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Logarithms are a fundamental concept in mathematics, particularly in algebra and calculus. They are the
inverse operations of exponentiation, providing a way to solve for unknown exponents in equations.
Understanding how to expand and condense logarithmic expressions is crucial for solving complex
logarithmic problems and is often included in algebra curricula. This article will discuss the techniques for
expanding and condensing logarithms, provide a comprehensive worksheet with practice problems, and
include detailed answers for each question.

Understanding Logarithms

Before diving into the expansion and condensation of logarithms, it's essential to have a solid understanding
of what logarithms represent. The logarithm of a number is the exponent to which a base must be raised to
obtain that number. The general form of a logarithm is:

\[ \log_b(a) = c \]

This equation means that \( b^c = a \), where:
- \( b \) is the base,
- \( a \) is the number,
- \( c \) is the logarithm.

For example, if we take \( \log_2(8) = 3 \), it implies that \( 2^3 = 8 \).

Logarithmic Properties

To effectively expand and condense logarithmic expressions, it’s crucial to be familiar with several key
properties of logarithms:

1. Product Property:
\[
\log_b(MN) = \log_b(M) + \log_b(N)
\]
The logarithm of a product is the sum of the logarithms.



2. Quotient Property:
\[
\log_b\left(\frac{M}{N}\right) = \log_b(M) - \log_b(N)
\]
The logarithm of a quotient is the difference of the logarithms.

3. Power Property:
\[
\log_b(M^p) = p \cdot \log_b(M)
\]
The logarithm of a number raised to a power is the power multiplied by the logarithm of the number.

4. Change of Base Formula:
\[
\log_b(a) = \frac{\log_k(a)}{\log_k(b)}
\]
This formula allows the conversion of logarithms from one base to another.

Expanding Logarithmic Expressions

Expanding logarithmic expressions involves breaking down the logarithm into simpler components using
the properties mentioned above. Here are the steps to expand logarithmic expressions:

1. Identify Products, Quotients, and Powers: Look for instances of multiplication, division, or exponents
within the logarithm.
2. Apply Properties: Use the product, quotient, and power properties to rewrite the logarithmic expression.

Examples of Expansion

- Example 1: Expand \( \log_3(9x) \)

Using the product property:
\[
\log_3(9x) = \log_3(9) + \log_3(x)
\]
Since \( 9 = 3^2 \):
\[
\log_3(9) = 2 \Rightarrow \log_3(9x) = 2 + \log_3(x)
\]



- Example 2: Expand \( \log_5\left(\frac{x^3}{y^2}\right) \)

Using the quotient property:
\[
\log_5\left(\frac{x^3}{y^2}\right) = \log_5(x^3) - \log_5(y^2)
\]
Applying the power property:
\[
= 3\log_5(x) - 2\log_5(y)
\]

Condensing Logarithmic Expressions

Condensing logarithmic expressions involves combining multiple logarithms into a single logarithm. The
process generally follows these steps:

1. Identify the Components: Look for sums or differences of logarithms.
2. Apply Properties: Use the product, quotient, and power properties to condense the expression.

Examples of Condensation

- Example 1: Condense \( \log_2(5) + \log_2(3) \)

Using the product property:
\[
\log_2(5) + \log_2(3) = \log_2(5 \times 3) = \log_2(15)
\]

- Example 2: Condense \( 4\log_3(2) - \log_3(5) \)

Using the power property first:
\[
4\log_3(2) = \log_3(2^4) = \log_3(16)
\]
Then using the quotient property:
\[
\log_3(16) - \log_3(5) = \log_3\left(\frac{16}{5}\right)
\]



Expanding and Condensing Logarithms Worksheet

Below is a worksheet containing various problems that require expansion and condensation of logarithmic
expressions.

Worksheet Problems

Expand the following logarithmic expressions:

1. \( \log_4(16y) \)
2. \( \log_7\left(\frac{x^2}{z}\right) \)
3. \( \log_2(10a^3) \)

Condense the following logarithmic expressions:

1. \( \log_6(4) + \log_6(3) \)
2. \( 2\log_{10}(5) - \log_{10}(2) \)
3. \( \log_8(12) - \log_8(3) + \log_8(2) \)

Answers to the Worksheet

Expansions:

1. \( \log_4(16y) = \log_4(16) + \log_4(y) = 2 + \log_4(y) \) (since \( 16 = 4^2 \))
2. \( \log_7\left(\frac{x^2}{z}\right) = \log_7(x^2) - \log_7(z) = 2\log_7(x) - \log_7(z) \)
3. \( \log_2(10a^3) = \log_2(10) + \log_2(a^3) = \log_2(10) + 3\log_2(a) \)

Condensations:

1. \( \log_6(4) + \log_6(3) = \log_6(4 \times 3) = \log_6(12) \)
2. \( 2\log_{10}(5) - \log_{10}(2) = \log_{10}(5^2) - \log_{10}(2) = \log_{10}\left(\frac{25}{2}\right) \)
3. \( \log_8(12) - \log_8(3) + \log_8(2) = \log_8\left(\frac{12}{3}\right) + \log_8(2) = \log_8(4) + \log_8(2) =
\log_8(4 \times 2) = \log_8(8) = 1 \)

Conclusion

Expanding and condensing logarithms is a vital skill in algebra that helps students simplify complex



expressions and solve equations. By mastering the properties of logarithms, students can approach a wide
range of mathematical problems with confidence. The practice problems and solutions provided in this
article offer valuable opportunities for students to reinforce their understanding and apply what they have
learned about logarithmic operations.

Frequently Asked Questions

What are expanding and condensing logarithms?
Expanding logarithms involves rewriting a logarithmic expression as a sum or difference of simpler
logarithmic terms, while condensing logarithms is the process of combining multiple logarithmic terms into
a single logarithm using properties of logarithms.

What properties of logarithms are used in expanding and condensing?
The main properties used are the product property (log_b(MN) = log_b(M) + log_b(N)), the quotient
property (log_b(M/N) = log_b(M) - log_b(N)), and the power property (log_b(M^p) = p log_b(M)).

Can you provide an example of an expanding logarithm problem?
Sure! Expand log_b(3x^2) using logarithm properties: log_b(3x^2) = log_b(3) + log_b(x^2) = log_b(3) +
2log_b(x).

How do you condense the expression log_b(4) + log_b(5)?
To condense log_b(4) + log_b(5), you use the product property: log_b(4) + log_b(5) = log_b(4 5) = log_b(20).

What are some common mistakes to avoid when working on expanding
and condensing logarithms?
Common mistakes include forgetting to apply the properties correctly, misplacing coefficients when
applying the power property, and not combining terms properly when condensing.
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