Section 4 — 0A: Exponents

The Product Rule
We have seen how an exponent can be used to shorten the way we write repeated products

x> means (x)(x)(x) x> means (x)(x) x* means (x)(x)(x)(x) 3x2 means 3(x)(x)

There are also rules that can simplify our work when we multiply several terms with exponents.

Example 1 Example 2 Example 3
(<)) = (0)x°) = (3¢%)(5¢*) =
5 x's 7x's 6x's
(xex)(xoxex) (x)(xexexexexey) 3e5(xex)(xexexeyx)
which equals x> 50 which equals x% so which equals 15x% so
(xz)(x3):x2+3:x5 (x)(x6)=x1+6=x7 (3x2)(5x4)=3~5x2+4 =15x°

The examples above suggest that there is a rule for the product of terms with exponents.

(AnyD)(BxEyF)= m.xai oym

The Product Rule
(AnyD)(BXEyF)Z AOBOXC+E .yD+F

To find the product of 2 variable terms:

1. Multiply the coefficients of each term and use that product as the new coefficient.

2. To find the final exponent of each different variable base keep the common base and add the
exponents of each common base. List the variable bases in alphabetical order.

Example 4 Example 5 Example 6
(2y5)(3y6) ()&2y3 )(xys) (—2x4y)(5xy5)
=2.3y° 70 _ 21345 _ p.sxdtlyles
=6y11 :X3y8 =—10xsy6
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The Power Rule

The exponent outside a parentheses tells you how many times to multiply the term inside the
parentheses as a product.

Example 1 Example 2 Example 3
() = () (o) = (o)) (2] = ()% %)
_ 222 _ x1+1y3+3 _ 23y4+4+4
which equals x%s0 which equals x2y6 SO which equals 8y12 SO
(x2)3:x2'3:x6 (x1y3)2:x1°2y3°2:x2y6 (21y4)3:21'3y4'3:8y12

The examples above suggest that there is a rule for a term raised to an exponent

1 B.C\P _ ,1eD _BeD CeD
(Axy)—A x Uy

The Power Rule
D
(AleyC) :AIODxBODyCOD

To simplify a variable term inside a parentheses that has been raised to an exponent outside the
parentheses:

1. If a constant or variable inside does not have an exponent put a 1 above it.

2. Multiply the exponent outside the parentheses by each exponent inside the parentheses

3. Simplify any constant that is raised to an exponent. 37=9

Example 4 Example 5 Example 6
4 2
2.3 1,34 3
() (") (27
:x2.4y3.4 _5l2 X3-2y4~2 :23x1.3y5.3
=x8y16 _ 25X6y8 — 8x3y'5
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The Quotient Rule

The following examples show quotients where the power of the x term is larger on the top

Example 1 Example 2 Example 3

5 6 6x* 6xexexex
X~ xexexexeyx X _ Xexexeyexey _
xz_xox x4_xoxoxox 4x3 4 xexex
_XOX.X‘X‘X _xaxox.xaxox _ﬁ Xeoexexex

xex Xxexexex 47 reyex
which equals x° 50 which equals x* so which equals 3x SO

5 6 2

5-2 3 6-2 _ 2

— =X =x =X =X 6x* 3x*3 3x
X X P =

4x3 2 2

The following examples show quotients where the power of the x term is larger on the bottom

Example 4 Example 5 Example 6
x4_ xXexexey x4_ xe xe xex 8x3:8x0x0x
x_6_x0x0x0x0x0x x_S_XOXOxoxox 6x° 6 xexexexex
_texetex _Xekexes _ 8 pexey
xexe xe ye yeo x xexe ye yeyx 63 xexeyeyxey
which equals Lz SO which equals 1 SO which equals iz SO
X X 3x
1 <11 8x* 4 4
X6 X2 x> 7t X! 6x°> 3x°73  3x?

The examples above suggest a rule for the quotient of terms with exponents of common bases.

The Quotient Rule for Mononominal terms

IfT>B IfB>T
top exponent >bottom exponent bottom exponent > top exponent
»T | T-B ) 1
xB 1 +B (BT

1. Reduce the coefficients by canceling (reducing) the numbers just like a normal fraction

2. Subtract the exponents of each common variable and put the answer where the largest
exponent for that variable was.

3. If a variable has equal exponents on the top and bottom of the fraction then that variable and it's
exponents are cancelled out
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The Power Rule, Product Rule and Quotient Rule Together

The order of operations PEMDAS requires that we perform what's inside the parenthesis first, then
perform any exponents and then perform multiplication. A fraction bar is considered a parenthesis with
the top of the fraction inside one parenthesis and the bottom of the fraction inside another parenthesis.
This means that if the Power Rule and the Product Rule and Quotient Rule are in the same problem
we perform the Power Rule first and then perform the Product Rule second on the numerator and
then again on the denominator. Finish by performing the Quotient Rule last. Not every problem
will have all three rules in it. If only two of the three rules are present then perform the ones present in

the order listed below.

1. Power Rule First

Example 1

Power Rule

SI)

Product Rule
(ort!) 1)

=9y8 y7
Example 4

Product Rule

10
2x

(37)(47)

Quotent Rule
2y 10
1248

x2
6

Math 120 Section 4 — 0A

2. Product Rule Second

Example 2

Power Rule

oY o)

Product Rule
ST 0%

=18x° y7
Example 5

Power Rule

(2+%)

Quotent Rule

_ 25x®
8x°

25x2
8

Page 4

3. Quotient Rule Last

Example 3

Power Rule

e (3

Product Rule
= (8x3y6) (9x4y2)

=72x" y8
Example 6

Power Rule

2+)

Quotent Rule

16x6
E
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