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3-3 Properties of Logarithms

Express each logarithm in terms of In 2 and In 5.

Lot
5

SOLUTION:

In i =In4-In3
=In2*=In5
=2In2=In5

2.1n200

SOLUTION:

In 200 = In{8-25)
=In8+In25
=In2"+In5
=3In2+2In3

3.1n80

SOLUTION:

In80 = In{16-5)
=lnl6+In3
=In2" +In5
=4In2+In3

4.1n12.5

SOLUTION:

LA

Inl12.5= In("—5

L2
=In25-In2
=I5 —In2
=2h5-In2

5.0 28
2

SOLUTION:

0.8 0.4

In—=In—

2 |
= ||'|.—

2
=In=

2
=In2-Ins5
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3-3 Properties of Logarithms

6.In =
5

SOLUTION:

I
In—==Ina-Inb
b

2
In==In2-1In3
]

7. In 2000

SOLUTION:

In 2000 = In(l6-125)
=Inl6+Inl2s
=In2'+In5

=4In2+3In5

8.In1.6

SOLUTION:

Ini.E-—lnE
[0

— ||1Ei
3

=n8-In5
=2 -In5

=3ln2-In5

Express each logarithm in terms of In 3 and In 7.

9.1n63

SOLUTION:

In63 =Inf9-7)
=n9+In7
=In3 +In7
=2In3+In7

10.1n 2

81

SOLUTION:

i
Inﬂz In49 —-In&l

81
=In7-n3*
=2In7=4In3
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3-3 Properties of Logarithms

11. In —?
9

SOLUTION:

In E =In7=In9

g
=n7-In3
=In7-2In3
12.1n 147

SOLUTION:

In147 = In(49-3)
=49+ In3
=In7" +In3
=2In7+In3

13.1n1323

SOLUTION:

Inl1323=1n(49-27)

=In49+In27
=n7" +In¥
=2In7+3In3
14.1n 28
729
SOLUTION:
34

In- i In343-In729
=In7' -In3°
=3In7-6In3

15. 1 2201
&l
SOLUTION:
.
Inﬂ = In2401 - In 81
al
=n7-n3*
=4In7=4In3
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3-3 Properties of Logarithms

16.1n 1701
SOLUTION:
In1 701 =In{7-243)
=In7+In243
=In7+In3

=n7+3In3

17. CHEMISTRY The ionization constant of water K, is the product of the concentrations of hydrogen (H+) and

hydroxide (OH ) ions.
Honionized After lonization

Water Molecule
-®s
S

Hy ronchoe Hydrogen
oa lom

The formula for the ionization constant of water is K, = [H+] [OH ], where the brackets denote concentration in
moles per liter.

a. Express log K| in terms of log [H'] and log [OH ].

b. The value of the constant K is 1 f0' Simplify your equation from part a to reflect the numerical value of
K,.

. . . . ¢ -9 . . .
¢. If the concentration of hydrogen ions in a sample of wateris 1 I 10 ~ moles per liter, what is the concentration of
hydroxide ions?

SOLUTION:
a.
log K =log[H* JOH ]
= log[H* ]+ log[OH ]

log K =log[H "]+ log[(H "]
log(1 210"y =log[H "]+ log[OH ")
log10™" =log[H "]+ log[OH ]
-4 =log[H" ]+ log[OH"]
c.
=14 =log[H" |+ log[OH "]

—14 =log(1x 107"y + log[OH ]
14 =-9+ log[OH ]

=5 =log[(H "]
107 =[OH"]

eSolutions Manual - Powered by Cognero Page 4



3-3 Properties of Logarithms

18. TORNADOES The distance d in miles that a tornado travels is ¢ =10 " where w is the wind speed in miles

per hour of the tornado.

a. Express w in terms of log d.
b. If a tornado travels 100 miles, estimate the wind speed.

SOLUTION:

a.

d =10 %

logd =logl ™
w =05

logd =

3
93logd =w—65
Blogd +65=w
b.
Blogd +65=w

Dilog(100)+ 65 =w
O+ 65=w
186 +65=w

25l=w

Evaluate each logarithm.

19 |-.'sg5 {I'IE'E

SOLUTION:
log, 25 = log, 254
= : log, 25
Pl
1
R i,
4{ )
|
s

20.8Ine—Ine'?
SOLUTION:
Slne’ —Ine"” =8(2)-12
=16-12
=4

eSolutions Manual - Powered by Cognero
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3-3 Properties of Logarithms

21. 9lne3+4lne5
SOLUTION:
9lne’ +4Ine’ =H3) +4(5)
=27+20
=47
22. log, Y32
SOLUTION:
log, 32 =log, ¥2°

=log, 2

23. 210gw.l'rﬁ

SOLUTION:
2log, V27 = 2log, \/3*

1

- 2log, 3°

3.

b |

=3
24. 3log. Y49
SOLUTION:-
3log, 449 =3log, Y7°

fatd

I

Il
)
| [=)
= T‘;:'
=]

25. 41og, N

SOLUTION:
4log, 8 = 4log. J2

[ RS ]
[

eSolutions Manual - Powered by Cognero Page 6



3-3 Properties of Logarithms

26. 50 logg 125

SOLUTION:
501og, \125 = 5010g, /5"

=50log, 5°

Il

LA

=
b | e

|
|
L=l

27. log, 4243
SOLUTION:
log, $243 = log, {3*

= log, 3*

2
6

28.36Ie™ —4mne’

SOLUTION:

36Ine”’ —4Ine’ =36(0.5)—4(5)
=18-20
=-2

Expand each expression.
29. log, 6x3y52

SOLUTION:
log, 6x°v'z = log, 6+ log, x” + log, v’ + log, =

=log,6+3log, x+5log, v+log, =

30. In _,'T
\:I'..'l."r j
SOLUTION:
x’ - o
In =lnx —Iniyfx+2
Hx+2

=Tln .r—éln{x +2)
-]
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3-3 Properties of Logarithms

p'q

i3g =1

31. log,

SOLUTION:

log. pq =log, p~ + log, g = log, i[3g =1
Hig -1

1
=2log, p+log, g —log, (3g-1)s

=2log, p+log.q -ilog..{_"-q -1)
2

SOLUTION:

4df” 5
In ——==Inddf" —In¥1-3d
V1-3d

=Ind+Ind +In f* =In(l - 3(1"}‘;

=Ind+Ind +5In f :—glnl[] 3el)

33.logy; ab *c'%d’

SOLUTION:
log,, ab™'c"d’ =log, a+log, b +log, ¢ +log, d’

=log,, a—-4log, b+12log,, c + Tlog,, d

34. 1og, h5 'k

SOLUTION:
log. b "k~ =log, " +log, j'' +log, k™
=2log, h+11log, j-3log &

35. logy 104wy >

SOLUTION:
log, 1067 v = log, 10+ log, ¢ + log, 1+ log, v’
=log, 10+ 2log, r+ log, u—3log, v

36. logs a®p 3!

SOLUTION:
log, a"hc" = log, a” +log, b~ + log, ¢

=blog.a—-3log, b+4log. c

eSolutions Manual - Powered by Cognero
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3-3 Properties of Logarithms
sa'e

Yb-9

SOLUTION:

A d -'I
In ':E; 'ﬁ; =In3a’b’c-Inib-9
h -

37. In

i
=m3+Ing' +Ind" +Ine—In(h-9)°

|
=m3+4dIna+TInbh+Inc - ‘-iln{h ~9)

3x+2

38. log,

1-5x

SOLUTION:

Ix+2

log, —==log.(3x+2)-log, Y1 - 5x
J1—5x

|
=log,(3x+2)—log,(1-5x)’

=log,(3x+2)- % log. (1 —35x)

Condense each expression.

39. 3log, x —%]ngﬁ{ﬁ - X)

SOLUTION:

3log, _m‘—%logil:ﬁ— x)=log, x - log.(6—x)°

=log, " —log, V6 —x

X

= log
*Jo-x

40. Slog.(2x) —é log, (5x+1)
. ]

SOLUTION:

Slog.(2x) ;IGgT{j_r 1= Ing_{lv.'}': log,(5x + 1)

= log, 32x° —log, ¥Y5x+1
32x°

Yix+1

= log-

eSolutions Manual - Powered by Cognero Page 9



3-3 Properties of Logarithms

41. 7logy a +logy b — 2log, (8¢)

SOLUTION:
Tlog, a +log, b-2log,(8¢) = log, a’ + log, b —log.(8c)
= log, a'b- log, G
S 20
ade”

42, 4ln(x+3) - lln[dx +7)
3

SOLUTION:

41n{x +3) ;thx +7)=In(x+3) =In(4x+7)°

=ln{x+3) —Indydx+7
o (x+3)°
Jdx+7
43. 2logg (9x) — logg (2x — 5)

SOLUTION:
2log, (9x) - log,(2x = 5) = log, (9x) - log,(2x - 3)
=log, 81x° —log,(2x—5)
81x°

= log, =

44. In13+7Ina—11lnb+ Inc
SOLUTION:
In13+7Ina=1lnb+Inc=In13+Ina’ —Ind" +Ine
=Inl13a’c—Inh"

13a’c

:I"T

=Inl3a’'b"'c
45. 2log, (5a) +logg b +7log, ¢

SOLUTION:
2log, (5a) +log, b+ Tlog, ¢ = log, (5a) +log, b+ log, ¢’
=log, 25a" +log, b+ log, ¢’

= log, 25a" b’

eSolutions Manual - Powered by Cognero Page 10



3-3 Properties of Logarithms

46. log, x — log, y — 3 log, z
SOLUTION:

log, x—log, y=3log, z =log, x - log, y-log, =’
=log, x —(log, ¥ +log, z")

=log, x-log, yz

¥z
| [
47, —In(2a—by——=In(3h +¢)
- 5

SOLUTION:

:11 n(2a—Hy- ! In(3b +e)=In(2a - by —In(3b+c)’
5

=ni2a-b-InY3b+c

V2la-b

3b+e

=In

48. log, 4 -~ log,(6x-5)

SOLUTION:

|
log. 4 - = log,(6x =35)=log., 4 - log.(6x - 3)°
=log, 4 ~log, Jbx =5
4

" Jox -5

=log

Evaluate each logarithm.
49. log, 14

SOLUTION:
I 14

log 14 =—
e In6

=1.473

50. logs 10

SOLUTION:
Inlo

In3

= 2.096

log, 10 =

eSolutions Manual - Powered by Cognero Page 11



3-3 Properties of Logarithms

51. log; 5

SOLUTION:
|.n ¥ _"_'!. — E
T

=0.827
52. log,g 2

SOLUTION:

In2
log,,. 2=
BT 28

=0.143

53. log,, 145

SOLUTION:

54. log,, 400

SOLUTION:
I 400
In22

=1.938

log.. 400 =

55. log;, 101

SOLUTION:
In 101

In 100
=1.002

log,., 101 =

56. log, +

SOLUTION:

log

57.log , 8

SOLUTION:

no real solution

eSolutions Manual - Powered by Cognero
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3-3 Properties of Logarithms

58. log,3 9o 13

SOLUTION:

~ Inl3

~ In13,000
=0.271

59. COMPUTERS Computer programs are written in sets of instructions called algorithms. To execute a task in a
computer program, the algorithm coding in the program must be analyzed. The running time in seconds R that it

takes to analyze an algorithm of 7 steps can be modeled by R =log, n.

a. Determine the running time to analyze an algorithm of 240 steps.
b. To the nearest step, how many steps are in an algorithm with a running time of 8.45 seconds?

SOLUTION:

a.

R=log.n
=log, 240
~In240
T In2
=79

b.

R=log.n

845 =log.n

T N

eSolutions Manual - Powered by Cognero
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3-3 Properties of Logarithms

60. TRUCKING Bill’s Trucking Service purchased a new delivery truck for $56,000. Suppose ¢ = log;

v

- represents the time 7 in years that has passed since the purchase given its initial price P, present value V, and

annual rate of depreciation r.

a. If the truck's present value is $40,000 and it has depreciated at a rate of 15% per year, how much time has

passed since its purchase to the nearest year?

b. If the truck's present value is $34,000 and it has depreciated at a rate of 10% per year, how much time has

passed since its purchase to the nearest year?

SOLUTION:
a.
||'= Ingll rl _J
40,000
ST i i
SR 56 000
= log,ss =
5
In
T In0.8s
=2.07
about 2 years
b.
"
t=log, . —
' p
R 34.000
S 56,000
e 17
nr: F 2—3
In ke
LT
n0.9
~4.73

about 5 years

Estimate each logarithm to the nearest whole number.

61. log, 5

SOLUTION:

log, 5=log, 4

eSolutions Manual - Powered by Cognero
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3-3 Properties of Logarithms

62. log, 13

SOLUTION:
log.13 = log, 16
= log, 2"
=4
63. logz 10

SOLUTION:
log, 10 = log, 9

= log, 37

i

2
64. log, 400

SOLUTION:
log, 400 = log, 343
= log, 7’

-
2

H

1
65 10g5 i'?...l.

SOLUTION:

| I loa I
og; — = log, —
. 124 E: 125

= log;
iy

= log, 5~

=—3

66. log;, 177

SOLUTION:
log,. 177 = log,. 144

log,. 12°

i

-

i

l
67. loo, —
Jr

SOLUTION:

1
log, — = log
¥

]

| —

1
]

=]

eSolutions Manual - Powered by Cognero
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3-3 Properties of Logarithms

I
68. log, 165

SOLUTION:
loo I = log I
T TR LY
= log, T

= log, 47
= —i

Expand each expression.
69. Inyx'(x+3)

SOLUTION:

In{fx’(x+3)= |n[x-‘{x + ."H}.i

= % In[x'(x+3)]

= iln_r" 4+ l In(x 4+ 3)
2

o
o
70. log, ————
=3 41.-‘-..
SOLUTION:
2 —
A log, x"y" —log, Jdx -y

log.
Cfdx=y

= log, X+ log. ,'"F —log.(4x - v)

|
=2log, x+3log, y——log (4x—y)
o

eSolutions Manual - Powered by Cognero Page 16



3-3 Properties of Logarithms

I
Y (8x-1)

SOLUTION:

log,, ———— = log,, 11~ log,, {/'(8x 1)

s Jx*(Bx-1)

=log,, 11-log [+ (8x-1)]*

71. log,,

=log,, 11 —%lug,J.r*(Sx— 1]

| _—
=log,, 11- Elng,_._.t +Elﬂg,_1{3.r—1]|
= log ]1—]—|0* rﬁ—lln* (8x-1)
=g, I i - 1 £y Lo

3 !
=log,, 11— Elug,4 7 log,,(8x~1)

SOLUTION:
9x’yz’

=In9x"yz* —Infy-35)°
(r-3) } (y—3)

In

=¥ +Ihx’*+Iny+Inz’ —4In(y-35)

=2In3+2Inx+Iny+3lnz—4In{y-35)

73. logg Yx" v (z=1)

SOLUTION:

Uy (z=1) =log,[x v (-]
= %Iug,..[.t"' y(z=1)]

1 s | s
==log x" +=log, v +=log,(z=1
> 108, 708 ) +3 g.(z=1)

3 2 |
- ?Iugﬁ X+ = log, v+ Ek\gh-{: =1
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3-3 Properties of Logarithms

74. log,, _;
o3 (xr+13)
SOLUTION:

Sx Y o ey
log,. =log,, 3x—log,. Yx"(x+13)

Yx'(x+13)
=log,, 5+ log,, x—log,,[x (x+ ]3}]‘.‘

1 .
=log, 5+ log,x— P log,.[x" (x +13)]
)

I s 1
=log,5+log, x| =log, x +—log,(x+13)|
. ) ] . &) : ]
log,. 5+ log,, x ?lﬂ 1.+1I1 {(x+13)
=log,, 3+ log,.,x—| =log,, x+—=log,.(x+13
=12 =12 6 =12 {} (=]

. 7 1
=log,5+log,,x——log,.x— (—l:‘.ug”{.r +13)
i i

75. EARTHQUAKES The Richter scale measures the intensity of an earthquake. The magnitude M of the seismic

2 E
energy in joules E released by an earthquake can be calculated by M = — log Iﬂ-l 4 .
L X

The Richter Scale
0-149 2-219 -39 4-49 5-510
™

Hanging Sl 10 Small Furniture
afily by obgeits pasting unstabile il e

ssismograph  may ruck objects fall
swing viberations

a. Use the properties of logarithms to expand the equation.
b. What magnitude would an earthquake releasing 7.94 x 10" joules have?
¢. The 2007 Alum Rock earthquake in California released 4.47 x 10" joules of energy. The 1964 Anchorage

earthquake in Alaska measured a magnitude of 1.58 x 10" joules of energy. How many times as great was the
magnitude of the Anchorage earthquake as the magnitude of the Alum Rock earthquake?

d. Generally, earthquakes cannot be felt until they reach a magnitude of 3 on the Richter scale. How many joules
of energy does an earthquake of this magnitude release?

SOLUTION:
a.
2 )
M=—log——
3 10

2 2 i
=—log £——logl0™
3 3

2
=Z(log E - log10*")
A
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3-3 Properties of Logarithms

.
M =2{log(7.94x10")~ log10"*]

)
==[log7.94 + log10" —log10**]
- ]

2
= ;[u.en 11-4.4]

=5
C.
2
3=—llog £ -logl 0]
2
2
3= llog £ -4.4]
. 2
3: :Iﬂg E- :{44}
E] fe
£
jzflng.f:"—g
3 2
17 2 ’
=—=loc f
g 3>
89=log
10*” = E
T94x10° = E

Condense each expression.

3 7
76. “Inx+ — Iny + = Inz
4 4 4

SOLUTION:

-

itnx+zln 1-‘+3I11.,=l(_1l1n'+?ln v+ 5Inz)
4 4 ~ 4 4 :

1 : ; 5
=—(Inx" +Iny +Inz")

4{ :
=lln_1r"_1."":“

4

=In {,1.'3‘!-'_'::: ]4

=In¥x*y *

eSolutions Manual - Powered by Cognero Page 19



3-3 Properties of Logarithms

77. log, 15+ 6log, x - gh:»gg,3 X —élng}{x +3)
| |
SOLUTION:
log, 15+ 6log, ,r—ilug: x—%lngz{,w 3)
. | o
=log, 15 +log, x" - %[4]0;_1: x+ log, (x4 3)]
. j
= log. 15x° —=[log. x* + log,(x + 3)]
pr |

=log, 15x° - é log,[x'(x+3)]
e}

1

=log, 15" — Iﬂg:[,r’[,r+ E31R

=log, 15x° - log, x*(x +3)
= log, 155" = log., x3x(x +3)

155"
= log, —
“xix(x+3)
15x°
= log

= ifx(x+3)

2 4
78. Inl4—=In3x——In(4-3x)
o

e |

SOLUTION:
Inld- 3ln 3x- :‘ In(4-3x)=Inld - I—[Z In3x+ 44 - 3x)]
3 3 i
=Inl4- Igl_lll[l‘l.':i: +In{4-3x)"]
=Inld - Ii“" 9x" + In(4 —3x)']

~Inld= 1o (4-3x)]
.

= In14 —[In9x"(4-3x)' ]}

=Inld—Ini9x (4 -3x)

14

=In
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3-3 Properties of Logarithms

- 8 |
79. 3log, 2x +9log, y - _log, x - _log, y —_log, =
2 3 3

SOLUTION:

4 8 I

Jlog, 2x+9log, v——log, x ——log, v——log, =
5 5 5

: g |
= log, (2x) +log, V' - :_;-Hlog{, x+8log, v+log, =]
g _ ;

=log, 8x' +log, v' ——[log, x" +log, »* +log, z]

>

o -
=log, 8x°y” ——[log, x*)"z]
5
|
= log, 8x°y" =[log, x*y*zJ°

19 sf 4 8
=log, 8x'v —log,yx"yv'z

g’y
= log, -

= log,

R 7 3
80. lngﬁ:&—5!054x—Elﬂg,_r—%]ngJ{:w}]
SOLUTION:
3 7 3
log, 25—?:}5,, X— Elmg* y—;]ngﬂ: +9)

3 7 3
=log, 25 —{Elng,._ X+ Elﬂg4 V+ Elng,l[: +9}]
=log, 25— % [Slog, x+ Tlog, y+3log,(z+9)]

= I 7 3
=log, Ea—i[lng,. ¥ +log, v +log,(z+9) ]

=log, 25— % [Iog_._ Oyiz+ *}}:]

=log, 25-log, ¥’y (z+9)

25

= log,
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3-3 Properties of Logarithms

8l. “Inx+ l In(y +8)—3Iny — In (10— x)

[ B

SOLUTION:
%ln .1'+%|1|{_|' +8) -3 y—-In(10-x)

] .
= ?[5 Inx+In(y+ E}] —Iny —In(10-x)

e

] 3 3
:?[Im‘ +In{_|'43j]—[|n_|.' + In(10 = x}]

| F & i ]
—ELIHJ." (v+ E}J— In v (10— x)
1
=[!|1 .1“{.1'+E]]i - [n}“l[ll'l—_ﬂ
=Inyx*(y+8)=Iny*(10-x)

N (y+8)

=In—=—
yi{10-x)

Use the properties of logarithms to rewrite each logarithm below in the form a In 2 + b In 3, where a

and b are constants. Then approximate the value of each logarithm given thatIn 2 = 0.69 and In 3 =

1.10.
82.In4
SOLUTION:
Ind=In2"
=2In2
= 2(0.69)
=1.38

83.In48

SOLUTION:

Ind8=In(3-16)
=In3i+InlG
=In3+In2*
=ln3i+4In2
= 1.1+ 4(0.69)
= .86
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3-3 Properties of Logarithms

84.1n 162

SOLUTION:

Inl62=1In(2-81)
=In2+In8l
=In2+In3
=In2+4In3
=069+ 4(1.1)
= 5.00

85.1n216

SOLUTION:

216 =In(8-27)
=In&+In27
=In2* +In3
=3In2+3In3
= 3(0.69)+ 3(1.1)
=537

86. In

| 2

SOLUTION:

||'|1= n3i-In2
5

=1.1-0.69
=0.4]
87.1n
9
SOLUTION:
||1i— nd—-In9
Q

=In2*-In3*
=2In2-2In3

= 2(0.60) - 2(1.1)
= —(}.82
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4

27

SOLUTION:

88.1n

||'ti—]|'|4—||'|2?'
27

=n2*-In3
=2In2-3In3

= 2060 -3(1.D
=192

32

89.In “=
9

SOLUTION:

=4

g
In':—"—ln."ﬂ—ln'l]

=2 -In3
=5ln2-2In3

= 5(0.69)—2(1.1)
=1.25

eSolutions Manual - Powered by Cognero Page 24



3-3 Properties of Logarithms

Determine the graph that corresponds to each equation.

a ¥ b. ¥
| x
[e]
L~
4
/
—
. iy d. ¥
—4
Lo ~
2 rd
=1 1 Al
[+] 418
PP PR
e ] i |
1
B \
ol [\ X M (] X
\ 1
90.f(x)=Inx +1In (x + 3)
SOLUTION:
Fixy=Inx+ In{x+3)
=lnxix+3)
=In(x" +3x)
Make a table of values.
X 0 1 2 3 4
f(x) undef. 1.39 2.30 2.89 3.33

This table resembles the graphs for a, ¢, and d. However, the origin is a point on the graphs of ¢ and d. The correct
choice is a.

91.f(x)=Inx — In(x + 5)

SOLUTION:
F(x)=Inx—In(x+35)

=1In

X

x+5
Make a table of values.
X 0 1 2 3 4
f(x) undef. —1.79 —1.25 —0.98 —0.69

This table resembles graph b.
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92.f(x)=2In(x+ 1)
SOLUTION:
Fixi=2ln(x+1)

=In(x+1)
Make a table of values.

X 0 1 2 3

f(x) 0 048 121 1.92

2.59

This table resembles graph d.

93.f(x)=0.5In (x — 2)
SOLUTION:

Make a table of values.

2 3 4 5

X
f(x) undef. 0 0.35 0.55

0.69

This table resembles graph c.

94.f(x)=In (2 —x) +6
SOLUTION:

Make a table of values.

—2 -1 0 1

X
fx) 74 7.1 6.7 6

undef.

This table resembles graph f.

95.f(x)=In2x —41Inx

SOLUTION:
fixy=n2x=4Inx
=n2x-Inx*

o P
2X
=In—
X
2
=In—
v

Make a table of values.

0 1 2 3

X
fx) undef. 0.69 —1.39 —2.60

—3.47

This table resembles graph e.
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Write each set of logarithmic expressions in increasing order.

12 36
96. logs 71 ,logy —— +log; 4,log; 12— 2logs 4

3
SOLUTION:
12
log, T =log, 3
36
log, : tlog.4=log,12+log, 4

=log,(12:4)
= log, 48

log,12-2log, 4 =log,12 - log, 4°

= log, 12 - log, 16

=lo

13
B ==
Rl ¥

Il
=)
[E

3
log, 2 < log, 3 < log, 48

o

2 6
Z 3
-3 4 ki el T 4
lmg; 12 ._|ng1 < ||:.‘J;_;.. e |q&g~. 3 |ﬂ§-.

97. logs 55.1ogs +/100 ,31ogs V75

SOLUTION:
log, 55=log, 55
log, J100 = log. 10
3log, 375 = log, (75 ):
=log, 75
log, 10 < log, 55 < log, 75
log. J100 < log. 55 <3log, -J'?_S

eSolutions Manual - Powered by Cognero Page 27



3-3 Properties of Logarithms

98. BIOLOGY The generation time for bacteria is the time that it takes for the population to double. The generation

!
time G can be found using G = —————, where ¢ is the time period, b is the number of bacteria at the beginning

3. 3oghi
of the experiment, andf is the number of bacteria at the end of the experiment. The generation time for

mycobacterium tuberculosis is 16 hours. How long will it take four of these bacteria to multiply into 1024 bacteria?

SOLUTION:
{r= ]f—
33log, f
6=— "
33log, 1024

16=— :
33log, 4
!
6= -
3.3(5)
264 =1

Write an equation for each graph.

¥ |
o040, 1)-

HEr= |H |
1oy ol T 12

3 -

y 1

99, [ |

SOLUTION:

Points (1, 0) and (10, 1) are located on the graph.

Point (1, 0) indicates that there are no translations from the parent graph.
fx)=log, x

0=log,|
Use (10, 1) to identify the base.
Flx)=log, x

I=log, 10

hl i lIr_Jll._-..; il

h=10

fix)=log, x

=0
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Wi

(1.0

[o. T\E X

mil D =
100. 11 1 T

SOLUTION:

Points (1, 0) and (8, —3) are located on the graph.

Point (1, 0) indicates that there are no translations from the parent graph.
gix)=log, x
O=log, ]
Use (8, —3) to identify the base.
g(x)=log, x

-3=log, 8
h 3 zhl.-_.:.ﬁ
I
—=3
I
1=8h"
l =b
3
L =&
2

glx)=log, x
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L1 1 s '_'“Il.ﬂl:l_
mE— &
.0
X
i
r
101.
SOLUTION:
Points (1, 0) and (8, 3) are located on the graph.
Point (1, 0) indicates that there are no translations from the parent graph.
hixy=log, x
O=log, 1l
Use (8, 3) to identify the base.
h(x)=log, x
i=log,3
.!ril ? — hlu:""x
b =8
h=12
hix)=log, x
¥ |l
B
oo R,
T 1] I
400 | 800 | 1200(1600
¥
102.
SOLUTION:

Points (1, 0) and (1500, 1) are located on the graph.

Point (1, 0) indicates that there are no translations from the parent graph.
kix)=log, x
0=log,|
Use (1500, 1) to identify the base.
k(x)=log, x

| = log, 1500
hl =br.|.:_l:‘lll
b =1500

k(x)=log,g, x

103. CHEMISTRY pK, is the acid dissociation constant for the acid HF, which is composed of ions H' and F . The
[H+][F-]

K. can be calculated by pK,. = —lo
pK, u Yy P&, g [HF]

, where [H+] is the concentration of H" ions, [F ]is the
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concentration of F ions, and [HF] is the concentration of the acid solution. All of the concentrations are measured

in moles per liter.

a. Use the properties of logs to expand the equation for pK,,.

b. What is the pK, of a reaction in which [H+] =0.01 moles per liter, [F ] = 0.01 moles per liter, and [HF] = 2

moles per liter?

[H+][F-]
¢. The K, of a substance can be calculated by K, = ——"———

. If a substance has a pK, =25, what is its K,?

d. Aldehydes are a common functional group in organic molecules. Aldehydes have a pK_ around 17. To what K

does this correspond?

SOLUTION:

a.

pK, =- mgM
' [HF]

= —(log[ H" |+ log[ F ] - log[ HF])

b.

pK, ==(log[H" ]+ log[F " |- log[ HF])
=—{log0.01+log0.01-log 2)

=—{-2+(-2)-log2)

=4+ log2
=430
C.
pK , = - [ng E{-]lﬁ_]
' [HF]
55 = Sppi Al ]
[HF]
=75 = h}aw
T HF]
: LA L
10°% =10 "I
(AF]
[HF]
107 =K,
d.
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1ol )

k. =
i T [HF]
= —log T ILF]
S [HF)
17=10gZE )
[HF]
_ L L
1077 =10 179
1o < HIFT]
[HF]
1077 =K,

Evaluate each expression.

104. In {In(r" }J

SOLUTION:

In[ln E{?" )-‘ = |n[c° In:r]

=Ine"

=0

105. 10
SOLUTION:
10" =l

=4

106. 4log,, 17"
SOLUTION:

4]02"_. 1 T!l'!-' [[LH] - 4 Iﬂg” l?h'_:,_Hll

=4log,;17°
=4-2log .17

=4.2
=8
107. =
SOLUTION:
log 4™ =l
=2
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Simplify each expression.
108. (log; 6)(logg 13)

SOLUTION:

(log, 6)(log, 13) = log6 logl3

log3 logh
. gl
log3
=log, 13
109. (log, 7)(logs 2)
SOLUTION:
log7 log2

(log, 7Xlog. 2)= . -
log2 logs

oooel
logs
= log, 7
110. (log, 9) + (log, 2)
SOLUTION:
log9 log2

log, 9) +(log, 2) = :
(og (log, logd log4
log9 logd

log4 log2

log9

log2

= log., 9
111. (logs 12) + (logg 12)

SOLUTION:

logl2 logll

(log 12} +(log, 12)=—— =
: logs  log8

Clogl2 log8
~ logd
- log 5
=log. 8
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112. MOVIES Traditional movies are a sequence of still pictures which, if shown fast enough, give the viewer the
impression of motion. If the frequency of the stills shown is too small, the moviegoer notices a flicker between each
picture. Suppose the minimum frequencyf at which the flicker first disappears is given by f = K log I, where I the
intensity of the light from the screen that reaches the viewer and K is the constant of proportionality.

k
a. The intensity of the light perceived by a moviegoer who sits at a distance d from the screen is given by I = '’
d?2
where k is a constant of proportionality. Show thatf = K(log k — 2 log d).
progectod

S

rl“

I d
b\

SCrean

b. Suppose you notice the flicker from a movie projection and move to double your distance from the screen. In
terms of K, how does this move affect the value of f 7 Explain your reasoning.

SOLUTION:
a.
F=Klogi

¢
: k|
=K |:‘.ng| F!

= K(logk — logd™)

= Kilogk - 2logd)
b. Letf; be the minimum frequency at which the flicker first disappears when you were in your original seat at
distance d from the screen. Letf, be the minimum frequency when your distance from the screen is 2d. Then
S =Kllogk -2logd)
J- = K(logk - 2log 2d)

= Kllogk — 2(log 2 + log.d)]

= K(logk —2log2 - 2logd)

= K(logk —log2” - 2logd)

= K(logk —log4 - 2logd)

So the effectisf, —f;.
J=Kilogk = 2logd)
=0 =Kllogk=logd=2logd)— K{logk - 2log 2}
=Kloghk - Klogd-2Klogd - Klogk + 2K log 2d
==Klog4
=—0.602K
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PROOF Investigate graphically and then prove each of the following properties of logarithms.

113. Quotient Property
SOLUTION:

1 1 1L 1 L L
Al Y

M) = In (x4 4)H
900 = In (x-+ 2

-
-

LT 1
—
5] i X
ol — :]
" .1'+4|—
| f[x}—ln’H_E
1 1

The graph of f(x) represents the difference between the graphs of 4(x) and g(x).

Let x =log;, m Lety =log, n. Then b'=mand b =n.

log, [ﬂ] =log, h—~ Substitution
" b
=log, (") Quotient Property
=x—y Definition of logarithm

= log, m—log, n Substitution

114. Power Property
SOLUTION:
P =1n )

g =

T
=

|
-

Al

If(x) = In x4

<

1

All of the function values of g(x) are twice the function values of f(x) for each x-value in the domain.

Let v =log, m

b =m Definition of logarithm
5y =m" Property of Equality of Exponents

log, 5" =log, m" Property of Equality of logarithms

ap=log, m” Inverse Property of logarithms
pr=log, m” Reflexive Property of Multiplication
plog, wm=log, m” Substitution
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115. PROOF Prove that log, x =

SOLUTION:
Let log, n=x
a =n

log, o =log, n

xlog, a=log, n

log, n
x= -
log, a
log, n
log ni=
log, a

logax

logab

Definition of logarithm
One - to - One Property of logarithms

Power Property of Logarithms

Divide each side by log, .

Replace x with log n.
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116. REASONING How can the graph of g(x) =log, x be obtained using a transformation of the graph off (x) = In x?

SOLUTION:

First, expressf(x) = In x and g(x) =1log, x in similar terms.

Inx=log, x
_logx
loge
= log x
log e
log x
log, x=—
lovg 4
= log x

log £

I
In order to transform the graph of f (x) to the graph of g(x), we need to multiply |

yield logx.
log 4
I \
logx o= log ¥
Lloge J log 4
|
log x
log
H=—=—
|
log x
loge
|
log 4
u=
|
loge
I loge
H=- - —
logd |
log e
H=
log 4

117. CHALLENGE For what values of x, the set of all natural numbers, can In x not be simplified?

SOLUTION:

In x cannot be simplified for values of x that are prime numbers. The rest of the numbers can be factored.
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B
118. ERROR ANALYSIS Omar and Nate expanded log, [ & | using the properties of logarithms. Is either of them

correct? Explain.
Omar: 4log, x +4log,y —4log, z

Nate: 2logy x+2logyy —2log, z

SOLUTION:

A ™y
X X
Iug,[ . =4log, 2
. nE )
=4log.x +4log. 7-4log. =
Omar; Nate incorrectly transposed the exponent and the base.

log sy 2lognlogd + 2logtlogd

119. PROOF Use logarithmic properties to prove

log, (*) logSlogr —logSlogr
SOLUTION:
log (nr)’  2log,m
! !
log, log,
r r

2log. n+ log,
log, f=log, r
i

b

logn logr
logs log5s J

-

%,

logi  logr
log4 logd

-

4 logn + logr |

logs |
logr —logr

log4
2logd(logn + logt)
log 5{log s — logs)

~2lognlogd + 2logrlog4

logSlogs — logSlogr

120. Writing in Math The graph of g(x) =log, x is actually a transformation of f(x) = log x. Use the Change of Base

Formula to find the transformation that relates these two graphs. Then explain the effect that different values of b
have on the common logarithm graph.

SOLUTION:
logx 1

Sample answer: log; x = log x. Thus, a base b logarithm is a constant multiple of its corresponding

F}{h - logh
common logarithm. When b > 1, the graph off is expanded or compressed vertically. For example, if b = 2, the
graph will be expanded, but when b = 25, the graph will be compressed. When b < 1, in addition to being expanded
or compressed vertically, the graph is reflected in the x-axis.
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Sketch and analyze each function. Describe its domain, range, intercepts, asymptotes, end behavior,

and where the function is increasing or decreasing.

121.£(x) = logg x

SOLUTION:

Evaluate the function for several x-values in its domain.
X 0 1 2 3 4 5 6
Yy |undef.| 0 | 039|061 | 0.77 | 090 1

Then use a smooth curve to connect each of these ordered pairs.

y

=— |
=

[s

flx) = loge x| |

'1r

List the domain, range, intercepts, asymptotes, end behavior, and where the function is increasing or decreasing.

D =(0, @ ); R = (-, ); x-intercept: 1; asymptote: y-axis; lim f(x) == and lim f(x) = increasing on (0,

”)

122, g(x)=log, x

SOLUTION:

Evaluate the function for several x-values in its domain.
X 0 1 2 3 4 5 6
Yy |undef.| 0 |063| -1 |—-126|-147| -1.63

Then use a smooth curve to connect each of these ordered pairs.

List the domain, range, intercepts, asymptotes, end behavior, and where the function is increasing or decreasing.

D =(0, = ); R = (— ,); x-intercept: 1; asymptote: y-axis; |1ll:ll J{x)=wand hm f(x)=-wx: decreasing on (0,

”)
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123. h(x) =logs x —2

SOLUTION:
Evaluate the function for several x-values in its domain.
X 0 1 2 3 4 5 6

Yy [undef.| 2 [-157|-132]| -1.14] -1 —0.89
Then use a smooth curve to connect each of these ordered pairs.
Y

— -

o

=

M) = log, x—2

‘1[

List the domain, range, intercepts, asymptotes, end behavior, and where the function is increasing or decreasing.
To determine the intercept, set 4(x) = 0.

hx)=log, x-2

O=log,x-2
2=log,x

sz x

L

[ B
=}

5=¥%

D
)

(0, = ); R = (—= ,=); x-intercept: 25; asymptote: y-axis; Iin] f(x)==eand lim f(x) = increasing on (0,

Use the graph off (x) and g (x) to describe the transformation that yields the graph of g (x). Then sketch
the graphs off (x) and g (x).

124.f(x) = 2% gx) = -2*
SOLUTION:

Find g(x) in terms of f(x). g(x) = - (x), so the graph of g(x) is the graph of f (x) reflected in the x-axis.
y

(

|
e

-
A
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x+3

125.f(x) =5" g(x) =5
SOLUTION:
Find g(x) in terms of f (x). g(x) =f (x — 3), so the graph of g(x) is the graph of f(x) translated 3 units left.

=

1)

=t

126. j'{.ﬂz[%] :g{x}:[l] -2

SOLUTION:

Find g(x) in terms of f(x). g(x) =f(x) — 2, so the graph of g(x) is the graph off (x) translated 2 units down.
'Rl

1}

T ™ i

>

J

Y
H=
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127. GEOMETRY The volume of a rectangular prism with a square base is fixed at 120 cubic feet.

X

a. Write the surface area of the prism as a function A (x) of the length of the side of the square x.
b. Graph the surface area function.
¢. What happens to the surface area of the prism as the length of the side of the square approaches 0?

SOLUTION:
a.
120=x"h

400 =280 4 242
— o ——— — — -
of 418112 x

480
¢. As x approaches 0, —— approaches infinity, and as indicated in the graph, A (x) also approaches infinity. The
X

surface area approaches infinity.

eSolutions Manual - Powered by Cognero Page 42



3-3 Properties of Logarithms

Divide using synthetic division.

128. ( —x +4) + (x - 2)
SOLUTION:

X+
.1‘—2\|_r" —x4d
rl

v —2x
x+4
x—2
&)
6
x+1+ —
x2

129. (6" + x> — 17x + 15) + (x + 5)

SOLUTION:
o —dy+3
T+ ﬁ}.r: +x =17x+15

x 4 5x°
—4x* -17x
—4x° =20x
3v+15
3x+15
0
X dx+3

130. (2 —x+2) = (x + 1)
SOLUTION:

-2+
T+ I).';"‘ - +0x+2

v+ X
— 2+ 0x
=2x" =2x
2x+2
2x+2
0
2
X —-2x+2
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Show thatf and g are inverse functions. Then graph each function on the same graphing calculator
screen.

131, ¢ 2 |
. j‘ {_.'l']— —E.T'FE

-

glx)= —%I + I

SOLUTION:

i 2( 3
fgey=-3(-2+1)+ 1
3 /

N

|ﬂf_}ﬂ3 b\

B -4 |O

R Tof?

4
F=
L& ]
"1

= |
b
.;;J

tlp'_
E:
¥

ji':
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132.£(x) =
x+2
1
g)=— -2
X
SOLUTION:

X

l
@)=
[ _ z]+z
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133.7() = (r - 3) +4
g(x)=Yx-4+3
SOLUTION:
Flgx)=[(Yx-4+3)-3] +4
=({x-4) +4
=x—4+4
—— It:

g(f () =Y(x—3) +4]-4+3

=(x-3) +3

-

=x=-3+3

a4
S
=8 |=4 |0] 4
LaHH

Bx
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134. SCIENCE Specific heat is the amount of heat per unit of mass required to raise the temperature of a substance by
one degree Celsius. The table lists the specific heat in Joules per gram for certain substances. The amount of heat
transferred Q is given by Q = cmT, where c is the specific heat for a substance, m its mass, and 7 is the change in

135.

temperature .
aluminum 0.602
golkd 0
mercury 0140
wron 045
e 203
e 4179
air Lo

a. Find the function for the change in temperature.
b. What is the parent graph of this function?
¢. What is the relevant domain of this function?

SOLUTION:

a.
O=cml

o

i

=71

b. The function appears to be rational. f (x) =

¢. D = {m|m> 0}. You cannot have negative mass.

SAT/ACT Ifb#0,leta A b= :; .If x A y =1, then which statement must be true?

2
Ax:y
Bx=-y
Cfxzy
sz—yzz()
Ex>0andy >0
SOLUTION:
xay=I

L

.1--

X —_r'ﬂ
v -y =0
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136. REVIEW Find the value of x for log, (9x + 5) =2 + log, (x2 - 1.
F-04
GO
H1
J3
SOLUTION:
log,(9x+35)=2+ ]ug:[,r: -1

log,(9x+5)=log,(x" =1)=2

Ox+5

log, — =7
“Aam=1)

g s

2 (x =1} - 2-"

Ox+d _

(x*=1)
Ox+S5=4(x"-1)
Ox+5=4x" —4

D=4 -9x-9
O={x—3)dx+3)
3 3
X=a20r
4

. 2 . .
Since x™ —1> 0, x > 1, so the correct choice is J.

137. To what is 2 logs 12 — logs 8 — 2 logs 3 equal?
A logg 2
B logs 3
Clogs 0.5
D1

SOLUTION:
2log, 12 -log, 8- 2log, 3=1log, 12" —log, 8 - log, 3°

=log, 144 —log. B - log. 9

144
=log, ——log. 9
=3 =3
8
=log, 18— log. 9
18
= log, —
=log. 2

The correct choice is A.
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138. REVIEW The weight of a bar of soap decreases by 2.5% each time it is used. If the bar of soap weighs 95
grams when it is new, what is its weight to the nearest gram after 15 uses?

F58¢g
G59¢g
Ho65¢
J93g

SOLUTION:
If the soap decreases by 2.5% after each use, then 97.5% remains.

95-0.975" = 65
The correct choice is H.
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