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2 FUNCTI ONS AND GRAPHS

EXERCI SE 2-1
1 \ b
2. - 4. =
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\ /
\ /
\ /
X X
-5 >) -5 >)

y yv“

6. ° 8. T
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X X
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/ \
i
4—'"’"/ \
5 1:)\L

10.

12.

14.

16.

18.

20.
22.

The table specifies a function, since for each donmain value there
corresponds one and only one range val ue.

The tabl e does not specify a function, since nore than one range
val ue corresponds to a given domain val ue.
(Range values 1, 2 correspond to domain value 9.)

This is a functi on.

The graph specifies a function; each vertical [ine in the plane
intersects the graph in at nost one point.
The graph does not specify a function. There are vertical |ines

whi ch intersect the graph in nore than one point. For exanple, the
y-axis intersects the graph in two points.

The graph does not specify a function.

y = mis a constant function.

EXERCI SE 2-1
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24. y = 5x - %(4 - X)

=5x -2 + 1x
2

= 5.5x — 2 whichis a linear function.

26. y = 3x + %(5 - 6x)

= 3x + § - 3x

2
= g which is a constant function.
1

28. y = . It i1s neither constant nor |inear.
2x + 3

30. y = x> — 9. It is neither constant nor |inear.
y y

0]
)

34. 36.

—
—

(4]

)

y y
50 /T ?
38. / 40. /
/ =
,_;—// X il X
5 >
/ /
y y
3x2

42. f(x) = vt Since the denom nator is bigger than 1, we note that

the values of f are between 0 and 3. Furthernmore, the function f has
the property that f(-x) = f(x). So, adding points x = 3, x = 4,

X = 5, we have:

X -5 -4 -3 -2 -1 0 1 2 3 4 5

f( x) 2.78 2. 67 2.45 2 1 0 1 2 2.45 2.67 2.78
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The sketch is:

\7

sl

44. (A X 0 5 10 15 20
F(x) 0 750 1,000 750 0
9(x) 200 450 700 950 1,200
f(x) - g(x) |-200 300 300 -200 -1,200

y y =9(x)

1000 +
y = f(x)

500

194 5 10 5

-500

y = f(x) - g(x)
—-1000
46. y = f(4) =0 48. y = f(-2) = 3
50. f(x) =3, x<0at x=-4, -2 52. f(x) =4 at x =5
54. f(x) = 2x - 3 56. g(x) = X% + 2x
f(1) =2(1) - 3 =-1 g(1) = (1)2%2 +2(1) =3

58. g(-2) = (-2)2 + 2(-2) =0
60. f(3) - g(3) =1[2(3) - 3] - [(3)? + 2(3)] = -12
62. g(0)-f(-2) =[(0)% - 2(0)]-[2(-2) - 3] =0

a, 49 _ (D +3-9 _ 3 _
2 72) - 3 1

66. domain: all real nunbers or (-«, o)
68. domain: all real nunbers except 2

72. f is not defined at the values of x where x* - 9 =0, that is, at 3
and -3; f is defined at x = -2, f(-2) = — = 0.
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74.
78.

80.

82.

84.

86.

88.

90.

92.

22

f(x) =-3x + 4 76. F(x) = -8x° + 343

Function g nultiplies the domain elenment by -2 and adds 7 to the
resul t.

Function Gnultiplies the square root of the domain el enent by 4 and
subtracts the square of the domain elenent fromthe result.

Gven 3y - 7x = 15. Solving for y, we have:
3y = 7x + 15
= Zx + 5
Y 3
Si nce each input value x determ nes a unique output value y, the

equation specifies a function. The domain is R the set of rea
nunbers.

Gven x - y2 = 1. Solving for y, we have:
y2 =x -1
y = +ix -1

Thi s equation does not specify a function, since each val ue of Xx,
x > 1, determnes two values of y. For exanple, corresponding to
X =5 we have y = 2 and y = -2; corresponding to x = 10, we have
y =3 and y = -3.

G ven x° + y = 10. Solving for y, we have:
y =10 - x?
This equation specifies a function. The domain is R

Gven xy + y - x =5. Solving for y, we have:

X + 5
(x +1)y=x+5 o y=xx171

This equation specifies a function. The domain is all real nunbers
except x = -1.

G ven x? - y2 = 16. Solving for y, we have:

y2 = x> - 16 or y = +Vx2 - 16
Thus, the equation does not specify a function since, for x =5, we
have y = +#3, when x = 6, y = +2+/5, and so on
Gven r) =3 - 5r. Then:
G2 + h - d2) 3-52+h - (3-5-2)
h = h

-7 - 5h + 7 -5
= h ="h =-95
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94.

96.

98.

100.

102.

104.

106.

108.

110.

112.

114.

116.

Gven AXx) = 2x°> - 3x - 7. Then:

P(3+h)h-P(3):2(3+h)2-3(3+h) 7 - (232 - 3.3-7)

h

29 +6h+ H) - 9-3h-7-(2)
= h

2h° + 9h

==—p—— =2h+9

f(x) = x2 -1
f(-3) =(-3)2-1=9-1=38

f(x) = x2 -1
f(3-6) =f(-3) =(-3)2-1=9-1=28
1

f(x) = x2 -

f(3) — f(6) =[(3)%2 -1 - [(6)? -1 =9 -1-36+ 1 =-27

f(x) = x2 -1
F(F(-2)) = f((-2)%2 = 1) = f(4 - 1)

f(3) =(3)2-1=9-1=28

f(x) = x2 -1

f(-3x) = (302 -1 =9x*> - 1

f(x) = x2 -1
f(l—x)=(1—x)2—1:1—2x+x2—1:-2x+x2:x(x-2)
(A) f(x) =-3x+9 (B) f(x+ h =-3x- 3h+9

(O f(x+h - f(x) =-3h (D f(“’z—f(X) _

(A f(x) =3x>+5x-8 (B) f(x + h) =3x?+ 6xh + 3h%° + 5x + 5h - 8
(C) f(x + h) - f(x) = 6xh + 3h* + 5h

(D) f(XJ“’Z_f(X) = 6x + 3h + 5

(A f(x) = x(x + 40) = x° + 40x
(B) f(x + h) = x® + 2xh + h?> + 40x + 40h
(O f(x + h) - f(x) = 2xh + h*> + 40h (D)

3

f(x+ h —f(x)

=2x + h + 40
h

Gven A= ew = 81.

Thus, w = 8/—1 NowP:20+2W:20+2(8|_1J:2.+ 1|E
The domain is @ > 0.
Gven P=2@ + 2w = 160 or @ + w= 80 and ® = 80 - w

Now A= ew = (80 - yw and A = 80w - Wwf.
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The domain is O = w=80. [Note: w= 80 since w> 80 inplies
® < 0.]

1,000
p(11)

p(18)

1, 340 dol |l ars per conputer
920 dol I ars per conputer

1 1 1 1 > X

10 15 20 25

xp( x)
x(2,000 - 60x) thousands of dollars

Domain: 1 = x = 25

o F

120. (A) R X)

R

(B) Table 11 Revenue (O A
Xx(t housands) R x) (t housands) $15,000 |
1 $1, 940
S 8, 500 10,000}
10 14, 000
15 16, 500 5,000 }
20 16, 000
25 12, 500 L1 11 13X
5 10 15 20 25
122. (A Ax) = Kx) - AXx)

x(2,000 - 60x) - (4,000 + 500x) thousand dollars
1,500x - 60x% - 4,000
Domain: 1 = x = 25

el

(B) Table 13 Profit (O $5,000
x(thousands) A x) (t housands) i
1 -$2, 560 i
5 2’ 000 i 1 1 1 1 LS X

10 5, 000 | /5 10 15 20\25"
15 5, 000 i
20 2,000 i
25 -4, 000 _5.000 |

124. (A) 1.2 inches (O x =1.23to tw decim

pl aces

(B) Eval uate the vol une
function for x = 1.21,
1.22, .., and choose the
val ue of x whose volume is

24 CHAPTER 2 FUNCTI ONS AND GRAPHS



cl osest to 65. BN

A=1.23
Wi
126. (A Ux) = x°(108 - 4x) (D 15000
(B) 0 =x =27
(C) Table 15 Vol une 10000 1=+
X U X) '
5 2,200
10 6, 800 2000
15 10, 800 :
20 11,200  pfelniessniale
25 5,000 X
0

128. (A) Gven 5v - 2s = 1.4. Solving for v, we have:
v = 0.4s + 0. 28.
If s = 0.51, then v = 0.4(0.51) + 0.28 = 0.484 or 48.4%
(B) Sol ving the equation for s, we have:
s =25v - 0.7.
If v =0.51, then s = 2.5(0.51) - 0.7 = 0.575 or 57.5%

EXERCI SE 2-2

2. g(x) =-0.3x
Domain: all real nunbers; range: all real nunbers
4. k(x) = 4x
Domain: [0, «); range: [0, o)
6. n(x) = -0. 1x2
Domai n: all real nunbers; range: (-o, 0]
8. S(x) = 53%x

Domain: all real nunbers; range: all real nunbers
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22. The ﬁraph 0; hgx) = [|r - 5| 24. The graph of n{x) = (x + 3)% + 4
is the graph of y = | x . 2 :
! : is the graph of y = x“ shifted 3
reflected in the x axis and . .
shifted 5 units to the Enlts to the left and 4 units
right. P

mix )
his) *“1ér
10+ v
C O
: 1 1 1 1 ' 1 1 1 1 H
Lia it il |’_|\| 1 b _1|:| Iﬁ': 1[:]
- Loy,
1o ﬁ'!}" ‘xli s
Py
At -10F
y [
K10
26. The graph of g(x) = -6 + ¥x 28. The graph of n{x) = -0.4x% is the
is the graph of y = ¥/x same as the graph of y = x?
shifted 6 units down. reflected in the x axis and
Qi) vertically contracted by a factor
0 of 0. 4.
C mis)
C 10
1 1 1 1 ' 1 1 1 1 H :
-10 of 10 C
r.-l- 1 1 1 1 Ll 1 1 1 1 1 K
< -10 f*j 10
f -10) -
-10F

30. The graph of the basic function y = | x| is shifted 3 units to the
right and 2 units up. y =|x - 3| + 2

32. The graph of the basic function y = | x| is reflected in the x axis,
shifted 2 units to the left and 3 units up. Equation: y =3 - | x + 2|
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34. The graph of the basic function %/x is reflected in the x axis and
shifted up 2 units. Equation: y = 2 - Ux

36. The graph of the basic function y = x3 is reflected in the x axis,

shifted to the right 3 units and up 1 unit. Equation: y =1 - (x - 3)3

38. g(x) =/x ¥ 3 +2 40 g(x) = -|x - 1] 42. g(x) = 4 - (x + 2)2
u u U
3 ' ' 3 3
A
< “ “ f “
-5 ha -5 () ha -5;‘- “-.l ha
|
1
5 5 5
O [x 41 if ox < -1 46. h(x) = { 10 + 2x if 0<x <20
44. g( x) {2+—2x f x> 1 40 + 0.5x if x > 20

o
g;/ﬂ 80 |
0}

=5
4x +20 if 0 < x <20 soor
48. h(x) = {2x +60 if 20 < x <100 20
-x +360 if x > 100 200 +

150
100
50

5IO 1(I)0 15IO 2(I)O
50. The graph of the basic function y = x is reflected in the x axis and
vertically expanded by a factor of 2. Equation: y = -2x

52. The graph of the basic function y = | x| is vertically expanded by a
factor of 4. Equation: y = 4| x|

54. The graph of the basic function y = x3is vertically contracted by a

factor of 0.25. Equation: y = 0. 25x3.

56. Vertical shift, reflection in y axis.
Reversing the order does not change the result. Consider a point

EXERCI SE 2-2 27



58.

60.

62.

28

(a, b) in the plane. A vertical shift of kK units followed by a
reflection in y axis noves (& b) to (a b + k) and then to

(-a b+ k). In the reverse order, a reflection in y axis followed
by a vertical shift of kK units noves (a b) to (-a b) and then to
(-a, b+ k). The results are the sane.

Vertical shift, vertical expansion.

Reversing the order can change the result. For exanple, let (a, b)
be a point in the plane. A vertical shift of kK units followed by a
vertical expansion of h (h > 1) noves (& b) to (a, b + k) and then
to (a bh + kh). |In the reverse order, a vertical expansion of h
followed by a vertical shift of kK units noves (& b) to (a, bh) and
then to (a, bh + k); (a, bh + kh) # (a bh + k).

Hori zontal shift, vertical contraction.

Reversing the order does not change the result. Consider a point

(a, b) in the plane. A horizontal shift of kK units followed by a
vertical contraction of h (0 < h < 1) noves (a4 b) to (a + k, b) and
then to (a + k, bh). In the reverse order, a vertical contraction of
h followed by a horizontal shift of kK units noves (a, b) to (& bh)
and then to (a + k, bh). The results are the sane.

(A) The graph of the basic 64. (A) The graph of the basic

function y = Vx is function y = x° is reflected in
vertically expanded by the x axis, vertically
a factor of 4. contracted by a factor of

0.013, and shifted 10 units to
the right and 190 units up.

(B) Pl (B) i)
$20|:|_,.., ..... ere e

100
130

100
S0

a0

I I i I Ll gy
0 100 200 300 G 50 100
{thousands of skates)

CHAPTER 2 FUNCTI ONS AND GRAPHS



66. (A) Let x = nunber of kwh used in a winter (B) )y
nmonth. For 0 = x = 700, the charge is 100l
8.5 + .065x. At x = 700, the charge is -
$54. For x > 700, the charge is -
54 + .053(x - 700) = 16.9 + 0.053«x. [
Thus, 50
3 { 8.5 +.065x if 0< x <700 i
x) 16.9 + 0.053x if x > 700 I
B e —
700
68. (A) Let x = taxable incone. (B)
If O = x = 15,000, the tax due is
$.035x. At x = 15,000, the tax due
is $525. For 15,000 < x = 30,00, the
tax due is 525 + .0625(x - 15, 000)
= .0625x - 412.5. For x > 30, 000,
the tax due is
1,462.5 + .0645(x - 30, 000)
= .0645x - 472.5.
Thus,
0. 035x 0 < x £15 000
T(x) = {0.0625x - 412.5 15 000 < x < 30 000
0. 0645x — 472.5 x > 30 000
(© T(20,000) = $837.50
7(35,000) = $1,785

70. (A) The graph of the basic

function y = x3is vertically
expanded by a factor of 463.

0 0.5 1

"

EXERCI SE 2- 3

72. (A) The graph of the basic

function y = x is reflected in
the x axis and shifted up 10

units.
(B) Tix

LU T 1T e

ol 25 so 75 100 125
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10.
12.

14.

16.

18.

20.

22.

24.

30

X2 - 2x+1-6 4.-x2+8x-9-(x2-8x+9)
(x - 1) - 6 = -(x? - 8x + 16 - 7)
(X - D%+ 7

The graph of g(x) is the graph of y = x% shifted right 1 unit and down
6 units.

x2-2x-5

The graph of n(x) is the graph of y = x?

shifted right 4 units and up 7 units.
(A g (B m (Q n (D f

reflected in the x axis, then

(A) x intercepts: -5, -1; yintercept: -5 (B) Vertex: (-3, 4)
(O Maximum 4 (D) Range: y = 4 or (-, 4]

(E) Increasing interval: x = -3 or (-, -3]

(F) Decreasing interval: x =z -3 or [-3, «)

(A) x intercepts: 1, 5; yintercept: 5 (B) Vertex: (3, -4)
(© Mnimum -4 (D) Range: y = 4 or [-4, «)

(E) Increasing interval: x =z 3 or [3, )

(F) Decreasing interval: x = 3 or (-o, 3]

v

I\

g(x) = -(x +2)% +3
(A) x intercepts: -(x + 2)2 + 3=
(x + 2)%= 3
X + 2= £43
X =-2- 43, -2 + 48
y intercept: -1
(B) Vertex: (-2, 3) (O Maxi mum 3 (D) Range: y = 3 or (-, 3]

n(x) =(x- 42-3

(A) x intercepts: (x - 4)2 -3=0
(x - 4)2=3
X - 4= %43
x=4 - 3, 4 + 43

y intercept: 13
(B) Vertex: (4, -3) (O Mnimm -3 (D) Range: y = -3 or [-3, ®)

y -(x-4)2+2

[x - (-3)]%2+1or y=(x+3)2+1

y

g(x) = x> - 6x+5=x>-6x+9-4=(x-3)2- 4
(A) x intercepts: (x - 3)2 - 4=0

CHAPTER 2 FUNCTI ONS AND GRAPHS



(x - 3)2=4
X - 3= %2
x=1, 5
y intercept: 5

(B) Vertex: (3, -4) (O Mnimum -4 (D Range: y =z -4 or [-4, )

EXERCI SE 2-3 31



26. S(x) = -4x> - 8x - 3=-4[2+2x+%J=
(A) x intercepts: -4(x + 1)2 +1=0
4(x + 1)%= %
x +1)2 = =
( ) 41
X + 1= =
2
3
X =-=, -
2
y intercept: -3
(B) Vertex: (-1, 1) (O Maximum 1
28. UX) = .5x° + 4x + 10 = .5[x% + 8x + 20]

Bl(x + 4)2 + 4]
5(x + 4)% + 2

(A) x intercepts: none
y intercept: 10
(B) Vertex: (-4, 2) (O Mnimum 2
30. g(Xx) = -0.6x% + 3x + 4 (B)
(A) g(x) = -2 -0.6x%> +3x + 4 = -2
0.6x°> - 3x - 6 =0
10
-10 / 10 -10
] ] /
w=-1l.Ex11z9 Y=
-10
x = -1.53, 6.53
(O g(x) =8 -0.6x> +3x +4 =28
-0.6x> +3x - 4=0
0.6x> - 3x +4 =0
5
-2 6
|
-1

No sol ution

32 CHAPTER 2 FUNCTI ONS AND GRAPHS

-4[2+2x+1—

3

-4[(x +])2—%J = -4(x + 1?2+ 1
1
2
(D Range: y =1 or (-, 1]
= .5[x? + 8x + 16 + 4]
(D) Range: y = 2 or [2, ®)
g(x) =5 -0.6x° +3x +4 =5
-0.6x2 +3x - 1 =0
0.6x> - 3x +1 =0
10
/ 10
2k
n= BRIz (Y=
-10

x = 0.36, 4.64



32.

34.
36.

38.

40.

46.

Using a graphing utility with y = 100x - 7x° - 10 and the cal cul us
option with maxi nrum command, we obtain 347.1429 as the maxi num val ue.

The graph is entirely above or below the x axis.

0.20(x? - 8x - 5)
= 0.20[(x - 4)2 - 21]
0.20(x - 4)% - 4.2
(A) x intercepts: 0.20(x - 4)2 -42=0
(x - 4)2=21
X - 4= %£421
X

nx) =0.20x% - 1.6x - 1

N21 = -0.6, 4 + 21 = 8.6

I
SN

y intercept: -1

(B) Vertex: (4, -4.2) (O Mnimm -4.2
(D) Range: y = -4.2 or [-4.2, °

-0.15x% - 0.90x + 3.3
= -0.15(x% + 6x - 22)

= -0.15[(x + 3)2 - 31]
= -0.15(x + 3)2 + 4.65

n( x)

(A) xintercepts: -0.15(x + 3)2 +4.65=0
(x + 3)2= 31
X + 3= %31

Xx=-3- 31 =-8.6, -3 + 31

y intercept: 3.30

(B) Vertex: (-3, 4.65) (© Maxi mum 3. 30
(D) Range: x = 4.65 or (-° 4.65]

10 42. 10 44, 10
-10 10 -10 /4!/-\ 10 -10 \ j 10
A -,-=¢.\ B razode -.-:u\ ﬁgg??z&z&\t{
10 -10 -10
x = -1.27, 2.77 -0.88 = x = 3.52 x<-lor x>272
f is a quadratic function and max f(x) = f(-3) = -5

Axis: x = -3

Vertex: (-3, -5)

Range: y = -5 or (-, -5]
X intercepts: None

EXERCI SE 2-3 33



(A)

\.\
—~
<
p—
I

g(x): -0.7x(x - 7) = 0.5x + 3.5
-0.7x> + 4.4x - 3.5 = 0

_ -4.4%4.4%-(0.9(3.9 003 5 35
-1.4 o

(O f(x) > g(x) for 0.93 < x < 5.35

(B)

(D) f(x) <g(x) for 0 = x <0.93 0or 5,35 < x =7
4
(A 15 C
10
5
"
0 5 10

g( x): -0.7x% + 6.3x = 1.1x + 4.8
-0.7x%2 - 5.2x - 4.8 =0
0.7x%> + 5.2x + 4.8 = 0

_ 5.2%+5.22-(0.9(4.8 _ L o8 6. 38
1.4 b

(B) 7(x)

(© f(x) > g(x) for 1.08 < x < 6.35

(D) f(x) <g(x) for 0 = x < 1.08 or 6.35 < x =9

f(x) = x? and g(x) = -(x - 4)2 are two exanples. The vertex of the
graph is on the x axis.

f(x) = -0.0206x% + 0.548x + 16.9

(A X 0 5 10 15 20 25
Mar ket share | 17.2 18. 8 20.0 | 20.7 [20.2 |17.4
f(x) 16.9 19.1 20.3 | 20.5 |19.6 |17.7
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y

LN

15+

(B)

101

} } } } } X
0 5 10 15 20 25
Years since 1980

(© For 2010, x = 30 and
f(30) = -0.0206(30)2 + 0.548(30) + 16.9 = 14.8%

For 2015, x = 35 and
f(35) = -0.0206(35)2 + 0.548(30) + 16.9 = 10. 8%

58. (A) R (B) Rx) = 2,000x - 60x°
16,000’; - _60lx? — @XJ
ooer 130 2500 2500
I = -60{x% - —x + - J
8,000 I A 3 9 9
4,000 |
! 50 2500
e 3 9
5 10 15 20 25 |
_ g0y _ 50) , 50 000
3 3

16. 667 t housand conput er s( 16,667 conputers) ;
16, 666. 667 t housand dol | ars ( $16, 666, 667)

(O p(SOJ = 2,000 - 60(%?) = $1, 000

3
60. (A y (B) Rx) = dx)
e oos? c x(2,000 - 60x) = 4,000 + 500x
I . 2,000x - 60x%= 4,000 + 500x

120001 60x2 - 1,500x + 4,000= 0

8,000 6x° - 150x + 400= 0

2000 B x= 3.035, 21.965
Ly Br eak- even at 3.035 thousands (3, 035)
5 10 15 20 25 and 21. 965 thousand (21, 965)

(C Loss: 1 = x < 3.035 or 21.965 < x = 25;
Profit: 3.035 < x < 21.965
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62. (A AXx) = Rx) - dX)
= 1,500x - 60x%> - 4,000
16,000 c (O Intercepts and break-even
R points: 3,035 conputers and
12,000 21,965 conputers
8,000 (E) Maximumprofit is $5, 375, 000
4,000 when 12,500 conputers are
L NS produced. This is nuch smaller
5 10 15 205 t han the maxi mum revenue of
000 P $16, 666, 667.
64. (A) Solve: f(x) =1,000(0.04 - x?) = 30 (B) 40
40 - 1000x% = 30
2 _
1OOOX2 = 10 0 0.2
x“=0.01
x=0.10 cm !_:n;:.-air:-zcti-:-r. —
_ 0
66.  [*U2iEiec
=9, 14285716 -7
itk it
A For x = 2,300, the estimated fuel consunption
n is y = a(2,300)2 + b(2,300) + ¢ = 5.6 npg.
EXERCI SE 2-4
2. (A g (B f (O h (D k
X
4, y =3% -3 =x=3 6.y=(%]=3'x,-3sxs3
X |y J X1y -
3L 5 =3[ 27 30
27 b -1| 3 1
1| 3 0| 1
0 1 20 1 % k20
1| 3 ) ] \
3|27 ] 9 \
10 10
] \
V. \d
X =t % X
-4 0 4 -4 0 4
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8. g(x) =-3% -3=x=3 10. y = -€*, -3 = x =3
X y 2 “
X - " X y —i — X
3| 27 A 1 3 [ = —0.05 -4 N
-1 -3 / 1| =-0.4 \
o - 0|=~-1
1| o Y22 3
- L i 3| =-20
-0
-20
L ]
-3 —EEEI l
12. y = 10e% %X, -10 = x = 10 14. f(t) = 100e %1 .5 <t <5
X y 4 x|y ]
-8 ~ 2.0 F 3 | =135 ~4200
-6 ~ 3.0 f -1 | =111
0 10.0 / 0 100
6 ~ 33.2 1] =90 X\
8 ~ 49.5 50 J 3| =74 3
10 ~ 73.9 f 5| =60 s
£ 410
J H‘h
25 [ o
- t
L o x
-10 0 10 - . 2
X
16 102X + 3 18 f_x - eX-(].-X) - e2X -1 20 (38- 14X)2 - 98-2.8X
e

22. g(x) = f(x - 2); the graph of gis the graph of f shifted 2 units to

the right.
5 5
Hﬂi/l/ =g H-2D L/
-5 5 -5 5
H=n V=1 W=z V=1
-5 -5
f(x) =2 glx) =2%2
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24. g(x) = -f(x); the graph

of gis the graph of f reflected in the x
axi s.
5 5
=z"0 /l/ =-F"1
-5 5 -5 5
A0 =1 4=0 W;}i
-5 -5
f(x) = 3" g(x) = -3"
26. g(x) = f(x) - 2; the graph of gis the graph of f shifted two units
down.
5 5
'|'1=-z"‘IZHJ/ M=t iii-2 /
-5 5 -5 5
=0 =1 =0 F=-1
-5 -5
f(x) = e

g(x) = e - 2

28. g(x) = 0.5f(x - 1); the graph of g is the graph of f vertically
contracted by a factor of 0.5 and shifted to the right

1 unit.
5 5
'|'1=-2“('H:lw\¥ M= 5= (H=-102
-5 5 -5 5
EH =i =l Y=£
-5 -5
f(x) = e X g(x) = 0.5 (x°1)
30. (A (B) (O (D)
y y y y
5 f 5 5 5
/ / / <=
< —1 / / \
d N
X =] X / X X
15 15 15 15
\
L \
<
5 5 5 5 &
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32. qt) =310 200 =t =200 34. y=2+ €2 -1=sxs<5
X1y G X y
200 | L 1] =20 H
? [ 0| =21 ;
-100 | 1 ) 1| ~2.4 i i
ol 1 3| =~4.7 20
100 3 5| =22.0
200 | 9
)
~10 ]
i
. *
e x
—i i 1
~250 250 . 2
36. y= e .3<x=<3 38. Mx) =e¥2 + X2 5 <x=<5
X y 4 X y "
-3 ~0 T -5 ~12.2 -
-1 | =0.4 Ty -3 ~ 4.7 & i #
0 1 m -1 = 2.3 110 #
1 | =0.4 0 2 7
3 =0 y. 1 ~ 2.3 % f
~ X o
ZARER S INU S o
-4 0 4 X
5 0 5

X | AXx) Y
1
1) 3 i
0 1
1 1 b
2
1 -3 0 3
512
42. a = 2, b = -2 for exanple. The exponential function property: For

x =0, a& =pbp“if and only if a = b assumes a > 0, b > 0.
- 54X- 2

(&)
w
>
|

44. inplies 3x = 4x - 2 or x = 2

46. 7% = 72 * 3 inpliesx® = 2x + 3
x> - 2x-3=0
(x - 3)(x+1) =0o0or x =-1, 3
48. (1 - x)° =(2x - 1) inplies 1 - x=2x- 1if x <1 and x > %.

So 3x =2 or x = % is a solution since % < X - % < 1.
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50. 2xe’ ¥ = 0 52. x%e* - 5xe¥ =0
2x=0 (since e* = 0) x(x - 5e =0
x=0 x(x - 5 =0 (since & = 0)
x =0, 5
54. n{x) = x(3%), 0=x =3 _ 200 _ -
56. M t) =71+ 301 0=t =5
H H
X n{ x) 5
200
0 0 Yt
1 5 ., \ t | No) /
2 ot 4
3 5 ' x 1 |= 95
. 1 2 | = 142 100 /
3 |= 174 /
5 |= 196 d’
0 5
58. f(x) =5 - 3% 60. f(Xx) =7 - 2x% + 27X
Solve 5 - 37X =0 Solve 7 - 2x2 +2X=0
x = -1.46 X = -6.05 -2.53, 1.91
N
62. A= F{l + ;J , we have:
1
(A) P=4,000, r =0.07, m=52, t =%
(52) (1/ 2)
A = 4,000(1 + 0527) = 4,142. 38

64.

Thus, A = $4, 142. 38.

(52) (10)
(B) A = 4, 000(1 + 0;527)

Thus, A = $8, 051. 22.

= 8, 051. 22

A= Pe'l with P= 5,250, r = 0.0745, we have:
(A) A = 5,250¢(0-0745)(6.25) — g 363, 30.

Thus, there will be $8,363.30 in the account after 6.25 years.

(B) A = 5,250e(0-0745)(17) = 18 629. 16
Thus, there will be $18,629.16 in the account after 17 years.
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66.

68.

70.

72.

40

(A A= F{l + %Jnt.

Here P = $10,000, r = 0.055, m= 4, t =5 years.
0. 055

0
Thus, A = 10, 000(1 + J2 = $183, 140. 67.

nt
(B) A= F{l + %J , Where Pand t are as in (A and r = 0.0512,
0
m= 12. Thus, A = 10, 000(1 + 0. 2;12)6 = $12, 910. 49.
F T
(O A= P(l + ;7) , Where Pand t are as before and r = 0.0486,

365
m= 365. Thus, A = 10, 000(1 + 0'3064586]3 = $12, 750. 48.

Gven N=40(1 - 9%y 0=t =30

!
N
40 ——=3
fi""
30
"F
20 ,f
!
10
!

_1{ ;
1020 30

Maxi mum nunber of boards an average enpl oyee can be expected to
produce in 1 day is 40.

(A EZZBf:EAX (B) The nodel gives an average
2=834, 8429666 sal ary of $2,039,000 in 1997.
b=1.1360845052 I ncl usi on of the data for 1997 gives

an average of 20,400,000 in 2015.
]
: - -0.00942d
Gven | = G

(A | = ,06-0.00942(50) - ,09-0.471 = 1,(0.62)
Thus, about 62% of the surface light will reach a depth of 50 ft.
- -0.00942(100) _ -0.942 _
(B) I = I,e (100) =/ e =~ 1,(0. 39)
Thus, about 39% of the surface light will reach a depth of 100 ft.
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74. (A N= Ne'', where Ny =25 r = 0.01. Thus
N = 250 01

(B) Since 2006 is year 0, for 2002 we need to take t = -4.

N = 25e(0-0D(-4) < 24 000, 000
For 2014, t = 8 and

N = 259 91(8) < 27 000, 000

N
(O 301
H_'_'_'_'_'_'_'_,_—C
L
20 +
10 +
} } } } t
0 2 4 6 8
Years since 2006

76. (A) P = 750 023!
(B) For 2015, t = 9 (since 2006 is year 0) we have:
p = 75e%-923(9) = 92 nillion.
For 2030, t = 24 and
p = 759 923(24) < 130 nillion.
=]

(O 150 4
100 -/
L
50 +
} } } } t
0 6 12 18 24
Years since 2006

ExFrEe3
u=g*¥b"x

78. a=7l.52589222
b=1.882478382

For x = 45, we have
= ab*®® = 79.9 years

<
|
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EXERCI SE 2-5

2.

8.

14.

16.

18.

20.

26.
30.

32.

36.

42.

44.

46.

48.

50.

42

32 = 2° 4. e =1 6. 27 = 932
2
logg 36 = 2 10. log,, 9 = 3 12. log, M= Xx
log, 1 = y is equivalent to e’ =1; y = 0.
log,, 10 = y is equivalent to 10¥ = 10; y = 1.
log,; 13 = y is equivalent to 13 = 13; y = 1
09,4 10°° = -5 22. log, 3° =5 24. logg 36 = | ogg 62 = 2
log, FG=log, F + log, G 28. Iogbm}5:15 l og, w

Log, P = (Log, A (Log; R (change of base formila)

or Log, P = LogsP
LogsR
log, x = 2 34. logy 27=y
x = 22 log, 27= 109, 3% =3 log, 3 = 3
x =4 Thus, y = 3
log, €2 = -2 1 40. | 1) -
b 38. log,e X =72 : 0949;—,\/
-2Iogbe=-2 or Iogbezl 5112 1
X =
Thus, b = e X =5 7 = 49Y
1
y =-2
2
Iogb4:§
4 = b¥3  Taking square root from both sides, we have
pt'3 = 2 Cubi ng both sides yields
b =8

Fal se. Take f(x) = x3 - x, then f(-1) = f(0) = f(1) = 0.

True. Indeed the graph of every function (not necessarily one-to-one)

intersects each vertical |line exactly once.

False. x = -1 is in the domain of f, but cannot be in the range of g.
True. y =1log, x inplies that x = b. 1f b>1, then as y increases so
does b”. Therefore, the inverse of x = b which is y = log, x nust be

i ncreasing as wel|.
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52.

54.

56.

58.

60.

62.

64.

66.

True. Since gis the inverse of f, then (a b) is on the graph of f
if and only if (b, a is on the graph of g. Therefore, f is also the
i nverse of g.

2
log, x = §Iogb 27 + 2 1log, 2 - log, 3
_ 2 3
= glogb 3 +21log, 2 - log, 3
=21log,3 +21l0g,2- log,3=1o0g,3 + 2 1log, 2
= log, 12

Thus, x = 12.

1
log, x=3 log, 2 + Elogb 25 - log, 20
=log, 8 +1log, 5 - log, 20
40
= log, 40 - log, 20 = log, 250 =1log 2
Thus, x = 2.
log,(x +2) + log, x=1log, 24
log, x(x + 2) = log, 24
X(x +2) =24 or x> +2x - 24 =0 or (x - 4)(x +6) =4
Thus, x = 4. [Note: x = -6 is not a solution since log,(-6) is not
defined. ]
log,o(x + 6) - logo(x - 3) =1
X + 6 ) ) X + 6
log,px - 3 =1linplies that >3 = 10 or
X + 6 =10x - 30 or 9x = 36 or x = 4.
X y H
y =log;(x + 2) __g% 3
x+2 =23 ._%; )
x =3V -2 5|1
3 H
-1 0
1 1
7 2
25 3
The graph of y = 1logs(x + 2) is the graph of y = 1log; x shifted to the

left 2 units.

Since logarithmc functions are defined only for positive "inputs",
we nust have x - 1 > 0 or x > 1; domain: (1, »). The range of
y=1log(x - 1) - 1is the set of all real nunbers.
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68. (A) 1.86096 70. (A) log x = 2.0832

(B) -1.48095 x = 121. 1156
(C) 10.60304 (B) log x = -1.1577
(D) -5.12836 x = 0.0696
() Inx = 3.1336
X = 22.9565
(D) Inx = -4.3281
x = 0.0132

72. 10% = 153 (Take conmon | ogarithnms of both sides)
| og 10¥= 1 0og 153 = 2. 1847

x = 2.1847 (log 10¥ = x log 10 = x; log 10 = 1)

74. e = 0.3059 (Take natural logarithns of both sides)
In e=1n 0.3059 = -1.1845

X =-1.1845 (Ine&* =x Ine=x; Ine = 1)

76. 1.075% = 1.837 (Take either common or natural |ogarithms of both sides.)
We use natural |ogarithns.

In 1.075% = In 1.837
In 1.837
X =Tn 1.075 = 8.4089
78. 1.02% = 2 (Take ei t her common or natural |ogarithns of both sides.)
Here we' Il use common | ogarithns.
log 1.02% = |og 2
| og 2
80. y=-Inx, x >0 82. y = 1n| x|
X y X y y
0.5 [ = 0.69 %K =161 ;
1 0 -2 0. 69
<+ —~>
2 ~ —0. 69 1 0 e - y e
4 ~ —1.39 » 2 | =0.69 X
5 ~-1.61 0 o 5 5|=1.61 -2 2
-3 -3
decreasing (0, ) decreasing (-, 0)

increasing (0, ®)
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84. y=21Inx + 2 86. y =4 In(x - 3)
X y X y
0.5[=0062 1 41 0 0t ;
1 2 w4 6 | =~ 2.77 .
2 ~ 3.38 H,f’ 8 | ~6.44 B
4 ~ 4.78 4 / 10 | = 7.78
5 ~ 5.52 12 | = 8.79 0 f-5 10
/ »
0 5 -10 i

88.

90.

92.

94.

increasing (3, «)

-3

\

increasing (0, «)

It is not possible to find a power of 1 that is an arbitrarily
sel ected real nunber, because 1 raised to any power is 1.

log, x - log, 25 = 0. 2¢
X
log, 25 = 0.2t
X
Therefore, 55 = €% 2!, and x = 25€% 2!
5 . S "
pr— A function f is "larger than" a
- function g on an interval [a, b] if
1| 16 f(x) >g(x) for a = x = b.
' r(x) > q(x) > p(x) for 1 < x = 16,
=BE . . . P=Z.04OBERE . that is x > Xx > log x.
0
1 < x =16
From t he conpound interest formula A= A1 + r)t, we have:

2P = A1 + 0.0958)! or (1.0958)! = 2
Take the natural |og of both sides of this equation:

In(1.0958)! = In 2 [Note: The common | og coul d have been used
i nstead of the natural |o0g.]
In 2
In2 _0.69315

I n(1. 0958  0.09148

t 1n(1.0958)

= 8 years
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96. A_P(1+rn)

For P = $5,000, A = $7,500, r = 0.08, m= 2, we have:

t
7,500 = 5, 000(1 + 0'208)2
(1 + 0.04)20 = 7500 g
5 000
2t 1n(1.04) = In(1.5)
t= 109 507 vears
21 n(1. 09

| f conmpounded nonthly, then m= 12 and

2t
7,500 = 5,001 + 2%
2t
(1+ 0.081" _ 15
2
12t In@_+ 0'08]= In(1.5)
= | 1. 52) oay = 5.09 years
121 n( + 555 )

98. 6,145 screwdrivers at $46. 77 each

/ 0-13
100. (A) N =10 log 7~ =10 log 7,16 = 10 log 10% = 30

3.16 x 10710 6
(B) N= 10 | og 1010 = 10 log 3.16 x 10° = 65
10°8 8
(O N=10 log 16 = 10 log 10° = 80
10°1 15
(D N=101log ;516 = 10 log 10* = 150
102. LEEEEblm{

a=-3337H. 2A369
b=18372. 83463

For 2015, x = 115 and
y = -39, 370. 20369 + 10,572.08468(115) = 10,794 mllion bushels.
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