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INTEGER EXPONENTS AND DIVI DING MONOMIALS

Importantldeas

1. Exponents can be positive numbers, negative numbers, or zero.

2. All rules that apply to positive exponents also apply to negative exponents.

3. When a monomial has been simplified all of the exponents will be positive numbers.

4. To avoid dividing by zero we make the assumption that all variables represent positive or ne

numbers, but not zero.

To Divide Monomials

1. Divide the numerical coefficients.

2. Divide like bases by subtracting exponents.

We will now work through some examples where all exponents are positive numbers and the larger
exponent is in the numerator.
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Example 1: Simplify: X—2
X

Before we apply the rule for dividing like bases, we will factor out the numerator and the denominatc
This will help us to see why the rule works.

X _ XXX X
N x X

Reall that when you are reducing fractions any factor that is in both the numerator and the denomir
can be canceled, or divided out. This will leave us with three factoxs af the numerator.
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Ingead of factoring we could apply the rule which sayhén dividing like bases, subtract the exponent

in the denominator from the exponent in the numerator.”
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Example 2: Simplify:

* Recall that if there is no exponent written it is understood to be “1”.
* As 15 goes evenly into 45 we can divide the numerical coefficients.
» We will then subtract the exponents of like bases.
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Example 3:  Simplify: %
8x’y

Note that 8 does not divide evenly int86: However, 8 and36 do share a common factor of “4”. We
will divide both the numerator and the denominator by “4” and then subtract the exponents of like bases.

9
_36X4y6 _ _9X4—3y6—2 _ _9Xy4
\§\x3y2 2 2

Note that the final fraction was negative. This is because the numerical coefficients in the original fractior
had different signs.

We will now look at some examples where the larger exponent is in the denominator.
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Example 4: Simplify: X

X6

As we did in Example 1 we will factor out the numerator and denominator first and cancel common factor

Now let' s seewhathappensvhen weapplytherule fordividing like basesand subtracthe exponents.
Recallthatwe will besubtractingthe exponentsn thedenominatorfromthe exponentin thenumerator.

2
X -
6:)(2—63:)(4
X

This instructional aid was prepared by the Tallahassee Community College Learning Commons.

2



Often when wesubtracexponentsve will get anegative exponent. i$ okayto getanegative exponent
butit's not okayto leaveit in that form. Any baséhat hasa negativeexponentmust berewritten in
an equivalentform with a positiveexponent.

- 1
X4:—4
X

You can see from the two different ways that we simplified this problem that the two solutions must be
equivalent as they are both solutions to_the gamlelem.

Any base (except zero) that has a negative exponent can be rewritten in an equivalent form by writing a
fraction where the numerator is “1” and where the denominator is the base with a positive exponent.

— anda™ :ig
y a

For example: y™® =

Let' stry anotherexample.

Xy’
2.5

X’y

Example 5: Simplify:

Subtact the exponents.

Rewrite negative exponents. -1 Giz
Xy
Write as a single term. = iz
Xy
L 30x'y'z°
Example 6:  Simplify: —_—
P P ey

Notethat 27 will not divide evenly into 30. However, they do share a common factor of “3”.

We will divide both the numerator and the denominator by 3 and then subtract the exponents of like base

30x'y'z? _10X°y*Z° _10x'yz?
278y 7° 9 9

3 3
Rewrite negative exponents. 10 [—]1— E—IyT E—Ii - 10y
X
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In the previous examples the exponents in the original monomial were all positive.

the exponents in either the numerator or the denominator could be negative.

-2, ,~4

Xy
X'y

Example 7: Simplify:

3

We will divide like bases by subtracting the exponents.

-2, 4

Be very careful with the signs. % = x My 3
— X—2+4y—4+(—3)
= X2y—7

Rewrite with a positive exponent. =x° E—Ii7

y
2
Write as a single term. = X—7
y
_ o 2*a’h™
Example 8: Simplify: P

Divide like bases by subtracting the exponents.

-1 34
2a’h = 9 F2 3 (A)py=4-(5)

2%a™ ™
Be careful with the signs. =2t E2AgHaps
= 2—3a7b1
Rewrite with a positive exponent = is A'b'
2
a’b

Write as a single term and simplify=

the denominator.

It is quite possible the
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We have now had several examples where the exponents were negative or positive numbers. Let’'s have
look now at what happens if the exponent is a zero.
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Example 9: Simplify X

X3

As we did in examples 1 and 4 we will first factor out the numerator and the denominator and cancel
common factors.

Note that there were an equal number of factors in both the numerator and the denominator, and that afte
we canceled common factors we were left with only “1” in both the numerator and the denominator.

This is really a number divided by itself which is always equal to the number “1”.

Let' sseewhathappensf we applytherule fordividing like basesand subtracthe exponents.

3
X 33 _ 0
— =X =X
X3
You can see from the two different ways that we simplified this problem that the two solutions must be
equivalent as they are both solutions to_the samklem. _In fact any number (or expression), except zero,
raised to the zero power is always equal to “1”.

2 0
(xy)° =1 (sa%b)’ =1 (Z’)}} =1 5 =1

Reall that one of the important ideas on page 1 was that all the rules that apply to positive exponents als
apply to negative exponents. A second important idea was that when a monomial has been simplified all
exponents will be positive.

The previous examples have all involved division of monomials. We will now review multiplying like
bases and simplifying powers of exponential expressions.

Rule for Multiplying Like Bases

When multiplying like bases (same variables or number base), keep the base thiedeagdnents.
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Example 10: Simplify: x™* X
Keep the base and add the exponents. x *© =x™

1
X9

Rewrite with a positive exponent. =

Example 11: Simplify: 47°[4°

Keep the base and add the exponents. 4%

4

=4
. . » 1
Rewrite with a positive exponent. =—
4
Simplify the denominator -1
' 25€

Note that as the base was a known number rather than a variable that the denominator could be simplifie

Rule for Simplifying Powers of Exponential Expressions

To simplify powers of exponential expressions, multiply the exponents.

Example 12: Simplify: (x3)_4
Multiply the exponents. X3 = x 12
o y 1
Rewrite with a positive exponent. = =
Example 13: Simplify: (3‘2x“y‘3)2
Multiply the exponent of each base inside 3 62@ x 2y ()
the parentheses by the exponent outside
the parentheses. =3'x%y®
8
Rewrite with positive exponents. = 3—14 % E—Ii6
y
X8
Simplify and write as a single term = a1V
y
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There are a few problems in the textbook where the negative exponent is in the denominator rather than
numerator. We will discuss the rule that applies in this case.

If n is a positive integer ang# 0, then%n =x"
X

You can see that the base has moved from the denominator to the numerator and that the exponent is nc
positive. Once you understand how this occurs you can move the base and change the sign of the expor

X
= + Rewrite the denominator with a positive exponent.
o)

= 1+in Recall that a fraction bar is a way of saying division.
X

— 1XX_n To diyiple fractions,_ multiply by the reciprocal of
1 the divisor (denominator)

=x"

You can see that the base is now in the numerator and the exponent is positive.

4

EXAMPLE 14: Simplify: >
y
X_4 — x*y® = xy? Move the base from the denominator into the numerator and
y® 1 change the sign of the exponent.
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Practice Exercises

1 Xy~ 2 =
3 g—j 4 (x“‘yz) ?
5 (azb“)0 6. (— 3x 2y3)
6a’ 1
& 18a° 8 x®
- 28x7%y°

Tody e 10.  (-3x°)(5¢)

Answers to Practice Exercises:

5
1. =X 2. 4
y
8
3 é 4 X_4
y
6
5. 1 6. ¥
X
7 iA 8. x°
3a
7y° 15
90 - 0. -7
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