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PART I: Solutions to Odd-Numbered Exercises and Practice Tests

Section 3.3  Properties of Logarithms

log, x

(@ logyx = @1

(d) log, u" = nlog, u

(b) log, (uv) = log, u + log, v
(¢) log, (u/v) = log, u — log, v

®  You should know the following properties of logarithms.

In(uv) = Inu + Inv

In(u/v) =Inu—Inv

Inu” = nlnu

m  You should be able to rewrite logarithmic expressions using these properties.

Solutionsto Odd-Numbered Exercises
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1. f(x) = logq X 3
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17. (&) log, s x = log,, 2.6
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log,, X
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_ _Inx__Inx .
21. f(x) = log,, x = 1= In2
|n§

In x 1inx
_ 12 — 2 1INX
In11.8 25. () = logs X'/ = 5 3

23. f(x) = log;, g X =

ol T 10 o m 10

i -4

5
27. 1009 5x = 10g;¢ 5 + log, o x 29. Ioglo; = log,, 5 — l0g,( X
31. logg x* = 4 logg X 33. Inv/z=InZ"2=31Inz 35. Inxyz=Inx+Iny+Inz
37. Inda—1=3In@@a—1) 39. InzZz— 12 =Inz + In(z — 1)
=lnz+ 2Inz-1)
x 1 x x4y
41. In3/===In= = —
n\/y 3ny 43 In( = ) Inx*/y — In2
=%[Inx—|ny] =Inx*+InJy — InZ
—ll ll =4Inx+%lny—5|nz
= 5Inx-3liny
X2
45, Iogb(y223> = log, X* — log, y°Z 47. y; = InD3Ex + 4)]
— log, X2 — [log, y2 + log, 2] Y, = 3Inx + In(x + 4)
= 2log, x — 2log,y — 3log, z Y1 = Y,, for positive values of x.
-2 -I 1 1 1 1 1 1 1 1 1 22
-2
49. Inx + In4 = In 4x 51. log, z — log, y = Iog4§2/
53. 2log,(x + 3) = log,(x + 3)? 55. 3l0g, 7x = logy(7X)Y/3 = logs 3/7x
X—2
57. Inx — 3In(x + 1) = Inx — In(x + 1)3 59. Inx — 2) — In(x + 2) = In(x N 2)

=1In X
(x + 1)
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6l. Inx—=2[Inx+ 2) + In(x — 2)] =Inx — 2In[(x + 2)(x — 2)]
=Inx — 2In(x2 — 4)
=Inx — In(x® — 4)?
X

= Ini(x2 a2

63. %[Zln(x +3)+Inx—Inx2— 1] = %[In(x + 3)2 + Inx — In(x2 — 1)]

= %[In[x(x + 3)2] — In(x2 — 1)]

_glnx(erS)2
3 -1

(x + 32
65. %[Iny +2In(y + 4] —Inly—1) = é[lny +In(y + 4] = In(y — 1)

= Sty + 421~ Iny = 1

=Indy(y + 9% —In(y — 1)

Iyly + 4)?
y—1

=1In

1
67. 2In3 — Eln(x2 +1)=InF-In/x*+1

69. y; = 2[In8 — In(x2 + 1)] z 71y, = Inx?

...... N e

T
Y, = (X2 + 1)? -9 / y; = Y, forx>0.
y; = 2[In8 — In(x? + 1)]

TTTTT 19

/

-6
= 2In( 5 8 1) °
+ They are not equivalent. The domain of f(x)
“n 64 B isall real numbers except 0. The domain of
~Moee+ 2] T g(x) isx> 0.
73. log; 9 = 2log;3 = 2 75. log, 16%4 = 3.4109,(4%) = 6.8log, 4 = 6.8
77. log,(—4) isundefined. —4 is not in the domain of 79. logs 75 — logs 3 = logs 3 = logs 25 = logg 52 =

f(x) = log, x
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8l Inee—Ine"=3-7= -4

85. Ine5 =85

89. log, /70 = 3 log, 70 = 3 l0g,(10 + 7)

=1log,10 + 3 log, 7 = 3 log, 10 + 3

93. In(5¢%) = In5+Ine® =In5+ 6 =6+ In5

9%5. (8

(b)

(©

97. (8

(©

I
B=10- Iogm(ﬁ) = 10(log,o | — log,, 10712)

= 10[log,o | — (—12) log,, 10]
=10(l0g, | + 12) = 120 + 10 - log,, |

| | 1004|106 | 1078 | 10 | 10712 | 10~
B|8 |60 |40 |20 0 -20
B(1074) = 120 + 10 - log,, 104 = 120 — 40 = 80

B(1076) = 120 + 10 - log,, 10~ = 120 — 60 = 60
B(1078) = 120 + 10 - log,, 10~8 = 120 — 80 = 40
B(10719) = 120 + 10 - log,, 1010 = 120 — 100 = 20
B(10712) = 120 + 10 - log,, 10-2 = 120 — 120 = 0
B(10714) = 120 + 10 - log,, 10~ = 120 — 140 = —20

91. logs glo =

L ° L
L ° L
Ol v v v v v v 11 11 1@ 1 130 L
20 i
r °
N .
[ ]

F (]
Ol v v v v v v v v 1@

20

In(T — 21)

T—-—21= e—0.0377t+3.9971

—0.03721t + 3.9971 @ T=

T = 21 + 54.44(e 00577
= 21 + 54.44(0.9635)"

10

30

83. log,, 0 isundefined. 0 is not in the domain

87. log, 8 = log, 2° = 3log, 2
= 3log,v/4 = 3log,4¥2

logs 1 — logs 250 = 0 — logg (125 « 2
= —logs(5® - 2) = —(logs 5° + logs 2)
—(3logs5 + logs 2) = —3 — logs 2

8 (b) Thedata (t, T — 21) fits the exponential model
F T — 21 = 54.4380(0.9635)". For the original data the
3 . model is T = 54.4380(0.9635)'.
S - ° 80
[ ]

Ol v v v v v v v v v v
20
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99.

f(x) = Inx
False, f(0) # 0 since 0 is not in the domain of f(x). f(1) =In1 =0

101. False, f(x) — f(2) = Inx —In2 = Ing # In(x — 2).
103. False, f(u) =2f(v) O Inu=2Inv O Inu=Inv O u=\2
105. f(x) = Ing 4 _
L f=h
Inx i
90 =~ Nl
In2 L
h(x) =Inx—1n2

f(x) = h(x) by Property 2.

107. Letx = log,uandy = log, v, thenb* = uand b’ = v.
u b
_ = — = -y
v b b

log, (% = log,(b*™Y) = x — y = log, u — log, v

109. f(X) = —3(x2 + 4x)
Intercepts: (0, 0), (—4, 0)

Parabola opening downward.

13 x*—6x+2=0

XZGi‘/326—4(2):31ﬁ

17. ¥ —6x2—4x+24=0
X3(x—6) —4x—6)=0
x2—-—4(x—6)=0
Xx—2)(x+2)(x—6)=0
X=2—-2,6

121. 260v3 =~ 15,235.494

ML f(x)=x3+ 22— 9x — 18 =x3(x+ 2) — 9(x + .
=X+2(x—3)(x+3
Zeros. X = —2,—3,3

y

4

-12 -8 4 8 12 16

115. x* — 19x2 + 48 =0
(x> —16)(x*—3) =0
(X = Ax + 4x — V3)(x + V/3) =0

X=x4 %3

119. 1.6727 =~ 0.052

123. log,, (220) =~ 2.342 125. In 2.008 =~ 0.697



