Properties of Logarithms — Expanding Logarithms
What are the Properties of Logarithms?

The properties of logarithms are very similar to the properties of exponents because as we have seen before
every exponential equation can be written in logarithmic form and vice versa.

Properties for Expanding Logarithms
There are 5 properties that are frequently used for expanding logarithms. These properties are summarized

in the table below. When applying the properties of logarithms in the examples shown below and in future
examples, the properties will be referred to by number.

Properties for Expanding Logarithms
Property 1: log, 1 =0 — Zero-Exponent Rule

Property 2: log, a=1
Property 3: log, (xy) =log, x +log, y — Product Rule

Property 4: lo 2 |=1og, x~lo — Quotient Rule
8 - g, 2.y

Property 5: log, x” = ylog, x — Power Rule

To help see where one of the properties comes from let’s look at one of the properties of exponents. If we
start with the zero-exponent rule that states a’ = 1 (or that any number raised to the zero power will equal
one) and we write this property in logarithmic form, we get 0 =log, lorlog, 1=0. This is property number
1 which says that log of 1 will always equal zero no matter what the base is. If we went through and rewrote
each of the properties of exponents we would get the properties of logarithms shown above.

When we are expanding logarithms there is not a specific order in which these properties must be applied,
but some guidelines are listed below.

Guideline for Expanding Logarithms
e Rewrite any radicals using rational exponents (fractions).
e Apply Property 3 or 4 to rewrite the logarithm as addition and subtract instead of
multiplication and division.
e Apply Property 5 to move the exponents out front of the logarithms.
e Apply Property 1 or 2 to simplify the logarithms.



Examples — Now let’s use the properties of logarithms to expand logarithms.

Example 1: Use the properties of logarithms to expand log, (x2y7).

log, (x2y7) =log, x” +log, y’ Use property 3 to rewrite the multiplication as addition.

=2log, x+7log,y Use Property 5 to move the exponents out front.

Thus, log, (x2y7) =2log, x+7log,y.

Example 2: Use the properties of logarithms to expand log, (@J
y

b
log, [é} =log, {Xy—B Rewrite the radical using rational exponents (fractions).
=log, x% —log, y’ Use property 4 to rewrite the division as subtraction.
1
= Elog8 x —3log, y Use Property 5 to move the exponents out front.

1
Thus, log, (@J =—log,—3log, y.
y 2
Example 3: Use the properties of logarithms to expand log, [4—2(}
y

log, [—’:j =log, 4+log, x —log, y’ Use properties 3 and 4 to rewrite the multiplication as addition
y and the division as subtraction. Note that 4x means 4 times x
which is why Property 3 has been used to rewrite the
logarithm using addition.

=log,4+log,x-9log,y  Use Property 5 to move the exponents out front.

=1+log,x-9log, y Use Property 2 to simplify the logarithm.

4
Thus, log, (—’:j =1+log,x-9log, y.
y
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Example 4: Use the properties of logarithms to expand log{\/)jy }
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437 X % 7
log Ty =log 28y Rewrite the radical using rational exponents (fractions).

=log X+ logy’ —logz® Use properties 3 and 4 to rewrite the multiplication as addition
and the division as subtraction.

= %log x +7logy+8logz Use Property 5 to move the exponents out front.
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Thus, log{ ng }:%log+7logy—8logz.
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Example 5: Use the properties of logarithms to expand ln{ )2 - J

yz
XS
In =Inx’-Iny’ —Inz’ Use property 4 to rewrite the division as subtraction. Since
37 y property ' ' '
yz both the y and z terms are in the denominator of the fraction,

they are each considered to be division and this makes each
of them into subtraction when expanded.

=5Inx-2lny—-"7Inz Use Property 5 to move the exponents out front.

5
X

2.7

Yz

Thus,ln[ szlnx—21ny—7lnz.

Note: The answer to example 5 also could have been written as5Inx —(2Iny+71n z). These answers

are the same because if we distribute the negative sign in front of the parenthesis we would have
gotten the answer shown above. How the answer is written is a matter of personal preference, I prefer
to write the answer as 5lnx —21n y—7In z because if the variables, in this case y and z, are in the
denominator I think of it as division which leads to subtraction when I expand the logarithm. For me it
is easier to think of this as two division problems rather than the division of one multiplication
problem.



Addition Examples
If you would like to see more examples of expanding logarithm, just click on the link below.

Additional Examples

Practice Problems

Now it is your turn to try a few practice problems on your own. Work on each of the problems below and
then click on the link at the end to check your answers.

v

Problem 1: Use the properties of logarithms to expand log, {—9 .
y

5

Problem 2: Use the properties of logarithms to expand log(
y

10&}_
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Problem 3: Use the properties of logarithms to expand log, (ﬂj
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Problem 4: Use the properties of logarithms to expand ln(7x3y8 )

Problem S: Use the properties of logarithms to expand log, 51 3 j
Xy
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Problem 6: Use the properties of logarithms to expand log, ;}

Solutions to Practice Problems



http://www.mc.maricopa.edu/~pikeu/mat122/notes/expand_logs/expanding_logs_examples.pdf
http://www.mc.maricopa.edu/~pikeu/mat122/notes/expand_logs/expand_logs_practice.html

