0,
respectively.
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21. a.
b.

22. a.

23. a.

24, a.

25. a.
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Intercepts: (-2, 0), (2, 0), and (0, 3).
Domain: {x|-4<x<4};
Range: {y|0<y<3}.

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

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

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

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

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

Intercepts: (0, 1).

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

Increasing: (—oo,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};

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

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

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

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

ing: | -z - & ki3
Decreasmg.( T, 2) and (z,n).

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

93

26.

27.

28.

29.

30.

31.

a.

Chapter 2: Functions and Their Graphs

Intercepts: (—%,Oj, (g Oj, and (0,1) .

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

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

(1 5 1
Intercepts: (5’ 0],(5, 0), and (O’E)

Domain: {x|-3<x<3};

Range: {y|-1<y<2}.

Increasing: (2,3); Decreasing: (-11);
Constant: (-3,-1) and (1, 2)

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

Intercepts: (-2.3,0),(3,0), and (0,1).
Domain: {x|-3<x<3};

Range: {y|-2<y<2}.

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

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

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

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

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

f hasa local maximumof 1 at x = %

f has a local minimum of -1 at x = —%.
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32. a.

33.

34.

35.

36.

37.

38.

39.

40.

41.
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f hasa local maximum of 1 at x=0.
b. f hasalocal minimumof-lat x=-x
andat x=r.
f(x)=4x

f(-x) = 4(-x)® = -4x> = - (x)
Therefore, f is odd.

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

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

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

F(x) =Jx

F(-x) =3’—_:—3F=—F(x)
Therefore, F is odd.

G(x) =+/x

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.

f(x)=J2x% +1

f (—x) :#2(—x)2 +1=dox241= ¢ (x)

Therefore, f iseven.

1

X)=—

9(x) 2
1 1

= =9(x)

(_X)Z = XZ

g(-x) =

Therefore, g is even.
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X
X2 -1

—X —X
h —X == =
= (-x)2-1 x*-1
Therefore, h is odd.

h(x) =

~h(x)

3x? -9

_(_X)S X3
h(=x) = = =-h(x
=% 3(-x)> -9 3x*-9 ()
Therefore, h is odd.

h(x) =

2x

]

_2x¥) _-2x
PO T

Therefore, F is odd.

F(x) =

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

Use MAXIMUM and MINIMUM on the graph

of y; =x*—3x+2.
5

VA N

Maxirum x
H=-.3333377 1Y=Yy

5
5
» [ /
-
-
[ qIbql\-‘-q_‘\.J _—

Hiniraum [ %

#.99589772 [v=1.55€ -11
-5

local maximum at: (—1,4) ;

local minimum at: (1,0)
fis increasing on: (-2,-1) and (1,2);
f is decreasing on: (-1,1)
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46. f(x)=x®-3x*+5 onthe interval (-1,3) 48. f(x)=x"-x* onthe interval (-2,2)
Use MAXIMUM and MINIMUM on the graph Use MAXIMUM and MINIMUM on the graph
of y, =x®-3x* +5. of y, =x*—x*.

10
] 2
u L
/ﬁw ]
-1 k]
) 2 - e 2
Hazirur X T
#22.276HE -6 Y=C Hinirun X
10 u=-. 2074054 lv=-zc
10 m)
¥ 2
/,,-— W’ [
-l 3 ¥
Aoy aoauer? vel i 2[ R — ‘|2

-10

N e 6 lv=-126-12
local maximum at: (0,5); — —=

-1

local minimum at: (2,1)

2

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

47. f(x)=x>-x% on the interval (-2, 2) 2| Ry ‘I
Use MAXIMUM and MINIMUM on the graph Himire aoc Jy=-25
of y, =x° =3, -1
05 local maximum at: (0,0) ;
~ / local minimum at: (-0.71,-0.25), (0.71,-0.25)
L f"““x ~ 2 fis increasing on: (~0.71,0) and (0.71,2);
Maxirhm f is decreasing on: (—2,-0.71) and (0,0.71)
H= ~.APYHEREE Y= 1850032
05 3 2
05 49. f(x)=-0.2x’-0.6x" +4x—6 onthe
interval (—6,4)
) ™ ~ 2 Use MAXIMUM and MINIMUM on the graph
o of y, =—0.2x> —0.6x? +4x—6.
Hinirmun
W= 7PHERFE  IY=-1BED0EE 2

-05 5| 4
local maximum at: (-0.77,0.19) ; ’/_\
local minimum at: (0.77,-0.19) ; "'1\*//
fis increasing on: (-2,-0.77) and (0.77,2);

. . Niniraura »
f is decreasing on: (-0.77,0.77) K=-3.7EBE7Z: Y=-1B.89122
30
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 rere—rE———_re——— 51. f(x)=025x*+0.3x* ~0.9x* +3 on the
T .-""*\ ) interval (-3, 2)
/ " Use MAXIMUM and MINIMUM on the graph
k.f of y; =0.25x* +0.3x* —0.9x* + 3.
3
ﬂgif?s"u"ﬂ?s? 'f:‘i.ﬂﬂﬂ?ﬂ'lx ]

-30
local maximum at: (1.77,-1.91) ; \f\_//

local minimum at: (-3.77,-18.89)

3l 10
fis increasing on: (-3.77,1.77) ; Ao HEEons y=.ouaou2mE
2
f is decreasing on: (—6,-3.77) and (1.77,4) s
50. f(x)=-0.4x°+0.6x* +3x—2 on the | /
interval (—4,5)
Use MAXIMUM and MINIMUM on the graph
- 12
X

= 3 2 ...
of y, =-0.4x s+ 0.6x°+3x—-2. gngﬂ“ﬂs_s v
2

AT ,, ?

| \”-fl i"( 3 _‘-)(-//

Hinithura %
#=-11EEX1E Y=-4.04B287 5k A . 1>
-8 “IMinirum I E
5 4=.9gC0BEEZ V=2.64828%1
2
# \\\ /‘\\ local maximum at: (0,3) ;
4 n\\_/?f I\ 5 local minimum at: (~1.87,0.95), (0.97,2.65)
fis increasing on: (—1.87,0) and (0.97,2);
NS Eu3005 ve3.24B2873 f is decreasing on: (-3,-1.87) and (0,0.97)
3
local maximum at: (2.16,3.25) ; 52. f(x)= _0.4%* —05x +0.8x% —2 on the
local minimum at: (~1.16,—4.05) interval (-3, 2)
fis increasing on: (-1.16,2.16) ; Use MAXIMUM and MINIMUM on the graph
f is decreasing on: (—4,-1.16) and (2.16,5) of y; =-0.4x* -0.5x% +0.8x* - 2.
2
3w " E“-\-\_\_‘_‘_\- |2
s ‘_‘x\
Haximur A
=-1.873164 Y=-.5233906 '

-10
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54, f(x)=—-x>+1

_3|,. N " * |2 a. Average rate of change of f fromx=0to
X=2:
3 3
f(2)-1(0) (-2 +1)-(-(0)+1)
5LHEE5?1E-? W= -2 K 2-0 2
5 _7-1_-8_,
2 2 2
3 2 b. Average rate of change of f fromx =1to
R x=3:
3 3
\ 13- 1) _ (-6 +1)-(-0'+)
o ateaaidl Ye-1B70NE > ?
-10 :_26_(0):_—26:—13
local maximum at: (-1.57,-0.52), 2 2
(0.64,-1.87) ; local minimum at: (0,-2) c. Qze{?ge rate of change of f fromx =1 to
f is increasing on: (—3,-1.57) and (0,0.64); (1) f (1) (_(1)3 +1)—(—(—1)3 +1)
f is decreasing on: (-1.57,0) and (0.64,2) 1-(-1) = >
53, f(x)=-2x*+4 :0_;2:—72:_1
a. Average rate of change of f from x=0 to
X=2 55. g(x)=x>-2x+1
f(2)-f(0) (_2(2)2 + 4)_(_2(0)2 + 4) a. Average rate of change of g from x=-3 to
2-0 2 X=-2:
_(H-(4)_8_, 9(=2)-9(=9)
T2 2 -2-(-3)
b. Awverage rate of change of f fromx=1to [(_2)3 - 2(_2)+1] _[(_3)3 - 2(_3)+1J
x=3: =
1
2 2
FE)-1(@) _ (-2(3)" +4)-(-2(2)" +4) (-3)-(-20) 17
3-1 2 1 1
_(24)-(0) _16_ =17
2 2 b. Average rate of change of g from x=-1 to
c. Average rate of change of f fromx =1to x=1:
x=4 ) ) 9()-9(-1)
f(4)-1(1) (-2(4)" +4)-(-2()° +4) 1-(-1)
4-1 3 (1 —2(1)+1]-] (~1)* ~2(-1)+1
(28)-(2) 30 il al )
= 3 = T = —10 2
_(0)-(2)_-2
2 2
=-1
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c. Average rate of change of g from x =1 to 57. f (x) —5x—2
x=3:
. Average rate of change of f from 1 to x:

9(3)-9(2) ?

3-1 F()- (1) _(5x-2)-(5(1)-2)

3 3 x-1 x-1

_[(3) -2(3)+1]-| (@’ -2(v)+1] 5x-2-3 5x-5
- 2 - ox-1  x-1
_(22-(0)_22 s(x-1)
T2 T - ox-1
=11 =5

) b. The average rate of change of f from 1 to x

56. h(x)=x"-2x+3 is a constant 5. Therefore, the average rate

of change of f from 1 to 3 is 5. The slope of

a. Average rate of change of h from x=-1 to o
the secant line joining (1, f (1)) and

x=1:
h(1)-h(-1) (3.1(3)) is5.
1-(-1) c. We use the point-slope form to find the
[(1)2 _ 2(1)+3} _[(_1)2 _ 2(_1)+3} equation of the secant line:
= > y_ylzmsec(x_xl)
(2)-(6) 4 y-3=5(x-1)
T Ty y—-3=5x-5
=2 y=5x-2
b. Average rate of change of h from x=0 to d. The secant line coincides with the function
X=2: so the graph only shows one line.
h(2)-h(0) -
2-0 /
[(2)2—2(2)+3}—[(0)Z—2(0)+3} -10 10
_ _ /f
_(®-(_0 10
2 2
-0 58. f(x)=-4x+1
c. Average rate of change of h from x=2 to a. Average rate of change of f from 2 to x:
x=5: f(x)-1(2) (-4x+1)-(-4(2)+1)
h(5)-h(2) x-2 X2
5-2 _ —Ax+1-(-7) -4x+8
[(5)2_2(5)+3}_[(2)2_2(2)+3J X—2 x—2
= 3 _ —4(x-2)
——
_(18)-(3) _15 N
3 3

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

of the secant line joining (2, f (2)) and
(5.(5)) is 4.
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c. We use the point-slope form to find the 60. g(x)=x?+1
equation of the secant line:
Y= Vi =My (X=%) a. Auverage rate of change of g from -1 to x:
TV~ —d(x—2 (1 [x2+1]—[(—1)2+1]
y-(-7)=—4(x-2) 9(x)-9(-1) _
y+7=-4x+8 x—(-1) x+1
y=-4x+1 (x2+1)—(2) W2 _1
d. The secant line coincides with the function - X+1 ]
so the graph only shows one line.
grap 10y :(x—l)(x+1):X_1
x+1
\j b. The average rate of change of g from -1 to
-10 10 x is given by x—1. Therefore, the average
t\ rate of change of g from -1 to2is 2-1=1.
The slope of the secant line joining
-10 (-19(-1)) and (2,9(2)) is 1.
59. g(x)=x*-2 c. We use the point-slope form to find the

equation of the secant line:
Y-%1= msec(x_xl)

9(x)-9(-2) [XZ_Z]_[(_Z)Z—Z] y-2=1(x—(-1))

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

x—(-2) X+2

y—-2=x+1
2
:(X _2)_(2):x2—4 y=x+3
X+2 X+2 d. The graph below shows the graph of g along
:(X+2)(X_2):X_2 with the secant line y =x+3.
X+2 8

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 -3 t 3

joining (-2,9(-2)) and (1,g(1)) is 1.

-2
c. We use the point-slope form to find the )
equation of the secant line: 61. h(x)=x"-2x
Y= Y1 =My (X=%) a. Average rate of change of h from 2 to x:
—2=_ —(— 2
y-2=-1(x~(-2)) n(x)-n(z) [¥-2x]-[(2)'-2(2)]
y—2=-X-2 x-2 X—2
y==x _(XZ_ZX)_(O)_XZ—ZX
d. The graph below shows the graph of g along - X—2 T =2
with the secant line y =—x. x(x—2)
5 =
X—2
\l / b. The average rate of change of h from 2 to x
_5 5 is given by x. Therefore, the average rate of

change of h from 2 to 4 is 4. The slope of
the secant line joining (2,h(2)) and

(4.h(4)) is 4.
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c. We use the point-slope form to find the 63. a. length = 24—-2x; width = 24—2x;
equation of the secant line: height = x
Y= Y1 = Mg (X=%) V (X) = X(24 — 2X)(24— 2X) = x(24 — 2x)?
y-0=4(x-2) b. V(3)=3(24-2(3)) = 3(18)?
y=4x-8 — 3(324) = 972 cu.in.
d. The graph below shows the graph of h along ) )
with the secant line y =4x-8. c. V(10)=10(24-2(10))" =10(4)

=10(16) =160 cu.in.

12
d. vy, =x(24-2x)°
\ 1100
B °
2

62. h(x)=-2x"+x ok 12
a. Average rate of change from 0 to x: Use MAXIMUM.
2 1100
n(x)-h(0) [-2+x]-[-2(0)"+0]
x-0 X
_ (_ZXZ + X)_(O) _ 2% +x
X X 0 ﬂgﬁim._._._._."m w102y 12

Cx(=2x+1) il 0

- X =eXH The volume is largest when x =4 inches.

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

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

—2(3)+1=-5. The slope of the secant line V = volume.
10
is _ V=xh=10=h==
joining (0,h(0)) and (3,h(3)) is -5. 2
c. We use the point-slope form to find the Total Area A = (Area,, )+(4)(Areagq, )
equation of the secant line: 2
= X" +4xh
Y=Y = Mg (X_ Xl)
2 10
y—0=-5(x-0) =X +4x(?)
y=-5x 2 40
d. The graph below shows the graph of h along X +7
with the secant line y = -5x. A(x) = 2 +£
5 X
[
o ) b, A(1)=1 +% —1440 = 41t
c. A(2)=22+4—20=4+20=24ft2
=20
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q 2. 40 b. Use the Maximum option on the CALC
- N =X 5 menu.
0 10 0 EEE‘IB”E:I.?? Y=144.67502 8
180 23
The object reaches its maximum height after
about 2.89 seconds.
c. From the graph in part (b), the maximum
height is about 144.68 feet.
Hini e _ 2
0 Wi A4y ie6 LY=22 10419 . 10 d S(t) — _16t +100t
0 . 200
The amount of material is least when
x=2.71 ft.
65. a. y, =-16x*+80x+6
110 0 ﬁ?f?zusm V=1E6.25 8
-25

On Earth, the object would reach a
maximum height of 156.25 feet after 3.125
seconds. The maximum height is slightly

0 6 higher than on Saturn.
0
b. Use MAXIMUM. The maximum height 67. E( X) = 0.3x2% + 21X — 251+@
occurs when t = 2.5 seconds. X
110 2500

y; = 0.3x% +21x — 251+ =

a.
/ X 2500
:I:IMIJH'I
Y=i08

0 6
c. From the graph, the maximum height is 106 olt 30
feet. -300

b. Use MINIMUM. The average cost is

66. a. y=s(t)=-17.28t> +100t > VL .
minimized when approximately 9.66

200
lawnmowers are produced per hour.
2500
01f i 8
=25 0 gg.rggg"ﬁ?? Y=zxB &5:AE 30
-300

c. The minimum average cost is approximately
$238.65.
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68. a.

69. (a),

c. Average rate =

C(t) =—.002t* +.039t* —.285t% + 766t +.085
Graph the function on a graphing utility and
use the Maximum option from the CALC

menu.
1

W i
=EAe0zoy8 L= FEREREL 10

0

0
The concentration will be highest after about
2.16 hours.

Enter the function in Y1 and 0.5 in Y2.
Graph the two equations in the same
window and use the Intersect option from
the CALC menu.

=

LN

l:s u:-n ™
Za=E

AN
i/

Ink -zrs-z-cl:u:-n
EUHEEEYEE LYY= 10

?‘F'_-"ﬁ

g

0

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.

(b), (e)

70,000
60,000 - -
50,000 -
40,000 -
30,000 =
20,000 -
10,000

Tetal Revenue (dollars)
a

IR N N TR N N R N B
5 100 150 200 250

Number of Bicycles

28000-0 28000
25-0 25

=1120 dollars/bicycle

of change

102

70.

71.

(@),
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For each additional bicycle sold between 0
and 25, the total revenue increases by (an
average of) $1120.

6483562360 2475
223-190 33

=75 dollars per bicycle

Average rate =
of change

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

The average rate of change of revenue is
decreasing as the number of bicycles
increases.

(b), (e)

60,000
50,000
40,000 .
30,000);.'
20,000

o 10,000

o T N T Y
0 50 100 150 200 250

Number of Bicycles

27750 - 24000
25-0

3720 =150 dollars/bicycle

o~
5
g

Total Cost of Production

Average rate =
of change

For each additional bicycle made between 0

and 25, the total production cost increases

by (an average of) $150.

4650042750 3750
223-190 33

=113.64 dollars/bicycle

Average rate =
of change

For each additional bicycle made between
190 and 223, the total production cost
increases by (an average of) $113.64.

The average rate of change of cost is
decreasing as the number of bicycles
increases.

f(x) =x?

a.

Average rate of change of f from x =0 to
x=1:

fO)-f(0)_-0* 1_,
1-0 1
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b. Average rate of change of f from x=0 to

x=05: r}
f(05)-f(0) (0.5°-0° 025 05
05-0 05 05 -1 1
c. Average rate of change of f from x=0 to y=0.lx
x=0.1: %
f(01)-f(0) (01°-0% 001 01 -
01-0 01 01 1
d. Average rate of change of f from x =0 to -
x=0.01:
f(0.01)- f(0) (0.01)" -0
001-0 001 B |
_00001_ 4,
0.01 *
e. Average rate of change of f from x=0 to -1
x=0.001: i
f(0.001)- f (0) (0.001)* —0? 3 '
= v
0.001-0 0.001
_ 0.000001 0001 | 1
0.001 v=000Lx
f.  Graphing the secant lines: .
1
, ' '
o -1
A g. The secant lines are beginning to look more
-1 . 1 and more like the tangent line to the graph
of f at the point where x = 0.
- h. The slopes of the secant lines are getting
y=Xx X
| smaller and smaller. They seem to be
- approaching the number zero.
1 72. f(x)=x2
a. Average rate of change of f from x=1 to
X=2:
N f2-f@)_22-2 3_,
2-1 1 1
b. Average rate of change of f from x=1 to
! x=15:
= f(15)-f(1) (1L5)°-1° 125 -
15-1 05 05
c. Average rate of change of f from x=1 to
x=1.1:
f(LY)-f(1) (11)°-1° 021 ”1
11-1 01 01
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d. Average rate of change of f from x=1 to 3
x=1.01:
f(1.01)-f(1) (1.01)"-12
101-1 001 Lol
y=2. -1
_0.0201 _ 501
0.01 X
0 3
e. Average rate of change of f from x=1 to 0
x=1.001: 3
I
f (1.001)- f (1) (1.001)" ~12 y
1.001-1  0.001
0.002001
:W: 2.001 v =2.001x - 1.001]
f.  Graphing the secant lines: o " 3
> 0
) . -
7 g. The secant lines are beginning to look more
and more like the tangent line to the graph
of f at the point where x = 1.
h. The slopes of the secant lines are getting
smaller and smaller. They seem to be
E .
o 3 approaching the number 2.
0
5 73. f(x)=2x+5
i f(x+h)— f (%)
a. Sec = f
_ 2(x+h)+5-2x-5
B h
_2h_,
3 h
b. When x=1:

h=05=my =2
h=01=>m, =2
h=001l=>m, =2
as h—0, mg —?2

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

y=2Xx+5
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d. Graphing: o 75. f(x)=x*+2x
f(x+h)—f(x
, 7 PR ()
/ ~ (x+h)2 +2(x+h) - (x* +2x)
_&l A A A A A A A A a 5 - h
= -
/ y _ X2 +2xh+h? +2x+2h— x* - 2x
h
-5 2
2xh+h“+2h
The graph and the secant line coincide. = %
74, f(X)=-3x+2 =2X+h+2
_ f(x+h)-f(x) b. Whenx=1,
& Mg == h=05=m, =2-1+05+2=45
:—3(x+h)+2—(—3x+2) h=01=m, =2-1+01+2=4.1
h h=001=my,, =2-1+0.01+2=4.01
:—Tsh:_3 as h—0, my, —21+0+2=4
b. Whenx=1, c.  Using point (1, f (1)) =(13) and
h=05=m, =-3 slope = 4.01, we get the secant line:
h=01=m, =-3 y—3=4.01(x-1)
h=001=m,, =-3 y—3=4.01x-4.01
as h—0, mg —-3 y=4.01x-1.01
c. Using point(1, f (1)) =(1,-1) and d. Graphing: 3
slope = -3, we get the secant line: i g
y=(-1)=-3(x-1) T /
y+1=-3x+3
y=-3X+2
d. Graphing: 1k .
5 ,—"'-" ]2
y \\'\: -1
:H-\'H. = 2
5 . ) 76. f(X)=2x“+Xx
[ \\\ f(x+h)—f(x)
a. sec :f
X
s _2(x+h)? +(x+h)—(2x* +X)
The graph and the secant line coincide. h
_2(x*+2xh+h?) + x+h—2x* —x
B h
_ 2x% +4xh+2h% + x+h—2x% —x
B h
_ 4xh+2h? +h
B h
=4x+2h+1
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b. Whenx=1,
h=05=>mg, =4-1+ 2(0.5)+1: 6

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

c. Using point(1, f (1)) =(1,3) and
slope = 5.02, we get the secant line:
y—3=5.02(x-1)
y—-3=5.02x-5.02
y =5.02x — 2.02

d. Graphing:

>

NS A

-1

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

f(x+h)— f(x
a. msecz—( t: t)

2(x+h)2 -3(x+ h)+1—(2x2 —3x+1)

h
20 +2xh+h*) —3x—3h+1-2x" +3x~1
- h
~ 2x” +4xh+2h® —3x—3h+1-2x" +3x -1
- h
_4xh+2h?—3h
==
=4x+2h-3
b. When x =1,

h=05= my, =4-1+2(0.5)-3=2
h=01=m, =4.1+2(0.1)-3=12
h=0.01= m,, =4-1+2(0.01)-3=1.02
as h—»0, m, —>4-1+2(0)-3=1
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c. Using point(L f (1)) =(1,0) and
slope = 1.02, we get the secant line:

y—0=1.02(x-1)
y=1.02x-1.02
d. Graphing:

N
o] \\"‘“-
f

—
—

A

3
78. f(x)=—-x*+3x-2

_fx+h)-f(x)

a' Sec h
—(x+h)2+3(x+h)—2—(—x2+3x—2)

B h
_ —(x* +2xh+h®) +3x+3h -2+ x* —3x+2
B h
_ —x?—2xh—h® +3x+3h -2+ x> —3x+2
N h
_ —2xh—h? +3h
-
=-2x-h+3

b. Whenx=1,

h=05=m, =-2-1-05+3=05
h=01=mg =-2-1-01+3=0.9
h=0.01=m, =-2-1-0.01+3=0.99
as h—»0, mg —»>-2-1-0+3=1

c. Using point(L f (1)) =(1,0) and
slope = 0.99, we get the secant line:

y—0=0.99(x-1)
y =0.99x-0.99
d. Graphing:
2

r

|
AN

-3
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1 1
79. ()= 80. f(X)—g
1 1
. _ f(x+h)—f(x)_(x+h_x) a. msec=w
. sec -
h h
x—(x+h) [12—12
(x+h)x x—x—h)(1 =M
N h [ (x+h)x (Fj h
2 2
() robehy
(x+h)x _ (x+h)"x
1 !
~ (x+h)x xz—(x2+2xh+h2) (1j
b. Whenx=1, (x+h)*x? h
1
h=05= Mg =—m _ —2Xh—h2 1
- (x+h)*x? \h
L . 0667
15" _ —2x-h
1 - 2 y2
h=01=> msecz—m (X+h) X
1 b. Whenx=1,
— 17~ 0909 X 9105
—05=>m, =————> ~-1111
1 (1+0.5)°12
R N R TATEY 21-01
L h=01=my, = S~ 1736
-1 . 1+0.1)°1
o~ ~0.990 ( +2 1) o
1 _1__ h=0.01=>m, =—————"~—~-1.970
as h—0, Mgee _)_m_ 1 1 e (1+ 0.01)2 12
c.  Using point(1, f (1))=(1,1) and as h—0, Mg _’_(Iiol)z(l)g ="
slope = —0.990, we get the secant line:
y—1=-0.99(x-1) c.  Using point(1, f (1))=(11) and
y—1=-0.99x+0.99 slope = —1.970 , we get the secant line:
y =—0.99x+1.99 y-1=-1.970(x-1)
d. Graphing: ; y-1=-1.97x+1.97
=-1.97x+2.97
;____LH y X+

R"\‘*\-m‘_ d. Graphing:
3

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

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

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

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

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

AN Flotz Flots [T HOOLT
= ES Hmih=-3
L (2,-6) = Wax=3
“Na= Hecl=l
B wy= Ymin=-1@
— we= Ymax=18
W= Yeol=1
82. Answers will vary. See solution to Problem 81 = mres=1

for one possibility.

83. A function that is increasing on an interval can
have at most one x-intercept on the interval. The
graph of f could not "turn" and cross it again
or it would start to decrease.

The local maximum is Y =5 and it occurs at

84. An increasing function is a function whose graph each x-value in the interval.
goes up as you read from left to right.
y
5| Section 2.4

- 1. From the equation y =2x-3, we see that the y-
B intercept is —3. Thus, the point (0,-3) is on the

-3 B 3 x graph. We can obtain a second point by choosing
B a value for x and finding the corresponding value
- fory.

5: Let x=2,then y=2(2)-3=1. Thus, the point

— (2,1) is also on the graph. Plotting the two

A decreasing function is a function whose graph points and connecting with a line yields the

goes down as you read from left to right. graph belgw.

y

\ o
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3. We can use the point-slope form of a line to 12. g (x) =5x—4

obtain the equation. Slope = average rate of change = 5;
y=Yr=m(x-x) y-intercept = —4

y-5=-3(x-(-1)) 74

o

y—5=-3(x+1) -

y-5=-3x-3 B

y=-3x+2 B

4. 6x-900=-15x+2850 B

21x—900 = 2850 (y_
21x =3750
x=@ 13. h(x)=-3x+4
Slope = average rate of change = -3;
5. slope; y-intercept y-intercept = 4
Tk
6. scatter diagram \_
0.4
7. y=kx -
| i,o)
[N T O . L
8. True n - ! \ >
9. True B
10. True Sk

11. f(x)=2x+3
Slope = average rate of change = 2;
y-intercept = 3
¥
3

0,3)
||||/_|||||§

-5 k]
2l

14. p(x)=—x+6
Slope = average rate of change = -1;
y-intercept = 6
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1 18. G(x)=-2
Slope = average rate of change = 0;
y-intercept = -2

¥y
y-intercept = -3 5

3
Yi B

Slope = average rate of change =

N

-8 | [ (12' 0) - - (0-'2) -

/ ©.-3 =N

19. Linear, m>0

2

16. h(x)=—-=x+4 20. Nonlinear
(x)=-2x+
Slope = average rate of change = —% ; 21. Linear, m <0
y-intercept = 4 22. No relation
yf“_ 23. Nonlinear
\_ 24. Nonlinear
] 25. a. 20
_| i a o
4 =
17. F(x)=4 0
Slope = average rate of change = 0; b. Answers will vary. We select (3, 4) and
y-intercept = 4 (9, 16). The slope of the line containing
i these points is:
1 M= 16-4 12
- Tio 4 . 9-3 6
- 1 - The equation of the line is:
T Y=Yy =m(X—x)
I . y—4=2(x-3)
N T ° y—4=2x-6
1 y=2Xx-2
44
c. 20
0 10
0
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d. Using the LINear REGresssion program, 27. a. 6
the line of best fit is: . °
y =2.0357x-2.3571
e. 20 -3 3
-6
b. Answers will vary. We select (-2,—4) and
0 J10 (1, 4). The slope of the line containing
0 these points is:
12 m-d=C9 _8
26. a. 2 - "1-(-2) 3
o The equation of the line is:
a Y=Y =m(X-%)
a 8
0 15 y=(-4) =3 (x~(-2))
8 16
-2 4="x4+=—2
y+a=g3x+3
b. Selection of points will vary. We select 8 4
(3, 0) and (13, 11). The slope of the line y=3Xt3
containing these points is:
11-0 11 c. &
m= m = E = 11 /u
The equation of the line is:
B -3 s 3
Y=Y =m(X-%)
y-0=11(x-3)
y-0=11x-3.3 ==
y=11x-3.3
d. Using the LINear REGresssion program,
C. 12 the line of best fit is:
y=22x+1.2
e. 6
0 15 /
o -3 ok 3
-2
d. Using the LINear REGression program, the :
line of best fit is: -6
y =1.1286x —3.8619
28. a. 8
e. 12 o
[ o
a -3 3
0 15
= -2
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b. Selection of points will vary. We select c. 160
(-2, 7)and (1, 2). The slope of the line
containing these points is:

m=_2-7 _=5__5
1-(-2) 3 3
The equation of the line is: 25},
— . . . . O
Y=Y =m(X-x) 90
__5 . .
y-7=-3(x-(=2) d. Using the LINear REGresssion program,
_7__5,_10 the line of best fit is:
y-l=-3%=73 y = 3.8613x +180.2920
—_5,,1
y="3%*3 e. 160
c. 8
-5 \K{\ 5
| S
90
-8
. . 30. a. 20
d. Using the LINear REGression program, the o
line of best fit is:
y =-1.8x+3.6 . L
e. 8

'\\ b. Selection of points will vary. We select

-3 3 (=30, 10) and (-14, 18). The slope of the
line containing these points is:
-2 18-10 _ 8
m=——— _=—=05
29. a. 160 -14-(-80) 16
The equation of the line is:
a Y=Y =m(X—x)
- y—10=0.5(x—(-30))
o y-10=0.5x+15
sl .. 0 _
) y =0.5x+25
25
b. Answers will vary. We select (-20,100) c.
and (-15,118). The slope of the line
containing these points is: -
118-100 18
=—— "~ ="=:36
-15-(-20) 5
The equation of the line is: 0 0
Y=Y =m(X-x) d. Using the LINear REGression program, the
y—100 = 3.6(x —(—20)) line of best fit is:
y—100 = 3.6x+ 72 y =0.4421x + 23.4559
y =3.6x+172
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3L

32.

33.

25 b.

—40 0

C(x)=0.25x+35
C(40)=0.25(40)+35 =45

The moving truck will cost $45.00 if you
drive 40 miles.

80=0.25x+35 34. a.

45 =0.25x

180 = x
If the cost of the truck is $80.00, you drove
for 180 miles.

100 =0.25x+35
65 =0.25x

260 = x
To keep the cost below $100, you must
drive less than 260 miles.

C(x)=0.38x+5

C(50)=0.38(50)+5= 24

If you talk for 50 minutes, the cost will be
$24.00.

29.32=0.38x+5 35. a.

24.32 = 0.38x

64 =X
If the monthly bill is $29.32, you would
have used the phone for 64 minutes.

60=0.38x+5

55=0.38x

14474 ~ X
To stay within budget, you can talk for no
more than 144 minutes.

B(t)=19.25t +585.72

B(10) =19.25(10) + 585.72 = 778.22

The average monthly benefit in 2000 was
$778.22.
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893.72 =19.25t +585.72
308 =19.25¢
16=t
The average monthly benefit will be
$893.72 in 2006.

1000 =19.25t +585.72
414.28 =19.25t

2152 ~t

The average monthly benefit will exceed
$1000 in 2012.

H (t) = 26t + 411
H (10) = 26(10)+ 411 =671

The total private health expenditures in 2000
was $671 billion.

879 =26t +411
468 = 26t
18=t
Total private health expenditures will be
$879 billion in 2008.

1000 = 26t + 411
589 = 26t

22.65=t
Total private health expenditures will
exceed $1 trillion in 2013.

S(p)=D(p)
—200+50p =1000—-25p
75p =1200
p=16
The equilibrium price is $16.
S(16) = —200+50(16) = 600
The equilibrium quantity is 600 T-shirts.

D(p)>S(p)
1000-25p > —-200+50p
—75p > -1200
p<16

The quantity demanded will exceed the
quantity supplied if 0 < p <$16.

If demand is higher than supply, generally
the price will increase. The price will
continue to increase towards the equilibrium
point.
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36. a. S(p)=D(p) 39. a  Consider the data points (X,y), where
—2000+3000p =10,000—-1000p X = the age in years of the computer and
4000p =12,000 y = the value in dollars of the computer.
=3 So we have the points (0,3000) and
The equilibrium price is $3. (3,0). The slope formula yields:
S(3) = —2000+3000(3) = 7000 Ay _ 0-3000
slope =—=
The equilibrium quantity is 7000 hot dogs. Ax 3-0
-3000
=———=-1000=m
b. D(p)<S(p) 3
10,000 —1000 p < —2000 + 3000 p (0,3000) is the y-intercept, so b = 3000
—4000p < —12,000 Therefore, the linear function is
>3 V (x) = mx+b =-1000x +3000 .
The quantity demanded will be less than the b
quantity SUppliEd if p> $3. . The graph of V (X) =-1000x+ 3000

Value (dollars)
c. If demand is less than the quantity supplied,
the price will generally decrease. The price
will continue to decrease towards the
equilibrium point.

37. a. R(x)=C(x)
8x =4.5x+17,500

3.5x =17,500 (3, 0)  time (vears)
X = 5000 Th ter’s value after 2 years i
The company must sell 5000 units to break C. The computer's value alter 2 years 1S
even. given by
V (2) =-1000(2)+3000
b. To make a profit, the company must sell = 2000+ 3000 = $1000

more than 5000 units.
d. To find when the computer will be worth

38. a. R(x)=C(x) $2000, we solve the following:
12x =10x+15,000 2000 = —-1000x + 3000
2x =15,000 —1000 = -1000x
x = 7500 1=x _
The company must sell 7500 units to break The computer will be worth $2000 after 1
even. year.

b. To make a profit, the company must sell
more than 7500 units.

114

© 2006 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.



ISM: Precalculus EGU

40. a.  Consider the data points (x,y), where
X = the age in years of the machine and
y = the value in dollars of the machine. So
we have the points (0,120000) and

(10,0) . The slope formula yields:

slope — AY _ 0-120000 _ 120000
Pe=Ax~"10-0 10
=-12000=m
(0,120000) is the y-intercept, so
b =120000 . Therefore, the linear function

is V (x) = mx+b =-12000x +120000 .

b. The graph of V (x) = ~12000x +120000

Value (dollars)
y
{0, 120000)

X
(10, 0) time (years)

c.  The machine’s value after 4 years is given

by

V (4) = ~12000(4) +120000
=—48000+120000
=$72000

d. To find when the machine will be worth
$60,000, we solve the following:
60,000 = -12,000x +120,000

—60,000 = -12,000x

5=x
The machine will be worth $60,000 after 5
years.

41. a. Let x=the number of bicycles
manufactured. We can use the cost

function C(x)=mx+b, withm =90 and
b = 1800. Therefore C(x)=90x+1800
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The graph of C(x)=90x+1800

Cost {dollars)
Yi

(10,2700

[0,1800)

Y00

X

I k-

10 murber
ol bicycles

The cost of manufacturing 14 bicycles is
given by C(14)=90(14)+1800 = $3060 .

To determine the number of bicycles, we
solve the following:
3780 =90x+1800

1980 =90x

22 =X
The company can manufacture 22 bicycles
for $3780.

The new daily fixed cost is

100
1800+ 20 = $1805.

Let x = the number of bicycles
manufactured. We can use the cost

function C(x)=mx+b, withm =90 and
b = 1805. Therefore C(x)=90x+1805.

The graph of C(x)=90x+1805

Cast (dollars)
y.h

(10,2705)

*0,1305)

900

x

I.O number
of bicycles

The cost of manufacturing 14 bicycles is
given by C(14)=90(14)+1805 = $3065.
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e.  To determine the number of bicycles, we 46. Let p = the monthly payment and B = the
solve the following: amount borrowed. Consider the ordered pair
3780 =90x +1805 (B, p). We can use the points (0,0) and
1975=90
X (1000,8.99) . Now compute the slope:
21.94 ~ x
The company can manufacture 21 slope = Ay _ 8.99-0 = 899 =0.00899
complete bicycles for $3780. Ax 1000-0 1000
Therefore we have the linear function
43. a. Letx=number of miles driven and C = cost p(B)=0.00899B + 0 = 0.008998 .

in dollars to rent a truck for one day. Since
the fixed daily charge is $29 and the variable If B =175000, then
mileage charge is $0.07 per mile, we have p =(0.00899)(175000) = $1573.25.

C(x)=0.07x+29.
47. Let R = the revenue and g = the number of

gallons of gasoline sold. Consider the ordered
pair (g,R). We can use the points (0,0) and

(12,23.40). Now compute the slope:
Ay 23.40-0 23.40

b. C(110)=0.07(110)+29=36.70
C(230) = 0.07(230)+ 29 = 45.10

It will cost $36.70 for one day if the truck is
driven 110 miles, and it will cost $45.10 if

R . slope = — = =1.95

the truck is driven 230 miles. Ax  12-0 12

24 . ber of mi ki d Therefore we have the linear function

. a. Letx=number of minutes talking an R(a)=195q +0=1.95
C = cost in dollars. Since the fixed charge is (9)=1.95g + 5 -
$5 and the variable time charge is $0.05 per If g=10.5, then R=(1.95)(10.5) =$20.48.
minute, we have
C(x)=0.05x+5. 48. Let C = the cost and A = the number of gallons
almonds purchased. Consider the ordered pair
b. C(105)=0.05(105)+5=$10.25 (A,C). We can use the points (0,0) and

C (180) = 0.05(180) + 5 = $14.00 (5,23.75) . Now compute the slope:
The plan will cost $10.25 if you talk for 105 slope = Y = 23.75-0 _23.75 _, ¢
minutes, and it will cost $14.00 if you talk AX 5-0 5 '
for 180 minutes. Therefore we have the linear function

C(A)=4.75A+0=4.75A.
If A=35,then C =(4.75)(3.5) = $16.63.

45, Let p = the monthly payment and B = the
amount borrowed. Consider the ordered pair
(B, p). We can use the points (0,0) and

49. W =kS
(1000,6.49). 1.875=k(15)
Now compute the slope: 0.125 = k

slope = 4y _649-0_649 =0.00649 For 40 gallons of sand:

Ax 1000-0 1000
W =0.125(40) =5 gallons of water.
Therefore we have the linear function ( ) g

p(B):0.00649B+O=0.006498. 50. v =kt
If B=145000, then 64:k(2):k =32

p = (0.00649)(145000) = $941.05 . in 3 seconds

v =(32)(3) = 96 feet per second
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51. a. 28,000 e.  To find the height, we solve the following
: a equation:
ot 17.4=0.3734H +7.3268
: Fo 10.0732 =0.3734H
pe” 26.98 ~ H
19000 - - - - -~ - - - - 130000

A child with a head circumference of 17.4

17,500 inches would have a height of about 26.98
5 inches.
° ;QEEEEIEESFSE
=
b=3475, 553555 5. a 2
re=, 3853762434 - .
=, 997 F355579 i o
S - | ap
- -]
C(1)=0.92411 +479.6584 N
% a .
c.  The slope indicates that for each $1 158 L55
increase in per capita disposable income,
there is an. increase of $0.92 in per Capita b. Using the LINear REGression program,
consumption. the line of best fit is:

L(G)=0.0261G +7.8738
d.  C(28,750)=0.9241(28,750)+479.6584

=27,047.53 c.  Foreach 1 day increase in Gestation
When disposable income is $28,750, the period, the life expectancy increases by
per capita consumption is about $27,048. 0.0261 years (about 9.5 days).
e. 26,900 = 0.92411 +479.6584 d. L(89)=0.0261(89)+7.8738 ~10.2 years
26,420.3416 = 0.92411
28,590.35 = | 54. a. (Dataused in graphs is in thousands.)
When comsumption is $26,500, the per 220 -
capita disposable income is about $28,590. "
52. a. 18 o "
Y oo s u“ :
ue ot .°. . . . . . 180
o 30
25 e . . x 28 b. L=2.98141-0.0761072 (datain
16 thousands) or L =2.98141 —76.1072
b.  Using the LINear REGression program, c. 220

the line of best fit is:
C (H ) =0.3734H +7.3268

c.  Foreach 1 inch increase in height, the
circumference increases by 0.3734 inch.

480

30
d.  C(26)=0.3734(26)+7.3268 ~17.035

inches d. Asannual income increases by $1, the
loan amount increases by $2.98.

117

© 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist. No
portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Chapter 2: Functions and Their Graphs

ISM: Precalculus EGU

L =2.9814(42)-0.0761072 =125.143 e. S (A) =2.0667 A+ 292.8869
A person with an annual income of
$42,000 would qualify for a loan of about f.  Domain: {(A|A20)
$125,143.
55. The relation is not a function because 23 is 9. S(25)=2.0667(25)+292.8869
paired with both 56 and 53. ~ 344 5544
b. 65 Sales are about $344,554.
o 57. The data do not follow a linear pattern so it
Sl would not make sense to find the line of best fit.
. a 60
8 e 32 : o0
40 : i "
. . 30 [—a=e2®” 50
c.  Using the LINear REGression program, :

the line of best fit is: -10

D =-1.3355p +86.1974 . )
58. The data do not follow a linear pattern so it

d. As the price of the jeans increases by $1, would not make sense to find the line of best fit.

the demand for the jeans decreases by 70
1.3355 pairs per day. - .
e D(p)=-1.3355p+86.1974 "
; 1 [pees LN 16
- Domain: {p|0< p <64} —

Note that the p-intercept is roughly 64.54
and that the number of pairs cannot be 59.
negative.

A linear function is odd if the y-intercept is 0.
That is, if the line passes through the origin. A
linear function can be even if the slope is 0.

9. D(28)=-1.3355(28)+86.1974

~ 48.8034
Demand is about 49 pairs.

60. Using the ordered pairs (1,5) and (3,8), the line

of best fitis y = > x|
2*"3

56. a. The relation is not a function because 24 is ;gggfb
paired with both 343 and 341. a=1.
b?§15
b. 355 =1
The correlation coefficient is r =1. This makes
o sense because two points completely determine a
fa line.
| R 30 61. A correlation coefficient of 0 implies that there
330 is no linear relationship between the data.

c.  Using the LINear REGression program, 62. If the student’s average in the class is directly

proportional to the amount of time the student
studies, the relationship between the average and
time studying would be linear. That is, we could
express the relationship as A=kT where T is
the time spent studying and A is the student’s
average.

the line of best fit is:
S =2.0667 A+ 292.8869

d. Asthe advertising expenditure increases
by $1000, the sales increase by $2066.70.
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Section 2.5
1. y=4/x
Yi
5_

%2
0.0 .

-5

3. y=x*-8
y-intercept:
Let x=0, then y=(0)’-8
x-intercept:
Let y=0,then 0=x>-8
x3=8
X=2

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

4. less
5. piecewise defined

6. True

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

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

for 0.

Chapter 2: Functions and Their Graphs

9. C
10. A
11. E
12. G
13. B
14. D
15. F
16. H
17. f(x)=x
yik
101
B 4, 4)
I O I o O O O 3
-10 (0,00 10
(_4!_'4) [
-10
18. f(x)=x?
¥i
20—
10—
2o\ | few
1111 VAREEEE
-5 {0, ) 5
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19. f(x)=x 22. f(x)=|

[ 11 | L1
-4 0,0 4
(2,-84 | =S
-10
23. f(x)=%x
20. f(x)=+x A
5_
YA |
5: —(1, 1)
.. 42 LT @i
0 0‘)_(1’1 -5 T,,./LO..O) 5
PR ) 1D
=3 | 7 :
L o
- 24. f(x)=3
Vi
21. S 03
~ 3 | 23 -
L1 11 _I I
-4 B 4 A
_4_

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

26. a. f(-)=(-1)°*=-1
b. f(0)=3(0)+2=2
c. f@)=31)+2=5

27. a.  f(1.2)=int(2(1.2)) = int(2.4) = 2
b. f(L6)=int(2(1.6)) =int(3.2) =3
c. f(-18)=int(2(-1.8)) = int(-3.6) = — 4
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. (12 . -2x+3 ifx<1
28. a. f(l.2)=int|— [=int(0.6)=0 31. f(x)=
42 (2] (09 ) {3x—2 ifx>1
b, f(1.6):int[%j:int(0.8):0 a.  Domain: {x| x is any real number}
b.x-intercept: none
c. f(-1.8)= int(ﬁ)= int(~0.9) = —1 y-intercept: (0,3)
2 c. Graph:
2 ifx£0 ]
2. f(x):{ oo k
1 ifx=0 (0.3)
a. Domain: {x| x is any real number} Ll x
5 -
b. x-intercept: none
y-intercept: (0,1)
c. Graph: -5
y
3 d. Range: {y|y=>1}
1,2)
3 if -2
32 f={"" =<
-2x-3 ifx>-2
1, -2) a.  Domain: {x| x is any real number}
-3 b. x-intercepts: (-3, 0), (-1.5, 0)
y-intercept: (0, -3)
d. Range: {y|y=0} c. Graph:
Y
. (=2, 1) 2
3x ifx=0 3.0
30. f(x)= _ x
4 ifx=0 -5 5

a. Domain: {x| x is any real number} ©,-3)

b. x-intercept: none
y-intercept: (0, 4)

_8
c. Graph:
y d. Range: {y|y<1}
5%
0,41 x+3 if —2<x<1
f.3) 33, f(x)=15 ifx=1
IR R —X+2 ifx>1
-5 | 5 X
i a. Domain: {x|x>-2}
L34+
= b. x-intercept: (2, 0)
S y-intercept: (0, 3)

d. Range: {y|y=0}
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c. Graph: 1 .
¥ = ifx<0
sl-a(l. 5 36. f (X) =< X
Vb Yx  ifx=0
21/ r
L1 /'?Q. 1.)| x a. Domain: {x| X is any real number}

-

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

-5

c. Graph:
d. Range: {y|y<4andy=5

2X+5 if —-3<x<0
34, f(x)=4-3 ifx=0
-5x ifx>0

a. Domain: {x| X > —3}

b. x-intercept: (-2.5,0)

y-intercept: (0, -3) d. Range: {y| y is any real number}
c. Graph:
|x| if-2<x<0
37. f(x)=41 ifx=0
X ifx>0

a. Domain: {x| X > —2}

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

c. Graph:
d. Range: {y|y<5} 7y
3_
. 10 1+x  ifx<0 2 -
. f(x) =
x? ifx>0 OO Jan
a. Domain: {x| x is any real number} a3
b. x-intercepts: (~1,0), (0,0) -1

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

c. Graph:
¥4

2 3+X if —3<x<0

Oy Jan 38. f(x)=43 ifx=0

| b ?/ | - \/; ifx>0

2 ©0 2
B a. Domain: {x| x2—3}
=2 b. x-intercept: (-3, 0)

d. Range: {y|y is any real number} y-intercept: (0, 3)
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c. Graph: d. Range: {y|y is an integer}
¥
y if -1 0
—X if —1<x<
0,3) 4,2
(1,1)( ) 41. f(x)=11 .
(=3.0 > if0<x<2
if —1<x<0
2. f=1" ' X
-5 1 if0<x<2
d. Range: {y|y=>0 —X ifx<0
ge- wyly= 43. f(x)=
—X+2 if0<x<2
39. f(x)=2int(x)
2X+2 if —1<x<0
a. Domain: {x| x is any real number} 44. f(x) = « i >0
b. x-intercepts: all ordered pairs .
(x,0) when 0 < x <1. 45, :{35 if 0<x<300
y-intercept: (0,0) 0.40x-85 ifx>300

c. Graph:
" a. C(200)=$35.00
a4 e
- b. C(365)=0.40(365)—85=$61.00
B X
SEEEE BEEE c. C(301)=0.40(301)-85=$35.40
T 3 if0<x<3
o4 46. F(x)=45int(x+1)+1 if3<x<9
d. Range: {y|y is an even integer | 50 if9<x<24
40. f(x)=int(2x) a. F(2)=3

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

b. x-intercepts: all ordered pairs

(x,0) when 0 < x<%.

y-intercept: (0,0)

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

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

c. Graph:
Yh d. 24 min- ! hr. =0.4 hr
sl o= 60 min
R e F(8.4)=5int(8.4+1)+1=5(9)+1=46
I = . .
(3 )\3.0 Parking for 8 hours and 24 minutes costs
| I T I | | I I | _.__x $46
_ - 5 '
(2] _5:
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47. a. Charge for 50 therms:
C =9.45+0.6338(50) + 0.36375(50)

=$59.33

b. Charge for 500 therms:
C =9.45+0.36375(50) + 0.11445(450)

+0.6338(500)
= $396.04

c. For 0<x<50:
C =9.45+0.36375x + 0.6338x

=9.45+0.99755x

For x>50:
C=945+ 0.36375(50) + 0.11445(x —50)
+0.6338x
=9.45+18.1875+0.11445x - 5.7225
+0.6338x
=21.915+0.74825x

The monthly charge function:
B {9.45 +0.99755x  for 0<x <50

21.915+0.74825x for x > 50

o
@
=
QD
=)
=
>
«©«

Ry

-

(500, 3%6.04)

:

g g

(50, 59.33)

Monthly Charge {dollars)

B
2

’9‘45)||||||||||§

160 200 300 400 500
Therms

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

+0.7268(40)
=$41.78

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

+0.0374(152) + 0.7268(202)
= $166.32
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For 0<x<20:
C =6.45+0.2012x + 0.7268x

=6.45+0.928x

For 20<x<50:
C= 6.45+0.2012(20)+0.1117(x— 20)
+0.7268x
=6.45+4.024+0.1117x—2.234
+0.7268x
=8.24 +0.8385x

For x >50:
C= 6.45+0.2012(20)+0.1117(30)
+0.0374(x—50)+0.7268x
=6.45+4.024 +3.351+0.0374x-1.87
+0.7268x%
=11.955+0.7642x

The monthly charge function:
0.928x if 0<x<20
C(x)=10.8385x+8.24 if 20<x<50
0.7642x +11.955 if x>50

Graphing:
G

170
160
150
140
130
120
110
100

(202, 166.32)

IrTT T T T T T T T 717 717 T 11

Meonthly Charge (dollars)
=

I T )
50 100 150 200

Therms
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49. For schedule X:
0.10x

715+ 0.15(x — 7150)

4000 +0.25(x — 29, 050)
14,325+ 0.28(x — 70, 350)
35,717 +0.33(x — 146, 750)
92,592.50 +0.35(x — 319,100)

f(x) =

50. For Schedule Y-1:
0.10x

1430+ 0.15(x —14,300)
8000 +0.25(x —58,100)

Chapter 2: Functions and Their Graphs

if 0<x<7150

if 7150 < x < 29,050

if 29,050 < x < 70,350

if 70,350 < x <146, 750
if 146,750 < x < 319,100
if x>319,100

if 0<x<14,300
if 14,300 < x <58,100
if 58,100 < x £117,250

o= 22,787.50+0.28(x —117, 250) if 117,250 < x <178,650
39,979.50+ 0.33(x —178,650) if 178,650 < x < 319,100
86,328.00+0.35(x—319,100)  if x>319,100
51. a. Let x represent the number of miles and C be the cost of transportation.
0.50x if 0<x<100
C(x) = 0.50(100) + 0.40(x —100) if 100 < x < 400
0.50(100) + 0.40(300) + 0.25(x — 400) if 400 < x <800
0.50(100) + 0.40(300) + 0.25(400) + 0(x —800) if 800 < x <960
0.50x if 0<x<100
C(x) = 10+ 0.40x if 100 < x <400
70+0.25x if 400 < x <800
270 if 800 < x <960

(800,270)

Cast of Transportation
o
]

(100,50)

200 400 G600 S00
Distance (miles)

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

c. For hauls between 400 and 800 miles the cost is: C(x) =70+0.25x .
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52. Let x = number of days car is used. The cost of 54. Let x = the balance of the bill in dollars. The
renting is given by monthly interest charge is given by
95 if x=7 0.015x if x <1000
119 if 7<x<8 90 =115 0.01(x~1000) if 1000 <
C(x)=q143 if 8<x<9 _ [0.015x if x <1000
167 if 9<x<10 ~ 15+0.01x if 1000 < x
190 if 10<x<14 y
" A
C - L
1 5
1901 o— g 25—
167} o—e = L
143t o—e gl
119t o—e 5 15
9% @ g -
. < DS X = 5
Y 7 89 1011 12 13 14 (I N T N N R B 4
1000 2000
53. Let x = the amount of the bill in dollars. The Balance (dollars)
minimum payment due is given by 55. a. W =10°C
x if x<10
10 if 10 < x <500 b W 33 1045 +10+/5 —5)(33-10)
f(x)=130 if 500<x <1000 s ogec 22.04
50 if 1000 < x <1500 o
70 if 1500 < x W 33 (1045+10V15-15)(33-10)
y ' 22.04
A ~-2.67°C

=
o
I
o

W =33-1.5058(33—-10) = —3.7°C

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

For each drop of 1° in temperature, the wind
chill factor drops approximately 1.6°C.
B When the wind speed exceeds 20, there is a

2 constant drop in temperature. That is, the
Lol windchill depends only on the temperature.
500 1000 1500 i
Amaount of Bill {dollars) 56. a. W =-10°C
(10.45+105 -5)(33—(-10))
22.04

|

(W]
o]
—

— —0

Minimum Payment Due (dollars)
T

L™

b. W=33-

~-21.26°C

(10.45-+10v15 -15)(33~(~10))
22.04

c. W=33-

~-33.68°C
d. W =33-15958(33—(-10))=-35.62°C
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57.

58.

59.

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

i

Y

L)

L

et
-2

If y=x?+k, k>0, the shiftis up k units; if
y=x%+k, k<0, the shift is down |k | units.

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

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

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.

LS

3 H
x

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

y =k| x| and 0 <k <1, the graph is compressed.

The graph of y = %| x| is the same as the graph

127

60.

61.

Chapter 2: Functions and Their Graphs

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

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

ral g 5
y=-x% [
r X

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

.
-

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

.

=k

y=k

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 =+/x .

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

y=2x+]

l/ Y ¥
\\ x
-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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62.

63.

64.

65.

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.
] - (e-1f+2

2 //,?r’ - g

For the graph of y =x", n a positive even
integer, as n increases, the graph of the function
is narrower for | x| >1 and flatter for | x|<1.

For the graph of y =x", n a positive odd
integer, as n increases, the graph of the function
increases at a greater rate for | x|>1 and is
flatter around O for | x| <1. They have the same
basic shape.

1] |-y =x

-1 1
y=x
X

Yes, it is a function.
1 if xisrational
-

0 if xis irrational
{x| X is any real number}

Range = {0,1}
y-intercept: x=0= x isrational= y=1 So
the y-intercept is (0, 1).

x-intercept: y=0= x isirrational So the graph

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

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

128

66.

ISM: Precalculus EGU

The graph of f consists of 2 infinite clusters of

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

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

For 1 < x, the graph of y = x" increases at a
greater rate as r gets bigger.

Section 2.6

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

horizontal; right
y-axis
-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 =2f (x) we

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

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

B

- O I m

O - >
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16. J 32. (d); Togofrom y=f(x) to y=f(-x),we
17. G reflect each point on the graph of y = f (x)
about the y-axis. This means we change the sign
18. K of the x-coordinate for each point on the graph of
19 (x4 y = f(x). Thus, the point (3,0) would become
.oy =(x-
Y (-3,0).
20. y=(x+4)*
33. (c); Togofrom y=f(x) to y=2f(x),we
21, y=x+4 multiply the y-coordinate of each point on the
graph of y = f (x) by 2. Thus, the point (0,3)
3
22. y=x"-4 would become (0,6).

23, y=(—x)°" =% 1
34. (a); Togo from y= f(x) to y=§f(x),we

24, y=-x° multiply the y-coordinate of each point on the
25. y=4x® graph of y = f(x) by % Thus, the point (3,0)
LV would remain (3,0).
26. y= (— x] =—
4 64 35. f(x)=x*-1
27. (1) y=+x+2 Using the graph of y = x?, vertically shift
downward 1 unit.

@ y--(+2

(3) y=-(v-x+2)=—x-2 2
28. (1) y=-x .0 wo/

(@ y=—/x-3 -2 \/ 2

3 y=—-vx-3-2

(0,-1)

29. (1) y=-x 2k

(2 y=-Vx+2

2
3) y=—ﬁ+2 36. f(x)=x"+4
Using the graph of y = x?, vertically shift

30, (1) y=+x+2 upward 4 units.

2 y=+-x+2 ‘

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

31. (c); Togofrom y=f(x) to y=—f(x) we
reflect about the x-axis. This means we change
the sign of the y-coordinate for each point on the —
graph of y= f(X) . Thus, the pOint (3,0) would L1111 L1111 £

remain the same. —
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37. g(x)=x*+1 40. h(x)=+/x+1
Using the graph of y = x*, vertically shift Using the graph of y = Jx, horizontally shift to
upward 1 unit. the left 1 unit.
Y&
5_

| L 5
=5 -5
38. g(x)=x"-1 41, f(x)=(x-1)°+2
Using the graph of y = x*, vertically shift Using the graph of y = x*, horizontally shift to
downward 1 unit. the right 1 unit, then vertically shift up 2 units.
Yi Yi
- 5
B L 42,3)
- 0 nf LD
s |||'||"|||||§
5 -5 / B 5
39. h(x)=+/x-2 42. f(x)=(x+2)°-3
Using the graph of y = Jx horizontally shift to Using the graph of y = x*, horizontally shift to
the right 2 units. the left 2 units, then vertically shift down 3 units.
Yi YA
5 Ly
B (6, 2) =
B (f/”/"-l IR
[ Y T T 5 L 5
-2 20 8 \ B
-5+ 6
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43. g(x)=4Jx 46. h(x)=3 ¥x
Using the graph of y = Jx, vertically stretch by Using the graph of y = Ix, vertically stretch by
a factor of 4. a factor of 3.
‘}_F

F

(4. 8)

1 D T N T Y )
2 [0.0) 8
1
44 9(x) =5 47, () =-3x
Using the graph of y =+/x , vertically compress Reflect the graph of y = 3/x , about the x-axis.
1 Yi
by a factor of —.
Y 2 10
YA B
5: (8, 2) (-1, l:):
— 1 L1 1) [ T O
C{1.5)@ D -10 [
L AT R
-5 (0,00 5 =
B ~10}
=1n 48. f(x)=—-+/x
L 11 Reflect the graph of y =+/x , about the x-axis.
45. h(x)=—=|=||= ,
¥~ @(xj 4
1 =
Using the graph of y =—, vertically compress —
X L
1 -
by a factor of —. (0.0 -
2 A S U R A B
_5 (1&_]) S
L @D
(.
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49. g(x) =|-X

52, h(x)=——+2
Reflect the graph of y =|x| about the y-axis. —X

Yi Reflect the graph of y = 1 about the  y-axis,
X
5: then shift vertically upward 2 units.
220N [ #M22)
L NA L1 &
-5 (0.0 5
-5 .
50. g(x) =%—x -
Reflect the graph of y = 3/x , about the y-axis.
Vi 53. f(x)=2(x+1)°>-3
10 Using the graph of y = x*, horizontally shift to
: the left 1 unit, vertically stretch by a factor of 2,
(-8, 2) . { F and vertically shift downward 3 units.
T (_ [ )_ ¥
L1 1] L1 1 : - .
(1. -1) (8 T2y
1ol L1
10 S

51. h(x)=—x*+2
Reflect the graph of y = x® about the x-axis,
then shift vertically upward 2 units.

Yh 2
sk 54, f(x)=3(x-2)"+1
1.3) B Using the graph of y = x*, horizontally shift to
b2 u the right 2 units, vertically stretch by a factor of
0,2) ’_\(l, 1 3, and vertically shift upward 1 unit.
[ [ I Yi
-5 5
- sk
B (L& $G.4)
sl - Ve
L1111 T
-5 L 5
5k
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55. g(x)=+vx-2+1 58. h(X)=£+2=4(£j+2
Using the graph of y =+/x , horizontally shift to X X
the right 2 units and vertically shift upward 1 Stretch the graph of y = 1 vertically by a factor
unit. X
Y of 4 and vertically shift upward 2 units.
5— i
' 5
- - (2,4)
~ G2 %3 B (4,3)
- 2.1
[ I ¢ I ? [
-2 8
-5-

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

Using the graph of y =| x|, horizontally shift to 59. f(x)=—-(x+1)°-1
the left 1 unit and vertically shift downward 3 Using the graph of y = x3, horizontally shift to
units. the left 1 unit, reflect the graph about the x-axis,
¥ and vertically shift downward 1 unit.
5 i
5 |—
XA _
AN
-5 . B
(-2, 0) —
[ 1| t | I O S
—1,-3) - (_l —J) B 3
-5 ’ (0, -2)

57. h(X) =+/-x-2 sl

Reflect the graph of y =+/x about the y-axis and
vertically shift downward 2 units.

60. f(x)=-4+x-1

¥
5“_ Using the graph of y = Jx, horizontally shift to
| the right 1 unit, reflect the graph about the x-axis,
= and stretch vertically by a factor of 4.
40 L[
L1 X _
-5 5 L 5
— - o
(_1' _l) -
0,-2)
_5F
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61. g(x)=2|1-x|=2|-(-1+x)|=2| x-1] 64. h(x) =int(-x)

Using the graph of y =| X | , horizontally shift to Reflect the graph of y =int(x) about the y-axis.

the right 1 unit, and vertically stretch by a factor Vi
or 2. 2=
C— [
| & Lt
-2 2
L1 | - O
-5
B 2 [ —
-5 65. a. F(xX)=f(x)+3
Shift up 3 units.
62. g(x)=4J2—x = 4/~(x-2) ¥h
Reflect the graph of y =~/x about the y-axis, I
horizontally shift to the right 2 units, and (0. 5) (2.5)
vertically stretih by a factor of 4. [ 4.3)
ol (4, 1) B
28‘8_ N T Y I .}
3
b. G(x)=f(x+2)
L1 11 I Shift left 2 units.
-5 -0 5 A
2 s
63. h(x)=2int(x-1) (-2.2) [(0,2)
Using the graph of y =int(x) , horizontally shift L e (2|, O)x
to the right 1 unit, and vertically stretch by a 7 REE >
factor of 2. B
Yh (—6.-2) -
5 |
— P -5
— —0
L1 L[ L) X
-5 | 5
p—)
Wl —
-5
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c. PX)=-1(x)
Reflect about the x-axis.

Yh

5 e

{__ 45 2] B

_SI NJ\I:I | |(410‘)|; -

0,-2) (2,-2)

-5

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

Yi
i
-L,O) b (1,0
L1 1 1 4 o N N T
5 B 5
(_5!_4) B
5

e QW =§f(x>

Compress vertically by a factor of %

Y4
5 e

o.n (2.0

||||//||N_|’
57 L @ns

(—dh <1 B
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£ g()="f(-x)
Reflect about the y-axis.
Y&
5 e

g. h(x)=f(2x)

Compress horizontally by a factor of % .

66. a. F(x)=f(x)+3
Shift up 3 units.
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b. G(x)=f(x+2) 1
Shift left 2 units. Q=710
?3' 1 Compress vertically by a factor of %
B Vi
0, 2 =
I | Lz —
—7 /L \ 3 — (2, 1)
. . I [ 1A
(-6.-2) (-4,-2) L(2,-2) 5 [ N 5
B -4, -1) (-2, -1}~ (4, -1)
-5 B
c. P(X)=-f(x) =5
Reflect about the x-axis.
yﬂ g(X) =f (_X)
5k Reflect about the y-axis.
_ B Yh
4.2y (2,2 {4, 2) =
e N1 |/|| X (2.2)
-5 ™ 5 =
B \ v SN g
>r (-4,-2) Q2. E-2)
d HX=f(x+1)-2 -3
Shift left 1 unit and shift down 2 units.
Yi h(x) = f (2x)
5 . 1
| Compress horizontally by a factor of >
: J"h
(1,0 . 5F
I T O Y n
= > - (1,2)
__/ B [ T A0 W R
(_21 _2 ) - ( 29 _2)
(-1, -2)}-
-5}
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67. a. F(X)=f(x)+3 d HX)=f(x+)-2
Shift up 3 units. Shift left 1 unit and shift down 2 units.
Yi Vi
8 1~
B I I I [
- (5.4) I S x 21
S T T_1 _
(-7.3) '\'__f'/m (7.3) f(\ L. -1)
| | [ L X (—m—1,-2) — ¢(n-1,-2)
- _n I n

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

1
Shift left 2 units. e Q=210

;“ Compress vertically by a factor of %
(2-2,1) 3}
L . | I L
-x-2,0 \ n—2.0 55
(=20 @120, l_(g )
n2m 2

-

2n\ -n -
VA .
2 Sl 7L

(ST o
|

c. P(X)=-f(x) -1
Reflect about the x-axis.
Y4 f. o g(x)="1(=x
2 Reflect about the y-axis.
] 1) :
72+ 1, 4
| - ) 2r
(=3-1
J | | 4t ) |
- _I I (0
- | o J | | 5
- \ -n _I I n
| 5 L] _l ) 2 2
2+ —
R
[3+71)
2
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g. h(x)=f(2x) c. PX)=-1(x)
. 1 Reflect about the x-axis.
Compress horizontally by a factor of > v
S
Yh 2
r (—m, 1) (m 1)

I
=
|
1208 —
rola
-
‘F},,.
|
=
|
2|
[ \
[
a

b4
[_1 _1) -2
-2
d HMX=f(x+])-2
68. a. F(x)="T(x)+3 Shift left 1 unit and shift down 2 units.
Shift up 3 units. ¥
Y4 ]
8 -
[ | | | | =.:t
—2m T 2
xS yaN
] ] B | . ) =
. _n | n w —r—-1,-3) 4 (n-1.-3
2 2
-
e. Q(x)= 1 f(x)
b. G(X)=f(x+2) : 5
Sniftleft2 units Compress vertically by a factor of %
Yk
2 }9“
2 -

| [\ | Lt

—2:rtjr|: U = = | /-\I. Lo

4
\

ra 3

23
[
b

((x-2,-1) |in-2-D) (-n.—3) - R
2
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f.og(x)="1(=x) 70. a. Thegraphof y= f(x+4) is the same as
Reflect about the y-axis. the graph of y = f (x), but shifted 4 units to
YA the left. Therefore, the x-intercepts are —12
2 and -3.
b. The graph of y = f (x—3) is the same as
| /\ L the graph of y = f (x), but shifted 3 units to
- £ T T the right. Therefore, the x-intercepts are -5
2 2 and 4.
-, —1 (T, -1
(. =) (t, =) c. Thegraphof y=2f(x) is the same as the
=2 graph of y = f (x), but stretched vertically
by a factor of 2. Therefore, the x-intercepts
g h(x)=f(2x) are still =8 and 1 since the y-coordinate of
Compress horizontally by a factor of % . each is 0.
Y | d. Thegraphof y= f(-x) is the same as the

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

y-axis. Therefore, the x-intercepts are 8 and
-1.

71. a. Thegraphof y = f(x+2) is the same as
the graph of y = f (x), but shifted 2 units to
the left. Therefore, the graph of f (x+2) is

-1+ increasing on the interval (-3,3).
69. a. Thegraphof y= f(x+2) isthe same as b. Thegraphof y = f (x—5) is the same as
the graph of y = f (x), but shifted 2 units to the graph of y = f (x), but shifted 5 units to
the left. Therefore, the x-intercepts are —7 the right. Therefore, the graph of f (x—5)

and 1. is increasing on the interval (4,10).

b. Thegraphof y=f (x—2) is the same as

the graph of y = f (x), but shifted 2 units to

the right. Therefore, the x-intercepts are —3 graph of y = f (x), but reflected about the
and 5. x-axis. Therefore, we can say that the graph

of y=—f(x) must be decreasing on the
interval (-1,5).

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

c. Thegraphof y=4f(x) is the same as the
graph of y = f (x), but stretched vertically

by a f_actor of 4. Thgrefore, the x-int_ercepts d. Thegraphof y=f (~x) is the same as the
are still -5 and 3 since the y-coordinate of
each is 0. graph of y = f (x), but reflected about the

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

interval (-5,1) .

d. Thegraphof y= f (—x) is the same as the

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

y-axis. Therefore, the x-intercepts are 5 and
-3.
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72. a. Thegraphof y= f(x+2) is the same as 74 a. y=[f(x)|
the graph of y = f (x), but shifted 2 units to ¥i
the left. Therefore, the graph of f (x+2) is 2r

decreasing on the interval (-4,5).
4 ] \A\ =

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

c. Thegraphof y=—f(x) is the same as the b. y=f (| X |)
graph of y = f (x), but reflected about the YA

x-axis. Therefore, we can say that the graph _
of y=~f(x) must be increasing on the (-1 D) (L. 1)

interval (-2,7). ‘/I\ _/\ x

d. Thegraphof y = f (—x) is the same as the - \/ z

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

y-axis. Therefore, we can say that the graph 2=
of y = f(—x) must be increasing on the

interval (~7,2). 75. f(x)=x*+2x
f(x)=(x2+2x+1) -1
f(x)=(x+1)2-1

73 a  y=|f(x)]

;“_ Using f(x) = x?, shift left 1 unit and shift down
B ¥h
(2,0 L
I ] = 5_
-2 2 L
11 | | I
). =52, NG00 5
(-1, -1) -
by =1(|x]) -
-5k
Jh
2 |-
{—1, 1) (L, 1)
-2,0) (2,00
1 =
=2 2
2
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76. f(x)=x?-6x 79. f(X)=x®+x+1

f(x)=(x*—6x+9)—9 f(x):(x2+x+ij+1—1
F(X) = (x=3)2 =9 4 4

2
Using f(x) = x?, shift right 3 units and shift f(x) = (XJFEJ +§
down 9 units.
y_ Using f(x) = x?, shift left % unit and shift up
X
-3 (0.0 [CRU)]

E unit.
4

-9 3,9

77. f(x)=x*-8x+1

L
F() =(x* ~8x+16)+1-16 2 >
f(x)=(x-4)*-15 “1h
Using f(x) = x?, shift right 4 units and shift ,
down 15 units. 80. f(x)=x"—x+1
i
- f(x):(xz—x+1j+l—l
(0,1)\ ﬁgj])x 4 4
1 1 W O | | - 2
9 1 3
fX)=|x—-=| +-=
\ 00=[x-5] +3

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

-15F 3 .
15 4,-13) — unit.
4

78. f(X)=x2+4x+2
f(x):(x2+4x+4)+2—4
f(x):(x+2)2—2

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

down 2 units.
Xy
5

4,2) / ©,2) _sk
[ Y

[ =

=5

(-2,-2

-5
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81. f(x)=2x"-12x+19 83. f(x)=-3x*-12x-17
=2(x2—6x)+19 :—3(x2+4x)—17
=2(x* -6x+9)+19-18 = -3(X® +4x+4)-17 +12
=2(x=3)*+1 = -3(x+2)° -5
Using f (x)=x?, shift right 3 units, vertically Using f (x)=x?, shift left 2 units, stretch
stretch by a factor of 2, and then shift up 1 unit. vertically by a factor of 3, reflect about the x-
y axis, and shift down 5 units.
(2,3)
y y
5:: N I | I I
T (4’ 3) _é T T T T :: T T T T I5 X
P Ak 25T
-5 + 5 % T
il B89 135~
il T (-1,-8)
_5+

84. f(x)=-2x*-12x-13

82. f(x)=3x"+6x+1 :—2(x2+6x)—13
)
=3(x* +2x)+1 =—2(x? +6x+9)-13+18

3(x2 +2x+1)+1—3

) = 2(x+3)*+5
=3 1) -2 . . .

_ (x+ )2 _ _ _ Using f(x)=x?, shift left 3 units, stretch
Using f (x)=x", shift left 1 unit, vertically vertically by a factor of 2, reflect about the x-
stretch by a factor of 3, and shift down 2 units. axis, and shift up 5 units.

y (=3,5)

ﬁ 10 T

\
(-2,1) 0,1)
_é T T |v T T |5 X

(-1,-2)
-10 85. y=(x—c)?
Ifc=0y=x2

If c =3, y = (x—23)?; shift right 3 units.
If c =—2, y = (x+2)?; shift left 2 units.

e=_2 ¥ CZO
A 10 4/(::3
1
i
i
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86 y=x+c 88. a T=27Z'\/I
Ifc=0,y=x% g

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

WI OO
If c =—2, y = x? —2; shift down 2 units. e
. #sol=1
¥ 3 3m1n='
T = =
8 L ~ ¥251=1 /!_'_'__—;—'_’_'_F
— Hpes=1
b, T,=27 LT, —2r [1F2
g g
}\ LL A T, =27 Lié
5 8 g
-2
T HLIL
w¥min=-3
9 HMax=T
87. F==C+32 Mo l=1
° gnirc!
F ?2513%
288 i L
g B (100, 212) c. Asthe length of the pendulum increases, the
199 L period increases.
160 -
128 |
9% d. TiZZﬂJE[;TZIZﬂJEI;T3=2ﬂJE[
64 g g9 g
32470, 323
L1111 1 1111 Wl HD':“.I.'
0| 10 20 30 40 50 60 70 80 S0 100 min= -1
Hpmax=3
9 Onine 1
F==(K-273)+32 Yrax=
5 yocl=1
F Hpes=1
g C e. Ifthe length of the pendulum is multiplied
B4 b {373,212 by k , the period is multiplied by Jk .
192
1T 89 =—0.05x? +100x — 2000
128 - . a p(x)=-0.05x" +100x—
L S
oL 45,000 Y2 Yl
np Ak L
A
o Y270 200 310 330 350 370
Shift the graph 273 units to the right.
0 P,. 1"-. 2000

-15,000

b. Select the 10% tax since the profits are
higher.

143

© 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist. No
portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Chapter 2: Functions and Their Graphs ISM: Precalculus EGU

c. The graph of Y1 is obtained by shifting the

! ! . yl=x3+x;y2:‘x3+x‘
graph of p(x) vertically down 10,000 units.

The graph of Y2 is obtained by multiplying y= | X* +X | 10

the y-coordinate of the graph of p(x) by T

0.9. Thus, Y2 is the graph of p(x) \ /

vertically compressed by a factor of 0.9. -3 3
d. Select the 10% tax since the graph of /

Y1=0.9p(x)>Y 2 = —0.05x2 + 100 — 6800

: . y=x'+x 10
for all x in the domain.

d. Any part of the graph of y = f(x) that lies
below the x-axis is reflected about the x-axis
to obtain the graph of y =| f (x)|.

92. a. y =x+1; y,=|x+1
90. The graph of y =41 (x) is a vertical stretch the

=| x[+1
graph of f by a factor of 4, while the graph of y I I 4
y = f(4x) is a horizontal compression of the \
graph of f by afactor of £. -6 6
91 a. y; =x+1; y, =|x+1
10 y=x+1 -4
y =] x+1] /

b. y,=4-x%; vy, =4-|x
-1 10 ' e =4

y=[4-x*| | y=4—|x|° Hy=4-x°

\/\/ c. V=X +x; y2=|X|3+|x|
-6 6 X
/ \ y=|x|"+x]| 4

y=x>+x"
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d. Thegraph of y= f (| x|) is the same as the e p- _3(300) 100 = 504100 = $50
graph of y= f(x) for x>0. . 6
maximizes revenue
For x <0, the graph of y = f (|x|) is the
reflection about the y-axis of the graph of 4. a. R(X)= x(—1x+100j
y = f(x) when x>0. 3
——1 +100x
3
Section 2.7 b. R(100)= —%(100)2 +100(100)
1. V=zr’h, h=2r=V (r)=zr?-(2r)=2zr® _
( ) ( ) = 10,000 +10,000
2 v :%,,ﬂh, h=or _20.000 666667
3
1 2 3
V(r)==z-r -(2r)=—nr
(r)=37r(2r) =7 N
8000
1 1,
3. a RX= x(—gx+100j:—gx +100x
b. R(200)= —%(200)2 +100(200) ok 300
= MJF 20,000 d. x=150 maximizes revenue
1 2
R(150) = —= (150)2 +100(150)
_40.000 ~ $13,333.33 3
=-7500+15,000
C. =$7500
16000 The maximum revenue is $7500.
00 600 4 l
1
d. x=300 maximizes revenue e. p= —5(150) +100 =-50+100 = $50
R(300) = —%(300)2 +100(300) maximizes revenue
=-15,000 + 30,000 _
5. a  Ifx=—5p+100, thenp=-20—X
=$15,000
The maximum revenue is $15,000. -
imum revenue is $ R(X) = (100 xj 1 2 1 20x

X)=X
5 5
/ \ b. R(5) =—%(15)2 +20(15)

Ho 299.99987 LV=1E000
=-45+300 = $255
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C. —
Cp= 202044559
20 0

maximizes revenue.

7. a. Let x =widthand y = length of the

0 100 rectangular area.
0 P=2x+2y =400
- 400-2
d. x=50 maximizes revenue y= X_ 200—x
R(50) = —1(50)2 +20(50) Then
5 A(X) = (200 - X)X
=-500-+1000 = $500 )
The maximum revenue is $500. =200x—X
= —x% +200x
b. We need
x>0andy>0=200—x>0= 200> x
M1 ximun _
50 =k So the domain of A is {0 < x < 200}
100-50 50
& P=—F =7 = $10 c. x=100 yards maximizes area
- 10000
maximizes revenue.
6. a. Ifx=-20p+500, thenp= Sogo—x'
_ 0 200
R(x)=x(500 Xj:—ix2+25x 0
20 20

b. R(20)= —2—10(20)2 +25(20)

= —20+500 = $480 AT v=t0000

c. 8. a. Let x =lengthand y = width of the
4000 rectangular field.
P =x+2y=3000

y:%:BOO—EX
2 2

0 500 Then,
0

A(x)= [1500—%x] X :1500x—%x2

o

X = 250 maximizes revenue
R(250) = —2—10(250)2 +25(250)

=-3125+6250 = $3125
The maximum revenue is $3125.
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10.

© 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist. No

x =1500 feet maximizes area
1,250,000

0 3000

B i L
W= 14990008 LY¥=11z2C000

The distance d from P to the origin is

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

graph of y = x> -8, we have:
d(x) =/x2 + (x* —8)? =+/x* ~15x” + 64

d(0) =+/0* —15(0)? + 64 = /64 =8
d() =()* -15(1)% + 64 =/1-15+ 64

=/50 =52 ~ 7.07
40
-10 I 10
-5

d is smallest when x =~ -2.74 and when
X~ 2.74.

A/

Hiniraum
W=-z.7ZBAlz |¥Y=zZ.7A:HBAZZ

Hiniraura
n=r.73BR11E IV=z 7AZEBEZE

The distance d from P to (0, -1) is
d =+/x* +(y+1)? . Since P isa pointon

the graph of y = x* —8, we have:

d(x) = /%% + (x* —8+1)?
=[x +(x2 —7)2

=+/x*-13x% +49

147
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b. d(0)=+/0*-13(0)+49 =~/49 =7

c. d(-1)=+/(-1)* ~13(-1)? + 49 = /37 ~ 6.08

10

-4 4
0

e. d issmallest when x =~ -2.55 and when
X~255.

=

Minimiun
HW=-2.B48500 Y=z EOBOFES Y= COROTEE
11. a. Thedistance d from P to the point (1, 0) is
d =/ (x-1)?>+y?. Since P isapointon
the graph of y =/x , we have:
2
d(x) = /(x=1)? +(\/;) =Vx?—x+1
where x>0.
b.

2
0 2

0

c. d issmallest when x is 0.50.

P—
S EO0000ya LS BEE0EEY
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12. a. Thedistance d from P to the origin is c. Theareais largest when x is approximately
d =4/x*+y® . Since P isa point on the 2%1'
graph of y = 1 , we have:
X
A P P
d(x) = x2+[—j = [+ =
X X X 0 4
0
b.
8 /"\
|l“\;=:I %i?ﬂuﬂﬁﬂﬂﬂ S¥=El.633E11 4
. 5 16. a. A(X)=2xy = 2x/4—x?
0

b.  p(x)=2(2x)+2(y) = 4x + 24— x*

c. d issmallest when x is 1 or-1.

c. Graphing the area equation:

/ !
H.".:I. To1l4i421z6 . H'i Tol.4i42dz6 o
13. By definition, a triangle has area
0 2
0

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

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

A(X) =%xy =%x(x3)=%x4 .

M i
WwibiyziiB L=
14. By definition, a triangle has area The area is largest when x is approximately
1.41.

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

d. Graphing the perimeter equation:
vertex of the triangle is at the origin and the phing fhe p q

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

triangle as a function of x, we have:

1 1 oy 9 1,
AX) ==Xy ==X{9—-X")=—x—=X".
) 2 y 2 ( ) 2 2

15. a. A(x)=xy=x(16—x2)=—x3+16x

i

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

M ximum

#=1.7HBBEE6E L'Y=B.9442710 o
The perimeter is largest when X is
approximately 1.79.
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17. a. InQuadrantl, x2+y2 =4 —> y= /4—x2 b. Since the lengths must be positive, we have:
S ' 10-4x>0 and x>0
A(x) = (2X)(2y) = 4xy/4-x* —4x>-10 and x>0
b.  p(x) = 2(2x)+2(2y) = 4x + 44— x? x<25  and x>0
_ _ Domain: {x|0< x < 2.5}
c. Graphing the area equation:
10 . .
c. The total area is smallest when x is
approximately 1.40 meters.
8
0 2
0
0 2.5
0
M1 ximum
14142142 LYY=
The area is largest when x is roughly 1.41.
d. Graphing the perimeter equation:
12 HRi rur
14002487 Y2 E006157 ,
20. a. C =circumference, TA = total area,
r =radius, x = side of equilateral triangle
0 > C = 27r =10-3x = r = 0%
0 21

/‘_—’(_\\I height of the equilateral triangle is ?x

Total Area = area;zgie +aredgce

M1 xiraum =£X{£XJ+T{I’2
HE14dNEAYE V=14 F13P08 27 2
The perimeter is largest when x is ,
approximately 1.41. TAX) = ﬁxz +7{10_3Xj _
, 4 2n
18. a.  A(r)=(2r)(2r)=4r ﬁXZ . 100— 60X + 92
b. p(r)=4(2r)=8r 4 4n
19. a. C= circumference, TA = total area, b. Since the lengths must be positive, we have:
r = radius, x = side of square 10-3x>0 andx>0
C=2nr=10-4x = r=5_ﬂ2X -3x>-10 andx>0
Total Area = areasquare +ared g X< % and x>0
=x*+nr?
. 10
) 52y \2 Domain: {x|0<x<—
TA(X) = X +n(7) 3

»  25—-20x+4x°
+—
Y
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c. The areais smallest when x is 24. C =circumference, r = radius;
approximately 2.08 meters. x = length of a side of the triangle
8 E
%)
0 : 3.33 L
K==
2 2
Since AABC is equilateral, EM =@.
A— Therefore,
c.077sEly _¥=c.99841z6 .
* oM =@—0E
21. a. Since the wire of length x is bentinto a
circle, the circumference is x. Therefore, = @_ r
C(x)=x. 2 ,
2
. In AOAM , r? :(gj +[%—rj
b. Since C=x=2xnr, r=—.
T x? 3
NI r2=2_12x% _3rx+r2
A(X)zm‘zzn(—j =—. 4 4
21 4r \/§ rx = X2
22. a. Since the wire of length x is bentinto a r=—2
square, the perimeter is x . Therefore, _*/é o
P(X) = X. Therefore, the circumference of the circle is
C(X)=2mnr = 21{%} = an X
b. Since P =x=14s, s=%,wehave 3
2 2 25. Area of the equilateral triangle
A(X) =s? :(—j ==,
2 2 4

2

23. a. A=area, r =radius; diameter = 2r From problem 24, we have 2 :X?.

A(r) = (2r)(r) = 2r?
Avrea inside the circle, but outside the triangle:

b. p=perimeter A(x)—nrz—ﬁxz
p(r)=2(2r)+2r =6r 4
x> 3,
=TT —
3 4
(7 VB,
3 4
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26. d? = dlz + d22 29. r =radius of cylinder, h = height of cylinder,
42 = (30,[)2 +(4Ot)2 V = volume of cylinder
o H H-h
d (t) _ /900t2 +160012 By similar triangles: i
d(t) =+/2500t* =50t Hr=R(H -h)
d, =40t Hr =RH —Rh
Rh=RH —Hr
3 d,=30t hoRH-Hr_,, _Hr
R R
V = rh :an(H _HJ: Hnrz(l—Lj
27. a. d*=d?+d,’ R R
2 2 2
d*=(2-30t)" +(3-40t) 30. a. The total cost of installing the cable along
2 2 the road is 10x. If cable is installed x
d(t)= \/(Z_SOt) +(3-40t) miles along the road, there are 5—x miles
= \/4_ 120t +900t2 + 9 — 240t +1600t2 between the road to the house and where the
cable ends along the road.
= \/2500t% — 360t +13 House
d, =3-40t
d, =230t d , d
. . Box
b. The distance is smallest at t ~ 0.072 hours. o
CIcmg
M?E'Einflalﬁ 5-X X
ﬁ!é}’f;:?s d=6G-x)?+22 =25-10x+ x* + 4
Wmin=-
N S— = \/x2 ~10x+29
Bres=1 HoOF20013E 220000001 The total cost of installing the cable is:
2
28. r =radius of cylinder, h = height of cylinder, C(x) =10x+14vx” —10x+29
V = volume of cylinder Domain: {x|0<x<5}
hy h?
2 _p2 2 Y
" J{Ej =RT=ri+-=R b. C(1)=10(1)+14,1% —10(1)+29
2 _pe N o 4R’ ~10+144/20 ~ $72.61
rFf=R -——=r°=———
4 4
V — 2r2h c. C(3)=10(3)+14/3" ~10(3)+29
2 2 =30+14+/8 ~ $69.60
V() = (u]h
=2(4r?n-1?)
=”—h(4R2 -h?)
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d. 32. Consider the diagrams shown below.
16
] -
69
e. Using MINIMUM, the graph indicates that
X~ 2.96 miles results in the least cost.
4
Wi U
wo 9EHFPEEE  Y60.50E5918 .
. - d
31. a. Thetime on the boat is given by ?1 The 16 ’
time on land is given by HT_X 2
Island
2 d, There is a pair of similar triangles in the
T diagram. Since the smaller triangle is similar
own . .
® to the larger triangle, we have the proportion
P X 12-x r_4_r 11
—_—_— == = —
d, =Vx2+22 =2 +4 h 16 h 4 4
The total time for the trip is: Substituting into the volume formula for the
conical portion of water gives

T = 12-x  d 12—x+\/x2+4 pl . 192 )

3T 3 V(h)==zr*h==z|=h| h=—-zh’.

3 3 \4 48

b. Domain: { x| 0<x 312}
Chapter 2 Review

12-4 ~4*+4
c. T(4)= R 1. This relation represents a function.
Domain = {-1, 2, 4}; Range = {0, 3}.
8 20 { }: Range = {0, 3}

==+ ~ 3.09 hours . . . .
5 3 2. This relation does not represent a function, since

4 is paired with two different values.

12-8 +/8%+4
d. T(@)=
®="5"+"3 3 100=
:+£~355hours 32) 6 5
& @)= 17217372

32 _ 6 _-6

(-2)2-1 4-1 32

b. f(-2)=
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3(=x) _ -3x
(-x)?-1 x*-1

f(x=2)=+(x-2)%> -4
—x?—4x+4-4

3x —3X [
d. —f(xX)=- = =1/X° —4X
) (xz —1) x? -1

@

c. f(=x)=

£ f@0) =40 -4=Vax -4
3(x-2)
L f(x—2) =222 e v
e (x=2) (X_2)2_1 \/4()( l) 2\/X 1
_ 3x—6 ,
X2 —4x+4-1 6. f(X)=\x —4\
3(x-2
e & 10)=[2"-4|-a-4|-Pl-0
fofx) =) __ 6x b. f(‘2)Z‘(—?-)Z—4‘=|4—4|=|0|=0
' (2x)2 -1 4x*-1 2 2
¢ () =|(-x2-4|=[x*-4]
X2
4, f(X):m d —f(x):—‘x2—4‘
2 _4 e. f(x—2)=‘(x—2)2—4‘
a f@Q=—==
2+1 3
' ) =‘x2—4x+4—4‘
(2 _a_ )
b === =\x —4x\
o - ¥ @0 =207 -4]=|ax 4|
—X+1 —x+1
~|4(x*-1)| =4[ -4
d _f(x):_x_zz__x2
' x+1 x+1 -
X —_
7. f(X)=
e. f(x-2)= (x=2)’ :(X—Z)2 X2
' (x-2)+1 x-1 2oa ad o
a f(2)= 478 Dy
2x)% 4x? 2?2 4 4
£ =20 _
' (2x)+1 2x+1 ,
(-2°-4 _4-4 o0
b, (-2 === 10

5. f (X) =4/ X2 -4 (_2)2 4

a. f(Q=v22-4=Ja-4=J0=0 f(_x):(—X)2—4:x2—4

o

(_X)Z XZ
b, 1(-2)=y(-2)" ~4=V4-4=0=0 d —f(x)=—[x2_4j=4-x2:_xz_4
C. f(—x):\/(—x)2_4:\/x2_4 2 X X2
d —f(=—Vx-4 e fxog=KA 4 Xodxid-d

(x=2)° (x=2)°
_ X2 — 4x _ x(x—4)
(x-2*  (x-2)?
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; f(2)():(2x)2—4:4x2—4 11. f(x)=~2-x
' (2x)? 4x* The radicand must be non-negative:
2-x2>0
4(x2-1) 2
— u — X__l X<2
4x? X2 .
Domain: {x|x <2} or (—o,2]
8. f()=—X
: (><)—X2_9 12. f(x)=+/x+2
5 The radicand must be non-negative:
2 8 8 8 X+22>0
a. f(2)_22_9_—4_9__5_ c o,
o 1) (-2)° 8 8 8 Domain: {x|x=-2} or [-2, )
_(_2)2_9_4 9 5 5 s
X
s 3 13. f (X) = m
. o9 X . .
(-x)2-9 x*-9 The radicand must be non-negative and the
denominator cannot be zero: x >0
A —f(x)=- X _ - Domain: {x| x>0} or (0,)
' 2 2
X*=9 x°-9
_2)3 X
e. f(x_z):& 14, g(x):u
(x-2)*-9 X
3 The denominator cannot be zero:
__ (x=2 x#0
x* —4x+4-9 Domain: {x| x =0}
(x=2)°
X2 —4x-5 15, f)=— X
(2x)° 83 ' X2 +2x-3
f. f(2x)= = The denominator cannot be zero:
(2x)2 -9  4x*-9 )
X“+2x-3=#0
x+3)(x=1)=0
9. f(x)=—5 (x+3)(x-1)
X =9 x#=-3o0rl
The der:((:nilgioor cannot be zero: Domain:{x|x £-3 X ¢1}
X+3)(x-3)=0
(x+3)(x-3) 16, F(x)=—y t
x#-30r3 X5 —3x—4
Domain: {x| X# -3, X # 3} The denominator cannot be zero:
X2 —3x—4=0
2 x+1)(x-4)=0
10, f(x) =X (x+1)(x=4)
x=2 X#=-1or 4
'I)'(h_e;ingmmator cannot be zero: Domain:{x| %1 X% 4}
X # 2

Domain: {x| X # 2}
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17.

18.

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

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

Domain: {x| X is any real number}

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

Domain: {x| X is any real number}

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

Domain: {x| x is any real number

f f(x) 2-x

(Ej(x) - géxi T 3x+1

3x+1#0

1
IX#E-L1=>x#-=
* = X# 3

X%
3

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

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

Domain: {x| X is any real number}

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

Domain: {x| x is any real number |

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

Domain: {x| x is any real number

Domain: {x

155

19.

20.
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(ij(x): f(x) _2x-1
g

g(x):2x+1
2x+1¢0:2x¢—1:>x¢—%

Domain: {x‘ X # —%}

f(x)=3x*+x+1  g(x)=3x
(f +9)(x) = f (x)+9(x)
=3x% + x+1+3x

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

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

(f-9)(x)=f(x)-9(x)
= (Sx2 + x+1)(3x)

=9x2 +3x% +3x
Domain: {x| x is any real number |
f f(x) 3x%+x+1
— |(x) = —
[5)w 9(x)
X0=>x=0
Domain: {x| x = 0}

f(x)=3x  g(x)=1+x+x°

(f+9)()=f(x)+9(x)
=3X+1+ X+ X
=x>+4x+1

Domain: {x| x is any real number |

(f=9)(¥) = f(x)-9(x)
=3x—<l+x+x2)
=—x>+2x-1

Domain: {x| X is any real number}

(f-9)(x)=f(x)-9(x)
:(3x)(1+ X+ xz)

=3x+3x% +3x°
Domain: {x| x is any real number |
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LAPeE f(x) 3 29 f(x)=_L_ _3
(gj(X)_g(X)_1+x+x2 =33 W=
14x+x2 20 (f+9)(x) = f(x)+9(x)
X% +X+1#0 1 3_x+3(x-3)

TX-3 X x(x-3)

p . _X+3x-9 _ 4x-9
X + X +1 will never equal 0. = x(x—3) = x(x_3)
Domain: {x| x is any real number | _

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

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

x+1 1
2L f)="17  9(0=7 (F-9)0 = f(x)-g0) =52
(f+9)(x) = f(x)+9(x) _x=3(x-3)  x-3x+9
_x+1.1 x(x=8)  x(x-3)
x-1 X _-2X+9
:x(x+1)+1(x—l) ~X(x=3)
x(x-1) Domain: {x|x = 0,x 3|
XX x—1
o ox(x-1 . - . (1 )33
*0x (1-000= 100900 =55 )3 =1
X +2x-1 )
" TX(x-1) Domain: {x|x=0,x#3}
Domain: {x|x=0,x =1} 1
Yot 11
xel 1 Y
S x-1 X X
_X(x+1)-1(x-1) “3(x-3)
X(x-1) Domain: {x|x = 0,x =3}
_ X +x—x+1
x(x-1) 23. f(x)=-2x*+x+1
_ X+l f(x+h)—f(x)
(-] L
Domain: {x|x#0,x =1 —2(x+h)2+(x+h)+1—(—2x2+x+l)
- h
Xx+1)(1 x+1
(f-9)(x) = f(x)~g(x)=(mj(;j= x(x-1) —2<x2 +2xh+h2)+x+h+l+2x2 -x-1
Domain: {x|x#0,x =1} - h
_2x%—4xh—2h? + x+h+1+2x% —x—1
f(x) o 1 (x+1) _ ’
f B Cox=1_( X+ X\ OX(X+ Ay
(E)(X"g(x)‘ -(alE)- _ =2t +h_(Tx2h+)

>

Domain: {x| x = 0,x 1} =-4x-2h+1
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_ay2 _
24. T(x)=3x"-2x+4 g. Tograph y=f [lx) , stretch the graph of
f(x+h)-f(x) 2
h f horizontally by a factor of 2.
3(x+h)" —2(x+h)+4-(3x" - 2x+4) ¥
= h 5 - f{lx}
3(x* +2xh+h?)—2x—2h+4-3x + 2x -4 R Y
h Ll T i1 X
3x? +6xh+3h? —2x—2h+4-3x% +2x -4 -8 Lo, 006
= P -1
_6xh+3h*-2h h(6x+3h-2) (-8, -3) C
B h a h -6
=6x+3h-2
h. Tograph y=—f(x) , reflect the graph of
25. a. Domain:{x|-4<x<3} f vertically about the y-axis.
Range: {y|-3<y<3| ¥4
6_
b. x-intercept: (0,0); y-intercept: (0,0) (=, 3) L v= A
c. f(2)=-1 2, 1 N
(=2) T I
-6 0.0p 6
d. f(x)=-3 whenx=-4 B
[ 3.-3)
e. f(x)>0when 0<x<3 -
_6_

f. Tograph y= f(x-3), shift the graph of
f horizontally 3 units to the right. 26. a. Domain: {x|-5<x<4]

¥ Range: {y|-3<y<1}
6_
C y=A-3) b. g(-1)=1
N (6. 3)
i _I(SI*M P c. x-intercepts: (0,0), (4,0);
-6 Z({—-U 6 y-intercept: (0,0)
(—1,—3_'}/

C d. g(x)=-3 when x=3
_6_

@

g(x)>0 when -5<x<0
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f. Tograph y= g(x—2) , shift the graph of c. Local minimumis -3 when x=3;

g horizontally 2 units to the right. 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.

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

e. The function is neither even nor odd.

f.  x-intercepts: (-2,0), (0,0), (4,0),
y-intercept: (0,0)

6. Tograph y—g(x)+1, shiftthe graph of g 28. a. Domain: {x| x is any real number}

vertically up 1 unit. Range: {y|y is any real number}
Y
6k b. Increasing: (—»,—-2)and (2,00);
- V=200 + 1 Decreasing: (-2,2)
5.2y L
T Sk A c. Local minimumis -1 at x=2;
s B 6 Local maximumis 1 at x =-2
- (3D d. The graph is symmetric with respect to the
[ origin.
_6_

e. The function is odd.
h. Tograph y=2g(x) , stretch the graph of

f. x-intercepts: (-3,0), (0,0), (3,0);
g vertically by a factor of 2. pts:(-3,0), (0.0), (3,0)

y-intercept: (0,0)

Y
6_
s 29. f(x)=x>—4x
(-5,2) (—1, )} ¥=228(x) f(—x) = (—x)® - 4(-x) = - x® + 4x
Lo I(i’(l))l Iy :—(X3—4X)=—f(x)
- 00 6 f is odd.
I 4+x°
30. =
-of %36 909=1
A4 (—x)? A+x®
27. a. Domain: {x|-4<x<4} g(—x)—1+(_x)4 T =9(x)
Range: {y|-3<y<1} g is even.
b. Increasing: (—4,—-1) and (3,4); 31 h(x):iAJrinrl
Decreasing: (-1, 3) X 1X . L1
h(_X):m+W+1:F+X_2+1: h(X)
h is even.
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32, F(x)=v1-x 38. f(x)=-x*+3x-5 on the interval (-3,3)
F(=x) :\/1_(_)()3 _ \/1+x3 £F(X) or —F(x) Use MAXIMUM and MINIMUM on the graph

3 _
F is neither even nor odd. of y) =-X"+3x-5.

20 20
33. G(x)=1-x+x° [ \\
G(—x) =1-(-x)+(-x)* -3 \\m 3 -3 —; 3
=1+x—x3 % -G(x) or G(x) i | fa g 3(\
G is neither even nor odd. 20 -20
local maximum at: (1,-3);

34, H(X)=1+x+x?
H(=X) =1+ (=) + (-x)?
=1-x+x%#—H(x) or H(x)
H is neither even nor odd.

local minimum at: (—1,-7)
fis increasing on: (-1,1) ;
3

f is decreasing on: (-3,-1) and (1,3)

35 f(x)=—% . 39. f(x)=2x*-5x*+2x+1 on the interval (-2,3)
1+x Use MAXIMUM and MINIMUM on the graph
f(x) = == £ () of y, = 2x* =5x% +2x+1.
1+ (—X) 1+ X 20
f isodd. \ / \‘L\
36. (x)—1+X 2 de f ;
2 2 2 ggnjggﬁnzun ¥=.E4Z1EEDZ R '11350355 ¥=1.5319641
1+(—x)° 1+x 1+x -10 -10
g(—X) = (—X)3 = —X3 == X3 = —g(X) 20
g isodd. \‘ /
37. f(x)=2x>-5x+1 on the interval (-3,3) -2 e B
Hini
Use MAXIMUM and MINIMUM on the graph ol PAraTL = SGBG

-10

—2y3 _
of y; =2x"-5x+1. local maximum at: (0.41,1.53) ;

20

J / / local minima at: (-0.34,0.54), (1.80,-3.56)

3 = 3 3 . 3 fis increasing on: (—0.34,0.41) and (1.80,3);
_ \ / f is decreasing on: (-2,-0.34) and (0.41,1.80)
ﬂg :E:E'liuzna?iﬁ Y0400 "=, IBFEE?IJZE =-z.o4zinz

20 20
local maximum at: (-0.91,4.04) ;

local minimum at: (0.91,-2.04) 4 o3
. . of y, =—x"+3x"—4x+3.
fis increasing on: (-3,-0.91) and (0.91,3); 5 s

fis decreasing on: (—0.91,0.91) /"‘\ N\/‘\
-2 I{ \_/\'\ 3 -2 I{ 3
Ha xirur \l Hiniraumm | \

w= - EBZOPEY YehezerEOY w= B40PEEE Y= Bzignd:
-5 =5

40. f(x)=-x"+3x*-4x+3 on the interval (-2,3)
Use MAXIMUM and MINIMUM on the graph
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5 44, f(x)=2x>+7
f(x)-f(2) 2x*+7-15 2x°-8
-2 \ 3 Xx-2  Xx=2  x-=2
gg?mum vz :Z(XL)(;H_Z): 2X+4
-5 X=
local maxima at: (—0.59,4.62) , (2,3); 45, f(x)=3x—4x2
local minimum at: (0.84,0.92) F()-f(2) 3x—4x’—(~10)
fis increasing on: (-2,-0.59) and (0.84,2); x-2 x—2
f is decreasing on: (~0.59,0.84) and (2,3) _ —4x% +3x+10
- X—2
41. f(x)=8x*—x _ —(4x* -3x-10)
2 2 x~2
@-tw 8O ~2-(8(2) -1 _ —(4x+5)(x-2)
2-1 1 x=2
~32-2-(7)=23 =S
2
F- £(0) 8(1)2 —1—(8(0)2—0) 46. f(X)=x"-3x+2
b. e . f(x)-f(2) x*-3x+2-0
x-2  x-=2
=8-1-(0)=7
(0) X —=3x+2
2_4_(a(oV? _ o x=2
-t 84 -4 (82 -2) (x—2)(x~1)
4-2 2 w2
128-4-(30) o4 =x—
= AT _ T _ 47 =x-1
2 2

47. (b) passes the Vertical Line Test and is therefore
42. f(x)=2x3+x a function.

2(2)3 + 2_(2(1)3 +1) 48. (a) and (b) both pass the Vertical Line Test and

f(2)-1(1) are therefore functions.
2-1 1
=16+2-(3)=15 49. f(x)=2x-5
¥y
3 3 |
Lt 20 +1-(2(0)" +0) st
' 1-0 1 =
=2+1-(0)=3 w B /:
3 3 -2
fay-t@) 2(4) +4—(2(2) +2)
4-2 2
128+4-(18) 114
g g

43. f(x)=2-5x
f(x)-f(2) 2-5x-(-8) -5x+10
X-2 = x=2  x=2
_5(x-2)
Tox-2 >
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50. g(X)=-4x+7 54. f(x)=3x

%} ¥
0,7) s

TrTTT T

T T 1T

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

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

Range: {y|y=>-4/

0, 1)
208 56. f(x)=|x|+4
] 1 1 X

-1 T T Using the graph of y =| x|, vertically shift the
aE graph upward 4 units.

53. f(x)=|x

Y
S— —

S B 5 |||||_|||||.r2l

(-2, 2) — 2.23) -5 L

LI NA L1 2

-3 ©.0 2 Intercepts: (0, 4)

[ Domain: {x| x is any real number |

Sk Range: {y|y=>4]
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57. g(x)=-2|x| 59. h(x) =v/x-1
Reflect the graph of y =| x| about the x-axis and Using the graph of y =+/x , horizontally shift
vertically stretch the graph by a factor of 2. the graph to the right 1 unit.
¥ yi
5 -
> B (5.2)
_V
LTy
-2 | (1,0 g
L sk
B
Intercept: (1, 0)

Intercepts: (0, 0)

Domain: >11; R : >0
Domain: {x|xisanyreal number} omain {X|X>} ange {y|y> }

Range: {y|y <0} 60. h(x)=+/x-1
Using the graph of y = Jx, vertically shift the
1 raph downward 1 unit.
58. g(x):§|x| g Py
Using the graph of y =| x|, vertically shrink the 5

graph by a factor of % .

4, 1)
Y L1 M =

=L -2 1,0 8
- © 1) (1,0
-2 D=2, 1
-2, )_[. )] s
| I [ .
_5 [ (0, 0) 5 Intercepts: (1, 0), (0,-1)
L Domain: {x|x>0};Range: {y|y=>-1}
s 61. f(X)=v1-x =-1(x-1)

Reflect the graph of y =+/x about the y-axis and

horizontally shift the graph to the right 1 unit.
Y
Range: {y|y=>0} 5

3.2)

L I N g

—5 _(1,0) 5

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

-5
Intercepts: (1,0), (0,1)
Domain: {x|x <1}

Range: {y|y=>0}
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62. f(x)=—/x+3 64. h(x)=(x+2)*-3
Using the graph of y = N horizontally shift Using the graph of y = x?, horizontally shift the
the graph to the left 3 units, and reflect on the x- graph to the left 2 units and vertically shift the
axis. graph down 3 units.
y.ik ¥
5 5
-3.00 | 4, 1) (. 1) .

IIIII.._

_|_|_J_J_l_.f
- i'_ 1,2 ° o 4_0 2+J'0

» (-2, —3)
_sk
Intercepts: (=3, 0), (0,_\/5) Intercepts: (O, 1) 2+\f 0 —2-43, 0)
Domain: {x| x> -3} Domain: {x| x is any real number}
Range: {y|y<0} Range: {y|y=>-3}
63. h(x)=(x-1)2+2 65. g(x)=3(x-1)°+1

Using the graph of y = x*, horizontally shift the

graph to the right 1 unit vertically stretch the
graph by a factor of 3, and vertically shift the
graph up 1 unit.

y

Using the graph of y = x?, horizontally shift the
graph to the right 1 unit and vertically shift the
graph up 2 units.

V‘

59

-5k Intercepts: (0,-2), (LT’ 0
Intercepts: (0, 3)
Domain: {x| X is any real number}

Range: {y|y=>2}

Domain: {x| x is any real number |

Range: {y|y is any real number}
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66. g(x)=-2(x+2)*-8 c. Graph:
Using the graph of y = x*, horizontally shift the

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

y

L1111 / g
-5 (-1 5
9 (2-44.0) T 7_
T Nt
st &
30 I 5|

2.-89\ | .

“1,-10% T d. Range: {y>-4}
Intercepts: (0,-24), (—2-\3/2, o) it aeyeo
Domain: {x| x is any real number 69. f(x)=41 ifx=0
Range: {y|y is any real number} 3x  ifx>0

3x if —2<x<1 a. Domain: {x|x>-4}
67. f(x)= '
X+1 ifx>1

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

a. Domain: { X| x> —2}

c. Graph:
b. x-intercept: (0,0) :
y-intercept: (0,0)
(L, 3)
c. Graph: .
y
sk
[ 0.3
B 2.3
v (-1,- _s5
— [ B B
- i 3
B d. Range: {y|y>-4,y=0}
2,63 - 2 N
i 0. fpg=lX  Fo2sxs<2
2x-1  ifx>2
d. Range: {y>-6}
a. Domain: {x|xx-2]
x-1 if —3<x<0
68. f(x)= | .
3x-1 ifx>0 b. x-intercept: (0, 0)

y-intercept: (0, 0)
a. Domain: {x|x>-3}

b. x-intercept: (%0)
y-intercept: (0, -1)
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c. Graph: 75. We have the points (h,T,)=(0,30) and
;‘ (hy.T,) = (10000,5).
slope = AT __5-30 =25 _ 0025

Ah ~10000—0 _ 10000
Using the point-slope formula yields
T-T,=m(h—h)=T-30=-0.0025(h-0)
2,3) T —30=-0.0025h = T =-0.0025h + 30
T (h)=-0.0025h+30, 0<x<10,000

2.4

T
&
@
<

76. We have the point (t;,v;)=(20,80) and
slope=m=5
Using the point-slope formula yields

d. Range: {y|y=>0}

71. f(4)=-5 gives the ordered pair (4,-5)

v—v, =m(t—t,)=v-80=5(t-20)
f (0)=3gives f(0)=3gives (0,3) V—80=5t—100 = Vv = 5t — 20
3-(-5) _ 8

—==2 v(t)=5t-20
0-4 -4

. . . After 30 seconds,
Using slope-intercept form: f(x) =—-2x+3 ¥(30) = 5(30) — 20 = 150~ 20 =130 ft. per sec.

Finding the slope: m=

72. m=-4, g(-2)=2 gives the ordered pair 4
(-2,2). 77. S:4nr2;V=§7zr3
Using point-slope form:

Let R=2r, S,=new surface area, and
y-2=-4(x~(-2) ’

V, = new volume .

y—-2=-4x-8 , )
y:_4x_6 Sz=47Z'R :47z(2r)
g(x)=-4x-6 :47r(4r2):4(47zr2)
=48
AX+5
73. f(x)= andf() =4
6x -2 Vv, :iﬂR3:£ﬂ(2l’)3
A +5 3 3
6(1)-2 ziﬂ(Brs):8[im’3j
A+5_, 3 3
4 =8V
A+5=16 Thus, if the radius of the sphere doubles, the
A=11 surface area is 4 times as large and the volume is
8 times as large as for the original sphere.
A 8
4. 9()=—+—andg(-1)=0 78. a. The printed region is a rectangle. Its area is
X given by
Al+ 8 _o A= (length ) (width) = (11— 2x) (8.5 2x)
- (D
A(X)=(11-2x)(8.5—-2x
s ()= (11-2x)(85-2x)
A=8
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b. For the domain of 80. a. We are given that the volume is 100 cubic
A(x) :(11_ 2x)(8.5—2x) feet, so we have
recall that the dimensions of a rectangle V =7r’h=100= h = 102
must be non-negative. r
x>0 and 11-2x>0 and 85-2x>0 The amount of material needed to construct
the drum is the surface area of the barrel.
-2x>-11 —-2x>8.5

The cylindrical body of the barrel can be

X<55 x<4.25 viewed as a rectangle whose dimensions are
The domain is {x|0 < x<4.25} . given by
The range of A(x)=(11-2x)(8.5—2x) s 27r
given by
A(4.25)< A< A(0)=0< A<935 "
c. A(1)=(11-2(1))(85-2(1))
=9-65="585in’ e
A(L2)=(11-2(1.2))(85-2(12)) = 8E8top T 8CAbottom * 8CAbouy
_ 2, 2 o2
—86.6.1<5246 in2 =7ar°+xar°+2zrh=2zr°+2zrh
A(L5) = (11-2(15))(85-2(L5)) A(r)= 2717 + 27 (%j —onp? +@
r
=8.55=44 in’ i
200
d - (11-2x) *(8.5-2x) b. A(3)=27(3)" + 7

200

_18;z+T ~123.22 ft?
\ ¢ A(4)=27(4) +272°

=327 +50~150.53 ft?

e. Using TRACE 2 200
' . A(5)=2 _—
A~ 70 when x ~ 0.643 inches d (5)=27(5)"+
A =50 when x ~1.28 inches =507 +40 ~197.08 ft?
79. S=kxd®, x=width; d =depth e. Graphing:
In the diagram, depth = length of the rectangle. .
Therefore, we have
g ’ + 5 ’ =32
2 2 X
d? x° 0 ?
o \a(_/
d?+x*>=36
d =+/36-x° _—
3 3/2 2. .E1E287 __¥=119.26542
S (x) = kx(«/36— X2 ) = kx(36— x2) The minimum value occurs when
r ~2.52 feet .

Domain: {x| 0<x<6}
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81.

82.

83.

a. Therelation is a function. Each HS GPA
value is paired with exactly one College
GPA value.

b. Scatter diagram:

c. Using the LINear REGression program, the
line of best fitis: G =0.964x+0.072

d. As the high school GPA increases by 0.1
point, the college GPA increases by 0.0964
point.

6. G(x)=0.964x+0.072
f. Domain: {x|0§xs4}

9. G(3.23)=(0.964)(3.23)+0.072~3.19
The college GPA is approximately 3.19.

Let p = the monthly payment in dollars, and
B = the amount borrowed in dollars. Consider
the ordered pair (B, p). We can use the points

(0,0) and (130000,854) . Now compute the

slope:

slope _Ay_84-0 _ 854
Ax 130000-0 130000

Therefore we have the linear function

p(B)=0.0065692B + 0 = 0.00656928B
If B =165000, then
p = (0.0065692)(165000) ~ $1083.92 .

~ 0.0065692

Let R = the revenue in dollars, and g = the
number of gallons of gasoline sold.

Consider the ordered pair (g,R). We can use

the points (0,0) and (13.5,28.89) . Now

compute the slope:

slope _Ay _2889-0_28.89
Ax  135-0 135

Therefore we have the linear function

R(g)=2.14g+0=2.14g.
If g=11.2, then R =(2.14)(11.2) = $23.97 .

~2.14

167

84.

85.

86.

Chapter 2: Functions and Their Graphs

Since there are 200 feet of border, we know that
2Xx+2y =200. The area is to be maximized, so

A= x-y . Solving the perimeter formula for y :
2Xx+2y=200—> 2y =200-2x »> y=100—x
The area function is:

A(x) = x(100 - x) = —x? +100x

The maximum value occurs at the vertex:

T MO
=min=a
Hmax=1E00
Weol=18
YUmin=a
Ymax=J4EAaa
NWac =568 M irur
Hpes=1 pe Y=z

The pond should be 50 feet by 50 feet for
maximum area.

Let x represent the length and y represent the
width of the rectangle.
2x+2y=20 —» y=10-x.
X-y=16 — x(10-x)=16.
Solving the area equation:

10x—x? =16 — x* ~10x+16 =0
(x-8)(x-2)=0—>x=8 or x=2
The length and width of the rectangle are 8 feet
by 2 feet.

The area function is:
A(X) = Xx(10—x) = —x? +10x

The maximum value occurs at the vertex:

T MO
=“min=a
H“max=18
mecl=1
YUmin=a
Ymax=d4a
"."5’:-].:5 W
Hpes=1 L

The maximum area is:

A(5) = —(5) +10(5)
=-25+50=25 square units
10

(0,10-) ¢ (%,10-X)

*0) 10
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87. C(x)=4.9x* —617.40x+19,600; 89. Let P=(41) and Q=(x,y)=(x,x+1).
a=4.9,b=-617.40, c =19,600. 2 2
' ’ ’ d(P,Q)=+/(Xx—4) +(x+1-1
Since a=4.9> 0, the graph opens up, so the ( Q) \/( ) ( )
. .. R 2 _ 2 2
vertex is a minimum point. —d°(x)=(x-4)"+x

2 2
a. The minimum marginal cost occurs at =X —8x+16+x

X =63. . d?(x)=2x"-8x+16
LITHLIOL . ) ) . .
Hmin=g Since d (x):2x —8x+16 is a quadratic
Hmax=18a
paglole function with a = 2 > 0, the vertex corresponds
l.-'max=1lalala to the minimum value for the function.
Yieaci™ s O WINEOW
| = = |- 1h="-
b. The minimum marginal cost is i g
b 3maT=%E
— - l= ey
¢ (ZJ =C(63) wres=1 B vememen
5 The vertex occurs at x = 2. Therefore the point
=4.9(63)" —(617.40)(63)+19600 Qonthe line y = x+1 will be closest to the
=$151.90 point P =(4,1) when Q=(2,3).
88. Let P=(3,1) and Q=(x,y)=(x,X).
(3.2) and Q=(x¥)=(x%) Dne
2 2
d(P.Q)=1/(x-3)"+(x-1) ™\ P
d?(x) = (x-3)" +(x-1)*
= X% —6X+9+x* —2x+1
d?(x)=2x*-8x+10
Since d?(x)=2x*-8x+10 is a quadratic
function with a = 2 > 0, the vertex corresponds
to the minimum value for the function.
LT HOO ..
Mmin=-2 90. The area function is:
=5 H""-\-..
ggé’fﬂ - “-—af~’”f A(X) = (10— x?) = —x® +10x
1n=-
ﬁmgrff%ﬁ y; = x> +10x .
wres=1 i S TR U T 15

The vertex occurs at x = 2. Therefore the point
Q on the line y = x will be closest to the point
P=(31) when Q=(2,2).

iU
1.Bz5742B _Y=1z2.17161z . 5

[2]

Q. 0%
d ba1 The maximum area is:

& A(1.83) = —(1.83)% +10(1.83) ~12.17 sq. units.

P(x.y)

y=10-x°

<
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91.

92.
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xth=10 = h=12
X
A(X) = 2x? +4xh
=2x° +4x(gj
X
_ox2 4+ 20
X

A(l):2-12+4—10:2+40:42 ft?

A(2):2-22+4—20:8+20:28 ft?

Graphing:
50

Wni FiLr
o AEMYEEY VSR BYOEEE o
The area is smallest when x ~ 2.15 feet.

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

V = 2r?h =500 = h =2
r

Total Cost = cost,, + COStytom + COStygqy
= 2(COSt gy ) + COStygqy
= 2(area, )(cost per area, )
+(@reay,qy )(cost per areayqq, )
= 2(7r?)(0.06) +(27rh)(0.04)
=0.127r% +0.08zrh

500

=0.127r? +0.08m(—2j
zr

= 01271+ %

C(r)=0.122r7 + 2
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2 40

C(4)=0.127(4) 7

=1.927+10 ~ $16.03

C(8)=0.127(8)* +%
= 7.687+5~$29.13

Graphing:
50

]
4

M MU x
Ho3 PEPCOED LY=15.96E0Y
The minimum cost occurs when r = 3.76
centimeters.

Chapter 2 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}

1(13).(4-2),(-3.5),(17)}
This relation is not a function because there

are two ordered pairs that have the same first
element but different second elements.

This relation is not a function because the
graph fails the vertical line test.

This relation is a function because it passes
the vertical line test.
Domain: R (all real numbers)

Range: {y|y>2}
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2. f(x)= J4-5x 5. a. To find the domain, note that all the points
on the graph will have an x-coordinate
between -5 and 5, inclusive. To find the
range, note that all the points on the graph
will have a y-coordinate between -3 and 3,

The function tells us to take the square root of
4 —5x . Only nonnegative numbers have real
square roots so we need 4—-5x>0.

4-5x=20 inclusive.
4-5x-42>0-4 Domain: {x|-5< x <5}
—ox=—4 Range: {y|-3<y<3}
5x 4
-5~ 5 b. The intercepts are (0,2), (-2,0), and
X gg (2,0).
4 x-intercepts: 2, -2
Domain: {x | x < E} y-intercept: 2
c. f(1) isthe value of the function when
f(-1)=4-5(-1) =v4+5=9=3 x =1. According to the graph, f (1)=3.
5 X2 d. Since (-5,-3) and (3,-3) are the only
- 9(x)= |x+ 2| points on the graph for which

y=f(x)=-3,wehave f(x)=-3 when

The function tells us to divide x+2 by [x+2] .
x=-5 and x=3.

Division by 0 is undefined, so the denominator
can never equal 0. This means that x = -2.

- e. Tosolve f(x)<0,wewantto find x-
Domain: {x|x # -2} )

values such that the graph is below the x-

(_1) +2 1 axis. The graph is below the x-axis for
9(-1)= m = m =1 values in the domain that are less than —2
and greater than 2. Therefore, the solution

4 setis {x|-5<x<-2 or 2<x<5}.In
X —

4. h(x)=—5——"— interval notation we would write the solution

T2
X +5x-36
The function tells us to divide x—4 by setas [-5,-2)u(2,5].

x2 +5x—36. Since division by 0 is not defined,

4 3 2
we need to exclude any values which make the 6. f(x)=—x"+2"+4x"-2

denominator 0. We set Xmin = -5 and Xmax = 5. The standard
X2 +5x-36=0 \F]minhar:d Ymax will not bedgood enough tobsee
the whole picture so some adjustment must be
(x+9)(x-4)=0 made.
X=-9 or x=4 Flotl Flotz Flokz I HOO
. s B R 2RI | Emln= s
Domain: {x|x #—9,x # 4} E—1 b=
. e = Wscl=1
(note: there is a common factor of x—4 but we = Ymin=-18
. . . . [P mhy= Ymax=28
must determine the domain prior to simplifying) M= Yecl=2
R Hires=1
p(1)-— D451
(-D)=—3 =0°3
(~1)* +5(-1)-36
=]
rl-:l:-:ir\l'uur\-'u|"I‘l Einimum Ill
n=—.BEOFBEF IY=-.BE0ZEZD n= Y=
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; d. Tofind g (2) we first note that x =2 so we
/ \ must use the second “piece” because
'| 2>-1.
Eg%i?suﬂns Yo1E.E4FPER g (2) =2-4=-2
We see that the graph has a local maximum of 8. The average rate of change from 3 to x is given
—0.86 (rounded to two places) when x =-0.85 by
and another local maximum of 15.55 when Ay _F(x)-1(3) 23
x =2.35. There is a local minimum of —2 when AX Xx-3

x=0. Thus, we have

3x2 —2x+4)—(3(3)° =2(3)+ 4
Local maxima: f (-0.85)~ —0.86 _( ) ( (3) (3) )

f (2.35) ~15.55 X3
(2.35) ~15. _3x%-2x+4-25
Local minima: f (0)=-2 - X—3
The function is increasing on the intervals 3x2 —2x—21
(-5,-0.85) and (0,2.35) and decreasing on the T X3
intervals (—0.85,0) and (2.35,5). _ (x=3)(3x+7)
X—3
2x+1 x<-1 =3X+7 X#3

7. a f(x)z{x_4 <> 1

—(9v211)_(2x_
To graph the function, we graph each 9. a f-g= (2X +1) (3X 2)
“piece”. First we graph the line y =2x+1 —2x%41-3x+2
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

=2x* —3x+3
b. f.g :(2x2+1)(3x—2)
=6x° —4x% +3x -2
c. f(x+h)-f(x)
:(2(x+ h)2 +1)—(2x2 +1)

:(2<x2 +2xh+ h2)+1)—(2x2 +1)
y=2x+1 x<-1 =2x? +4xh+2h? +1-2x* -1

b. To find the intercepts, notice that the only = 4xh + 2h?
piece that hits either axisis y =x-4.

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

The intercepts are (0,—4) and (4,0).

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

we must use the first “piece” because
-5<-1.
g(-5)=2(-5)+1=-10+1=-9
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10. a. The basic function is y = x® so we start with
the graph of this function.

y :—2(x+1)3 +3

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

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

y y=(x +l)3

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

Next we reflect this graph about the x-axis

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

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

yi y=|x+4[+2
Next we stretch this graph vertically by a
factor of 2 to obtain the graph of

y :—2(x+1)3.

The last step is to shift this graph up 3 units
to obtain the graph of y = —2(x+1)3 +3.
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11. a. Graph of Set A:
Enter the x-values in L1 and the y-values in
L2. Make a scatter diagram using
STATPLOT and press [ZOOM] [9] to fit the
data to your window.

Flokz  Flokz
IR
BN |-
i HIH
li=t:ily
lizt:ilz
=E+
I Z5Huyare
25t andard
12Trig "
1 2 Integer o o
ZoomStat. o @ o
tfoomFit

Graph of Set B:
Enter the x-values in L1 and the y-values in

L2. Make a scatter diagram using
STATPLOT and press [ZOOM] [9] to fit the
data to your window.

K] Lz Lz H Fﬂﬂgtz Flokx
0 [ -4 | —
i -t el B L dhy
F e o e
i y listili
4 y list:iLz
& 7 ark: B -+
Lzifi= -4
- FOEY .

ecimal =
I E5Euare -
25t andard
12Trig
1 2 Integer |

ZoomStat. .

tfoomFit

From the graphs, it appears that Set B is
more linear. Set A has too much curvature.

b. Set B appeared to be the most linear so we
will use that data set.
Press [STAT] [>] [4] [ENTER] to get the
equation of the line (assuming the data is
entered already).

TESTS inkea

tl-Var Stats g=gzxt+h

12-Mar Stats a=2.A23089524
i Med-Med b=-5.333333333
LinREear axt+hl ri=, 952349391 38
HyadReq =, 9789534729
iCubicEe3a

JByart.Reg

The line of best fit for Set B is roughly

y =2.02x-5.33.
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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.

[APE] Flotz Flots T HOOL]
SMiB-.115HE+1, 18| ¥min=8
Beto. 623 Hmax=12
nhe= Hegl=l
sNa= Ymin=g
sy = Ymax=1a
“Ye= Vacl=1
sNE= Hres=1

N

M cirurn

wEANENAAY LY=BE.BREZEY o
The highest rate during this period appears
to be 8.67%, occurring in 1997 (x ~5).

For 2010, we have x =2010-1992 =18.
r(18)=-0.115(18)" +1.183(18) +5.623

=-10.343
T E=X)

-18.343

The model predicts that the interest rate will
be —10.343% . This is not a reasonable
value since it implies that the bank would be
paying interest to the borrower.

Let x = width of the rink in feet. Then the
length of the rectangular portion is given by
2x—20. The radius of the semicircular

portions is half the width, or r = g

To find the volume, we first find the area of
the surface and multiply by the thickness of
the ice. The two semicircles can be
combined to form a complete circle, so the
area is given by

A=l-w+zr?

:(2x_zo)(x)+ﬁ(§j2

2
—2x? —20x+ 2
4
We have expressed our measures in feet so
we need to convert the thickness to feet as
well.
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0.75in. L ft _0.75 fio L g c. For 425 minutes, all of them have a fixed price
Moo=y =g It except C1: $45.00 + 0.40(125) = $95.
Now we multiply this by the area to obtain The best priced plan is B1 at $39.99.
the vol . That is, .
& voime. That s ) For 750 minutes:
V(x)= o2 ooy ZX0 Al: $49.99 + 0.45(150) = $117.49
16 4 A2: $59.99
w2 Bx X2 B1: $39.99 + 0.45(300) = $174.99
V(x)=2 -2 2R B2: $49.99 + 0.40(150) = $109.99
6 4 6 C1: $45.00 + 0.40(450) = $247.50
b. If the rink is 90 feet wide, then we have C2: $60.00 + 0.40(50) = $80.00
x=90. ) d Monthly _ Base + charge per\(# of min. over
90° 5(90) (90) *cost ~ Price minute /{those included
V(90)=Z- -2y ~1297.61

8 4 64

Al: C(x)=49.99+0.45(x—-600
The volume of ice is roughly 1297.61 ft3. () ( )

49.99 0<x<600
C(x)=
0.45x—-220.01 x>600

Chapter 2 Projects A2: C(x)=59.99+0.35(x—900)

Broiect 1 0= 59.99  0<x<900
~RIEEL S ~10.35x-255.01 x>900
a. Plan Al: Total cost = $49.99 x 24 = $1199.76 _
Plan A2: Total cost = $59.99 x 24 = $1439.76 B1: C(x)=39.99+0.45(x—450)
Plan B1: Total cost = $39.99 x 24 = $959.76 0 { 39.99 0<x<450
Plan B2: Total cost = $49.99 x 24 = $ 1199.76 X) =
Plan C1: Total cost = $45.00 x 24 = $1080.00 0.45x~162.01 x> 450
Plan C2: Total cost = $60.00 x 24 = $1440.00 B2: C (X) =49.99 + 040(X—600)
b. All plans allow for 2500 night and weekend Clx) = 49.99  0<x<600
minutes free, so the only minutes that will be (x) = 0.40x —190.01 x> 600

considered here are 600:
Cil: C (x) =45.00+ 0.40(x—300)

Al: $49.99 .

A2: $59.99 C(x) = 45.00 0<x<300
B1: $39.99 + 0.45(150) = $107.49 0.40x-75 x> 300
B2: $49.99

C1: $45.00 + 0.40(300) = $165.00 C2: C(x)=60.00+0.40(x—700)

C2: $60.00 Cx) = { 60.00 0<x<700
The best plan here is either plan Al or B2 at 0.40x-220 x>700

$49.99. e. Graph for plan Al:
The only plan that changes price from above C(x)
when the night and weekend minutes increase to 300

2001

1001

The best plan is still either Al or B2. A S S S
0 400 800 1200 ¥
Minutes Used

3500 is B1. It only has 3000 free night and
weekend minutes.

B1: $39.99 + 0.45(150) + 0.45(500) = $332.49

Cost (dollars)
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Graph for plan A2:

C(x) C()
300 300+
= 200 = 200
= 1 = 4
2 100 2 100
O it O +
O " " "400 ° "800 1200 " O " " "400 © 800 1200 %
Minutes Used Minutes Used
Graph for plan B1:
phiorp f. AL 4999 _ 45 083/ min
C(x) 600 min
3004 A2: $59'9_9 =$0.067 /min
2 . 900 min
= 200+ A2 is the better plan.
) u
2 100-
S B1: 33999 _ 44 089/min
1 1 1 1 1 1 1 1 1 1 1 1 450m|n
0 T T T T T T T T T T T X
400_ 800 1200 2 $49.9_9 — $0.083/ min
Minutes Used 600 min
B2 is the better plan.
Graph for plan B2:
C(x) Cl: $45'O_O =$0.15/min
300- 300min
5. ] co: 36000 _ 4 46/ min
S 200 700min
= C2 is the better plan.
é 100+
T g. Outof A2, B2, and C2, the best plan to choose is

400

Chapter 2: Functions and Their Graphs

Graph for plan C2:

A2 since its $/min rate is best.

o " 800 1200 X
Minutes Used h Answers W|” Vary.
Graph for plan C1:
Project 2 (web)
€ a. Silver: C(x)=20+0.16(x~-200) = 0.16x~12
300
s 20 0<x<200
k= C(x)=
= 200- 0.16x-12 x> 200
= u
2 100- Gold: C(x)=50+0.08(x~1000) = 0.08x —30
] 50.00  0<x<1000
0 "t C(X) =
400 800 1200 0.08x—30 x>1000

Minutes Used .
Platinum: C(x)=100+0.04(x—3000)

=0.04x-20
C(x) = [100.00  0<x <3000
0.04x—20 x> 3000
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c. | x|C(x
C(x) Silver ( )
3007 Gold 0 | 100(0)+140v/4 + 25 ~ $753.92
= 00t 1 |100(1)+140/4 +16 ~ $726.10
§ 100' Platinum 2 |100(2)+140v4 +9 ~ $704.78
o
° - 3 |100(3)+140v4+4 ~ $695.98
O " " '1000 2000 3000 4000 X 4 [100(4)+140v/4 +1 ~ $713.05
K-Bytes 5 100(5)+140+/4+0 = $780.00
C. Lety= #K-bytes of service over the plan The choice where the cable goes 3 miles down
minimum. the road then cutting up to the house seems to
Silver: 20+0.16y <50 yield the lowest cost.
0.16y <30 d. Since all of the costs are less than $800, there
y <1875 would be a profit made with any of the plans.
Silver is the begt up to 187.5+ 200 = 387.5 () dollars
K-bytes of service. 300
Gold: 50+0.08y <100
0.08y <50
y <625 600 - .
. 0 5 xmiles
Gold is the best from 387.5 K-bytes to

625+1000 =1625 K-bytes of service. Using the MINIMUM function on the grapher,

Platinum: Platinum will be the best if more than the minimum occurs at about x = 2.96.
1625 K-bytes is needed. co doll
X ollars
d. Answers will vary. 800
Pro'eCt 3 Web 600 H}Fnzi.rggran?sss Y=L, 95918 .
0 5 xmiles
. The minimum cost occurs when the cable runs
T for 2.96 mile along the road.
Driveway Possible route 1
2”1'“ f. C(4.5) = 100(4.5) + 140\/4+ (5—4.5)°
Cable box
4 5.miles ‘r‘ ~ $73862
i Possible route 2 The cost for the Steven’s cable would be
e $738.62.
b. Flowse g. 5000(738.62) = $3,693,100 State legislated
$140/mile 5000(695.96) = $3,479,800 cheapest cost
L=ya:6x) It will cost the company $213,300 more.
2 miles .
‘7\"\‘, . Cable box
[

5 miles $100/mile
C(x) =100x+140L

C(x) =100x +1404/4 + (5— X)?
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Project 4 (web) 3. 3x2-5x-2=0
a A=gr? (3x+1)(x—2)=0:x=—%,x=2
b. r=22t The solution set is {—% 2} .

C. r=22(2)=44ft

2 J—
r:2,2(2,5):5,5ﬁ 4, Ax° +4x+1=0

(2x+1)(2x+1) = 0= x= -
d. A=7(4.4)%=60.82 ft 1
A= 7(5.5)% = 95.03 ft2 The solution set is {_5}'
e. A=r(22t)° =484zt 5. 4x?—2x+4=0=2x*-x+2=0
2
f. A=4847(2)? =60.82 ft? o —CDE(D)" -4(2)(2)
2(2
A=4.847(2.5)? =95.03 ft? (2)
C1£41-16  1+4-15
A(2.5)- A(2) 95.03-60.82 ft 4 4
9. 55_9 05 =68.42 Ar no real solution
3
A(35)— A(3) 186.27-136.85 ft 6. Vl-x=2
h. = =98.84 3
35-3 05 r (-x) =2
i. The average rate of change is increasing. 1-x=8
-X=7
j. 150 yds = 450 ft (o7
r=2.2t B
450 The solution setis {-7}.
t =——=204.5 hours
7. Y1-x=2
k. 6 miles = 31680 ft (51_X)5=25
Therefore, we need a radius of 15,840 ft.
1-x=32
t= 15,840 = 7200 hours (-3l
x=-31
. . The solution set is {-31} .
Cumulative Review 1-2
1. -5x+4=0 8. [2-3x=1
_Bx=—4 2-3x=1 or 2-3x=-1
4 4 ~3x=-1 or -3x=-3
"5 5 1
== or =1
X=73 X

The solution set is {ﬂ} . 1
5 The solution set is {5,1} .

2. x*-7x+12=0
(x=4)(x-3)=0=x=4,x=3
The solution set is {3,4} .
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9. 4x?-2x+4=0=2x>—x+2=0 13. X2 +y?+2x—4y+4=0
-(-1)=+ (‘1)2_4(2)(2) X2 +2X+ Yy’ —4y =4
” 2(2) (X® +2x+1) +(y? =4y +4) =—4+1+4
C1+41-16  1+-15 1+./15i (x+1)2+(y-2)% =1
4 4 4 (x+1)2 +(y-2)? =12
The solution set is 1-15i ,1+ Ji5i _ This is a circle with center (-1,2) and radius 1.
4 4 ¥4
5_
10. -2<3x-5<7 -1,2) B
3<3x<12 \®,_
3 12 Lyt a1y &
§< X<? —= - L
l<x<4 |
{X|1<x<4} or (1,4) B
s
Fi A9 »-
1 4 ,
14. y=(x+1)"-3
11. —3X+4y =12= 4y =3x+12 USing the gl’aph of y= X2 ’ horizontally shift to
y= §x+3 the left 1 unit, and vertically shift down 3 units.

¥

This is a line with slope % and y-intercept (0, 3). 3

1T

1T
Yo

(-2.-2)
| {-1-3)
-5

{0.-2)

[T T T TS
Lh

12. y=3x+12 15. a. Domain: {x|-4<x<4}
Range: {y|-1<y<3}

b. Intercepts: (-1,0), (0,-1), (1,0)
x-intercepts: —1,1
y-intercept: -1

c. The graph is symmetric with respect to the
y-axis.

d. When x =2, the function takes on a value
of 1. Therefore, f(2)=1.

e. The function takes on the value 3 at x =—4
and x=4.
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f.  f(x)<0 means that the graph lies below m. There is a local minimum of 1 at x=0.
the x-axis. This happens for x values There are no local maxima.
betwelen -1 fnd 1. Thus, the solution set is ] f(4)-f(1) 3-0 3 »
{x|-1<x<1}. : i1 3 37
) The average rate of change of the function
g. Thegraphof y= f(x)+2 is the graph of from 110 4 is 1.

y = f(x) but shifted up 2 units.

16. d(P,Q)=(-1-4) +(3-(-2))

=\(-5)" +(5)°
=+/25+25
=50 =52

17. y=x>-3x+1

h. The graph of y= f (—x) is the graph of @ (-2-1)

(-2)*-(3)(-2)+1=-8+6+1=-1
(—2,-1) is on the graph.

y = f(x) but reflected about the y-axis.

(b) (2.3)
(2)*-(3)(2)+1=8-6+1=3
(2,3) is on the graph.

i.  Thegraphof y=2f(x) is the graph of © (31
3
y = f(x) but stretched vertically by a (3)"-(3)(3)+1=27-9+1=19=1
factor of 2. That is, the coordinate of each (3.1) is not on the graph.

point is multiplied by 2.
g 18. y=3x2 +14x—5
x-intercept(s): solve 3x? +14x—-5=0

(3x-1)(x+5)=0= x=%,x=—5

the x-intercepts are: (-5, 0);(%,0)

j.  Since the graph is symmetric about the y- y-intercept: let x =0

axis, the function is even. y=0?+14(0)-5=-5

k. The function is increasing on the open the y-intercept is: (0,-5)
interval (0,4).

I.  The function is decreasing on the open
interval (—4,0).
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19. Use ZERO (or ROOT) on the graph of

y
y, = x* =3x% +4x-1. \' /
T /
5 T
5 L

L |

Egr_' x _é"'7li__l||||5 X

21. Yes, each x corresponds to exactly 1.

oo / 22. f(x)=x2—4x+1

o

f(2)=(2)*-4(2)+1=4-8+1=-3

Zer b f(x)+ f(2) =x2—4x+1+(2)" -4(2)+1
We.zazzEBEl I'Y=0

= =x?—4x+1+4-8+1
2 Ay —
s =X"—-4x-2
\‘ III|I ¢ F(=x)=(-x)? —4(-x)+1=x2 +4x+1
-3 I-',I Y d. —f(x)=—(x2—4x+1)=—x2+4x—1
o
- ] x
azibrrze  Tv=o e. f(x+2) :(x+2)2 —4(x+2)+1
5
=x? +4x+4—-4x-8+1
1| : l =x*-3
' — j f(x+h)—f(x)
a et f. —————2h=0
"t
o f -
-y ] | x M
hzz.rErERuz [v=o h
? (x+h)? —4(x+h)+1—(x2 —4x+1)
The solution set is {-1.10,0.26,1.48,2.36} . - h
_ x? +2xh+h? —4x—4h+1-x* + 4x—1
20. Perpendicularto y =2x+1; = h
Slope of perpendicular = —%; Containing (3,5) _2xh+h?—4h
a h
Y=Y =m(x—x)
1 :M: 2x+h—4
y=5=-5(x=3) h
1 3
y—5_—§x+§
_ -1y, 18
y=72%"%
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3z-1
7> -62-7
The denominator cannot be zero:
22-6z2-7%0
(z+D)(z-7)=0
z#-1lor7
Domain: {z|z#-1,2=7}

23. h(z) =

24. Yes, since the graph passes the Vertical Line
Test.

X
2. f()=—7

(1,% is not on the graph of f

-2 _-2
b. f(—2)=m:?:—1

(=2,-1) is on the graph of f

c. Solve for x:
X

X+4
x=2(x+4)
X=2X+8
-8=x
(-8,2) is on the graph of f .
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