Properties of Logarithms

The following properties serve to expand or condense a logarithm or logarithmic expression so
it can be worked with.

Properties of logarithms Example
log, mn=log, m+log, n log, 3x=log43+lﬂg4x
log(, . =log, m—log, n log1 . =log, (x+1)—log, 5
log, m" =nlog, m log, (2x+1)° =3log, (2x+1)
Properties of Natural Logarithms Example
Inmn=Inm+Inn In(x+1)(x—5)=In(x+1)+In(x-5)
In=Inm-1Inn InT=lnx—In2

n 2
Inm" =nlnm In7*=3In7

These properties are used backwards and forwards in order to expand or condense a
logarithmic expression. Therefore, these skills are needed in order to solve any equation
involving logarithms. Logarithms will also be dealt with in Calculus. If a student has a firm
grasp on these three simple properties, it will help greatly in Calculus.

Expanding Logarithmic Expressions

Write each of the following as the sum or difference of logarithms. In other words, expand
each logarithmic expression.

3.2 s
log33x—5y~— \,7L(3x3’7z>“107,_i

10g3<5%/x)7> og, 5+ logy oy

g, 5+ $L1egx o)

z
_ \0?2341071%41,717& log, 2

}9(7)_ ) +3l”9&7('+ ollggL?_ S’/"?&t = 10735'4 ‘Jl\abe- %\o%g

\\

C) log{/(x+1)’ (x-2)°
\og [(wf\\;() )S-
L lo:,[(xw) (x }1\@
m—\ oq (x-
L Slag e Qloj(x ) 167
B \o?Lx-\—\) )3 lw;,h.- ©)

D) log; m

Unit 5 Page 2



3
53(x+2) F) logux—?

E) log,

-1 x+2
5x°y°
G) log,12:°\[y H) log, o
B s
n 2 In3x%y =\a3+lax” ¥y
X

A3+ Shx Hn;_

K) Inx’(x+4) L) Inj/x*(x-3)

X

N) In

Unit 5 Page 3



Condensing Logarithmic Expressions

Rewrite each of the following logarithmic expressions using a single logarithm. Condense
each of the following to a single expression. Do not multiply out complex polynomials. Just

leave something like (x+ 5)3 alone.
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Solving Loegarithmic Equations

Here we will solve some logarithmic equations. There are a couple of ways to solve a
logarithmic equation. One method is to get all logs to the left side of the equal sign and
condense the problem so there is only one log. The next step would be to write the problem in
exponential form and solve.

Another method invelves one of the properties of simple logarithms. In particular, the
property that states: “If log, x=log, vy then x=y.” Ifthe equation can be manipulated to
resemble this property, take what is inside of each and set the two terms equal to each other.
This follows the same principal as exponential equations where the bases are identical. If an

exponential equation states 23 =27 -+ it stands to reason, because of the equal sign, that
3x+4="7. The problem would then be solved from this point. With logarithmic equations,

the problem log, (8x—5)=1log, 12 can be written as 8x-5=12.

Always check for extraneous roots!!!

Solve each of the following logarithmic equations. (Round any solutions with decimals to three
decimal places)
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I) log,3x-2=2 J) log, x+log,(x+4)=4log.2  K) log 625=4

L) log,(x-2)+log,(x—6)=log,13 M) 2log, x—log,(x—2)=2

In(3x+5)=8 P) In(x-1)=3.2
4
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Q) log,(4x-2)=1log;(x+6) R) In(3x-2)=4 Ine’ =10
y-) 7: 10
x=3
T) loga(x2+7)=%log”64 U) log, (x+3)+log,(x—3)=4
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Solving Exponential Equations

You will now be solving exponential equations. Logarithms allow you to solve equations with
variables in the exponent. We have dealt with these types of problems before, however, in the
previous examples the bases of the problem could be made to match making solving the
problem as simple as setting the two exponents equal to each other and solving for the
variable. When ever you come to a problem with the variable in the exponent, and you cannot
get the bases to match, you will need to solve the problem using logarithms. You will be using
all three properties of logarithms to simplify and eventually solve the problem. You can take
either the log or natural log of both sides, it makes no difference unless e is in the problem.
In that case, you must use natural logs to solve the equation.

Solve each of the following exponential equations. Round solutions to three decimal places.
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R) log, (log, (log,x))= S) log, (log, x) =1 T) log,(log,, x)=-1
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