6 1 additional practice rational
exponents and properties of exponents

6 1 additional practice rational exponents and properties of exponents is an
essential topic in algebra that helps students understand how to manipulate expressions
involving exponents. Rational exponents, which are exponents that are fractions, can
initially seem complex. However, when broken down into manageable components, they
can be understood and applied in various mathematical contexts. This article will explore
the properties of exponents, delve into rational exponents, and provide practice problems
to reinforce these concepts.

Understanding Exponents

Exponents are a shorthand way of expressing repeated multiplication. The expression
\(@a”n\) means that the base \(a\) is multiplied by itself \(n\) times. Here are some
fundamental properties of exponents that are vital for manipulating expressions:

Properties of Exponents

1. Product of Powers:

\[

a”~m\cdota”™~n =a"~{m+n}

\]

When multiplying two expressions with the same base, you add their exponents.

2. Quotient of Powers:

\[

\frac{a"m}{a"~n} = a~{m-n}

\]

When dividing two expressions with the same base, you subtract the exponent of the
denominator from the exponent of the numerator.

3. Power of a Power:

\[

(@”™m)™n =a”~{m \cdot n}

\]

When raising a power to another power, you multiply the exponents.

4. Power of a Product:

\[

(ab)™n =a”n\cdot b™n

\]

When raising a product to a power, you distribute the exponent to each factor in the
product.



5. Power of a Quotient:

\[

\left(\frac{a} {b}\right)~n = \frac{a”~n}{b"n}

\]

When raising a quotient to a power, you apply the exponent to both the numerator and the
denominator.

6. Zero Exponent:

\[

a”~0 = 1\quad (a \neq 0)

\]

Any non-zero base raised to the power of zero equals one.

7. Negative Exponent:

\[

a”~{-n} =\frac{1}{a”n} \quad (a \neq 0)

\]

A negative exponent indicates the reciprocal of the base raised to the opposite positive
exponent.

Rational Exponents

Rational exponents extend the concept of exponents to include fractions. A rational
exponent can be expressed in the form \( \frac{m}{n} \), where \(m\) is an integer and \(n\)
is a positive integer. The expression \(a”™ {\frac{m}{n}}\) can be interpreted in two
equivalent ways:

1. Root and Power:

\[

a™~{\frac{m}{n}} =\sqrt[nl{a"m}

\]

This means that you first raise \(a\) to the \(m\) power and then take the \(n\)th root of the
result.

2. Power and Root:

\[

a”™{\frac{m}{n}} = \left(\sgrt[n]{a}\right)"m

\]

This indicates that you first take the \(n\)th root of \(a\) and then raise it to the \(m\) power.

Examples of Rational Exponents

-\(x~{\frac{1}{2}} = \sqrt{x}\)
-\(x™{\frac{3}{2}} = \sgrt{x"3} = \sgrt{x \cdot x \cdot x}\)
-\(y~{\frac{4}{3}} = \left(\sqrt[31{y}\right)~4\)

Understanding these interpretations can help with simplifying expressions that involve



rational exponents.

Properties of Rational Exponents

The properties of exponents apply to rational exponents as well. Here are some specific
examples:

1. Multiplying Rational Exponents:

\[

a~{\frac{m}{n}} \cdot a”~ {\frac{p}{q}} = a”~{\frac{mq + pn}{nqg}}
\]

This follows the product of powers property.

2. Dividing Rational Exponents:

\[

\frac{a”~ {\frac{m}{n}}}{a"~{\frac{p}{q}}} = a~{\frac{mq - pn}{nq}}
\]

This follows the quotient of powers property.

3. Power of a Rational Exponent:

\[

\left(@”™ {\frac{m}{n} }\right)~p = a”~ {\frac{mp}{n}}
\]

This follows the power of a power property.

Practice Problems

To solidify your understanding of rational exponents and properties of exponents, try
solving the following problems:

Problem Set

1. Simplify the following expressions:
-\(x~{\frac{3}{4}} \cdot x~{\frac{1}{2}}\)

-\(\frac{y” {\frac{5} {6} } }{y"{\frac{1}{3}}}\)
-\((z~{\frac{2}{5}})"3\)

2. Rewrite the expressions using rational exponents:
-\(\sqrt{a}\)

-\(\sqrt[3]{b™2}\)

-\(c™5)\)

3. Evaluate the following expressions:
-\(16~ {\frac{3}{4}}\)
-\(27~{\frac{2} {3} }\)



-\(81" {-\frac{1}{2}}\)

4. Apply the properties of exponents to simplify:
-\(@”~{\frac{1}{2}} \cdot a~{-\frac{3}{4}}\)

-\(\left(b™ {\frac{3} {2} H\right)~{\frac{2} {3} }\)
-\(\left(\frac{c~{\frac{4} {5} } }{d~ {\frac{1}{2}} HNright)~{2}\)

Solutions

To assist you with the practice problems, here are the solutions:

1.

-\(x™{\frac{3}{4}} \cdot x~{\frac{1}{2}} = x~{\frac{3}{4} + \frac{2}{4}} =
x~{\frac{5}{4}}\)

-\(\frac{y~{\frac{5}{6}} }{y~{\frac{1}{3}}} = y"{\frac{5}{6} - \frac{2}{6}} =
y~{\frac{3}{6}} = y"~{\frac{1}{2}}\)

-\((z"{\frac{2}{5}})"3 = z"{\frac{6} {5} }\)

2.

-\(\sqgrt{a} = a~{\frac{1}{2}1}\)
-\(\sqrt[3]{b"2} = b~ {\frac{2}{3}}\)
-\(c™5 = c™{5}\) (no change)

3.

-\16~{\frac{3}{4}} = (274)"{\frac{3}{4}} = 27 {4 \cdot \frac{3}{4}} =273 = 8)\)
-\27™{\frac{2}{3}} = 3™3)~{\frac{2}{3}} = 37 {3 \cdot \frac{2}{3}} =372 =9\)
-\(81™{-\frac{1}{2}} = (374)~{-\frac{1}{2}} = 3~ {-2} = \frac{1}{9}\)

4,

-\(@~{\frac{1}{2}} \cdot a~{-\frac{3}{4}} = a~{\frac{1}{2} - \frac{3}{4}} =
a~{\frac{2 - 3}{4}} = a~{-\frac{1}{4}} = \frac{1}{a~{\frac{1}{4}}}\)

-\(\Mleft(b™ {\frac{3} {2} }\right)~ {\frac{2}{3}} = b~ {\frac{3}{2} \cdot \frac{2}{3}} =
b~{1} =b\)

-\(\left(\frac{c~{\frac{4} {5} } }{d"~{\frac{1} {2} } I\right)~ {2} =
\frac{c™{\frac{8}{5}}}{d~{1}} = \frac{c™{\frac{8}{5}}}{d}\)

Conclusion

Mastering rational exponents and the properties of exponents is a critical skill in algebra
that lays the groundwork for more advanced mathematical concepts. By practicing these
properties and engaging with rational exponents, students can enhance their problem-
solving abilities and gain confidence in their mathematical skills. With consistent practice,
these



Frequently Asked Questions

What are rational exponents and how do they relate to
fractional powers?

Rational exponents are exponents that are expressed as fractions. The numerator
represents the power and the denominator represents the root. For example, x™~(1/2) is
equivalent to the square root of x.

How do you simplify expressions with rational
exponents?

To simplify expressions with rational exponents, you can apply the properties of exponents,
such as the product rule, quotient rule, and power rule, and convert rational exponents into
radical form if needed.

What is the power of a power property of exponents?

The power of a power property states that when raising an exponent to another exponent,
you multiply the exponents. For example, (x~a)”~b = x"~(ab).

How do you convert a radical expression to a rational
exponent?

To convert a radical expression to a rational exponent, express the root as a denominator in
a fraction. For example, the cube root of x, written as ¥x, can be expressed as x™(1/3).

What is the product of powers property?

The product of powers property states that when multiplying two expressions with the
same base, you add the exponents. For example, x™a x~b = x~(a+b).

Can you give an example of how to apply the quotient
of powers property?

Certainly! The quotient of powers property states that when dividing two expressions with
the same base, you subtract the exponents. For example, x™a / x~b = x"~(a-b).

What is the significance of the zero exponent rule?

The zero exponent rule states that any non-zero base raised to the power of zero equals
one. For example, x~0 = 1, where x is not equal to zero.

How do negative exponents affect simplification?

Negative exponents indicate that the base should be taken as the reciprocal. For example,



x”~(-a) = 1/(x"a). This helps in simplifying expressions by moving terms from the
numerator to the denominator or vice versa.
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