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Introduction

This lesson introduces monomials, exponents, and associated terminology.
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MONOMIALS

Definitions

Like any other subject, algebra has its own vocabulary— sets of words that are
specific to the subject. To understand algebra, wou must learn its vocabulary,

A wvariable is a letter or symbol used to represent a guantity that is unknown or
can change. The letters x and ¥ are the symbols most commonly used as

variahles but any letter can be used. Variables are also sometimes referred to
as "unknowns." COMMOn NoUns can serve this purpose in the English language.
For exarnple, the word "cat' represents different cats; the variable x represents
different numbers.

A constantis A quantity that does not change invalue. For example, 3, -8,

_%, 36.0, «fE_ and z are all constarts.

A monomial is a constant, a variable, or the product of constants and variables.
A monomial never involves addition, subtraction, radicals of variables, or
variables in a denominator.

1
For example, 2, 9xy, —4u?v5w13, and Eazb are all monormials. The

5
following are not monomials: 9x + 2y, 2\1'{;, i L . and T
¥ B\E{; ix
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MONOMIALS

Based on the descriptions onthe previous screen, try to answer the following
guestions yourself before revealing the answers.

Cuestion: |5 75 a monomial?

Cuestion: |5 75+ 2x a maonomial?

Question: |5 f2xy a monaomial?
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MONOMIALS

EXAMPLE A
Is 7&(2x) a monomial?

In this case, 7& and 2x are factors to be multiplied: 75 (2x) = 14bx.

(Remember, when you multiply, the variables "go along for the ride.")
The result is the product of the constant 14 and the variables & and x .
S0t is a monomial.

Notes:

« The monaomial 14&x is written in standard form. This means that
the constant comes first and the wariables come second, in
alphabetical order, when writing the product. In the question above,

7b(2x) is a monomial, but it is not in standard form.

 YWhen a monomial is written in standard form, the constant is called
the coefficient of the manaomial. In the monaomial 14&x |, 14 is the
coefficient.

4 of 15

Module 3- Section 1- page 4



MONOMIALS

Try to answer the following questions yourself hefore revealing the answers

Question: Write Sme- 2g in standard form and find the coefficient.

Question: Wirite 4x(5x)(2¢) in standard form, and find the coefficient.

Question: What is the coefficient of —xyz ?

Question: Write —3x (—2y)(—z) in standard form, and find the coefficient.
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MONOMIALS

Exponential Motation

Froducts of monomials with repeating factors such as x - 3- x are not written as

Ixx . Instead, a special notation is used. The product of x - x is written as z2

and read as " x tothe second power" 50, x-3-x=3-x-x = oxt indicating
that x is used as a factor two times.

The repeated factor, x| is called the base.
The number of repeated factars, 2, is called the expenent.
Nofe:
s« The expression x? can alsobe read as" x sguared,” and the

Expression x- can be read as "x to the third power” or " x cubed.”

Examples:
X x-x-x-x=x andisread"x to the fifth e
yeyey=y andisread” y tothe third power”
Consider the three ways of writing 3% 3%=3.3.3.3=81
o 3% issaidto be in exponential form

+ 3-3-53-3 05inexpanded form
+ ©§1isin standard form

Question: Write £25 in exponential form, as a power of 5.

& of 15
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| MONOMIALS

Degree
The degree of a monamial with only one variahle is simply the degree of that
variable.

Examples:
The degree of Sxtis 4

The degree of 32}:9 5.9

The degree of x is 1 since x = %

The degree of a constantis 0.

The following illustration may help you understand some of the terminology
we"e just studied:

, exponent, and also the
coefficient |/ degree of this monomial

\2 3
1

variable, base
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MONOMIALS

EXAMPLE B
What is the standard form of x° - 4 - %, and what is this monomial's degree?

X 4-x=4-x% 2
=4d-x-x-x
= 457
The standard formm is 4x° . The degree of 4x% is 3, since x is used as a factor
three times.

EXAMPLE C

Write the monamial x -7 - x- 3 in standard farm, and identify the coefficient,
variable, and degree.

standard Form Coefficient Yariahle Degree
x-7-x-3=21x° 21 x 2

EXAMPLE D

Wirite the monaormial 4 - ¥+ 5- ¥+ ¥ in standard form, and identify the coefficient,
variahle, and degree.

standard Form coefficient | Wariahle | Degree
Aey5eyey=20y° 20 y 3
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MONOMIALS

Question: VWrite the monomial 5z - 3> in standard form; state its coefficient and
tegree.

EXAMPLE E
Wirite the maonomial 6 - x° - SHE xyz in standard farm.

It might help to rearganize the expression by putting the numbers and variables
next to each other and in alphabetical order.
Bex oy doxpi=6.4.x7 xeye 2
= 24x4y3
Since x is used as afactor 4 times and y is used as a factor 3 times,

24x4y3 is the standard form of the given maonomial.

EXAMPLE F
Write the product of ?x3y2, axyz , and 43:24 as a monomial in standard form.

Since 7-3-4 =84 the coefficient of the product is 84 . There are 4 factors of

%, 4 factors of ¥, and 5 factors of z, 5o ?x3y2 P Exyz 4yz4 = 84x4y425.

The monomial 84;:4}:425 is in standard form.
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MONOMIALS

EXAMPLE G
Write the product of the monomials TP  bah Db ,and abe as 3

rnonomial in standard form. (Femember that 1 is the coefficient of abe ).

There are 4 factorsof @, 3 factorsof & | and & factors of ¢ . The coefficiert is
26-2:-1=24.

Da‘c? - bab- Zbeo - abe = 24a%b "

EXAMPLE H

Write the product of the monormials 23xy , —10x%z , and wxz in standard
farm.

23;93(—1[];{22)14?;{2:8-[—10)-w-x-x2-x-y-z-z

=i 80wx4y22
Mofes:

When a product involves negative monormials, Use parentheses to
help keep things clear when multiphing.

The sign of a monomial in standard form is the sign of its coefficient.

10 of 15
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MONOMIALS

Extended Example 1a

write 3x°y -_(—Z'xzy.3z.) - 4xz% in standard form.

11 of 15
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MONOMIALS

Extended Example 2a

Wyrite (—4‘;&32)(—_533)[;&3) in standard form and nate the coefficiernt.

12 of 15
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MONOMIALS

Extended Example 3a
Write (—5u2v5w3) (—2ﬂu4v3w4) in standard form and note the coefficient.

13 of 15
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MONOMIALS

Extended Example 4a
Write [~2‘x2) (—Bx"r:l [?x)(—zxﬁj in standard form. Note the coefficient and
the degree.

14 of 15
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MONOMIALS

Extended Example 5a
Simplify (3&:4-&:2)[—104:2&:”) Write the answer in standard form.

15 of 15
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Is the following a monomial? YWhy or why not?
llm-lf’-{—-l}

Some of the following are monomials, and some are not.
For those that are monomials, write them in standard form.
For those that are not monomials, write N in the space provided.

Sm.(=T)-5h__

If the following is a monomial, write it in standard form:
19-3y-(-8)

Write the monomial in standard form.
Y .6-g% 52 24
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If the following is a monomial, write it in standard form:
13- (—y)-14b-(-2x)

If the following is a monomial, write it in standard form:
(—#2)- 2027 (—3u)

In the problem below, some monomials are listed.
Write their product as a monomial in standard form.

—47°, sn*, —8g, and —3t*
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BASIC RULES FOR EXPONENTS

Introduction

It is important ta mermorize the rules for exponents. Exponents will be used
frequently in this course, as well as in the next. Try to understand each rule by
carefully examining the examples in this lesson. All of the rules follow from the
basic definition of exponents given onthe next screen.

1 of 14
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BASIC RULES FOR EXPONENTS

Definition of Exponents:

n of these

M =x.x x--x

For example, xz e R o x3 = R St ol |

As you study the rules of exponents inthis lesson, assume all xponents are
positive integers.

Rule 1:x' = x  for any real nurmber x .

Examples: 23! =23
Al =4

m+n

Rule 2:x™ - x" = x ,for any real number x
and any integers 2 and 2

Examples:  5%-57=5-5.5.5.5.5.5=57
ar 54_53 =54+3 =5?

S gE o b

35 k 32 — 35+2 — 3?

2 of 14
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BASIC RULES FOR EXPONENTS

Rule 3:[xy)n = x" -« y" for any real numbers x
and y and any positive integer 2

Exarmples:
(3x) = 3x+3x+ 3x-3r=33: 3.3 x- 5 - x= 3*x* = 815
o (3x) = 3*x* =815t

(2ab)’ = 2% = 827"

Rule 4:(:{’”)” = x™" for any real number x
and ary integers » and & .

Examples:

4
(] =5 PP S R e =
4
ar [7‘3) =77 =712

3 of 14
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BASIC RULES FOR EXPONENTS

EXAMPLE A

MUItiply #2” - 2 . Write the product as a power with basess .

Use Rule 1, %= X, to write o=t ot
Then use Rule 2,x™ - x% = x™ T m?omt = =

Question: Multiply 52.5.5%.52 write the product as a power with bases .

EXAMPLE B
Wirite 5°x° as a power with base Sx
Use Rule 3,(;{}:)” g R 5357 = [5x)3.

EXAMPLE C
Write 167 as a power with base 2.
Use Rule 4, (x’”)” = ™" and the fact that 16 = 2*;

3
163 = (24) _ o4 _pl2
b 4 of 14 .
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BASIC RULES FOR EXPONENTS

Extended Example 1a

i .
Yrite the monomial (‘4;:2}.?5) in standard forrm.
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BASIC RULES FOR EXPONENTS

Extended Example 2a

: : LT ;
Write the monomial (2;21 B ) in standard form.
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BASIC RULES FOR EXPONENTS

PR
—| =— . forany x and », » =0,
y b

and any integer » .

Rule 5:(

Examples:
When you multiply fractions, you multiply the numerators together and

the denominators together, so this rule seems reasonable;

HS_HEJH_H-H-H_H
(?] v v v vy
ar HS—HB

[?] T

7 of 14
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BASIC RULES FOR EXPONENTS

. [3212 T' Extended Example 3a
Simplify | —| .

£
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BASIC RULES FOR EXPONENTS

Extended Example 4a
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BASIC RULES FOR EXPONENTS
Extended Example 5a

10 of 14
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BASIC RULES FOR EXPONENTS

Consider the expression 3« D
It looks like there are two ways to calculate 3 - v

kBT =1898 oF 3-30 =987

Wi could use parentheses to be absolutely clear about how we want the

EXpression to be evaluated:

(3-21° or 3- (2)°

However, an order of operations has been agreed upon that eliminates
confusion when parentheses are not present.

The order of operations is as follows:
1. Simplifty within parentheses.
2. Simplity any exponents.
3. Perform multiplication and division frorm |eft to right.
4. Perform addition and subtraction frorm left to right.

50, using the correct order of operations, the expression - D2 eguals
S 32 =96

11 of 14
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| BASIC RULES FOR EXPONENTS

simplify 5+7% - (3+8) .

5474 -(3+9)=5+7%-12
=5+45-12
=54 -12
= 42

simplify —6+27 - (1+6) +14.

EXAMPLE D

Extended Example 6a

12 of 14
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BASIC RULES FOR EXPONENTS

Consider the following examples. Some find it helpful to keep in mind that
negatives are eguivalent to multiplication by —1. -4 = [—1) A

simplity (-2)°. (=297 = (=2) (-2)(-2) = -8
simplity =27 . =27 = (=1). 2% = (-1).8=-8
simpity (-3)°.  (=3)% = (-3)(-3)=9

Sirmplify —32. 3= (-1 3 =(-1).9=-9

Notes:

« A negative number raised to an even exponent is positive, but a negative
number raised to an odd exponent is negative. Notice the use of the order
of operations in the exarnples above: exponernts must be simplified before
rultiplication is perfarmed.

« The negative sign is not part of the base unless it is included in
parentheses.

EXAMPLE E
Write — 16 as a power with integers as the base and exponent.

—16 = —4% also, =16 = —2% . However, [—4)2 =16 and [—2)4 =16

; e EXAMPLE F
Write —8 as a power with integers as the base and exponent.

N T - (—2)3.

13 of 14
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BASIC RULES FOR EXPONENTS

Does [—'5)2 e

no. (=5)% =25, but —5% = —25

EXAMPLE H

YWrite 9 as a power of 3.

When you are asked to "write A as a power of 8 " askyourself," 2 towhat
power equals A7
0= 4

For this problem we ask, "2 to what power equals 2 2"
o9 = 32-9,

Question: YWrite 1,000 as a power of 10
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White in standard form: 8x° - 2wx -3% %" - wf

Use the rules for exponents to simplify the monomial.
} 2
(3:%57)

Wyrite in standard form: {:—31,‘3 }{ St } {:—(ibz :}{3.&;; )

Use the rules for exponents to simplify the monomial.
3
[{3cv}2{3v}2]
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Use the exponent rules to simplify the expression.
. 10
{ 3{18 Y

2

.z

YWitite the product of the following in standard form:

34 czrj'x*— mlEs**:vs2 ,— Szazm and— 22

Simplify: {:182 +4-18+4-36 } +9

Simplify: 4° — :[3 +2(8- :}2]
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| ADDITIONAL RULES FOR EXPONENTS

Introduction

In this lesson we'll examine some additional rules that govern the behawior of
exponents. The rules should be memorized, they will be used often in the
remaining chapters. These additional rules also follow from the definition of
EXPONENtS given Delow.

n of these

e Tt o
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ADDITIONAL RULES FOR EXPONENTS

The first new rule is the familiar cancellation rule for fractions, expressed in
terms of exponents.

xm m—n

Rule &; = ,forary real number x|
X
x# 0, and any integers 2 and » .

Example:
i: R MO . . ORI _ T2 .2.2.2 _ 5.5 .5_93_g
i oiE. 2.0 T2 2
The four 25 in the denominator canceled out four 25 in the numerator. This

removed four of the seven 25, leaving three 2s in the numerator. That is the
essence of this rule — cancellation. But using Rule & is simpler than canceling:

57
ot

b tende g

Exarmple A below shows that without Fule 6 there would be a |ot of canceling!

EXAMPLE A
4555
FEEER
A sesann 4222
4333 - &
2 of 14
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ADDITIONAL RULES FOR EXPONENTS

It's clear from the examples on the previous screen that Rule 6 is true when the
exponent in the numerator, »2 , is greater than the exponent in the denominataor,
» . Extending Rule & so that it applies for all integer values of »2 and »# requires
some new definitions.

b
X
Cansider what happens when m = » . Clearly, — =1
X
xm
But applying Rule &, we get — = x™ " = x0
X

This leads to a new rule. This new rule is: anything raised to the zero power
equals 1.

Rule7: z” =1 for any real number x = 0

Examples:
-3
s9=1, 917°=1, (-2)°=1 =%=1 4°=1 [_‘] v
A +1
.-Enflﬂt
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ADDITIONAL RULES FOR EXPONENTS

W also need to defing negative exponents to make Rule 6 rue when m < » .

, %2 ity e 1
Consider:; i = =t
x X XX -, X X
k.
On the other hand, using Rule &, we get. —- = x4 =
X
¥ 1
This leads us to the conclusion. x ™ = — . Using this definition, all the
X

previous rules of exponents are true even when » and » are negative. The
next rule is a generalization of what we just learned.

Rule 8 (Definition of Negative Exponent):
_ 1
& — . for any real number x, x # 0, and for any integer » .
X
_ 1 1
Examples: 2 Te it ot
a3 37

o B DT T2 1 i 0

2 TR0 T e g B

ASwou can see, four of the 25 in the denominator canceled out the four 25 in

the numerator, leaving three 25 in the denominator, Applying Rule 6 is simpler;
i T . S
ey = == =
2?

233

4 of 14
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ADDITIONAL RULES FOR EXPONENTS

The tahle below contains all of the exponent rules (or "properties”) we've seen
50 far. Y ou
rmay also want to print the table soyou can refer to it for the remainder of this
lesson and when waorking on the problems for this section.

Properties of Exponents

n of thesze
Definition of Exponent: a” =a-a - a----a

1 ﬂ-l =
2 am _an e am+n
d | P
4 (am)n = g
at”  a®
5 | =
b b
m
o m—n
1 — =
7 iy
1
g ﬂ_n =_n
[

Wofe: Thewvariable ¢ 15 used to state the properties of exponents in the table
abowve and x 5 used in other parts of the lesson. Remember that the rules are
the same no matter what wariable is used.

5 of 14
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ADDITIONAL RULES FOR EXPONENTS

You know that multiplication is a shortcut for addition:
n ofthese
g-#=ata+---+a.
In the same way, exponentiation is a shortcut for multiplication:
n of these
a®=a-a-a- - -a.

So, exponentiation distributes over multiplication just as multiplication
distributes over addition.

s The distributive law of multiplication owver addition:
la+&)-n=a n+td n

The distributive law of exponentiation over multiplication:
[:.:::E:l)n =g b

You'll recognize the distributive law of exponentiation over multiplication
as Rule 3 in the Properties of Exponents table.

. EXAMPLE B
Rewrite (8@;"4& _2) without using negative exponents.

(Bas?)? 2 (gla52) 7 2 (1) (a) 2 (5
gl{-2), ~4{-2),2(-2) _ g2 8,4
L oge_ 1 ot a%

32 T 64 1 64
The numbers in the boxes refer to the rules for exponents in the table.

& of 14
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ADDITIONAL RULES FOR EXPONENTS

There is a shorter way to perform the calculations in Example B by combining
steps 3 and 4 together into one step. Use the distributive 12w of exponentiation
over multiplication to distribute the exponent to each factor,

Distribute and mullioly the exponents

.

[81 a’ EJ_EJ = §a b

The exponent outside the parentheses, —2 | distributes to each factor inside the
parentheses:

-2 times 1 equals -2

-2 times —4 equals 8

—2 times -2 equals 4.

Motice hiow ruch less work it would have been to use this shortcut for Exarmple
B on screen 6. Mext, you'll be guided step by step through simplifying problems
similar to Exarnple B, using this shortcut.

Question: Simplity (5_2 : 2'3)

7 of 14
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ADDITIONAL RULES FOR EXPONENTS

Extended Example 1a

=2 .
Simplity (2'4'--32) -, Expressing it without negative exponents.
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ADDITIONAL RULES FOR EXPONENTS

Extended Example 2a
- _3_'
Simplify (2"2 x?y_s-:] , Expressing it without negative exponents.
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ADDITIONAL RULES FOR EXPONENTS

Extended Example 3a
L i - il == . . . ) |
Sirmplify tdla: ) (4 @ } , Expressing it without negative exponents.

10 of 14
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ADDITIONAL RULES FOR EXPONENTS

The Elevator Rule

One shortcut that wou might find useful is something we can call "the elevator
rule" (this is not a common term; it was invented by this author to help you
remember the shortcut). This shortcut comes from BEule 8 cambined with the
rules for manipulating fractions.

a e

Consider the expression Tt Maotice that the numerator and the
fols)

denominator are both completely factored as products. This is the only situation
where this shortcut works; if there is any addition or subtraction in the
fraction, do NOT use this technigue.

To help you remember the elevator rile, think of the sign of the exponent as
describing the "state of mind" of its corresponding variable. For example,
wariable ¢ abowe has a negative state of mind and is unhappy. YWhy is a
unhappy, wou ask? Because she wants to be downstairs in the denominator but
she's stuck up inthe numerator. Similarly, & is unhappy about being upstairs,
and & is unhappy about being downstairs. This is where the elevator comes
in—they can each take the elevator to go wherever makes therm happy. Notice
that ¢ can stay where she is because she's already happy. After they all take
their elevator rides, the expression is transformed into one where evendiody is
happy (where there are no negative exponents):

a™te d®

EIpm athic?

The negative exponents were eliminated in just one step.
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| ADDITIONAL RULES FOR EXPONENTS

. Expressing it without negative exponents.

—2'(1—6

Question: Simplify EXpressing it without negative exponents.

GEIpTRm

-2 . —45, -28

Question: Simplify ———
STy

T expressing it without negative exponents.
=z

12 of 14
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| ADDITIONAL RULES FOR EXPONENTS

Extended Example 4a

=i

-2
5 3
Simplify [2—;‘_4} . expressing it without negative exponents.

pimaty

13 of 14
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ADDITIONAL RULES FOR EXPONENTS

Extended Example 5a

-3
—_] , expressing it without negative exponents.

14 of 14
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Lse the rules for exponents from the Lesson to simplify

(wirite answer in standard form): 62 . 65 as a power with base 6

Use the rules for exponents from the Lesson to simplify

(write answer in standard form): (4x }5

Use the rules for exponents from the Lesson to simplify

(write answer in standard form): (8y }4

Lse the rules for exponents from the Lesson to simplify

(write answer in standard form): ( 2y }2 2yl 4y
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Use the rules for exponents from the Lesson to simplify

(write answer in standard form). y-3y- 32}’2 +33y3

Use the rules for exponents from the Lesson to simplify

3
(write answer in standard form): |:{ 3ov) (2v) :|

Use the rules for exponents to simplify the following.
Eliminate any negative exponents.

(4757) " (455)

Use the rules for exponents to simplify the following.

Eliminate any negative exponents.
, P
- 3 x i ¥ 8

3_2}:_?}’ .

Use the rules for exponents to simplify the following.

Eliminate any negative exponents.

‘ Q4R_5 ‘
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FROM WORDS TO ALGEBRAIC EXPRESSIONS

Introduction

In this lesson we'll describe the process of translating certain English phrases
and sentences into algebraic expressions and eguations. Usually, reakwarld
math problems are expressed first inwords. Translating the words into
eqguations allows us to apply the rules of algebra to sokve the problems. This
lesson introduces the process of applying mathematics to the real world. In fact,
math can be found almost evenywhere—some physicists have discovered that
the universe itself seems to be written in the language of mathematics.

1 of 10
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FROM WORDS TO ALGEBRAIC EXPRESSIONS

EXAMPLE A
Write an algebraic expression for the "sum of x and 9."

The ward "sum” indicates addition. Sa, the algebraic expression is x + 2 . Note
that ¥ + x is also correct.

EXAMPLE B
YWrite an algebraic expression for" 13 decreased by » "

The phrase"decreased by indicates subtraction. The algebraic expression for
"13 decreased by ¥ " is 12— ¥  MNote that ¥ — 12 is nof corect—the order in

which you subtract is irmportant. Other word expressions for 13— » are " 13
rinus y " "y lessthan 13" and "y subtracted from 13"

EXAMPLE C
Write an algebraic expression for"the sum of a number and 12"

The phrase"a number" indicates an unknown quantity. YWe can use any variable
to represent it in our algebraic expression. For example, 84+ 12

EXAMPLE D
Write an algebraic expression for "the product of s° and 5.

The word "product” indicates multiplication, so; S5~ which is a monomial,
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FROM WORDS TO ALGEBRAIC EXPRESSIONS

EXAMPLE E
WiTite an expression for "9 more than the product of x and 2y "

In this case, you add 9 to the "product of x and 2y " 50, the expression is
%+ 2y + %9 The standard farm for this expression is 2xzy + 9

EXAMPLE F
Write an algebraic expression for" one-eighth of = "

A "fraction of* or "percent of" a nurmber or variable indicates that you multiply the
number by the fraction or percent. An algebraic expression for"one-eighth of »2

is %m ,which can also be written as %4 or z <+ 8. Notice that these are
monomials whose coefficients are all %

EXAMPLE G
Wirite an algebraic expression for " seven added to one-half of a number "

1
An algebraic expression is Eg +7 ar %+? i

EXAMPLE H
WTrite an expression for "9 times the sum of x and 2y "

You will need parentheses to indicate that the entire "sum of x and 2" is

multiplied by 9. The algebraic expressionis 9(x + 2y).
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FROM WORDS TO ALGEBRAIC EXPRESSIONS

EXAMPLE |
Write an expression for "onefifth of xy decreased by z "
Translating the phrase directly, we get E xy — z which simplifies to — -z .
EXAMPLE J

Write the algebraic expression for" & minus 3, divided by 6"

The comma indicates a pause, showing that the difference is grouped together,

e-3
=,

S0, the algebraic expression reflects the grouping;
EXAMPLE K
Write the algebraic expression for"4 times & plus 6"

aince there is no punctuation to indicate grouping in the phrase, we translate
directly andget 458 + 6

EXAMPLE L

Write the algebraic expression for the phrase"ax plus b divided by ¢ "

N . . . b
Again, since there is no grouping, this means ax? + & +c or ax? +—.
[

4 of 10
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FROM WORDS TO ALGEBRAIC EXPRESSIONS

Wi'e often want to say that one expression is related to another expression.
Relating one expression to another results in what are called algebraic
equations or algebraic inequalities.

These are the most common word expressions that indicate such relationships:
i5 equal to
is not equal to
i5 less than
i5 less than or equal to
is greater than
is greater than or equal to

(LT L S Y ||

These relational syrnhbols are the verbs used to tum phrases into sentences.
Phrases never contain these symbols. Complete sentences always contain one
of these symbols.

EXAMPLE M
Translate " X less than ¥ " into an algebraic expression.

Motice that this is & phrase without a verb, not a sentence, s0 No inequality
symbol or equal sign is used.

Often it can be helpful to substitute nurmbers in place of variakles. In this case,
think "2 less than 5" Then determing "what is two |85s than five?" "3 s 2 less
than 5" So, how do you get 3 using the phrase "2 less than 87" You subtract

5—2 =73 Inother words;
"2 less than 8" translatesas 5- 2.

50,
"X lessthan ¥ " translatesas ¥ — X

5 of 10
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FROM WORDS TO ALGEBRAIC EXPRESSIONS

EXAMPLE N
Translate " X is less than ¥ " into an algebraic expression.

This is a phrase with a werb ("is"), which makes it a sentence; inthis case an
inequality symbol 15 used. To see which direction the inequality points,
remember: the alligatar, < |, ahways eats the higger number. In this example ¥
is higger, sothe sentence" X islessthan ¥ " translates as & < ¥ . hNote that
the phrase "less than" means subtraction, but the phrase "is lessthan” means
an inegquality—the werb "is" indicates that a relational symbol should be used.

EXAMPLE O
Wyrite an algebraic equation for "8 more than x is equalto 17 "

The algebraic equation is x+ &= 17,

EXAMPLE P
What is an algebraic equation for" 7 less than the product of 2 and » is egual

to the productof 3 and » "?

It helps to insert parentheses into the sentence, to mirrar the grammar:

7 less than (the product of 2 and #) = (the productof = and ).
Mo start translating the sub-expressions inthe parentheses into algebraic
expressions: 7 lessthan (2x) = (3n) . 50 20 -7 =3n .

EXAMPLE Q
Wirite an algebraic inequality for "one-fifth of x is greater than x minus 4

The inequality is %x =x—4.
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FROM WORDS TO ALGEBRAIC EXPRESSIONS

Extended Example 1a

Yrite an algebraic inequality for "5 added to the quatient of a number and 3 is
less than or equal to 7 times the sum of the number and 2." For the number, use
the variable » .
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FROM WORDS TO ALGEBRAIC EXPRESSIONS

Extended Example 2a

Wyrite an algebraic equation for"4 less than the product of a number and 51is 2
less than the sum of twice the number and 1." For the number, use varizhle x .
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FROM WORDS TO ALGEBRAIC EXPRESSIONS

The tables below and onthe next screen show some sample word phrases and
hiow to write them algebraically.

x plus 8
8 added to x

x increased by &

the sum of x and &

8 mare than x Fx o+ 8

8 times x

the product of 8 and x
x multiplied by 8

a multiplied by x

8 subtracted from x
x decreased hy 8
B less than x

8 fewer than x

the difference of x and &

> x — 8

the total of x and B 3 xs |

x and 8 together

% minus 3 i
x divided by &

one-eighth of x
an eighth part of
the quotient of x and ¥

the ratio of x and &

x
F— orx =8 or —x
3
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FROM WORDS TO ALGEBRAIC EXPRESSIONS

isless than &

is smaller than 2 equals 8
is 8 =8

iz greater than B isequal to 3

. > B

is mare than 8

is greater than or equal to 8}28 does not equal 8
isnot & # 8

is less than or equal to 8} <8 s not equal to 8

END OF LESSON 10 of 10
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YWyrite the corresponding algebraic expression for:

"6 decreased by 38"

Wirite the corresponding algebraic expraession for:

"7 fewer than ?12 !

Wirite the corresponding algebraic exprassion for:

"Five-sixths of — Txp"
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Wirite an algebraic equation or inequality for:
"2 less than the product of 4 and a number x is equal to 5 times £ "

Wirite an algebraic equation or inegquality for:
"The quotient of 17 and 2f is equal to the product of 4 and #"

Yyrite an algebraic equation or inequality for: "7 minus 3,
divided by 5 is greater than or equal to I plus 4, divided by 7"
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EVALUATING EXPRESSIONS

Introduction

Wye've seen how to use variables to represert numbers in algebraic
EXpressions. In this lesson, you will |learn how to evaluate suUch expressions.
As you go through the lesson, notice how the value of an algehraic expression
changes asthe variahles are assigned different valuges.

1afs
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EVALUATING EXPRESSIONS

Evaluate means to substitute the given number for the variahle and then
simnplify the expression.

EXAMPLE A

Evaluate the monormial 3;’(2 when x =25,

it x =5, then 3x% = 3(5)* =3.25=75.

EXAMPLE B

Evaluate 3x% when x = —2 and thenwhen x = 2.

It x=—2,then 3x% = 3(=2)° = 3.4 =12.

it x =2, then 3x% = 3(2)° =3-4=12.
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EVALUATING EXPRESSIONS

EXAMPLE C

Evaluate the monomial —5s° when s = 4 | Rbes] aTalelaie —E.

It s=d then=—3sT =54}’ = =5 4= —320
it s=1,then—55° = =5(1)° = =5.1=-5.

It 5= =2, then =55 = =5(=2)" = (=5)(-8) = 40

3
If &= —l,then g5 = —5[—l] = [—5)[—1] = E.
2 2 g 8

In this case, the value of the monomial changes a lot even when the value of the
variable changes very little.

EXAMPLE D
Evaluate @ — &4+ 7 when ¢ =14 and &= 3.
Feplace @ with 14 and & with 2. ¢ —&+7=14-3+7 =18,
EXAMPLE E
Evaluate %xy when x =5 and y = 3.
It x=5 and y =3 then 9xy = 9(5)(3) = 135.
Gofs
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EVALUATING EXPRESSIONS

EXAMPLE F
Evaluate = when # = 57 and # = 6 . Write Yyour answer in lowest terms.
M
L 21 Y¥ou can reduce this fraction: 24 = )g’ 19 = E
n o 6 5 2eE 2

EXAMPLE G

Evaluate the monomial Ax* when 4= 2 and T e [
= T e [ o ] e

ot =fo(-a) anagl ~ 162
o B0y w0 e w0
=2~ =2.1=2
:tz)to)“ =0
:tz)m“ =2
=(2)[2)4_2 16=32
PoE)t =281 =162

Mofe:
= YWhen you substitute a negative number for a variable, use parentheses.

4 4
» You could have saved time by noting that (=3)" = 3* and (-2)" = 2%

4 aof 8
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EVALUATING EXPRESSIONS

Question: Evaluate 2x° + 3x+ 5 when x = -2 .

2y

Question: Evaluate %+ = when x=4 and y=7.
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EVALUATING EXPRESSIONS

EXAMPLE H

Renting & truck costs £1%.95 perday and $0.45 foar each mile driven. Write a0

expression for the cost, ©, to rent a fruck for one day and drive 22 miles. Then
use the expression to determine the cost to rent a truck for one day and drive

200 miles.
We are assuming that » miles are driven, at $0.45 per mile, so the cost for
these miles is:
0.4 5
Add the $£1% 95 daily fee to the cost for the miles to find the total cost.

=045 +19.25

To rent for one day and drive 200 miles, it will cost:

C=04%+19585=045. 200419 95=50+1%95=F10595

& aof s
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EVALUATING EXPRESSIONS

EXAMPLE |
YOoUr boss asks you to make copies of an employee training manyal. It costs

a) WWrite an expression for the total cost | ©, to print and hind a training
manual that is » pages long.

by How much does it cost to make a copy of 2 75-page manual?

C) WWrite an expression for the cost | &, to produce »2 manuals that
contain z pages each.

d) How much does it costto make 12 copies of a 20-page manual?

) C=§0.15p+§2
b) C=8§0.15(75)+82=$13.25
) C=m($0.15p +§2)
) C=12[$0.15(50) +%$2]=§114

Fofs
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EVALUATING EXPRESSIONS

Question: Jose lives 150 miles east of Las Yegas. He drives west toward the city at
&0 mph. WWrite an expression for Jose's distance, 2 | from the city after ¢
hours. Then, use the expression to find his distance after 2.25 hours.
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S4+d—e
Evaluate and simplify: i ford =15, e=-8, f=-2

-

Evaluate the algebraic expression for the indicated values.
Simplify thel answer.
36z

——— forw=29,yv=-3 and z=10
w—1l-v

2wix

Evaluate and simplify:
3yz

Cforw=12x=14,y=9Lz=18
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Jose bought a CD storage box for O dollars and a dozen CDs for o dollars
each. The store deducted these costs from his paycheck of P dollars. Wite
an algebraic equation for how much of Jose's paycheck was |eft after
buying the CDs and storage box.

It costs $0.50 per word plus $10.50 to make a customized license plate frame
for a car WWnte an equation for the total cost of making o license plate frames
with wowords on each.
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POLYNOMIALS

L i
L&

Introduction
This lesson introduces polynomials and like terms.

LY
O\
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POLYNOMIALS

A5 we learned earlier, 2 monomial is a constant, a variakle, or the product of
constants and variables. Some examples of monomials follow:

3 =3 2%V —%xS, 14:{5}?229

A polynomial is a rmonormial ar the sum or diference of any number of

monomials. The monormials listed above are examples of polynormials, as are
the following:

1
-9z
2x+5

3 — Tx+1

—5x2y +_}f329 —2x7 77

Some examples of expressions that are not polynomials follow.

Expression Why isn’t it a polynomial?
Zx—1 A palynomial cannat contain a variakle in
2.4 15 a denominator.
5 A palynomial cannat contain a variahle
4x? +3Jx under a radical sign.
g & : coer 4 :
Ex° +——3 There is a variahle in a denominator.
X
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POLYNOMIALS

Question: Is 7:° — 2:+1 a polynomial?

Question: Is %z +4 —st+ 9x% 3 palkynamial?

7 — Zxy a polynomial?
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POLYNOMIALS

When a polynormial 15 written in its usual way, as a sum of monormials, then each
monomial is a term of the polynormial. Monomials are terms, but so are many
algebraic expressions that are not monomials. In general, a term in an algebraic
EXPression is a monomial or any expression that is a product of factors.

If two or more terms in a polynomial have the same variables raised to the same
power they are called like terms.

Example: Inthe pokynomial 5;:2}: —Sxv 4+ ?xzy — 4, the first and third

terms, 5;:2}: and ?xzy ,are like terms.

Nofes:

» Like terms can be added. This is called combining like terms . Wvhen

you combing like terms, you add the coefficients of each term and leave
the variahle parts unchanged. Thus,

5x2y - 9xy+?x2y i 12x2y— Qxy—4.

» The distributive property, @ - c +& ¢ = (a + &) ¢ |, justifies combining

like terms. Consider the like terms that were cornbined above. Using the
distributive property:

5x2y+?x2y= [5 +?jx2_}?= 12):2}3.

Polynormials with two terms are called binomials. Polynormials with three
terms are called trinomials.
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POLYNOMIALS

EXAMPLE A

Simplity szy = Ay 5x 2_}? — 7 by combining like terms.

szy— 2xy+3x2y—? :llxzy— axy =1

EXAMPLE B
Combine the like terms in the polynomials below.

A 3-9r+2r° +4r—6
by 4% — 24— 65—

A 3-9r+ 24— 6=3-9r+2r7 +4r—6
=2r3-5--3
f) AptDuppibpt wprn e oo it example, the ¢ terms add to 0.

Question: Combine like terms in the polynomial 37 + 254 57 — s |
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POLYNOMIALS

YWe saw earlier that the degree of a monomial with anly one variable 15 simply
the degree of that wvariable. When a monoamial has more than one wariable, the

degree of the monomial is the sum of the exponents of all the variables of the
monomial.

Examples: The manormial 3x2y3 has adegree of 5, since 2+ 3=15.
Sidihae degree of 4 .
st =gt has a degree of 2.
—6xy2 — —Exlyz has a degree of 2.

Mofe:

s Fecall that constants suchas 1, =5, and 12.9 are considered
monamials. Such constant, but nonzero, monomials have degree Zero.

This makes sense in terms of the exponent rule, x° = 1. For example,
using this peculiar way of writing the number one, we can show that

the degree of the constant rmonormial known as the number 3 s
indeed zero:

3=3.1=3. 2" = 3"
The degree of 3 is zero, as is the degree of any constant.

= The only rmonormial whose degree is undefined is the monormial O

The degree of a polynormial in standard form is the highest degree of any of its
terms (assuming its like terms have all been combined).

& aof 9
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POLYNOMIALS

EXAMPLE C

YWhat is the degree of each manormial in the pokynomial
dx— 2x2y + Bxyg — 4 ?What is the degree of the polynomial ?

The degree of the first term, 4x = 4x1, is 1.
The degree of the second term, —Exzy = —2;:2_;:1 i5 3.

a
4]

| |

The degree of the fourth term, —4 = -4 . 1= —4 5" Vs 0.

Since 2 is the highest degree of any term in the polynomial, the degree of
this polynomial is 3 .

)
)
j  The degree of the third term, Bxyz = 3x1y2 is alsa 3.
)
E)

EXAMPLE D
What is the degree of 3xy3 = xzy Lt 3xy3 il

The degree of this expression seems to be 4 because the highest degree of the
terms shown is 4 . Buf walf ... The like terms have not been combined! When

3xy3 and —3xy3 are combined, they cancel and the result is zero. 5o, the
expression reduces to the pokynomial _xzy +2x — 54Ty MNow, the highest
degree of these terms is 3. The polynomial actually has a degree of 3.

A Waord to the Wise:
Always combine like terms before deciding the degree of a polynomial.

Faofo
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POLYNOMIALS

Extended Example 1a

Find the degree ofthe palynomial 2yz — xyz — 9y *2° + 3yz + 9y %27 4+ 2.
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POLYNOMIALS

EXAMPLE E
Determine the degree of each polynamial below.

A Bx*+3x7 +6x° +6x+9
) %n +4 —mn+9x°

Bs

e
2t

Bl 6;:2}32 +4dxvz + 6}?}:22

B) 9n—6x7-0
a) 4
by 2
¢y Thisis not a polynomial, since Ez—g is not & rmonormial.
ol 3, since the second and fourth terms cancel out.

el 1, because the second term equals zero and has no degree.

We end this lesson by classifying the polynomials given as examples on Screen
2, noting the degree of each polynomial and whether it's a monormial, binomial,
ar trinarmial;

Toney mam ey degree 0 monomial

-9z .. ... ... degree 1 monaomial
2x+5 . ... . degree 1 binomial
e Ry degree 2 trinomial

—5x2_y‘ +y329 —2x°2%, . de gree 12 trinomial

END OF LESSON 3 of 3
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In the algebraic expression, write N if it's not a polynomial.

Otherwise (after combining like terms), specify the degree
of the polynomial.

3rst+x° —3rst

Combine like terms: 37+ 5— rz —3r+5

Give the degree of this polynomial: 44 —-9—-3¢t+4-+¢
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