SECTION 5-1

CHAPTER 5
Section 5-1
1. An exponential function is a function where the variable appears in an exponent.
3. Ifb>1, the function is an increasing function. If 0 < b < 1, the function is a decreasing function.
5. A positive number raised to any real power will give a positive result.
7. (A) The graph of y = (0.2)* is decreasing and passes through the point (=1, 0.27") = (-1, 5).

19.

25.

27.

29.

31.

This corresponds to graph g.

(B) The graph of y = 2¥ is increasing and passes through the point (1, 2). This corresponds to graph n.

3
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(C) The graph of y = (1)X is decreasing and passes through the point (—1, 3). This corresponds to graph f.

(D) The graph of y = 4% is increasing and passes through the point (1, 4). This corresponds to graph m.

16.24 11.7.524 13. 1.649

3X = 3x-(1-0=3x—1+x=32x-1 21. (4 Y
e 5

The graph of ¢ is the same as the graph of f
stretched vertically by a factor of 3. Therefore g
is increasing and the graph has horizontal
asymptote y = 0.

The graph of ¢ is the same as the graph of f
reflected through the y axis and shrunk vertically

by a factor of 1 Therefore g is decreasing and
3

the graph has horizontal asymptote y = 0.

The graph of g is the same as the graph of f
shifted upward 2 units. Therefore g is increasing
and the graph has horizontal asymptote

y=2.

The graph of ¢ is the same as the graph of f
shifted 2 units to the left. Therefore g is
increasing and the graph has horizontal
asymptote y = 0.
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y
3
10/
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33. S5¥=5%2ifandonlyif gp 7% — 723 if and only if 37 (4}6“1: 5
3X:4§_2 X2=2x+3 5 4
x X—2x—3=0 N
x =2 xX=3)x+1)=0 (j = [ﬂ] if and only

x=-1,3 A3 5
if

6x+1=-1

6x=-2

x=-1

3

39. (1-x)=(2x-1)’ifandonlyif 41.2x¢*=0if2x=0o0re*=0. 43. x%X—5xex=0

l-x=2x-1 Since e is never 0, the only XeX (X —5)=0
—3x=-2 solution is X = 0. X=0orex=0o0r x-5=0
x=2 never X=35
3 x=0,5
45, 92 =133%x-1 47. 25%3 = 125% 49. 42x+7 = @xt2
(32)% = 331 (52)3 = (53) (22)2+7 = (23 )2
32¢ = 3% 1 if and only if 52x+6= 53 if and only if 2414 =236 if and only if
= 3x 1 2X+ 6 = 3x 4x+14=3x+6
22 -3x+1=0 X=6 X=-8
2x-DH(x-1)=0
X= l, 1
2 2
51. az=a o1 L1 |
azzi 53 13:1—3:1,12:1—2:1,11:1—1:1,
a’ 0 2 3
#=1 (az0) 1°=1,1°=1,°=1.
at—-1=0

1* =1 for all real x; the function f(x) = 1" is
neither increasing nor decreasing and is equal to
f(x) = 1, thus the variable is effectively not in the
exponent at all.

@-DHa+1)az+1)=0
a=lora=-1
This does not violate the exponential property
mentioned because a = 1 and a negative are
excluded from consideration in the statement of
the property.

55. The graph of g is the same as the graph of f
reflected through the x axis; ¢ is increasing; 10
horizontal asymptote: y = 0.

>

-5 | 5
—1e
57. The graph of g is the same as the graph of f y
stretched horizontally by a factor of 2 and shifted e
upward 3 units; g is decreasing;
horizontal asymptote: y=3. - EErtd ol e

> X

—1e




59.

61.

63.

65.
67.

The graph of g is the same as the graph of f
stretched vertically by a factor of 500; g is
increasing; horizontal asymptote: y = 0.
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2560

—50

The graph of ¢ is the same as the graph of f

shifted 3 units to the right, stretched vertically by
a factor of 2, and shifted upward 1 unit; g is
increasing; horizontal asymptote: y = 1.

The graph of ¢ is the same as the graph of f

shifted 2 units to the right, reflected in the origin,
stretched vertically by a factor of 4, and shifted

upward 3 units; g is increasing;
horizontal asymptote: y = 3.

_2 X3e—2X

—3x%e

5
16

_ X’ (2x=3) _ e(2x-3)

X6

6 4

X X

(1 €202+ (e e = (€9 + 2(e)(e ) + (€792 + (€ —2(e)(e ™) + (¢

Common Errors:
2 2
(ex) # e

e2x+e2x ¢e4x

:e2X+2+e’2X+e2X72+e’2X
= 2e2X + 2e’2X

69. Examining the graph of y = f(X), we obtain

10

Y

-10

10

T1=Z+e™(H-21 ! !

w=n L‘:E.1353353

71. Examining the graph of y = s(x), we obtain

2

A

A

Haxinum }
H=i V=1

There are no local extrema and no X intercepts.
The y intercept is 2.14. As X —>—o0, y — 2, so the
line y = 2 is a horizontal asymptote.

There is a local maximum at s(0) =1, and 1 is the y
intercept. There is no X intercept. As X —> o or
X—>—00, Y —0, so the line y = 0 (the x axis) is a
horizontal asymptote
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73. Examining the graph of y = F(X), we obtain

250 There are no local extrema and no X intercepts.
WIZ200/ (L1436 ) When x =0, F(0) = 200 == 50 is the y intercept.
1+3e”
10 10 As Xx—>—0, y—> 0, so the line y = 0 (the x axis) is a
horizontal asymptote. As X—> o, y—> 200, so the line
- - y =200 is also a horizontal asymptote.

75.

The local minimum is f(0) = 1, so zero is the y intercept. There are no x
intercepts or horizontal asymptotes; f(X) — o0 as X — o and X — —o0.

Hiniraura
H=n =1

-10

77. Examining the graph of y = f(X), we obtain

10 As Xx— 0, f(x) = (1 + X)'* seems to approach a value near 3. A table of
values near X = 0 yields
A |kl
0 ERRIR
10 10 |G
it | Erieg
1E-Y4 ¢.7181
; 4, | Bl
1 YR 1HADEA
Although f(0) is not defined, as X — 0, f(X) seems to approach a number near 2.718. In fact, it approaches
u
e, since as X —>0, u= 1 — o0, and f(x) = (Hlj must approach € as U —» .
X u

79. Make a table of values, substituting in each requested X value:
X | 1.4 1.41 1.414 1.4142 1.41421 1414214

2% 12.639016 2.657372 2.664750 2.665119 2.665138 2.665145

The approximate value of 2% s 2.665145 to six decimal places. Using a calculator to compute directly,
we get 2.665144.

81. 50 83. 50
!
-4 4 ~4 ! 4
l ——
-5
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2 3

X X X
85. Here are graphs of f;(x) = —, f)(X) = —, and f3(X) = — . In each case as x>0, f(X) — 0. The liney =0
€ e €

is a horizontal asymptote. As X ——oo, f;(X) ——o0 and f;(X) ——o0, while f,(X) —> 0. It appears that as
X—>—oo0, f (X) = o if nis even and f, (X) ——oo if n is odd.
f,: f): fy:

0.4 15 2

10 -1 10 -1 { l 10

0.4 -0.1 -3
x* >
As confirmation of these observations, we show the graph of f, = —-
e
(not required). - 10
-1
87. We use the compound interest formula 89. We use the Continuous Compound Interest
B r\" o A Formula
A=P|1+—| tofind P: P= - A = Pert
m (1+5) P=5250 r=0.0638
m=365 r=0.0625 A=100,000 n=36517 (A)t=625  A=5,250e0008 = §7822 30
100,000 (B)t=17 A =5,250e907 = §15530.85

91.

93.

P=——"—— =$34,562.00 to the nearest dollar

36517
0.0625
(1+ 365 )

m
For the first account, P = 3000, r = 0.08, m = 365. Let y; = A, then y; = 3000(1 + 0.08/365)* where X is the

number of compounding periods (days). For the second account, P = 5000, r = 0.05, m = 365. Lety, = A,
then y, = 5000(1 + 0.05/365)*

We use the compound interest formula A= P(l 1 j

Examining the graphs of y; and y,, we obtain 20000 Y Ve
the graphs at the right. The graphs intersect at X G215 | 1171z | 1171y
=6216.15 days. Comparing the amounts in the / EE? g [ Hos | Hos
accounts, we see that the first account is worth : 10000 | 218 HEEt | HE
more than the second for X > 6217 days. mced | 1igsg | 1igss
AORTEN vmtamis v H=B218
0

m
For the first account, P = 10,000, r =0.049, m = 365. Let y; = A, then
y; = 10000(1 + 0.049/365)* where X is the number of compounding
periods (days). For the second account, P = 10,000, r = 0.05, m = 4. Let
Y, =A, then y, = 10000(1 + 0.05/4)*/3%5 where X is the number of days.
Examining the graphs of y; and Y,, we obtain the graph at the right.
The two graphs are just about indistinguishable from one another.
Examining a table of values, we obtain:

We use the compound interest formula A =P [1 + rj
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Ve # | Ve
10000 630.75 [ 10B35 | 10900
inize 70 11030 | 1i04E
inzE: Bzi.zc | 1116 | 11183
inz@a a1z e | 1130 | 113:%
inEng 10038 | 11442 | 11h6Y

10g41 | 1ie@s | 1ig0A
LiFa féermal 1350% | 1882
w=1186.235

The two accounts are extremely close in value, but the second account is always larger than the first. The
first will never be larger than the second.

95. We use the Continuous Compound

Interest Formula 97. We use the compound interest formula A =P (1 +rJ

m
A = Pert
Flagstar Bank: P =5,000 r=0.0312 m=4 n=(4)(3)
=" orP=Aem 12\
e A= s,ooo(1+0-03j — $5,488.61
A=30,000 r=0.06 t=10 4
P =30,000e(70:06)(10) UmbrellaBank.com: P =5,000 r=0.03 m=365 n=(365)3)
P =$16,464.35 0,03\
A= s,ooo(H-j — $5,470.85
365

Allied First Bank: P=5,000 r=0.0296 m=12 n=(12)(3)
(12)(3)
A= s,ooo(1+0~0296) — $5,463.71
12

99. We use the compound interest formula

A= P[l +r) m=52 [Note: If m = 365/7 is used the answers will differ very slightly.]
m

P=4000 r=0.06
A= 4,000(”0-06)
52

(A) n=(52)(0.5), hence (B) n=(52)(10) = 520, hence
(52)(0.5) 520
A= 4,000(1 +0-06j A= 4,000(1 +0-06j
52 52
=$4,121.75 =$7,285.95
Section 5-2

1. Doubling time is the time it takes a population to double. Half-life is the time it takes for half of an initial
quantity of a radioactive substance to decay.

3. Exponential growth is the simple model A = A,e", i.e. unlimited growth. Limited growth models more
realistically incorporate the fact that there is a reasonable maximum value for A.

5. Use the doubling time model A = A(2)?d with 7. Use the continuous growth model A= Ae" with

A, =200,d =5. A=200(2)" A, =2,000,r =0.02. A=2,000e""
9. Use the half-life model A_ A ( 1 J‘/h with 11. Use the exponential decay model A= Ae™ with
2 A =4k=0.124. A=4e"""

1 t/6
A, =100,h=6.- /.\:100[7}
2
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13. n L | 15. Use the doubling time model: P = P2

1 ) 1 Substituting P, = 10 and d = 2.4, we have

2 4 P = 10(2v24)

3 8 1,000

i (A)t=7, hence P = 10(2724)

=755 76 flies

5 32

6| 64 500 (B) t= 14, hence P = 10(2!424)

7| 128 =570.2 570 flies

8| 256

9| 512 - > 1

10 | 1,024 3 10
" i 1 o ~th

17. Use the doubling time model A= A 2} 19. Use the half-life model A = AO(E] =A2

Substituting A, = 25 and h = 12, we have

with A =2,200,d =2. A=2 200(2)'/2 where t is years
’ A=252112)

after 1970.

2002 (A)t= 15, hence A =25(2"%12) = 19 pounds
(A) Fort=20: A=2,200(2) " =2,252,800

(B) For t=35: A=2,200(2)""" = 407,800,360 (B) =20, hence A=25(22%) = 7.9 pounds

21. Use the continuous growth model A= Aoe” with Ag=6.8,r=0.01188,t=2020 -2008 =12
A= 6.8e"""¥02 = 7 8 billion

23. Use the continuous growth model A= Ae". Below is a graph of A, and A,.
Let A, = the population of Russia and
A, = the population of Nigeria. [

For Russia, Ag = 1.43 x 10%, r =—-0.0037
A =1.43x10% """

Inkcksgckion
n=z.Fie45EE JY=14115148E

For Nigeria, Ay = 1.29 x 10%, r = 0.0256
A =1.29x10%e"" From the graph, assuming t = 0 in 2005, it appears that the two
populations became equal when t was approximately 3.5, in
2008. After that the population of Nigeria will be greater than
that of Russia.
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25. A table of values can be generated by a graphing  27. | = [, 0-00942d
calculator and yields (A)d =50 I=1l,g 00092060 =0.62l, 62%

G b (B) d = 100 | = I,609092000 = 0391, 39%
075 !
10 | 72 100

20 | 70
L

30 | 68 L\‘

40 | 65 50

50 | 63

60 | 61

70 | 59

80 |57 0 50 100" *

90 | 55
100 | 53
29. Use the continuous growth model A= Age" with 3. T=T,+T,-TyeH

Ao = 33.2 million, r = 0.0237 T,=40° Tp=72° k=04 t=3
T =40+ (72 - 40)e 040
(A) In 2014, assuming t = 0 in 2007, substitute t = 7. T =50°
A =33.200237() = 39.2 million

(B) In 2020, substitute t = 13.
A =33.2e0:023703) = 45.2 million

33. Astincreases without bound, e %2t approaches 0, hence g = 0.0009(1 — e 92!) approaches 0.0009. Hence
0.0009 coulomb is the maximum charge on the capacitor.

35. (A) Examining the graph of N(t), we obtain the graphs below.

110
izl cl+ye - A48 =1 000 et = LY Aftel‘ 2 yeaI‘S, 25 deer Wlll be present After 6
years, 37 deer will be present.
0 50
h=z V=24 BEGZZA . Mg ¥=3E.EFEHET «
0

10 years for the herd to grow to 50 deer.
100

(C) As tincreases without bound, e %14t approaches 0, hence N = ——

1+4e

(B) Applying a built-in routine, we obtain the graph at the right. It will take [
approaches 100. Hence 100 is the number of deer the island can support. EI-:

nterseckion
LR o D | —

37. |u Lz Lz z EKPEEE
______ g=g¢b"x
! BhEL” 2=14918,. 28711
;o |EaE b=.2162540177
£ E2ZE
&
Lziry =

Enter the data. Compute the regression equation.
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The model gives y = 14910.20311(0.8162940177)~. 15000
Clearly, when x =0, y = $14,910 is the estimated purchase price. e

o

Applying a built-in routine, we obtain the graph at the right.
When X = 10, the estimated value of the van is $1,959.
12
E—

n=1n ¥=19EH.617H .

0
(A) The independent variable is years since 1980, so enter 0, 5, 10, 15, 20, and 25 as L,. The dependent
variable is power generation in North America, so enter the North America column as L,. Then use the

logistic regression command from the STAT CALC menu.
EOIT TESTS | [Comizt

i) [y O P

H =
S:iLinkEeacathx b=
Q:LnhREeg c=
H:ExFEe9
A:FurEeg
Lt =H M ogiztic

The model is
y= 906
1+2.27e %1%
(B) Since x = 0 corresponds to 1980, use x = 30 to predict power generation in 2010.

- 906 = 893.3 billion kilowatt hours

T 122760000
Use x = 40 to predict power generation in 2020.

~ 906
T 2276010

= 903.6 billion kilowatt hours

Section 5-3

19

The exponential function f(x) = b* for b > 0, b # 1 and the logarithmic function g(X) = logpX are inverse
functions for each other.

The range of the exponential function is the positive real numbers, hence the domain of the logarithmic
function must also be the positive real numbers.

logs3 = loge3/ logeS or log;o3/1og;05.

§1=3% 9.0.001=10° 11 1=62 13.log,8=3 15 1log,l =-1 17.log,; 3 =3
36 2 5 27

\S)

. Make a table of values for each function:
x | f(x)=3" x | f'(x)=log,x y
-3 1/27 1/27 -3 $ oy =3
2| 1/9 1/9 -2 po
-1 1/3 1/3 -1
0 1 1 0
1 3 3 1
2 9 9 2 Y= logs x
3 27 7 3 — 5“(’#'—__:.; > X

227



228 CHAPTER 5

21. Make a table of values for each function:

x | F0=(2/3) x| f'(x)=log,,;x
-3 27/8  27/8 -3
-2 9/4  9/4 -2
-1 3/2 32 -1
0 1 1 0
1 2/3 2/3 1
2 4/9 479 2
3 8/27  8/27 3
23.0 25. 1 27.4
33.log,,2 = 10g1/2(1]’l =-1 355
2
43.log, 13 = 113 _ 1 3181
In7

using the change of base formula

EXPONENTIAL AND LOGARITHMIC FUNCTIONS

29. log,, 0.01 = log,, 1072

37. log; s = log, 513 = 1
3

47.x = 10" = 200,800
51. x = %% =47.73
55. Write log, X = 2 in equivalent exponential form.
X=22=4
59. Write log, 16 = 2 in equivalent exponential form.
16 = b?
b2=16
b=4

since bases are required to be positive

63. Write log, x= 1 in equivalent exponential form.

X=412=2
67. Write log, 1000 = 3 in equivalent exponential
form
1000 = b*2
103 = b32

(103)2/3 = (b3/2)2/3
(If two numbers are equal the results are equal if
they are raised to the same exponent.)
103(23) = p32(23)
102=Dh
b=100

73.4.959 75.7.861 77.2.280

y=tegy; x

-2 31.log, 27 =log, 33 =3

39.4.6923  41.3.9905

45. log, 120.24 = In12024 _ 5 9759

In5

using the change of base formula

49. x=10"""" =6.648 x 107 = 0.0006648

53. x=e""" =0.6760
57. log, 16 =log, 4> =2
y=2

61. Write log,, 1 = 0 in equivalent exponential form.

1 =ho
This statement is true if b is any real number
except 0. However, bases are required to be
positive and 1 is not allowed, so the original
statement is true if b is any positive real number
except 1.

65. log,; 9 =log,; 32 =log,; _1_=log,, (ljizz -2

1)? 3

3

69. Write logg X = —4 in equivalent exponential form.
3

{743 = x

X=(813)4=24= 1
16

71. Write log,, 8 =Y in equivalent exponential form.
16y =8
@iy=2
24 =23 if and only if
4y=3
y=3
4
79. log x — logy



81. log(x'y’) =log x* + log y° = 4 log x + 3log y

SECTION 5-3 229

8&]n(5}
y

85. 2Inx+5Iny—-Inz=Inx*+Iny—Inz=In(x*y’)—Inz  87.log (xy)=logx+logy=-2+3=1

2.,5
:m(ny
z

2

89. 1og{\)/§]zlogx/;—log y’ = ! 10gx—310gy:%(—2)—3-3 =-10

91. The graph of g is the same as the graph of f
shifted upward 3 units; g is increasing.
Domain: (0, o) Vertical asymptote: X =0

;

95. The graph of g is the same as the graph of f
reflected through the x axis and shifted
downward 1 unit; g is decreasing.

Domain: (0, «0) Vertical asymptote: X =0

99. Write y = logs X
In exponential form:

Y =X
Interchange X and y:
5X = y

Therefore f-1(x) = 5%,

103. (A)Write y = log,(2 — X)
In exponential form:
y=2-X
X=2-3y
Interchange X and y:
y=2-3x
Therefore, f1(x) = 2 — 3%

93. The graph of g is the same as the graph of f
shifted 2 units to the right; g is decreasing.
Domain: (2, ) Vertical asymptote: X = 2

¥
+6-

I
t
|
10 !
97. The graph of g is the same as the graph of f
reflected through the x axis, stretched vertically
by a factor of 3, and shifted upward 5 units. g is
decreasing. Domain: (0, o)
Vertical asymptote: X =0
¥

16

-10

101.  Writey =4log,(x+3)
Y =logy(x +3)
4

In exponential form:

¥4 =x+3
X =3y4-3
Interchange X and y:
y=3%_3

Therefore f-1(x) = 34— 3

(B) The graph is the same as the graph of y = 3* reflected
through the x axis and shifted 2 units upward.
v
LI

-0 10"
—10

X
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y
© k
LS A
3
&
f'l //

r
h_—ﬁ/ .
-1 AN, 1o~

g
Ll
Ird
&
el
—

105. The inequality sign in the last step reverses because log 1is negative.
3

107. 5 100. 5
-1 / \ 3 -1 / \ 3
-2 -2
111. Let u=log, M and v=1Ilog, N. Changing each equation to exponential form, b* =M and b* =N .
bLI
Then we can write M/N as W == b"™ using a familiar property of exponents. Now change this
. o M
equation to logarithmic form: log, W =u-Vv
. ) . M
Finally, recall the way we defined u and v in the first line of our proof: log, N =log, M —log, N
Section 5-4

1. Answers will vary.
3. The intensity of a sound and the energy released by an earthquake can vary from extremely small to
extremely large. A logarithmic scale can condense this variation into a range that can be easily

comprehended.
5. We use the decibel formula D =10 log 1 7. We use the decibel formula
l D=10log 1
A)1=1, b
D=1010g 1o I, = 10001,
l, D,=10log ' D,=101log L
D=101log 1 lo o
D = 0 decibels D,-D, =10log L 10 log i
0 I0
B) 1,=1.0x101" 1=1.0
B) 1o o =10log[ 2.1 |=1010og =
D = 10 log B Io 0 1
1.0x107"
D — 120 decibols =10 log 10901, =10 log 1000 = 30 decibels

Il

9. We use the magnitude formula

M= 2 log E withE=1.99x 10", E,=104.40 M= 2 log 1.99x107" _g ¢
3 EO 3 104.40



11. We use the magnitude formula M = 2 log E
3

For the Long Beach earthquake,

SECTION 5-4

E

0

For the Anchorage earthquake,

13.

15.

17.

21.

23.

63 =2 log B 83=2 log Ex
3 E, 3 E,
9.45 =1log Ei 12.45=1og &
0 0
(Change to exponential form) (Change to exponential form)
E =045 E, — 101245
E, E,
E, =E;-10°% E, =E,- 10124
Now we can compare the energy levels by dividing the more powerful (Anchorage) by the less (Long
Beach):
E, _ Eo 10124 108
E1 E0 _109,45

E, = 10°E,, or 1000 times as powerful

Use the magnitude formula p; _2,,, E with E=134x10"E,=10*: M :Elo M:6.5
3 g E, 0 3 10+
Use the magnitude formula \, :EIOgE with E=238x10%,E, =10*": M _2 2.38x10™ s
E0 3 104.40
We use the rocket equation. 19. (A) pH =—log[H"] =—log(4.63 x 109 =8.3.
v=cln W, Since this is greater than 7, the substance is basic.
W, (B) pH =—log[H"] = —log(9.32 x 104) = 3.0
v=2.571n(19.8) Since this is less than 7, the substance is acidic.
v="7.67 km/s
Since pH = —log[H™], we have
5.2 =—log[H"], or
[HT] =10752=6.3 x 1076 moles per liter
m=6-25log L (B) We compare L, form =1 with L, form=6
Ly 1=6-25log L 6=6-25log L
(A) We find mwhen L =L, L, L,
m=6-25log L —5=-25log L 0=-25log L
L, N L,
m=6-25logl 2=log b 0=log L.
m=6 L, L
L =102 L =1
L, L,
L, = 100L, L, =L,
Hence L = 100L, =100. The star of magnitude 1 is 100 times brighter.

L

0

L

2

231

25. (A) Enter the years since 1995 as L,. Enter the values shown in the column headed “% with home access”

as L,. Use the logarithmic regression model from the STAT CALC menu.
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L1 Lz LE 1| JEDIT EE? TESTS LnReg

£ wad [ ______ F L =a+hl

;| ES it [ 1 pRes ¢ 3 ) S=11.35A7Eem5
i Fr ?L nked b=24. 11268753
| s

e 7 E:Lodiztic

L= CiSinkea

The model is y = 11.9 + 24.1 In x. Evaluating this for x = 13 (year 2008) yields 73.7%. Evaluating for X
=20 (year 2015) yields 84.1%.

(B) No; the predicted percentage goes over 100 sometime around 2034.

Section 5-5

1. The logarithm function is the inverse of the exponential function, moreover, log,M" = plog,M. This property
of logarithms can often be used to get a variable out of an exponent in solving an equation.
3. Iflogpu = logpv, then U = v because the logarithm is a one-to-one function.

5. (ln X)2 means to take the logarithm of X, then square the result.

In x> means to square X, then take the logarithm of the result.

7. 10%=0.0347 9. 101 =92 1.ex=3.65 13. > 1+68 =207
—x = log,, 0.0347 3x+1=1log,, 92 X = ex-1=139
x =—log,, 0.0347 3x=log,, 92 — 1 In 2x—1=In139
x=1.46 o log,92-1 i-fS X= 7”1‘;39
3 _
= 0321 1.29 X =2.97
15. 2327x=0.426 17. logsx=2 19. log(t—4)=-1 21. log5+Ilogx=2
7x = 0.426 5%2=x 10"'=t—4 log(5x) =2
2’ x=25 t=4+10" 5x =102
— 1. 0.426 1 5x =100
In2>=1 _
permi— t=4+ -5 X =20
—X1n2 = In 9426 (= 41
o Inoge 10
—In2
X =423
23. logx+log(x—3)=1 Common Error:
log[x(x =3)] =1 log(x— 3) # logx— log3
X(x—3)=10! g( ) g 8

~3x=10 Check:

-3x-10=0 1og5+1og(5—3)l/ 1
(X=5)x+2)=0 log(-2) + log(-2 — 3) is not
X=5or-2 defined.
X=5
25. log(x+1)—log(x—1)=1 Common Error:
log X*t1 — X+1
g — x—1 ﬁi logl
X+l = o
X—1 Check:
x+1 -9 log(ll ] log[—lj o
X—1 9 9
X+1=10(x-1)
X+1=10x-10 log 20 —log 2 =1
11=9x 9 9 J
x =11 log10 =1

9



217. 2=1.05% 29. el#+5=0 31. 123 = 500e 012
In2=xIn1.05 No solution. Both terms 123 -
n2 _, on the left side are 500 =g 0
In1.05 always positive, so they
Xx=14.2 can never add to 0. In 123 —_0.12x
500
In (53)
=X
-0.12
X =117
33 e =023 35. log(5 —2x) =log(3x+ 1)
. —X2=1£1023 5-2X =3x+1
X2 =-In 0.23 4 = 54X
X =£\-n023 x =4
X ==£1.21
37. log x—log 5 =log 2 —log(x—3)
log X =log _2_

5 x-3

x = 2

5 x-3

Excluded value: X # 3
5(x—3) X =5(x-3) _2_
5

X-3
x=3)x =10
x2—-3x =10
X2—-3x—-10 =0
(X=5)(x+2) =0
X =5,-2

Solution: 5

39. Inx =In(2x—1) — In(x — 2)
Inx =1In 2x-1
X—2
x = 2x-1
X—2
Excluded value: X £ 2
X(X—2) =(x—2) 2x-1
X—2
X(X=2) =2x-1
X2—-2x =2x-1
X2—4x+1=0
x = ~b£b’ —dac
2a
a=1,b=-4,c=1
x = ~(=HEJ(4)’ -4
2(1)
x= 412 _ o J3
2

Check:

log 5—1log 5 ;/ log 2 —log 2
log(-2) is not defined

Check:
In(2 + 3) 2 In[22 + 3) - 1]
—In[2+ 3)-2]
In2+ 3)=In3+23)—-1In3

17
In(2 + \/— - 1 3+2\/§
n( 3) n( \/§

In(2 + 3) ;/ In(\3 +2)
In(x — 2) is not defined if x=2 — /3
Solution: 2 + /3

[I-~2

SECTION 5-5

233
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41. log(2x+1) =1-log(x-1) o 1+/89
log2x+ 1) +log(x—1) =1 Check: log 21+‘/@+1 = 1-log -1
log[2x+ DH(x—-1)] =1 4
2x+ 1)(x—1) =10 2
( 2x2)—(x— 1) -10 10g(1+89+2j =1 —10g[1+‘/@_4J
2¢—x—11 =0 2 4
x = ~bEvb®-dac log[3+v89 ) = 1 —log[ v89-3
2a 2 4
a=2,b=-1,c=-11
’ ’ ? _
= —(CDEJ(D’ —42)(-11) log[“@] = log 10 log(*/% 3}
22) ’
X = li\/@ l log( 40 J
4 V89 -3
2 log 40(\/@+3)
89-9
;/ log V89 +3
2
log(x — 1) is not defined if X = 1-V89 Solution: x = 7“‘/@
4 4
43. In(x + 1) =1In(3x + 3)
X+1=3x+3
—2x=2
X =-1
Check: In(—1 + 1) is not defined
No solution.
45. (In x)* = In x* 47. In(Inx)=1
(Inx)*=4Inx Inx=¢e!
(Inx)*-4Inx=0 Inx=e
InX[(Inx)>—4] =0 X =ee
Inx(Inx—2)(Inx+2)=0
Inx =0 Inx-2=0 Inx+2=0
X =1 Inx=2 Inx =-2
X =e? Xx=e?2
Check:
(In1) = In 14 (In €2)* = In(e?)* (Ine2)* = In(e2)*
v v v
0=0 8 =28 -8 =-8
Solution: 1, €2, €72
49. A =Pent 5. D=10log | 53. M=6-25log |
A =ert Iy Iy
P D _ o | 6-M =2.51log !
In A =rt E_IOgl OgT
P 0 M ‘
t P l, : Ly
r=lmA I =1,(10D110) 1 =q106-m2s
t P

IO
| =1,[10EM25]



55. | = Eq—ermy
R
RI =E(1 —e R
Rl | _griL
E
Rl _ 1= _griL
E

_ ﬂ—l = gRiL
E

_RI 4 | =gruiL
E
1— Rl —gruL

59, y=§& ¢

e +1

y(eZX+ 1):e2X_1

yeZX+y:eZX_1
1+y:e2X_ye2X
Ly =(1 -y

e2x: 1+y
-y
2x=1In 1Y
I-y
x=11n 1ty
2 1-y

57. y = " +e™*
2

2y =ex+eX

2y =ex+ L

eX

2yex = (e¥)2+ 1
0 =(e¥)?—2yex+1
This equation is quadratic in e

ox = —b++/b*—4ac Zzl’

2a =-2Y.
c=1

~(=2y)£(-2y)’ - 4()(D)

2(1)
ex = 2y+4y’ -4
2
eX = 2(y * V y2 _-1)
2

=y |y -1
X =ln(yi ’yz—l)

eX

SECTION 5-5 235

61. Graphing y =2 - 2X and applying a built-in routine, we

obtain

o
T
-

&F
SIEEEEEEE V=0

-5

The required solution of 2% —2x=10,0<x<1, is 0.38.

63. Graphing y = e *—x and applying a built-in routine, we

obtain

0 t 1
2uk
EERr Lk i ]

-5

The required solution of eX—x=0,0<x<1,is 0.57.
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65. Graphing y = In x + 2x and applying a built-in
routine, we obtain

5

t//_,/-" 1
1)
H=HEBZ0ZFE Y=0

-5
The required solution of In X + 2x =0,
0<x<1,is 0.43.

69. To find the doubling time we replace A in
A=P(1 + 0.07)" with 2P and solve for n.

2P =P(1.07)
2 =(1.07)
In2=nlIn1.07
n = In2
In1.07

n =10 years to the nearest year

73. (A) We’re given P, =10.5 (we could use 10.5 million, but if

you look carefully at the calculations below, you’ll see that
the millions will cancel out anyhow), 11.3 for P, and 2 for t

(since May 2007 is two years after May 2005).

11.3=10.5¢"
113,
—==e
10.5
1n(11'3j =2r
10.5
[1 1.3]
In| ——
po_\0S) 0.0367 The annual growth rate is 3.67%.
2
75. We solve P = Pe" for t with P = 2P, r = 0.0114.
2P0 = P0e0.0114t
2 = e0.0114t
In2 =0.0114t
t = In2
0.0114

t =61 years to the nearest year

67. Graphing y = In X + e* and applying a built-in
routine, we obtain

e
.

Zeko
H=.zagEu1Yy Y=o

-5
The required solution of In X + ex= 0,
0<x<1,is0.27.

71. We solve A = Pel't for r, with A = 2,500,

P=1,000,t=10
2,500 = 1,000e"10)
2.5 =ellr
10r =1n (2.5)
r=1 1n25=0.0916 or9.16%
10

(B)P =10.5¢*""""; plug in 20 for P and solve for t.
20 = 10.560036”
ﬂ — 00367t
10.5

ln[ 20 j: 0.0367t
10.5

20
In m
= —~ ~17.6

00367
The illegal immigrant population is predicted to
reach 20 million near the end of 2022, which is
17.6 years after May 2005.

77. We’re given A =5, A=1t=6:

al}

b 6In(1/2)
~ In(1/5)
The half-life is about 2.58 hours.

~2.58



79. Let A, represent the amount of Carbon-14

originally present. Then the amount left in 2003
was 0.289A, . Plug this in for A, and solve for t:

0 289% — A‘Oef(JAOOOlZM

0.289 = g~0:000124t
1n0.289 = [n e 000124t
-2 <10,010
~0.000124
The sample was about 10,010 years old.

83. We solve g = 0.0009(1 — e 02
for t with g = 0.0007

0.0007 =0.0009(1 — e 0-2t)
0.0007 — 1 _ goat

0.0009
T =1—go2

= _e*O.Zt

Il

|
o
[\
—

—_
=
NoRE S INCHE S INCH N S ENC)
Il
@
(=1
v

Ini
-0.2
t =7.52 seconds

—

87. (A)Plugin M = 7.0 and solve for E:
2 E
T
2, E
T

1021/2 _ E

- 1 04.4
E=10""2.10** ~ 7.94x10" joules
89. First, find the energy released by one magnitude
7.5 earthquake:

2 E
7.5= glogloT40

11.25=1og E

104,4

CHAPTER 5-5

81. Let A, represent the amount of Carbon-14
originally present. Then the amount left in
2004 was 0.883A,. Plug this in for A, and
solve for t:

088316‘) — %870.000124[

0.883 = e—0.0001241
1n 0.883 = In e~ 0-000124t
In0.883

t=—12"7 21,003
~0.000 124

It was 1,003 years old in 2004, so it was made

in 1001.
85. First, we solve T=T, + (T, — T,)e ¥ for k, with
T=61.5°T,=40°T,=72°t=1
61.5=40 + (72 — 40)e KD
21.5 =32e
215 =gk
32
In 215 =k
32
k =—In 215
32
k=0.40
Now we solve T=T,, + (T, —T,)e %4 fort,
with T =50°, T, =40°, T,=72°
50 =40 + (72 — 40)e 04t

10 = 32e_0.40t
10 _ go40t
32
In 19 = 040t
32
{ = In10/32
-0.40
t =2.9 hours

(B) 7.94x10" joules
2.88x10" joules/day

=2.76 days

Finally, divide by the energy consumption per year:
5.364x10" joules
1.05x10" joules/year

So this energy could power the U.S. for 0.510
years, or about 186 days.

=0.510

237
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1025 = E

S 10™

E=10"%-.10** ~4.47x10" joules
Now multiply by twelve to get the energy
released by twelve such earthquakes:

12-4.47x10" =5.364x10"

CHAPTER 5 REVIEW
1. (A) The graph of y = log, X passes through (1, 0) and (2, 1). This corresponds to graph m.
(B) The graph of y = 0.5* passes through (0, 1) and (1, 0.5). This corresponds to graph f.
(C) The graph of y = log, s X passes through (1, 0) and (0.5, 1). This corresponds to graph n.
(D) The graph of y = 2* passes through (0, 1) and (1, 2). This corresponds to graph g.
2. logm=n (5-3) 3. Inx=y (5-3) 4.x=10¥ (5-3) 5.y=e* (5-3)
6. (A) Make a table of values: (B) The function in part (B) is the inverse of the one graphed in part (A),

(5-1, 5-3)

X | -2 -1 01 2 3 so its graph is a reflection about the line y = X of the graph to the left.
X To plot points, just switch the x and y coordinates of the points from
(4j 92 3 1 4 16 64 the table in part (A).
3 16 4 39 27 y
i 10
- = =
6D Yot aasss
HSLAH |
10 10
I y=log.fs x
|
| 316
- (5-3)
7x+2 8 e* X — [ex- (%) X 9. 10g2 X=3
7. o= = Jx2)-(2-X) . [e‘x J [ ] ‘=93
= JX+2-2+X = (e2x)x = p2xX x=38 (5'3)
=7 (5-1) _ o2 (5-1)
10. log, 25 =2 11. log, 27 =X 12.  100=17.5
25 =x? log, 33 =x x =log,, 17.5
X =5 X =3 (5-3) X =1.24 (5-5)
since bases are restricted positive
(5-3)
13.  ex =143,000 14. Inx =-0.01573 15. log x=2.013
X =1n 143,000 X =g 001573 X = 102013
x =119 (5-5) x=0.984 (5-3) x =103 (5-3)
16. 1.145 (5-3) 17. Not defined. (—e is not in the domain of the 18.2.211 (5-3) 19.11.59 (5-1)
logarithm function.) (5-3)
L 5
20. 210ga—llogb+logc =loga’ +logc—logh? 2L 1p 8 _jha ~Invb
3 N
= log(azc)—log b? =5Ina—Inb?
1
=log[?/2g] (5-3) =Siha-—Inb
(5-3)
22. 3*=120 23. 10™* =500 24. log,(4x-5)=5
log, 3" =log, 120 log10™ =1og 500 25 _4x—5

X =log,120 2x=10g500 32 =4x—5



CHAPTER 5 REVIEW 239

or, using the change-of-base _log500 37 =4x
formula In120 (5-5) == (=37 (5-5)
In3 (5-5) 4
25. In(x-5)=0 26. In(2x — 1) =1In(x + 3) 27. log(x2 —3)=21log(x— 1) Check:
X—5=g’ 2X—1=x+3 log(x? — 3) = log(x — 1)? 22y _ N
o x =14 X2 3= (x 1y log(2 10g3{ 2log2—-1)logl =2
X=6 Check: X2-3=x2-2x+1 J
? —3=-2x+1 0=0
4—1)= +
] In(2:4—1) = In(4 + 3) 4= oy (5-5)
(5-5) v
In7=1In7 X=2
(5-5)
=3 _ o 29. 4x-1 =21-x 30. 2x%e = 18e*
28. )(92_3 :3)( (22 -1 =21-x X% X _ 18X =0
W2 IX—3=0 22=D =21-x 2eX(x2-9)=0
(X—3)X+1)=0 2x—1)=1-x 2e¥(x=3)x+3)=0
=13 _1 2x—2=1-X 2e*x=0 x-3=0x+3=0
’ (5-5) 3x=3 never X=3 X=-3
x=1 (5-5) Solution: 3, -3 (5-5)
31. log,, 16 =X 32. log,9=-2 33. log, x=3
log,,, 4> =X X2=9 2
114 i | _g 1632=x
logl/{) =X Xz 64 =X
4 1 =9x2 X =64
X=-2 Iy (5-5)
(5-5) 9 34.log, =5
X =+ l es=x5
9 X=e (5-5)
x = 1 since bases are restricted positive
3
(5-5)
35. 10'09:x = 33 36.  x=2(10!%) 37. x=1log, 23 38. Inx=-3.218
log,,x =log,, 33 x=41.8  (5-1) . log 23 o 023 X = 873)‘1180 3
X=33 (5-5) —logS ns x=0. (5-3)
x=1.95 (5-3)
39. x=1log(2.156 x 107) 40 x= In4 41.  25=5(2) 42. 4,000 = 2,500e0-12x
X=-6.67 In2.31 25 _ o 4,000 _ q0.12¢
(5-3) x=1.66 (5-3) 5 2,500
S=2 4,000
_ 0.12x=1In 2
1;12—X1n2 2.500
no> —
. x=_1_p £,000
<=9 132 012 2,500
(5-5) X=3.92 (5-5)
43. 0.01 = 00 44, 523 =708
—0.05x=1n0.01 (2x—3)log 5=log 7.08
X = In0.01 IX—3 = log7.08
—-0.05 log5
x=92.1 (5-5
) x=1]5,1087081 57 (5-5)
2 log5
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45, | This equation is quadratic in €% ex= DV b’ —4ac a-1,
2 2a b=-2,
ex—gx =2 c=-1
- L =2 o= ~(2) (2 ~4()(-D)
X 2
eXeX—eX[l] = D¢ =248 =1+ 3
e* 2
(€92 — 1 =2ex x=In(1++2) 1- 2 isnegative, hence not in the domain of
()2 —2ex—1=0 the logarithm function. x=In(1+2)
x=10.881 (5-5)
46. log 3x2 —log 9x =2 Check:
2 ?
log 39i =2 log(3-3002) — 1og(9-300) = 2
X 9
3% 102 log(270,000) — log(2,700) = 2
9x log 270,000 2 »
X =100 2,700
3 \
X =300 log 100 = 2 (5-5)
47. log X —log 3 =log 4 —log(x +4)
log X =log 4 Check: log(-6) is nc;t defined
3 X+ log2—log3 = log4—log(2+4)
X _ 4 excluded value: 9
3 %14 X% —4 log 2 =log 2
3 6
3(x+4) X =3(x+4) _4_ N
3 X+4 log 2 = log 2
x+4)x =12 3 3
24+4x =12 Solution: 2 (5-5)
X2+4x—-12 =0
xX+6)(x-2)=0
X=—6 X=2
48 In(x +3) h;X 21n2 Check: In(1+3)=In1 =2In2
In X*° =In22 9
X In4—-0=2In2
3 _
e 4 in4g (5-5)
X+3 _y
X
X+3 =4X
3 =3x
X =
49. In(2x +1) = In(x = 1) =1In x Check: In[ 3=V13 | is not defined
In 2X+1 =1nx 2
x—1
% =X Excluded value: X # 1 ln[Z- 3 "‘;/E +1] B 1n(3+;/§ _1] 2 h{ﬂ@)
2
(x—1) X4l =xx - 1)
- ln(3+\/ﬁ+1)—ln@ < Inf3+413
2X + 1=x2—X 2 5

0=x2-3x-1
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(7
2a 2 2
(= —()EJ(3) -4 -1 _ 3213 w43 2 )2 (343
2(1) 2 1 1+413 2
In (4+\/B)2 l In 3+413
1+13 2
_ ?
In (4+\/E)2(1 ‘/E) = Inf3+413
(1+\/E)(1—\/B) 2
In 2(4_3\/5_13) ? Inf 3+13
1-13 2
nf —18-6V13) 2 1o(3+13
-12 2
(3493 Y o341
2 2
Solution: 3+V13 (5-5)
2
50. log X)* =1log x° ? 51. In(log x) =1
Elog )33 —9 igog X Check: (log 1)>= log 1° ( lgg ))( —e
(logx)* -9 1logx=0 0=0 Xx=10¢
log X[(log X)>—9]=0 9 (5-5)
log x(log X — 3)(log X +3) = 0 (log 10°)* = log(10°)°
logx=0 logx—3=0 logx+3=0 7= 27
x=1 logx=3 logx=-3 9
x =103 x=1073 (log 107%)*= log(1073)°
=27 = =27
Solution: 1, 103, 1073 (5-5)
52. (ex+ 1)(e*x—1)—exe*X—1)=eeX—e+e*x—]-—pex+ex=1—-e+e*x—1-1+ex=ex-1 (5-1)

53 (eX + e’x)(ex _ e’X) _ (ex _ e’X)Z = (eX)Z _ (e’X)Z _ [(eX)Z —Jexg X + (e’X)Z] = eZX _ e’ZX _ [eZX 2+ e’ZX]
=eX—_egX—eX+2-eX=2-2e (5-1)

54. The graph of g is the same as the graph of f 55. The graph of g is the same as the graph of f
reflected through the X axis, shrunk vertically by a stretched vertically by a factor of 2 and shifted
factor of 1, and shifted upward 3 units; g is downward 4 units; g is increasing.

3 Domain: all real numbers
decreasing. Domain: all real numbers Horizontal é;symptote: y=-4

Horizontal asymptote: y =3 3
10
y

16

(CRY)

—to

(-1
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56.

58.

59.

60.

61.

CHAPTER 5 EXPONENTIAL AND LOGARITHMIC FUNCTIONS

The graph of g is the same as the graph of f 57. The graph of g is the same as the graph of f
shifted downward 2 units; g is increasing. stretched vertically by a factor of 2 and shifted
Domain: (0, o) Vertical asymptote: X =0 upward 1 unit; g is decreasing.
y Domain: (0, o) Vertical asymptote: X =0
10 y
10‘
=T 0"
(,/"T_' 5 \\10: p
e
5-3
(5-3) o (5-3)
If the graph of y = e* is reflected in the X axis, Y is replaced by —y and the graph becomes the graph of

-y =¢€Xory=-€X
If the graph of y = e* is reflected in the Y axis, X is replaced by —X and the graph becomes the graph of
X
y=e_xory=10ry=(1j. (5-1)
e* e

(A) For x> —1, y = e*3 decreases from e!” to 0 while In(x + 1) increases from —oo to . Consequently, the
graphs can intersect at exactly one point.
(B) Graphing y; = e *3 and y, =4 In(x + 1) we obtain

10

-10 10
ROSERRENT Frsmivezen
-10
The solution of e ¥3 =4 In(x + 1) is x = 0.258. (5-5)

Examining the graph of f(x) =4 — x> + In X, we obtain

10 10
JS—
0 1 0 E \ 5
Zeko 20
H=.0183zi79 Y= F=z1BGAAAL Y=1.7E-13
-10 -10
The zeros are at 0.018 and 2.187. (5-5)

Graphing y; = 10¥73 and y, = 8§ log X, we obtain

i/

kg seckion H
10026017 Y=.01006R0Y AL o

In
n=

-10
The graphs intersect at (1.003, 0.010) and (3.653, 4.502). (5-95)
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62. D =10log - 63. y =_1 g% 64. x =—1 1
I \/E k Iy
% = log IL V2rny = e X/ —kx =1n II
0 _ X2 _ 1 0
10D/10 = IL 5 n(+2r y) |L = ok
0 X2 =-21n(42 0
1,10010 = | n(y2zy) | = 1,(e %) (5-5)
| =1,(10010) X =+\-2In(v2ny)
(5-5) (5-5)
65. r=p i 66. Iny =-5t+Inc
1-(1+i)™" Iny—Inc=-5t
L In (lj =5t
P 1-(1+D)™" o
P o 1=(+i)” Y g
r i C
Plop—@a+im y =ce st (5-5)
r
Pl _1=—(@+im
r
1-Pl—@+iyn
r
1n[1_ Pi) =—nln (1+1)
r
ln(l_PTi) =n
—In(1+1)
n=_n(-%) (5-5)
In(1+i)
67. | x ly=log x[x=log, y| y
1 0 0 1
2 1 I 2
4 2 2l 4
8 3 31 8
Domain f = (0, «) = Range f!
Range f = (—o0, o) = Domain f-!
68. Iflog, x=Y, then we would have to have 1Y = X; that is, 1 = X for arbitrary positive X,
which is impossible. (5-3)
69. Letu=Ilog, M and v =1log, N; then M = b and N = b.
Thus, log(MN) = log, (bUb") = log, b'*V=u + v =1log, M + log, N. (5-3)
70.  We solve P =P,(1.03)for t, using P = 2P,,. 71. We solve P = P,e%%tfor t using P = 2P,,.

2P, = Py(1.03)!

2 =(1.03)
In2 =tIln 1.03
In2 ¢
In1.03
t =23.4 years (5-2)

2P0 = P060.03t
2 = g0.03t

In 2 =0.03t

In2 —y

0.03

t =23.1 years (5-2)
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72. A, = original amount 73.  (A) Whent=0,N=1. As tincreases by 1/2, N
0.01A,= 1 percent of original amount doubles. Hence N = 1-(2)t* 12
We solve A = A 0000124t for t, N=2%(or N =47
using A= 0.01A,. (B) We solve N = 4t for t, using
0.01A, = A e-0-000124t N=10°
0.01 = g-0.000124t 109 = 4t
In 0.01 =-0.000124t 9=tlog4
n0.01  _, (= 9
~0.000124 log 4
t =37,100 years (5-2) t=15 days (5-2)
74. Weuse A=PetwithP=1,r=0.03,and 75.(A) t p P
t=2011-1=2010. 01 1,000 1,0004
A = 1e0.03(2010) 5 670
A=1.5x10% dollars (5-1) 10 449
15| 301 200
20 202
25 135 0 25 50 ¢
30 91
(B)As t tends to infinity, P appears to tend to 0. (5-1)
76. M=21log E E, = 10440 77. Wesolve M= 2 log E for E, using
3 E, 3 E,
We use E=1.99 x 104 E,= 1044, M =83
4
M= 2 log L99x107 83=21og E_
3 10™ 3 10*%
M= 2 log(1.99 x 10°6) 3(83)=1log _E
3 2 104.40
M= 2 (log 1.99 +9.6) 12.45=1log _E
3 10440
M= 2 (0.299 + 9.6) E_—q0n4
3 10%%
M=6.6 (5-4) E = 10440.101245

E =10'4850r 7.08 x 1016 joules
78. We use the given formula twice, with
I, =100,0001,
D,=101log I D,=101log >
IO IO
D,-D,=10log > —101log . =10 log ('2+' Jz 101og 12
|
=10 log 100,001, =10 10g 100,000 = 50 decibels
Il
The level of the louder sound is 50 decibels more. (5-2)

1
0 I 0 Io 1

-4



79. 1= e+

To find k, we solve for k using I = L1, and d = 73.6
2

1 ly = 1,830

1 — g73.6k
2
—73.6k =In L
2
k: ll’l%
~73.6
k =0.00942

80. Wesolve N =

CHAPTER 5 REVIEW

We now find the depth at which 1% of the surface
light remains. We solve | = l,e0-009%42d for d with

=0.01l,
0.011, = 1, 000942

0.01 = g 0.00942d
—0.00942d=1n 0.01

245

4 001
—0.00942
d =489 feet (5-2)

for t with N = 20.

1+29¢™
20=_ "
1+29¢™"
L _ 1+29e71.35[
20
1.5=1+29¢ 7135
0.5=29¢ 1.3
0.5 = g-1.35t
29
~1.35t=1n 03
t = In%
-1.35
t =3 years (5-2)

81. (A) The independent variable is years since 1980, so enter 0, 5, 10, 15, 20, and 25 as L,. The dependent

variable is Medicare expenditures, so enter that column as L,. Then use the exponential regression
command on the STAT CALC menu.

| | ®PHed
4TLinkeaCax+hl g=gkkh ™
! HuadRea a=43, 28252347
iCubicREeg b=1.RA29651449

PHgartRea
iLinRegiatbxd
' LnkRe3
ExFRed

The exponential model is y = 43.3(1 .09)X .

To find total expenditures in 2010 and 2020, we plug in 30 and 40 for x:
y(30)=43.3(1.09)" = 574; y(40)=43.3(1.09)" =1,360

Expenditures are predicted to be $574 billion in 2010 and $1,360 billion in 2020.

(B) Graph y, = 43.3(1 .09)X and y, =900 and use the INTERSECT command:

1,000

-

1 SgcC
W=zE.208

Eion
136 V=000 el

50

Expenditures are predicted to reach $900 billion in 2015. (5-2)
82. (A) The independent variable is years since 1990, so enter 4, 7, 10, 13, 16 as L,. The dependent variable

is the number of subscribers, so enter the subscribers’ column as L,. Then use the logarithmic regression
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command from the STAT CALC menu.

L1 Lz Ls £ EDIT TESTS LnFeg
Y L 4L inEeat axth g=a+blhx
I |idE 52 Quadked 5=-199, 122721
1t 1 £:CubicReg b=1430 882055
16 ziz T Bart el
............ S:LinReatath
LnRea
L= E:xFFea
The model is y =—-199.1 + 143.7 In X. Evaluating this at X =25 (year 2015) gives 263.5 million
subscribers.
(B) With the same data as in part (A), use the logistic regression command from the STAT CALC menu.
EDIT TESTS Lo9iztic
7 TRuartHea g=co 0L +ae™C —bxd
52 LinRedi 3+ 5=31,94188823
92 LnRed b=. 2556114115
B2 ExrRe c=354, 57ERe34
A: FurFed
Logistic
tSinkeg
. 354.9 . . . o
The model isy = —3556¢ - Evaluating this at X =25 (year 2015) gives 336.8 million
1+31.94e™
subscribers.
(C) Plot both models, together with the given data points, on the same screen.
WIHCOW
Anin=g
Amayx=e
Ascl=1@
Yrin=g
Ymax=208E
Y=o l=18A
Hres=1 1
Clearly, the logistic model fits the data better. Moreover, the logarithmic model predicts that the number of
subscribers becomes infinite, eventually, which is absurd. The logistic model predicts eventual leveling

off near 354.9 million, which still seems high compared with the US population, but is more
reasonable. The logistic model wins on both criteria specified in the problem.
(5-2, 5-4)



