Chapter 3

Exponential and Logarithmic Functions

Section 3.1

Check Point Exercises

3.

f(x)=42.2(1.56)*
£(3)=42.2(1.56)° ~160.20876 ~ 160
According to the function, the average amount spent

after three hours of shopping at the mall is $160.
This overestimates the actual amount shown by $11.

Begin by setting up a table of coordinates.

x| f(x)=3*
3| f(-3)=373 :%7

2| f(=2)=32=¢
1
3

-1| f(-D=3"=
0| f(0)=3%=1
1 f=3'=3

2 | f(=3%2=9
30 f3)=33=27

Plot a few of these points, connecting them with a
continuous curve.
y

(_1,1) S|
3 1, 3)-

Sx) =3~

Begin by setting up a table of coordinates.

v | F@=()
-2
2 (4=
SN
o (-
D
2| '
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Plot a few of these points, connecting them with a
continuous curve.

y
N Y
(=13) 3
10, 1)
X
Sf@) = G)

Note that the function g(x)=3" ! has the general
form g(x)=b""" where ¢ =—1. Because ¢ <0, we

graph g(x)= 3 by shifting the graph of f(x)=3"
one unit to the right. Construct a table showing some
of the coordinates for fand g.

x| f(x)=3" | g(x)=3""

-2 _1 —2-1 _ -3 __1
2| 3 =5 |3 370 =5
-1_1 —1-1 _,—2 _ 1
-1 37 =3 |37 =37 =5
0 _ 0-1 _1-1_1
0] 30=1 | 301=371=3
1 =3 | 31=30=
2| 3%2=9 | 3>1=31=3
vy /g
a3y
3.3
(0, 1), (1, 1)
$x
Sl =3~
g(x)=3x—l
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Chapter 3 Exponential and Logarithmic Functions

5.  Note that the function g(x)=2" +1 has the general
form g(x)=b" +c¢ where ¢ = 1. Because ¢ >0, we
graph g(x)=2" +1 by shifting the graph of

£(x)=2" up one unit. Construct a table showing
some of the coordinates for fand g.

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

272 41=

+1=

2741=141=

= | =
ST N

0| 20=1 204 1=1+1=2
1| 2'=2 2l 41=2+1=3
2| 22=4 | 22+1=4+1=5

Sog
=

Slx) =2*
gx)=2v+1

6. 2017 is 39 years after 1978.
£ (x) = 1145620325
£(39) =1145932539) < 4067

In 2017 the gray wolf population of the Western
Great Lakes is projected to be about 4067.

rnt
7. a. A:P(l+—j
n

4(5)
A=10,000 l+¥

=$14,859.47
b. A=Pe"

A=10,000¢%980)
=$14,918.25

Concept and Vocabulary Check 3.1
L 0% (—e0,0); (0, =)

2. x; y=0; horizontal

3. e; natural; 2.72

4. A; P, r;n

5. semiannually; quarterly; continuous
Exercise Set 3.1

1. 2*=10.556

2. 34213967

3. 3V5 <1166

4. 5\/5 =~16.242

5. 479 =0.125

6. 6'7=0.116
7. 7 =9.974

8. &% =29964
9. ¢"7=0387

10. %7 <0472

x | f(x)=4"
11. S
-2 4 :E
_]_1
-1 4=l
0| 4°=1
1 4l =4
21 42=16
1 z 1171
_1,_> e
( 4 \[[l
(0; 1
X
Sx) =4*
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12.

13.

14.

Section 3.1 Exponential Functions

x| g(x)=5% g (0, 1) ;
Y P e EERT .9
-1 57'=1 — -
[
1| s'= gy
2| s2=25 gm_<§>
<-1,%\. 5 (1,5) x| h)=(3)
Il()l,ll)l__x 15. 5 (%)—2=4
-1
[
fom 0| @)
1
x| gx)= (%)x ! (%)2 =%
L (%)‘2=§ 2| (3) =%
-1 Y4 0,1
e ALy
0 (§)0=1 ) /
2 X
G-
2| @)= o= (3]
2 X (/0’1) 3 x
FaEa ) |-
» .
. 16. i (%)-2:9
: SN
co-(3 e
1
X g(x)=(%)x 1_ (%) :%
a2 2| (4=
272 e
S EREY
_ (-1,3)
o] ur- iy
1
1 G)=s
2 | (¢ - i =(3)
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Chapter 3 Exponential and Logarithmic Functions

17.

19.

20.

21.

22.

23.

414

x | f(x)=(06)"
21 (0.6)2=27
-1] (06" =1.6
0] (0.6)°=1

1| (0.6) =06
2 | (0.6)> =036

S\ TR0
U3 i

S@) = (0.6)*

x | f(x)=(0.8)"
-2 1 (0.8)% =1.5625
~1| (0.8)7'=1.25
0 0.8)° =1

1 0.8)! =0.8

2 | (0.8)%=0.64

5
(—1, 7) 40,1

= 4
1_
)

S@&) =(0.8)*

This is the graph of f(x)=3" reflected about the x-
axis and about the y-axis, so the function is
H(x)=-37%.

This is the graph of f(x)=3" shifted one unit to the

right, so the function is g(x)=3"".

This is the graph of f(x)=3" reflected about the x-

axis, so the function is F(x)=-3".

This is the graph of f{x) = 3*.

This is the graph of f(x)=3" shifted one unit

downward, so the function is A(x)=3* 1.

24.

25.

26.

27.

This is the graph of f(x)=3" reflected about the y-

axis, so the function is G(x)=3"".

The graph of g(x)= 2™ can be obtained by shifting

the graph of f(x)=2" one unit to the left.

yr8f
2) IS
ll [

HoA.2)

(0,
H

(

asymptote: y =0

domain: (—eo,0); range: (0,e0)

The graph of g(x) = 22 can be obtained by shifting

the graph of f(x)=2" two units to
the left.

e~

Sx) =2~
g) = 2x+2

asymptote: y =0
domain: (—eo,0); range: (0,e0)

The graph of g(x)=2" -1 can be obtained by
shifting the graph of f(x)=2" downward one unit.

1T
111
11

(O,

Zonl'=

s
=

=\
-
I}
|
[y

m((

i
1
f@ =2
g =2"-1

1T

asymptote: y =—1

domain: (—ee,0); range: (—1,0)
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28. The graph of g(x)=2"+2 can be obtained by
shifting the graph of f(x)=2" two units upward.

0,3) %5 1.2)
8 y=2
f 5 x
(0, 1)
1
[T1T
fx) =2%
glx)=2%+2

asymptote: y =2

domain: (—oo,0); range: (2,eo)

29. The graph of A(x)= 2" _1 can be obtained by
shifting the graph of f(x)=2" one unit to the left

and one unit downward.

y
Sl
b sy
f ]
h 7 y=-1
(=1,0)
|
o
Sy =2*

h(x)=2*t1-1

asymptote: y =-1

domain: (—eo,0); range: (—1,0)

30. The graph of A(x) = 22 _1 can be obtained by
shifting the graph of f(x)=2" two units to the

left and one unit downward.

YAh S
[N AT T
HHHHAAH
(-1, HAF1L2) ]

SEEir g

Coonn
HHHHHH
LTTT1 [ TT1
fx) =2%

asymptote: y =-1

domain: (—ee,e0); range: (—1,0)

31.

32.

33.

Section 3.1 Exponential Functions

The graph of g(x)=-2" can be obtained by
reflecting the graph of f'(x)=2" about the x-axis.

flx) =2¥
glx) = =2%
asymptote: y =0

domain: (—eo,0); range: (—eo,0)

The graph of g(x)=2"" can be obtained by
reflecting the graph of f(x)=2" about the

y-axis.

asymptote: y =0

domain: (—eo,0); range: (0,e0)

The graph of g(x)=2-2% can be obtained by
vertically stretching the graph of f(x)=2" bya

factor of two.

(-1, =

Sx) =2*

asymptote: y =0

domain: (—eo,e0); range: (0,e0)

Copyright © 2018 Pearson Education, Inc. 415



Chapter 3 Exponential and Logarithmic Functions

34. The graph of g(x)= % -2% can be obtained by

vertically shrinking the graph of f(x)=2" by
a factor of one-half.
Yy fg

~

|

|

|
0, npEA 2 2)

|

|

|

asymptote: y =0

domain: (—oeo,0); range: (0,c0)

35. The graph of g(x)=¢€* ! can be obtained by moving
f(x)=¢€" 1 unit right.

1 % AT
e
A x
OIS
[TTT
gy =er1

asymptote: y =0

domain: (—eo,0); range: (0,e0)

36. The graph of g(x)=¢e" 1 can be obtained by moving
f(x)=e" 1 unit left.
y

(o
¢ (0, &)
X
(-1,1
|
LITTT
g(x)=ex+1

asymptote: y =0

domain: (—oeo,0); range: (0,c0)

37.

38.

39.

The graph of g(x)=e* +2 can be obtained by

moving f(x)=e" 2 units up.

1. 3
Rl AT
1. = | AENRARER
<l’e+2/ (,1;?+2)
Oa )__y=2
X
gx)y=e"+2

asymptote: y =2
domain: (—eo,c0); range: (2,e°)

The graph of g(x)=e* —1 can be obtained by

moving f(x)=e" 1 unit down.

y
5 H
l(1l,e—1)
(0, 0) 5 x
i y=-1
)
e
gx)=e" -1

asymptote: y =-1

domain: (—oo,0); range: (—1,0)

The graph of 4(x)=e*"! +2 can be obtained by

moving f(x)=e* 1 unit right and 2 units up.

y
(0,%+2\ i

).

1]
||
2, e+

y

N~ _

5]

)
=2

5x
a,3)7

h(x)=e* 142

asymptote: y =2
domain: (—eo,0); range: (2,0)
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40.

41.

42.

The graph of /(x)=e*"' —1 can be obtained by

moving f(x)=e" 1 unitleft and 1 unit down.

Yy
y M
I
IIIIIII
0,e—1)
(=1,0) 5 x
!4| y=_1
1\
(251

hx)=e*t1-1

asymptote: y =—1

domain: (—eo,e0); range: (—1,00)

The graph of h(x)=e ™ can be obtained by

reflecting f(x)=e" about the y-axis.

y

NS ]
|HEE| [\\" I I |
(_]’el (0 ]l)——

h(x) = e~

asymptote: y =0

domain: (—oeo,0); range: (0,c0)

The graph of 4(x)=-e* can be obtained by

reflecting f(x)=e* about the x-axis.

asymptote: y =0
domain: (—eo,0); range: (—eo,0)

43.

44.

45.

Section 3.1 Exponential Functions

The graph of g(x)=2e" can be obtained by
stretching f(x)=e" vertically by a factor of 2.

&1% S
Te (1,2¢)
T 11

g(x) = 2¢*

asymptote: y =0
domain: (—eo,0); range: (0,e0)

The graph of g(x) = %ex can be obtained by

shrinking f(x)=e" vertically by a factor of % .

LA

5 x

s
g(x)=%e"

asymptote: y =0
domain: (—eo,0); range: (0,e0)

The graph of h(x) = ¢** +1 can be obtained by

stretching f(x) =e” horizontally by a factor of 2 and
then moving the graph up 1 unit.
y

5 1
AL,
2
B io1
11 S x
<?e+5

h(x) = e2* +1

asymptote: y =1

domain: (—eo,0); range: (1,e0)
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Chapter 3 Exponential and Logarithmic Functions

1
46. The graph of A(x) = 2" +2 can be obtained by

shrinking f(x)=e”* horizontally by a factor of %

and then moving the graph up 2 units.
y

(0, 3)

(2—+2}\ 2e+2)

h(x) =e¥2 +2

asymptote: y =2

domain: (—eo,c0); range: (2,eo)

47. The graph of g(x) can be obtained by reflecting f{x)
about the y-axis.

y

IIIIIk Alel 1]
[HEE-11 N VARN
(_li?)l _(1a3)

|
S0 *

TTTT

11T

LT T1

JS@)

g(x)=

asymptote of f(x): y=0
asymptote of g(x): y=0

48. The graph of g(x) can be obtained by reflecting f{x)
about the x-axis.

s f
] AL T
AR
0, 1) 1,3)

5 x

0, -DH¥ 1, -3)

LTI V]

LITTT AINEEN|
g
Sx)=3*
glx) = -3*

asymptote of f(x): y=0
asymptote of g(x): y=0

49. The graph of g(x) can be obtained by vertically
shrinking f{x) by a factor of % .

TTTT 5 l‘ﬂ I
a2 o

0, 1)

I

Sf@) =
g(x) = % .3

asymptote of f(x): y=0
asymptote of g(x): y=0

50. The graph of g(x) can be obtained by horizontally
stretching f{x) by a factor of 3..

TT T T = lATAl
[

>
-
w
~
U

Sx) =3*
glx) =3-3%

asymptote of f(x): y=0
asymptote of g(x): y=0

51. The graph of g(x) can be obtained by moving the
graph of f{x) one space to the right and one space up.

fy
H ©, 3)]
(-1,2)2 -(1,2)
y:l g
5 x

0, 1)

HH

TTTT

f(x)=(%>

x—1
g =(%> +1

asymptote of f(x): y=0
asymptote of g(x): y=1
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52. The graph of g(x) can be obtained by moving the

53.

54.

graph of f{x) one space to the right and two spaces
up.

0.4
(_1, 2) (Il’l 3')
y=2 4
:(05 1) 51X
(3

x—1
g(x)=<%> +2

asymptote of f(x): y=0
asymptote of g(x): y=2

2(5)
a.  A=10,000 1+$
~$13,116.51

4(5)
b. A=10,000(1+%{55J

= $13,140.67

12(5)
c. A=10,000{ 1+ 0.055

=§13,157.04

d. A4=10,000e"9°®)
~$13,165.31

2(10)
a. A= 5000(1 +$J =~ $9479.19

0.065

410
b. A= 5000(1 + j =~ $9527.79

i

12(10)
A= 5000(1 +%) = = $9560.92

d.  4=5000(e)" %" < 9577.70

Copyright © 2018 Pearson Education, Inc.

5S.

56.

Section 3.1 Exponential Functions

12(3)
A=12,000]1 +%

14,795.11 (7% yield)

A= 12’ 00060'0685(3)
~14,737.67 (6.85% yield)

Investing $12,000 for 3 years at 7% compounded
monthly yields the greater return.

U

4(4)
A= 6000(1 4 00825 j

~ $8317.84 (8.25% yield)
0.083 jz(“)

A= 6000(1+

=§ 8306.64 (8.3% yield)
Investing $6000 for 4 years at 8.25% compounded
quarterly yields the greater return.

x [ f)=2"|gx)=2""
L L 4
4
-1 l 2
2
0 1 1
1 2 1
2
2 4 1
4
y
EmY ymun|
R JI 1]
LY 111
gy =27% Sl =27
(-12) 1,2)
11 x
(0, 1)
1111

The point of intersection is (0,1).
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Chapter 3 Exponential and Logarithmic Functions

58.

59.

60.

420

x f(x) — 2x+1 g(x) — 2—x+1

8

|
—_
A~ —

| —| =[N &

1 1]
1 11
11 / 111
x+1 f(x)
(-1,4) (1,4)

=x+1

1|
(0,2)

L1l

X

The point of intersection is (0,2).

x | y=2F y | x=27
Ll L o L
4 4
g L 4 L
2 2
0 1 0 1
1 2 1 2
2 4 2 4
y
@9 fHfr=2
H 4,2
i =2
T R
AR
[ y L
COH a0
x | y=3F y | x=37
L L ol 1
9 9
g 1 o 1
3 3
0 1 0 1
1 3 1 3
2 9 2 9

61.

62.

63.

64.

65.

,-.

e
W ||
2

.

G D7, =3

N
[y
s
@l=FrIT
|
-l
T
—-—
ey
re
Ce -
C—
=

The graph is of the form y =b*.

Substitute values from the point (1, 4) to find b.
y=b"

4=p

4=p

The equation of the graph is y = 4"

The graph is of the form y =5b".

Substitute values from the point (1, 6) to find b.
y=b*

6=b"

6=>b

The equation of the graph is y = 6"

The graph is of the form y =-b".
Substitute values from the point (1, —e) to find b.

y=-b"
—e=—b!
e=b

The equation of the graph is y = —¢”

The graph is of the form y =5b*.

Substitute values from the point (—1, ) to find b.
y=>b*
e=b"

[
Il

b

Q
S
1]

Q| == =

X
The equation of the graph is y = (lj =e*
e

A £(0)=574(1.026)"

= 574(1) =574
India’s population in 1974 was 574 million.
b r(27)=574(1.026)"7 =1148

India’s population in 2001 will be 1148
million.
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66.

67.

68.

69.

70.

¢. Since 2028-1974 =54, find
£(54) =574(1.026)>* = 2295
India’s population in 2028 will be 2295

million.

d. 2055-1974 =81, find
£(54)=574(1.026)*" = 4590 .
India’s population in 2055 will be 4590
million.

e. India’s population appears to be doubling
every 27 years.

80
£(80)=1000(0.5)30 =157.49

Chernobyl will not be safe for human habitation
by 2066. There will still be 157.5 kilograms of
cesium-137 in Chernobyl’s atmosphere.

S = 465,000(1+0.06)""
= 465,000(1.06)'" ~ $832, 744

S =510,000(1+0.03)°

=510,000(1.03)°
~$591,230

21.7=3.249009585

21.73 = 3.317278183
21.732 = 3321880096
21.73205 = 3,321995226
21.7320508 =~ 3 321997068

23 ~3.321997085
The closer the exponent is to NG , the closer the

value is to 2‘/5 .

23 ~8
231 - 85741877
2314 - 8815240927
23141 _ 8821353305
231415 _ 8824411082
2314159 _ 8824961595
23141593 _ ¢ 834979946
2" ~ 8824977827
The closer the exponent gets to =@, the closer the
value is to 27

71.

72.

73.

o

Section 3.1 Exponential Functions

f(x)=x+31
f(33)=33+31
=64
According to the linear model, 64% of high
school seniors applied to more than three
colleges in 2013.

2(33) = 32.760021763)

=67
According to the exponential model, about 67%
of high school seniors applied to more than
three colleges in 2013.

The exponential model is the better model for
the data in 2013.

f(x)=x+31
f(30)=30+31
=61
According to the linear model, 61% of high
school seniors applied to more than three
colleges in 2013.

g(x) — 32'7600217)(5
2(30) = 32.780'0217(30)
=63

According to the exponential model, about 63%
of high school seniors applied to more than
three colleges in 2013.

The linear model is the better model for the
data in 2010.

£(0)=80e70° 420

=80e" +20

=80(1)+20

=100

100% of the material is remembered at the
moment it is first learned.

£(1)=80e7°W +20 ~ 68.5
68.5% of the material is remembered 1 week
after it is first learned.

£(4) =807 +20~30.8
30.8% of the material is remembered 4 weeks
after it is first learned.

£(52) =80¢70°62) 120 =20
20% of the material is remembered 1 year after
it is first learned.
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Chapter 3 Exponential and Logarithmic Functions

74.

75.

76.

77. -

81.

422

12(384)
) ~$5,027,378,919

0.05
. 24(14005
a ( 12

b. 2409538 _g5231,970,592

£(x) = 6.25(1.029)
£(59) = 6.25(1.029)> =33.8

gxX)=——————
1+6.3¢ 0051x

S S——, 1}
B9 146.3¢70031659 >0

Function g(x) is a better model for the graph’s value
0£29.5 in 2009.

£(x)=6.25(1.029)
£(40) = 6.25(1.029)* =19.6

40)=— 2% 9.
g(40) | +6.30-0.051(40) 3

Function g(x) is a better model for the graph’s value
0f21.3 in 1990.

80. Answers will vary.

44
a. Ale,OOO(H%)

12¢
Ale,OOO(H%)

b. 5% compounded quarterly offers the better
return.

NORMAL FLOAT AUTO REAL RADIAN MP n

15,000
5% compounded quarterly

4.5% compounded monthly

0L . 10
10,000

82.

83.

84.
85.

86.
87.

88.

89.

90.

a.

NORMAL FLOAT AUTO REAL RADIAN MP n

d. Answers will vary.

does not make sense; Explanations will vary. Sample
explanation: The horizontal asymptote is y = 0.

makes sense

does not make sense; Explanations will vary.
Sample explanation: An exponential model appears
to be a better choice.

makes sense

false; Changes to make the statement true will vary.
A sample change is: The amount of money will not
increase without bound.

false; Changes to make the statement true will vary.
A sample change is: The functions do not have the

same graph. f(x)=3"" reflects the graph of y = 3*
about the y-axis while f(x)=-3" reflects the
graph of y = 3* about the x-axis.

false; Changes to make the statement true will vary.
A sample change is: If f(x)=2" then

fla+b)= f(a)- f(b).

true
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Section 3.1 Exponential Functions

X X
91. y=3"is(d). yincreases as x increases, but not as quickly as y = 5*. y =5%is (¢). y = (%) is(a). y= (%) is the same as

X X
y =37 soitis (d) reflected about the y-axis. y = (%) is(b). y= (%) is the same as y = 57, so it is (c) reflected about
the y-axis.
92. yr S (2,9
(|1,‘ 2')‘ > 4,2)
] f-1
(09 1)\ 7,
72 \ 51¥
2,1
y=x 1,0)H
S)=2¢
-x (%)
93. a. cosh(—x)= ¢ +26
_ et +e*
2
et +e”
2
=coshx
-x _ (%)
b. sinh(—x)= ¢ ¢
2
e’ -e*
)
—(—e_x +e* )
- 2
ef—e
=— —
=—sinh x
?
. (cosh x)? = (sinh x)* =1

e“+e ? ef—e 2
_ -1
2 2

e 124 _ezx—2+e_2x 31
4
24— y2 - 11
4 ?
45
4
I=1
94. Tx+3y=18
3y=-Tx+18
7
=——x+6
4 3
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Chapter 3 Exponential and Logarithmic Functions

9s.

96.

97.

98.

424

+1, £2 are possible rational zeros

-8 2
6 -2
1 -2 0

1 is a zero.
X +6x-2=0

o= —bi\/b2 —4ac

2a

Mk 6% —4(1)(=2)

2
—6+2J11

2
=3+411

The zeros are 1, —3+\/ﬁ, and —3—+/11.

2x% +5x <12

2x% +5x—12<0
(2x-3)(x+4)<0

Solve the related quadratic equation.

(2x—3)(x+4) =0

Apply the zero product principle.

2x—3:(% or x+4=0
X=— x=—4
2
The boundary points are —4 and 1.5.
Inf:rsxfal NE;S‘t;cer Test Conclusion
(—o0,—4) _5 2(—5)2 +5(-5)<12 (—eo,—4) belongs to the
25 <12, false solution set.
(-4,1.5) 0 202 +5(0) <12 (—4,5) does not belong
0<12, true to the solution set.
oo 2(10)? +5(10) <12 (5,0) belongs to the
(1.5,00) 10
’ 250 <12, false solution set.

The solution set is

l; ie 252 =5
2

(—4,§j or {x
2

3

2

—4<x<i}.
2

We do not know how to solve x=2" fory.

Copyright © 2018 Pearson Education, Inc.




99.

(x=3)>>0

Solving the related equation, (x— 3)2 =0, gives
x=3.

Note that the boundary value x =3 does not satisfy
the inequality.

Testing each interval gives a solution set of
(=o,3)U(3,%).

Section 3.2

Check Point Exercises

1.

a. 3 =log, x written in exponential form is
7 =x.

b.  2=log, 25 written in exponential form is
b* =25.

c. log, 26 =y written in exponential form is

47 =26.

a. 2° =x written in logarithmic form is
5=1log, x.

b. b° =27 written in logarithmic form
is3 =logy 27.

c. ¢’ =33 written in logarithmic form
is y =log, 33.

a.  Question: 10 to what power gives 100?
log1100 =2 because 10> =100.

. . 1
b.  Question: 5 to what power gives 5 ?

10g5L=—3 because 57 :i:—.
125 53 125

c.  Question: 36 to what power gives 6?

logs6 6 :% because 36"2 =36 =6

d. Question: 3 to what power gives 139
log; B :% because 37 =13,

a. Because log, b =1, we conclude logg 9 =1.

b. Because log, 1=0, we conclude logg1=0.

10.

Section 3.2 Logarithmic Functions

a.  Because log, b* = x, we conclude log 78 =8,
b. Because 5'°%* = x, we conclude 387 =17.
First, set up a table of coordinates for f(x)=3".

X -2(-1(0|1]2]| 3

f(x)=3" g % 113(9]|27

Reversing these coordinates gives the coordinates for
the inverse function g(x) =logs x.

1|1
513 [1]3]9]27
g(x)=logzx |-2|-1{0|1|2]| 3

The graph of the inverse can also be drawn by

X

reflecting the graph of f(x)=3" about the line y = x.

1,3)
oY

=X

- —

/|
13 G.1
Ny (,/ — x
I+

/1%

(1,0
¥ 1
4 3’
Jx) = 3%
g(x) =logyx

.

The domain of 4 consists of all x for which x—5> 0.
Solving this inequality for x, we obtain x > 5. Thus,
the domain of 4 is (5,0).

Substitute the boy’s age, 10, for x and evaluate the
function at 10.

£(10) =29+ 48.81og(10+1)
=29+48.8log(11)

A 10-year-old boy is approximately 80% of his adult
height.

Because 7= 10,000 1,
10,0007,
R=log———2
0
=1log 10,000
=4
The earthquake registered 4.0 on the Richter scale.

a.  The domain of f consists of all x for which
4—x > 0. Solving this inequality for x, we
obtain x < 4.

The domain of fis (—eo,4)

b.  The domain of g consists of all x for which

X2 >0. Solving this inequality for x, we obtain
x<0orx>0.
The domain of g is (—0,0) U (0,).
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11. Find the temperature increase after 30 minutes by 6.
substituting 30 for x and evaluating the function at
30. 7.
f(x)=134Inx-11.6
f(30)=13.4In30-11.6 s.
=34
The temperature increase after 30 minutes is 34°. 9.
The function models the actual increase shown in the
graph extremely well. 10.
Concept and Vocabulary Check 3.2 11.
1. »'=
g 12.
2. logarithmic; b
3. 1 13.
4. 0
14.
5. «x
6. x 15.
7. (0, )5 (o0, ) 16.
8. y; x=0; vertical 17.
9.  up 5 units 18.
10. to the left 5 units 19.
11. x-axis 20.
12. y-axis 21.
13. 5-x>0 2.
14. common; logx
23.
15. natural; Inx
24,
Exercise Set 3.2 25,
1. 2*=16
26.
2. 2°=04
3. 3%=x 27.
4. 9% =x
28.
5. bp=32
426

b =27

6V =216

57 =125
log,8=3
logs 625=4

|
log, = —4
8276

1
logg —=-3
85125

1
logg 2 =—
23 3

1
loggs 4=—
264 3

logi3x =2
logisx=2
log,1000 =3
log;, 343 =3
log7200 =y

logg 300 =y

log, 16 = 2 because 4> =16.
log; 49 =2 because 7% =49,
log, 64 = 6 because 26 =64.

log; 27 =3 because 33 =27.

1 a1
logs —=—1because 5 =—.
gs 5 5
1 1 1
logg e —1 because 61 =—
1 3 1
log, — =—-3 because 27° =—.
22 ] 3

1 o 1
log; —=-2 because 37 ° =—.
23 9 9
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

1
log7 7 =% because 72 =+/7.
1 l
logg \/6 =3 because 62 = /6.
1 1 = 1
log, N - because 2 2 =75

1
1 because 3 2 :L.

1
logy — =
g3\/§ B \/g

loggs 8 =% because 64/ = J64 =3,

logg; 9 =% because 812 = J81=9.

Section 3.2 Logarithmic Functions

44. First, set up a table of coordinates for f(x)=5".

x |—2|—1|0 1

213

f@=5" & L{1]s

25
Reversing these coordinates
the inverse function g(x)=

L1
|2551

X

25125

gives the coordinates for
logs x.

5|25|125

g(x)=logsx | -2 | -1]0

(4.5
zil

y
11K
TP
11

I
I
I
S0 DA
ViR 7 ane
(1,01
EEm

N

8
flx) =5
g(x) = logs x

1|2|3

Because log, b=1,
Because log, b=1,
Because log, 1=0,

Because log; 1=0,

we conclude logs 5=1.
we conclude logy;11=1.
we conclude log, 1=0.

we conclude logg1=0.

Because logy, b* = x, we conclude logs 57 =17

45.

X
First, set up a table of coordinates for f(x)= (%} .

X 21-1101(2(3
_(1)" 111
SO=(3) | 42|54 %

Reversing these coordinates gives the coordinates for
the inverse function g(x) = logy, x.

Because logy, b* = x, we conclude logy 45 =6,

Because 5'°%* = x, we conclude 8°%!° =19,

823

lo;
Because 5'°%* = x, we conclude 7 7% =23,

First, set up a table of coordinates for f(x)=4".
X =2 -1{0(1]2]3

()=4x| L1 11]4]|16|64
16 4

Reversing these coordinates gives the coordinates for
the inverse function g(x) =logy x.

1 1
X 6| = 11416 |64
g(x)=10g4x 2 (-1]10(|1]21]3
vy A4
e ananytB)
—(0,1) 7L X
f . 3
vd I(];’WOI)
AREEE!
flx) =4*
g(x) =log, x

111
g(x)=logypx | =2 |-110|12]3
Sy _
TIN5 y=x
(-1,2) .
1
0, )77 x
vd f'
g
#a, 01 %D
o 3

g(x) =logypx

Copyright © 2018 Pearson Education, Inc.
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46.

47.

48.

49.

50.

51.

52.

53.

428

X
First, set up a table of coordinates for f(x) = (%} .

X |—2|—1|0|1|2|3
X
f@=(3)
Reversing these coordinates gives the coordinates for
the inverse function g(x) =log 1, X

1

4

1

16

1
164 |1 7

1 1 1
S L R R
g(x)=log) x ‘—2 ‘—1‘ o‘ 1‘ 2 ‘ 3
y
Illllf y=x
(_1a4} . <
T\
- (0, DR x
7 N 8
145_1)
4 111
#.(1,0) 11
f(x)=<%>

g(x) = logyux

This is the graph of f(x) =logz x reflected about the

x-axis and shifted up one unit, so the function is
H(x)=1-logs x.

This is the graph of f(x) =log; x reflected about
the y-axis, so the function is G(x) = logs(—x).

This is the graph of f(x) =logz x shifted down one

unit, so the function is /(x) =logz x —1.

This is the graph of f(x) =logs x reflected about the

x-axis, so the function is F(x) =—log; x.

This is the graph of f(x) =logz x shifted right one
unit, so the function is g(x) =logs(x—1).

This is the graph of f(x) =logs x.

G, 2 FHY:2

f
/i

)
4
x

T s T

0,0 TN, 1)

S(x) =log, x
g(x) =log,(x+1)

vertical asymptote: x = —1
domain: (—1,e0); range: (—oo,o0)

S4. |x\|=|_2 ¥ (%’2)
O, D g
(-1,0)] iy 42
G, 1
@, 05~
S
J(x) =log,x

glx) = logz(x+2)

vertical asymptote: x = —2
domain: (—2,e0); range: (—oo,o0)

5S. M @43,
£(2,2)

=
| 13
-
HHY 2D H
J(x) =log,x
h(x) =1+ log, x

D

vertical asymptote: x =0
domain: (0,%0); range: (—oo,0)

56. Yy @4

\

k= 4,2
| .
)

2,1
[T11

J(x) =log,x
h(x) =2 +log, x

vertical asymptote: x =0
domain: (0,%); range: (—oo,0)

57. y 42
TTTT

fy R INE (/’ )
HHHH f
(1,01 e 8
5 x
\.}\(?’.1)

l\/

glx) = % log, x

vertical asymptote: x = 0
domain: (0,00); range: (—oo,o0)
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58. y
i i i i £ (12,1)3 4,2)
0 NS
u 5{x
oy (25 _2)
|(1’|_|4|)J—— 4
J(x) =log,x

g(x) = —2log, x

vertical asymptote: x =0
domain: (0,00); range: (—oo,o0)

59. Yhx=1
(6,log 5) |
2,0) (a11)
41 *
10

gx) =log(x— 1)
vertical asymptote: x = 1
domain: (1,00); range: (—oo,o0)
60. Yix =2

_-(7,10g 5)
3,0 az,n

X
21 4
10

g(x) =log (x - 2)

vertical asymptote: x =2
domain: (2,00) ; range: (—oo,c0)

61. yi

55’ (10,0)

h(x) =logx —1

vertical asymptote: x =0
domain: (0,00); range: (—oo,o0)

62.

63.

64.

65.

Section 3.2 Logarithmic Functions

»

-~
1
T

10

b
10 N0, 1)

5 ()Egﬁi‘--ﬂ‘)‘

h(x) =logx —2

vertical asymptote: x =0
domain: (0,%0); range: (—oo,oo)

y
{ b 1hY
EEAS = R4
l i (5 = hgs)
1077 TR (10,0)
10 x
gx) =1-logx

vertical asymptote: x =0
domain: (0,e); range: (—oo,o0)

-~
=
N’

gx) =2 -logx

vertical asymptote: x =0
domain: (0,00); range: (—oe, o)

x==2.Y
0,In2) (I In/3)
(—1L0) g8~
8 x
f 1\
(myIn—]
\ 2/

gx)=In(x+2)

vertical asymptote: x = -2
domain: (—2,e0); range: (—oo,o0)
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66. Y 70. (2, % In 2)
T (2,In3) 2
(1 In ‘} — o)
’ = 1l (3’ % In 3>
AP X
1,1 i =
PR Y
=1 ~(1,0)
ge) =In(x+1) £ M1 1.1
27272
vertical asymptote: x =—1 glx) = 2 Inx

domain: (—1,00); range: (—oo,o0)

vertical asymptote: x =0

67. y domain: (0,00); range: (—eo,c0)
3 —— 71. ¥
(2,ln3) T (1,In2) L7 e
- Y X ) H=—
! P/ 7
1 ,0 4§ (M | b
2 7 )
( - '/ o X
h(x) =In (2%) 2, - li 2 (3, =n3)
I
vertical asymptote: x =0 h(x) = —Inx

domain: (0,e0); range: (—oo,eo)
vertical asymptote: x =0

68. yi domain: (0,c0); range: (—oo,o0)
M. 6.In3 72. Y
4,In2 (6,In3) LB
I YO
7 x <y In2)
2,0 yImE 2x
(—1;0
1, ml 1,1
) 2’72
h() = In (%x) h(x) =In (—x)

vertical asymptote: x =0

ical x= .
vertical asymptote: x =0 domain: (_,0) : range: (—oo.c%)

domain: (0,00); range: (—oo,o0)

73. 1 1
69. yi ( 2 2—In 2>
= _(3,21In3) y
(2,21n2) 5 L(1,2)
Sar i (2,2 - In2)
T~ . (3,2-1
1,0) 3 }(3, n3)

1 5,1
1 9md
g0 =2Inx (2’ “2)

vertical asymptote: x =0
domain: (0,00); range: (—oo,c0)

gx)=2—-Inx

vertical asymptote: x =0
domain: (0,%0); range: (—oo,oo)
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74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

8s.

86.

y
|
1, _nl . i
(2,1 In 2) o \,A"ln2)
(1) /‘" x
G, 1=1n3)
gx)=1—-Inx

vertical asymptote: x =0
domain: (0,00); range: (—co,c0)

The domain of f consists of all x for which
x +4 > 0. Solving this inequality for x, we obtain
x >—4. Thus, the domain of fis (—4, ).

The domain of f consists of all x for which x+6 > 0.

Solving this inequality for x, we obtain x > —6. Thus,
the domain of fis (-6, ).

The domain of f'consists of all x for which
2 — x> 0. Solving this inequality for x, we obtain
x <2. Thus, the domain of fis (-0, 2).

The domain of f'consists of all x for which 7—x > 0.
Solving this inequality for x, we
obtain x < 7. Thus, the domain of fis (—ee, 7).

The domain of f'consists of all x for which

(x —2)2> 0. Solving this inequality for x, we obtain
x <2 orx> 2. Thus, the domain of f'is

(-0, 2) or (2, ).

The domain of f'consists of all x for which

(x-— 7)2 > 0. Solving this inequality for x, we
obtain x <7 or x > 7. Thus, the domain of f'is
(—oo’ 7) or (73 oo)

log100 =log;( 100 =2
because 10% = 100.

log1000 = log;( 1000 = 3 because 10* =1000.

Because logl10* = x, we
conclude 10g107 =17.

Because log10* = x, we conclude log10® =38.

Because 10"°%% = x, we
conclude 1010233 =33,

Because 102 ¥ = x, we conclude 10'°¢ 33 =53,

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

Section 3.2 Logarithmic Functions

In1=0 because e’ =1.
In e=log, e=1 because e=e

Because Ine* = x, we
conclude ne® =6.

Because In e* = x, we conclude In e =17.

I _ . -6
ln—6—lne

e

Because Ine® = x we conclude
_ 1

6 -6, SO 1n—6 =-6.
e

Ine

1 _
In —== In ¢~/ Because In e* = x, we conclude
e

_ 1
Ine’ =-7,s0In —=-7.
7
e
Because ¢™* = x, we conclude ™'? =125.

Because ™ ¥ = x, we conclude ™ 3% =300.
Because Ine* =x, we conclude Ine®* = 9x.

Because In ¢* = x, we conclude In ¢'* =13x.

2
Inx In5x :5x2.

Because ¢ " = x, we conclude e

In 7x? 2
Because ¢™* = x, we conclude e 7 =7x2.

Because 101°2% = x, we conclude roleevx — /3.

Because 10°2 ¥ = x, we conclude lOlog%/; =3x.
logs (x—1)=2
32 =x-1
9=x-1
10=x

The solution is 10, and the solution set is {10}.

logs (x+4)=2
52=x+4
25=x+4
21=x

The solution is 21, and the solution set is {21}.
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103. logy x=-3
473 =x
L
43 64

The solution is L, and the solution set is L .
64 64

2
104. 10g64x=§
2
647 = x
2
x=(o4) =47 =16

The solution is 16, and the solution set is {16}.

105. logz (log; 7) =logz1=0

106. logs (log, 32) = logs (1og2 2’ ) =logs5=1

107. log, (log; 81) = log, (log3 34)
=logy4=1log,2% =2

108. log(lne)=1logl=0

109. For f(x)=In(x> —x—2) to be real, x> —x—2>0.

Solve the related equation to find the boundary
points:

X2 —x=2=0
(x+D)(x-2)=0
The boundary points are —1 and 2. Testing each
interval gives a domain of (—eo,—1)U(2,0).

110. For f(x)=In(x> —4x—12) to be real,

X2 —4x-12>0.
Solve the related equation to find the boundary
points:

x?—4x-12=0
(x+2)(x-6)=0
The boundary points are —2 and 6. Testing each
interval gives a domain of (—ee,-2)U(6,0).

x+1 x+1

j to be real,
5

>0.

111. For f(x)= ln(

x—
The boundary points are —1 and 5. Testing each
interval gives a domain of (—eo,—1)U(5,).

112.

x=2 x—2>0.

For f(x)=In

S0 [ x+5 x+5

The boundary points are —5 and 2. Testing each
interval gives a domain of (—ee,—5)U(2,20).

) to be real,

113. f(13) = 62 + 35log(13-4) = 95.4

114.

115.

116.

117.

118.

She is approximately 95.4% of her adult height.

f(10)=62+35log(10—4) =89.2.
She is approximately 89.2% of her adult height.

a. 2010 is 46 years after 1964.
f(x)=-3.52Inx+34.5
f(46)=-3.52In46+34.5=21

According to the function, wives engaged in 21
hours of weekly housework in 2010. This
overestimates the value in the graph by 1 hour.

b. 2025 is 61 years after 1964.

f(x)=-3.52Inx+34.5
f(61)=-3.52In61+34.5=20

According to the function, wives will engage in
20 hours of weekly housework in 2025.

a. 2010 is 46 years after 1964.

f(x)=18Inx+3.42
£(39)=1.81n39+3.42~10

According to the function, husbands engaged in
10 hours of weekly housework in 2010. This
underestimates the value in the graph by 1 hour.

b. 2025 is 61 years after 1964.

f(x)=18Inx+3.42
£(61)=1.8In61+342~11

According to the function, husbands will engage
in 11 hours of weekly housework in 2025.

D= 101og[1012(6.3><106)] ~ 188

Yes, the sound can rupture the human eardrum.

D= 1010g[1012 (3.2><10“’ )J ~65.05

A normal conversation is about 65 decibels.
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119. a.  f{0)=88-15In(0 + 1) =88
The average score on the original exam was 88.

b. f2)=88-15InQ2 +1)="71.5
£(4)=88-15In(4 + 1) = 63.9
£(6) = 88-15In(6 + 1) = 58.8
£(8)=88-15In(8 + 1) = 55

£10) = 88-15In(10 + 1) = 52

A12)=88-15In(12 + 1) =49.5

The average score after 2 months was about
71.5, after 4 months was about 63.9, after 6
months was about 58.8, after 8 months was
about 55, after 10 months was about 52, and

after one year was about 49.5.

NORMAL FLOAT AUTO REAL RADIAN MP n

100

0

0

12

Section 3.2 Logarithmic Functions

130. f(x)=logx g(x)=—logx

NORMAL FLOAT AUTO REAL RADIAN MP n

Material retention decreases as time passes.

120.-127. Answers will vary.

128. f(x)=Inx g(x)=In(x+3)

3

g

i / _SV d E

The graph of g is the graph of f'shifted 3 units to the

left.

129. f(x)zlnx g(x)zlnx+3

NORMAL FLOAT AUTO REAL RADIAN MP

The graph of g is the graph of f'shifted up 3 units.

Copyright © 2018 Pearson Education, Inc.

2
}\%
—14 10
8
£2

The graph of g is the graph of freflected across the
X—axis.

131. f(x)=logx g(x)=10g(x—2)+1

NORMAL FLOAT AUTO REAL RADIAN MP n

The graph of g is the graph of f'shifted 2 units to the
right and 1 unit up.

132. f(t)=75-10log(t +1)

NORMAL FLOAT AUTO REAL RADIAN MP n

E T\
00 12

After approximately 9 months, the average score
falls below 65.

133.a.  f(x)=In(3x)
g(x) =In3+Inx

NORMAL FLOAT AUTO REAL RADIAN MP n

The graphs coincide.
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134.

135.

136.

434

b. f(x)= log(5x2)

2(x) =log5+logx?

NORMAL FLOAT AUTO REAL RADIAN MP ﬂ

The graphs coincide.

/(x)=In(2+)
g(x)=I2+Inx’

NORMAL FLOAT AUTO REAL RADIAN MP n

The graphs coincide.

d. In each case, the function, f, is equivalent to g.

This means that log, (MN) = log, M +log, N.

The logarithm of a product is equal to the sum
of the logarithms of the factors.

NORMAL FLOAT AUTO REAL RADIAN MP n

2 pes peE pelhis

Use the trace function to compare how quickly the
functions increase. In order from slowest to fastest,
the functions are:

y=lnx,y:\/;, y=2x, y:xzj y:ex’ and
y=x".
makes sense

makes sense

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

makes sense

does not make sense; Explanations will vary.
Sample explanation: An earthquake of magnitude 8
on the Richter scale is 10574 =10 = 10,000 times
as intense as an earthquake of magnitude 4.

false; Changes to make the statement true will vary.
log,8 3

A sample change is: ==
P £ log, 4 2

false; Changes to make the statement true will vary.
A sample change is: We cannot take the log of a
negative number.

false; Changes to make the statement true will vary.
A sample change is: The domain of f(x)=1log, x

is (0,00).
true

log; 81-log, 1 _4-0 i

log, 5 8—1og0.001  2—(-3) 5

log, [ log; (log; 8) |
=logy log3(log2 23”
=log, [logz 3] =log,1=0

log4 60 <log, 64 =3 so log, 60 < 3.
log; 40 > log; 27 =3 so logz 40 > 3.

log, 60 <3 <log; 40
logs 40 > log, 60

Answers will vary.

Let x = the amount, in millions of dollars, that Trey
Parker is worth

Let x + 450 = the amount, in millions of dollars, that
Larry David is worth

Let x + 150 = the amount, in millions of dollars, that
Matt Groening is worth

x+(x+450)+(x+150)=1650
x+x+450+x+150=1650
3x+600=1650

3x =1050

x =350

x =350, Parker is worth: $350 million
x+450=2800, David is worth: $800 million
x+150 =500, Groening is worth: $500 million
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Section 3.3 Properties of Logarithms

148. f(x)=mx+b Section 3.3
w Check Point Exercises
m(x+h)+b—(mx+b)
= A 1. a. logg(7-11)=logs 7+logg 1l

_mx+mh+b—mx—b

b. log(100x) =10g100+log x

h =2+logx
_mh
h 23

=m, h=0 2. a.  logg 7 =logg 23 —logg x
149. f(x)=x"+4 & S

Replace f(x) with y: b. In = Ine” —Inl1

y=xit4 =5-Inl1

Interchange x and y:

x=y>+4 3. a. logg 3 = 9loge 3

Solve for y:

x=y'+4 b. ln%/_=lnxl/3=llnx
— 2 3
x—4=y

4=y c. log(x+4)* =2log(x+4)

Replace y with f~'(x):

) =~/x—4 4. a. log, x*3fy

S = logy, x4y1/3
150. a. logy32=log,2° =5 — log, x* +logy, y3
1
b. log, 8+log, 4=1log, 23 +log, 22-342=5 =4log,, x+§1°gb y
c. log,(8-4)=1log, 8+log, 4 Jx
b. 10g5 3
4 Sy
151. a. log,16=log,2" =4 2
5 =log;s al 3
b. log,32-log,2=1log, 2" —log,2=5-1=4 25y
=logs X2 —logs 25y3
_ 1/2 2 3
c. log, (gj =log, 32—log, 2 =logs x —(logs 57 +logs y )
2 = %logs x—logs 52 —logs y3

=1] —2logs 5-31
152. a. logz81=log; 3% =4 %Ong 085 0gs y
=§10g5 x—2-3logs y

b. 2log39=2log33*=2-2=4
5. a. log25+log4=1og(25-4)=1ogl00=2

. log:9% =21l0g: 9
& 08 083 Tx+6
X

b. log(7x+6)—logx=Ilog
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6. a. 21nx+%1n(x+5)

=Inx? +In(x+5)"3

=Inx*(x+5)"
zln[x2 ) x+5}

b. 2log(x—3)-logx
=log(x— 3)2 —log x

a2
=log —(x 3)
x

c. %logb x—2logy, 5—10logy, ¥

=log, x4 —log, 52 —log, ylo
=log, x4 —(logb 25+1og,, ylo)

=log, x4 —log, 25y10

x1/4 it/;
=log,—g or log,—=
25y 25y
7. logy 2506 =128239 _ 4 0
log7
8. logy 2506 =129 _ 4 0
In7

Concept and Vocabulary Check 3.3

1. logy, M +logy N ; sum
2. log, M —log, N ; difference
3. plog, M ; product

4. log, M ; log,b

Exercise Set 3.3

1. logs(7-3)=1logs7+logs3

2. logg(13-7)=1logg13+1logg 7

3.  logy(7x)=log; 7+log; x =1+logy x
4.  logg9x=logy9+loggx= 1+loggyx

5. 1log(1000x) =10g1000 + logx =3 +logx

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

log(10,000x) =10g 10,000 +log x =4+1log x

log (lj =log; 7-log; x =1-log; x
X
9
logg| — |=1logg 9—logg x =1-logg x
X
lo X =logx—1logl00=1og,.—2
g 100 g g x

X
log| —— [=logx—1og1000 =logx—3
g(lOOOj gx—log g X

logy (ﬁJ =log, 64—log, y
y
=3-logyy

logs [lz—sj=log5 125—logs y =3—logs ¥
y
62
In 5 =Ine’ ~In5=2Ine-In5=2—In5

e

4
ln( 3 J=lne4—ln8 =4lne-In8=4—In8

logbx3 = 3logpx

logy x” =

ogp x' =Tlog, x
log NO= —6log N

1ogM_8 =—8logM

lnyzlnx(l/s) :%Inx

1
lnz/gzlnx7 :%Inx

log,, x2y =log, X2 +log, ¥y =2log, x+logy, v

log,, xy3 = log;, x +logy, y3 = logy, x +3logy ¥

Nx 12 1
lo —=lo —log, 64 =—1lo -3
g4[64 g4 X g4 5 g4 X
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1
24. logs (%J =logs 2 —logs 25 = ElogS x—2

25. logé( 36 J=10g636—10g6(x+1)1/2
x+1

=2—%log6(x+1)

26. logg ( j =logg 64 —logg (x+ l)%

64
Vx+1

= 2—%log8(x+1)

2
27. logy (%} =log,, (xzy)—logb 2
z
=1 2 2
=logy, x” +log, y—log, z

=2log; x+log, y—2log z

3
28. log, % =log, (x3y)—10gb22
z

log,, % =log,, x3-|-10g1J y—log, z2
z
=3log;, x+log;, y—2log, z

29.  log~/100x = log(100x)"?
= %log(IOOx)
= %(loglOO +log x)
1
=—2+lo
2 ( gx)

1
=1+—logx
> g

30. In<ex = In(ex)
=—In(ex)

=—(Ine+Inx)

31.

32.

33.

34.

35.

36.

Section 3.3 Properties of Logarithms

1/3
log i/g =log (ij
¥ ¥
3 y

= %(logx— log y)

—llo x—llo
3 g 3 gy

x x %
logi/: = 10g(—}
y y
e

= %(logx— log y)

—llo x—llo
5 g 5 gy

Vrxy?

logy, —3

=log, X2 +log,, y3 —log,, 2
1
=§1ogb x+3log, y—3log, z

ey

log,
5

=logy, X3 +log,, y4 —log,, z
zélogb x+4log, y—5log, z

2
lo ﬂ—x Y
gs 25

=logs X213 +logs yl/3 —log;s 253

= glogs x+§10g5 y—logs 5%/3

—glo x+llo 2
3 g5 3 g5y 3

4
lo 5&
g2\/16

=log, PRt log, y4/5 —log, 163

1 4 1
=—log, x+—1lo ——log, 16
5 g2 5 gV 5 23]

! lo +—4 lo —4
= -_— x p—
5 g2 5 g2y 5
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Jﬁ

(x+1)

37.

=Inx’ +1n x? +1—ln(x+1)
—3lnx+51n(x +1)—4In(x+1)

4 [2
38. m%
(x+3)

4.2 1/2
—In %
(x+3)
4 2, .\2 5
=lnx +ln(x +3) —In(x+3)
:4lnx+%ln(x2+3)—51n(x+3)

1 231_
39. 10g0x—2x
T(x+1)
=log10+logx2Jrlog%/l—x—log7—log(x+1)2
:1+210gx+%10g(1—x)—10g7—210g(x+1)

33z
40. log 100x 52x
3(x+7)

=10g100+log x° +log(5 —x)% —log3—log(x+7)2

=2+310gx+§10g(5—x)—10g3—210g(x+7)

41. log5+log2=1og(5-2)=1logl0=1
42. log250+log4 =10gl1000=3
43. Inx+In7=In(7x)

44. Inx+In3=In(3x)

45. log, 96—log, 3 =log, (%} =log,32=5

46. log; 405-log; 5 =logs (%)

=log; 81
4

47. log(2x+5)—logx = log[2x+ 5)

48.

49.

50.

51.

52.

53.

54.

5S.

56.

57.

58.

59.

log(3x+7)—logx = log(3x+7j
X

logx+3log y =logx+log y3 = log(xy3)

logx+7log y =logx+log y7 = log(xy7)

l1nx+1ny:lnx1/2+lny
1
=In| x2y | or ln(yx/;)

%1nx+1ny:1nx%+lny

zln(x%y) or ln(y%/;)

2logpx + 3logpy = logbx2 + logby3
= logh(x%?)
Slog;, x+6log;, y =log,, X +log,, y6

RN

5
51nx—2lny:1nx5 —lny2 zln(x—]

7
7lnx—31ny=lnx7 —lny3 :ln{x—]
y3

31nx—llny=lnx3—lnyl/3
ln( X ] or ln(i]
y1/3 %/;

1 2 y

2Inx——=Iny=Inx" —In y/2
=In i or ln(iJ
)5
4In(x+6)—3Inx=In(x+6)* —Inx’

a (x+ 6)4

x3
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60.

61.

62.

63.

64.

65.

66.

8In(x+9)—4Inx =In(x+9)° —Inx*
(x+9)8

4
X

=In

3Inx+5ny—-6Inz
=Inx’ +1ny5 ~Inz®
x3y5

26

=In

4Inx+7Iny-3Inz

=Inx* +1ny7 ~InZ3
x4y7

Z3

=In

(logx+logy)

N | —

1
=—(lo
2( gxy)

= log(xy)"?
=log+/xy

1
E(log4 x—logy y)

—llo X
3 g4y

173

X

=logy (—
y

X
y

%(logs x+logs y)—2logs(x+1)
= %log5 xy—logs (x+1)?

=logs ()" ~logs (x+1)
(xy)1/2

5
(x+1 2
Xy

Y (x+1)2

=log

=log

%(log4 x—logy y)+2logy(x+1)

= élog4 £+log4(x+l)2

y
1/3
= log, [fj (x+1)2
y

= log, (x+1)2%/ﬂ

Section 3.3 Properties of Logarithms

67. %[2 In(x+5)—Inx —In(x* —4)]

68. %[51n(x+ 6)—Inx—In(x? - 25)}
| Gt 6)°
30| x(x? =25
1
C {(;_@5}3
x(x* =25)

69. logx+log(x2 —1)—1og7—1og(x+1)

=logx+10g(x2 —1)—(log7+log(x+1))
=log(x(x2 —1))—10g(7(x+1))
x(x2 —1)
T(x+1)
x(x+1)(x—1)

7(x+1)
log x(x-1)

=log

70. logx+ log(x2 —4) —logl5—1log(x+2)

= log)c+10§:{(x2 —4) —(log15+1log(x+2))

= log()c(x2 —4))—10g(15(x+2))

x(x2—4

15(x+2)
x(x+2)(x-2)

15(x+2)
x(x—-2)

15

=log

=log

71, logs13=1813 _} 5037
log5

Copyright © 2018 Pearson Education, Inc. 439



Chapter 3 Exponential and Logarithmic Functions

72.

73.

74.

75.

76.

77.

78.

79.

80.

440

In87.5

log, 87.5 = ~1.6944
S14 14

In57.2

logi 57.2 = ~1.4595
8i6 n16

logg 17 =227 _ 12304
: log0.1

logg 319 = % ~-2.4456
0g0.

log, 63 :lnﬁ ~3.6193
Inz
log, 400 = In 400 =5.2340
Inz
=logy x = log x
y g3 log3

NORMAL FLOAT AUTO"REAL RADIAN MP n

[
i

log x
logl5

NORMAL FLOAT AUTO REAL RADIAN MP n

y=logsx=

81.

82.

83.

84.

85.

86.

87.

log(x+2)
log?2

NORMAL FLOAT AUTO REAL RADIAN HMP n

e

log(x—2)
log3

NORMAL FLOAT AUTO’ REAL RADIAN MP f
5]
-2 l ( 8
-5

10gb%=logb3—1ogb2:C—A

y=logy(x+2)=

y=logz(x-2)=

logy, 6 =log; (2-3)
=log, 2+log,3=A4+C

logy, 8 =log,, 2% = 3log, 2=34

log, 81=1log, 3* = 4log, 3=4C

1
log,, \/Z =logy, (ijz
27 27
2]
2 33

1
= E(IOgb 2-log,, 33)
= %(logb 2-3log, 3)

1 3
=—log; 2——log; 3
> b > b

Ly 3¢
)
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88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

log,, \/E =log,, (ﬁJ
16 4
=log,, x/g—logb 4
=log,, 3% —10gZ2

1
:EIOgb 3—210g2

LY
2

false; Ine=1
false; Ine® =0

false; logy (2x)3 =3log, (2x)

true; ln(8x3): ln(23x3 ) = ln(2x)3 =3In(2x)
true; xlogl0¥ =x-x = x?

false; In(x-1)=Inx+Inl

true; In(5x)+Inl=In5x+0=In5x
false; Inx+In(2x)=In(x-2x))=1In 2x?

false; log(x+3)—1log(2x)=1log x2+ 3

X

x+? =log(x+2)—log(x—1)

false; log

true; quotient rule
true; product rule

log7 1 1

true; log, 7= = =
& log3 log3  Jog,3
log7

x
false; ¢* =1Ine°

a. D=1010gi
1y

b. D, =10log (Mj
1y

=101log (1001 — 1))
=10log100+10log/—10log
=10(2)+10log I —10log I,

:20+1010gi
1y

This is 20 more than the loudness level of the

softer sound. This means that the 100 times
louder sound will be 20 decibels louder.

104. a.

Section 3.3 Properties of Logarithms

1 65
t=——|In——
0.03] 65-30

1 65
t=——In| —
0.03 35

t=20.63
It will take the chimpanzee a little more than
20.5 weeks to master 30 signs.

105.-112. Answers will vary.

113. a.

114.

y:
y:
y:

=lo x_ln_x
y 23 n3

NORMAL FLOAT AUTO REAL RADIAN MP n

4

y=log,(x+2)

y =log,x
_plf y=—log;x

The graph of y =2 +log; x is the graph of

vy =log; x shifted up two units.

The graph of y =log; (x + 2) is the graph of
v =logy x shifted 2 units to the left.

The graph of y =—log; x is the graph of

v =log, x reflected about the x—axis.

log x
log(10x)
log(0.1x)

NORMAL FLOAT AUTO REAL RADIAN MP n

y = log (10x) y=logx

—)

=3)

The graph of y = log(IOx) is the graph of

y:

log x shifted up 1 unit.

The graph of y = log(O.lx) is the graph of

y:

log x shifted down 1 unit.
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The product rule accounts for this relationship.
Consider y =log(10x).

y =log(10x) =log10+logx =1+logx. Likewise
consider y =1og(0.1x).

y =log(0.1x) =log0.1+logx = —1+logx .

115. logsy x = logx;
log3
0gx
logys x ;
825 log 25
log x
lo =
8100 110100
0.5
0 : 2
\ y = log,,, x
=05 y=log,x

a. top graph: y = logjp x
bottom graph: y =logsz x

b. top graph: y =logz x
bottom graph: y =logjy x

c. If y=1log, x is graphed for two different

values of b, the graph of the one with the larger
base will be on top in the interval (0, 1) and the
one with the smaller base will be on top in the

interval (1,.). Likewise, if y =log, x is

graphed for two different values of b, the graph
of the one with the smaller base will be on the
bottom in the interval (0, 1) and the one with
the larger base will be on the bottom in the

interval (1,e0).
116. - 120. Answers will vary.
121. makes sense
122. makes sense

123. makes sense

124. does not make sense; Explanations will vary.

1
. x x |?
Sample explanation: log, , |[— =log, | —
y y
_1 log,| =
> 84 3
1
= (logy x~logy y)

110 110
= — X——
> g4 > g4

125. true

126. false; Changes to make the statement true will vary.
A sample change is:
log; 49 log;49

log; 49 =2, but
log; 7 1 &7

127. false; Changes to make the statement true will vary.
A sample change is: log, (x3 + y3 ) cannot be

simplified. If we were taking the logarithm of a
product and not a sum, we would have been able to
simplify as follows.

3.3 3 3
log,, (x y ) =logy x” +log, ¥
=3log, x+3logy y
128. false; Changes to make the statement true will vary.

A sample change is:

log,, (xy)5 =5log; (xy)

=5(log, x+logy )
=5log, x+5logy, ¥
Ine 1
129. loge=logne=—F=——
TR0 CT10 T 0
2
130. log, 9 =082 _log3” _2log3
log7 log7 log7
2
B

ln[stJ
2 In(4x°
=e \ P =p ( )=4x3

131. eln st —In 2X2
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132.

133.

134.

135.

136.

logy, (x+h)—logy, x
h
x+h

logb

Let log, M =R and log, N =S.
Then log, M = R means bR =M and
log, N =S means bS =

R
Thus, M = b—
N S

M R—S
log, — =1log; b
b N b

M
log,—=R-S
gbﬁ
long=10ng—logb N

2 (o=
1., I+x
X

b. domain: {x|x¢0,x¢—l}
or (—eo,—1)U(-1,0)U(0,)

It is not necessary to multiply out the polynomial to
determine its degree. We can find the degree of the
polynomial by adding the degrees of each of its
d 2
deg:ie 2 degree 2 gegree 1

2 2 —
factors. f(x)=-2 x° (x—3)" (x+5) has degree
242+1=5.
F(x)==2x*(x=3)*(x+5) is of odd degree with a

negative leading coefficient. Thus, the graph rises to
the left and falls to the right.

2
f =2
P 452
P P A S
(=x)*"-9 x°-9

The y-axis symmetry.

2
ro=2 =g
0°-9

137.

138.

139.

Section 3.3 Properties of Logarithms

The y-intercept is 0.
4x* =0

x=0
The x-intercept is 0.
vertical asymptotes:
2-9=0
x=3,x=-3
horizontal asymptote:

a(x—2)=b(12x+3)

ax—2a =2bx+3b
ax—2bx=2a+3b
x(a—2b)=2a+3b
2a+3b

a-2b

xX=

x(x—=7)=3

2 —Tx=3

x> —7x-3=0
B —b+~b? —4ac

2a

_—CDENED? 4D

21)
_ 746l
2

+
The solution set is {7 _;/a}

x+2 1

4x3— X |
x(4x+3) (L =x(4x+3) (—)
4x+3 x
x(x+2)=4x+3
X2 +2x=4x+3
x2-2x-3=0
(x+D(x-3)=0

x+1=0 or x-3
x=-1 X
3

0
3

The solution set is {-1,3}.
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Chapter 3 Exponential and Logarithmic Functions

Mid-Chapter 3 Check Point 4. Yaxr=1
a0
1L T s
LTTT : fg 2,4) (2’ 1) &
ARG .
T JT H 7]
O, DEP L2, 1) , 0) 4,20
e H T
: o T
y=-3 f
©, -2+ & =D f@) = log, x
Sx) =2% gy =log, (x— 1D +1
g =25 -3

asymptote of £ x=0
asymptote of g1 x =1
asymptote of g1y =-3 domain of / = (0,e0)

domain of f = domain of g = (—eo,e0)

range of f = (0,e0)

asymptote of £ y =0

domain of g = (1,e0)
range of f = range of g = (—eo,00)

range of g = (-3,
g ofg = (3,) > Haeaf
2. f y P 1 4) o) ;m
-2,4)4 A ~(4,4)
203 20,2) @,0)
1,217 g =8 ¥
H 5]x Q@ -D TS
SO D) @ =2)
HH HH S(x) = logyx
* g(x) = —2log,),x
Sfx) = (%) 812
o) = (1)x ! asymptote of £ x =0
2 asymptote of gt x=0

domain of f = domain of g = (0,e0)
asymptote of £ y=0 range of f = range of g = (—,e°)
asymptote of gz y=0

domain of f = domain of g = (—eo,e0) 6. f(x)=logs(x+6)
range of / = range of g = (0, o) The argument of the logarithm must be positive:
x+6>0
3 ODyy £ x> -6
| SEre 1) domain: {x|x>—6} or (—6,c0).
GL% (e, 1)
¢ =213
H 2 7. f(x)=log3x+6
1 FH- @, 0)] The argument of the logarithm must be positive:
Gy =2 sasss x>0
fx) = e domain: {x|x >0} or (0,c).
gx)=Inx
asymptote of /1 y =0 8. logy(x+ 6)2

asymptote of g: x =0 The argument of the logarithm must be positive.

d 1 f = f = (—oc0. 0
omain of /' = range of g = (—e,e0) Now (x+ 6)2 is always positive, except when
range of / = domain of g = (0,) Y=-6

domain: {x|x#0} or (—eo,—6)U(—6,).
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9. f(x)=3"*°

21.
domain: {x | x is a real number} or (—eo,c0).
10. log, 8+logs 25 =log, 2° +logs 5°
=3+2=5
11. log; 1_ log; 1. log; 32=2
9 32
12. Let logypp10=y
1007 =10 22.
(102) =10’
102 =10
2y = 11 23.
y= Py
3 3 _1
13. 10gx/ﬁ =logl03 = 3
14.  log, (logs 81) =log, (log3 34)
=log, 4 =log, 22 =2 24,
1 1
15. log; (logz —) =logs| log, —
8 23
=logs (log2 2_3)
=logs (-3) 25.
3
= not possible
This expression is impossible to evaluate because
logs (—3) is undefined.
16. 6°%5 =5
17. In e\/7 =7
18. 10813 =13 26.
19. 10g100 0.1= y
1007 =0.1
(107 )y -1
10
102 =107
2y=-1
1
YT

20. log, ﬂ\/; =z

Mid-Chapter 3 Check Point

Vo | _

1og(m}_1og(ﬁ)—1oglooo
=log(xy)% —log10®
=%log(xy)—3
=5(10gx+10gy)—3

1 1
=—logx+—logy—3
5 g 5 gy

19X20) =In 619 +1In X20

=194+20Inx

ln(e
1 8 1
8log, x—glog7 y=log; x° —logy 3

|

7logs x +2logs x = logs x’ +logs x2

= logy

=log;

Aol

=logs (x7 'xz)

=logs X

%lnx—31ny—1n(z—2)

zlnx% ~Iny? —-In(z-2)
:1n&—[1ny3 +ln(z—2)J
zln\/;—ln[y3 (z—2)}

:ln[L]
¥ (z-2)

Continuously: 4= 20002083
=10,170

12:3
Monthly: 4 =8000 1+%J

~10,162
10,170-10,162 =8

Interest returned will be $8 more if compounded
continuously.
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Section 3.4

Check Point Exercises

1. a 5¥%=125
§35-6 _ 53
3x—-6=3
3x=9
x=3
The solution set is {3}.

b. 8x+2 _ 4x—3
(23 x+2 22 x=3

23x+6 _ 5236
3x+6=2x-6
x=-12
The solution set is {—12}.

2. a. 5% =134

In5* =In134
xIn5=In134

= In134 ~304

The solution set is {111134},
In5

approximately 3.04.

b. 10 =8000
log10™ =10g 8000
xlog10 =10g8000
x =10g8000 = 3.90

The solution set is {log8000}, approximately 3.90.

3. 7e*—5=58
7e** =63
e =9
Ine* =9

2x=1In9

x=1n—9z1.10
2

The solution set is {%},

approximately 1.10.

32x—1 — 7x+1

1n 32)6—1 — 1n 7)C+1
2x-1D)In3=(x+1)In7
2xIn3-In3=xIn7+In7
2xIn3—xIn7=In3+In7
x(2In3-In7)=In3+In7
_ In3+In7

X=—m—mm
2In3—In7
x=12.11

In3+In7
2In3-In7]’
approximately 12.11.

The solution set is {

e? —8e5+7=0
(ex —7)(ex —1) =0

ef-7=0 or e-1=0

ef =7 e’ =1
Ine* =In7 Ine* =Inl
x=In7 x=0

The solution set is {0, In7}. The solutions are 0 and

(approximately) 1.95.

a. logy,(x—4)=3
2 =x-4
8§=x-4
12=x
Check:
logy (x—4)=3
logy(12—-4) =3
logy 8 =3
3=3
The solution set is {12}.

b. 4In(3x)=

2
The solution set is {%},

approximately 2.46.

446 Copyright © 2018 Pearson Education, Inc.



logx+log(x—3)=1
logx(x—-3)=1
10! = x(x-3)

10 = x% —3x
0=x*-3x-10
0=(x-5)(x+2)

x=5=0 or x+2=0
x=5 or x=-2
Check
Checking 5:
log5+1log(5-3)=1
log5+1log2=1
log(5-2)=1
logl0=1
1=1
Checking —2:
logx +log(x—3)=1
log(-2)+log(—2-3) =1
Negative numbers do not have logarithms so
—2 does not check.
The solution set is {5}.

In(x-3)=In(7x—-23)—In(x +1)

In(x—3)=In =23
x+1

Tx-23

x=3=
x+1
(x=3)(x+1)=7x-23
X2 —2x—3=7x-23
X2 —9x+20=0
(x=4)(x-5)=0
x=4 or x=5
Both values produce true statements.
The solution set is {4, 5}.

For arisk of 7%, let R =7 in

R = 60277%
60!277% — 7

7
612.77x _r

6

e’ =n

7
6
12.77x =1n Z
6
ln(%

X =
12.77
For a blood alcohol concentration of 0.01, the risk
of a car accident is 7%.

~—

=0.01

Section 3.4 Exponential and Logarithmic Equations

- nt
10. 4 :P(l+—)
n

4t
3600 = 1000(1+¥j

4
1000(1 _%J =3600

1000(1+0.02)* = 3600
1000(1.02)* =3600

(1.02)* =1n3.6
4¢In(1.02) =In3.6
In3.6

=
4In1.02
=16.2

After approximately 16.2 years, the $1000 will
grow to an accumulated value of $3600.

11.  f(x)=62+35log(x—4)
Solve the equation when f(x)=97.
62 +35log(x—4)=97
35log(x—4)=35
log(x—4) = 33
g 35
log(x—4)=1
x—4=10'
x=10+4
x=14
At age 14, a girl will attain 97% of her adult height.

Concept and Vocabulary Check 3.4

1. M=N

2. 4x-1

3 In20
In9

4. In6

5. 5

6. (x*+x)

7 Tx-23

x+1

8. false

9. true

10. false

11. true
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Exercise Set 3.4 9. 3% =8
5\ _ 53
1. 2'=064 (2 ) =2
2% =26 25 _ 53
x=6 5x=3
The solution is 6, and the solution set is {6} 3
xX==
5
X _
2. 3x - 8} The solution is E, and the solution set is 3 .
3' =3 5 5
x=4
The solution set is {4}. 10 4 =32
2\ _ 55
3. 5'=125 (2°) =2
5% — 53 22x — 25
x=3 2x=5
The solution is 3, and the solution set is {3}. Y= S
2
4. 5°=625 The solution set is {2}
x _ g4 2
57 =5
x=4
The solution set is {4}. 11. 9¥ =27
(32 Y33
5. 22v1-3 3
. = 37 = %
22x—1 — 25 Zx = 3
2x—1=5 xX=—
2x=6 2
x=3

The solution i 3 d the soluti t i &
The solution is 3, and the solution set is {3}. ¢ solution is —, and the solution setis 1 .

6. 3 =27

- g 12. 125 =625
3 X+l _ 3 3 x 4
2x+1=3 () =5
2x=2 §3x _ 54
x=1 3x=4
The solution set is {1}. e 4
3
7. 4P =64 4
42571 _ 43 The solution set is {g}
2x—1=3
2x=4 .
x=2 13 3=
The solution is 2, and the solution set is {2}. 217
31—)C -
33
8. 5*1=125 Jlx _ 33
3x-1 _ 23 -
5 =5 1-x=-3
3x-1=3 x——4
3x=4 x=4
= 4 The solution set is {4}.
3

The solution set is {g} .
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The solution is 5, and the solution set is {5}.

14, s> =L
1125
2-x _ 1
o= 3
52—x:5—3
2-x=-3
-x=-5
x=5
The solution set is {5}.
x=3
15 64 =6
31
64 =62
x—3_l
4 2
2(x-3)=4(1)
2x—6=4
2x =10
x=5
2
16. 76 =7
=2 1
76 =72
x—2_l
6 2
2(x-2)=6(1)
2x—4=6
2x =10
x=5

The solution set is {5}.

7. 4 =—
s

) X
2*) -
22
22297
2x=—l

The solution is —%, and the solution set is {—%} .

19.

20.

21.

22.

Section 3.4 Exponential and Logarithmic Equations

1
9=
B
2y _ 1
() =
33
32 =37
2x=—l
3

The solution set is {—%} .

8x+3 — 16x—1
x+3 x—1
(23 =(2*

23x+9 — 24x—4

3x+9=4x-4
13=x

The solution set is {13} .

gl—x — 4x+2
(23 1-x (22 x+2
23—3X — 22X+4

3-3x=2x+4
—S5x=1

xX=—=

5
. . 1
The solution set is —g .

1

ex+1 _
e
ex+1 =e_1
x+1=-1
x=-2

The solution set is {-2}.

ex+4 — 1
e2x
ex+4 — e—2x
x+4=-2x

3x=-4

4

xX=-=

3

The solution set is {—g} .
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Chapter 3 Exponential and Logarithmic Functions

23.

24.

25.

26.

27.

28.

29.

30.

450

10" =3.91

In10¥ =In3.91
xIn10=1n3.91

‘= In3.91 ~0.59

In10

10* =8.07

In10* =1n8.07

xIn10=1In8.07
_In8.07
~ Inl10

=091

ef =57
Ine* =5.7
x=In5.7=1.74

e’ =0.83

Ine* =In0.83
x=1In0.83=-0.19

5% =17
In5* =1n17

xIn5=1n17
In17
xX=—

In5

=1.76

19 =143
xIn19=1n 143

~1.69

31.

32.

33.

34.

3s.

36.

3> =1977
¥ =659
Ine>* =1n 659
L _In659

=~1.30

4e™* =10,273
Jx 10,273

4
Ine’* =In ( 10’573 J

Ty = 1n[lO,ZB’j
4

x:lln[10,273] =1.12

7 4

e =793
Ine!™* =1n793
(1-5x)(Ine)=1n793

1-5x=1n793
5x=1-1n793
w=dZT3
8 =7957
Ine' 8 =1n 7957
(1 - 8x)Ine=1In7957
1 - 8x=1n 7957
8x=1-1n7957
L_lom79s7
8
3 -2=10,476
3 =10,478
Ine>* 3 =1n10,478
(5x-3)Ine=1n10,478
5x—3=1n10,478
5x=1In10,478+3
L _In10.47843

e _7=11,243
5 211,250
In e4x—5 =In11,250 (4x —5)lne=1n 11,250

4x-5=1n 11,250

‘= In11,250+5 ~ 358
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37. 72 =410

In7*"2 =1n410
(x+2)In7=1n410

42= In410

In7
_In410
In7

X -2=1.09

38. 5573 =137
In53 =137
(x—3)In5=1In137
In137
In5
In137

n

x=3=

x=3+ = 6.06

39. 703% =813

In7%3* =1n813
0.3xIn7=1n813
_ In813

xX=
03In7

=11.48

40. 37 =02
037 =1n0.2
X n3=1n02
7

xIn3=7In0.2
7In0.2
x:
In3

=—-10.25

41. 52x+3 — 3x—1
ln 52x+3 — 1n 3)6—1
(2x+3)In5=(x—-1)In3
2xIn5+3In5=xIn3-1n3
3In5+In3=xIn3-2xIn5
3In5+In3=x(In3-21In5)
3In5+1In3 —y
In3-2In5
80=x

42.

44.

45.

Section 3.4 Exponential and Logarithmic Equations

72x+1 _ 3x+2

In 72X+1 =In 3X+2

2x+D)In7=(x+2)In3
In3
2x+1=(x+2)—
n
In3 2In3

2x+1l=x——+
In7 In7

1ln
. 2_n_3 =21n3_1
In7 In7
2In3
x=A0T__ 0,09

Ine®* =In2 Ine* =Inl
x=In2 x=0

The solution set is {0, In 2). The solutions are 0 and

approximately 0.69.

> —2e"-3=0
(ex —3)(ex +1)=o

e*=3=0 or ¢ +1=0

e’ =3 e¥ =-1
Ine* =In3 Ine* =In(-1)
x=1In3 no solution

The solution set is {In 3}. The solutions is
approximately 1.10.

M 4562 —24=0
(ezx +8)(e2x —3) =0

> +8=0 or e -3=0
ezx = _8 ezx = 3
Ine?* = In(-8) Ine2* =n3
2x =1In(-8) 2x=In3
In(—8) does not exist x= %
x=E§z0ﬁ
2
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Chapter 3 Exponential and Logarithmic Functions

46. ¥ —3¢2-18=0
(ez’f —6)(e2x +3) =0
e —6=0o0r > +3=0

er :6 2x :_3

Ine** =n6  Ine** =In(-3)
2x=In6  In(-3) does not exist.
In6

x=——=0.90
2
47. 3243 -2=0
3B +2)3*-H=0
3¥4+2=0 3¥-1=0
3 =22 3¥ =1
log3* =log(-2) log3* =1logl
does not exist log3=0
=0
log3
x=0
The solution set is {0}.
48. 22X 42¥12=0
¥ +4)(2"-3)=0
2¥+4=0 2¥-3=0
2 =4 2" =3
In2" =1In(-4) In2* =In3
does not exist xIn2=1In3
In3
x=—
In2
x=1.58
49. logzx=4
3*=x
8l=x
50. logsx=3
53 =x
125=x
51. Inx=2
e?=x
739=x
52. Inx=3
e =x
20.09 = x

53. log4(x+5)=3

43 =x+5
59=x

54.

5S.

56.

57.

58.

59.

60.

logs(x=7)=2

52=x-7

32=x

log, (x+25)=4

2% =x+25

16 =x+25

-9=x

log, (x+50)=5
2% =x+50

32=x+50
—-18=x

logs(x+4)=-3

72 =x+2

log,(3x+2)=3

4 =3x+2
64 =3x+2
62 =3x
62

X

3
20.67 = x

log, (4x+1)=5
2% =4x+1
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61.

62.

63.

64.

65.

66.

67.

Section 3.4 Exponential and Logarithmic Equations

5In(2x) =20 68. logg(x+5)+loggx=2
hl;(éf)) = 44 logg x(x+5)=2
e :e4 x(.x+5):62
2x=e4 X2 +5x=36
x=5-=2730 X +5x-36=0
2 (x+9)(x—4)=0
_ x=-9orx=4
6In(2x) =30 x =-9 does not check because
11111((%;“)):55 logs (—9+5) does not exist.
¢ =€ The solution set is {4}.
2x=¢
5
=% 7401 69. logy(x+6)+logsy(x+4)=1
2 logs [ (x+6)(x+4)]=1
1
6+2Inx=>5 (x+6)(x+4)=3
2Inx=-1 x> +10x+24=3
_ 1 X2 +10x+21=0
Inx=-= (x+7)(x+3)=0
onx _ 12 x=-T7orx=-3
x=e¢ 2 =061 x =—7 does not check because log;(—7+6) does not
exist. The solution set is {-3}.
7+3Inx=6
3Inx=-1 70. logg (x+3)+logs (x+4)=1
1nx=—l 10g6[(x+3)(x+4) =1
- +3)(x+4)=6'
e N (x+3)(x+4)
B _%~072 x“+7x+12=6
x=e =0 X2 +7x+6=0
+6)(x+1)=0
Invx+3=1 (e O)x )2:—6 orx=-1
VI3 = ol x =—6 does not check because logs(—7+3) does not
Vx+3 =52 exist. The solution set is {—1}.
x+3=e
x=e?-3~439 71. log, (x+2)—log, (x—5)=3
Invx+4 =1 logz(x+2)=3
InVx+4 _ | x=35
e =e x+2 3
Vx+4=e 5 =2
x+4=¢ x+2 _3
x=e>—4=339. x-5
x+2=8(x-5)
logs x+logs (4x—1)=1 x+2=8x—-40
gs v+ logs (4x 1) Tx=42
log;s (4x2—x)=1 x=6
4x* —x=5
4x? —x-5=0

(4x-5)(x+1)=0

x=—orx=-1
4

x =—1 does not check because logs(—1) does not
exist.

The solution set is {%}
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72, logy (x+2)—logy(x—1)=1 77. log(x+4)=logx+log4
x+2 log(x +4) =log4x
logy )= 1 x+4=4x
X—= 4=3x
x+2 _ 41 . :i
-1
X 3
x+2 4
;;12 =4(x—1) 78. log(5x+1)=1log(2x+3)+log2
x+2=4x-4 log(5x+1) = log(4x + 6)
6=3x Sx+1=4x+6
2=x x=5
73. %%0g3 §x+ 2; = 120g329 +2 79. log(3x—3)=log(x+1)+log4
083 X+ =2+ _ _
2logy(x+4)=4 log(3§cx _3% - llongzf +4)
logz(x+4)=2 e
2 _
39 — iij This value is rejected. The solution setis { }.
5=x
80. log(2x—1)=1log(x+3)+log3
74. 3log,(x—1)=5-log, 4 log(2x—1) =log(3x+9)
3log,(x—1)=5-2 2x—1=3x+9
3log,(x—1)=3 -10=x
log, (x _211) =1 | This value is rejected. The solution setis { }.
=X—
3=x 81. 2logx=1log25
75.  log, (x—6)+log, (x—4)—log, x =2 log x> =log25
(x—6)(x—-4) 2 _7;5
log) —————==2 X
0g2 X x=35
(x—6)(x—4) _ 22 -5 is rejected. The solution set is {5}.
X
X2 —10x+24 = 4x 82. 3logx=1logl25
2
x“—=14x+24=0 log x> =
3 TN gx” =logl25
(x—-12)(x-2)=0 B =125
x—12=0 or x-2=0 x=5
x=12 x=2
The solution set is {12} since log, (2—6) = log, (—4) 83. log(x+4)—log2=1log(5x+1)
is not possible.
log x+4 =log(5x+1)
76. log,(x—3)+log, x—log,(x+2)=2 x+4 .
=5x
(x—3)x 2
0g2—2=2 x+4=10x+2
x+2) —9x=-2
2 _x —3x . _E
x+2 9
4(x+2)=x> -3x x =022
4x+8=x> —3x
0=x>-7x-8
0=(x+1)(x-38)
x+1=0 or x—8=0
x=-1 x=8
log, (—1-3) = log,(—4) does not exist, so the solution
setis {8}
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84.

8s.

86.

87.

88.

89.

log(x+7)—log3 =log(7x+1)
x+7

log =log(7x+1)

=T7x+1

x+7=21x+3
—20x=-4
1

5
0.

X
X =

2

2logx—log7=1logll2
1ogx2 —log7 =logl12
2

logx— =logll2

7

2

—=112

7

x* =784
x =128

—28 is rejected. The solution set is {28}.

log(x—2)+1log5=10g100

log(5x—10) =10g100
5x-10=100
5x=110
x=22

log x +log(x+3) =1og10

log(x2 +3x)=1logl0
X2 +3x=10
X2 +3x-10=0
(x+5)(x-2)=0
x==5orx=2
—5 is rejected. The solution set is {2}.

log(x+3)+log(x—2) =logl4

10g(x2 +x—-6)=logl4
X +x-6=14
X2 4+x-20=0
(x+5)(x—4)=0
x=-5or x=4
=5 isrejected. The solution set is {4}.

In(x —4)+ In(x+1) = In(x —8)

In(x? =3x—4) = In(x—8)
x?—3x—-4=x-8
x?—4x+4=0

(x=2)(x=2)=0

x=2

2 is rejected. The solution set is { }.

90.

91.

92.

93.

94.

Section 3.4 Exponential and Logarithmic Equations

log, (x—1)—log, (x +3) = log, ( ! j

X

(x+D)(x-3)=0
x=-1or x=3
—1 isrejected. The solution set is {3}.

In(x-2)—In(x+3)=In(x—-1)—In(x+7)

x=2 x—1
In =In

x+3 x+7

x—2 x-1

x+3 x+7
(x=2)(x+7)=(x+3)(x-1

2 +5x—14=x%+2x-3
3x=11

In(x—-5)—In(x+4)=In(x—1)—In(x+2)

x-=5 x—1
In =In
x+4 x+2

x-=5 x-1

x+4 x+2
(x=5(x+2)=(x+4)(x-1)
x2—3x-10=x?+3x—4
—-6x=6
x=-1
—1 is rejected. The solution set is { }.

52%.5% =125
52x+4x — 53
56x — 53
6x=3

Xx=—

2

3X+2 . 3)6' — 81
3(x+2)+)c _ 34
32x+2 — 34
2x+2=4
2x=2
x=1
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95.

96.

97.

98.

99.

456

2|Inx|-6=0
2|lnx|=6
Inx|=3
Inx=3 or Inx=-3
x=¢ x=e
x=20.09 x=0.05
3|logx|-6=0
3ilogx|=6
logx|=2
logx=2 or logx=-2
x =107 x=1072
x=100 x=0.01
2
3¥ =45
2
In3* =1n45
x*In3=1n45
2 In45
Xt =—
In
vt P 4 g6
In3
5% =50
2
In5* =50
x*In5=1n50
2 In50
x =
In
w=t 104 56
In5
In(2x+1)+In(x-3)-2Inx=0

In(2x+1)+In(x—3)—Inx> =0
G
@x+Dx=3) _ g

x2

2x2 —5x-3

x2

2x% —5x—3=x7
x> —5x-3=0

1

100.

101.

= —bi\/b2 —4ac
2a

_ ~(=5)£4/(=5)* —4(1)(-3)

T 20)
L5tV

2
w2 +;/§ ~5.54
x= _;/ﬁ ~—0.54 (rejected)
The solution set is {5 +;/§} .

In3—-In(x+5)-Inx=0
3

x(x+5) -
60

In

- x(x+5)
3

- x(x+5)
x(x+5)=3
X% +5x=3
x> +5x-3=0

_ —b++b? —4ac 2

X=————x"+5x-3=0

2
. 9V 4D

2(1)
LTS +./37

2
LSBT
2
-5-37
T

0.54

=—5.54 (rejected)

—5+37
e

The solution set is {

5x2—12 _ 252x
2 2x

g7 =12 _ (52)

5x2—12 _ 54x

xr—12=4x

x?—4x-12=0

(x—6)(x+2)=0
Apply the zero product property:

x—6=0 or x+2=0
x=6 x=-2

The solutions are —2 and 6, and the solution set is

[-2, 6.
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102. 3x2—12 —g2x

312 _ (32 )2x

3712 _ gdx

x2—12=4x
x2—4x-12=0
(x—6)(x+2)=0
Apply the zero product property:
x—6=0 or x+2=0
x=06 x==2
The solutions are —2 and 6, and the solution set is

1-2, 6}.

103. a. 2010 is 0 years after 2010.

A=37.3¢"009
A=137.3e%00950) _ 373

The population of California was 37.3 million
in 2010.

b. A =37.3e00095

40 = 37.3¢009%
40 _ 00095

37.3

1030 _ 1) 0-0095¢

0.0095¢ = lnﬂ
37.3

40
In_—"
373 4

00095
The population of California will reach 40
million about 7 years after 2010, or 2017.

104. a. 2010 is 0 years after 2010.

A=25.1e"0187
A=25.1"01870) — 95 1

The population of Texas was 25.1 million in 2010.

b. A=25.101871
28 _ 001871
22581
In — In 001871
0.0187t = lnﬁ
25.1
28
In—
__251_
0.0187

The population of Texas will reach 27 million
about 6 years after 2010, or 2016.

Section 3.4 Exponential and Logarithmic Equations

105. f(x) =20(0.975)"
1=20(0.975)"
L 0975
20

lnL =1n0.975"
20

lnL =xIn0.975
20

x=118
There is 1% of surface sunlight at 118 feet. This is
represented by the point (118,1).

106. f(x)=20(0.975)*
3=20(0.975)"

3 _0.975"

2

0

1ni =1n0.975*
20

1n2i =xIn0.975

x=T75
There is 3% of surface sunlight at 75 feet. This is
represented by the point (75,3).

4
107. 20,000 = 12,500(1 + 0'0575j

12,500(1.014375)* = 20,000
(1.014375)*% =1.6

In(1.014375)% =1In1.6
4¢1n(1.014375) =1n1.6
In1.6

t=————=8.
41n1.014375
8.2 years

12¢
108. 15,000 = 7250(1 + 0065}

7250(1.005416667)'% =15,000

(1.005416667)% = 60
29

60
29
60
29

In(1.005416667)% =n
12¢1n(1.00541667) = In

)
In| —
29

=————=11.2 years
121n1.00541667
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360-¢
109. 1400 =1000 l+w
360

1400 ( 0.168j36°"
- = 1+_
1000 360

0.168 %% 1400
In| 1+ =In| ——
360 1000

360-
110. 9000 = 5000[1+Mj
360

9000 1+_u147j3“”
5000 360

0.147 )36 9000
In| 1+ =In| ——
60 5000

3601n(1+
36
t=4.0

111. accumulated amount = 2(8000) = 16,000

16,000 = 8000¢"-0%
D08 _ 5

Ine®% =n2
0.08t =1n2
In2
t=—-
0.08
t=8.7
The amount would double in 8.7 years.

112. 12,000 = 800020
0203t _ 12,000

000

e’ =15

0.203t =1nl.5
_Inl5

0203
t=2.0

About 2 years.

113. accumulated amount = 3(2350) = 7050

7050 = 2350¢% 157

7050
0157

Ine

350
0.157¢ _ 1.3
0.157t =1n3
_ In3

0.157
t=70

About 7 years.

114. 25,000 = 17’42560.04251

Q004250 _ 1000

697
1n 00425 _ [ 1000
697
0.0425t =1n 1000
697
1000
ln( 697 j
t=———%=8.5 years
0.0425
115. a. 2009 is 3 years after 2006.
f(x)=12Inx+15.7
f(3)=12In3+15.7=17.0
According to the function, 17.0% of the of the
U.S. gross domestic product went toward
healthcare in 2009. This underestimates the
value shown in the graph by 0.3%.
b. f(x)=12Inx+15.7
18.5=12Inx+15.7
2.8=12Inx
28 12Inx
1.2 1.2
2.8
—=Inx
1.
238
x=el2
x=10
If the trend continues, 18.5% of the U.S. gross
domestic product will go toward healthcare 10
years after 2006, or 2016.
116. a. 2008 is 2 years after 20006.

f(x)=12Inx+15.7
f(2)=12In2+15.7=16.5

According to the function, 16.5% of the of the
U.S. gross domestic product went toward
healthcare in 2008. This overestimates the
value shown in the graph by 0.3%.
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117.

118.

119.

b. f(x)=12Inx+15.7

18.6=12Inx+15.7
29=12Inx
29 1.2Inx

1. 1.2
2.
—=Ilnx
2
29

—
Ne) S

x=el2

x=11
If the trend continues, 18.6% of the U.S. gross
domestic product will go toward healthcare 11
years after 2006, or 2017.

P(x)=95-30log, x
40=95-301log, x
30log, x =45
log, x=1.5
x=2"=28
Only half the students recall the important features of
the lecture after 2.8 days.
This is represented by the point (2.8, 50).

P(x)=95-30log, x
0=95-30log, x
30log, x =95

log, x =—
82 30
95
230 =x
9.0=x
After 9 days, all students have forgotten the
important features of the classroom lecture.
This is represented by the point (9.0, 0).

a. pH =—-logx

5.6 =—logx
—5.6=logx

x=107¢

The hydrogen ion concentration is 1
per liter.

0% mole

b. pH=-logx
2.4 =—logx
2.4 =logx

X = 10—24

The hydrogen ion concentration is 10724 mole
per liter.

1 0—2.4

1 0_5 .6
The concentration of the acidic rainfall in part

_ 10—2.4—(—5.6) _ 103.2

(b)is 10’2 times greater than the normal
g
rainfall in part (a).

121.
125.

126.

127.

128.

Section 3.4 Exponential and Logarithmic Equations

0—2.3

The hydrogen ion concentration is 1 mole

per liter.
b. pH=-logx
l=—logx
—1=logx
x=10"
The hydrogen ion concentration is 10™" mole
per liter.

107!

10723
The concentration of the acidic stomach in part

1023 _ 103

(b)is 10" times greater than the lemon juice in
part (a).

—124. Answers will vary.
The intersection point is (2, 8).
Verify: x=2
2X+1 — 8
22+1 — 2
23 =38
8=8

The solution set is {2}.

The intersection point is (1, 9).
Verify x=1:
3x+1 =9
3+ g
32 =9
9=9
The solution set is {1}.

The intersection point is (4, 2).
Verify: x=4
log;(4-4-7)=2
log;9=2

The solution set is {4}.

The intersection point is (13—1, 2).

Verify: x = %

11
logz|3-—-2|=2
€3 3

log5(11-2) =2
log;9=2

11
3]

The solution set is {
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129. The intersection point is (2, 1). 134.
Verify: x =2
log(2+3)+log2=1
log5+1log2 =1
log(5-2)=1
logl0=1
1=1
The solution set is {2}.
130. The intersection point is (20, 2).
Verify x = 20:
log (x — 15) +logx =2
log (20 — 15) +log 20 =2
log 5 +1og 20 =2
log 100 =2
100 = 10?
100 =100
The solution set is {20}.
131. There are 2 points of intersection, approximately
(-1.391606, 0.21678798) and
(1.6855579, 6.3711158).
Verify x ~—1.391606
13s.

3F=2x+3

371391606 = 2(~1.391606) + 3

02167879803 ~ 0.216788

Verify x = 1.6855579

3¥=2x+3

316855579 ~ 2(1.6855579) + 3

637111582~ 6.371158

The solution set is {—1.391606, 1.6855579}.

132. There are 2 points of intersection, approximately
(-1.291641, 0.12507831) and
(1.2793139,7.8379416).

Verify:x = —1.291641
5% =3x+4
571291641 _3_1291641)+4
0.1250782178 = 0.125077
Verify:x =1.2793139

512793139 - 3(1 2793139) + 4
7.837941942 ~ 7.8379417

The solution set is {—1.291641, 1,2793139}.

133. As the distance from the eye increases, barometric air
pressure increases, leveling off at about 30 inches of

mercury.
NORMAL FLOAT AUTO REAL RADIAN MP n

460

29=0.481In(x+1)+27
0.48In(x+1)=2

In(x +1) =ﬁ

PLICo Vs 610.24
x+1= /08
]
x=eh2 _1=63.5
The barometric air pressure is 29 inches of mercury

at a distance of about 63.5 miles from the eye of a
hurricane.

NORMAL FLOAT AUTO REAL RADIAN MP n

30

1500

(1)|
2

The point of intersection is approximately (63.5, 29).

P(t)=145¢0%

When P =170, t=~ 7.9, so it will take about 7.9 minutes.
Verify:

70 = 456_0'092(7'9)

70 = 70.10076749
NORMAL FLOAT AUTO REAL RADIAN MP  ff

The runner’s pulse will be 70 beats per minute after
about 7.9 minutes.
Verifying algebraically:

P(7.9) = 145¢ ")
=145¢77% < 70
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136.

137.

138.

139.
140.

141.

142.

143.

144.

W (1) = 2600(1-0.51¢77 )3

NORMAL FLOAT AUTO REAL RADIAN MP n

3000

0 100

0

An adult female elephant weighing 1800 kilograms is
about 20 years old.

does not make sense; Explanations will vary. Sample
explanation: 2* =15 requires logarithms. 2* =16
can be solved by rewriting 16 as 24,

2% =15
In2* =In15

xIn2=1Inl15
_In15

=
In2

2% =16
2% =24
x=4

does not make sense; Explanations will vary. Sample
explanation: The first equation is solved by rewriting
it in exponential form. The second equation is solved
by using the one-to-one property of logarithms.

makes sense
makes sense

false; Changes to make the statement true will vary.
A sample change is: If log(x+3) =2, then

102 = x+3.

false; Changes to make the statement true will vary.
A sample change is: If log(7x+3)—log(2x+5)=4,

Tx+3

then log ( 5 Txt3

2x+5

j=4, and 10% =
x+5

true

false; Changes to make the statement true will vary.

A sample change is: x'%=5.71 is not an exponential
equation, because there is not a variable in an
exponent.

Section 3.4 Exponential and Logarithmic Equations

145. Account paying 3% interest:

146.

147.

1t
A= 4000(1 + gj

Account paying 5% interest:

1t
A= 2000(1 + g]

The two accounts will have the same balance when

4000(1.03)" = 2000(1.05)"
(1.03)" =0.5(1.05)"

t
(ﬂj =05
1.05
t
ln[ﬁj =In0.5
1.05

tln & =In0.5
1.05
t

The accounts will have the same balance in about 36
years.

(Inx)? = In x?
(Inx)> =2Inx
(Inx)> —2Inx=0
Inx(Inx—-2)=0
Inx=2
Y Z 2 or Inx=0
x=1

x=e
The solution set is {l, ez}.
(logx)(2logx+1)=6

2(logx)2 +logx—-6=0
(2logx—3)(logx+2)=0
2logx—3=0or logx+2=0

2logx =3 logx=-2
logx=— x=1072
g > :
x=10% xX=—
100

€ 10\%}.

The solution set is {100
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Check by direct substitution:

Check:x =104/10 =102
(logx)(2logx+1)=6

(1og103/2)(210g103/2 +1)=6

(o3

@J(3+1)=6

3
3)er=s

6=06

148. In(Inx)=0
eln(lnx) _ eO

Inx=1

elnx _ el

x=e
The solution set is {e}.

149. Answers will vary.

150. a. domain: {x|—4 <x< oo} or [—4,c).
b. range: {y|-eo<y<3} or (—eo,3].
c.  The x-intercepts are —4 and 4.
d. The y-intercepts is 2.
e. fis increasing on the interval (—4,-2).
f.  fis decreasing on the interval (=2,00).

f'has a relative maximum at x = 2.

h.  The relative maximum of f'is 3.
i f(-3)=2

151. f(x)=—4x> —16x+3

a. a=-4. The parabola opens downward and has a
maximum value.

-b 16
X=—=—=

2a -8
F(=2)=-4(=2)* —16(-2)+3=19
The minimum point is 19 at x =-2.

-2

¢.  domain: (—eo,00) range: (—eo,19]

x> —5x+6=0
(x=2)(x=3)=0
x=3

x=2 or

The solution set is {2,3,4}.

153. A =10e000%

9 26 24
4 20 24
1 5 6 0

a. 2006: 4=10e"93© =10 million
2007: A=10e"%3" < 9,97 million
2008: A =10e"932) = 994 million
2009: A =10e"%3®) <991 million

b. The population is decreasing.

154. a. ™3 =3

b end =3
(eln3 Y gx
e(ln3)x =3

155. An exponential function is the best choice.

Annual Retail Sales of
Call of Duty Games

y
1000

800
600
400
200

Retail Sales
millions of dollars)

(

(2004, 56)-
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Section 3.5
Check Point Exercises

1. a. A4y=807. Since 2011 is 11 years after 2000,
when =11, 4=1052.

A= Aoekt
1052 =807
1052 11
152,
807
In —1052 =In e1 Tk
807
[ 1952y
807

1052
ln( 807 )
k=—"""2 20024

Thus, the growth function is 4 = 8072024

b. A =807e"0%%

2000 = 8070024
2000 _ 0.0241

50
In —OOO = In 0024
807
nf 2290 _ 0.004¢
807
2000
In| 307
=807/ s¢
0.024

Africa’s population will reach 2000 million
approximately 38 years after 2000, or 2038.

2. a. Inthe exponential decay model 4= Aoekt,

4

substitute EY for 4 since the amount present

after 28 years is half the original amount.

Ao _ g b8

2 1
G280 -1

2 1

ne?® = n—

i

28k =In—

2

1

n—

k=—2~_0.0248
28

So the exponential decay model is
A= Ay 00248

Section 3.5 Exponential Growth and Decay: Modeling Data

b.  Substitute 60 for 4, and 10 for 4 in the model
from part (a) and solve for ¢.
10 = 60002481
00248 _ 1

6
In 002481 _ 1

1
¢
—0.0248¢ =In—
6 1
In—+
t= 6 _~72
~0.0248

The strontium-90 will decay to a level of 10
grams about 72 years after the accident.

3. a. The time prior to learning trials corresponds to
t=0.
0.8

SO = — 5y =04

The proportion of correct responses prior to
learning trials was 0.4.

b.  Substitute 10 for ¢ in the model:

0.8

10)=————— ~0.
Jao 14 ¢~0-2010) 0.7

The proportion of correct responses after 10
learning trials was 0.7.

c
1+ae™
the constant ¢ represents the limiting size that
f¥) can attain. The limiting size of the
proportion of correct responses as continued

learning trials take place is 0.8.

c.  In the logistic growth model, f(¢) =

4. a. T=C+ (T, — C)e"
80 = 30+ (100 — 30)*>
80 = 30+ 70e°K

50 = 70¢°K
S Sk
7
lni = lneSk
7
lni =5k
7
lné
_7_
5
—-0.0673 = k

T =30+70¢"0-0673
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5.

6.

464

b.

C.

T = 30 + 706067320 ~ 480
After 20 minutes, the temperature will be 48°.

35=30+70e **7
5 = 70,=0-06731

1 _ 00673
14

In_L = 1 ~0-0673¢
14

lni =-0.0673¢
14

39=¢
The temperature will reach 35° after 39 min.

A logarithmic function would be a good choice for
modeling the data.

Walking Speed

An exponential function would be a good choice for
modeling the data although model choices may vary.

Percent of U.S. Men Who

(feet per second)

Are Married or Have Been

y
24138, 1.9y HeH
20 e 342, 22)
Ler s aL Ly
1210074, 1.0)
0-8 9 T
0.4 11 (55,0.6)
0.0 EECEEEE

0 100 200 300 400 x
Population (thousands)

11
80 +(35,75)
T T
60(18,2) (30, 61)—

!
40 ((25, 36)

20|/
10 |/-¢(20,7)
18 22 26 30 34 38 «x
Age

Married
N
=

7. a. 1970is 21 years after 1949.

F(x)=0.074x+2.294
F(21)=0.074(21)+2.294
~3.8
2(x) =2.577(1.017)*
2(21)=2.577(1.017)%!
~3.7

The exponential function g serves as a better
model for 1970.

b. 2050 is 101 years after 1949.

f(x)=0.074x+2.294
£(101)=0.074(101) +2.294
=98

g(x)=2.577(1.017)
2(101) = 2.577(1.017)!*!
~14.1

The linear function f'serves as a better model for
2050.

8. y=4(7.8)"

_ 4e(ln 7.8)x

Rounded to three decimal places:
— 4e(ln 7.8)x
— 462.054x

Concept and Vocabulary Check 3.5

1. >0; <0
2. Ay; A4

3. 4;c¢

4. logarithmic
5.  exponential
6. linear

7. In5
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Exercise Set 3.5

1.

Since 2010 is 0 years after 2010, find 4 when ¢ =0:
A=1273¢0006

A =127.3¢0006(0)

4=1273¢"

A4=127.3(1)

A=1273

In 2010, the population of Japan was 127.3 million.

Since 2010 is 0 years after 2010, find 4 when ¢ =0:
A=31.5601

Y= 31560.019(0)

A4=31.5¢"

4=31.5(1)

A=315

In 2010, the population of Iraq was 31.5 million.

Since k£ =0.019, Iraq has the greatest growth rate at
1.9% per year.

Since £ is negative for both Japan and Russia, they
have decreasing populations. The population of Japan
is dropping at a rate of 0.6% per year. The population
of Russia is dropping at a rate of 0.5% per year.

Substitute 4 =1377 into the model for India and
solve for ¢:

1377 = 1173.1e2-008
1377 _ L0.008t

=0.008¢

1377
In——
- 11731 _»
0.008
The population of India will be 1377 million
approximately 20 years after 2010, or 2030.

1173.1

Substitute 4 =1491 into the model for India and
solve for ¢:

1491 =1173.1%008
1491 L0-008

B
| — I 00081

n
1173.1
1491

In——
1173.1

=0.008¢

1491
n e —
__1173.1 5
0.008
The population of India will be 1491 million
approximately 30 years after 2010, or 2040.

Section 3.5 Exponential Growth and Decay: Modeling Data

Ay =6.04 . Since 2050 is 50 years after 2000,
when t=50, 4=10.
A= Aoekt
10 = 6.04¢* %)
10 _ sok

50

In 9\ 1n 001
6.04
In

0.01
Now, 2000 + 40 = 2040, so the population will
be 9 million is approximately the year 2040.

Ay =3.2. Since 2050 is 50 years after 2000,
when t=50, 4A=12.

12 =3.2¢4G0
12 _ sok
32
In E =Ine%
In E =50k
3.2
52)
ln 372
= —~ =0.026
50

Thus, the growth function is 4 = 3.2e0:0260
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b. 3.2e%0%0 =9 12. P(x)=21.3"
00260 _ 9 427 =213
3.2 427 40k
Ine*0%% =1n (%) 213 ¢
5% | 42.7 — In &40k
0.026¢ = 39 .
| ( 9 ) In 427 =40k
n —— .
__\32) 4 e
0.02 21.3
Now, 2000 + 40 = 2040, so the population will 20 k
be 9 million is approximately the year 2040. k=0.0174
The growth rate is 0.0174.
9. P(x)=99.9¢"009
P(40) = 99.9¢0-0093(40) 13. P(x) =82.3¢"
P(40) =99.9¢"999340) < 146.1 0.5 = 82 3640k
The population is projected to be 146.1 million in 70.5 a0k
2050. 83 °
In 70.5) In &40%
10.  P(x)=184.4¢0014% 82.3
P(40) = 184.4¢"-0149(40) il 7952 a0k
P(40) = 184.4¢%0149(40) _ 334 7 82.3
The population is projected to be 334.7 million in 1 (7()5)
2050. 823) _,
0
o k = —0.0039
11. Px) =44.2¢ The growth rate is —0.0039.
62.9 = 44,240
62.9 _ a0k 14. P(x)=7.1"
44.
[ 629, 40k 5521 =7.1e40%
442 ﬂ =40k
In @ =40k 5.4 40k
44.2 In 71 =Ine
62.9 2 4
44.2 In| = | =40k
=k 7.1
k =0.0088 ln(s"‘}
The growth rate is 0.0088. 1) _ k
0
k =—-0.0068

The growth rate is —0.0068.

f = 16¢-0-000121¢
~0.000121(5715)

15.
A=16e
A= 166_0'691515
A=8.01
Approximately 8 grams of carbon-14 will be present
in 5715 years.
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16.

17.

18.

19.

20.

A= 166—0.0001211

4 = 16¢0-000121(11430)

A= 166_1'38303

A=4.01

Approximately 4 grams of carbon-14 will be present
in 11,430 years.

After 10 seconds, there will be 16-% =8 grams

present. After 20 seconds, there will be 8 % =4
grams present. After 30 seconds, there will be

4 % =2 grams present. After 40 seconds, there will
be 2 % =1 grams present. After 50 seconds, there

1 1
will be 1-— =— gram present.
) g p

After 25,000 years, there will be 16% =8 grams

present. After 50,000 years, there will be 8 % =4
grams present. After 75,000 years, there will be

4 % =2 grams present. After 100,000 years, there

will be 2-% =1 gram present. After 125,000 years,
. 1 1

there will be 1-5 = 5 gram present.

A= fge 00001210

15= 1006—0.0001211‘
15 _ 0000121
100
In0.15 = In ¢~0-000121¢
In0.15=-0.000121¢
,__In0.5
—0.000121
The paintings are approximately 15,679 years old.

=15,679

A= dge 0000121

88 = 100e0-0001211
ﬁ — e—0.000121t
100

1n0.88 = [n ¢ 00001211

In0.88 =-0.000121¢
In0.88

[=—/ =
—0.000121
In 1989, the skeletons were approximately 1056
years old.

1056

Section 3.5 Exponential Growth and Decay: Modeling Data

21.

22.

23.

24.

25.

26.

0.5=e
0.5 = g~0055¢
n0.5 = Ine 0955

In0.5=-0.055¢
In0.5

=t
—0.055
t=12.6

The half-life is 12.6 years.

0.5=ek
0.5 = 0063

In0.5 = In 0063
In0.5=-0.063¢
In0.5 ;
—0.063
t=11.0
The half-life is 11.0 years.

0.5=ek
0.5 = 1620k

n0.5 = In ¢! 620%
n0.5=1620k
In0.5 —k
1620

k =~ —0.000428

The decay rate is 0.0428% per year.

0.5=¢"
0.5 = o360k

n0.5 = In ¢*360%
In0.5=4560k
In0.5 i

45

60
k = —0.000152
The decay rate is 0.0152% per year.

0.5=ek
0.5 =75k

n0.5=Ine! 7%
In0.5=17.5k
In0.5 —k

17.5
k = —0.039608
The decay rate is 3.9608% per day.

0.5=c"

0.5= 13k
n0.5=1Ine 3
In0.5=113k
In0.5 —k

113
k =—-0.006134

The decay rate is 0.6134% per hour.
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27. a.
L
i
In—=1Ine'3%
2
1
In—=1.31k
2 1
In—
k=—2~-052912
1.31
The exponential model is given by
A= 4ye 052012
b. Y = 4052912t

0.945 4y = Aye 052012
0.945 = 0529121

In0.945 = In ¢ 02212
In0.945 =-0.52912¢
/= In0.945
—0.52912
The age of the dinosaur ones is
approximately 0.1069 billion or 106,900,000
years old.

=0.1069

28. First find the decay equation.

0.5=¢"
0.5 = o7340k

n0.5 = In e’ 340k
In0.5="7340k
In0.5 k

7340
k =—0.000094
A = ¢~0-0000947

Next use the decay equation answer question.
A= e—0.000094t

02 = e—0.000094t

10.0.2 = [n ¢ 0-000094¢
In 0.2 =-0.000094¢

In02
—0.000094
t=17121.7
It will take 17121.7 years.
In0.5
For greater accuracy, use k = .
7340

nos
A=e7340  gives 17043.0 years

29.

30.

31.

First find the decay equation.
0.5=c
05= 622k

n0.5 = In 22k
In0.5=22k
In0.5 k

22
k =-0.031507
4 = 00315071

Next use the decay equation answer question.
A= 6_0'031507t

0.8 = 6—0.0315071
In0.8 = In ¢ 0031307

In0.8=-0.031507¢
In0.8

B — i
—-0.031507

t=17.1
It will take 7.1 years.

First find the decay equation.
0.5=e
05= ele

n0.5=Ine!?k
n0.5=12k
In0.5 —k

12
k=-0.057762
A = 00577621

Next use the decay equation answer question.
f = g~0-0577621

0.7 = 0057762

1007 = n ¢~0-057762¢

In0.7 =-0.057762¢

In0.7
—0.057762t

It will take 6.2 hours.

First find the decay equation.
0.5=¢"
0.5=e%k

n0.5=In &0k
In0.5 =36k
In0.5 k

36
k=-0.019254
A = 00192541

Next use the decay equation answer question.
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A= e—0.019254t
0.9 = e—0.019254t
n09=1In 6—0.019254t

In0.9 =-0.019254¢

n0.9
~0.019254

It will take 5.5 hours.

32. A — Aoekt
1000 = 1400e*°

1000 s
140
lng =5k
lné
k=—L ~_0.0673

The exponential model is given by A4 = dye 0673

100 = 1000¢0-0673
10

0 _ 00673
10
1n1_ — I 006731
In—=-0.0673¢
10 1
In—
=10 _34»
—-0.0673

The population will drop below 100 birds
approximately 34 years from now. (This is 39 years
from the time the population was 1400.)

33. 2AO — Aoekt
2=¢M

In2 :lnekt
In2 =kt
_n2

k

t

The population will double in ¢ = % years.

The population will triple in ¢ = 1r173 years.

Section 3.5 Exponential Growth and Decay: Modeling Data

35.

36.

37.

38.

A =430

a. k=0.01, so New Zealand’s growth rate is 1%.

b. A=430001
2.4.3=43%01
= 00

In2 =In %"
In2=0.01¢
_In2

0.01
New Zealand’s population will double in
approximately 69 years.

t =69

A=112.5¢"012

a. k=0.012, so Mexico’s growth rate is 1.2%.

b. A=112.5¢%012
2.112.5=112.5¢"01%
9 = Q00121

In2 =1In "0
In2=0.012¢
_ In2 - 53
0.012
Mexico’s population will double in
approximately 58 years.

a.  When the epidemic began, ¢ = 0.
100,000

S(0)=———=
14+5000e

Twenty people became ill when the epidemic
began.

=20

b. f(4) _ 100,000 T 1080
145,000e™
About 1080 people were ill at the end

of the fourth week.

c.  Inthe logistic growth model,

c
S(@) =

l+ae
the constant ¢ represents the limiting size that
A(#) can attain. The limiting size of the
population that becomes ill is 100,000 people.

12.57
f)= 144.11¢70-026(0)
51 - 12.57 60

144,11 0026GD
The function models the data quite well.
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12.57

39, f(x)=—21 42.

1+4.11¢70-026(x)

12.57
61) = ~
J6h 1+4.11¢70:026(6)

The function models the data quite well.

6.8

12.57

12.57
1+4.11¢70026(x)
7(1 +4.11e_0'026(x)) ~12.57

7+28.77¢70026() 12 57
28.77¢~0026() _ 5 57
2~0:026(x) _ 5.57

28.77
1 e~0-026() _ 1) 5.57

28.77

40. f(x)=

43.

7:

5.57 45.

—-0.026x =1n
77
_ sy

©—0.026

x =63
The world population will reach 7 billion 63 years
after 1949, or 2012.

12.57
12.57
8(1 +4.1 1e‘°~026(">) ~12.57
8+32.88¢ 70026 — 12 57

32.88¢70026() = 4 57
5~0:026(x) _ 4.57

41. f(x)=

8=

32.88 46.

The world population will reach 8 billion 76 years
after 1949, or 2025.

470

44.

12.57
L 4100260
As x increases, the exponent of e will decrease. This
will make ¢ %92 become very close to 0 and

make the denominator become very close to 1. Thus,
the limiting size of this function is 12.57 billion.

90 -~
14271¢7012200)

The probability that a 20-year-old has some coronary
heart disease is about 3.7%.

P(20) = 3.7

90

14 271-0122(80) =
The probability that an 80-year-old has some
coronary heart disease is about 88.6%.

P(80) = 88.6

05= 0'90 122
1+271e7 0124

0.5(1 +271e70122 ) =0.9

1427170122 =1 8
27171220 = 0.8

01220 _ 08
271

Ine=0-1220 _ 1, 0-8

i

-0.122t =In—

271

In>=>

_ 71 g
-0.122

The probability of some coronary heart disease is
50% at about age 48.

90
142716 0-122x

70(1+271e0-122x) _ g9
14271e70-122x .0

%O
271 0-122x _ 2

’ 2
e—O.lZZx _

1897
—0.122x=1n

70 =

1897
2

In——
__ 1897

0122
x =56

The probability of some coronary heart disease is
70% at about age 56.
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47. a. 55 =45+ (70 —45)"°
10 = 2501 0K
2_&%

5
ln% = lneIOk
5

ln%=10k
5

lng

5_4
10
~0.0916 = k

T = 45+25¢ 009161

b. T= 45+25¢"71°09 =51°
After 15 minutes, the temperature will be 51°.

c. 50 =45 +25¢ **'
5 = 25,0.09161

1
1_ ,-00916t

()]

1nL = 1 o~0-09161

=-0.0916¢

=t
-0.0916
18~1¢
The temperature will reach 50° after 18 min.
48. a. T=C+ (T, — C)e"
300 = 70 + (450 — 70)ek>
230 = 380K

2
23 _ Sk
38

T =70+ 380 0-1004/

b. T= 70+ 380ke™' Y = 121°
After 20 minutes, the temperature will be 121°.

49.

c. 140 =70 + 380¢ 1004
70 = 380,—0-10041
7 _ ~0.10041
38
L = n o~0-1004¢
38
7
In— = -0.1004¢
38
lnl
38 _
-0.1004

17 =¢
The temperature will reach 140° after 17 min.

T=C+(T, - C)"
38 =75+ (28— 75)ek 10

37 = —47.10k

=37 _ 10k
—47

1n3—7 =In el Ok
47

1n3—7: 10k
4

10
~0.0239 = k
=75 47,-0.02391
50 = 75— 47 0-023%1

—25 _ ~0.0239¢
-47

n 2> = 1 o—0:0239

lnE =-0.0239¢
47

26=t¢
The temperature will reach 50° after 26 min.
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50. T=C+(T, — C)e"
30 = 65+ (24— 65)F10
—35= 4110k
35 _ 10k
41
ln3—5: 1nelOk
41
In>> = 10k
41
1nE
4,
10
~0.0158 =~ k

45 =65 —41e OB
20 = —41,0-0158¢

20 _ -0.0158¢
41

1020 = 1 o~0-0158¢

lnﬁ =-0.0158¢
41

20
In—
41 _
—-0.0158
45~ ¢
The temperature will reach 45° after 45 min.

51. a. Scatter plot:
(2\2, 9) (2/7, 10)

\ Hte— (47,52)
s (42, 38)

=

o ~—(37,20)
— (32,13)

oo
=

\ —
{J

Percent of Miscarriage
=9 W A Ut

4 20 36 «x
Woman's Age

b.  An exponential function appears to be the best

choice for modeling the data.

52.

53.

54.

5S.

a.

b.

a.

b.

a.

b.

a.

b.

Scatter plot:

y

$800,000

|
gggg’ggg (100, 656,000)

3300000 (95, 524,000)
’ (90, 409,000)
330,000 (85,307,000
$100,000 [ (80, 219,000)
|
75 80 85 90 95 100 X
Age at Death

-

Savings Needed

An exponential function appears to be the best
choice for modeling the data.

Scatter plot:

y

10 EEE

140 (100, 140) 3

130 -+(10,130)
120 rﬁl,ilzjo;l

1104-(0.1, 110)

100

0 20 40 60 80 100 x
Intensity
(watts per meter?)

Loudness Level
(decibels)

A logarithmic function appears to be the best
choice for modeling the data.

Scatter plot:
y
L
2owl ]
g 400 | 40,3894 @ (60, 43°)
- | [ T~(50,41%)
& e ?(30,34%)
5 5= 30 o
£v (20, 29°)
f1 o [
g 20 % (10, 19°)
5 1
=

0 20 40 60 80 100 «x
Minutes

A logarithmic function appears to be the best
choice for modeling the data.

Scatter plot:

=

p—
=3
=)

o
=)

=
=)

[}
<>

0 20 060 100 x
Percentage who
won’t try sushi

Percentage who don’t
approve of marriage equality
D
S

A logarithmic function appears to be the best

choice for modeling the data.
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56.

57.

58.

59.

60.

a.  Scatter plot:
y

=
(=}

¥ J
0 30 60 x

Percentage Who Have
Used Marijuana

Percentage Who Have
Used Other Illegal Drug
()
(=]

b. A linear function appears to be the best choice
for modeling the data.

y=100(4.6)" is equivalent to
3 =1006M46)%.

Using In4.6 =1.526,

y — 10061526)&'.

y=1000(7.3)* is equivalent to
» =1000e™ 737,

Using In 7.3 = 1.988,

y =1000¢! 788~

y=2.5(0.7)* is equivalent to
y= 2.Se(ln0.7))c;
Using In0.7 = -0.357,

y= 2 56—0.357)6

y=4.5(0.6)* is equivalent to
y= 4.Se(ln0.6)x;

Using In0.6 = -0.511,

y — 4.56_0.511)(.

61.—69. Answers will vary.

70.

a. The exponential model is y =201.2(1.011)* .

Since » = 0.999 is very close to 1, the model
fits the data well.

b. y=201.2(1.011)"
y= 20126 M1-011)x

Since k& =.0109, the population of the United
States is increasing by about 1% each year.

Section 3.5 Exponential Growth and Decay: Modeling Data

71.

72.

73.

74.

75.

The logarithmic model is y =191.9424.5691n x .

Since » = 0.870 is fairly close to 1, the model fits the
data okay, but not great.

The linear model is y =2.657x+197.923. Since
r=0.997 is close to 1, the model fits the data well.

The power regression model is y = 195.05x%100

Since r = 0.896, the model fits the data fairly well.

Using r, the model of best fit is the exponential

model y=201.2(1.011)".

The model of second best fit is the linear model
y=2.657x+197.923.

Using the exponential model:
335=201.2(1.011)"
——=(1.011)"

Inj —— [=xIn(1.011)

335
" 2012
x=— Ly
In(1.011)

1969+47 =2016
Using the linear model:

y=2.657x+197.923
335 =2.657x+197.923

137.077 = 2.657x

_137.077 _

2657
1969 +52 = 2021

According to the exponential model, the U.S.
population will reach 335 million around the year
2016. According to the linear model, the U.S.
population will reach 335 million around the year
2021. Both results are reasonably close to the result
found in Example 1 (2020).

Explanations will vary.

a.  Exponential Regression:
y=3.46(1.02)"; r~0.994
Logarithmic Regression:
y=14.752Inx-26.512; r = 0.673

Linear Regression:
y=0.557x-10.972; r=0.947

The exponential model has an 7 value closer to
1. Thus, the better model is y = 3.46(1.02)".
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b. y=3.46(1.02)"
y= 3.46e(ln1.02)x
y =3.46¢"9%

The 65-and-over population is increasing by
approximately 2% each year.

76. Models and predictions will vary. Sample models are
provided

Exercise 47: y =1.402(1.078)"

Exercise 48: y = 2896.7(1.056)"
Exercise 49: y =120+4.3431Inx
Exercise 50: y =—-11.629+13.4241nx
Exercise 51: y =0.063x—124.16
Exercise 52: y =0.742x —1449.669

77. does not make sense; Explanations will vary. Sample
explanation: Since the car’s value is decreasing
(depreciating), the growth rate is negative.

78. does not make sense; Explanations will vary. Sample
explanation: This is not necessarily so. Growth rate
measures how fast a population is growing relative to
that population. It does not indicate how the size of a
population compares to the size of another
population.

79. makes sense

80. makes sense

81. true
82. true
83. true
84. true

85. Use data to find £.
827 = 70+ (85.6 — 70)ek 30

12.7=15.6¢°0K

12.7 e30k
15.6

lnE =In e30k

lnE =30k
15.6
12.7
In——
15.6 _ k
30
-0.0069 = k

86.

87.

88.

89.

Use k to write equation.
85.6=70+(98.6—70)¢
15.6 = 28.6¢~0-0069

15.6 _ -0.0069¢
28.6

—-0.0069¢

1126 _ 4, ,~0.0069
28.6

30— 0 0069
28.6

15.6
In——
28.6 _
—0.0069
88 =1t
The death occurred at 88 minutes before 9:30, or 8:02
am.

Answers will vary.

Let x = the computer’s price before the reduction.
x—0.60x =440

0.40x = 440
440
xX=—-
0.40
x=1100

Before the reduction the computer’s price was $1100.

The graph of y = x| is shifted 2 unit right and shifted

up 1 unit.

3x—y+5=0

-y=-3x-5

y=3x+5
The slope of the line y =3x+5 is 3.
y_yl :m('x—xl)
y+4:3(x—1) point-slope
y+4=3x-3

y=3x—-7 slope-intercept
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Chapter 3 Review Exercises

5 5.  The graph of g(x) shifts the graph of f{x) one unit to
90 5 =27x the right.
S _27x @9
421 om IS
i
8 0, D JEA (2, 2)
The solution set is {é} a 1)! Eaks
8 HHH
[T
177 _1Ir 127 Sfx)=2*
M T T s =2
_1Iz-12%
B 6 asymptote of £ y=0
= 3z asymptote of gz y=0
6 domain of / = domain of g = (—oo, o)
9. _£+2”:_£+247r range of f = range of g = (0,)
12 12 12
= —m+24n 6.  The graph of g(x) shifts the graph of f{x) one unit down.
12
y
_Br s
12 4] 7
3 (1, 2)
y=-1 > X
. . 0, 0) -
Chapter 3 Review Exercises (_1 a E) it
. . Y pwy =3¢
1. This is the graph of f(x)=4" reflected about the y- gr) =3 -1
axis, so the function is g(x)=4"". asymptote of /1y =0
asymptote of g: y=-1
2.  This is the graph of f(x)=4" reflected about the x- domain of f = domain of g = (—oo’oo)
axis and about the y-axis, so the function is range of f = (0,00)
h(x)=-47".

range of g = (—1,¢0)

. _ax
3. This is the graph of f(x) =4" reflected about the x- 7.  The graph of g(x) reflects the graph of f{x) about the

axis and about the y-axis then shifted upward 3 units, y — axis.
so the function is r(x) =—4"" +3. w f
. . Ly, S
4. This is the graph of f(x)=4". 3 l/ oD
! -
1\ 131 %
-1, —= 1, -3
s i
(09 _1) g
Sfx) =3*
glx) = =3*

asymptote of £ y =0

asymptote of g y =0

domain of f = domain of g = (—eo,e0)
range of /= (0,e0)

range of g = (—e°,0)
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8.  The graph of g(x) reflects the graph of f{x) about the

X-axis.
Sy, &
T 5
29X B
(_1’ 2):_ _'_(19 2)
= -
—(0,1)
T
T
T
S = <%>

asymptote of i y =0
asymptote of gz y=0
domain of f = domain of g = (—eo,e0)

range of /' = range of g = (0,°)

9.  The graph of g(x) vertically stretches the graph of f{x)
by a factor of 2.

YL fg
s{-4L (2, 2e)

<_ 1, l) mus ()
e |

S(x) = e*
g) = 2ex/2

/T
\.l\)
ol
S~
|
1
—
=
(¢
~

1) 1
I

)
]
]

asymptote of ; y=0
asymptote of gz y=0
domain of f/ = domain of g = (—eo,e0)

range of /' = range of g = (0,c°)

10. 5.5% compounded semiannually:
0.055

25
A= 5000(1 + ) = 6558.26

5.25% compounded monthly:
0.0525

12-5
A= 5000(1 + j = 6497.16

5.5% compounded semiannually yields the greater
return.
11. 7% compounded monthly:
1210
A:14,000(1+%j =~ 28,135.26
6.85% compounded continuously:

A=14,000"08510) _ 7 772 81

7% compounded monthly yields the
greater return.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

a.  When first taken out of the microwave, the

temperature of the coffee was 200°.

b.  After 20 minutes, the temperature of the coffee

was about 120°.
~0.04855(20)

T=70+130e =119.23
Using a calculator, the temperature is about
119°.

¢.  The coffee will cool to about 70°;

The temperature of the room is 70°.

4912 =7

4 =x

3V =81

logg 216=3
log;, 625 =4
log;3874=y

log4 64 =3 because 4% =64

1 o 1
logs — = -2 because 5 2-—.
25 25

logs (—9) is undefined and cannot be evaluated since

log;, x is defined only for x > 0.
log;e 4 =% because 1672 = /16 = 4.

Because log, b =1,

we conclude log;;17 =1.

Because log;, b* = x,

we conclude log; 3% =3.

Because Ine* =x,

we conclude Ine> =5.

1
1

1 - 1
logs — =logy — =log33 2 =
g3\/§ g3 % g3 7

3

1ni2= Ine? =-2
e
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28.

29.

30.

31.

32.

33.

34.

logﬁ = log% = 10g10_3 =3
Because log;, =1,

we conclude logg 8 =1.

So, logs(logg 8) =logs 1.

Because log, 1=0

we conclude logz 1=0.

Therefore, logs(logg 8) = 0.

vy f @29
7 4,2)
g

Y

12

S0, DY

ERAE

2,1

1, 0)-
Sx) =2¥

g() = logyx

domain of f = range of g = (—eo,)

range of f = domain of g = (0,)

0, 1) W 5

L

\\ g
G, -1
a, 0)3(3 )

J) = (%)

g(x) = log,;3x

domain of f = range of g = (—eo,)

range of f = domain of g = (0, )

This is the graph of f(x)=1logx reflected about the

y-axis, so the function is
g(x) = log(—x).

This is the graph of f(x)=1logx

shifted left 2 units, reflected about the
y-axis, then shifted upward one unit, so the function
is r(x) =1+log(2—x).

This is the graph of f(x) =logx
shifted left 2 units then reflected about the
y-axis, so the function is 4(x) =log(2—x).

3s.

36.

37.

38.

Chapter 3 Review Exercises

This is the graph of f (x)=logx.

—_
N

-
p—

-
U

“,2)
i

L O A 4,1

x=2
J@) =logyx
g(x) =logy(x — 2)
x-intercept: (3, 0)
vertical asymptote: x =2
domain: (2,)

fx) = log,x
h(x) = =1 + log,x

x-intercept: (2, 0)
vertical asymptote: x =0
domain: (0,e0)

range: (—oo,o0)

('_' "2:) B2, D[4,2)
r R | f

1, 0)-

[ 1
J ) =log,x

r(x) =log,(—x)

x-intercept: (-1, 0)
vertical asymptote: x =0
domain: (—e,0)

range: (—eo,eo)
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39.

40.

41.

42.

43.

44.

45.

478

L o4 (,1’.0)1
(10, 1)
2 f
P antans comneie
(-2,0) | p
(7, -1
Jf(x) =logx

g(x) = —log (x + 3)

asymptote of / x=0
asymptote of g: x=-3

(0.2
(=3,)

range of f = range of g =

domain of /' =

domain of g =

(=o22)

4l
_—
S

[
-

f(x)=Inx
g(x) = —In 2x)

asymptote of £ x=0
asymptote of gz x=0

(0,22)
(=o22)

domain of /' = domain of g =

range of f = range of g =

The domain of f consists of all x for which x+5 > 0.
Solving this inequality for x, we obtain x > —5.

Thus the domain of fis (—5,0)

The domain of f'consists of all x for which 3—x > 0.

Solving this inequality for x, we obtain x < 3.
Thus, the domain of fis (—eo,3).

The domain of f'consists of all x for which
(x-1)% >0.

Solving this inequality for x, we obtain
x<lorx>1.

Thus, the domain of fis (—eo, 1)U(1, oo).
Because Ine® = x, we conclude Ine® = 6x.

Because ™" = x, we conclude eln\/; =x.

46.

47.

48.

49.

50.

51.

52.

2
Because 102 = x, we conclude 10'°24*

10007
R=log 0
0
The Richter scale magnitude is 3.0.

=1og1000=3

a. f(0)=76-18log(0+1)=76

When first given, the average score
was 76.

b.  f(2)=76-18log(2+1) =67
fm)=76—18mg@44)z63
f(6)=76—-18log(6+1)~ 6

f(8)=76-18log(8+1) =5

f(12)=76-18log(12+1) = 5

= 4x2.

After 2,4, 6, 8, and 12 months, the average

scores are about 67, 63, 61, 59, and 56,

respectively.
c. S
8047 ©,76)
N\
g N~ (95 58) 11
] L[]
@ Tl
f(®) =76 — 18log(r + 1)

12 ¢
Time (months)

Retention decreases as time passes.

= Lln 12 =~ 8.98
0.06 \12-5

It will take about 9 weeks.

loge (36x°

=logg 36 +logg X
=logg 36 +3logg x
=2+3logg x

logy ﬂ =logy x —log, 64
64 )
=—logy x-3
> g4
xy2 2
log, o =log, xy~ —log, 64

=log, x+log, y2 —log, 64
=log, x+2log, y—6
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53.

54.

5S.

56.

57.

58.

59.

60.

61.

62.

63.

64.

lni/E
VA
=1“[2J

:l[lnx—lne]

:—lnx—llne
3 3

1 1
=—Inx——
3 3

log;, 7+1logy, 3
=log,(7-3)
=log, 21

log3—-3logx
:10g3—10gx3

=log—
x3

3lnx+4lny
=Inx +1ny4
=1n(x3y4)

llnx—lny
zlnx% —Iny

=¥t

y

log 72,348
log6

logg 72,348 = = 6.2448

In0.863

log4 0.863 =
In

=-0.1063

true; (Inx)(Inl) =(Inx)(0)=0

false; log(x+9)—log(x+1)=1log

false; log, xt = 4log, x

true; Ine* =xIne

24x—2 =64

24x—2 :26

4x-2=6
4x =8
x=2

(x+9)
(x+

Chapter 3 Review Exercises

65. 125 =25
) =5

53x :52
3x=2

66. 10* = 7000

log10” =1log 7000

xlog10 =10g 7000
x =1log 7000
x=3.85

67. 9" =277"
SN
32x+4 — 3—3x

2x+4=-3x
Sx=-4
4

X=-=

5

68. 8*=12,143

In8* =1n12,143

xIn8=1n12,143

In12,143

X=—"
In8

=452

69. 9¢°° =1269
or =141
Ine>® =In141

5x=1n141
In141
x:

5
X :%ln14l =0.99

70. &Y -7=123

2 =130
Ine'*™* =1n130
12-5x = In 130
5x=12—1n 130
_12-in130

Copyright © 2018 Pearson Education, Inc.
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Chapter 3 Exponential and Logarithmic Functions

1. 5472 237500

In5**2 = 1n 37,500
(4x+2)In5=1n37,500
4xIn5+2In5=1n37,500
4xIn5=1n37,500—21In5
. _In37,500-2In5

4In5

=1.14

7. 3x+4 — 72x—1

In 3x+4 =In 72x—1

(x+4)In3=2x-1)In7
xIn3+4In3=2xIn7-In7
xIn3-2xIn7=-4In3-1n7
x(In3-2In7)=-4In3—In7
_—4In3-In7

T m3—2mn7
4In3+1In7

2In7-1In3
27

x=2.

X =

73. X —e¥—6=0
(ex —3)(ex +2) =0

e*=3=0or e"+2=0

e* =3 e =-2
Ine* =In3 Ine* —In(-2)
x=1In3 x =1In(-2)

x=In3=1.099 In(-2) does not exist.
The solution set is {In3},
approximately 1.10.

74. log, (3x-5)=3

3x—5=43
3x-5=64
3x=69
x=23

The solutions set is {23}.

75. 3+4In(2x)=15

4In(2x) =12
In(2x)=3

2x = 63

63

x=—
2
x=10.04

3
The solutions set is {%} .

76.

77.

78.

79.

log, (x+3)+log, (x—3)=4
log, (x+3)(x—3) =4

log, (x> —9)=4

x>-9=2%

x> -9=16

x* =25
x==5

x =-5 does not check because log,(=5+3) does not

exist.
The solution set is {5}.

logy (x—1)—logs (x+2)=2

x= b does not check because log; (—g—lj

does not exist.
The solution set is &.

In(x+4)-In(x+1)=Inx

lnx+4 =lnx

x+1
x+4

x+1
x(x+)=x+4

X +x=x+4
X’ =4
x=12
x =-2 does not check and must be rejected.
The solution set is {2}.

logs (2x+1) =logy (x—3)+logs (x+5)
logy (2x+1) =logy (x—3)+logy (x+5)
logy (2x+1) =logy (x2 +2x—15)

2x+1=x%+2x-15
16 = x*
=16
x=14
x =—4 does not check and must be rejected.
The solution set is {4}.
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Chapter 3 Review Exercises

0.065

80. P(x)=14.7¢7021x 4t
(%) € 83. 20,000=12,500(1+Tj

4.6=14.7¢7021

46 _ o2lx 12,500(1.01625) = 20,000
147 (1.01625)% =1.6
In—2 = jp 021 In(1.01625)* =1n1.6
12167 4tIn1.01625=1n1.6
In——=-021x ;o 16
46 4In1.01625
In—— It will take about 7.3 years.
_ 147 g
02 : , 84. 350,000 = 50,000¢% 075!
The peak of Mt. Everest is about 5.5 miles above sea : > =0, vle
level. 50,000¢%%7%" =150,000
0075 _ 3
81. 1 (r)=33.4(1.66) Ine®?" = 1n3
; 0.075¢t=1n3
421=33.4(1.66) In3
1 ) t= =~14.6
— (1 .66) 0.075
334 It will take about 14.6 years.
421 t
In—— =1n(1.66)
3432? 85. When an investment value triples, 4=23P.
ln—4=tln1.66 3p = P’
1 421 S =3
In1.66 S5r=In3
The model projects that 421 million PC and tablet _In3
, r=—=0.2197
sales were sold approximately 5 years after the year
2009 in the year 2014. The interest rate would need to be about 22%
82. a. W(x)zlllnx+49 86. a. 50.5=35 3€k10
W(Sl)f19121n51+49 505 __ ok
The model value is the same as the percent %8% 10k
displayed by the graph. In 353 In
50.5
b.  B(x)=16lnx+23 In=23 =10k
90 =161nx+23 50.5
67=161Inx 253
4.1875=1Inx T
64'1875 — elnx 0.036 =~ k
x=e*1375 < 66 f = 35.30-0360
66 years after 1961, or 2027, approximately
90% of black adults will have completed high b A =35.30-036(15) _ ¢ ¢
school. In 2015, the population will be about 60.6
million.
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Chapter 3 Exponential and Logarithmic Functions

¢ 70 =35.3¢% 0
70 0.036¢
—=e
375(.)3
In—— = In %036
375(.)3
In——=0.036¢
353
70
In——
353 _
0.036
19=¢

The population will reach 70 million about 19
years after 2000, in 2019.

87. Use the half-life of 140 days to find £.

% ek'140
1o 140k
1 _ 140k
In ?—l
In+
—2_r
140
k =-0.004951

Use 4= Aoekt to find 1.
A= e—0.0049511
02 = e—0.004951t
n02=1In e—0.00495 1t

In0.2 =-0.004951¢
In0.2

= 20.004951
325

It will take about 325 days for the substance to decay
to 20% of its original amount.

88. a. f(0)= % =200
1+2499¢~092(0)
200 people became ill when the epidemic

began.

b f6)=— 200000 _ 4541

1+2499¢0-92(6)
45,410 were ill after 6 weeks.

c. 500,000 people

89. a. T=C+ (T, — C)e"
150 = 65+ (185 65)k 2

90 = 120e2F
90 _ 2%k

2
—-0.1438 =~ k
T =65+120e
b. 105 = 65 + 120e 1434
40 = 1200014381
1_ 01438
i
In—=Ilne
3

—0.1438¢

0.1438¢

lnl: —0.1438¢
3

In—
3

20.1438
76~1t

The temperature will reach 105° after 8 min.

90. a. Scatter plot:

Mentally Il Adults in
United States

[y
<
T

[T
- ——
9.4) (2012,9.6)
mu !
[ 1 4(2008,9.2) ||
9 |-8-(2006,9.0)

Number (millions)

82006 2008 2010 2012 x

Year
b. A linear function appears to be the best choice
for modeling the data.

91. a. Scatter plot:

Moderate Alcohol Users in
the United States

y
LTI
*j(“lo’ ‘Ml) (45, 35)
1 1
EEEN M), 535,30
g (25,24)
g H
| [®(20,15)
o 1

15 25 35 45 55 x
Age

b. A logarithmic function appears to be the best
choice for modeling the data.
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92. a. Scatter plot:
Jobs in U.S. Solar-Energy
Industry

g f@sd (2016, 240)
= )

S g0 T 2015,209)
= E 200 (Zoeamnn]

55 o (2014,174)
s g150 Sl (2013, 143)
EZ100 ‘s(zm, 119)
z S0 (2011, 100)

2010 2015 2020 ¥
Year
b. An exponential function appears to be the better
choice for modeling the data.

93. y=73(2.6)"

y= 73e(ln 2.6)x

3 = 730956

94. y=6.5(0.43)"

y=6 5e(an.43)x

J = 6,500

95. Answers will vary.

Chapter 3 Test

J(x) = log,x
g(x) =log,(x — 1)

3. 52=125

1
4. logy 6=—
£36 )

10.

11.

12.

13.

Chapter 3 Test

The domain of f'consists of all x for which
3—x>0. Solving this inequality for x, we obtain
x<3.

Thus, the domain of fis (—ee,3).

logy (64x° ) = log, 64 +log, x°
=3+5logy x

s 1
logs T logz x3 —log; 81

1
=—logy x—4
3 23

610gx+2logy=logx6+logy2
6 2
=10g(x y )

n7-3Inx=In7—Inx

=lnls
x
log71
logys 71 = ~1.5741
815 1 1ogls
3x—2 :9x+4
3x—2 _ 32 x+4
3x—2 :32x+8
x—2=2x+8
—x=10
x=-10
5'=14
In5* =Inl.4
xIn5=In14
_Inld 60001
In5

0.005x 4
Ine%%5% = n4
0.005x=1n4
In4

x= =~ 277.2589
0.005
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Chapter 3 Exponential and Logarithmic Functions

14. ¥ -6 +5=0

e -5=0 or e*-1=0
e* =5 e’ =1
Ine® =In5 Ine* =1nl
x=1In5 x=Inl
x =1.6094 x=0

The solution set is {0,In5}; In =1.6094.

15. logg(4x—1)=3
4x-1=6
4x-1=216

4x=217

xzﬂz 54.25
4

16. 2In3x=8
In3x =4
4
4
x =% ~18.1994

3x=e

17. logx+log(x+15)=2
log(x2 +15x) =2
X% +15x =107
X2 +15x-100=0
(x+20)(x—-5)=0
x+20=0o0r x-5=0
x=-20 x=5
x =-20 does not check because log(—20) does not

exist.
The solution set is {5}.

18. In(x—4)-In(x+1)=In6

lnx_ =In6
x+1
x—4

=06
x+1
6(x+1)=x-4
6x+6=x—-4
S5x=-10
x=-2

x =-2 does not check and must be rejected.
The solution set is <.

19.

20.

21.

22,

23.

24.

25.

1021,

D =10log
0
=101log10'?
=10-12
=120
The loudness of the sound is 120 decibels.

Since Ine* = x, Ine>* =5x.
log; b=1 because bl =b.

logg1=0 because 6 =1.

6.5% compounded semiannually:

2(10)
0065) = §$5,687.51

A =3,000(1+

6% compounded continuously:

4=3,000e"°1%) _ g5 466.36
6.5% compounded semiannually yields
about $221 more than 6% compounded continuously.

4t
8000 = 4000(1 +%j

8000 _ 1 4 0.0125)"
4000

2=(1.0125)"

1n2:1n§1.0125

In2=4rIn(1.0125

In2 _ 4tIn(1.0125

4In(1.0125) 4In(1.0125)
=

4

n2
41n(1.0125)

It will take approximately 13.9 years for the money
to grow to $8000.

2 =1er10
2 =elOr
In2=Ine'"

In2=10r

r =1n_2z 0.069
10

The money will double in 10 years with an interest
rate of approximately 6.9%.
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26.

27.

28.

A gy 3,70-004(x) 20,
A4=823¢"0040) _ g7 3
In 2010, the population of Germany was
82.3 million.
b.  The population of Germany is decreasing. We
can tell because the model has a negative
k =-0.004.
¢ 79.1=82.3¢0:00%
79.1 _ 00041
B;
In L In —0.004¢
B;
In——=-0.004
82.3
79.1
In——
(=823 1o 30.
—0.004
The population of Germany will be 79.1 million
approximately 10 years after 2010 in the year 2020.
In 2010, =0 and 4, =4121
In 2050, =2050 —2010 =40 and 4 = 5231.
5231= 41210
5231 A0k
331
1 m =In €4Ok
31.
In 231 _ 40k
4121
5231
In—
4121 _ 4
40
0.006 = k
The exponential growth function is
A =41219-006
First find the decay equation.
0.5=e
05=¢"%* 32.
In0.5=Ine’ ¥
In0.5=72k
In0.5 —k

7.2
k =-0.096270
f = 00962701

Next use the decay equation answer question.
f = ~0-096270¢

0.3 = o~0-0962701

1n0.3 = In ¢ 0096270
In0.3 =-0.096270¢
In0.3

[ ——
—0.096270
t=12.5

It will take 12.5 days.
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Chapter 3 Test

140
a. O = = 14
/(0) 14 9~0-165(0)
Fourteen elk were initially introduced to the
habitat.
140
b f(10)= 1+ 9o-0165(10) ~ >
After 10 years, about 51 elk are expected.
c.  In the logistic growth model,
c
J)=———,
1+ae™
the constant ¢ represents the limiting size that
f(#) can attain. The limiting size of the elk
population is 140 elk.
Plot the ordered pairs.
y
5
N I T - ? 1 |
_l5 17 T .l 7 5l X
®
-5 ®
The values appear to belong to a linear function.
Plot the ordered pairs.
The values appear to belong to a logarithmic
function.
Plot the ordered pairs.
y

-5

The values appear to belong to an exponential
function.
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Chapter 3 Exponential and Logarithmic Functions

33. Plot the ordered pairs.
y

The values appear to belong to a quadratic function.

34. y=96(0.38)"
y= 961N 038)x
y — 966_0968x

3. -3 -x+2=0
pi £l £2
q: =1

P.yy 42

(x+2)(x° —x> —x+1)=0
(x+2)[x*(x—1)=(x—1)]=0
(x+2)x* —D(x-1)=0
(x+2)(x+D)(x-D(x-1)=0
(x+2)(x+D)(x-1)> =0

x+2=0 or x+1=0 or x-1=0

Cumulative Review Exercises (Chapters P-3)

L [3x-4|=2
3x—4=2o0r 3x—-4=-2
3x=6 3x=2
x=2 x=2
3

The solution set is {%, 2}.

2. 2 42x+5=0

‘= ~b+b? —4ac
2
=t s a0

2(1)
o —2++/-16
2
—2+4i
x:
2
x=—-1%£2i

The solution set is {—1%2i}.

486

x=-2 x=-1 x=1
The solution set is {-2, -1, 1}.

4. ¥-32=96
* =128
Ine’* =In128

S5x=In128

x=128 6 9704

The solution set is {ln128}’ approximately 0.9704.

5. logy(x+5)+logy,(x—1)=4
logy[(x +5)(x—1)]=4
(x+5)(x-1) =24
X2 +4x-5=16
X2 +4x-21=0
(x+7)(x-3)=0
x+7=0 or x-3=0
x=-7 x=3
x =—7 does not check because log,(—7+5) does not

exist.
The solution set is {3}.

6. In(x+4)+In(x+1)=2In(x+3)

In((x+4)(x+1))=In(x+3)’
(x+4)(x+1)=(x+3)
X2 +5x+4=x>+6x+9
S5x+4=6x+9
-x=5
x=-5
x =-5 does not check and must be rejected.
The solution set is .
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14-5x=>-6
—5x2=-20

x<4

The solution set is (—co,4].

2x-4{<2
2x—4<2and 2x—4>-2
2x<6 2x =2

x<3 and x>1

The solution set is [1,3].

Circle with center: (3, —2) and radius of 2

2

3,05
/1 N X

(ll, _2\ I(S’ _2)

I

I

II\/I
G, -4

|

|

|
(x=32+(y+2°=4

10. Parabola with vertex: (2, —1)

Yy
NN A
A L
(0, 3) “4,3)
NG
1,0)] 5{x
2, -1
T
[TTT1

f)=(x-27%-1

11. x-intercepts:
X2 -1=0

The x-intercepts are (1,0) and (-1,0).

x2=1
x==1

vertical asymptotes:

x2—4=0

x* =4
x=%2

The vertical asymptotes are x = 2 and x = 2.

Horizontal asymptote: y = 1

x==2ypx=2

<38 g @%
_ag 5

1 7 1
(0,;) > X
1,0

(-1,0) ii

_xr-1

SO =37,

12. x-intercepts:

o
x =
The x-intercepts are (2,0) and (—1,0).

2=0or x+1=0
2 or x=-1

y
[ T1T8§ A
—1(0,4) 3,4
1
[ |
1
(_190) \ X
2,0
L]
T

f() = (x=2%x+1)

13.

14.

15.

16.

y S
e
(—4, 0) 2,0)
5 X
o, -4)
[ HEEEN 4
fx)=2x—4

STl = 24

xr=2
TTTT

:(3’. 1)
J5="

e___
o=

o

(1

x=2
fx)=Inx
gx)=In(x-2)+1

m=>")_6 _ 4
-3 =2

Using (1, 3) point-slope form:

y—3=-3(x-1)
slope-intercept form:
y=3=-3(x-1)
y=3=-3x+3
y=-3x+6
(fog)(x)=f(x+2)
=(x+2)2
=x? +4x+4
(g0 f)(x)=g(*)
=x’+2
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Chapter 3 Exponential and Logarithmic Functions

17. y varies inversely as the square of x is expressed as

488

y—i
X2.

The hours, H , vary inversely as the square of the
number of cups of coffee, C' can be expressed

as H = i .
C2
Use the given values to find & .
H=r
C2
g=
22
2=k
Substitute the value of k£ into the equation.
bok
C2
H=32
2
Use the equation to find H when C=4.
H=32
2
32
W
H=2

If 4 cups of coffee are consumed you should expect
to sleep 2 hours.

18.

19.

20.

s(t)=—161*> +64t+5

The ball reaches its maximum height at

f=b_ (64
2a  2(-16)

The maximum height is s(2).

5(2) =—16(2)% +64(2)+5=69 feet.

=2 seconds.

s(t)=—161% +64t+5
Let s(t)=0:

0=—161% + 641 +5
Use the quadratic formula to solve.

. —b++b* —4ac

2a
e —(64) £ /(64)% — 4(=16)(5)
B 2(-16)
t=4.1, t=-0.1

The negative value is rejected.
The ball hits the ground after about 4.1 seconds.

40x+10(1.5x) = 660
40x+15x =660
55x =660
x=12
Your normal hourly salary is $12 per hour.
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