PRODUCT RULE OF EXPONENTS

Introduction

Earlier you learned that an exponent has the same meaning whether the base is
a number or a variable. For example,

5

4°=4.4.4.-44 S =xxoxoxox
4 factors of 4 afactors of x

From this definition of exponents, additional properies can be developed that
will Nelp Us simplify more cormplex exponential expressions. We'll look at one of
those properties, the product rule of exponents, in this lesson.
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PRODUCT RULE OF EXPONENTS

Using the definition of an exponent, let's find the product of #2 and #2° .

m2m5=[mm:l|:mmmmm:l

=} R PR B

?hmﬁaﬁm

Motice the resulting exponent, 7 | is equal to the sum of the two original
exponents, & and 2

The above is an example of the product mile of exponents.

Product Rule of Exponents

If # and » are positive integers and x is a real number, then:

xm . xJ"l — xm+n_

Chapter 7- Section 1- page 2



PRODUCT RULE OF EXPONENTS

The product rule of exponents says that when multiphying two exponential
Expressions with the same base, we keep the base and add the exponents.
Study the following examples. Usually the directions for these types of problems
will either ask you to "Multiphy ar "Simplify."

EXAMPLE A
simplify. x° - x*
.?f3 ] X4 i) .?f3+4
= x?
EXAMPLE B
Simplity. 2y° - 4y°
2)"5 : 4}"3 =(2-4) (ys : ,‘y‘S) Multiply the coefficients.
2o 8 2 }‘?5+3
= 8y°
Z3of 6
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| PRODUCT RULE OF EXPONENTS

If any of the coefficients are negative, the rules are the same as for multiphkying
integers.

EXAMPLE C

Simplify: (—2::3&9)(9.:;5&:""')

(-24°87)(9a%7) = (-2 9)(a® &”) (67 ")
i [—18) (ﬂ3+5)(f}9+?)
_ 132,516

EXAMPLE D
simplify: —2x% . 5z —dx

P P . P [—2-5-—4) (x4 xo xl)
[40)(x4+3+1)
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| PRODUCT RULE OF EXPONENTS

| Helpful Hint

It is important to recognize the difference between adding and multiplhying terms.

| Examples of Adding | Examples of Multiplying

=92 +2x% = (-9+2)x% = —Tx7 | [-9x7)(22%) = (-18)x*** = —18x*

2% +7x=2x +7x (2353)[7?5)=14x3+1 =14x*
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| PRODUCT RULE OF EXPONENTS

Extended Example 1a

Simplify: #e* - m®
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Simplify.

9x%. 5"

Simplify.

?"2.5“3 : }’"S'ﬁ

Simplify.

(—2xy")(—6x7y")
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Simplify.

a(—4a' ) (=32)

Simplify.

(=7) =952 )=y
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QUOTIENT RULE OF EXPONENTS

Introduction

This section introduces another helpful property of exponents: the guotient rule,
and the related concepts of negative exponents and Zero exponents.

1afil
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QUOTIENT RULE OF EXPONENTS

The definition of an exponent allows you to find the guotient of two exponential

EXPressions. For example, »° +m° can be written as:

H_’I
3 factors of m

=m3

Motice that 2 factors are taken away from 5 factors to get 2 factors;

This is an exarnple of the guotient property of exponents.

Quotient Rule of Exponents

|If s oand x are integers and x is a real number, then;
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QUOTIENT RULE OF EXPONENTS

The guaotient rule says that if you are dividing two exponential expressions with
the same base, keep the base and subtract the exponent of the divisor from the
exponent of the dividend. Study the following examples.

EXAMPLE A
: : x4
Simplify: —
x
%t 4_5 Msethe gquotient rule of exponents: subtract the exponent of
—5 =X the denominator from that of the numerator.
x
= xl
=x
EXAMPLE B
5
Simplify: =
4y (4 3
LS = [_] ‘F—S Separate the coefficients from the variables.
2y 2N
=5, 0 Simplify the fraction at left, and use the guotient rule
Y of exponents.
3 Df?

Chapter 7- Section 2- page 3



| QUOTIENT RULE OF EXPONENTS

If aryy of the coefficients are negative, the sign of the answer will follow the rules
for dividing integers.

EXAMPLE C

The fraction cannot be simplified. Use the
guotient rule of exponents.

simplify.
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QUOTIENT RULE OF EXPONENTS

Extended Example 1a

N x7
Simplify: —-
X
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QUOTIENT RULE OF EXPONENTS

Integer Exponents

Through the use of the guotient rule of exponents, an important concept arises.
Motice in the following example that after applying the quatient property, what is

leftis a O power of x;

5
X
==
Y
We also know that any fraction with the same numerator and denominator is
equal to 1:

5 0
=y

3
2

3
y

=4

This leads us to the rule for zero exponents.

Zero Exponents

If x is areal number not equal to zero, then:

=1

Here are some examples of the Zero exponent rle:

a 5% =1 b 3858 5470w

¢. (-21)° =1 d. 8" =8(1)=38

6 of 11
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| QUOTIENT RULE OF EXPONENTS

EXAMPLE D
6

Simplify: o
gyt

o

|
|

-
B
o>
|
o>
D

rT R

W= W= o= |
Y ey -
— by
o =
N

| —
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| QUOTIENT RULE OF EXPONENTS

Another irmportant concept arises from knowledge of the guotient le—the
concept of negative exponents. For exarnple:

What does this negative exponent mean?

Definition of Negative Exponent

If 2 is aninteger and x is a real number not egual to zerao, then:

Here are some examples of negative exponents:
1

-2
ad = 2
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| QUOTIENT RULE OF EXPONENTS

EXAMPLE E
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| QUOTIENT RULE OF EXPONENTS

More complex problemns might reguire the use of multiple properties.

EXAMPLE E

] Separate the coefficients and variables.

Cormbine the coefficients, and use the
product rule of exponents.

Simplify.

Ilse the quotient property of exponents.

Simplify.

10 of 11
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QUOTIENT RULE OF EXPONENTS
Extended Example 2a

11 of 11
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Simplify.

Simplify.

lﬁyuzl2

—3-1):212 -

Simplify.

145 mn

495w’ nt? -
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Simplify.

2,4
20x"y 'z

455557 -

Simplify.

9p%(—8p")
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POWER RULE OF EXPONENTS

Introduction

So far, you have learned how to simplify multiplication and division of
ExpOnEntial terms with like bases.
1l
x
Product Rule: =™ -xz" = xz™*"  QuotientRule: ——=x
x
Suppose we want to simplify an exponential expression that is raised to a

H—-H

2
power, such as (x3) . This lesson will explore the property that allows us to do

this: the power rule of exponents.

1afe
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POWER RULE OF EXPONENTS

Use the definition of exponents and the product rule of exponents that you

2
learned in Section 1 of this chapter to simplity (x3) :

This resultis the same as that of multiphying the two exponents.
2 :
(xa) DO O |

This is an exarmple of the power rule of Exponents.

Power Rule of Expohents

|If 2 and » are positive integers and x is a real number, then;

n
¥ ¥ n
s
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POWER RULE OF EXPONENTS

Simplify: (y”f

(y11)4 =yll-eﬂf

44

Simplify: (;ﬁ)j (ﬁf

() () = () (=)

T L

x15+3

o x23

EXAMPLE A

EXAMPLE B

Before we ook at rore properties of exponents, [et's make sure we understand
the difference between the product rule (from Section 1 of this chapter) and the

power rule. Carefully study the examples in the tahle below.

Product Rule —» Add Exponents |Power Rule — Multiply Exponents
& .
24 ZE — Z4+6 - ZlEI (24) — 24 & _ 224
x3 XS — x3+5 "L .'-'EE = xlS
Zaofe
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POWER RULE OF EXPONENTS

Mow suppose we are simplifying the power of & product. For example, 1et's

3
sitnplify (Zemee)” . Let's use the definition of an expanent:

[2?;@?@)3 = [2.?‘?2?2) [Em.?ﬂ) [2.?‘?2.’2)

:[E-E-E)Em-m-m:l[m-n-n:l

= B n

Motice that the power of & product can be written as the product of powers. For
example, we could hawve written the same problem as follows:
[2?}2?2)3 =23 i g7

= Smn

Power of Product Rule of Exponents

If »# is a positive integer and x and y are real numbers, then:

Iix_}")n _ xnyn

In other words, to raise a product to & power, raise each factor to that power:

(3p)* =3 pt =81pt

4 af &
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POWER RULE OF EXPONENTS

Armed with the power of product rule, you can simplify even complex-looking
EXpressions, as shown in Examples C and D below.

EXAMPLE C
Simplify: (4x3y"')3
(47) =47 (2) (7
=g 53 Bt 3
= 6457y
EXAMPLE D
Snany:(4k2k5)3(—3k5k3)2

() (-3 = [ () (1)’ | 92 () ()]
= (64k% *n* 3)(9k5 “® 2
= (64%%5'%)( 9k 12%)
= (64 9) (k%) (41%'%)

=576k,

Saofe
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| POWER RULE OF EXPONENTS

Extended Example 1a

Simplify; (—6»;%’”)4

Chapter 7- Section 3- page 6



Simplify.

(m* ) ()

Simplify.

(=35

Simplify.

(—6y")
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Simplify.

(45° Y (24"

Simplify.

(2xy)* (3x%y7 )
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POLYNOMIALS

Introduction

In Chapter 1 you learned some basic vocabulary of algebra, and learned what it
means to evaluate an expression. we will add to that vocabulary in this lesson,
and will learn to evaluate a type of expression called a polynomial.

1afz
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In Chapter 1 voulearned about expressions, which can be simplified or
evaluated, and equations, which can be solved. Recall that a term is one of the
addends of an algebraic expression. For example:;

¢ Gx 45 hastwoterms. &x is awvariable term and B is a2 constant or
non-variable term.

¢ 5y* — 4y +9 hasthree terms. 5y* and —4y are variable terms,
and 2 is a constant.

Also recall that all variable terms have 3 coefficient—stucty the exarmples in the
table below,

| Variable Term | The Coefficient
| 6x | 6
Sy 5]
=4y —4
| = [ -1
| m | !

zaof s
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POLYNOMIALS

A monomial is a term that contains only positive exponents and that does not
contain a wariable inthe denominator. Note that this means that not all terms are
monomials—see the table below.

Mot
Monomials

2

Y

Monomials

4570

Monormials or a sum of monomials are known as pelynemials. Some examples
of polynormials are;

a. 2x

b. 5x7+2x%-3x+1

e, Tx+4

1
B e
v 2}*‘
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There is no limit to the number of terms & polynomial can have. Some commaon
types of polnomials with 2 specific nurmber of terms have special names.

¢ If a polynomial has ene term, then it is called a moenemial.
+ If a polynomial has twe terms, then it is called a binomial.
+ If a polynomial has three terms, then it is called a trinemial.

There is no special name for pokynormials with more than three terms.
The degree of a polynomial is equal to the largest exponent of all the terms in

the polynomial. The chart below shows the details for the examples on the
previous screen.

. Number of Terms
Pelynomial St BT Degree
a. 2x 1 term = maonamial 1
b. 5x7 4+ 2x4 -2y +1 |4 terms = poknomial 3
c. 7x4+4 2 terms = hinomial 1
g i 1 : !
d Bv©® + Ey - b 3 terms = trinamial 2
4 aof 2
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Evaluating Polynomials

ince polynomials are a type of expression, they can be evaluated. Evaluating a
pokynomial is done by replacing the variable of a polynomial with a specific given
number, and then computing the result. If the given walue is negative ora
fraction, wou should always use parentheses when substituting it in place of the

variahle.
EXAMPLE A
EBvaluate 7x -2 when x =-1.
Tx—5
F(=1)—5 Replace x with -1, then simplify.
=-7-5
=-12
EXAMPLE B

Evaluate —5x° — x+ 12 when x = -2

LSRR Be sure to pay close attention to signs!
e el i T 1

—5()+4+12  Noter (-2)° = (~2)(~2) =dand ~(-2) =4
—20+4+12

= 4

Saofs
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| POLYNOMIALS

EXAMPLE C

Evaluate x% — x + 6 when x = % .

Femember that you need to find a common denominator
when adding or subtracting fractions.
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| POLYNOMIALS

Mote that when evaluating a pokynormial you will obtain different results when
you substitute different values for the wvariable . Study the following exarmple,
where the same polynomial is evaluated for four different values—with four
different results.

Evaluate 10x2 — 3x + 7 when pi= e = 3 e =r=3and x:%:

X K= TS le
2

102 = 3x+7 (|10x* =3x+7 |[10x* -3z +7 10x% =32 +7
10(0° = 3D +7|10(D* =3 +7|10(=* = 3= +7
=100 =347 [=10(9-9+7 |=10()+9+7
=10-3+7 =90-947 =904+9+47

=14 = 88 =106
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| POLYNOMIALS

Extended Example 1a
Evaluate 7x% — 2x— 13 when x = —2 :
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Identify the following:

a) number of terms,

b) type (monomial, binomial, trinomial, or polynomial),
c) degree.

2 —4x+16

Evaluate x¢ + 3x for the value of x.

Evaluate y* + 7y — 13 for the value of y.

y=3
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Evaluate for the polynomial when x = 5.

3
—xf -4

2

Evaluate for the polynomial when x = =2.

325 —2x+10

Chapter 7- Section 4- page 10



ADDING AND SUBTRACTING POLYNOMIALS

Introduction

In this lesson, we revisit technigues you learmed earlier for simplifying
expressions and apply them to adding and subtracting polynomials.

1afe
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ADDING AND SUBTRACTING POLYNOMIALS

Adding Polynomials

To add polynormials, first rernove the parentheses and then follow the steps for
simplifying expressions.

Earlier, you learned to combing like terms. Remember that to corbine like
terms, you combing their coefficients (following the rules for cambining integers)
and keep the variable as is. Exarnples:

a fx+ix=0+3x=10x
b. 5y* —4y® = (5-4y* = (hy* = »*

Remember, to simplify an expression:
+ |dentify like terms.
+ Gather like terms together.
+ Combine like variable terms by combining their coefficients.
+ Combine any constants (non-variable terms).

EXAMPLE A

Add: (3x—5)+(—bx +4)
Bx -2+ (-6x+4)
= 3xr —5— fx+4 Femove the parentheses and identify like terms.
= 3x — éx -5 .|_.»__1 ather like terms together.
= (—=3x)4+(—1) Combine like terms.
=iigni— 1

E
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| ADDING AND SUBTRACTING POLYNOMIALS

EXAMPLE B
Add (Bx° —Sx+ 3+ (-2x—x+4)

(822 = Sx+ D+ (252 —xtd)

= 8x° - JxkE- 2xt - x +4 Remove the parentheses; identify like terms.

= (Bx® — 22 +(=5x — x) + (3 +4) Gather like terms.
= (6x* 1+ (61 4+ (T Combine like terms.
=6x* —6x+7

EXAMPLE C
Add; (=22 —x+11) + (6x~3)
(Eort oy 1 Db —13)

=—2x* - x+11+46x -3 Remove the parentheses; identify like terms.

= (—22" ) +i{—x+6x)+(11-3) Gather like terms.
= (—2x+ 50+ (D) Combine like terms.
=-2x° +5x +8
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ADDING AND SUBTRACTING POLYNOMIALS

Subtracting Polynomials

Wyhien subtracting one palynomial from another, first rermove any parentheses
around the pokynormials. wwhen you remove the parentheses from a pokynormial
that follows & subtraction sign, you must change the sign of each term inside the
parentheses.

This is the same as distributing a negative number (see example a below) or 3
negative sign (example b below) over each term within 2 set of parentheses.

IO ey S T L Ll 7
b. —(6x— 3 =-1{6x—3)=—6x+3

After removing the parentheses and changing the sign of each term of the
second polynormial, follow the steps for simplifying an expression.

Remember: the distrioution of a negative number over parentheses will change
the sign of each term inside the parentheses!
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ADDING AND SUBTRACTING POLYNOMIALS

EXAMPLE D
Subtract (—4x% — 20x —10) — (6x* —3x +5)

(—4x* —20x—10) — (6x* = 3x +5)

Remaove the parentheses and change the
=452 _00x—10—6x2 +3x—5 signof gach term of the second
palynamial,

Group like terms. Motice that

= (—4x* —6x*) 4+ (—20x+3x)+(—10—15) the operation between each set
of parentheses is addition.

= (—10x%)+ (= 17x) 4+ (= 15) Combine like terms.
=—10x* - 17x -15

EXAMPLE E
Subtract (—2x — 13 from (10x* — 3x +4).

Write the problerm. Subtract a binomial fram
a trinamial.

(10x* = 3psdy = {=2x- 1)

3 Remove the parentheses and change the sign of
=10x" =32 +4+2x+1  aorp tem ofthe second palynarmial.

Graup like terms. Motice that the aperation

=10x* + (=32 +2x) + (4 + 1) between each set of parentheses is
additian.

= 10x* 4+ (=) + (5) Combine like terms.

= 10x% - x+5

Saofe
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| ADDING AND SUBTRACTING POLYNOMIALS

Extended Example 1a
Simplify. (2x —3) +(=9x +4)
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Add or subtract the polynomial.

(123 —20)+ (9 y* +13y —20)

Add or subtract the polynomial.

(On+4)+(51° +r° —9n+14)

Add or subtract the polynomial.

(4" + 227 = 8x* —x)+ (7" = 327 +1)
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Add or subtract the polynomial.

(10y° —7)—(205° —2y° - 3)

Add or subtract the polynomial.

(—11w° — w' +33w—T7)—(9w" +41w)
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MULTIPLYING POLYNOMIALS

Introduction

In this lesson, we will Iook at how to multiphy polynomials using the distibutive
property and an application of the distibutive property called the FOIL method.

Y %
k
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MULTIPLYING POLYNOMIALS

Multiplying Mohomials

Recall that a monomial is 3 polynomial with one term. To multiply two
rnonomials, multiphy the coefficients together and multiply the variables together.
Multiply the coefficients using the rules for multiplication of integers, and multiphy
the variahles using the product rule for exponents.

EXAMPLE A
Multiply: 2x (9x)

2x|:9x:l
® (2 _ 9)[]{ : x) Multiply the coefficients together and the

vatiables together.
= (18)(#*)

= 18x2

EXAMPLE B
Multiply: Sy (=3

Sy I':—Byj
- (5 _ (—3})(}? -;u‘) Multiply the coefficients together and the

vatiables together.
= (-15)(»?)

= —15y°

zaof9
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MULTIPLYING POLYNOMIALS

The distributive property is used to rmultiply 2 monaormial by & poknornial. First,
distribute the monormial to each terrn of the polynormial inside the parentheses.
Then, simplify each terrm by following the procedure for multiplying two
ronomisls.

EXAMPLE C
Multiply: 7y* (—6y +11)

Ty (—6y +11)
= 7y*(—6y) + 7y*(11) Distribute the monomial to each term of the binomial
‘ﬁ_} '\_\w,_r'

(et I

= —42y% +77y* Simplify each term.

EXAMPLE D

Multiply: 7y (9% =y +4)

Ty(3yt -y +4)

= Ty%*) + Ty(—=y) + Ty(4) Distribute to each term of the trinomial,
793y (-0 (40)

= 63y° — 7y + 28y Simplify each term.

Zaof9
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MULTIPLYING POLYNOMIALS

Multiplying Binomials

To roultiply two binormials, we use a special version of the distributive property
called the FOIL Method. FOIL stands for;, First + Quter + Inner + Last.

(a+b)(x+y)= ax+ay+ bx+by

The steps in the FOIL process are also listed below, for your reference.

otep 1 [First | Multiply the first term of the first binomial and
+  [the first term of the second hinomial,

otep 2| Quter | Multiply the first term of the first binormial and
+ |the second term of the second binomial.

Step 3 |Inner | Multiply the second term of the first binomial and
+  |the first term of the second hinomial.

otepd |Last | Multiply the second term of the first binormial and

the second term of the second binomial.

4 af 9
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MULTIPLYING POLYNOMIALS

EXAMPLE E
Multiply: (x + 5z — &)
First Outer Inner Last
x|+ | x (-6 + 5% 5. (6]
= x* —6x+5x - 30
—-1Xx
=x* —x-30
EXAMPLE F
Multiply: (3x +8)(2x — 3
First Quter Inner Last
3x.2x | 4+ | 3% (-5 + B-2x 8. (-5)
= 6x —15x+16x—-40
1x
= fx® +x—40
5 u:uf'9_
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MULTIPLYING POLYNOMIALS

Multiply: (2x +53(2x - o)

EXAMPLE G

First OQuter Inner Last
2x- 2x 2x5) + 3. 2% 5.(=5)
= 4x* —IDxD+ 10x — 25

=4x% - 25

Matice that in Example G the two middle terms canceled out. Can you see why the
middle terms cancel? For better understanding, try multiplying (x — 4 (x + 47

(x—4(x +4) = 2° +4x + (—42) + (= 16)
ey

=x% —16

Whenever you multiply two binomials with identical terms but opposite
operations, the middle terms will cancel out.

& aof 9
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MULTIPLYING POLYNOMIALS

Sguaring a hinormial is the same as multiplying two binomials. Use the definition
of an exponent when squaring a binormial. The base, which in this case is the

binarmial, is multiplied by itself.

The same is true when squaring any polynormial.

EXAMPLE H
mMultiply: (5% — 13°
(5x —13* = (52 — {5z — 1) Rewrite the problem. Then FOIL.
First Outer Inner Last
5x-5x Sx- [— 1) + I':—lj - ox [—1:1 : [— 1:1
= 25x* =5z — 5x +1
H_p'
-10x
= 25x° = 10x +1
i u:uf'9_
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MULTIPLYING POLYNOMIALS

Multiplying Polynomials

To rultiply larger polynormials, distribute each term in the first polynomial to
each term in the second polynomial. Study Example |

EXAMPLE |
Multiply, (x — 23(x* 4+ 3x +4)

Distribute the first term and the second term separately to help keep
things clear:

(=202 + 3244 —= 2+ 2030 F x4 =x® + 32 + 42
(=202 + 30 o =2z ) =200 =24 = =25t ~Ex - §
Then put those results together and combine like terms:

(x—2(x* +3x+4=2" +3x° +4x - 2x° - 6x -3

=z +x*-2x—8

2 af9
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MULTIPLYING POLYNOMIALS

Extended Example 1a
simplity: —7x(Bx — <)
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Multiply the polynomials.

(3a°B") (1244

Multiply the polynomials.

1087 (787 +9%° +17)

Multiply the polynomials.

(y+7Ny—=7)
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Multiply the polynomials.

(55+3)(46+5)

Muitiply the polynomials.

(2c% —14) (" - 122 —14)

Chapter 7- Section 6- page 11



